&RP R ROVIGHDWRQV 1Q 1 HW\E( %V 7KHRU
DOG' HVLJQ
6DOYDWRUH &DUOXFFL /RUHQJR 3DJOLD
.RQVWDQWLQRYV .DSVLV

, QAMRGXFWRQ

$ SULPDU\ JRDO RI EXLOGLQJV LV WR SUR
HQJDJH LQ DFWLYLWLHY DQG WR IDFLOLW
HQYLURQPHQW ,Q WKH FRQWH[W RI QHW ]
WKLV PHDQV WKH\ VKRXOG HIILFLHQWO\ S
HQYLURQPHQW ZKLOH PHHWLQJ WKH QHW
FRPIRUW ZDV RQFH FRQVLGHUHG VRPHWKI
WROHUDWH PRUH UHFHQW UHVHDUFK KDV
WKHPVHOYHY DQG WKHLU HQYLURQPHQW |
'HDU DQG %UDJHU JRU WKLV UHDVRQ
HQHUJ\ SHUIRUPDQFH LI RFFXSDQWV DUH
FRQGLWLRQV WKH\ RIWHQ DGDSW LQ WKH
ZD\ UDWKHU WKDQ LQ HQHUJ\ FRQVHUYLQ.
7KHUHIRUH FRPIRUW VKRXOG EH FULWLFEL
GHVLJQ DQG RSHUDWLRQ RI 1HW =(%V

/KLY FKDSWHU IRFXVHVY RQ WKH WKUHH PI
FRPIRUW LQ EXLOGLQJY WKHUPDO YLVXD
TXDOLW\ ,$4 7KHVH GRPDLQV DUH DOO C
SHUIRUPDQFH DQG PXVW EH LQFRUSRUDW
LQLIXUH )RU LOQVWDQFH LQ QDWXUDOO\ Y
RFFXSDQWYV DUH RIWHQ IDFHG ZLWK PDNL!
DFRXVWLF FRPIRUW QRLVH IURP RXWVLGH
VHQVDWLRQ IURP PRYLQJ DLU RU E\ LQWU
LQGRRU DLU TXDOLW\ ITUHVK RXWGRRU DL



Thermal
comfort

Heating/cooling Indoor air

collecling vs. sound
absorbing

Fixed and movable solar
Surface finishes: dust

Visual
comfort

Acoustic
comfort

Openness for daylight
penetration

20 _—  QWHUDFWLRQV EHWZHHQ IRUPV RI F
XVH ZLWK H[DPSOHYV

&ERQYHQWLRQDOO\ WKHUPDO FRPIRUW KD
IRXU HQYLURQPHQWDO YDULDEOHY DLU W
WHPSHUDWXUH UHODWLYH KXPLGLW\ DQ((
YDULDEOHY PHWDEROLF DFWLYLW\ DQG F
EDODQFH RI WKH KXPDQ ERG\ FRPIRUW Ol
ODERUDWRU\ EDVHG H[SHULPHQWY DQG RI
QHZHU DSSURDFK NQRZQ DV DGDSWLYH W
WKDW RFFXSDQWY WHQG WR DWWHPSW Wt
YDULDEOHV WR UHVWRUH FRPIRUW 'HVLJ(
FRPIRUW UDQJHV VXJJHVWHG E\ DGDSWLY
SUHGLFWYVY ORZHU HQHUJ\ XVH DV ORQJ DV
HITHFWLYH PHDQV IRU RFFXSDQWYV WR LPS
DYDLODEOH H J RSHUDEOH ZLQGRZV

3HUVSHFWLYHV RQ YLVXDO FRPIRUW KDYH
UHQHZHG HPSKDVLV RQ GD\OLJKWLQJ DV I
UHGXFLQJ HQHUJ\ XVH IRU 1HW =(%V GD\(
DQG ZHOO EHLQJ 9HLWFK DQG WKH



RULHQWHG FRPSXWHU PRQLWRUV DV RSS
FRPIRUW LV DIIHFWHG E\ ZLQGRZ VL]H SR
JHRPHWU\ DQG ILQLVKHYV 'D\OLJKW JODUH
VKDGLQJ H J RYHUKDQJV DQG IL[HG ORX
GHYLFHV H J EOLQGYV

$FRXVWLF FRPIRUW LV RIWHQ QHJOHFWHG
DQG 1HW =(%V EHFDXVH LW FDQ FRQIOLFW
QDWXUDO YHQWLODWLRQ GSHRALWQR FBHMESHIY
HYDOXDWLRQ RI ORZ HQHUJ\ EXLOGLQJV K
VFRUH KLJK IRU DOO FDWHJRULHV RI RFFEX
DFRXVWLF TXDOLW\ DQG &UuILYDF\ 1$IZNED]R
al. $FRXVWLF FRPIRUW LV GLUHFWO\ !
SURGXFWLYLW\ &URRN DQG /DQJGRQ
9HLWFK )XUWKHUPRUH SRRU DFRXV)\
HQHUJ\ FRQVHUYLQJ VWUDWHJILHY OLNH Q
RFFXSDQWV DUH IDFHG ZLWK FKRRVLQJ E}
KDYLQJ D TXLHW LQGRRU HOYLURQPHQW

,QGRRU DLU TXDOLW\ UHIHUV WR WKH KHD
RI EXLOGLQJ DLU ORGHUQ EXLOGLQJV WH
RFFXSDQWY DQG PDWHULDOV WKDW FDQ F
VXIILFLHQW VROXWLRQY DUH LPSOHPHQWI
QHZ 1HW =(%V DQG RWKHU KLJK SHUIRUPD
HPSKDVLV RQ ,$4 LQ PDQ\ JUHHQ EXLOGLQ
FROQFHQWUDWLRQ RI VIQWKHWLF PDWHULTEL

$V GHVFULEHG LQ GHWDLO LQ WKLV FKDS\
DQG VXEWOH VHHPLQJO\ PLQRU ORFDOL]F
DILTHFW WKH SHUFHLYHG LQGRRU HQYLURC
FKDSWHU LV WR LGHQWLI\ DQG TXDQWLI\ |

/KHWP DO&RP IRW

,Q RUGHU WR DVVHVV WKH RSHUDWLRQDO
TXDQWLI\ WKHUPDO GLVFRPIRUW UHOLDE
WHUP JHQHUDO WKHUPDO FRPIRUW FRQGL
1HW =(%V DUH FKDUDFWHUL]HG BQB WRWIB
IRU VSDFH FRQGLWLRQLQJ %XW VXFK HQ
FRPSURPLVH WKH TXDOLW\ RI WKHLU LQGHF



, Q WKLV VHFWLRQ D EULHI GHVFULSWLRQ
UHFRJQL]J]HG WKHUPDO FRPIRUW DSSURDF}
UDWH ORQJ WHUP WKHUPDO GLVFRPIRUW
WZR H[DPSOHV RI WKH DSSOLFDWLRQ RI D
LOQWURGXFHG

([SOLFLW 7KHUPDO &RPIRUW 2EM|

7UDGLWLRQDOO\ WKH HQG XVHV UHODWH
KHDWLQJ FRROLQJ DQG YHQWLODWLRQ

HQHUJ\ EDODQFH RI D EXLOGLQJ ERWK UF
FRQVWLWXWHG PRUH WKDQ RI WKH WR\
3pUH] /RPE@.UG 7KHUHIRUH D VWUDWH
HQHUJ\ WDUJHW FRQVLVWYV RI UHGXFLQJ V
KHDWLQJ DQG FRROLQJ DV PXFK DV SRVVL
WKH (XURSHDQ VWDQGDUG (1 3$Q HQI
GHFODUDWLRQ UHODWHG WR WKH LQGRRU
7KHUHIRUH WKHUH LV D QHHG IRU VSHFLI
HQYLURQPHQW IRU GHVLJQ HQHUJ\ FDOF>
RSHUDWLRQ RI EXLOGLQJV  &(1 7KX'
WKHUPDO FRPIRUW REMHFWLYHV WKDW D

SUHUHTXLVLWH IRU LWV GHVLJQ 6XFK RE
DV DQ LQWHJUDO SDUW RI WKH GHILQLWLI
TXDQWLWDWLYHO\ GHILQHG WKURXJK UHO

SULQFLSOHYV RI 7TKHUPDO &RPIRU)

Thermal comfort LV XVXDOO\ XVHG WR LQGLFDW
EXLOGLQJ GRHV QRW IHHO WRR KRW RU W
HOQYLURQPHQW 7KH FRQFHSW KDV GUDZQ
VFEFLHOQWLVWY DQG GRFWRUV DQG LW KDV I
DSSURDFKHV D SK\VLRORJLFDO D SV\FKR
RQ WKH KHDW EDODQFH RI WKH KXPDQ ER
DSSURDEFK

+ ,Q WKH SK\WVLRORJLFDO DSSURDFK WK
LQGLYLGXDO LV GXH WR WKH DFWLRQ R
WKHUPDO UHFHSWRUV LQ WKH VNLQ DQ((
& RPIRUW LQ WKLV VHQVH LV GHILQHG
QHUYRXYV VLIQDOV IURP WKHVH UHFHSW



LW LV D VWDWH LQ ZKLFK QR SXOVHV RF
WKH HQYLURQPHQW E\ KLV KHU EHKDYLF

+ ,Q0 WKH SV\FKRORJLFDO DSSURDFK Wk
FRQGLWLRQ RI PLQG ZKLFK H[SUHVVHV "
HQYLURQPHQW  ,62 7KLV GHILQLW
LOWHUQDWLRQDO VWDQGDUG ,62 $
LQ WKH $6+5%$( 6WDQGDUG DOWKRXJK
KLIKOLJKWY WKH VXEMHFWLYH FKDUDFV
WKH SUHYLRXV GHILQLWLRQ WKH VHQW
VXEMHFWLYH HYDOXDWLRQ  $16, $6+5$/(

+ ,Q WKH KHDW EDODQFH DSSURDFK WK
WKH KHDW EDODQFH RI WKH KXPDQ ERG
/KHUPDO FRPIRUW LV WKH FRQGLWLRQ |
KXPDQ ERG\ EDODQFH WKRVH LQFRPLQJ
DQG WKH VZHDW UDWH DUH ZLWKLQ VSH
PHWDEROLF DFWLYLW\ +|SSH

,Q VXPPDU\ WKH WHUP WKHUPDO FRPIRUW
LQIRUPDWLRQ DERXW WKH WKHUPDO VWD\
WKHUPDO HQYLURQPHQW +RZHYRW WKHQ
TXDQWLW\ WKDW FDQ EH GLUHFWO\ PHDV X
2YHU WLPH D QXPEHU RI PRGHOV DQG PH'
WKH OLWHUDWXUH WR TXDQWLI\ ZKDW WK
RSWLPDO HQYLURQPHQWDO FRQGLWLRQV
WKHUPDO VWUHVV FDXVHG WR DQ LQGLYL
FRQGLWLRQV $PRQJ DOO WKH SURSRVHG
EHHQ XVHG WR GHVFULEH WKH KXPDQ WK}
HQYLURQPHQWY L WKH UDWLRQDO RU K
FRPIRUW PRGHOV 7KHVH PRGHOV KDYH Et
WKDW ZLOO EH LQWURGXFHG LQ 6HFWLRQ

$ FRPIRUW ORGHO %DVHG RQ WKH +H
+XPDQ %RG\

/KH KHDW EDODQFH FRPIRUW PRGHO ZDV
DQG ZDV GHULYHG E\ DQDO\]LQJ VXUYH\V
HI[ISRVHG WR VWHDG\ VWDWH FRQGLWLRQV
IRU D K SHULRG LQ ZLQWHU DW VHD OHY
EDODQFH RI WKH KXPDQ ERG\ XVLQJ D VW



)DQJHU )DQJHU V H[SHULPHQWYV VKR
PDLQO\ LQGLFDWHV ZDUP GLVFRPIRUW DQ
VWURQJO\ UHODWHG WR FROG GLVFRPIRU'
WHPSHUDWXUH DUH ERWK IXQFWLRQV RI C
GLVVDWLVIDFWLRQ PD\ EH GXH WR GLVERI
ZKROH JHQHUDO GLVFRPIRUW RU WR WK}
RI RQH SDUWLFXODU SDUW Rl WKH ERG\ C
7FKLQGD DQG 1MRPR 6SHFLILFDOO\
WUDQVIHU PRGHO SURSRVHG E\ )DQJHU W
UHTXLUHV WKDW QR ORFDO GLVFRPIRUW F
KHDW EDODQFH ZLWK WKH HQYLURQPHQW
EXW QRW VXIILFLHQW EHFDXVH WKH KXPD
WR UHVWRUH 3KHDW EDODQFH ZLWKLQ ZL(
YDULDEOHV HYHQ LI FRPIRUW GRHV QRW
DVVXPHV WKDW PHDQ VNLQ WHPSHUDWXUI
DV D FRQVHTXHQFH Rl WKH DFWLRQ RI WK
KXPDQ ERG\ %XW VXFK IOXFWXDWLRQV VI
OLPLWV GHSHQGLQJ RQ WKH DFWLYLW\ OF
ZLWKLQ WKH FRQGLWLRQ Rl WKHUPDO FRF
UHODWLRQVKLSY EHWZHHQ WKH DFWLYLW
VXUIDFH DUHD DQG ERWK VNLQ WHPSHUD
HYDSRUDWLYH KHDW ORVV SHU ERG\ VXU
UHJUHVVLRQ PRGHO. + (FARZHYHU WKH VR:
YHU\ VFDWWHUHG DQG FRUUHODWLRQ FRF
RI WKH UHJUHVVLRQ PRGHOV

+HDW %DODQFH RI WKH +XPDQ %RG\

6XPPDUL]JLQJ WKH ZRUN RI )DQJHU D C
EDODQFH EHWZHHQ DQ LQGLYLGXDO DQG
HISUHVVHG SHU XQLW RI ERG\ VXUIDFH D

S=M=+ Wz Liond £ Loonv £ Lrad — Eevap — Eres _W m—?-]

ZKHYHV WKH UDWH RI FKDQJH RI LQWHUMW I
LV LWV PHWDERWD LRV DHVWHALQ@EY WRHN HQ

ORVV E\ FRQGXFWLRQ GXH WR FRQW.IREW \F

WKH VHQVLEOH KHDW ORVV E\ FRQYHFWLF
FORWKHG ERGHEWRWKIHUVHQVLEOH KHDW Ol



WKH RXWHU VXUIDFHV RI WKH FORWKHG E
HQYLURQPHQW YLHZEG &V WKKHH EQRIBV HQ W  k

HYDSRUDWLRQ VZHDWLQJ DQG PRLVWXUH
EuukV WKH WRWDO VHQVLEOH SOXV @D

DQEyqyLl SUHVHQWGRFW WKRH LOQWHUQDO H

ERG\ DQG ERWK WDNH QHJDWLYH YDOXHYV
ULJKW KDQGIVLGHDR) EH DGGHG RU UHPRY
ZKHUH DGGLWLRQ LV SRVLWLYH

$VVXPLQJ WKDW WKH WKHUPRUHJXODWRU
LQFUHDVH RI LQWHUQDO HQHUJ\RI WIDH) &
WKDW WKH KHDW ORVV IRU FRQGXEWI,RQ :
DQG VLQEBAGrSHSHQG ERWK RRQ EORDMK EQ
UHZULWWHQ DV

M+ W-— Ecu‘ap = Epes = tLjoen = 2oy £ Liag :“,r mmz]
ZKHUH

+ ODOXMVIRU W\SLFDO DFWLYLWLHYV DUH
, 62

+W LV GHILQHG DV WKH DPRXQW RI HQHI
DEVRUEV RU GLVVLSDWHG DV D FRQVHT
KXPDQ ERG\ LV QRW DQ HIILFLHQW WKH!
PHFKDQLFDO MIIGALHIDHFS DV WKH UDWLR
ZRUN DQG WKH PHWDBRELE\DPWEZHIUWN K
% X W HUD

+EyvpkVY FRPSULVHG RI ERWK KHDW ORVYV
WKURXJK WHGH, ¥NZKQLFK LV D IXQFWLRQ F
tunLdP QG WKH ZDWHU YDSRU SUH Y X%&HD
KHDW ORVV GXH WR WKH HYDSREPMWHLRQ

Ear = 3.05-107(256 - tgan —3373 - p,,) [Wm™]

tain = 35.7 = 0.0275(M = W) [°C]



Eswem = U-"I'Z{M -W- 5&'5} _“" m_l]

+EyukV JLYHQ E\

+Leorw¥ VHQVLEOH KHDW ORVV E\ FRQG X
ZLWK FORWKLQI-o@w¥Y WKH FORWKLQJ V>
WHPSHUDWXIUNH WIQs DPELHQW DLU WHPS
WKHUPDO LQVXODWLRQ IRU WVS§F R O

UHSRUWHG LQ 7DEOH & RI ,62 DQG
LQVXODWLRQ IRU JDURHQWV/DRGHF&D LY

& RI WKH VDPH VWDQGDUG
I o Eskin — Lcloth
seloth = U]SS . L:Iﬂd't I -
faotn = 35.7 — 0.028(M — W) — 0.155 7 jo-
{(M = W)=3.05-107 5733 = 6.99(M - W) - p, ]
—ﬂ—ljl(f"’f - Hr} — 58. |5] - 1.7 ”]_SM(:_&H&? _pv.a}
—0.0014 M(34 — 1,)}

oo = 0161 + 0835 T,

tLerokV D IXQFWLRQ RI WKH FRQYHFWLY
heroy ZKLFK GHSHQGV RQ WKH UHJLPH R
ERG\ WKH FORWK IfRok fREHD WEFWRLU | H U H
WKH WHPSHUDWXUH RI WKH H[WHDQR®R G
WKH DPELHQW DLUWHPSHUDWXUH

J{--m'.-m' = .,:;mhhcmv{/f\c!mh = Ta}

ZKHUH LKV WKH UHODWLYH DLU YHORFLW

+L,pbSHSHQGY RQ WKH HIIHFWLYH UDGLE
ZKLFK GHSHQGV RQ LWV VKDSH DQG RQ



JHQHUDO SXUSRVHV LW LV XVHG WR DS
DUHD RI WKH KXPDQ ERG@\YV WKKHWHWDR) UL

WHPSHUDWXUH ZKLFK LV WKH 3XQLIRUP
LPDJLQDU\N EODFN HQFORVXUH LQ ZKLFK
WKH VDPH DPRXQW RI UDGLDQW KHDW D
VSDFH" $16, $6+5%(

Leaa = 3.95 - 1078 o [(Teton + 273.15)" = (T + 273.15)°]
1.00 + 0.2 1100 fOr tom < 0.5 clo
TN 105 4+ 0.1 Lo for Tues > 0.5 clo

,Q RUGHU WR HVWLPDWH WKH ERG\ DUH
WKHVH HTXDWLRQV DUH ED\VH G DWKHEH'X

FDOFXODWHG ,W LV D IXQ@EWRLRQ R ERK
'X %RLVY DQG 'X %RLYV

App = 0.20247 wp P TP [m?]

7KH 7TKHUPDO &RPIRUW (TXDWLRQ

,QVHUWNQ)J) .. _ . _ .. _. LQ WKH HQHUT\ E
_ \LHO GV WK HheviRalled® ot eg@ation

(M= W)=3.05-107[5733 - 6.99(M — W) — p, .| — 0.42[(M — W) - 58.15]
- 1.72-107°M (5867 — p,,) — 1.4-107°M(34 - T,)
=3.95- !{}_Hftin!h Hr‘rﬂh}qh +273.1 5}4 - {Tmr{ + 273.1 5}4] _.,fc!i}!hhmmv{Tu_'it'-!h -

7KLV HTXDWLRQ GHVFULEHV WKH KHDW EC
DGGHG FRQVWUDLQWY RD@® GHSHQGV RQ
HQYLURQPHQWDO YDULDEOHVY DLU WHPSH
WHPSHUDWXUH YHORFLW\ DQG KXPLGLW\
SHUVRQDO YDULDEOHV PHWDEROLF DFWL
HTXDWLRQ SHUPLWV XQGHU WKH VWDWHC
RSHUDWLYH WHPSHUDWXUH ZKLFK ZLOO ¢

DVVXPHV WKDW 3WKH WKHUPDO VHQV
D IXQFWLRQ Rl WKH WKHUPDO ORDG / RI W
EHWZHHQ WKH LQWHUQDO KHDW SURGXFW
HQYLURQPHQW IRU DQ RFFXSDQW K\SRWKI



YDOXHV RI WKH PHDQ VNLQ WHPSHUDWXU I
IXUWKHU DVVXPHV WKDW 3LQ WKH FRPIRU'
EH HTXDO WR JHUR" )DQJHU 2SHUDW
“WKH XQLIRUP WHPSHUDWXUH RI DQ LPDJL
DQ RFFXSDQW ZRXOG H[FKDQJH WKH VDPH
SOXV FRQYHFWLRQ DV LQ WKH DFWXDO QF

$16, $6+53%( JURP WKH DERYH GHILQL
WKDW
hﬁuJTmrI + ht‘un\.‘ Ta
Top =
Freag + Peoay

ZKHDFLLY WKH RSHUDW LK H MWH R/KHUDDGKLLH
WUDQVIHU FRHTpLFIMMHOYWH PGOQ UDGLDQW

VXUURXQGLQJV RI WKH RFFXSDQW V 7KH
RIWHQ DVVXPHG WR EH HTXDO LQ PDJQLW
DVVXPSWLRQ IRU W\SLFDO FRQGLWLRQV D
DOORZV FDOFXODWLQJ WKH YDOXH RI RSH
HQHUJ\ EDDDOQFIHV IXOILOOHG $FFRUGLQJ
DSSURDFK WKLV YDOXH LV WKH WKHRUHMW
VSHFLILF PHWDEROLF DFWLYLW\ FORWKL/(
WKH YDOXH DW ZKLFK KHDW IORZV HQWHU
EDODQFHG RU SQHXWUDOL]JHG " LW LV DO
DQG WKH WKHUPDO VHQVDWLRQ FRUUHVS|
RU QHXWUDOLW\

)DQJHU V UHGLFRWB DOBQ3IYHGLFWHG 3H
'LVVDWLVILHG

7/KH WKHUPDO FRPIRUW HTXDWLRQ DOORZ
YDOXHVY RI WKH DIRUHPHQWLRQHG YDULDE
RI WKH ERG\ ZLOO EH HTXDO WR JHUR )RU
ORDG / RI WKH ERG\ LV GLIITHUHQW IURP ]t
WR DVVHVV WKH GHJUHH RI GHSDUWXUH II
Predicted meanvote 309 D Q @r&diktédl percentage of
dissatisfied 33' 309 LV DQ DQDO\WLFDO LQGH
WKHUPDO FRPIRUW HTXDWLRQ DQG WXQHC
VXUYH\V



PMV = (0.303¢™%M 4 0.028) { (M — W) —3.05 - 107[5733 — 6.99(M — W) — py.,|
~0.42[(M = W) = 58.15] = 1.72 - 107°M [5867 — p,,| = 1.4 107°M(34 = T,)
—=3.95-10 H.-'Ircl-:lljl [[Tcl-:llh +273. ]5}4_ [Tlrn’l + 273.1 5}4 - T.-:I-:IIJl‘II;!-:-:Im'I-r.T-:II:IIJl - TJ.}}

ZKLFK DOORZV XV WR HVWLPDWH WKH PHLC
YRWHYV RI D ODUJH JURXS RI SHRSOH H[SU
VHYHQ SRLQW VFDOH RIWEKKBPDO VHQVDV

/DEOH $6+5%( VHYHQ SRLQW VFDOH RI WKF

AXHVWIHFRE GR \RX
IHHO DW WKLV
WLPH"

'HVFUL&RBG & R L J KW QWUDIA) K /WOR+ R
FRRO ZDUP

ODOXH i i |

$OWKRXJIK 309 LV GHULYHG IRU VWHDG\ V\
DSSOLHG ZLWK DQ DFFHSWDEOH DSSURJLF
> i @ DQG WKH DIRUHPHQWLRQHG YDULTL
IOXFWXDWLRQV ZLWKLQ WKH IROORZLQJ L

I+

OHWDEROLF ®©BWLYLV@® FOHW
&ORWKLQJ URQMKPDWLR®@ FOR

$PELHQW DLU WHPSHUDW X@Hf &
OHDQ UDGLDQW WHEF SHUDWX@Hf &

+ +

I+

SHODWLYH Dbkd) Y HORF@WA V

+ SDUWLDO SUHVVXUH RI ZDWpHE ¥YDSRU(
3D

33" LV DQ LQGH[ WKDW SUHGLFWV WKH SH
H[SHFWHG WR IHHO XQFRPIRUWDEOH L H

i Ll H{SRVHG WR JLYHQ HQYLURQPHQW
WR JLYHQ PHWDEROLF UDWH DQG FORWKL
VR FDRMYHPED equation LV



PPD = 100 — 95 exp[—(0.03353 PMV* + 0.2179 PMV?}] € [5,77)
subject to PMV € [-2,+2]

33' FDQ EH SORWWHG DV DLIJXQHWILREKE BDW
PRGHO LV RIWHMVEPD @ddés W KH

100

80 1

4] 7] =] D
o o o o

Predicted perceniage
Ia
(5]

of dissatisfied (PPD) [%]
—4 || ] Cad
[ T (]

=]

=0.5 0 0.5 1 1.5 2
Predicted mean vote (PMV)

J2lJd _ 33" DV D IXQFWLRQ RI1 309

|
r
|
= o
n
|
—

IRFDO 7TKHUPDO 'LVFRPIRUW

/KH WKHUPDO FRPIRUW HTXDWLRQ FDQ RC(
KXPDQ ERG\ +RZHYHU D KHDW RU FROG V
SDUWLFXODU SDUW RI WKH ERG\ PD\ DOVR
WKHUPDO GLVFRPIRUW LV FDXVHG E\ H[FH
WHPSHUDWXUH JUDGLHQWY UDGLDQW WH
SK\WVLFDO FRQWDFW ZLWK REMHFWYV DW Kl
DPRQJ RWKHUYV

,Q RUGHU WR SUHGLFW WKH OLNHOLKRRG
QXPEHU RI HTXDWLRQV KDYH EHHQ SURSR
GHVFULELQJ WKH ORFDO GLVFRPIRUW SKH
YDOXHV DUH DOVR VXJJHVWHG WRJHWKHU
IRXQG LQ D QXPEHU RI H[LVWLQJ VWDQGD

62 &5 & (1 DQG $6+5%(
$16, $6+5%(



ILPLWDWLRQV RI WKH +HDW %DODQFH ORG

$IWHU WKH LOWURGXFWLRQ RI WKH UDWLF
VWXGLHV VXSSRUWHG LW H J 3DUVRQV
+XPSKUH\V DQG 1LFRO PRRUISWE®SRVA]
HJ $UD~-MR DQG $UD-~MR OD\HU
<RRQ 6RKQ DQG &KR RU H[WH
'"HQJ 20H )DQJHU DQG 7RIWXP
OLPLWDWLRQV HJ &URRPH *DQ DQG $Z
HOQHG\ +XPSKUH\V DQG +DQFRFN
GLVFUHSDQFLHVY HJ %HQWRQ %DXPDOQ
DQG $UHQV 7KH PDLQ VKRUWFRPLQJ
L SHRSOH DU Habsies¥iséHBH®B KH WKHUPDC
HQYLURQPHQW LQVWHDG RI DFWLYH LQGL
FORWKLQJ HQVHPEOH DQG WKH FXVWRPL]
EXLOGLQJ RSHUDELOLW\ RI WKH ZLQGR2ZV
PRGLILFDWLRQ RI VHW SRLQWV HWF LL
RSSRUWXQLWLHY RWKHU WKDQ WKH PRGL
WKHUHIRUH WKH PRGHO GRHV QRW DFFR)>
W\SHV Rl EXLOGLQJV DQG LV WKH VDPH W
WKHUPDO QHXWUDOLW\ PD\ QRW QHFHVVD
FROGLWLRQV IRU D VLIJQLILFDQW QXPEHU
DFFRXQW IRU SVIFKRORJLFDO DQG FXOWX
WKHUPDO SUHIHUHQFHV DUH YHU\ DV\PPH
VRPH FDVHV SHRSOH SUHIHU QRQ QHXWU
Y WKH DVVXPSWLRQ WKDW WKH LQWHUYI
VHQVDWLRQ VFDOH UHSUHVHQWYV FRPIRUV
XQLYHUVDOO\ UHIOHFW WKH SUHIHUHQFH

7KH $GDSWLYH &RPIRUW ORGHOV

6LOQFH WKH UDWLRQDO PRGHO ZDV GHYHO
FOLPDWH FKDPEHUY DQG LW DVVXPHV VWl
UDWLRQDO PRGHO LV QRW UHOLDEOH LI D
YHQWLODWHG EXLOGLQJVY DFFRUGLQJ WR
LW RQO\ SDUWO\ WDNHV LQWR DFFRXQW K
LQGRRU HQYLURQPHQW DQG RWKH Up&serfgMW
factors DJH VH[ FXOWXUH HF Rgd®RHdgeal/ WD V
factors WKHUPDO SUHIHUHQFH WKHUPDO HJ
HWF inf2Qdckion with the environment YLVXDO DQG D



SHUFHSWLRQ DLU TXDOLW\ OHYHO GH 'H
et al. 1LFRO DQG +XPSKUH\V $OVR
DFNQRZOHGJHV WKDW 3,Q QRQ DLU FRQGI
FOLPDWHVY RFFXSDQWY PD\ VHQVH WKH Z|
WKH 309 SUHGLFWV " )DQJHU JQVWHEL
DV WR SURGXFH GLVFRPIRUW SHRSOH UH
WKHLU FRPIRUW  1LFRO DQG +XPSKUH\V

DUH QRW LQHUW UHFLSLHQWY Rl WKH HQY
RSWLPL]H WKHLU FRQGLWLRQV'~ +XPSKUH

JURP WKH DIRUHPHQWLRQHG UHVHDUFK W
FRPIRUW PRGHOV LV WKH FRQFHSW RI DGI
LOQWHUSUHWHG EURDGO\ DV WKH JUDGXDC
UHVSRQVH WR UHSHDWHG HQYLURQPHQWL
%UDJHU $GDSWDWLRQ PDQLIHVWYV LV
SK\WLRORJLFDO SV\FKRORJIBEROHD@E& EHI

Environment I

1 Rational Thermal
» model sensation

Physiclegical
adaptation

Psychological
adaptation

Behavioral
adaptation

i Adaptive
i+ model

Adaptive
control

21l . $GDSWLYH PHFKDQLVPV DQG WKHUP



Adaptive comfort model

Physiological = Genetic adaptation
adaptation « Acclimatization

Psychological « Thermal history and expectation |
adaptation « Adaptive opporunities :

adaptation * Technological adaptation

Behavioral « Personal adaptation
« Cultural adaptation

1l . $GDSWLYH RSSRUWXQLWLHY RUJDQL

SK\VLRORJLFDO $GDSWDWLRQ

3K\WLRORJLFDO DGDSWDWLRQ FDQ EH FRC
FKDQJHV XVHG E\ WKH KXPDQ WKHUPRUHJ
FRQVWDQW WKH ERG\ LQWHUQDO WHPSHU
f& LQ RUGHU WR SUHYHQW GDPDJH WR R
XVXDOO\ VHSDUDW Hgeneit M@ tiiaR 7 WIHFKY L Q
D@®GDSWLYH RSSRUWXQLW\ EHLQJ SDVVHC
D Qd@climatization ZKLFK PDQLIHVWYV LWVHOI Z1
WKH IRUPHU FRXOG EH FRQVLGHUHG DV D
WR RQH JLYHQ WKHUPDO HQYLURQPHQW I
DGDSWDWLRQ WKDW KDSSHQV ZLWKLQ KR:

SVI\FKRORJLFDO $GDSWDWLRQ

3V\FKRORJLFDO DGDSWDWLRQ FDQ EH FRC
RI D JLYHQ WKHUPDO HQYLURQPHQW FDX"
KLVWRU\ DQG H[SHFWDWLRQ ,W LV UHODYV
LOGLYLGXDO WR D JLYHQ WKHUPDO FRQGL
UHSHDWHGO\ H[SRVHG WR D FHUWDLQ WKI
RI WKH WKHUPDO VWUHVV VXFK DV KLV K|
$FFRUGLQJ WR WKLV SV\FKRORJLFDO DGELC
DOVR GHSHQGV RQ WKH DGDSWLYH RSSRU
XVH WR FXVWRPL]H WKH LQGRRU HQYLURC
DWWHPSWV WR WROHUDWH XS WR D FHUW
FRQGLWLRQV LI WKH\ FDQ FRQWURO WKHP



%HKDYLRUDO $GDSWDWLRQ

%HKDYLRUDO DGDSWDWLRQ FDQ EH FRQVL
DFWLYLWLHV WKDW DUH YROXQWDULO\ RI
LOQGLYLGXDO LQ RUGHU WR PRGLI\ WKH DF
HIFKDQJHVY EHWZHHQ KLV KHU ERG\ DQG W
HOQYLURQPHQW %HKDYLRUDO DGDSWDWLR
W\A\SHV RI goilsoNdl R(RU H[DPSOH UHPRYLQJ R
technological IRU H[DPSOH PRGLI\LQJ WKH VH
EXLOGLQJ VIVWHP RSHQLQJ D ZLQGRZ RL
D Qaaltural IRU H[DPSOH D VRFLDOO\ VKDUH
WKH KRWWHVW KRXUV RI VXPPHU GD\V

%DVHV DQG )RUPXODWLRQV RI WKH $GDSW

/KH PRGHOV EDVHG RQ WKH KHDW EDODQ
GHYHORSHG XVLQJ FOLPDWH FKDPEHUV 7
ZHUH GHULYHG IURP WKH VWDWLVWLFDO [
SHRSOH LQ UHDO EXLOGLQJV IRU H[DPSO

DQG 1LFRO DQG OF&DUWQH\ + XP
$XOLFLHPYV GHPRQVWUDWHG WKDW V
IORDWLQJ PRGH WKH QHXWUDO WHPSHUD
RXWGRRU WHPSHUDWXUHY UDWKHU WKDC
DVVXPHG E\ WKH UDWLRQDO PRGHO 7KH L
GHWHUPLQLVWLF PRGHOV LQVWHDG WKH
EODFN ER[ DSSURDFK DQG UHODWH LQGRF
RXWGRRU WHPSHUDWXUHY E\ OLQHDU UH
WKH FDQRQLFDO HTXDWLRQ RI DGDSWLYH

L eomfon = @ f{" Ieu} +b

ODQ\ DGDSWLYH DSSURDFKHV KDYH EHHQ
WKH \HDUV DQG D QXPEHU RI WKBFPOMHUH V.



/(DEOH 7THUPV RI WKH FDQRQLFDO HTXDWL
DFFRUGLQJ WR VHYHUDO VWXGLHYV

$XWKRU DQ@ S Tyw b 5DQJH RI

\HDU DSSOLFDI

&(1 P ([SRQHQWLDOB\fTy\& >
ZHLIJKWHG UXQQL®@ 5

PHDQ RXWGRRU DLU
WHPSHUDWXUH

$16, $6+58( P ORQWKO\ PHD@ fTy g >

RXWGRRU DLU @ f&
WHPSHUDWXUH
YDWR F ([SRQHQWLDOO\f Ty >

ODUWHOORWW@ZDQGKWHGUXQ@L@”&
&KLDQFDUHOOD PHDQ RXWGRRU DLU
WHPSHUDWXUH

1LFRO DQG P ([SRQHQWLDOOGRf Ty f[&
OF&DUWQH) ZHLIJKWHG UXQQLQ5
_ PHDQ RXWGRRU DLU
WHPSHUDWXUH

+XPSKUH\V DEGORQWKO\ PHD® fTy & >

1LFRO RXWGRRU DLU @ f&
WHPSHUDWXUH

1L FRA. F +LVWRULFDO F STupg >
PRQWKO\ PHDQ @ &
RXWGRRU

WHPSHUDWXUH
GH 'HDU DQG DORQWKO\PHD@jTH

%UDJHU E RXWGRRU HIIHEW
WHPSHUDWXUH
ET"

1LFRO DQG 5FRDORQWKO\ PHDG@ fTy\f
RXWGRRU DLU f&

WHPSHUDWXUH RI
WKH SUHYLRXV
PRQWK



$XWKRU DQ&  fThw b 5DQJH RI
\HD U DSSOLFD}

1LFRO DQG E([SROQHQWLDOSB\1 G

+XPSKUH\V ZHLIJKWHG UXQQLQJ
PHDQ RXWGRRU DLU
WHPSHUDWXUH

$XOLFLHPYV DDG5XQQLQJ PHD® RU G
GH 'HDU WKH SUHFHGLQJ
IRUWQLJKW

+XPSKUH\V D ORQWKO\ PHDO 1 G
RXWGRRU DLU
WHPSHUDWXUH

D orGHO HIFOXVLYHO\ GHYHORSHG IRU IUHH IORDWLQJ
£ orRGHO H[FOXVLYHO\ GHYHORSHG IRU DLU FRQGLWLRC

F ORGHO GHYHORSHG IRU DOO W\SHV RI EXLOGLQJV QD
FRQGLWLRQHG

-- 'XULQJ WKH 6&%$7V SURMHFW VSHFLILF YDOXHV RI D D
FRXQWULHV )UDQFH *UHHFH 3RUWXJDO 6ZHGHQ DQG

ILPLWDWLRQV RI WKH $GDSWLYH ORGHOV

2Q0H Rl WKH PDLQ OLPLWDWLRQV RI DGDSV
IRFXV RQO\ RQ RSHUDWLYH WHPSHUDWXI
RWKHU LOGRRU HQYLURQPHQWDO YDULDE
KXPLGLW\ ,Q SDUWLFXODU WKH LQFUHDYV
DURXQG WKH ERG\ LQFUHDVHV FRQYHFWL"
$16, $6+5%( 1LFRO $ FRUUHFWLI
YHORFLW\ LV SUHVHQWHG LQ ERWK (1

, Q WKH UDWLRQDO PRGHO WKH HIIHFW RI
SHUFHSWLRQ LV 3 PRGHVW”" VLQFH 3W\SLF|
KXPLGLW\ LV IHOW WR EH DV ZDUP DV D

WHPSHUDWXUH" ,62 DQQHI[ ) EXW LW
RI KLJK DLU WHPSHUDWXUHV $FFRUGLQJ
UHODWLYH KXPLGLW\ UHGXFH WKH DFFHS\



WKHRUHWLFDO FRPIRUW WHPSHUDWXUH +
LPSOHPHQWHG LQ WKH FXUUHQW DGDSWL"

6WDQGDUGY 5HIJDUGLQJ 7TKHUPDO &R

7KH $16, $6+5$( LQWURGXFHG WKH )DQJHU
6WDQGDUG IRU WKH ILUVW WLPH LQ
ZDV UHYLVHG LQ $16, $6+5%( LQ
$16, $6+5%( DQG LQ $16, $6+5%(
PDLQ PRGLILFDWLRQV GHDOW ZLWK WKH X
FRPIRUW JRQH EDVHG RQ WKH GLVVDW
YHUVLRQ LQWURGXFHG WKH GLDJUDP \
ULVH IRU FRPIRUW SXUSRVHV DV D IXQFWI
GHYLFHV XQGHU GLUHFW FRQWURO RI RFF

(KH DGDSWLYH FRPIRUW PRGHO DV SURS]
$16, $6+5%( SUHVHQWYV WZR DFF

DFFHSWDELOLW\ FODVYV ZKLFK LV QRUFE
DFFHSWDELOLW\ FODVYV ZKLFK LV LQIRUP
/(DEOH

/DEOH $FFHSWDELOLW\ FODVVHV LQ $6+5¢%

$6+5%( 6 FRSH 33' )DQJH$GDSW
FODVV 309 @Tgs

7R EH XVHG ZKHQ D KLJKHU *
VWDQGDUG RI WKHUPD®0OBRPIRUW L
GHVLUHG

7R EH XVHG IRU W\SLFDO " *
DSSOLFDWLRQV DQG ZKH® "RWKHU
LQIRUPDWLRQ LV QRW DYDLODEOH

7KH WDUJHW FRPIRUW FODVV KDV WR EH F
WKHUPDO DFFHSWDELOLW\ UHTXLUHG LQ I
YDULDWLRQV RI LQGRRU HQYLURQPHQWDC
FDVH Rl VHQVLWLYH RU XQKHDOWK\ RFFX¢

7KH PRGHO GHYHORSHG E\ 1LFRO DQG +XF
PRUH UHFHQWO\ LQFOXGHG LQ WKH (XURS

KHQFH LW LV VRPHWLPHY UHIHUUHG
FRPIRUW PRGHO (1 SURSRVHV IRXU F



bUH FDOOHG , ,, ,,, ,9 DQG DUH GHILQH
309 SURSRVHG E\ ,62 EXW LQ WKLV FIL
GHVFULSWLRQ RI WKH VFRBBEI®RHW HYHU\ FI

/(DEOH 7TKHUPDO FRPIRUW FDWHJRULHYV DC
DFFRUGLQJ WR (1

(1 '"HVFULSWLRQ J)DQJH8GDSWLYH

FDWHJRU\
33" 309 Trs

, +LJK OHYHO RI H[SHFWDWLRQ DQG
LV UHFRPPHQGHG IRU VSSDBHV
RFFXSLHG E\ YHU\ VHQVLWLYH
DQG IUDJLOH SHRSOH ZLWK
VSHFLDO UHTXLUHPHQWY OLNH
KDQGLFDSSHG VLFN YHU\ \RXQJ
FKLOGUHQ DQG HOGHUO\ SHUVRQV

, 1RUPDO OHYHO RI M[SHFWDWLR®Q
DQG VKRXOG EH XVHG IRID®QHZ
EXLOGLQJY DQG UHQRYDWLRQV

- $Q DFFHSWDEOH PRGHUDWH OHYH(
RI HISHFWDWLRQ DQG PBVOVEH
XVHG IRU HILVWLQJ EXLOGLQJV

, 9 O9DOXHV RXWVLGH WKH FRAOWNHULD |
WKH DERYH FDWHJRULHM Q/&I3W9
FDWHJRU\ VKRXOG RQO\!EH
DFFHSWHG IRU D OLPLWHG SDUW R|
WKH \HDU

$JDLQ WKH WDUJHW FRPIRUW FDWHJRU\ K
WKH DSSOLFDWLRQ + QHZ EXLOGLQJ RU Ul
ORZ YDULDWLRQV RI LOGRRU HQYLURQPHC

IRQHUP (YDOXDWLRQ RI 7TKHUPDC
%XLOGLQJV



, Q RUGHU WR DVVHVV WKH WKHUPDO FRPI
FRQFLVH UHODWLRQVKLS EHWZHHQ VLPXO
KNJURWKHUPDO FRQGLWLRQV SURYLGHG E
HISHFWDWLRQ QHHGV WR EH IRUPXODWHG
RITHU PHWKRGRORJLHVY WR FDOFXODWH R¢
DQG SURYLGH UDQJHV RI WKH SK\VLFDO S
HQYLURQPHQW ZKLFK VKRXOG EH SHUFHL
JURXS RI SHRSOH +RZHYHU VXFK RSWLPL
DUH LQ WKH IRUP RI WLPH VHULHYV YDOXH"
WKH G\QDPLF SHUIRUPDQFH RI D EXLOGLQ
FRPIRUW FRQGLWLRQV EXW WKH\ GR QRW
FRPIRUW SHUIRUPDQFH

$ QXPEHU RI PHWULFV IRU DVVHVVLQJ KXF
FOLPDWLF FROQGLWLRQV RU WKHUPDO VWL
OLWHUDWXUH RYHU WKH SDVW GHFDGHYV

V X F Kdisedinfort index stress index Fhklatindex WR LGHQV
HISHFWHG RU DFWXDO KXPDQ WKHUPDO

HOQOYLURQPHQW WR ZKLFK DQ LQGLYLGXDO
H[SRVHG ORUH UHFHQ Wi@dmfortudez MDY HE R H
SURSRVHG LQ VFLHQWLILF OLWHUDWXUH

W\SH DOORZV IRU GHVFULELQJ WKH ORQJ
EXLOGLQJ DQG IRU SUHGLFWLQJ XQFRPIRL
ZD\ LQ SDUWLFXODU VXPPHU RYHUKHDWL
VXPPDUL]H WKH WKHUPDO SHUIRUPDQFH R
7 KH\ D U H lonp-@@nHHiermal discomfort indices DQG WKH
UDQNLQJ FDSDELOLW\ ZDV HYDOXDWHG E\

%DFNJURXQG

/KH &¢KDUWHUHG ,QVWLWXWLRQ RI %XLOG
LOQWURGXFHG VRPH RYHUKHDWLQJ FULWHI
WHPSHUDWXUH &,%6( WKDW I|IRU ORZ
DSSUR[LPDWHG ZLWK WKH DULWKPHWLF P
WHPSHUDWXUHY RI D JLYHQ WKHUPDO ]RQ
ILYH PHWKRGY GHYHORSHG XSRQ WKH )DQ
UHFHQWO\ LQ UH3URSRVHG WKUHH RI W
DQG HIWHQGHG WKHLU XVH DOVR WR WKH
FRPSDWLE®tHL 1LFRQQWUR GOuenHdatiyQisk

LQGH[ ZKLFK LV GHULYHG IURP WKH VWDV



GDWD FROOHFWHG LQ TUHH UXQQLQJ EXLC
1LFRO DQG OF&DUWOQH\ 5SRELQVRQ D
SURSR VOverhBu@ing risk LQGH[ EDVHG RQ WKH D
KXPDQ WKHUPDO FRPIRUW SHUFHSWLRQ D
degree-hours DUH DOVR XVHG WR HVWLPDWH K
ZLWK GLITHUHQW EDVH WHPSHUDWXUHV 0
%YUDJHU XVHG D SDUWLFXODU ZHLJKW
([FHHGRQEKLFK ZHLJKV GLVFRPIRUW KRXU

RFFXSDQF\ LQ D VSHFLILHG JRQH RI D EXL

UHYLHZHG ORQJ WHUP GLVFRPIRUW
GHHPHG WKDW QRQH RI WKHVH IXO0\ VDW
ORQJ WHUP WKHUPDO FRPIRUW LQ D EXLO
QHZ LQGH[ FDOOHG /RQJ WHUP 3HUFHQWD
LPSURYHV XSRQ SUHYLRXV ZRUN E\ HVWDI
WKH JHQHUDO FRPIRUW FRQGLWLRQV LQ C
$FFRUGLQJ WR WKH QRPHQFODWXUH LQW L

LW LV D VIPPHWULF DQG FRPIRUW PF
GHSHQGLQJ RQ FRPIRUW FDWHJRULHV DQ
VXPPHU DQG ZLQWHU DVVHVVPHQWYV ,WYV
IRU KRXUO\ SUHGLFWHG /LNHOLKRRG RI 'L
IRU HDFK JRQH RI D EXLOGLQJ 7KH KRXUO
'LVVDWLVILHG LV ZHLJKWHG DW HDFK WLI
LQVLGH WKH JRQH GXULQJ WKH FXUUHQW
WKH WRWDO QXPEHU RI SHRSOH LQVLGH W
RFFXSLHG SHULRG GXULQJ WKH VHDVRQD(
IRU FDOFXODWLQJ /3' LV

S 52 (p., LD, -k
LPD(p, LD) = 2=t 2se=! gp&,f o)
2o Z'r'.=|. {\pzxr 'h:}

£ =]

ZKHUHV WKH LQGH[ IRU WKH WLPH VWit &W

WKH ODVW SURJUHVVLYH WLPH VWHS RKMW
QXPEHU IRU WKH JRQEW R WX B XQ)ORGEHQU PRl

LV WKH ]JRQH RFFXSDQF\ DW D IF\H UWMKBIL/AQ N\
'LVVDWLVILHG LQVLGH D FHUWDLQ ]R QK D\

GXUDWLRQ RI D FDOFXODWLRQ WLPH VWH:
XVHG WR TXDQWLI\ WKHUPDO GLVFRPIRUW
SHULRGVY RU WKH ZKROH \HDU ,WV IRUPX




WKHUPDO FRPIRUW PRGHO LL WKH FDOF
Rl GLVFRPIRUW

7KH /LNHOLKRRG RI 'LVVDWLVILHG

$ /LNHOLKRRG RI 'LVVDWLVILHG LV D PDWi
HVWLPDWHYVY WKH VHYHULW\ RI WKH GHYLD
FRPIRUW REMHFWLYH JLYHQ FHUWDLQ RX
VSHFLILHG WLPH DQG VSDFH ORFDWLRQ 7
DQG ORFDO WKHUPDO GLVFRPIRUW LQGLF
FRPIRUW REMHFWLYH GHSHQGV RQ WKH U/
GLITHUHQW /LNHOLKRRGV RI 'LVVDWLVILHC
EDVHG RQ RQH RI WKH FRPIRUW PRGHOV
Average PPD  33'! D Q GNitbKetal.'s Overheating Risk
1D25 DUH XVHIXO LQGLFHV IRU WKH IROC
SUHOA kKW SHUFHQWDJH RI GLVVDWLVILHG |
E\ DFFRXQWLQJ IRU WKH QRQOLQHDU UHO
FRQGLWLRQV DQG KXPDQ WKHUPDO VHQVE
VLPLODU ORQJ WHUP UDQNLQJ DVVHVVPH(
WKH )DQJHU DQG RQ WKH (XURSHDQ DGDS

5HIDUGLQJ WKH $6+5%$( DGDSWLYH PRGHO
W KH ABHRAE Likelihood of Dissatisfied ZKLFK KDV EHI
GHYHORSHG RQO\ IRU QDWXUDOO\ YHQWL(
GDWD UHFRUGHG LQ WKH $6+5%( 53 7Kl
FRPSDUDEOH ZLWK WKH SUHYLRXV WZR LCQ

$YHUDJH 33"

$YHUDJH 33" 33'!' FRQVLVWYV RI FDOFXOD
RFFXSLHG KRXUV ZLWKLQ D JLYHQ FDOFXC
RQ WKH UDWLRQDO FRPIRUW PRGHO EXW
FDWHJRULHV $V FXUUHQWO\ GHILQHG LW
GLVFRPIRUW FDXVHG E\ RYHUKHDWLQJ DQ
LPSRUWDQW IHDWXUH LV WKDW LW DFFRX
DVVHVVHG WKURXJK WKH 33" DFFRUGLQJ
ZLWKRXW LQWURGXFLQJ D GLVFRQWLQXLWV
FDWHJRULHVY W FDQ EH XVHG IRU FRPIRU
IRU FRPSDULQJ WKH WKHUPDO FRPIRUW S
EXLOGLQJV +RZHYHU VLQFH LW UHOLHYV I
VXLWDEOH IRU WKH GHVLJQ RI QDWXUDOO



1LFet@l. V 2YHUKHDWLQJ 5LVN

1LFRA. LOQWURGXFHG DQ LQGH[ FDOO
WKH VXPPHU RYHUKHDWLQJ ULVN DQG SUF
LV QRW UHODWHG WR D VSHFLILHG WHPSH
GLIIHUHQFH EHWZHHQ WKH DFWXDO RSHUI
DGDSWLYH FRPIRUW WHPSHUDWXUH ,W ZI
FRPIRUW TXHVWLRQQDLUHY FROOHFWHG L
RIILFH EXLOGLQJV GXULQJ WKH 6&$7V 3UR
VRPH SHRSOH PD\ IHHO XQFRPIRUWDEOH F
WHPSHUDWXUH ,Q RUGHU WR FDOFXODWH
FRPIRUW WHPSHUDWXUH LV H[FHHGHG IRI
WKH RIIVHW IURP WKHRUHWLFDO FRPIRUW
ZHLJKWLQJ IDFWRU LV FDOFXODWHG 7KH
QRQOLQHDU UHODWLRQVKLS EHWZHHQ WK
IURP WKH WKHRUHWLFDO FRPIRUW WVERIDS H

7KH DXWKRUV GHULYHG WKH OLNHOLI
ORJLVWLF UHJUHVVLRQ DQDO\VLV 7KH LQ
LQGLYLEBE®WROVYRWLQJ RU UHVSHFWLY

WKH $6+5%$( VHYHQ SRLQW VFDOHIRHOMKHU

exp(0.4734 - Ad,, —2.607)
| + exp(0.4734 - A, — 2.607)

ZKHUG} LV WKH DEVROXWH YDOXH RI WKH

RSHUDWLYH WHPSHUDWXUH DQG WKH RSW
FDOFXODWHG DFFRUGLQJ WR WKH (XURSH
GHULYHG IURP WKH (1 DGDSWLYH FRP
UHODWHG WR FRPIRUW FDWHJRULHV W L
DW SUHGLFWLQJ RYHUKHDWLQJ SKHQRPHC
PHFKDQLFDOO\ FRROHG EXLOGLQJV

P(ABy )

€ [0.069, 1)

$6+5%$( /LNHOLKRRG RI 'LVVDWLVILHG

$Q LQGH[ IRU HVWLPDWLQJ WKH OLNHOLKEF
UHVSHFW WR WKH $6+5%$( DGDSWLYH PRGH
WKXV LW zZDV QHFHVVDU\ WR EXLOG D QH
ASHRAE Likelihood of Dissatisfied $/' ZKLFK KDV EHH
GHWHUPLQHG YLD D ORJLVWLF UHJUHVVLEF
FROOHFWHG LQ WKH $6+5%( 53 GDWDED



con) exp(0.008 AGZ + 0.406 Afy, — 3.{}5{})
ALD(Af,p) = ——
" 1+ exp(0.008 A2, +0.406 Aby, — 3.050)

UE:I

e [0.05, 1.00)

ZKHUG LV WKH DEVROXWH YDOXH RI WKH

RSHUDWLYH WHPSHUDWXUH DQG WKH RSW
FDOFXODWHG DFFRUGLQJ WR WKH $6+5%( |

&RPSDULVRQ RI WKH 6HOHFWHG /LNHOLKR

,Q RUGHU WR SURYLGH D JUDSKLFDO FRPES
OLNHOLKRRG GLVWULEXWLRQV LW LV QHF
ZKHUH WKH\ KDYH WKH VDPH LQSXW YDULI
WHPSHUDWXUH +HQFH IRU WKH GLVWULE
D VHOHFWLRQ RI 309 YDOXHV KDV WR EH V
WHPSHUDWXUHY E\ PDNLQJ VRPH DVVXPSYV
WKDW WKH GU\ EXOE DLU WHPSHUDWXUH 1
WHPSHUDWXUH KHQFH HTXDO WR WKH RS

UHODWLYH KXPLGLW\ LV HTXDO WR DLL
PHWDEROLF DFWLYLW\ LV PHW WKH HI\
FORWKLQJ UHVLVWDQFH LV FOR LQ VXP
$FFRUGLQJ WR WKHVH DVVXPSWLRQV WKt
GLVWULEXWLRQV GHULYDEOH IRU WKH )DC(
ROQH IRU ZLQWHU 7KH IRXU OLNHOLKRRG (
WUHQGYVY &DUOXFFL DOWKRXJK WKHL
DPRQJ WKHP

+ 7TKHLU VFRSHV WKH )DQJHU RQHV DSS
FRQGLWLRQHG EXLOGLQJYV ZKLOH WKH
IORDWLQJ EXLOGLQJV

+ 7KH GDWDVHWY ZKHUH WKH\ ZHUH GHL
WKHUPDO FKDPEHU )DQJHU GDWD
DQG VXUYH\V DV LQ WKH 6&$7V 3URMHF)\
DQG $6+5%$( 53 GH 'HDU

+ 7KH PHWKRGV XVHG IRU GHULYLQJ WK
*ULITLWKYV DQG ELQQLQJ RI VDPSOI
%UDJHU DQG &RRSHU



+ /KH YDOXHV RI WKHLU WKHRUHWLFDO
GLITHUHQW

$SSOLFDWLRQV RIUWKHKHRWOAIDD 'LVFI
J,QGLFHV

/{ZR SRVVLEOH XVHV RI WKH ORQJ WHUP G
KHUH DQG DUH DSSOLHG LQ WKH IROORZL!

7KHUPDO $VVHVVPHQW RI %XLOGLQJV

7KH EDVLV RI D ORQJ WHUP WKHUPDO GLV
YDOXH ZKLFK DLPV WR HVWLPDWH WKH R®
GLVVDWLVILHG SHRSOH LQVLGH WKH ZKRC
7KHUHIRUH /3' FDQ EH XVHG WREBVY®BY QN
HQYHORSH DQG PHFKDQLFDO V\WWHPV L(
DQG WR LGHQWLI\ LI WKHUH DUH GLIIHUHC
SHUIRUPDQFH GXULQJ WKH RSWLPL]DWLRC
RSHUDWLRQDO UDQNLQJ RI DQ H[LVWLQJ
GLVFRPIRUW LQGH[ EDVHG RQ DQ DGDSWL
(XURSHDQ DGDSWLYH PRGHO DQG $/' IRU \
FRPIRUW PRGHO LV VXJJHVWHG IRU IUHH
EDVHG RQ WKH )DQJHU FRPIRUW PRGHO $
FRQGLWLRQHG EXLOGLQJV

$OWKRXIK WKH VWDWHPHQW RI GLVFRPIRI
FDWHJRULHY LV D FKDOOHQJLQJ LVVXH DC(C
$OIDQR G $PEURVLR DQG &ulFFLR WK U
WZR DVVXPHG WKHUPDO GLVFRPIRUW OHY

FRUUHVSRQGLQJ WR RI DFFHSWDELOLW
GLVVDWLVIDFWLRQ DQG D OHYHO FRUUHYV
RU HTXDOO\ WR D RI GLVVDWLVIDFWLF

VRPH DFFHSWDELOLW\ WKUHVKROGV FRXO
GLVFRPIRUW LQGLFHV LQ WKH DGODBWQOWH



/DEOH 3URSRVDO IRU WKUHVKROGV WR EF
SHUFHQWDJH RI "'LVVDWLVILHG

7\SH RI 9HUVLRQ RI /3"’ TKUHVKROG
EXLOGLQJ IRU /3

DFFHSW DEFE® ISW\
&R QG LW)IBRQIHG /3" " /3" "

YUH H $GDSWLYH ERWK/BXURSHDI) ”
IORDWL@®XRG $PHULFDQ

%XLOGLQJ 2SWLPL]DWLRQ DV OLQLPL]DWLI

6LQFH ORQJ WHUP GLVFRPIRUW LQGLFHV I
IURP EXLOGLQJ VLPXODWLRQ WKH\ FDQ E
RSWLPLIDWLRQ SUREOHPYVY 7KXV WKH RSV
EL REMHFWLYH RSWLPL]DWLRQ

. _ L?Dsmmrrer{-ﬁ}
51%1!’% F= {L?ﬁwil1mr{x+'}

$Q H[DPSOH RI WKLY RSWLPL]DWLRQ DSSU

for x* e X

/KLY VHFWLRQ RQ WKHUPDO FRPIRUW KDV
FRPIRUW PRGHOV DGDSWLYH WKHUPDO Ft
WKHUPDO FRPIRUW LQGLFHYVY DQG WKHLU L
DOVR GLVERERXOD/FAGHIDCN KURXIK HI[DPSOHV I
VWXGLHV

" D @ KWDQG 9 LWVXDO& RP IRW

QWURGXFWLRQ

2FFXSDQWY FOHDUO\ SUHIHU KDYLQJ ZLQC¢
HQYLURQPHQW DV D PHDQV RI LOOXPLQDW
%R\FH +XQWHU DQG +RZOHWW ORU
PD\ KDYH D SRVLWLYH HIIHFW RQ RFFXSDC
SURGXFWLYLW\ )DUOH\ DQG 9HLWFK



DGGLWLRQ WKH SUHVHQFH RI ZLQGRZV RI
D SRVLWLYH HIIHFW RQ UHWDLOLQJ +HVF
J)LQDOO\ ZLQGRZV FDQ SURYLGH XVHIXO €
PHDQV LI RSHUDEOH IRU RFFXSDQWV WR
WKH VSDFH DQG LQFUHDVH ORFDO ®KDSWSs
DQG SDUWLFXODUO\ (1(5326 DQG 15(/ 56)
UROH WKDW GD\OLJKWLQJ VKRXOG SOD\ L
SURFHVV

'HVSLWH WKH DUFKLWHFWXUDO FRPIRUW
JOD]LQJ LW RIWHQ DGGV WR FRQVWUXFW
FROGLWLRQLQJ HQHUJ\ LI QRW GHVLJQHG
ORZHU WKHUPDO UHVLVWDQFH WKDQ RSD"
FDQ FDXVH XQZDQWHG VRODU JDLQV * SD
FOLPDWHY DQG RU EXLOGLQJV WKDW KDY

ORGHVWO\ VLIHG ZLQGRZV ZLWK IL[HG VKL
FRQILJIXUDWLRQ WR VLPXOWDQHRXVO\ RS
RFFXSDQW FRPIRUW )DoDGHV ZLWK PRUH
UDWLR VKRXOG EH DYRLGHG DV WKH\ WH(«
GLVFRPIRUW GXH WR H[FHVV GD\OLJKW DC(
GHYLFHV IXQFWLRQ EHVW IRU HTXDWRU IL
ZHOO IRU QRQ HTXDWRU IDFLQJ IDoDGHYV

DELOLW\ WR GDUNHQ D VSDFH H J |IRU S
Rl WKLV ODFN RI IOH[LELOLW\ G\QDPLF VI
SRSXODULW\ DV D PHDQV WR FRPSOHPHQV
VHFWLRQ IDoDGH FRQFHSW 7]HPSHOLNRYV
IHQHVWUDWLRQ V\VWHP SURSHUWLHV WR
IXQFWLRQ RI WKH IDoDGH DW GLIIHUHQW |
VHFWLRQ)IDXD)JFHHFRQVLVWY RI L D ERWW
VHFWLRQ ZKLFK LV RSDTXH HJ LQVXOD
OLWWOH WR GD\OLJKWLQJ /%1/ LL

ZKLFK QRUPDOO\ HIWHQGYV IURP WKH FRRIR
WR DERXW + P DERYH WKH IORRU DQG
DQG LLL D WRS GD\OLJKW VHFWLRQ ZK
DGPLWWLQJ GD\OLJKW GHHS LQWR WKH V¢
IURP JODUH DQG GLUHFW VRODU UDGLDWL
EXLOGLQJV WKUHH VHFWLRQ IDoDGHV FD!
OLJKWLQJ DQG PD[LPL]H QDWXUDO YHQWL
DQG 15(/ 56) FDVH ¥MWXSWHMLMGGLWLRQ 1



VKRZQ WKDW RFFXSDQWY SUHIHU VKDOOR
WR ZDOO RYHU GHHS EXLOGLQJV GXH WF
RXWGRRUV DQG QDWXUDO YHQWLODWLRQ

+RZHYHU LQ RUGHU WR IXOO\ UHDOL
GD\OLJKWLQJ PDQXDO RU DXWRPDWHG Ol
WR EH SURSHUO\ LQWHJUDWHG DV D FRPS

: Daylight section : P
(upper) I'_"' N

e e ——

I
| Viewing section |

{middle) :

{

)JLJ . 7KUHH VHFWLRQ IDoDGH FRQFHSW D
WKH (QJLQHHULQJ &RPSXWHU 6FLHQFH D¢
&RPSOH[ (9 DW &RQFRUGLD 8QLYHUVLW\

/KLV VHFWLRQ SURYLGHYVY DQ RYHUYLHZ R
HPSKDVLV RQ WKHLU TXDQWLILFDWLRQ L
OXPLQDQFH EDVHG PHWULFV

| {lower)

$GDSWDWLRQ /XPLQDQFH

JRU WKH H\H WR EH DEOH WR IXQFWLRQ Z}
SUHYDLOLQJ OXPLQDQFH FRQGLWLRQV D
FROQVWULFWLQJ DQG GLODWLQJ WKH LULV
SKRWRFKHPLFDOO\ 5HD $GDSWDWLR
OXPLQDQFH WDNHV VRPH WLPH VHFRQGYV
PDJQLWXGH RI WKH OXPLQDQFH VKLIW DC
WDVN HLWKHU EHFDXVH RI WKH H\H PRYH
RU GXH WR GD\OLJKW YDULDWLRQ 2VWHU
FRQGLWLRQV DUH SUHVHQW WKH H\H VWL
IHHOLQJV RI DQQR\DQFH GLVFRPIRUW JOI



EHWZHHQ WKH YLVXDO WDVN LWV DGMDFI
VXUIDFHV LV UHFRJQL]HG DV D PDMRU LI
GHWHUPLQDQW IRU D JODUH IUHH HQYLUR
WKH HQYLURQPHQW WKH OXPLQDQFH OHY
RQH YLHZSRLQW WR DQRWKHU + RZHE/GIHU

FDQ EH IROORZHG WR HQVXUH WKDW LQ W
VXUIDFHV YLVXDO FRPIRUW FDQ EH PDLQ!

7DEOH /XPLQDQFH UDWLR UHFRPPHQGDWL
OD[LPXP OXPLQDKFFHULSWLRQ

UDWLRV

RU %HWZHHQ YLVXDO WDVN D
VXUURXQGLQJV

RU %HWZHHQ YLVXDO WDVN D
VXUURXQGLQJV

RU %HWZHHQ YLVXDO WDVN D
VXUURXQGLQJV

RU %HWZHHQ YLVXDO WDVN D

ILHOG RI YLHZ

,Q DGGLWLRQ LW LV PRUH GLIILFXOW IRU
OXPLQDQFH VRXUFH LV ORFDWHG DW WKH
WKH SHULSKHU\ &RQVLGHULQJ WKDW PRV
ORRN VWUDLJKW DKHDG H J DW D FRPSX
RULHOQWDWLRQ RI WKH RFFXSDQW UHODWI

RUDQ RULHQWDWLRQ FORVH WR WKL\
ZLQGRZ VKDGHG RIMRKDWKDBGHE IURQW RU
RFFXSDQW VKRXOG EH DYRLGHG DV LW L«
discomfort glare ZKHQ WKH RFFXSDQW |DEeikng W
glare GXH WR WKH ZLQGRZ UHIOHFWLRQ RQ
RFEFXUULQJ

,OOXPLQDQFH %DVHG 3HUIRUPDQ

ORVW OLJKWLQJ GHVLJQ VWDQGDUGV DQG
LOOXPLQDQFH EDVHG OHYHOV DQG SURYL
KRULJRQWDO ZRUNSODQH LOOXPLQDQFH
UHVSRQGY WR OXPLQDQFH OHYHOV DQG Y



WDVNV WDNH SODFH RQ QRQKRUL]JRQWDO
([LVWLQJ GD\OLJKW PHWULFV EDVHG RQ Z
FRQYHQWLRQDO GD\OLJKW JODUH PHWULF
SUHGLFWLRQV RI GD\OLJKW JODUH :LHQR
+RZHYHU XVHIXO PHWULFV H[LVW WKDW F
GHFLVLRQV WRZDUG D OXPLQDQFH EDODQ

'D\OLJKW $XWRQRP\ DQG &RQWLQXR>

'D\OLJKW DXWRQRP\ '$ LQGLFDWHV WKH
ZRUNSODQH LOOXPLQDQFH PHHWV RU H[F}I
OX[ IRU W\SLFDO RIILFH HOYLURQPHQWYV
ODUGDOMHYLF DQG 5RJHUV 7KH PHW
IUDFWLRQ RI RFFXSLHG KRXUV GD\OLW KF
GD\OLW RYHU D JLYHQ SHULRG RI WLPH |
LH RQ RIIl HOHFWULF OLJKWLQJ WKDW
RFFXSDQF\ DQG RU D GD\OLJKW VHQVRU
LOWR SRWHQWLDO HQHUJ\ VDYLQJV

$Q H[WHQVLRQ WR '$ LV FRQWLQXRMwD\O
ZKLFK LQGLFDWHY WKH IUDFWLRQ RI WLP}
LOOXPLQDQFH UHTXLUHPHQWY DUH SDUW(
7KLV LV VXLWDEOH IRU TXDQWLI\LQJ WKH
GLPPDEOH OLJKWLQJ

]
= F aylnph
> min{ Sz 1}
DAcore ==

L

ZKHWHY WKH WRWDO QXPEHU RI Bl BHV WWK
PLQLPXP ZRUNSODQH LOOXPLQEQHH, M, Tk

ZRUNSODQH LOOXPLQDQFH SURYLGHG E\ C
VWiH S

8VHIXO 'D\OLJKW ,OO0XPLQDQFH

8VHIXO GD\OLJKW LOOXPLQDQFH 8', FDW
LOOXPLQDQFH OHYHOV IRU W\SLFDO RIILF
WKUHH ELQV DVE®RZQHELD DQG ODUGDOM
RITHUV WKH DGYDQWD }HWKPW ' §WIRDYW |



GXUDWLRQ RI KLJK LOOXPLQDQFH DQG WK
FRQFHUQ IURP FKURQLF YLVXDO GLVFRPIF
GLVFXVVLRQ LQ WKH UHVHDUFK FRPPXQLYV
IRU WKH ELQV DUH DSSURSULDWH ODUGD!
$00 PHWULFVY DUH UHODWLYHO\ VWUDLJK\
PHDVXUHPHQWY HJ RQ VFDOH PRGHOV |
SURYLGH DQ LQGLFDWLRQ RI \HDU URXQG
GHVLJQ DQG FOLPDWH RI LQWHUHVW

/DEOH 8VHIXO GD\OLJKW LOOXPLQDQFH 8
ODUGDOMHYLF

'RUNSODBWERO ,PSOLFDWLRQYV
LOOXPLQDQFH
UDQJH

OX[ 8", ox{)UDFWLRQ RI WLPH ZKHQ
LOVXIILFLHQW DV WKH RC
LOOXPLQDWLRQ

W R 8', . JUDFWLRQ RI WLPH ZKHQ
OX] VXIILFLHQW WR FRPSOHW
WKH ORZHU SDUW RI WKH
HOHFWULF OLJKWLQJ

! OX[ 8',, ox)UDFWLRQ RI WLPH ZKHQ
DVVRFLDWHG ZLWK YLVXI

OX]

IXPLODQFH %DVHG 3HUIRUPDQFH

6HYHUDO OXPLQDQFH EDVHG PHWULFV KD’
\HDUV WR WU\ WR SUHGLFW DQG TXDQWLI
DQG YDOLGDWLRQ VWXGLHY DUH VWLOO Q
PHWULFVY WKDW ZLOO EH DEOH WR DVVHV\
VRXUFHV 'D\OLJKW JODUH SUREDELOLW\

&KULVWRIIHUVHQ KDV VKRZQ SURPLYV
GLUHFWLRQDO YLHZ GHSHQGHQW PHWULF
DZDUH RI WKH SRVVLEOH ORFDWLRQV DQC
UHODWLYH WR WKH ZLQGRZ DV ZHOO DV W
) XUWKHUPRUH '*3 DOORZV WKH LPSDFW R
ILQLVKHY WR EH HYDOXDWHG



'‘D\OLJKW *ODUH 3UREDELOLW\

'D\OLJKW JODUH SUREDELOLW\ ZKLFK LV |
DQG JODUH VRXUFH OXPLQDQFH GHWHFW
'*3 XVHV OXPLQDQFH PDSSLQJ RI D VFHQH
GD\OLJKWLQJ %36 WRROV RU XVLQJ KLJK ¢
H JLIJXUH 7KXV LW FDQ EH XVHG IRU QH.
UHWURILWV '*3 XVHV D VFDOH WR HYDOXI
DGP <030 WKHQ WKH JODUH VRXUFH LV 3EDUH
03<DGP<045 WKH JODUH VRXUFH LV BGL\OY X UE
WKHQ JODUH VRXUFH LV :LQWROHUDEOH

- - Ligms,i
DGP = 5.87- 107 E, +9.18- 10 zlog(l+ZW +0.16

)LJ _ 'D\OLJKW JODUH DQDO\VLV IRU D VK
LPDJH RI KLJK G\QDPLF UDQJH +'5 SKRWF
DQDO\VLYV SHUIRUPHG ZLWK (YDOJODUH VF
UHJLRQV LOGLFDWH VRXUFHV RI GD\OLJKV
%BUHQW +XFKXN

7KH SRVLWLRQREOWHG DERYH WKH OLQH

In P = [35.2- 0318897 = 122¢>7°| . 107 + [21 + 0266677 — 0.0029637°] -

ZKLOKBRFDWHG EHORZ WKH OLQH RI YLVLR



P:H—DBE if R < 06D

R
P=1+12—= if R=06D

R=VH+Y?

ZKHEHYV WKH YHUWLFDO H\H LOONKRLYBQRXB

OXPLQDQFH @FIGVPNKH VROLG DQJOM LIRM WK
SRVLWLROLUWWKH DQJOH IURP WKH YHUWL
VRXUFH DQG OLGH.RIWKHKMMIPH EHWZHHC
OLQH IURP H\H WRLVRXKHHELVWDQFH EHW?Z
VRXUFH LQ WKH YLHZ \@KHHPNWVRIFDO GLV
VRXUFH DQG YLHZ iGLVHMFKH. RQ UDIR& WD O (
VRXUFH DQG YLHZ GLUHFWLRQ

'D\OLJKW DQG 2FFXSDQW %HKDYL

7KH ODVW DVSHFW GHVFULEHG LQ WKLV V
EHWZHHQ RFFXSDQWY DQG WKH GD\OLJKW
ZLQGRZ VKDGLQJ GHYLFHV DUH QRUPDOO\
WR EH WHPSRUDULO\ FORVHG WR SURYLGH!
JODUH ZKLOH UHPDLQLQJ SDUWO\ RU IXO
SDVVLYH VRODU JDLQV ZKHQ SRVVLEOH

UHYHDOHG WKDW RFFXSDQWV WHQG WR E
HJ EOLQGV DQG UROOHU VKDGHV 7KH
ZHOO EHORZ RQFH SHU GD\ IRU PRV W KD Gt
EHLQJ QHYHU PRYHG 9DQ 'HQ :\PHOHQEH!L
KLIJKO\ UHVSRQVLYH WR GD\OLJKW FRQGL)
WKHLU VKDGHV LQ D SRVLWLRQ WKDW 3D
al. RU PLQLPL]JHV FRQIOLFW EHWZHHQ
& RKeétq. QDPHO\ SDUWO\ RU IX0OO0\ F
UHGXFHG YLHZV DQG XQQHFHVVDU\ HOHFV
LQFUHDVHV HQHUJ\ XVH UHODWLYH WR ZK
HITHFWLYH GD\OLJKW GHVLJQ VKRXOG FUF
HQYLURQPHQW VR DV WR PLQLPL]H DFWLF
DGPLVVLRQ %R\FH +XQWHU DQG +RZOHMW
GD\OLJKW *RRG SDVVLYH DQG LQGRRU GF
ZLQGRZ W\SH IL[HG H[WHULRU VKDGLQJ 1



UHIOHFWDQFHY DQG VWUDWHJILF IXUQLW
RI FORVHG VKDGHYV DQG LQFUHDVH WKH G
RXWGRRUV ORUHRYHU ILHOG VXUYH\V UH
GHJUHH RI LQGLYLGXDO FRQWURO RYHU W
/IHDPDQ DQG %YRUGDVYV /KLY DVSHFW
RFFXSDQWY DUH VLIJQLILFDQWO\ OHVYV DF!
GHVLIJQHUV PLJKW H[SHFW

$ FRXWAF &RP IRW

$FRXVWLF FRPIRUW GHVFULEHV WKH LQGR
EXLOGLQJ ZLWK UHJDUG WR SURYLGLQJ D
HQYLURQPHQW IRU RFFXSDQWY W LV FUL
EXLOGLQJY \HW RIWHQ QHJOHFWHG GXUL
VWDQGDUGY +RGJVRAQ $FRXVWLF FR
FULWLFDO EHFDXVH VWUDWHJLHVY WR UHG
DLU TXDOLW\ RIWHQ GLUHFWO\ FRQWUDGL
SUDFWLFHYV

+ 1DWXUDO YHQWLODWLRQ LPSURYHV EI
FRPIRUW SURYLGHV IUHVK DLU WR VXS¢
HOLPLQDWH WKH QHHG IRU PHFKDQLFDC
FOLPDWHY FDQ FRPSOHWHO\ HOLPLQDW
FRROLQJ +RZHYHU RSHQ ZLQGRZV RIWI
LOWR WKH ZRUNSODFH ZKLFK LV D SDU'
RU EHVLGH EXV\ VW@AHHWYV »KUWLWKMUPRL
FURVV YHQWLODWLRQ UHTXLUHV DQ RSt
ODFN RI SDUWLWLRQV EHWZHHQ VSDFH)\
WR FHLOLQJ ZDOOV UHVXOWYV LQ KLJKH
7KXV GLVWUDFWLQJ FRQYHUVDWLRQV L
RFFXSDQW FRQFHQWUDWLRQ DQG FRPSL

+ '"HHS GD\OLJKW SHQHWUDWLRQ LQ D V
GHVLJQ VLPLODUO\ WR QDWXUDO YHQW
vPDOO SHULPHWHU VSDFHV LI HQFORVFE
DEOH WR SHQHWUDWH WR LWV IXOO0O SRV
ZLQGRZ KHLIJKW IRU VWDQGDUG ZLQGRZ
VL[ WLPHYVY ZLQGRZ KHLJKW LI DGYDQFHC
SODFH *XJOLHOPHWWL 30OHVV DQG 7RI



+ ([SRVHG WKHUPDO PDVV HJ FRQFUH
JUHDWHU DELOLW\ WR DEVRUE VRODU J|
+ DQ LPSRUWDQW HOHPHQW RI ORZ HQH
+RZHYHU KDUG VPRRWK VXUIDFHV DUH
DQG FDQ OHDG WR SRRU DFRXVWLF FRP
VSDFH

7KH VWUDWHJILHVY WR PLWLJDWH SRRU DFF
RI DFRXVWLF GHVLJQ LQFOXGH DEVRUELC
$EVRUELQJ PHDQVWWKHNV¥HVHFRIOO\ SODFHG
DFRXVWLF FHLOLQJ WLOHV ZDOO SDQHOV
DEVRUELQJ DUWZRUN WR UHGXFH VRXQG
UHTXLUHV WKDW WKH VRXUFH RI VRXQG E
SKRWRFRSLHUV LQ D VHSDUDWH URRP &F
ZLWK ZKLWH QRLVH JHQHUDWRUV VXFK WE
RFFXSDQW FKDWWHU DUH LQGLVWLQJXLV
VHEKDSWHRW GHWDLOV XVHV ZKLWH QRLYV
FRQYHUVDWLRQV DQG RWKHU VRXQGV Kl
SOD\V WKLV UROH 56) GRHV QRW XVH IRU
VR YHQWLODWLRQ UDWHYV DQG WKH FRUUF
ORZ 5HJDUGOHVV +9$& VIVWHPV H J ID
RI XQZDQWHG QRLVH DQG FDUHIXO GHVLJ(

$V IRU RWKHU IRUPV RI RFFXSDQW FRPIRU
DFRXVWLF FRPIRUW DUH GLYHUVH DQG FR
VXUIDFHVY LQFOXGH VRXQG WUDQVPLVVLRI
VXUIDFH V DELOLW\ WR EORFN VRXQG IUR
UHGXFWLRQ FRHIILFLHQW 15& ZKLFK GH
LY DEVRUEHG XSRQ KLWWLQJ LW 6SHHFK
RI KRZ FOHDUO\ RQH RFFXSDQW FDQ KHDU
QXPHURXV SRVWRFFXSDQF\ HYDOXDWLRQ\
1HZVKéa& Rl $PELHQW QRLVH OHYHO PI
G % LQGLFDWHY WKH PDJQLWXGH RI EDF
QRLVH FULWHULRQ 1& OHYHO RI EHWZHH
+RGJVRQ 1RUPDOO\ QRLVH OHYHOV
ZHLIKWLQJ ZKLFK GHILQHV WKH KXPDQ HI
IUHTXHQFLHV

JQGRRU$ LU4 XDDW/



 QGRRU DLU TXDOLW\ LV D PHDVXUH RI WK
LQ EXLOGLQJV ,$4 JDLQHG FRQVLGHUDEDO
HPEDUJRV RI WKH V ZKHQ EXLOGLQJ RS
YHQWLODWLRQ UDWHV LQ DQ HIIRUW WR L
DFKLHYHG LWV RULJLQDO REMHFWLYH LW
PDQ\ KHDOWK HIIHFWV WKDW EHFDPH NQR
6%6 B5HGOLFK 6SDUHU DQG &XOOHQ

&RQWDPLQDQWY LQ WKH DLU DUH QRUPDO
SDUWLFXODWHY RU PLFURELDO 7KHVH YI
GR]JHQ RIILFLDO VWDQGDUGYV LPSRVH OLPL
H[SRVXUH GXUDWIdRQ &KDAKQMVEULHI VHF\
DQ RYHUYLHZ RI ,$4 LQFOXGLQJ VRPH FRI
GHVLJQ DQG RSHUDWLRQDO VWUDWHJILHYV
FRQWDPLQDQWYV

7KH PDLQ FRQWDPLQDQWYVY RI FRQFHUQ RU
VPRNH UDGRQ PROGV OHJLRQHOOD FDU
YRODWLOH RUJDQLF FRPSRXQGV 92&V D
FDUERQ GLR[LGH 'HWDLOV RQ WKHVH FRC
PD[LPXP H[SRVXUH OHYHOV FDQ EH IRXQG
$6+5%( DQG UHSRUWYV E\ WKH 86 (3%

EH PDWHULDOV DQG VXEVWDQFHV WKDW C
DQG +9%$& GLVWULEXWLRQ RU WKH RXWGF
SROOXWLRQ RU IURP SROOXWHG XUEDQ H:!

&DUERQ GLR[LGH LV IUHTXHQWO\ FLWHG D
SUREOHPV +RZHYHU WKLV LV EHFDXVH F
LQGLFDWRU RI ,$4 LQ RFFXSFR® \EXGOGH Q.
surrogate W FRUUHODWHY ZHOO ZLWK RFFXS
SULPDU\ VRXUE® RR®YW EXLOGLQJVY DQG FI

DSSUR[LPDWH WKH RXWGRRU DLU VXSSO\
RXWGRRBR&EPFHQWUDWLRQ DUH NQRZQ DV

PQCco,0 + S/V
o
ZKH&H ° LV WKH VWHDG\ VWDWH LQGRRU

FRQFHQWUDWWRK® IUDFWLRQ RI RXWGRRL
WKH DLU VX&SQVUWIKMHRXWGRRU FDUERQ |

Cco,(o0) =



S LV WKH JHQHUDWLRQ UDWHM RV FMDKIHE RROG
VSDFH 0ODQ\ YHQWLODWLRQ VWDQGDUGYV

$6+5%( XVH D FHUWDLQ DOORZDEOH
FRQFHQWUDWLRQ H J SSP WR SURYL
IRU GLITHUHQW VSDFH W\SHV HJ FODVV

7KH WKUHH PDLQ PHWKRGV WR HQVXUH JR
UHGXFWLRQ RI VRXUFH Rl FRQWDPLQDQW\
RI FRQWDPLQDQWY 7KH ILUVW DSSURDFK
VRXUFH RI FRQWDPLQDQWY LV WKH SUHIF
QR PDLQWHQDQFH RU RSHUDWLQJ HQHUJ\
IXUQLWXUH DQG RWKHU ILQLVKHV DUH DC
WKLV &DUHIXO GHVLJQ RI ZDOOV DQG +9%
PRLVWXUH RU VLWWLQJ ZDWHU LV HVVHOQ\
RWKHU ELRDHURVROV 9HQWLODWLRQ DQC
HQHUJ\ IDQV DQG SXPSV DQG WKHUPDO
VXSSO\ DLU IRU YHQWLODWLRQ DQG HOHF
RYHUFRPH SUHVVXUH GURSV LQ ILOWHUYV
YHQWLODWLRQ FDQ EH SDUWO\ UHGXFHG .
YHQWLODWLRQ

& ROFOX\VIRQ

7KLV FKDSWHU H[DPLQHG WKHUPDO YLVX]
LQGRRU DLU TXDOLW\ 7KHVH HOHPHQWYV I
DUH FULWLFDO WR WKH VXFFHVV RI 1HW =
WUDGLWLRQDOO\ YLHZHG DV EHLQJ SDVVL
QRZ ZLGHO\ DFFHSWHG WKDW RFFXSDQWV
DQG WKHPVHOYHY WR LPSURYH FRPIRUW

FRQYHQLHQW DQG HIIHFWLYH ZD\V DQG R(
KDV RFFXUUHG +DLJK %HFDXVH WKH
VLIJQLILFDQW HIIHFW RQ HQHUJ\ XVH H J

FRROLQJ DQG EOLQG FORVLQJ RQ HOHFWL
DUH WLJKWO\ OLQNHG $V VXFK PDLQWDL
EXLOGLQJ GHVLJQ DQG RSHUDWLRQ VKRX(
EXLOGLQJ OLIH F\FOH 5HDGHUV DUH HQFF
VWXGLHV RI SMKDSYWEHRRRNH[DPSOHV RI RFFX
DQG GHVLJQ IRU FRPIRUW SDUWLFXODUO'



RZHV PXFK RI LWV VXFFHVV WR DFKLHYLQ.
YHU\ ORZ HQHUJ\ XVH

5 H HHOFHV

$SEEDV]DGHK 6 =DJUHXV [/ /IHKUHU ' D
Occupant Satisfaction with Indoor Environmental Quality in Green
Buildings & HQWHU IRU (QYLURQPHQWDO 'HVL
$OIDQR * G $PEURVLR ) 5 DQG 5LFFLR
309 LQGH[ WR YDULDWLRQV RI LWVYhdr@QdbH S
Comfort Standards into the 21st Century :LQGVRU 8.
$PHULFDQ 6RFLHW\ RI +HDWLQJ 5HIULJHU
(QJLQHHUV $6+5%( 9HQWLOD
LOGRRU DLU TXDOLW\ ,Q $PHULFDQ 6RFLF
$LU &RQGLWLRQLQJ (QJLQHHUV $WODQWL
$16, $6+5%( Thermal Environmental Conditions for
Human Occupancy $PHULFDQ 6RFLHW\ RI +HDWL
$LU &RQGLWLRQLQJ (QJLQHHUV 3$WODQW
$16, $6+5%( Thermal Environmental Conditions for
Human Occupancy $PHULFDQ 6RFLHW\ RI +HDWL
$LU &RQGLWLRQLQJ (QJLQHHUV $WODQW
$16, $6+59%( Thermal Environmental Conditions for
Human Occupancy $PHULFDQ 6RFLHW\ RI +HDWL
$LU &RQGLWLRQLQJ (QJLQHHUV $WODQW
$16, $6+59%( Thermal Environmental Conditions for
Human Occupancy $PHULFDQ 6RFLHW\ RI +HDWL
DQG $LU &RQGLWLRQLQJ (QJLQHHUV 3$WC
$UD~-MR 9 0' DQG $UD~MR ( + 6 7TKF
IRU WKH DVVHVVPHQW RI WKH WKHUPD
EXLOGLQJV LQ 1OM®ARYD]|LGVL O 5DZ &
$L]OHZRRG DQG 3 :DUUHQ (GLQEXUJK 8
SUHQV ( +XPSKUH\V 0 $ GH '"HDU 5 D (
HFODVYV $1 WHPSHUDWXUH UHTXL U BiRItheyW \
and Environment +
$XOLFLHPV $ 7TRZDUGV D SV\FKR SK\

WKHUPDO S HiddrhtiBoNdL Po@rnal of Biometeorology
+



$XOLFLHPV $ DQG GH 'HDU 65 - $LUF
+ +XPDQ WKHU P BrohitdotanlBdieXce Review +
%HQWRQ & & %DXPDQ )6 DQG )RXQWD
PHDVXUHPHQW V\VWHP IRU WKH ASHRAGE R
Transactions +

WRUGDVV % &RKHQ 5 6WDQGHYHQ O
$VVHVVLQJ EXLOGLQJ SHUIRUPDQFH LQ XV
WKH 3UREH BXMdRedrvh & Information

%YRUJHVRQ 6 DQG %YUDJHU * &RPIRL
LQ H[FHHGDQFH IRU P L[HBuillR@GRdsdanth & L Q
Information

%R\FH 3 +XQWHU & D Q G ThdBeafits\dfwW 2
Daylight through Windows 8 6 'HSDUWPHQW RI (QF
% XWHUD ) O &KDSWHU SULQFLSOF
Renewable and Sustainable Energy Reviews +

&DUO XFFL Bhermal Comfort Assessment of Buildings Y R C
6SULQJHU /RQGRQ

&DUOXFFL 6 DQG 3DJOLDQR [/ $ UH)
WHUP HYDOXDWLRQ RI WKH JHQHUDO WKH
E X L O GEn@rdiyand Buildings +

& (1 Design for Indoor Environments. In Ventilation For
Buildings (XURSHDQ &RPPLWWHH IRU 6WDQGI
%WHOJLXP

& (1 Indoor Environmental Input Parameters for Design

and Assessment of Energy Performance of Buildings Addressing
Indoor Air Quality, Thermal Environment, Lighting and Acoustics
(XURSHDQ &RPPLWWHH IRU 6WDQGDUGL]D"
&KDUOHV . ODJHH 5 'RQ DQG /XV]W
AXDOLW\N *XLGHOLQHYVY DQG 6WDQGDUGV [ (
&RQVRUWLXP IRU ODWHULDO (PLVVLRQ DQ
SHVHDUFK &RXQFLO &DQDGD

&, % 6 ( Guide J- Weather, Solar and Illuminance Data
&EKDUWHUHG ,QVWLWXWLRQ RI % XLOGLQJ |
&RKHQ 5 5X\WVHYHOW 3 6WDQGHYHQ |

$ Building Intelligence in Use: Lessons from the Probe
Project 8VDEOH %XLOGLQJV 8.
&ROH 5 - DQG %WURZQ = SHFRQFLOL

LQWHOOLJHQFH LQ WKH SURY Ivelligl@t R| RF|
Buildings International +



&URRN 0 $ DQG /DQJGRQ ) - 7KH HI
VFKRROV DURXQG /RQ@rédRdpSauhdda®Wibkation

=+

&URRPH ' - *DQ * DQG $ZEL + % ‘
DLU TXDOLW\ Odod Uit By H®V - - . -DDNNR
,OPDULQHQ DQG 2 6HSSIQHQ +HOVLQNL
GH 'HDU 5 - *OREDO GDWDEDVH RI W

H[S HU L PRageMpresented at: Proceedings of the 1998 ASHRAE
Winter Meeting (San Francisco, CA, USA: ASHRAE)

GH 'HDU 5 - DQG %YUDJHU * 6 'HYHO
RI WKHUPDO FRPIRUWPAD& presettétlidd:Udd F H
ASHRAE Winter Meeting (San Francisco, CA, USA: ASHRAE)

GH '"HDU 5 - %UDJHU *6 DQG &RRSHU
$GDSWLYH ORGHO RI 7TKHUPDO &RPIRUW Dt
$6+5%( 53 ODFTXDULH 5HVHDUFK /WG |

DQG &HQWHU IRU (QYLURQPHQWDO 'HVLJQ
&DOLIRUQLD
'MRQJ\DQJ 1 7FKLQGD 5 DQG 1MRPR

$ UHY LHZ Reie®dbld and Sustainable Energy Reviews
+

'RKHUW\ 7 - DQG $UHQV ( (YDOXDW
EDVHV Rl WKHUPDO RSHRUR UNdhsBARGH O V +
‘X %RLV ' DQG 'X %RLV () $ IRUPXC

DSSUR[LPDWH VXUIDFH DUHD LI KHLJKW D
IXWULWLRQ %XUEDQN /RV $QJHOHV &RX(
GLVFXVVLRQ

YDQJHU 3 2 Thermal Comfort: Analysis and Applications in
Environmental Engineering 'DQLVK 7THFKQLFDO 3UH
)DQJHU 3 2 DQG 7RIWXP - ([ WHQVLE
QRQ DLU FRQGLWLRQHG EXLOGLQJV LQ ZD
% XLOGLQJV

YDUOH\ . 0 - DQG 9HLWRKomusth a View: A
Review of the Effects of Windows on Work and Well-Being ,QV W
IRU 5SHVHDUFK LQ &RQVWUXFWLRQ 2WWD
)DWR ODUWHOORWWD ) DQG &KLDQFL
LQ WKH FOLPDWLF FRQGLWdapRepresehted/d®: X W K
Technical and Symposium Papers - 2004 Annual Meeting of the



American Society of Heating, Refrigerating and Air-Conditioning

Engineers (Nashville, TX)

*KLDXV & $O0ODUG ) 6DQWDPRXULV 0
SUEDQ HQYLURQPHQW LQIOXHQFH RQ

S R W H @widiny@nd Environment +

*ULIILWKYV Thermal Comfort Studies in Buildings with

Passive Solar Features: Field Studies &RPPLVVLRQ RI Wl

&RPPXQLW\ 8.

*XJOLHOPHWWL 5 3OHVV 6 DQG 7RUFH

, QWHJUDWHG 'D\OLJKWLQJ DQG (QHUJ\ 6LF

RI D /DUJH 1HW =HUR (QHUJ\ 2I1ILFH % XLOC

<RUN 1HZ <RUN SS +

+DLJK 8VHU UHVSRQVH WR HQ@QMeLUR

Architecture of Energy HGV ' +DZNHV DQG - 2ZHU

SUHVV %DWK 8. SS +

+HQVHQ - / 0 Onthe Thermal Interaction of Building

Structure and Heating and Ventilating System 7HFKQLVFKH

S8QLYHUVLWHLW (LQGKRYHQ

+HVFKRQJ / ULJKW 5 DQG 2NXUD 6

UHWDLO VDO H VWdardél bRtheRIi@QiRkting Engineering

Society +

+RGJVRQ O $SFRXVWLFDO HYDOXDWLI
E X L O GJofg-ddl of Green Building +

+|SSH 3 'LITHUHQW DVSHFWYV RI DVVI
WKHUPDO ERRfyyritt\Buildings +

+RZHOO : & DQG .HQQHG\ 3 % YLHOC
WKHUPDO FRP |[Rthdh RaBéH O +
+XPSKUH\V 0 2XWGRRU WHPSHUDWX
Batiment International, Building Research and Practice +
+XPSKUH\V 0 % $Q DGDSWLYH DSSUR
FRPIRUW RI RIILFH ZRUNHUYV LREen&iRaBlV K : H)
Energy +

+XPSKUH\V 0 %$ DQG +DQFRFN O 'R ¢
LOQHXWUDOY" ([SORULQJ WKH YDULDWLRQ
RQ WKH $6 +5 $HnerdyaiBuildings +
+XPSKUH\V 0 $ DQG 1LFRO ) - 7KH

SUHGLFWLQJ FRPIRUW YRWHYV LQ HY Huérdgy |
and Buildings +



+XPSKUH\V 0 $ DQG 1LFRO - ) 2X WG
LQGRRU WKHUPDO FRPIRUW UDLVLQJ WKH
W K H $6+5%( GDWD E DV H ASHRABHIR@sétioné G
+
, 062 $QODO\WLFDO GHWHUPLQDWLRQ DC
FRPIRUW XVLQJ FDOFXODWLRQ RI WKH 3089
WKHUPDO FRP IR WEWokdthic\bAthelTRerrhd)
Environment ,QWHUQDWLRQDO 2UJDQL]JDWLRQ
*HQHYD SS
, 062 , 62 (UJRQRPLFV RI KXPD
LOWHUDFWLRQ £ 3IDUW 'LDORJXH SULQ
/ID *HQQXVD 0O ODULQR & 1XFDUD $ 3l
DQG 6FDFFLDQRFH * OXOWL DJHQW \
WKH XVHU EDVHG WKHUPDO F Reti@ ApyliedD Q
Sciences Journal +
IDZUHQFH %HUNHOH\ 1DWLRQDO /TigsfotJDW |
Daylighting with Windows 7KH 8QLYHUVLW\ RI &DO
&$
/IHDPDQ $ DQG %WRUGDVV % SURGXF
UN L O OH U Y B¥ildtdd Rege@reh\& Information +
IHDPDQ $ DQG %R UGIedNng the Productive
Workplace QG HGQ 7D\ORU DQG )UDQFLV 1t
/ILQ = DQG 'HQJ &6 $ VWXG\ RQ WKH
VOHHSLQJ HQYLURQPHQWY LQ WKH VXEWU
FRPIRUW PRGHO IRU VOHB&ild@agdaHdQ YLURQP
Environment +
ODUGDOMHYLF - +HVFKRQJ / DQG /HH
DQG HQHUJ\Lyhing Rededrch and Technology +

OD\HU ( $ QHZ FRUUHODWLRQ EHWZ}F
309 DQG SUHGLFWHG SHUFHQWD J ¥Ry G
Buildings-IAQ'97 HGV - ( :RRGV ' 7 *ULPVUXG
‘DVKLQJWRQ 86$%$ SS +

1DELO $ DQG ODUGDOMHYLF - S8VHI
UHSODFHPHQW IRU Gtdd uddkBildiBgs WR UV +

1HZVKDP *5 %LUW % - $UVHQDXOW &
-$ ODQFLQL 6 *DODVLX $' *RYHU %
%XUQV * - 'R pJUHHQY EXLOGLQJV KI



HQYLURQPHQWYV" 1BdiZdihgRedsdtdd & Hiformation
+

1LFRO ) $GDSWLYH WKHUPDO FRPIRL
KXPLG W Wkefyly &Bnd Buildings +

1LFRO ) DQG +XPSKUS$tandards for Thermal
Comfort: Indoor Air Temperature Standards for the 21st Century
&KDSPDQ +DOO

1LFRO ) DQG 5RDI 6 3LRQHHULQJ Q
VWDQGDUGYV 7KH 3 [EnetkgythD BuilidgsMHFW +

1LFRO -) +DFNHU - 6SLUHYV % DQG 'L
IRU QHZ DSSURDFK WR RY HBulldiny \RdsdQrth@mndd
Information +

1LFRO - ) DQG +XPSKUH\V 0 % $GDS
DQG VXVWDLQDEOH WKHUPDOENYdp&G D UG\
Buildings +

1LFRO - ) DQG O0F&DUWHKnhHI\Report of Smart
Controls and Thermal Comfort (SCATs) Project. Report to the
European Commission of the Smart Controls and Thermal Comfort
Project 2[IRUG %URRNHYV 8QLYHUVLW\ 2[IRU
1LFRO -) 5DMD ,$ $OODXGLQ $ DQG
YDULDWLRQV LQ FRPIRUWDEOH WHPSHUDYV

Energy and Buildings +

20H )DQJHU 3 DQG 7RIWXP - ([WHQ
QRQ DLU FRQGLWLRQHG EXL OBwrgyandL Q ZD
Buildings +

20HVHQ % : TKHUPDO &RPIRUW T7HEF
.MDHU (QJOLVK HG +

2VWHUKDXV . ( 'LVFRPIRUW JODUH
SUHYHQWLRQ IRU GD\OLJKW DSSOLF9MILR ¢
Energy +

2VWHUKDXYV : . Design Guidelines for Glare-free Daylit

Work Environments $DUKXV 6FKRRO RI (QJLQHHL
SDFLXN O Theroleof Personal Control of the Environment

in Thermal Comfort and Satisfaction at the Workplace 8 QLY HU
Rl :LVFRQVLQ OLOZDXNHH 86% SS
S3DUVRQV . & TKH HITHFWV RI JHQGH!I
RSSRUWXQLW\ WR DGMXVW FORWKLQJ DQC



UHTXLUHPHQWYV IRU Wrietdldn®BuilHRGSIRUW +

3pUH] /RPEDUG / 2UWL] - DQG 3RXW &

EXLOGLQJV HQHUJ\ FRQV X ESMji @@ Blildiig) P
+

5HD 0  IESNA Handbook 7KH ,O00XPLQDWLQJ

6RFLHW\ RI 1IRUWK $PHULFD 8 6 $

5HGOLFK & $ 6SDUHU - DQG &XOOHQ C
V\Q G U RReHancet +
S5SHLQKDUW & ) $ VLPXODWLRQ EDVHC(

ZLQGRZ KHDG KHLJKW WR GD\OLW RdperH Gt

presented at: Building Simulation 2005 (Montreal, Canada. August

15—18)

S5SHLQKDUW & ) ODUGDOMHYLF - DQG 5R

GD\OLJKW SHUIRUPDQFH PHWULFV IRU VX\

Leukos +

5RELQVRQ ' DQG +DOGL ) ORGHO W

EDVHG RQ DQ HOHFWU L FEn@g§ éng BIRIdMYR U D
+

7]JHPSHOLNRYVY $ DQG $WKLHQLWLV $ .

RSWLRQV DQG LPSDFW RQ PomRpNésvdd Gt

Build Simul (Eindhoven, NL)

S8QLWHG 6WDWHV (QYLURQPHQWDO 3URWH

7KH ,QVLGH 6WRU\ $ *XLGH WR ,QGRRU $L

9DQ 'HQ :\PHOHQEHUJ . 3DWWHUQV |

ZLWK ZLQGRZ EOLQGV $E@ekdydhtd BuNithiagsH U H
+

O9HLWEFK - 7KH SK\VLRORJLFDO DQG ¢

ZLQGRZV GD\OLJKW DQ@hVEHIX DaglighiR P H

Symposium (Lausanne, Switzerland)

OHLWFK - % 2IILFH QRLVH DQG LOOXI
F R P S UH K HQuwnaRdp Environmental Psychology +
O9HLWFK - $ DQG *DODVLX $° TKH S

SV\FKRORJLFDO HIIHFWV Rl ZLQGRZV GD\
DQG UHVHDUFK DJHQGD 2WWDZD 21 ,QV)\
FRQVWUXFWLRQ

'LHQROG - DQG &KULVWRIIHUVHQ -
GHYHORSPHQW RI D QHZ JODUH SUHGLFWL



HQYLURQPHQWV ZLWK W K HERexgl aRd B&i&dingsD P

DYLHU $$G3 DQG /IDPEHUWV 5 Q
GHYHORSHG IURP ILHOG VXUYH\ LQ2(9,(O(DJD]L'
ASHRAE Winter Meeting (Dallas, TX, USA: ASHRAE)
<RRQ ': B6RKQ -< DQG &KR . + 71
WKHUPDO FRPIRUW VHQVDWLRQ EHWZHHQ
VXUYH\ DQG WKH FDOFXODW LIRAQoRAlirWigH 3 (

HGV * 5DZ & $L]J]OHZRRG DQG 3 :DUUHQ



