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BOL—F 4 7 AT MEFIZEE LT,
FKBRBE 72 O ONTHAKKEIZEH L, @Y
(2 NEREE A 5 AT RE 72 T H 2 Gt L7,
AKEAKRDEAEMEZ R T 2 BT, AFTIE
Fa KRG T OEBIEFR ORBENEEMR S L
TWD, L Len b, EEFHMHIC BV THE
FRIFAREKD oL LTRSS, K
T DR M & 72 B e B B,
AEIOFFHETITREGRD Lol b
DD, FKIBEKDOE Y LEITIEAKEE KRR
MEDOEERCH, M O B 12 H Ok
TAHAHREMEN B B 72, EBFHEICRB VT
HLEEREATH D,
HKEORBEBORMIZLY | KEKDOEK
ROFENR R D RN H VD | FEEEHE
WZH X D BIIHEET DNERND D,

F. BIREXR

1 ARXHEE
(472 L)

2. 2RHRRK
GE47e L)

G. XNMIBIEEDHRE - EHRR (F
EZED)
1. 55EF IS
(%47 L)
2. ERMEER
(%47 L)
3. ZDih
(%47 L)



1

RERROEEYOMER > KIZHEKARX

2Ry Ehl FRTEHE JESRERE [m?] BI&E B AT kA AEH

A 5T SEERY) JemEALIR T 25,289 1,995 B1-16F 10F Brokig 2023/3/24
B BFERZEY =BEEWLE™S 6,800 1,991 B1-8F 7F BT7KFE 2023/3/15
C K TEZRY) RRERHTEX 93,997 2,011 B2-35F 22F ] 2023/3/17
D AR RY) dUBEALIRT 1,373 2,018 3F 2F EfEfak  2023/3/23
E PRRERY) ERARRELRS 973 n.a. 3F 3F EfEfak  2023/3/10
F RRREEY) RIIR2R® 806 n.a. 1F 1F EfEfak  2023/3/13
G PREEREEY) REREHREK 459 n.a. 3F 3F EfEfak  2023/2/15
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R 2 HENROBKERE & WKEAEHR

e — PEER  BAEER % BE KR REXREWEL LEHK
[mg/L] [mg/L] [mg/L] (] [°C] [CFU/mL] [cells/mL]
A wa CE& - B7Kk) 0.41 0.07 0.48 0.01 13.0 3.3x10" 7.1x10*
O GRS - 87K) 0.29 0.06 0.35 0.00 37.0 2.0x10° 4.8%10*
B O CEAR - 57K) 0.37 0.05 0.42 0.03 9.0 3.3x10" 6.3x10%
e (hAL) 0.18 0.09 0.27 0.02 22.0 7.0x10° 6.7x10*
C O CEER - 57K) 0.14 0.07 0.21 0.02 n.a. 5.5 x 107 1.1x10°
wa (bAL) 0.15 0.06 0.21 0.03 n.a. 3.9x 10 1.0x10°
D wa CE&1e - A7K) 0.44 0.10 0.54 0.00 21.0 1.0x 107 6.2 x10*
O CRAR - R0 0.03 0.03 0.06 0.02 53.2 3.7x10° 5.3%x10*
E e (BB 0.07 0.05 0.12 0.02 n.a. 6.2 x 102 9.9x10*
wa (bAL) 0.20 0.04 0.24 0.02 n.a. 2.2%10° 9.3x10*
F IO CEER - 57K) 0.39 0.05 0.44 0.00 11.4 5.7 % 102 7.2x10*
O CRAR - R0 0.17 0.05 0.22 0.00 46.5 1.8 102 6.0x10*
G e (3F) 0.41 0.03 0.44 0.03 n.a. 3.7x10° 5.8 x10*
A (2F - BE1e) 0.05 0.05 0.10 0.03 n.a. 5.4x10* 9.5x10*
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effects of hygro-thermal conditions and
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32(11): e13164. doi: 10.1111/ina.13164.
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WT—. 5 32 [Al B A EZE R 2 e E ik
DV URT T LN n FEYYE & BN
ZERBRBER R, AL, 2022 £ 9 H 30 H.

F. A EME D HIRE - BEIRi (FEETe)
TERL

-72-



<HWFFTRE R OFEM >

SCERT — 2 _— 2 FE T, “Carbon dioxide”, “Temperature”, “Noise”, “light”, “Performance”,
“Comfort”, “Perceived air quality”, “Productivity” % 5% — "7 — N& LT Pubmed TR #1T
STz, A U F—F vy MEFE TIE, “indoor performance rating”. “indoor productivity rating”. “indoor
comfort rating”, “indoor health rating” Zf% ¥ —"V— K& LT Google THFEZ{T->72, LT,

BEROFERFFONTZNED 5 b, ABED HRZEE L oiER R LR,

1. EUALDREN 2o =7 k

KM A TlX. ALDREN (ALliance for Deep RENovation in Buildings, https:/aldren.eu/) &
WO 7Yl R 2017411 AICHRE L, 77 v AD CSTB (7 7 v ARBGRVFH A2 v 2 —) |
27 IRKRTE, Tov—27 TRRF (DTU), 77 ZA0ORGEES CERTIVEA, RkJNo REHVA

(BRI 22 R G% G 22) . 77 v AD N L v 7T @BEEEHF5EFT (Instituto Valenciano de la
Edification) , Au %70 a W% h&4tk ENBEE (Environment & Building Energy
Efficiency) . 4 £ VU ZADBRE 2 PV v & VERCO O 8 oDk 7 X —RZD7 0y =7 MIB
L T2,

Zoyuvzs OB, BRFOBREMICHIT 5= %X —1EEE L BENREDOE (indoor
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4 HODEEEZFHET 5, WE, TV 7, BIEBICL > TENETNDOREEZ L—T 1 7 (#&f1HF)
FTH7DIT, 12 DRF A =2 =B ST D, 5Hl L~ L OHEC T, EN-16798-1 & 5k
f@tkRs (WHO) OZ2E A R4 UoMER &, 7V —2 (), A =r— (35, ALy (),
Ly B OFR) OV—7 4 »7Resnb, BERROFHMICIE, =& LTEN-16798-1 & WHO 2z
KEHTA RTAUPEHIN TNV,
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Table 2
Ranges of the indoor air temperature (EN 16798-1 [17]1
Quality of the thermal environment (T) Buildings with mechanical cooling Buildings without mechanical cooling
Heating season’ Non-heating” (cooling) season Heating season’ Non-heating* {+cooling season)
Green 22x1°C 2451 2+1°C upper limit 0.336,, « 18.8+ 2 °C
lower limit 0.336m + 18.8- 3 °C
Yellow 22 £2°C 245=15°C 2243 upper limit 0.336, ¢ 18.8+ 3 °C
lower limit 0.33& my, + 188 - 4 °C
Orange 2223 245+ 25°C 2223 upper limit 0.330,, + 188+ 4 9%C
loweer limit 0.338, + 188-5°C
Red If other quality levels cannot be achieved If other quality levels cannot be achieved

O = {1-0) [Ebagq + oL Ehpan + o ez}

where:

O, = outdoor running mean temperature for that day (°C}

.41 = daily mean outdoor air temperature for the previous day.

o = constant between 0 and 1 {recommended value is 081

4.4 = daily mean outdoor air temperature for the i-th previous day.

Alternatively, using the following ap proximate formula {when records of daily running mean outdoor temperature are not available: Qm ={0ag.9 # 0.8 Qg2 +06 Qug 5+ 05
Qegs + 04 Quys # 0.3 Qg s # 0.2 Qg ) | 3.8

Assuming clo = 1.0, office work and RH = 50%,

Assuming clo = 0.5, office work, and RH = 50%

Summer and shoulder seasons, &, is the running mean outdoor temperature that can be calculated as follows:

1
3
* Daily mean outdoor air temperature for the previous day ohtained from measurements or from the nearest meteorological station.

#£1—-3 1 (BAZEERE) OREHE

Table 4
Ranges of the indoor air quality indicators,
Quality of indoor air quality Green Yellow Orange Red
(1
Carbon dioxide =550 ppm <800 ppm <1350 ppm If other quality levels
{concentration above cannot be achieved
outdoors )=
Ventilation rate™” >{10Us/p+ 20 >{7Us/p+14Ls/m flooriand <{10L] ={4Ls/p+0.8L/s/m floor)and <(7 L/s/p+ 141 If other quality levels
L/s{m*floor) s/p + 2.0 Lis/m“floar) s{m’floor) cannot be achieved
Relative humidity offices®™  >30%<50%> >25%<60%=25% and <60% =20%<T0%=>20% and <B60% If other quality levels
hotel rooms™*" 30% and <50% cannot be achieved
Visible mold™’ Mo visible Minor moisture damage, minor areas Damaged interior structural component, larger  Large areas with visible
mould with visible mould (<400 cm”) areas with visible mould (<2500 cm®) mould (>2500 cm?®}
Benzene” <2 pgim’ =2 pgim? no criteria =5 ugim?
Formaldehyde” <30 pg/m’ =30 pglm? no criteria =100 pg'm*
Particles PM. <10 pg/m? =10 pgfm? no criteria =25 pg/m?
{gravimetric)’
Particles PM, - {optical)’ <10 pgjm’ =10 ygfm’ no criteria =25 pg/m’
Radon’ <100 Bg/m’ =100 Bg/m’ no criteria =300 Bg/m®

1 Qutdoor €0, should be measured or assumed using hitps: [/ www.co? earth/; indoor C0; according to EN 16798-1 [17],

# To be classified in each quality level, the measurements shall not exceed the range defined by the indicated quality level and the lower guality level for more than 5% of
the time, and the range defined by the next lowest quality level for more than 1% of the time,

* For non-low polluting buildings according to EN 16798-1 [17], because no information on pollution load: the measured ventilation rates {average values of the two
measurements ) shall be compared with the nominal ventilation rate for that area according to design.

4 The levels match EN 16798-1 in terms of the humidification requirements [17 |

* The higher levels selectad to avoid house dust mite infestation (survival and reproduction),

% According to the Nordic classification system and Level{s); observations in the instrumented rooms should be supplemented by observations in locations where the risk of
mould is likely {e.g.. those identified by using simulations of surface relative humidity ).

7 The permissible levels that cannot be exceeded: benzene (45 ]; [12]). formaldehyde [29 ] [45]) and PMas [47].

8 Two-month average value measured in winter [45:11])
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Table 3
Ranges of the sound pressure level.

Quality of the Dffices’ Hotel rooms’
acoustic
environment (A)
Small office Landscape office
Green <30 dB{A) <35 dB{A) <25 dBA)
Yellow =35 dB(A) <40 dB(A) <30 dB(A)
Orange <40 dB(A) <45 dBA) =35 dBA)
Red If other qualicy If other quality If other qgualicy
levels cannot be levels cannot be levels cannot be
achieved achieved achieved

! According to EN16798-1 [17]; in a small office, ie. individual office, the
nominal occupation density is 0.1 person per m® floor, and in the landscape office, it
is 0,07 person per m” fAoor,

#1—5 L OtERED) ok

Table 5
Ranges of the visual environmental indicators,
Quality of the Offices Hotel rooms
lumireows
environment
{L)
Daylight % of the time with % of the time
factor’ measured iluminance  with measured
between 300 and 500  illuminance
Lie” =100 L
Green =50 =00% and <100 0%
Yellow =3.3% =40k and <60% *>0% to = 50%
Orange =2.0% >10% and <40% >50% to <90%
Red If other If other quality levels If other quality
quality levels  cannot be achieved levels cannot be
cannot be achieved
achieved

! The lowest daylight factor to reach respectively =750 Lux, =500 Lux, =300 Lux
and =100 Lux: the daylight factor values are taken according to Standard EN 17037

[18] for Brussels,

< Following the reguirements of the HQE green building certification scheme

[23].

* Following the requirements of CASBEE | 3]; CASBEE requirement is only for the
illuminance level and not for the frequency of cocurmence.
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EN-16798-1 |%. [ Energy performance of buildings. Ventilation for buildings - Indoor
environmental input parameters for design and assessment of energy performance of buildings
addressing indoor air quality, thermal environment, lighting and acoustics. Module M1-6: &4
DT F— f RE— ) DK - BNZERE, BUREE, B KO EICHHLT 2 B 0GR &
O L X —PERERHI O 72 O DENERFEA )/ NT A—4F —F ¥ 2—/L M1-6) &9 BRNES (EU)
WANICBIT A8k TdH 5, EN &L European Standards & & FEEN 5,

A, ENZEXE., BB, JEBREEO 4 SOFHMIA A Z# Lo =NEREE (IEQ) D&akliz
UTFOXTITo TV D, ZORETHEORRIZ, 4 DOFMEE O LR IND VAT A
L7poTW5,

IEQ DA

Zli Ry * O

n
where k is the number of quality levels; R is the rank for the
specific quality level k (R = 1 for green level, R = 2 for yellow
level, R = 3 for orange level, and R = 4 for red level); O is the
number of observations (measurements) for the specific
quality level k; n is the total number of observations
(measurements) where the quality of the parameter was
determined. Office #1 Office #2 Office #3

Green: 1~1.4

i B
Yellow: 1.5~2.4

Orange: 2.5~3.4 Office #4 Office #5 Office #6

Red: 3.5~4
- -

Interim rating =

TAIL A% —ATliL, iHMli7 e b3 LOMER STV D, 12 DFHMIEEE O 5 B, BYERICHOWT
T2 b—vay, BEORERNICOWTITEMFIZ L5 BAEBIZ CRME Eit S b, tho
10 B IZOWTLHIE Ml S s, e i@%@%ﬁk%ﬂ@ﬁﬁf%%éﬂé

SEME B ORIEIT. FHIOBEWNERET AT, FILZE n@HLE(T ETHIVULFE LR D
WERTRICE SN D, £7-. m®Lw%Eﬁ¢ét . BEEH (&H) CAFEH EH) o

5 OZEECTEIMET 2 OB TTN, 1 20 %T%%bﬁw FH & B TR E &
SN THRY, 7 RUDOBEIL, AHOARITT RUBREE LT WK COAIE I D, Blh
TOWEIL, B ZEE®E Y ITHEH L TV DRI E i S5,

ARAF—LIE, EDIHT 5 =R —UEDRR B LR T 57OV bN D T2, &
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&riT
WIZadE OIEHA 21T > 72141
1R 7,

documents to prepare the monitoring or the modelling,
pre-visit on site

(TR F— B O BN S, B OWERITHER 3 »HLLEES &b 14U
IESND ZENEE LWV E SN TWD, B RTn A% X1 —

N

<HfF 7 = — X >
W IE IC X AeE, B
HATRA R L,

Day 1 of the measurements

Installation of the monitoring devices and samplers in the
different rooms, spot measurements of the ventilation rates at

Preparation phase
Meeting with the building manager, collection of
[ the air inlets and of illuminance, visual inspection

<HE1HH>

FERICE=2 ) 7 HkE L
7T —ARriE, s i
FEOAR > MAE, BB,

i
r ™ N
<{#E 8 HH>
Collecti f I;‘E'wa‘ﬂ”hle mea?l’lurtmen:?h PM2.5 filt Ny YTV Y77 —OHR,
ollection of passive samplers, collection of the 5 filters, - .
collection of the monitoring devices for noise, relative humidity PMzs $REL T /L5 — DI,
if applicable and COZ2, repetition of spot measurements of the BR FASRHEEE . R biRE (7]
ventilation rates at the air inlets and of illuminance .
BECTHIX) OEF=F1U 7k
\ y

S

EDRIL, HERE L D 2
ARy MHE 2 [\IH,

Day 30 of measurements
Collection of temperature measurements (and RH
measurements if measured alongside temperature)

N

Day 60 of measurements

Collection of the monitering devices for radon.The radon
measurements shall be carried out in the heating season
(winter); if the installation of the samplers cannot be done
during one of the visits, postal shipment should be planned.
Locations will be decided during the preparation phase and a
map will be joined to the postal shipment,

\ J

<JI7E 30 HE >
TREERERE R (FERHIEE & [R)
WZHIE L COUEHEHTE ©)
D[ENY

<H7E 60 A H >
7 Froe=41 » JIEEDE
0,

X1—1
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RPBMERZRLTND EEZDND Z L0, BRI L O M2 2 B 8 L CTHET OB RE
SNhd, B, BETOBEEICE LTI, LTOREERH D,

FEEEOEEN R b/NSWEHRERDREWVTRLZIEET S
HIFRA 72 3 e T DR A 18 IR T 5
MG, JERE, REICHE L2 R A2 ®RINT 5
FRIORL D ELENT S, HlxI3
- AEIOBEERNCB VT, FREIC, Fizic@EINTWe, o 0FddESnTWEHE
c [AUZERHL =y N EBRE LIRS - 2T AR
C EMRFEBENEL L TV AR
-« [RRED & A 7D A SHERrEEE 2 ERE S iR
F T4 AECNTIES VTN ET 4 A, HDNNIA—T T T D47 4 A, B"TI/VTIEERD
B A XD R
® JEEEDNDLEE

® e

©

FHIX, AT 4 AENLTIEA T 4 A—A, KT A TEHERERTOAEREIND, rE—, —F
AN—A EikE, TIN5, MERERMOEMOEFHI, 47 4 A BV TITIEIREE,
BTV TIIEEDIEREREOK 10% &5, BYOF A XI2GH T THRIK 2 DO &8R0T 5 A3,
Dip Eb 7T =T 1R L FHlEE ROER M LT OIIF ST R4 < LD,

HROPRT, BE)D 1m ML EBENLZ5AT. RO 0.8~1m O&E S, T—7 0 HLE-i1E Xy
RYA BT —T N0 b TR I S s, IBEAORIE T, 0.6mDE SN O@ S &5 %
5TV D, REORAEMKIHT, B OSCES Yot 28 CRET 5,

FEHIZ LI, AT 4 AEATIEARL S LEBO 5 bR (H ~& 08B R O 24) |
BTV TIE AR (HHEND ARE, KEED O KR & (B UBEERFFIH O &) (Rl 2 £ 5.
BL, BEX1IAB. 7 RUAL20AMEIET 2 0END D,

BHMBIER ORIE T 1 b a v ELUTFICE Loz,

1) {RE

IREDOHIEIX, ISO 7730 & IS0 7726 DEBEMMIZIEES <, HIEREN 0.5 CLLEDOIKIERE A
oY —Z AT 5, HEMBOHEIEEIL 1~10 45, BAOEEIL, FRHCERET 50 KEFY
ORGP BET 5, \BEX 1 AMRAET 5,

2) BELL

TE L~ LoflElE, ENISO 10052 & ENISO 16032 (24:5<, HIEIEE1dBA) LI EDKEEE
TRESNTE U —THEET 2, HEITETOYATLANBEH L CTWDIREET, onRw 7 7
vk (AHEO) A ZXBFEL, BEADTDRETIT ), ERlENEE L, ZOHEEF 1~
10 43 DREREIGEZ AV D, JHEEDIFAET 547 0 2T, SR b IcllE S8 E L-ULo
b N—t U FANEENT D, ZHIETOEY, FHEENARICAT 4 AOEEER A 1D LRE L
T 5 N XA NEREBPDRVRIOREL NV ERETH20TH D, BEELNZND
F7 4 AT, EHEEL-ILVEEHT D,

3) Rk
BRI IR IE D & 5 /YT, fOFHEEE OREDFIO L&y (1 BHE, 8 HH) @ 2 [AH
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T 5, BRHR OB T, AVREAZE (infiltration rate) (22T, HIEXR LT AEEOH
A HEPER N ORI ERIET D,

4) THALRFERE

FrTA NE, FHIEER D22 &b E50ppm ORIEF A Y —2 M, JESIRIX
F74ATIHFARANLERA T, A7 ATiRER Lz 7 A, WEMRIEX 1~10 75, F7
S AL RTIVOMW ST TEINTORIE Z HELE,

5) RILAT LT R

FT7 4 ATIZABANOAERER T, AT /LTl 7 B0y > 7HIE, &L o 2[5
DOHEZHELE (METITZR W), SEBEELZ T X 21T 5, JIEIT ISO 16000-4:2011 (2%
3%,

6) N URE

I 7 4 ATIIHABRANSEEA £ T, ATV TIRER 7 BBONy U THIE,  RIMNEEOHIE
DHER SN DD, KTV OKRAHTREOCEAR[OT =X 2HHLTH XV, RSV LAT AT e REEE
W2, AHIEEMO 2 RIOREEHESE (WETIT R, FHRELZ 7 X ZIERT 5, JERT
ISO 16017-2:2003 HIASIZHENLT 5,

7) PMosi2fE

HEAE (BELV) EFRIIKEEAONF D 2 —IC L HAEEZEHRT 5, WEITAT 1 A
TIZHREAMNOAMER £ T, A7/ Clddk 7 AMFERT 2, NBUrRkIC, BIMNEEORIED
RSN D0, HHFYV ORKFBREOERRDOT =2 Z2MHLTH LW, /2, LM EFHO 2 [H
DOWEZHELE (WHTIER) T8, VERELZT X 7T 5, EEREIL, 54 CEN-
EN 12341:2014 (Z%EfL$ 25,

8) T N j&ps
Ny THE, BIEMBEIIAZEOLRD 2 » A, Ny U7 ERHT 1O 2 22 FnicekiE (1A
T AAENDET 4 ALRTNVOHENDH55),  HIEIELISO 11665-8:2013 [ZHEHLT %,

9) FH*HE

T T4 RE, D b B%DRE TKRESNIZE I —2 HW5, HIEHRIE, RERE
ERIHEBROEAIT 1L » H, ZRUSNDERITA T 4 ATIEH~4, AT/ Cldde: 7 B, HE
RERORIMEIX 1~10 43, A7 4 A LR T NOME ST TENDWEZHLET 203, KTV OKGWER
DT —HFZERLTH LV,

10) B EDIRARD
BRBIEIZ LA, REOHMMBEIZE AL I a2 —a 2N THEDY 27 NMFET D80T
ZHEICED D,

11) WE

BREE &k, AR S 2 aE T, HlomE K25 0.85m) TATHBHT AT A F
72IEE (B 2N LCHREERLT, =2V 7 OPR G + EF + F1%) &A@ +
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fiED) . isﬁ-fﬁ,ﬁJEMJ (1~10 @/BU;EF?K@%?EH) HIEIZ+3 L7 A (it I1 /1/72

12) B

BRI, BAOREL L EBANORE L~ LVOBO—EDHERLZBEL TS, ZOHET
—ETIE2W=o, EN 17037 1A ETHIUTHINE N R a2 Lb—ra VAT 2 L 2HEE L
TWb, BYEEEHLZHEOEYCEIT, KiE25 0.85m OFEI D7 Y v RInEl S iuizK
TEEETRAESND, BESNDZEDZ A 713 IS0 15469 #itkd TYPE 1 £721% TYPE 16 T
HLENGHY | HECHEA SN A T EWRT A 0NERDH D, BAEREHET H7ODOHHD Y
Ralb—varyY— L bHTES FIFMRERIEENY I 2 L—a Y — L E7R ),

<BEEE>

Sesana MM, et al. (2021) ALDREN: A Methodological Framework to Support Decision-Making
and Investments in Deep Energy Renovation of Non-Residential Buildings 11:3. @

Wargocki P, et al. (2021) TAIL, a new scheme for rating indoor environmental quality in offices

and hotels undergoing deep energy renovation (EU ALDREN project). Energy & Buildings
244:111029. https://doi.org/10.1016/j.enbuild.2021.111029

2. EUiBRoad 72y =7 k

iBRoad (23 —m vy D7 vy =7 T, FEEEOEYSE D — F~ v 7 ZFAFE L TV 5D,
Zou—Rvy AL, B (104F156 204F) (O 28E3HEZMt L Tk, ENEREICEL
TiE, |BNZERE (AR, [EEO L~V ARURAE, “BLRFBIRE, —B{LRBRE,
BIRVE IR, R MEA LAY (TVOC) A | IREVERE GREE, MHxRmEE, &R, R,
BERE) ObEREE (HRORE, B, B (FEL-~VL, R OF =y 7 U X M &
LTV 5, (AL, BARAY 73ISR T ESERHZITFEH SN TR O3, [HHA R E LT,

DATA GATHERING INDIVIDUAL BUILDING ROADMAP

ON-SITE AND OFF-SITE RENOVATION ROADMAP
. *  Renovation in a sensible order
+ General Infarmation & el ! ;::;:::E:Z -

Administration _ e® 8o
T IR Long-term perspective
aaa Tailored to individual context

= Building construction e
information N *

L l' BUILDING LOGBOOK

= Building energy performance|

(such as EPC information) Inventory of building-related

- ““:x'-{ - B Information
* Building operation & use | s © £ *  Manage and monitor real-
\ " C;.rl? ,{4’ 'ij' R | time energy consumption
. . - RE - ) +  Linking building owners
+ Smartinformation !l'.- ,JI o e e p
- R

Figure 2: Building Renovation Passport- Overview of its components {Source: BPIE)
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Figure 18: First section of the iSFP checklist (Source: BMWI)

LT S
L

Overzicht aanbevelingen o S
LABEL NA
HUIDIGE SITUATIE AANBEVELING PRUSSCHATTING RENOVATIE
Ramen Plaats nieuw schrijrwerk
Er is momenteel nog overal met hoogrendemernts & BOOO - € 12 000 n
enkele beglazing aanwezig beglazing
Verwarming
Ketel is sterk verouderd en Plaats een efficiBnt verwar- € 4500 - € 6500 n
niet energiezuinig, mingssysteem
Muur
De muur is niet gefsoleerd Plaats isolatie € 13500 - €15 000 n
voor een gedeelte van 147m’
Hellend dak ) .
Het dak is beperke gelsoleerd. Plaats bijkomende |Solatie € 12000 - €16 000
Hernieuwbare energie
Er is geen hernieuwbare energie. EErWes Featiing her £7500 - €10 000
aanwezig nieuwhare energie
Muur
De muur is gefsoleerd voor een
ST, omeuponessserrare Y
voldoende isolatie anwezig om de TS AL H R D ULy PR S IaN B Er el Nt~
lange termijn doelstelling te halen.
Prioriteit 1 Prioriteit 2 Prioriteit 3 Prioriteit 4
hiet goed, zo Te renoveren. Interessant te Redelijk goed, puur
snel mogelijk te avensegen. energetische renn-
FENOVEren. vatie. nlet aange-
wezen.
<BEER>

BPIE — Buildings Performance Institute Europe (2018) The Concept of the Individual Building
Renovation Roadmap, An in-depth case study of four frontrunner projects.
https://www.bpie.eu/publication/the-concept-of-the-individual-building-renovation-roadmap/
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3. UNEP ® 27 r—/ 3L« 7747 A (UNEP Global Alliance for Buildings and Construction)

Ja— v T4 T A (GlobalABO)IZ, COP21 T . &, EEERETFHE (UNEP) 231
T DG L R DT D OHIERHIFLOEA TH V| B/ 2 kI B2 ok, Br
TI v va U TERNREY L ERA BT O TH D, 30 EEET 150 R H A /N—T
R Iho,

GlobalABC Tl&, ENLVT 7 « 2XAKR— b (Building Passport) &9 kA ZHEZE L T
e ENT 4T « NRAR—F (TVHN-ENT 4T -ar Ty rERF BT AT v
T TrANERHTIND Z LB D) X EAT 4 U TIZET DERD T A T A T ABRD YR
MU (IUWE) Th b, BYOEIGEDORR LT, 2O, Byl JOMRERRE, BRET,
e, MBI R T7 4 —< AT 27 — 2 biFRE LTEEND,

' £ ‘
P
:r_- '\

E“Jlt.[n'm
PRESPORT

Function / Tesk
Contents

Format

Data and information
exchange

Stekeholders ro—————— Stakeholders

h) G

Life cycle of buildings

J

B
"lssvuvr

~ BUILDING PASSPDRT

BT 4 T e PRAR— N AT AOREE
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EAT A7 RAR= A RO, Voo, imiE WARCARET L LIk, &
VIOFTEE &L E OV —EARMEICLLBY O L FHE YR -5, TLTEHIL, 747
YA 7 VBB ERICE O T, FIERRER TOT =2 LIFWROIRF LIS L2 N TE S, 20
TR M ORGE, MR, B SEMR X OMERERS T OB A TR 2 DITRALSTET TR
EAVE L EiE RO, BOREMB LOBRRELZLE L, B Y — A ORlEREM 23284 5 2
ENTED, UTFICEAT 47« RAR— MIEGENDT —FCEWROERA 277,

TABLE 1: Building Passport content and structure - based on selected examples

Use case
s =
B :
E !
;- £
s | 2 g | B
E | @ 4
2|3 ok
Data and information [ document categories = Ef_ﬂ = o ncn
= 25 ] e
~ - = =
5 2 g tE
2 = = aa
- @ E =i} ] o
= | ¥s | § | £ | £
@ oY o 5 gt
8 | §2 | 3 g |58
3 = g = 3E
= o g w
3 =3 (= 3 @5
A1l | Identification of plot and plot-related characteristics {including tenure) X X
Bl |dentification of building X A
B2 | Design documents X X
B3 Contracts {including any responsible procurement provisions, documentation ¥
related to workers' conditions and equity)
Ba Certificates leg, building report [ certificate / documentation related to X ¥
processes of community engagement priar to construction)
BS Energy Perfoermance Certificate / sustainability label X X
h Material inventory (including; where obtainable, documentation of source; = g, T v &
environmental product declarstion and / or assessment of risk of labourabuses)
D1 Surfaces, cubatures
D2 Building description X X b
2 D3 | Technical features and characieristics X X X X
D4 Dismantling and recycling strategy lincluding warkers’ safety) X X
E1 Use and operation data / consumption X X
E2 Maintenance manuals K X
Proof of maintenance (including contracts / documentation in regarding working
E3 i : X X
conditions - also for sub-contractors)
F1 Environmental performance and carbon footprint X X
F2 Impact on occupant health (e g., indoor air quality, access to natural daylight) X "
and local environment
F3 Results of user satisfaction surveys X
F4 Operational cost X X
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HYBREOT — 2 L AEHIE, EREOFHGE ATRE /2B BAE (SDG) AU g5 72O R AT R
Thod, BYOMEEL L L<HTHZ Lick v, FEF @B IO IEFITEB SR
WATBEMED & % SDGs % HAREIZ 5 Z LR A[REL 72 5, SDG ~DEMBADO—> & LT, SDG3 (H 5
D LEMDT N TD AL OREFERI R AETE 2R L, Btz e 2) b ohTind,

BT 4 7 e RAR— b ClE, SDG3 B L C, JEEF TR 5 EN TOMEE & @ik 1%
EHITFTND, BT 47« NAR—bOBEAE LVEDOENT —Z OFYFIML > T, BN
2L WU, BT 7 A FEME~OWREE R E Oz E U T, JEEZREN
ZEROMERNFREE 72D LB BTN D,

EVEBY AT A (BMS) DRE SN TWLEYTIX, ENBREZER L, ENRE, —Wbx
FIRE L~V BEICET AERPBBRICHATEE 20 K, GH, 17V Y
— T =7 EOFNOERIET AIERBFIHFTREL 725, BT 4 7 RAKR— NPEYOEE
FOREERIEZ SET DO T 2 FERENERE & O T — % Ofl % FTRITRT,
FEROFNL, BH., RFEETE AT ¢ 7« RAR— MG S D BN ORI & Ptz B
TOMEETH D, AHOFNL, BYOERILE LT, BYOFEHFICE=4 ) v T ENDT— 4 %
RLTWD, —RIZ, ZORICEH SN TWDREZ, FEEAED TIEI R TIZRWA, REEN
Y IR 72 L TH D, HHWIEEERN 2 HIETHHREE LTS, HL, BARE725HE
ECRHE T E DN ERHZ TR SN TR S, HFHRARE LT\,

TABLE A.3: Examples of data categories for health and well-being

Focus area Design stage features Monitoring / measurement of performance in use
Use of building + Expected user phase during day and year * User satisfaction survey
Air quality + Designvalues for CO; level » Moisture levels

= Ventilation strategies -« CO, levels

« Volatilization from materiaiz

» Use of ventilation, natural / mechanical

Comfort » Designvalues on indoor temperature during summer * Indeor and outdoor temperature levels
and winter
» Shading strategy (including external shading)
» Ventilation stratepy (natural / mechanical)

+ Uze of cooling

Daylight + Design values on daylight conditions = Light intensity levels
+ Strategy for use of artificial light

<BEGR>
UNEP (2021) THE BUILDING PASSPORT: A tool for capturing and managing whole life data
and information 1In construction and real estate, Practical guideline.

https://globalabce.org/resources/publications/building-passport-tool-capturing-and-managing-
whole-life-data-and
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#EY D TIEQ %l T 2720 DET BT E L TRESN TN D, A5

ETFNEREL TS

1) Heinzerling et al. (2013)
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ETIVCIME L7 fERO L —T ¢ v
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#4—1 BHFOIEQFHEET VDL E 2 —ifi ROLEK)
Table 4
Summary of IEQ models in literature,
Study  Objective measures Subjective measures Subjective/ohjective Assessment categories [EQ category weights
relationship
18] Acoustics: sound level pressure (dBA) Simultaneous Linear regression Healthy range (HR) =
IAQ: OO, CO,, PM,, right-now survey Uncertain range (UR)
Lighting: illuminance Non-healthy range (NR)
TC: air speed, air temperature,
relative humidity
117] Acoustics: sound level pressure (dBA) Expert survey to determine — 20, 40, 60, B0, 100 Acoustics: 0203
[AQ: CO, COy, PM,,,, HCHO, VOCs category weightings <60 means “sanitary risk" [ACQ: 0.209
Lighting: illuminance, il luminance Lighting: 0.164
uniformity TC: 0.208
at face, daylight-use ratio EMF: 0,135
TC: air speed, air temperature, “Electro-magnetic field
relative humidity, PMV
[22] Acowstics: sound level pressure (dBA) Simultaneous Single-variable regression Level I: 10% dissatisfied Acoustics: 028
AQ: OO right-now survey {per category) Level 1I: 20% dissatisfied 1AQ: D.09
Lighting: horizontal and vertical Multivariate regression Level IIl: 30% dissatisfied  TC: 0.42
illuminance (overall [EQ)
TC: air temperature, globe temperarure,
radiant temperature
|15920] Acoustics: sound level pressure (dBA) One-time survey of 293 Single-variable regression — Regression constants;
AQ: 05 occupants {per category) higher = greater importance:
Lighting: illuminance Multivariate regression Acoustics: 4.74
TC: operative temperature {overall IEQ) IAQ: 4.88
Lighting: 3.7
TC: 6.09
[15] Acoustics: sound level pressure (dBA) Simultaneous right -now Single-variable regression — Regression constants:
IAQ: CO; survey {per category) higher = greater importance:
Lighting: illuminance Multivariate regression Acoustics: 0224
TC: operative temperature {overall IECH) IAQ: D.118
Lighting: 0.171
TC: 0316
[15] Acoustics: sound level pressure (dBA) Simultaneous nght-now Multivariate regression I: 80 = [EQ =< 100; Very Acoustics: 0,18
[A0: 0O sunvey toverall IEQ)) high quality IEQ [AG): 0.36
Lighting: illuminance I: 60 < [EQ < BO; Lighting: 0.16
TC: PFD High quality [EQ TC: 0.30
Iz 40 = IEQ < 60;
Medium quality [EQ)
IV: 20 < [EQ < 40;
Low quality [EQ
V:0<IEQ < 20;
Very low guality TEQ
[14] Acoustics: sound level pressure (dBA) — — EN15251: L I, I IV Acoustics: 0.16

IAQ: CO2
Lighting: illuminance
TC: operative temperature

1AQ: 0.15
Lighting: 0.146
Summer TC: 0,189
Winter TC: 0.173
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Table 5
Summary of assessment class conditions for 1EQ models in Hterature.

T T M K ARHMIERE RO L —T ¢ > 7 O

Study  Assessment class Acoustics 1AG Lighting Thermal comfort
[18]  Healthy dBA < 44 C0 < 8 ppm Ix =110 185 < air temp < 24.5-C
€0z < 550 ppm 43 < RH < 67%
PMug < 009 mg/m® air speed < 0.45 mjs
Uncertain 4 < dBA < 45 8 < CO < 10 ppm 90<lx <110 17.5 < air temp < 185 °C
550 < €Oz < 650 ppm 24.5 < air temp < 255°C
009 < PMyg < 011 mgfmd® 37 < RH = 43%

67 < RH < 73%
0.45 < air speed < 055 mfs

Non-healthy dBA = 46 CO = 10 ppm Ix < 90 ait temp < 17.5 °C
C0; = 650 ppm air emp > 255 °C

PMyg = 011 mg/m® RH < 37%

RH = 73%

alr speed > 0.55ms

[17] 100 dBA < 50 CO <2 ppm Ix = 500 0= [PMV| < 05
€O, < 600 ppm
PMyg < 0025 mgfm®
VOCs < 005 mgim®

80 50 < dBA < 53 2 < C0 <45 ppm 300 < Ix < 500 05< |PMY| <1

60 53 < dBA < 56 150 < Ix < 350 1< [PMV| <15
0.1 < VOCs < 0.3 mg/m®
16 < HCHO < 100 ppb
40 5 < dBA < 59 9< C0< 15 ppm 70< Ix < 150 L5< [PMV| <2
1000 < CO; < 2500 ppm
0.15 < PMyg < 035 mgjm®
0.3 < VOCs < 3 my/
20 dBA = 59 It < 70 |EMV]| = 2
HCHO = 1000 pphb
Percent dissatisfied (0-100); [0.0389+dBA — 1.9652]*100% |0:281n CO; — 1.68]*100% [0.02163 — 0.919¢; + 10.225]*100%
regression
maodel for each IEQ category
and overall 1EQ i i j :
2 ¥ =g A =53 2 A — (ED
CI3A] Lavel ab arreptanel (021 ) - frm=owan) T T e - (%)
regression model where 45 < dBA < 72 where 500 < cﬂ}z = 1800 where 200 < Ix < 1600
For each IEQ cate gory and - -
overall IEQ
[16]  Occupant satisfaction (—1 —1); —0.0Z30*dBA + 1.382 —0.00024C0; +0.244 5% 1077 Ix* — 00011 1x — 0,106 —0.00636] + 0.287kg —2.934
regression where 39 < dBA < 56 where 275 < €0, = 2360 where 140 < lx < 2150 where 166 < f < 303 °C;
muodel for each IEQ category 15 < RH < 75%;
and overall 1EQ, 0,01 < air speed < 044 m(s

where —1 = dissatisfled
and 1 = satisfied

[15]  Sub-index for each IEQ ctegory (0-100); 100 — 2({Actual dBA — DesigndBA) Chaice 1: 100 — {395 = exp(—1.83¢° %)} —176.16X% + 738.4X — 690.29 100 — PFD
apply sub-index to overall [EQ index: apply where g is ventilation rate (1/s) where X = (Infin(lux)))
overall 1EQ index to quality categories listed Chaice 2: 100 — {395 x exp(—15.1500;92%)}
inTable 4 where CO5 is concentration above outdoor concentration
(Choice 3

4
100 — { exp| 5.98 + () k
whese 7 fs perreived air qiality measured in decipal

[14] 1 dBA < 40 0 above outdoor concentration L = 750 {Operative temperature)
€0y < 350 ppm

i 40 < dBA < 45 350 < C0z < 500 ppm 500 < Ik < 750 Winter: 20 < Ip < 21 °C
25< 1o <26°C
Summer: 23 < fp= 235 °C
255 g < 26°C
0.15 < air speed < 0,18 mjs
it 45 < dBA < 50 500 < €O, < 800 ppm 300 = lx < 500 Winter: 18 < tg < 20°C

0.8 < air speed < 021 mjs
v dBA = 50 €0, = 800 ppm lx < 300 Winter: tg = 18 *C

Summet: o < 2 °C
to==27°C
air speed > 021 mys

Studyl[14]® IEQ #Afh 4348

Table 3
Categoiies for 1E) (EN15251, 20007 ).

Category Explanation

I Hizh level of expectation only used for spaces occupied
by very sensitive and fragile persons

i Mormal expedation for rew buildings and renovations

il A moderate expectation (used for existing bulldings)

v Values outside the criteria for the above ategories

{only acceptable for lmited periods)
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X OHMBINE., &7 4 AEIIHEET S 52,980 ADKHBLRFHET — 2 I2ESW T, BEEFED
ETNVOFMTERCL—T 4 V7B E 2T, FEOBNEEE O LIS TEQ fHMEET v

ERETDHILICHD, £4—3ITEFEELOREEZTRT, B,

fﬁfn\

ENZEEE (CRRIBRRRED) |
IRAAD A THH TR LT, BINOEED Z A 7h] (ki) a s Ea—2 Oz 4 —

T UANR—R R B a— X OFEHEEI AT AR SEE, v — HER L)

(i SR LS FE DU T AR 2 B2 L

AR RIS S EHADIT ZRE L,

AR 7l R B I B

% IEQ #Hli A ¥ — A AHRE L TV D, TOREIL, WMEEICES D TH Y | (R Z7HE L

72 LD TIEZ2uN,

# 43 FHEOPREZRETLEEHEOWREICHAS L IEQ #HlieT /v
Table 6
1EC model based on assessment of sccupant satisfaction.
Space-type Acoustics 1AQ Lighting Thermal comfort
Default (open plan office with intensive computer use dBA < 40 €0, < 700 ppm 300 < lx = 2500 ASHRAE Standard
amd no sound masking ) abowe outdoor 005 55 - 200
Open plin office with intensive computer use dBA = 45 e s 4
and sound masking
Open plan office with intermittent computer * 500 = lx < 2500
use and no sound masking
Open plan office with intermittent computer dBA < 45 L4 500 < lx< 2500 L
use and sound masking
Conference room — televideo conference dBA < 30 s 500 < Ix < 2500 w
Labby (s tairway dBA < 50 ot poo < Ix < 2500 »
Private office N » 500 = lx < 2500 "
Tahle 7 C'hm;lgﬂ&; Lai,
Summary of [EQ category weighting schemes, 04
Study MNumber of occupants:  Acoustics [AQ  Lighting  Thermal Proposed PMP- Wong et al..
surveyed amfort | 08
1. [ 1] 12 professionals 023 034 0.19 024
2,[19] 293 024 025 0,19 031
ER B0 500 027 014 021 038 .
4.[15] i 018 036 0.16 030 Marino et al.. % Cao et al. 2012
5. [14]7 025 023 0.2 029 2012
b, Prupm‘m] 528980 039 02 0.4 a1l B
PMP-based Neube & Riffat,

* Adjusted weights.

HHODRET D5 HIBE H OB AREL
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Fig. 4. Summary plot of [EQ category weighting schemes,



2) Roumi et al. (2022) : T L DH L B2 —

KT, 2022 FF 6 S DIE - Tl % 20 FMICB T 2, IEQ OFHli X N L—T 4 » /&7
NELEa2—LTW5, BiR® Heinzerling & (2013) IO b EETEY, KO E2—
ML EWVWR D, 456 FDFRIN L E 2 — I TW5, TEQ OFHIE 7T /L& #4529 5 i SN
LTBY, 20X RiHERER SN TWD Z ERbnd, TNETREINTEET LTI,
a) TRBVRENE & =L —2h3 b) FIHEOEE &P, o) |WNZERVE &EEFEM-E, ) 5
HEEFEOADITEENHTOHNTND, F£4—4120F, LE2—ENTETLON DML
TIREINTE 72 IEQ DMRATHI DO EAS IR L R EZ R T, AR D Heinzerling © (2013)
DR SRR, BB, |BNZERE. GEREL, BB 4TI L CREHE 21TV, #8E8 17 IEQ 755
&b,

#4—4 IEQ ORMAFHIiOELSITRE L FHHR D EK

Table 6. IEQ models and indexes in literature.

Study Method R2 1EQ Prediction Model
[37] Linear regression = IEQ=0.28 » AC + 0.09 x IAQ + 042 x TC
[40] Linear regression 0.46 IEQ=0.224 x AC +0.118 »x IAQ + 0.316 x TC + 0.171 x VC +0.075
[14] Linear regression - IEQ =039 x AC + 0.2 x IAQ + 0.12 x TC + 0.29 x VC
[119] Linear regression 0.94 IEQ =018 x AC +0.36 x JAQ + 0.3 x TC +0.16 x VC
Linear regression 0911 TEQ=0.529 x AC — 0.136 x [AQ + 0463 x TC + 0423 x VC — 2384
[42] Linear regression 0.908 IEQ=0.525 x AC+ 0438 x TC + 0401 x VC — 3.106
i Arithmetic mean model 0.893 IEQ = —3282 4+ 1381 % (TCLVCLAC)/3
Geometric mean model - IEQ = —2.656 + 1.306 x ¢/TC x VC x AC
[120] Linear regression 0.89 [EQ = 0.063 x TC +0.126 x VC + 0.736  space
o 2 IEQ=0.15 x AC +0.07 x IAQ + 020 x VC + 0.27 x space +0.12 x cleanliness and
139 Linsar regmssian 0.63 maintenance + 0.07 x colours and texture + 0.12 » Furnishing
: : [EQ = +049 x CO; + 0.12 x Temperature + 0.19 x PM; 5 + 0.12 x air movement +
[121] Linear regression - 0.1 x Humidity
[28] Logistic regression - [EQ=1-1/(1+exp(—-150+6.09 x TC +4.88 x IAQ 4 3.7 x VC + 474 % AC})

AC: acoustic comfort, TC: thermal comfort, VC: visual comfort.

<BEIHR>

Heinzerling D, Schiavon S, Webster T and Arens E (2013) Indoor environmental quality
assessment models: A literature review and a proposed weighting and classification scheme
Build Environ 70;210-222. http://dx.doi.org/10.1016/j.buildenv.2013.08.027.

Roumi S, Zhang F, Stewart RA (2022) Global Research Trends on Building Indoor Environmental
Quality Modelling and Indexing Systems—A Scientometric Review. Energies 15;4494.
https://doi.org/10.3390/en15124494.
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