-

View metadata, citation and similar papers at core.ac.uk brought to you byt CORE

provided by RAUmPIan - Repository of Architecture, Urbanism and Planning

AYYHN PAﬂ,OBM MNpernenHu pag, DOI: 10.5937/arhurb1133031S

3HAYAJ KOHTPOIA 3A MOANONKALINIY
YHYTPALLIKE KINME AOCTYMHUX
KOPUCHULIMMA NOC/TOBHUX 3TPALIA

Mwunena CrojkoBuh™
paj npumibeH: okto6ap 2011, pag npuxeahen: Hosembap 2011.

THE ROLE OF OCCUPANT CONTROLS IN OFFICE

ENVIRONMENTS

Ancrpakt Abstract YBoa
Y 0BOM pajiy pa3matpa ce ynora This paper aims to discuss the importance of  Kao neo Hanopa aa ce cmatbut emucuja
CMCTEMA 33 KOHTPONTY YHYTpaLlkbe occupant control systems, pointing out their racoa CTakneHe baLute v pagu
Knume 1 ixoB yTuuaj Ha kompopu  influence on comfort and productivity in office 0uyBatba MPUPOHOT OKPYXetba,
MPOAYKTUBHOCT Y KaHLieNapujckom environments. Through examples from practice it NOCNOBHE 3rpaze Mopajy TeXUTH
oKpyxetby. Kpo3 npernen nuTepatype u  gives advice on how to establish the right balance CMatbetby NOTPOLLH-E eHperuje. Y
npuMepe 13 npakce, paj nokywasa aa  between actions performed by the building gefunu passujenor cera, 3rpage panac
YCTaHOBM KOjit je HajioBofbHMjM 0fHoC  Management system and users. Finally, it looks at TPOLLE CKOPO NONIOBUHY YKYMHO
aKUyja CUCTeMa 3a ynpaB/batbe i how different space organisations determine the ucnopyyene exepruje. Cutyaumja je
CaMuX KOPUCHIKa MPOCTOpa. choice of control systems and gives advice for the cnnyna iy Cpbuju (Pucar, Nenkovic
Pa3matpajy ce 06nuk v opranmsaumja  design of energy efficient and comfortable office Rizni¢, 2007). Y Benukoj bpuTanuju,
NPOCTOpPMje U tIXOB yTHLLAj Ha U36op  environments. yIeo NoCI0BHO-KoMepLmMjanHmx 3rpaja
KOHTpONa U ajy CaBeTy 3a Key words: building control systems, Building y NOTPOLLIKM eHepruje je yak 35%, on
npojekToBatbe eHepretcki epukachux  Management System (BMS), office environments, yera ce 7% KOpUCT NPBEHCTBEHO 33
11 KOM(OPHIX KaHLieNnapujckux comfort, productivity kanuenapujcke npoctope (CIRIA, 1993).
OKpyXetba.' KoHBeHLuoHanHe NocnosHe 3rpage Ayro
KrbyuHe peun: cucmemu 3a KoHmpony, cy 6une au3ajHMpaHe Tako Aa byay
CUCMeMU ynpas/batsa 32padom, NOC0BHU XepMeTUUKM 3aTBOPEHe U Ha Taj HaulH npyxane
o6jekmu, Komeop, npodykmusHocm Cy KOHCTAHTHe UHTEpHe KIUMaTcke ycnose. Y
LIW/bY CMakbetba noTpebe 3a eHeprijom,
Pa3BijeHe Cy HOBE reHepaLiuje OMOTaya 3rpaga,
Koje KopucHuLuma Tpeba aa omoryhie Behu usbop
y KOHTPOAM KBAAUTETA PO OKPYetba, Kao it
[12 ONPUHECY NOCTU3atby Bnaror, npujaTHor u
eKoNoLLIKOr npenasa u3mehy cnosballkbe cpeauHe
1 YHYTPaLLKOCTH 3rpage. lpyrum peunma, ynora
0MOTaya 3rpaje je 4a MaHUMyKLLIe NPoNa3om
CBETNOCTH, TONNIOTe, Ba3/yXa U 3Byka. Heke og
KOHTPONTHUX GyHKLWja Cy: noBehatbe KonmuiHe
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ucTema ynpaembarba 3rpagom (Building Management System,
BMS). Y ummy yHanpeherba npojekToBarba acaga NoCOBHMX
3rpaja, 0Baj pa Aaje Npernes nuTepatype 0 3Hauajy KOHTpona
JLOCTYMHUX KOPUCHULIMMA, 360pY KOHTpONa 3a pa3nuuuTe BpCTe
KaHLienapujckux npocTopa u 0 0fHoCY n3mely ayToMaT30BaHuX
11 07 KOPUCHUMK KOHTPONMCaHNX 06pa3alla NoHallakba 3rpaga.

KOHTPOAE 071 CTPAHE KOPUCHUKA: [I0XUBJBEHM
KOMOOP U AOXWUBJHEHA NPOAYKTUBHOCT

PaHuju pagoBI 0 TOMNOTHOM KOMGOpY NMoKa3anu ¢y Aa je oncer
TemnepaTypa Koje Cy KOpWUCHWLM 3rpada MnpujaBunn Kao
NpujaTHe/KomdopHe” WKpK Yy CTBApHUM CUTyaLmjama Hero Yy
KOHTpOAMCaHUM ycnoBiMa y nabopatopuju (Humphreys, 1976,
McIntyre, 1980). 13 oBora ce 3aksbyuyje aa ce jbyan ocehajy
MHOr0 npujaTHuje ca noefakbem AOCTYNHUX KOHTpona (nomyT
pa3HuX Npekuaaya, Xany3uHa, npo3opa Koju ce 0TBapajy u Ci.).
Ocum Tora, bopgac (Bordass) w Juman (Leaman) (1998)
naeHTUduKoBanu cy komdop, ykrbyuyjyhin JocTynHe KoHTpone,
Kao 1 epuKacHo pearoBarbe Ha NoTpee KOPUCHNKA, Kao KIbyuHe
Bapujabne Koje yTuy Ha NpodyKTMBHOCT y 3rpafiama. Maga je
NPOAYKTUBHOCT TELUKO TaYHO AedUHINCATM Y CMIACATY NPOCTOPHIX
yCNoBa, CTyAnje ¢y uaeHTUdUKOBaNe Ja Cy 3anocseHu Koju ce
ocehajy komdopHo 1 10 25% NpOAYKTUBHMjI OZ OHUX KOji Ce
TaKo He ocehajy (Cn.1) (Bordass, Leaman, 1998).

[oXnBrbeHa NPoAYKTUBHOCT [%]
o

. 1.
Dloxusrbenu (cBeyKynHu) komdop 1 NpoAyKTUBHOCT
(U3B0p: Leaman, 2005)

OpHoc n3mehy HuBOa npoayKTUBHOCTM (KOjU Cy 3amocneHu
HaBenn y aHketn) n MoryfiHOCTU KOHTpONe MOKa3ao ce Kao
3HavajaHy 7 op 11 ctyamja 3rpaga y Benukoj bputanuju (Bordass,
Leaman, 1998). Mehytum, jauuHa Bese usmehy AOMUBIbeHe
MOoryRHOCTM KOHTpONe 1 NPOAYKTUBHOCTY ONaa Y 3rpajama Koje
UMajy Ao0py YyHyTpawy knumy (OnTUManHy Temnepatypy,
KONMUUHY CBETNOCTM, HU3aK HUBO ByKe UTA.), jep cy notpebe 3a
CpencTBUMA Kojuma b1 ce yMarbina HENaroAHOCT Marbe Kaja cy
yCnoBm fobpu.

W ppyre cTyauje nokasane cy Behy NpoayKTUBHOCT U Matbk Opoj
3[paBCTBeHUX npobnema (13a3BaHmx 6opaBKoMm y 3rpajama (a
He3[paBoM KAUMOM, NOMYT JerioHapcke 6onect) ca
nosehatem [OXUB/LEHOT HUBOA [OCTYMHUX MOjeAMHAYHNX
koHTpona (Wilson, Hedge, 1987, Bordass et al., 1993). Ha cnum 2
BUAM ce fia MOrYRHOCT KOHTpONe TemnepaTtype v BeHTUnaLmje
1IMa 3HauajaH yTuLQj Ha NPOAYKTUBHOCT. KoHTpona ocBeT/berba
Huje ce MoKa3ana Tako 3HauajHom (Cn. 2 u Tab. 1), jep yTnue Ha
oLeHy komdopa camo Kafa KOPUCHULW PerucTpyjy HeoBOMbHY
KONMUUHY C(BETNA WAN Mpejako ocBeTiberbe 1 edekat Bbecka.
Kachuje ctyauje (Bordass, Leaman, 1998) noka3ane cy Aa je HUBO
Oyke 3anpaBo GakTop Koju MMa Hajsehin yTULaj Ha NPOAYKTUBHOCT
(Ta6. 1).

Jbyan Koju B0MBIbaBajy (BOje pajHO OKpYyKerbe Kao 6yyHo uan
BeoMa ByuHo y npoceky UMajy 3a 4% Matby NpoAYKTUBHOCT.

Beha nnu mara
NPOAYKTUBHOCT Of} NPOCeYHe
MNpoceuna = 100%

Temnepa Iypa/
108

106

BEHTHUNAUKW]a
104 —
. OCBETIbEHE

102 = -

100

98

Hweo kKoHTpone (oacycTBo=1, NOTNyHa KOHTpona=7)

(n. 2.
MpopyKTUBHOCT Y 0[HOCY Ha CTeNeH KOHTpone
(U3Bop: Bordass et al.,1993)

Cuenapuju 3a ywreny enepruje
MoTeHuujanHa
3rpapa ywrepa 1 2 3 1+2+3 6.1
H3paxeHa y Bapuja6ne foMMBIbEHNX

FH_TU % 30 29 13 72 KOHTpONa NoBe3aHe ca
V(_SW+NO [%] 28 30 13 71 BOKMEIbEHOM
VC_SW+NO kWh m-2 a-1 6.8 7.2 3.0 17.0 npoAyKTUBHoOWHRY
VC_SW-HNO €m-2a-1 0.53 0.56 0.24 1.32 (M3Bop: Bordass, Leaman, 1998)
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Introduction

As part of the effort to reduce greenhouse gas production and
preserve the natural environment, office buildings ought to
consume less energy. Buildings now account for nearly half of all
delivered energy consumption across most of the developed
world. The situation is similar in Serbia (Pucar, Nenkovi¢-Rizni¢,
2007). The commercial buildings share in the UK energy
consumption was reported to be 35%, with 7% used by primarily
office buildings (CIRIA, 1993).

For long time conventional office buildings were usually designed
to be hermetically sealed, providing constant internal conditions.
Inorder to reduce energy requirements of buildings, new skins are
developed, aiming to allow users more choice in controlling the
quality of their working environments, and to achieve a gentle,
enjoyable, and environmentally friendly transition between
exterior and interior. In other words, the role of the building
envelope is to manipulate the passage of energy flows in the form
of light, heat, air and sound. Some of these manipulating
functions are: enhancement of daylight, maximization of
daylight, protection from the sun, insulation, ventilation,
attenuation of sound, rejection of heat, collection of heat etc.
The skin forms part of a building system, and is connected to
other parts of the building outside of the enveloping zone, such as
sensors and actuators, all controlled by a central building
management system. In order to inform facade design for office
buildings, this paper gives a literature review of the importance of
occupant controls, choice of controls for different work settings,
and relation between automated and occupant controlled
patterns.

USER CONTROLS: PERCEIVED COMFORT AND PERCEIVED
PRODUCTIVITY

Previous work on thermal comfort had shown that the range of
temperatures that building occupants reported as “comfortable”
was wider in field studies than in controlled conditions in the
laboratory (Humphreys, 1976, McIntyre, 1980). The conclusion is
that people seemed to be more tolerant of conditions the more
control opportunities (switches, blinds and opening windows)
were available to them. Furthermore, Bordass and Leaman (1998)
identified comfort including personal control, and effective
responsiveness to need (including comfort) as key variables
influencing perceived productivity in buildings. Though
productivity is difficult to define exactly in terms of space
conditions, they identified a perceived leave of productivity of up
to 25% between comfortable and uncomfortable staff. The more
comfortable people say they are, the more productive they say
they are (Fig. 1).

The relation between self-assessed productivity and perceptions
of control was found significantin 7 out of 11 studied UK buildings
(Bordass, Leaman, 1998). However, the strength of relationships
between perceived control and productivity declines as buildings
perform better (there is less need for means of discomfort
alleviation if the conditions are good).

Other studies reveal fewer symptoms of building-related ill-
health and greater productivity as the perceived level of individual
control increases (Wilson, Hedge, 1987, Bordass et al., 1993).

More or less productive
than average. Average
for a building = 100%

25
20 - 108 Temperature
15
B;\ 10 106 4 Ventilation_
s s e
g 0 | 1947 .7 Lighting
3 i 102
= 5| Ay - -
2 i
g-10 | 100
g -15 6 7
(7] s s
a 20 98 4
25 96
1 2 3 4 5 6 Degree of control (None=1, Full=7)
Fig. 1. Fig. 2.
Perceived (overall) comfort and perceived Productivity versus degree of control
productivity (Source: Bordass et al., 1993)
(Source: Leaman, 2005)
Spearman’s Rho (corrected
for ties) between perceived P value Significant association?
control and productivity Tab.1.
Heating 0.1 0.0001 Yes Perceived control
(GD| i ng 0.08 0.0001 Yes variables associated
Lighting 0.033 0.2513 ‘”": Petf“_’-t"’ed
Ventilation 0.06 0.0001 Yes procuctity
- (Source: Bordass,
Noise 0.12 0.0001 Yes Leaman, 1998)
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CWCTEM 3A YNIPABJbAHSE 3rPAZLA U KOPUCHUYKE KOHTPOJIE —
MPOHANAMEE BAJIAHCA

VnavBMAYyanHu KOPUCHWLM 3axXTeBajy cucTeme Koju He camo Aa obe3befyjy ycioe
komdopa, Befi 1 6p30 pearyjy Kako 6w ybnaxunu HenarofHoCT oHAa Kaja Cy joj
KOPUCHULY U3NI0XKEHN.

TenaeHumja fa ce KOPUCHMLM U36aLe M3 Camor CucTema pa3Buna ce Kako b1 ce onakLuano
OYHKLMOHINCAtbe CuUCTeMa ynpaBsbatba 3rpafiom. MehyTum, urnefa sa ynpaso gonasu
[0 CyNPOTHOT: Matbe NOKAJHIX KOHTPOMA 3HauM BULLIE HENarofHOCTM 1 BHULLE BpeMeHa
notpebHor cuctemy ynpae/barba Ja 0aroBopi Ha anbe (Bordass, Leaman, Cohen,
Standeven, 1999).

(C npyre cTpaHe, noctoje 6pojHu NpuMepH rae, ako je ynpasibatbe 3rpafom edpukacHo,
KOPMCHULY Ce He Xane Ha HeJloCTaTak KOHTpoe. JefiaH Takas npumep je 3rpada y yauuu
bpajusen 6p. 1 (7 Bridewell Street) y bpuctony, rae KOPUCHALM HWUCY UManK Ha
pacnionaraty Benuku 6poj KOHTpona (camo MHQpaLPBeHe Aa/bUHCKe KOHTponope 3a
0CBET/betbE 11 OrpaHMueHe MoryfiHoCTi 3a MPOMeHy NofoXaja pagHUX MecTa), anu je
360r 0 IMYHOT yNpaBbatba 06jeKTOM 33j0BO/bCTBO KOPUCHMKA B0 HEOBUUYHO BUCOKO
(Bordass, Leaman, 1998; Eley, 1996).

boppac HaBoaw Apyry NpUMep Koji MCTYe 3Hauaj cUcTeMa ynpaBbatba (Bordass et al.,
1993). O nocmatpa aBe 3rpage (3rpage 11 5 Ha Cn. 3 1 4), 0be ca BULLe pasnnyuTUX
3aKynaua, urpaleHe y Mcto Bpeme, ca CIMYHIM CrielndukaLmjama u 6pojem KopucHiuKa,
onpem/beHe 0f CTpaHe MCTUX Au3ajHepa. MehyTum, notpowtba eHepruje y 3rpaan 1
roToBO je Tpu MyTa Beha Hero y 3rpaju 5. [naBHe pasnuke nexe y HabaBLK, ynpaBmbatby
3rpafioM 1 KOHTponama. 3rpaja 5 npojekToBaHa je Aa 6u 6una n3gara yHanpes no3HaTom
3aKynuy, Koju je Kao npuopuTeTe Npu NPojekToBakby HaBeo KBAWUTET, jeIHOCTABHOCT U
HUCKe onepaTUBHe TpoLLKoBe. OH IYHO, ca fOOPUM MeHaLepoM — HXerbepoMm, bpuHe
0 CMCTEMY 3a ynpaB/batbe 3rpajoM M O KOHTPOAM MoTpowtbe eHepruje (Building
Management System, BMS v Building Energy Management System, BEMS). C npyre cTpaHe,
npu an3ajHy 3rpage 16yayha noTpoLutba eHeprije 1 LOCTYNHE KOHTPONE HUCY HaBeAeHe
Kao NPMOpPUTETHE, a 3a ynpaB/batbe 3rpadoM 3ady»eHo je Tpefie uue Koje Huje Mmano
noce6aH NoACTMLaj Aa eKOHOMUYHO ynpaBsba 3rpafiom (Bordass et al., 1993).

e ]
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Cn.3. Cn. 4.
NloxuBmenn Komdop JloxuBmeHe KOHTpone

(U3Bop: Bordass et al., 1993)

Hasezexn npumepy notephyjy Aa ce camo mocmatpakbem 0fHoca U3mehy An3ajHa
uene 3rpafe, CACTEMa YNpaB/batba, CACTEMA KOHTPONA 11 MOTPOLULbE eHeprije Moxe
Aofin o peneBaHTHIX 3aKIbyyaka.

3Hauaj pa3ymeBatba 0BYX BE3a 1 Y THLLAj Ha MOTPOLLILY eHepruje NpuKa3aH je y cnepeliem
NOTNaBIby Ha NPUMEpY KOHTPONIE 0CBET/bEHbA.

(M3Bop: Bordass et al., 1993)
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Figure 2 shows that the most critical factor for control was
temperature, followed by ventilation. The least important is light,
which affects the overall rating of comfort only when it is either
too good or too bad, or if glare is present. The perceived control
variable (which was not part of this graph), but is influencing
productivity the most is noise (Tab. 1). People who perceive that
noise is poor or very poor have an average productivity score of
minus 4.0% across the Probe buildings (Bordass, Leaman, 1998).

BUILDING MANAGEMENT SYSTEM AND OCCUPANT CONTROLS: FINDING THE
RIGHT FORMULA

Individual occupants require systems not only to provide comfortable conditions but also
to respond rapidly to alleviate discomfort when it is experienced.

The tendency to take users out of the system may have developed in an attempt to make
things easier for the building manager. However, the opposite seems to happen: less local
control, more discomfort, and more management time to respond to complaints (Bordass,
B., A. Leaman, R. Cohen, M. Standeven, 1999).

On the other hand, there are numerous examples where if the building management is
efficient, people are not complaining about the lack of controls. One such example is One
Bridewell Street, in Bristol, where personal control available to occupants was not high
(with just infra-red “zappers” for the lights and limited ability to change workstation
position), but the occupant satisfaction was unusually high due to the excellent facility
management (Bordass, Leaman, 1998).

Bordass (1993) points out the importance of building management on the example of
two buildings (buildings 1 and 5 in Fig. 3 and Fig. 4), both with multiple tenants,
completed at the same time, with similar specification and occupancy, fitted out by the
same designers, etc (Bordass et al., 1993). The building services energy costs in building 1
are nearly three times as high as in building 5.

The main differences seem to be in procurement, management and control. Building 5
was developed as a pre-let for a tenant who runs the whole building, and who insisted on
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Fig. 3. Fig. 4.
Perceived comfort Perceived control
(Source: Bordass et al., 1993) (Source: Bordass et al., 1993)

quality, simplicity and low running costs. He appointed a good facilities manager with an
engineering background. On the other hand, building 1 had no energy or control brief,
plus has a third party management who have no incentive to operate the building
economically (Bordass et al., 1993).

To make any conclusions one must look into the relationships between building design,
building management, control systems and energy performance.

The importance of these relationships is further presented on the example of lighting
controls.
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KoHTpone ocBeT/bera

OcBeT/berbe je MaBHM NOTPOLIAY eHepruje Yy MOCIOBHUM
3rpagama (oko 15%) u Benuke KonuuMHe eHepruje mory ce
ywrenetn Kopuwherem o6po  Au3ajHUpaHUX  KOHTpona
0CBET/beHbA Koje 611 UcKopucTune JoCTYnHy NPUPOAHY CBETAOCT
11 KOpUroBane NoHaLLatbe KOPUCHUKA.

HenasHe cTyauje wuaeHtudukoane cy oppeheHe obpacue
MOHaLLaba KOPUCHMKA Kao GyHKLuje napameTapa yHyTpaLlkbe u
cnosbawwkbe Knume (Mahdavi, 2007, Mahdavi, Proglhof 2008).
Mopauu NpuKynbeHu y AyropouHUM CTyamMjama neT NocioBHIUX
3rpaga y beuy, oTKpuBajy noTeHumjan 3a ywtedy eHeprije Kaja
ce y3My y pa3marparbe 6poj KopucHuKa v 06pacuy noHalwama y
MOC/IOBHIM 3rpaZama, kao M MMnNeMeHTaLja ayTOMaTU30BaHIX
cucTema.

Mpema Hanasuma, Beha je MmoryhHocT ga he KopucHuum
YKIbYunTM (BETAO N0 JONacky y KaHuenapujy camo ako je
npeosnahyjyhia ambujeHtanHa unymmnHaumja mara of 100 lux
(Cn. 5), naKo je npenopyueHu 0CBeT/baj 3a NOCNI0BHE NPOCTOpUje
of 300-500 lux. BaHo je uctahm ga cy sbyau npuanyHo
HeeQUKacHN [ETEKTOPU 33 KOHTPONY OCBET/bera, jep Mako
[o0po pearyjy Ha HeajeKBataH OCBeT/baj, MOBpaTHe
uHdopmaLyje 0 ,npesuLLe (BETNA’, OBHOCHO ,BlLLIE (BETNA Hero
LUTO je HEeomxoAHO", CKopo Aa W He noctoje (Baker, Steemers,

2002). Takohe, cTyanje cy oTKpune Aa je Marbe BepoBaTHo Aa fie
MOCNIOBHM KOPUCHULM MO HamylTakwy KaHuenapuje yracutu
CBETNO, yKONMKO HamepaBajy 6UTH 0ACYTHY Makbe 04 jefHOT caTa
(Cn.6).

Maxaasn (Mahdavi) (2007) je npoBepuo Tpu cueHapuja 3a
ywTeny eHepruje: 1) (BeTna ce ayToMaTCku UCKIbydyjy HakoH 10
MUHYTa YKONMKO HEMa HIKOra y KaHuenapwju; 2) cBetna ce
UCKIbYUYjy, YKONMKO je HUBO CBETNOCTU HaZ PajHIM 3a[aTKOM
jenHak v efin og 500 lux; 3) nanu ce ayTomaTn30BaHU peXxiuMm
MpurylMBarba CBeTna, Kako 6u ce ofpxao HUBO OCBeT/berba
pagHor 3aaatka of 500 lux. Ykonuko 6u ce npumeHune cse Tpu
(TpaTeruje, MoTeHUMjan 33 CMarberbe enekTpuuHe eHeprije
KopuwheHe 3a ocBeT/berbe Y W3yuyaBaHUM KaHuenapujama
npenasuo 6u 70% (Tab. 2).

bejkep u Crumepc (Baker n Steemers)(2002) HaBoge Aa apyre
CTyauje C1yyaja nokasyjy 4a Y KOHBEHUMOHANHO OCBET/beHUM
MOCNOBHUM 3rpafiama u30op KOHTpona Moxe YTULATH Ha
(Matbetbe MOTPOLLE eHeprije 33 ocBeT/bere  30-40%.
Mehytim, 6uTHo je mctahu fa y CTyauju cuctema KoHTpone
0(BeT/betba Y KaHuenapujama y Benukoj bputanuju, suwe og
MnonoBuHe cucTeMa Huje edukacHo QyHkumoHucano (Slater,
1995). OBo je 3HauajHo 3a byayha UcTpaxmBarba Koja ce Mopajy
ycmepuTn Ka nosehary eduKacHOCT cuCTeMa 3@ KOHTpony
0(BET/betba, KaKo yLuTese He 61 bune camo eKkcnepuMeHTasHe.
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BepoBatHolia naibera cBeTna no aonacky y
KaHuenapujy kao ¢pyHkumja npeonahyjyhier Husoa
UNyMUHaLVje pasHe NoBpLIMHe

(M3B0p: Mohdavi, Proglhof, 2008)

(n.6.

BepoBarHoha rawera cBetna kao GyHkumja ayxuHe
OACYCTBa W3 KaHuUenapuje (y MUHYTMMa)

(U3Bop: Mohdavi, Proglhof, 2008)

CuieHapuju 3a yuteny eHeprije
MoteHumjanHa
3rpapa ywrega 1 2 3 14243 Ta6.2.
U3paxeHay NoteHuujanua ywrepa

FH_TU % 30 29 13 72 (eneKTpHUHe eHepruje
VC_SW+NO [%] 28 30 13 71 3a 0CBeT/betbe) 3a
VO SW+NO | kWhm-2a-1 6.8 7.2 3.0 17.0 'c’::::::l‘: (TA’B';‘;F "
VC_SW+NO €m-2a-1 0.53 0.56 0.24 132 Mahdavi, 2007
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Lighting Controls

Lighting represents a major energy-user in buildings (around
15%), and large amounts of energy can be saved by using well-
designed lighting controls to correct occupants’behavior and take
advantage of the available natural light.

Recent studies identified certain patterns of user control behavior
as a function of indoor and outdoor environmental parameters
(Mahdavi, 2007, Mahdavi, Proglhof, 2008). Data collected in a
long-term study of five office buildings in Vienna, Austria seems
to reveal certain behavioural patterns, some of which will be
discussed in this study to show energy saving potential due to
consideration of occupancy and behavioural patterns in office
buildings and the implementation of automated systems.
According to the findings, office users are more likely to switch on
the light upon arrival in their offices only if the prevailing ambient
illuminance is less than 100 lux (Fig. 5). The recommended
illuminance levels for office work are 300-500 lux. It is important
to point out that human occupants are rather poor control
detectors since although good at detecting too little light, the
feedback of ‘too much light; or rather‘more light than necessary;,

is very weak (Baker, Steemers, 2002). Also, studies revealed that
office users are less likely to switch off the lights upon leaving
their offices unless they remain absent for one hour or more (Fig.
6).

Finally, Mahdavi (2007) considered three energy saving scenarios:
1) lights are automatically switched off after 10 minutes if the
office is not occupied; 2) lights are switched off, if the daylight-
based task illuminance level equals or exceeds 500 lux; 3) an
automated dimming regime is applied, whereby luminaires are
dimmed down so as to maintain a task illuminance level of 500
lux. The potential for reduction of electrical energy use for lighting
in studied offices if all three strategies are applied could exceeds
70% (Tab. 2).

Baker and Steemers (2002) report that other case studies have
shown that in a conventionally daylit commercial building the
choice of control can make 30-40% difference to the resulting
lighting use. However, in a study of lighting control systems in UK
offices, over half the systems did not work effectively (Slater,
1995). This fact should be of interest for future research.
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Fig. 5.

Probability of switching the lights on upon arrival in the office
as a function of the prevailing task illuminance level prior to an
action (Source: Mahdavi, Proglhof, 2008)

Fig.6

Probability of switching the lights off as a function of
the duration of absence (in minutes) from the offices
(Source: Mahdavi, Proglhof, 2008)

Energy saving scenarios
. Saving Tab. 2.
Building potentialin 1 2 3 14243 (Salvintg.poltemial
electrical energy
FH_TU % 30 29 13 72 for lighting) for
VC_SW+NO [%] 28 30 13 7 various bui!dings
VC_SW+NO kWh m?a’ 6.8 1.2 3.0 17.0 and scenartos
(Source: Mahdavi,
VC_SW+NO €ma’ 0.53 0.56 0.24 132 2007)
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KoHTpone focTynHe KopucHULMMa y 3rpafiama ca
MHTeNIUTeHTHUM OMOTauuUMa, CTyAmje cnyyaja

Y 3rpagama ca copUCTULMPaHUM CUCTEMIMA ayToMaTu3auuje
mopa ce noctufin 6anaHc uamehy LeHTpanu3oBaHe KOHTpone
KBaNMTeTa YHYTpaLLtbe KIMe 1 HTepBeHLMje KOPUCHUK], Koje
UMajy BENUKM YTULAj U HA MOTPOLUHbY eHepruje o6jekTa u Ha
YHyTpaLky Knumy. [la 6u ce yTBpAUNO Koju je HajnoBOBHM{M
O[IHOC aKLja 0 CTpaHe KOPUCHUKA 1 CACTeMa 3a ynpaB/batbe,
nocMaTpaHa Cy TpU eHepreTcku eukacHa objekTa ca WHTe-
nureHTHUM pacafiama u cuctemima ynpassbatba: bPE enBajepo-
HMeHTan bunpunr (BRES Environmental Building), cegmwite dup-
me ['CB (GSW) n cepuwite Komepubanke (Commerzbank) (Cn. 7).
KopucHuum Mory KOHTpOAMCaTU HUBO BeHTUMALMje, Tem-
nepaTypy, 3aceHuerbe 1 0CBeT/betbe.
300 lux je onabpaHo 3a 0CBeT/baj pafHe NoBpLUMHE. MHTerpantu
CEH30pN Mepe YHYTpallke HWUBOE CBETNOCTM U KpeTakbe,
npurywyjyfin ocsetberbe (0 100% Ao 0%) ako UMa 0BOSLHO
[HeBHe (BETNOCTA. YKONMKO Yy NpOCTOPUjU HEMA HUKOra,
0CBET/bEHbE (€ ayTOMATCKM racu.
CoducTuumpaHu cuctem ynpaerbatba 3rpafoM KOOpAMHMPA
3aXTeBe KOPUCHMKA, U KOHTPOMULLE rpejatbe, BEHTUNAUMjy W
xnahere pagu (TBapawa ontumanHor komdopa. (ucrem y
noHoR aHynupa (Be MpoMeHe 3ajjaTe Of CTpaHe KOPUCHMKA
(Wigginton, 2002, Ni Riain et al., 2000).
KoHTpone 40CTynHe KOPUCHULMMA KIbyuHa Cy KapaKkTepucTuka
3rpage. KopucHuum fobujajy caBeTe of cucTeMa ynpassbatba, a
UMajy u MoryRHOCT 1a NpenMeHyjy onyKe cUCTeMa ynpaBsbatba
3rpafiom. KaHuenapuje cy yrnaBHOM OCBET/beHe MPUPOAHOM
getnowhy, amm ¢y ocgeTbeHe Ha 300 lux Bewrtaykum
0CBET/bEHEM aKO je HUBO Ha PajHOj NOBPLLIHU Matby.

(n.7.

KoHTpone 3a 3rpajie ca UHTeNMreHTHUM OMOTaYMMa, CTYAUje CTyyaja
1) BRE’s Environmental Building, Tapcton, Benuka bputanuja;

2) InaBHo ceguute Gpupme GSW, bepnun, Hemauka; 3) Cepuwute
Commerzbank Opankypt Ha Majhu, Hemauka

(M3Bop: 1) http://www.fcbstudios.com/projects.asp?s=3&ss=&proj=808

2) http://www.photoschule.de/images/architekturfotografie/fotokurs_
architekturfotografie_berlin_gsw_1.jpg

3) http://www.fosterandpartners.com/Projects/0626/Default.aspx)

The Environmental Building, lapcTon, Bennka bputanuja

Pen cBETU/bKI NOPEZ NPO30pa Ce ayTOMATCKM CKIbYuyje Kada je
MpUPOAHA CBETNOCT [JOCTYNHA Y [O0BO/BHUM KONMMUMHAMA.
MpeocTano ocBeT/bEHE MOXKE (& PYUHO YKIbYUUTH Y Tpynama.
KopucHuk Moxe npeuMmeHOBaTM ayTOMaTW30BaHy KOHTpONy
0CBET/bEHHA.

(ucTem  ynpaB/batba  KOHTPONMWE NpOTOK Basdyxa W
KOPUCHULMMA NpocTopa fAaje npenopyke o u3bopy usmehy
MPUPOAHE M MeXaHUUKe BEHTUNALMjE.

KopucHuum mory y MOTIYHOCTW KOHTPONMCATA YHYTpaLUkby
KNUMY W MOHalatbe 3rpaje, anu (amo Kaja je Cnofballtba
KMMMa MOBO/bHA, LITO OfJIyuyje CUCTEM 33 ympaB/batbe
KOHCYNTYjyfint TpeHyTHe BPeMEHCKe NopaTKe.

KoHTpone ocBeT/betba Cy ayTOMATCKe 1 pearyjy y 3aBUCHOCTU 04
MeHeTpauyje AHeBHe CBETNOCTU U Bpoja KOPUCHUKA MpoCTOpa.
Bucoko eduKacHo 0CBETIbEHbE MOXE Ce NPUTYLLNTM, Kao OATOBOP
Ha Bapujauuje y HUBOY AHeBHe CBETNOCTU. (BETNO Y X0AHULMMA
aKTUBMPA Ce ayTOMaTCKM Kafa CeH30pW YCTaHOBE MPUCYCTBO
KOPMCHMKa.

(ucTem 3a ynpaB/batbe NpaTit OpojHE CeH30pe M UMa MyHy
KOHTPONY Haf YHYTpalHbUM KNUMATCKUM  ycnoBuma. OH
ynpaesba y Cknaay ca 6pojem KopucHKa, 0bpacuima noHalama
1 CNOJbALLHHOM KIUMOM.

3Hauaj KOHTPONa AOCTYMHUX KOPUCHMLMMA U HUXO0B YTULAj Ha
Komdop ¥ NpoayKTUBHOCT Beh je pasMoTpeH Y MOrnaBsby 2.
Mpumepn Aath y 0BOM MOrNaB/by MCTUYY 3Hauaj cucTema 3a
ynpasmbatbe. [la 61 06jekTin bunu eHepreTckn epuKacHm, cuctem
Tpeba Aa Aaje caBeTe M KOpUryje akumje KOPUCHUKA, YKOUKO
HICY eHepreTCKiM paLMoHanHe.

Fig. 7.

Controls for intelligent skins, case studies

1) BRE's Environmental Building, Garston, UK; 2) GSW Headquarters,
Berlin, Germany; 3) Commerzbank Headquarters

(Source: 1) http://www.fcbhstudios.com/projects.asp?s=3&ss=&proj=808
2) http://www.photoschule.de/images/architekturfotografie/fotokurs_
architekturfotografie_berlin_gsw_1.jpg

3) http://www.fosterandpartners.com/Projects/0626/Default.aspx)
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Controls for intelligent skin, case studies
In buildings with sophisticated building automation systems a
balance must be achieved between centrally controlled
environmental systems operation and occupant interventions,
which can affect both buildings’ energy performance and indoor
climate. In order to establish to which extend occupants should be
able to change their environment, the study looks at three
energy-efficient buildings with intelligent skins and BMS: the
Environmental Building, GSW headquarters and Commerzbank
headquarters (Fig. 7).
Occupants can control ventilation levels (windows), temperature,
shading and lighting.
Lighting controls — daylight sensors automatically regulate the
lighting according to daylight levels. Integral sensors measure
internal light levels and movement, dimming the lamps (100% to
0%) if there is sufficient daylighting, or switching them off if a
room is unoccupied.
Sophisticated building management system is coordinating users
requirement, and controlling the heating, ventilation and cooling
systems for optimum comfort. At midnight, the system resets all
occupants’inputs (Wigginton, 2002, Ni Riain et al., 2000).
User control is a key feature of the building, incorporating both
provision to override (all the systems) and the giving of advice.
Lighting controls - offices are predominantly daylit, but are
illuminated to 300 lux by artificial lighting. The row of light
fittings adjacent to the windows is automatically switched off by
photocells within the facade to encourage the use of daylight. The
remaining lighting is manually switched in groups. Occupant can
override the automated daylight-linked switching.
BMS controls airflow and makes recommendations to the users
about the selection of natural or mechanical ventilation.
Full occupant override is possible only when the external climate
is appropriate, which is decided by the BMS in consultation with
data describing the external weather conditions.
Lighting controls — in the office area controlled automatically
according to daylight penetration and occupancy. High efficiency

Perceived degree of control
(None=1, Full=7)

lighting can be dimmed in response to variations in daylight
levels. Light in corridors activated automatically by movement
Sensors.

The BMS monitors numerous sensors and has full control over the
internal climate system. It is operated according to the number of
people in the building, the usage of the system and the outdoor
dimate.

The importance of controls available to users and their impact on
comfort and productivity has already been discussed in chapter 2.
Examples given in this chapter emphasize the importance of
management systems. For a building to be energy-efficient, the
system should provide advice and correct user’s actions, if they are
energy wise not rational.

CONTROLS AND SPACE LAYOUT: OPEN PLAN VERSUS
CELLULAR

Open plan office is more space efficient, flexible, allowing more
efficient flow of work and communication. However, in the open
plan the one-to-one relationship between the occupant and the
various control devices tends to vanish, making effective
individual control difficult.
Figure 8 shows that the perceived level of control is significantly
reduced with the increase in the number of occupants of a space.
The open plan also tends to be more energy-intensive, not only
because it tends to be deeper and require more artificial lighting
and air conditioning, but also with less well-defined control
interfaces systems are more likely to operate inefficiently, be left
on unnecessarily, or have to be on when only a few people are
there.
Probe studies concluded that it is easier to achieve occupant
satisfaction in shallower plan forms and through cellularisation of
the work space (Bordass, Leaman, Ruyssevelt, 1999, Bordass,
Leaman, Cohen, Standeven, 1999). In a cellular office space, the
individual has higher level of perceived control over their
environmental parameters and hence comfort.

O Temperature

B Ventilation

5 O Lighting

1 2-4 5-9 10-29

Number of people in the room

30+ Fig. 8.
Perceived control versus room size
(Source: Bordass et al., 1993)
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KOHTPOJIE M NPOCTOPHY PACTIOPEL: OTBOPEHY NMJIAH /
LIENYNAPHU T1AH

KaHuenapuje ca 0TBOpeHMM MNaHOM Cy NPOCTOPHO ePuKacHuje,
dnekcnbunnuje, omoryhaBajy edukacHuju npoTok paja U
KomyHuKkauujy. Mehytum, y KaHuenapujama ca OTBOpEHMM
MNaHOM AUpeKTaH OJHOC KOPUCHMKA M KOHTponHux ypehaja
BEOMa je oTexaH.

(nuka 8 nokasyje Aa je HUBO KOHTPOME 3HAYajHO CMakbeH (a
noeharem bpoja KopucHuka Hekor npoctopa. KaHuenapuje ca
OTBOPEHUM MNAHOM KapaKTepulle WHTeH3UBHMja MOTPOLUH-A
eHepruje, jep ¢y To Hajuewhe npoctopn Befinx aybuHa u
3axTeBajy BIULE BeLWTAYKOr OCBET/beHbA U KAuMaTu3auujy.
Takohe je Benuka BepoBaTHoNa Aia hie cucTemI KOHTpONa paguTy
HeeduKacHo jep fie MOPaTV Ja OCTaHY YKIbyueHH U Kaj npocTop
KOPMCTYU CaMO HEKOMIMKO KOPUCHMKA.

Y cryaunjama 3rpaga y Benukoj bputaHuju KoHctatyje ce aa je
nakwe noctuhin 3a0BO/LCTBO KOPUCHUKA Y MpOCTOpMjama
Mamux JybuHa M Kpo3 Lenynapusauujy pagHor npoctopa
(Bordass, Leaman, Ruyssevelt, 1999, Bordass, Leaman, Cohen,
Standeven, 1999). ¥ uenynapHoj KaHuenapuju, nojesuHal uma
BULLW HWBO MepuUNupaHe KOHTPONe Haj napameTpuma
OKpYXetba, a Camum TUM 1 Komdopa.

[OXNBIBLEHN HUBO KOHTpONE
(oacycTBo=1, NOTNYHa KOHTpONa=7)

3akmyuak

KoHTpone ocBeT/betba UMajy HajMatbe YTULaja Ha JOXUBIbEHY
NpoAyKTUBHOCT 1 komdop. MehyTum, iixoBa ynora y (Marbetby
MOTPOLUHbE eHepritje BeOMA je 3HauajaHa. byayha nctpaxmearba
Mopajy ce ycmeputn Ka nosehaty edukacHocTM cucTema 3a
KOHTpONY 0CBET/betba Kako by ywTene y npakcu bune sehe.
bpoj KoHTpona BOCTYMHUX KOPUCHULMMA Mekba nepuenumjy
komdopa ¥ NpoyKTUBHOCTM, anu (amo 70 ofpefeHe Tauke.
YKonuko je Knuma y KaHuenapujckom npoctopy KomdopHa i
3rpajia UMa CuCTeM 3a ynpaBibakbe Koju epuKacHo pearyje Ha
notpebe KopucHuka, 6poj KOHTpONa AOCTYMHMX KOPUCHULMMA
rybum Ha 3Hauajy.

Ha npumepuma uHTenureHTHUX dacaga W3 npakce Moxe ce
BUAETU [a HUCKY MOTPOLLY eHeprije MoKasyjy amo cuctemi
KOju KOpUCHMUMMA Jajy MOryhHOCT KOHTpoMe YHyTpallmux
YCI0Ba, ani [0 Mepe Koja He yrpoxasa A00po GyHKLMOHUCatbe
3rpajie 1 eHepreTcku banaHc.

I3 patux npumepa u KOHCTaTaluja 3akibyuyje ce Aa ce y Uniby
(TBapatba ePuKacHor oMoTaua 3rpajie Mopa 0bpaTuTi Naxa
Ha theHe NacuBHe U aKTUBHE KOMMOHEHTE U Ha JbyACKe yTuLaje
Kao Ha jeflaH KOMNJeTaH CUCTeM, @ He Kao Ha HenoBe3aHe
dakTope.

O temnepartypa

B eentunayuja

5 _ [ oceeTbere
4. _
3 | - I
2 -
‘| -
0 T T T T (n.8.
1 2-4 5-9 10-29 30+ [loXXuB/bEHN HUBO KOHTPOE Y 0AHOCY Ha
Bpoj /byau y npoctopujn BeNnYuHy npocropuje

(M3Bop: Bordass et al., 1993)
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Conclusions

Lighting controls are reported to have least influence on the
perceived productivity and perceived comfort. However, their role
in preserving energy is significant. Future research must focus on
increasing the efficiency of lighting systems.

The amount of control, available to a user changes the perceived
comfort and productivity, but only to a certain point. If an office
environment is comfortable, and has a building management
system which responds efficiently to occupant needs, the amount
of control available to an occupant becomes unimportant.

Most examples of intelligent facades from practice, trying to
achieve good energy consumption norms, give occupants the
controls, but only as far as it does not interfere with the good
building performance.

These are some of the lessons that should inform facade design,
because in order to create an efficient building skin one has to
think of the building’s passive, active and human interface
features as one complete system, not as unconnected entities.

Nurepatypa / References

Baker, N., K. Steemers, (2002): Daylight Design of Buildings,
James & James Science Publishers

Bell, P, T. Greene, J. Fisher, A. Baum, (2001): Environmental
Psychology, Hartcourt College Publishers, Orlando, Florida

Bordass, B., A. Leaman, R. Cohen, M. Standeven, (1999): Probe
Strategic Review 1999, Report 3: Occupant Survey

http://www.usablebuildings.co.uk/Probe/ProbePDFs/SR3.pdf,
accessed on 27/12/2011.

Bordass, B., A. Leaman, (1998): Probe 15: Productivity the Killer
Variables, Building Services Journal, June 1998, pp. 41-43.
http://www.usablebuildings.co.uk/Probe/ProbePDFs/
Probe15.pdf, accessed on 27/12/2011.

Bordass, B., A. Leaman, P. Ruyssevelt, (1999): Probe Review Final
Report 4: Strategic conclusions, Building Services Journal,
August 1999, pp. 16-21.

http://www.breeam.nl/images/uploads/Bordass_Leaman_SR4.
pdf, accessed on 27/12/2011

Boradass, B., A. Leaman, (1999): The Probe Occupant Survey and
its Implications, CIBSE National Conference

http://www.usablebuildings.co.uk/Probe/ProbePDFs/BRI4.pdf,
accessed on 27/12/2011

Bordass, B., K. Bromley, A. Leaman, (1993): User and Occupant
Controls in Office Buildings, BRE Research Report, Building
Services Journal, April 1993.

http://www.usablebuildings.co.uk/Pages/Unprotected/Brussels.
pdf, accessed on 27/12/2011.

Construction Industry Research and Information Association
(CIRIA), (1993): Environmental issues in construction, A review
of issues and initiatives relevant to the building, construction
and related industries, lolume 1

Eley, J. (1996): Proving an FM Point: One Bridewell Street, Facilities
Management World, September 1996.

Humphreys, M. A. (1976): Comfortable indoor temperatures
related to the outdoor air temperature, Building Research
Establishment (Note PD117/76), UK. Dept. of Environment

Laing, A. (1998): New environments for working: the re-design of
offices and environmental systems for new ways of working,
London, BRE/DEGW

Leaman, A. (2005): Productivity in Buildings: the Killer Variables
Updated, presentation

http://www.usablebuildings.co.uk/Pages/Unprotected/
KVChicagoApr05.pdf, accessed on 27/12/2011.

McIntyre, D.A. (1980): Indoor climate, London, Applied Science
Publishers Ltd.

Mahdavi, A. (2007): Peaple, Systems, Environment: Exploring the
patterns and impact of control-oriented occupant actions in
buildings, (Keynote) Proc. PLEA 2007, Singapore

Mahdavi, A., C. Proglhof, (2008): Observation-based models of
user control actions in buildings, Proc. PLEA 2008, Dublin

Ni Riain, C., J. Fisher, F. MacKEnzie, J. Littler, (2000): BRE's
Environmental Building: Energy Performance in Use

http://www.cibse.org/pdfs/BRE%20environmental%20building.
pdf, accessed on 27/12/2011.

Pucar M., M. Nenkovi¢-Rizni¢, (2007): Legislative and policy in
energy efficient designing and renewable energy sources:
Applications in Serbia, Spatium 15-16, pp. 66-71.

Slater, A. 1. (1995): Occupant use of lighting controls: a review of
current practice and problems, and how to avoid them,
Proceedings CIBSE National Conference, Eastbourne

Wigginton, M. (2002): Intelligent Skins, Architectural Press, London

Wilson, S., A. Hedge, (1987): The Office Environment Survey: A

Study of Building Sickness, Building Use Studies, May 1987,

London



