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BRAK METODY ETYKIETOWANIA
KLIMATU WEWNETRZNEGO

Europejski wskaznik jakosci powietrza (dla
powietrza na zewnatrz budynkow)

Nutrition Facts

Serving Size 1 cup (228g)

Serviﬁs Per Container 2

Amount Par Serving

Total Fat 12g
Saturated Fat 3g '
Trans Fat 3g

Cholesterol 30mg

Sodium 470 ls . E g o lm®

Total Carbohydrate 31g

Sugars 59
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CZY JEST POTRZEBA OZNACZANIA

JAKOSCI KLIMATU W POMIESZCZENIACH

m Brak oznaczania klimatu w
pomieszczeniach lub brak umowy co
powinno stanowic takie oznaczenie jest
iIstotng barierg hamujaca |
innowacyjnosc technologii klimatu w |
pomieszczeniach, powoduje pojawianie
sie nlesprawdzonych metod pomiaru
klimatu w pomieszczeniach, ktore
sugerujq, ze sq bardzo skuteczne |
autentyczne, a w sumie prowadzi to do
tego ze niedoceniane jest znaczenie
klimatu wewnetrznego w roznych
programach ktore dofinansowuja prace w
celu poprawy jakosci powietrza w
budynkach

Zrédfo: Steinemann et al. (2016)
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DYREKTYWA PARLAMENTU EUROPEJSKIEGO | RADY (UE) 2018/844 z dnia
30 maja 2018 r. zmieniajgca dyrektywe 2010/31/UE w sprawie charakterystyki
energetycznej budynkow i dyrektywe 2012/27/UE w sprawie efektywnosci
energetycznej

Artykut 2a. Dtugoterminowa strategia renowacji

1. Kazde panstwo cztonkowskie ustanawia dtugoterminowg strategie renowacji stuzgcg wspieraniu renowacji
krajowych zasobow budynkéw mieszkaniowych i niemieszkaniowych, zaréwno publicznych, jak i prywatnych,
aby zapewni¢ do 2050 r. wysokg efektywnos¢ energetyczng i dekarbonizacje zasobow budowlanych,
umozliwiajgc optacalne przeksztatcenie istniejgcych budynkow w budynki o niemal zerowym zuzyciu energii.
Kazda dtugoterminowa strategia renowacji jest przedktadana zgodnie z majgcymi zastosowanie obowigzkami
dotyczgcymi planowania i sprawozdawczosci i obejmuije:

(..))

(g) oparte na faktach szacunki spodziewanych oszczednosci energii i szersze korzysci, dotyczace np.
zdrowia, bezpieczenstwa i jakosci powietrza.

esenting the authors’ view.
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1) Aby zagwarantowac, ze jakosc srodowiska wewnetrznego nie
ulegnie pogorszeniu podczas termomodernizacji, w celu
spelnienia wymagania dyrektywy charakterystyki energetycznej
budynkéw (EPBD).

2) Aby udokumentowac poprawe jakosci srodowiska wewnetrznego
w budynku po termomodernizacji, jesli taka nastapi.

3) Aby oszacowac potencjalne dodatkowych korzysci wynikajace z
termomodernizacji, w tym korzysci dla zdrowia i dobrego
samopoczucia, a takze korzysci finansowe wynikajgcych z
poprawy wydajnosci pracy i wzrostu wartosci rynkowej budynku.
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ROZNE PARAMETRY DEFINIUJACE JAKOSC
SRODOWISKA WEWNETRZNEGO SA OBECNIE
ZAMIESZCZONE W NORMY I SYSTEMACH CERTYFIKACJI

Level(s) Klimat wewnetrzny
OsmoZ
BREEAM cieplny

KLIMA
DGNB Jakosc powietrza

ITACA wewnetrznego
LiderA
7 projektow BES Warunki

Europejskich akustyczne
CASBEE

LEED Swiatlo
WELL 12 parametrow

NABERS

13 Systemow. certyfikacji
Budynkow, Zielonych

19 parametrow

Norma Europejska

EN16798 39 parametrow

>
>
>
>
>
>
>
>
>

20 parametrow

14 artykulow naukowych

YV VYV

Zrédto: Wei et al. (2020)
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TAIL-WSKAZNIK JAKOSCI KLIMATU

WEWNETRZNEGO W POMIESZCZENIACH

Cztery elementy:

m Srodowisko cieplne (Thermal)
m Akustyka (Acoustic)

m Jakosc powietrza (IAQ)

m Oswietlenie (Light)

Sumaryczna jakosc klimatu
wewnetrznego:

= OOOG

:Zrédto: Wargocki et al. (2020)
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TAIL-WSKAZNIK JAKOSCI KLIMATU

WEWNﬁy RZNEGO W POMIESZCZENIACH

m Kolory: zielony, pomaranczowy
czerwony (najnizsza kategoria)

m Kategorie: I, II, III, IV (najnizsza kategoria)

Zgodne z EN16798-1(2019)

m Kat. I. Wysoki poziom oczekiwan, zalecany do
pomieszczen uzytkowanych przez osoby bardzo wrazliwe
i watle o specjalnych wymaganiach, np. osoby
niepelnosprawne, chorzy, bardzo male dzieci i osoby
starsze

m Kat. II: Normalny poziom oczekiwan, zalecany w
przypadku nowych i modernizomanych budynkow

m Kat. III: Dopuszczalny, umiarkowany poziom oczekiwan,
ktory moze byc stosowany w przypadku istniejacych
budynkow

m Kat IV: Wartosci nie mieszczace sie w kryteriach
powyzszych kategorii. Zaleca sie przyjmowanie tej tej
kategorii tylko w odniesieniu do ograniczonej czesci roku Zrédto: Wargocki et al. (2020)
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SKAD POCHODZI TAIL?

Dziatanie koordynacyjne i wspierajace, Horizon 2020 (Coordination and Support Action)

Alliance for Deep RENovation in buildings (ALDREN). (Sojusz w celu glebokiej
termomodernizacji budynkow). Implementacja Europejskiego Wspolnego i
Dobrowolnego Systemu Certyfikacji (European Common Voluntary Certification
Scheme, EVCS) jako modelu wspierajacego proces termomodernizacji

Glowny cel: Skonsolidowanie, promowanie i wdrozenie rozszerzonej zharmonizowanej
procedury opartej na Europejskim Dobrowolnym Systemie Certyfikacji budynkow
uzytecznosci publicznej (EVCS) oraz zestawie odpowiednich instrumentow w celu
wspierania termomodernizacji budynkow w catym procesie termomodernizacji
poczawszy od organizacji i finansow a takze obejmujacym elementy techniczne.

Cel posredni: Wiaczenie jakosci srodowiska wewnetrznego do zakresu giebokiej
termomodernizacji budynkow w celu promowania rozwigzan wspierajgcych komfort i
zdrowie oraz zapewnienia, ze termomodernizacje nie beda szkodliwe dla warunkow
srodowiska w pomieszczeniu.

Zrédto: EU Project — ALliance for Deep RENvation in Buildings, ALDREN (2017-2020)
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TUZIN PARAMETROW DO OCENY JAKOSCI

SRODOWISKA WEWNETRZNEGO

Parametr Pomiar Modelo- Inspekcja
wanie

Temperatura (°C)

A Poziom halasu (dB(A)) x

1 Stezenie CO, (ppm)
Wydatek wentylacji (L/s)
Stezenie formaldehyd (ug/m3)
Stezenie benzenu (ug/m3)
Poziom pylu PM, ¢ (ug/m?3)
Poziom Radonu (Bg/m?3)
Wilgotnosc wzgledna (%)
Widoczny poziom zagrzybienia (cm?) x

X XX X X X X X

=

Poziom swiatla dziennego (%) x
Natezenie oswietlenia (lux) x
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OKRESLAJACYCH TAIL

Parametry, ktore mozna zmieni¢ w procesie (glebokiej) termomodernizacji
budynkow, nawet przy braku dzialan w celu zmiany jakosci srodowiska
wewnetrznego.

Parametry, ktore sq zawarte w istniejagcych systemach certyfikacji budynkoéw
lub sg okreslone przez obecne normy (aby umozliwi¢ szybkie przyjecie
procedur opracowanych przez ALDREN).

Parametry, ktore mozna zmierzyc¢ lub modelowac (aby umozliwi¢ weryfikacje
TAIL).

Parametry, ktore dokumentowano ze maja wptyw na produktywnosc,
zdrowie, samopoczucie i komfort uzykownikow budynku (aby umozliwic
oszacowanie korzysci ekonomicznych).

Nie wybrano parametrow bezposrednio mierzacych komfort, dobre
samopoczucie, zdrowie lub wydajnos¢ np. Oceny subiektywne lub pomiary
reakcji fizjologicznych
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CERTYFIKATACH BUDYNKOW

& = @
N = < w & <
©o ] = w = & o g o
S > w (e} b = 2 < O
TAIL IEQ parameters & 3 = =z ) S O Z2 a 3
T |Indoor temperature (°C) X X X X X X X X X X
A |Noise level (dB(A)) X X X X X X X X
I |CO, (ppm) X X X X X X X
Ventilation rate (L/s) X X X X X X X X
Formaldehyde (ug/m?>) X X X X X X X X X
Benzene (pg/m3) X X X X X
PM, < (ug/m3) X X X X X
Radon (Bg/m3) X X X X X
Indoor air relative humidity (%) X X X X
Visible mould (cm?) X X
L ([Daylight factor (%) X X X X X X
llluminance (lux) X X X X X
Number of parameters 11 11 11 8 7 7 5 5 5 4 2 2
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KLASYFIKACJA PARAMETROW
WCHODZACYCH W SKLAD TAIL:
JAKOSC POWIETRZA WEWNETRZNEGO

Quality of indoor air quality Green Yellow Orange
(1)
Carbon dioxide =550 ppm < 800 ppm <1350 ppm
{concentration above
l:nul‘.ul:ll:nl::lr:i]l"2
Ventilation rate™’ =(10Lfs/p+ 20 =(7Ls/p+14L/simfloor)and <(10Lf =>(4L{s/p+0.8 L/s/m*floor) and <(7 Ljs/p + 1.4 L/
L/sfm*floor) 5/p + 2.0 Lfs/m*{loor) s/m*floor)
Relative humidity offices™®  =30%<50% > =25%<60%=>25% and <60% =20%-<70%=>20% and <60%
hotel rooms*** 30% and <50%
Visible mold™’ Mo visible Minor moisture damage, minor areas  Damaged interior structural component, larger
mould with visible mould [ <400 cm”) areas with visible mould (<2500 cm?®)
Benzene’ <2 pgjml =2 ugﬂ'ml no criteria
Formaldehyde’ <30 pg/m’ =30 pgfm’ no criteria
Particles P'M; 5 <10 pgfm] =10 pgfm’ no criteria
(gravimetric)’
Particles PM, - (optical)’ <10 pgfm:" =10 pgfm’ no criteria
Radon’™* <100 Bg/m”* =100 Bg/m’ no criteria




OCENA PARAMETROW

WCHODZACYCH W SKLAD TAIL

Temperatura
Wilgotnosc wzgledna
Co,

Halas

Formaldehyd
Benzen
PM, 5

Radon
Oswietlenie

Wydatek wentylacji

Plesn/grzyb

Swiatlo dzienne

Pomiar ciagly

Pomiar ciagly

Pomiar ciagly

Pomiar ciagly

ISO 16000-4:2011

ISO 16017-2:2003

EN 12341:2014

ISO 11665-8:2013

Pomiar chwilowy (punktowy)
Pomiar chwilowy (punktowy)
Inspekcja

EN 15193-1

Urzadzenie

Symulacja
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KLASYFIKACJA JAKOSCI KLIMATU
WEWNETRZNEGO PODCZAS UZYTKOWANIA

PRZED MODERNIZACIA PO MODERNIZACJU
po Budynek przed
‘ (termo-)
modernizacja
Temperatura . Temperatura
Halas Halas
co, co,
Wydatek wentylacji Wydatek wentylacji Budynek po

Formaldehyd

Formaldehyd

Benzen Benzen
Radon Radon

Wilgotnosc wzgledna
Plesn/grzyb
Oswietlenie

Swiatlo dzienne

Wilgotnosc wzgledna
Plesn/grzyb
Oswietlenie

Swiatlo dzienne

BUDYNKU

(termo-)
modernizacji
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wewnetrznego w oparciu o SYMULACIE

Cztery elementy: | 5 _ : | :
m Srodowisko cieplne (Thermal)
e Akustyka (Acoustic)
m Jakosc powietrza (IAQ)
m Oswietlenie (Light)

Sumaryczna jakosc klimatu
wewnetrznego:

= OO0OG

Zrédto: Wei et al. (2021)

ovation programme under the gr: reement number 839937



DZIESIEC PARAMETROW WCHO DZACYCH W

SKLAD TAIL DO OSZACOWANIA predicTAIL

Parametr Pomiar Modelo- Inspekcja
wanie

Temperatura (°C)

A Poziom halasu (dB(A)) x

| Stezenie 002 (ppm) x

Stezenie formaldehyd (ug/m3)
Stezenie benzenu (ug/m3)
Poziom pylu PM, ¢ (ug/m?3)
Poziom Radonu (Bg/m?3)
Wilgotnosc wzgledna (%)

X X X %X X

=

Poziom swiatla dziennego (%) x
Natezenie oswietlenia (lux)
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IDENTYCZNA KLASYFIKACIA PARAM ETROW

WCHODZACYCH W SKLAD predicTAIL JAK W
PRZYPADKU PARAMETROW OPISUJACYCH TAIL

Quality of indoor air quality  Green Yellow Orange Red

(1)

Carbon dioxide =550 ppm < 800 ppm <1350 ppm If other gquality levels
{concentration above cannot be achieved
outdoors)'

e e st S e T e S mmesm S e e

Relative humidity offices™®  =30&<50% > 25%<60%>25% dﬂd G0 =>20%-<70%>20% and < 60% If other quality levels
hotel rooms=*~ 30% and <50% cannot be achieved

Benzene' <2 ug/m” 2 pg/m no criteria =5 p,g;'l‘l'i:i

Formaldehyde’ <30 pg/m” 30 pugfm’ no criteria =100 pg/m”

Particles PM; 5 <10 pg/m” 10 pgfm’ no criteria =25 pgfm’
(gravimetric)’

Particles PM; 5 (optical)’ <10 pg/m’ 10 pgfm’ no criteria =25 pgfm’
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Badania pilotazowe

Scenariusze
Sytuacja bazowa Przed modernizacja
Modernizacja ENG#1 Termomodernizacja | (srednia osczednosc)
Modernizacja ENG#2 Termomodernizacja Il (wysoka oszczednosc)
Modernizacja IEQ#1 Poprawa klimatu wenetrznego | (wysoka)

Modernizacja IEQ#2 Poprawa klimatu wewnetrznego Il (srednia)

Programy symulacyjne

Zalozenia symulacji
» 1 rok kalendarzowy

TRNSYS P ACOUBAT » PredicTAIL obliczony przy uzyciu protokolu do
MATHIS-QAI ‘ PHANIE pomiaru TAIL




REZULTATY

PredicTAIL, SREDNIE WYNIKI PO JEDNOROCZNEJ SYMULACIJI
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SYTUACJA BAZOWA Modernizacja ENG#1 Modernizacja IEQ#1
Temperature Sound pressure Temperature \\Sound pressure Temperature Sound pressure
Relative Relative Relative )
humidity T\ 54 » ‘ humidity £ / humidity 7 . '
PM2.5 Illuminance PM2.5 :‘\ / luminance PM2.5 / / Iluminance
Formaldehyde < Formaldehyde - Formaldehyde ./~ -
. . Benzene ~,,  Daylight factor Benzene 5~ Daylight factor Benzene -,  Daylight factor
CcO2 ylig co2 yligl CcO2 yhg
Biurowiec
Sound Sound _— Sound
Temperature . pressure Temperature pressure Temperature _ pressure
\ ,,/ e
Relative Relative Relative |
humidity humidity ® humidity
PM2.5 "< / i ) PM2.5 PM2.5
Formaldehyde ) : " Tlluminance Forma]dehyde\ L "7_'/,// Illuminance Formaldehyde ” Iluminance
Benzene CO;Zri/ Benzene C02 ] Benzene COE"
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KLASYFIKACIJA JAKOSCI KLIMATU WEWNETRZNEGO
PODCZAS UZYTKOWANIA BUDYNKU I PODCZAS

OPRACOWANIA MODERNIZACII

TAIL

PRZED MODERNIZACIA
Temperatura .

Halas

co,

Wydatek wentylacji
Formaldehyd
Benzen

PM, 5

Radon

Wilgotnosc wzgledna

Plesn/grzyb
Oswietlenie

Swiatlo dzienne

PO MODERNIZACJU

Temperatura

Halas

co,

Wydatek wentylacji
Formaldehyd
Benzen

PM, 5

Radon

Wilgotnosc wzgledna
Plesn/grzyb
Oswietlenie

Swiatlo dzienne

Budynek przed
(termo-)
modernizacja

Budynek
podczas (termo-)
modernizacji

Budynek po
(termo-)
modernizacji

PredicTAIL

SYTUACJA BAZOWA

Temperatura
Halas

co,

Formaldehyd
Benzen
PM, 5

Radon

Wilgotnosc wzgledna

Oswietlenie

Swiatlo dzienne

MODERNIZACIA

Temperatura
Halas

co,

Formaldehyd
Benzen
PM, 5

Radon

Wilgotnosc wzgledna

Oswietlenie

Swiatlo dzienne
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WNIOSKI KONCOWE

m TAIL i PredicTAIL stanowia kompletne narzedzie
umozliwiajace klasyfikacje jakosci klimatu
wewnetrznego w budynkach.

m Oczekuje sie, ze TAIL i predicTAIL beda uznane
jako metoda standardowa do klasyfikacji klimatu
wewnetrznego.

m Oczekuje sie, ze dzieki TAIL i predicTAIL nastapi
porawa jakosci klimatu wewnetrznego w
budynkach.
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FAIRYTAIL (OPOWIESC O TAIL)

Zaproponowano sposob oceny jakosci srodowiska wewnetrznego i parametrow ja
okreslajacych.

TAIL - zintegrowany indeks opisujgcy jakosc srodowiska
wewnetrznego w biurach i hotelach poddawanych gtebokiej termomodernizacji- pozwala
na ocene jakosci srodowiska wewnetrznego przed i po termomodernizaciji.

Tail umozliwia porownanie budynkow w oparciu o klimat wewnetrzny.

TAIL integruje parametry okreslajace jakosc srodowiska wewnetrznego na podstawie
rzeczywistych pomiardw i wynikow pomiardw, nie w oparciu o przyznawane punkty.
Wszystkie parametry maja te sama wage.

TAIL uzupetnia istniejgce metody oceny jakosci srodowiska wewnetrznego i odnosi sie
bezposrednio do wymagan EPBD.

TAIL jest zgodny z glownymi certyfikatami budynkow, norma EN16798-1 i Level(s);
metoda raportowania dla zréwnowazonych budynkow.

TAIL wymaga weryfikaciji.
Zastosowanie TAIL moze byc poszerzone na budynki szkolne i mieszkalne, ale wymaga to
weryfikacji.

Mimo ze TAIL mozna postrzegac jako dos¢ prosty/skromny, oczekuje sie, ze zwiekszy
zainteresowanie jakoscia srodowiska wewnetrznego i jej poprawa.
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PERSPEKTYWY

m Weryfikacja i zastosowanie w duzej ilosci
budynkow.

m Rozszerzenie stosowania na budynki szkolne i
mieszkalne

m Stworzenie miernika TAIL

m Ocena ekonomiczna roznych klas TAIL

m Wprowadzenie nowych parametrow

m Rodzina TAIL: OccupanTAIL, ResilienTAIL, ...
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ARTICLE INFO ABSTRACT
Article history: To avold health rsks and discomfort, the European Energy Performance for Building Directive (EPED)
Rereived 14 Fehnuary 2021 mandates that “Member States should support energy perfomance upgrades of exsting bulldings that
Revised 7 April 2021 contribute to achieving a healthy indoor environment * There is, however. no widely accepted method
m;iﬁ;ﬂﬁ;lzm] for rating the overall level of indoor envirenmental quality (IEQ), although several different approaches
are proposed by st andands, gkdelines, and certification scheme< To fill this vold, a new classification rat-
" - ing scheme called TAIL was developed to rate IEQ in offices and hotels undergoing deep energy renova-
h”du'm‘ :m I quality thon during their normal use; the scheme & a part of t he energy certification method developed by the EU
— ALDREN project. The TAIL scheme standardizes rating of the quality of the thermal (T) environment,
Amemsment scheme acoustic (A) emvirenment, indoor air (1), and heminows (L) emdonmen © and by wsing these ratings, it pro-
Energy renavatian vides a rating of the overall level of IEQ, Twelve parameters are rated by measurements, mode ling, and
Public buildings observation to provide the input to the everall rating of IEQ, Their quality levels are determined primarily
wsing Standard EN-16798-1 ard World Health Organization (WHO) air quality guidelines and are
expressed by colours and Roman numerals to improve communicat kon. The TAIL rating was shown todis-
criminate |EQ levels when its feasibility was examined in eleven buiklings across Europe to provide sup-
port for its applicability and input for further modifications. Opport unities for wing the scheme in other
types of buildings and for its further development and application are discused.
@ 2021 Ekevier BEV. All rights reserved.
1. Introduction 2018 [10]. The main purpose of this Directive is to promote

improvements in the energy performance of buildings. This applies

ARTICLE INFO ABSTRACT

Article history: The recently developed TAIL rating scheme enables assessment of the changes in the | ndoor environmen-
Rereived 20 Augst 2021 tal quality (IEQ) asociated with a bulklings deep energy renovation (DER) and classification of the
Revised 2 October 2021 resulting quality levels of the thermal (T), acoustic (A} and luminous (visial) (L) environments and
Amrepted & anuary 2022

Available anfine 10 Janury 2122

Keywards:

B

A0

Temperature
Madeling
Renavation design
Indi ctor

indear air quality (11 Since the TAIL rating s primarily based on measurements, it cannat be determined
prior to renavation operations to belp design the 1EQ, To fill this gap, the PredicTAIL method was devel-
apad in the present study to predict the changes in ten of the rwelve TAIL parameters & a resul of DER
These parameters are indoor air temperature, relative humidity, sound pressure level, daylight factor,
illumin ance, and concen trations of carbon diedde, formalde hyd e, benzene, radon, and PMas; no predic-
tion is made for ventlation rate or mald. To examine the feasibility of the PredicTAIL method and the sen-
sitivity of the existing models for quant ifying changes in the TAIL parameters cormesponding to different
rendvation strategies, simulations were performed in a hotel and an office building using TRNSYS, IDA
ICE. ACDUBAT, MATHE-QAL and PHANIE. These maodeling tools were first benchmarked against the
TAIL parameters measured in the buildings before renovation. Once the agreement between measure-
ments and modeling was considered acceptable, four pragmatic rensvation scenanos were applied,
and their impact on the IEQ parameters was quantitatively madeled. The simulations showed that the
quality levels of the IEQ parameters were improved or unchanged for some parameters but degraded
for ofher parameters after DER The changes in the [EQ parameters and the TAIL rating depended on
the renovation seenarioes, suggesting that the PredicTAIL method & sufficiently sensitive to guide renova-
tion design.

& 2022 Ekevier BV, All rights reserved.

Several polides and actions have been put forward by the Euro-
pean Union (EU) to mitigate and reduce the impact of climate
change. One such action is the modernization and renovation of
the European building stock, which is responsible for 40% of enerzy
use and 36% of carbon dimdde (C0y) emissions | 14). The European
Commission created instruments to initiate changes in how build-
ings are constructed, operated, and maintained to achieve signifi-
cant reductions in energy use. The fmmework was established by
the Energy Perfformance of Building Directive (EPBD). which was
launched in 2003 |13], re-cast in 2010 [14], and amended in

* Carrespanding authar.
E-mail address: paw@hyg dtusdk (P Wargocki).

https: fdoiorg/ 101016 fenbuild 2021711029
O3 78-7 T8/@ 2021 Elsevier BV, All rights reserved._

bath to new construction and existing buildings, of which 25% are
commercial buildings, 75% are considered to be ineffident, and
about 35% are at least 50 years old

Despite these high ambitions and good intentions, the imple-
mentation of EPBD failed somewhat concerning renovation of the
existingbuilding stock. Renovation ratesthat followed EPBD recom-
mendations have not exceeded 1% to 2% |49 |, althoughitis estimated
that renovation accounts for 57% of all construction activity, and
many renovations do not reach the full amount of energy savings
that could be achiewed |41 |. Renovation rates following EPBD recom-
mendations should reach at least 3% to guamantee that minimum
energy reduction goals will be met [41 | One reason for this shortfall
could be that renovations, even those leading to reductions in energy

1. Introduction

The European Union (EU) put forward a series of directives
aimed at developing a sustainable, competitive, secure, and decar-
bonized energy system, providing objectives for reducing energy
consumption by 20% by 3020 and at least 40% by 2030 compared
with that in 1990 | 1-4]. Given that almost 50% of the ELl's final
energy consumption is used for heating and cooling, 805 of which

* Correspanding authar.
Email mlddreres: ween juan. weidcsth fr (W, Wil

hitps: Fdoiorg/ 101016 f =nbuild 202211183
O378-778E0m 2022 Flsevier LV, All rights reserved.

iz used in buildings 1], performing deep energy renovation ( DER)
to improve buildings' energy efficiency is a promising way to
achieve the EL's energy and climate goals. However, improved
insulation may impaose risks of higher indoor air humidity, higher
indoor pollutant concentrations and overheating, and installing a
heating, ventilation and air conditioning { HVAC) sy sterm may com-
promise the indoor acoustic environment |5). To account for the
influence of DER on the indoor envimnmental quality (IEQ]), the lat-
est amendment of the EU Directive on the energy performance of
buildings states that “the energy needs for space heating, space
cooling, domestic hot water, ventilation, lighting, and other techni-
cal building systems shall be caloulated in order to optimize health,
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Fourteen Green Buibding (GB) cemification schemes were reviewed o examine the parameters they used
o assess indoor environmental quality (IEQ)). Ninery different paramerers were idenified. They were clas-
sified inmo four major 1EQ) components defining the thermal, acoustic and visual emvironments, and indoor
air quality (IAQ) For the thermal environment, the most commonly used paramemers were PMV, PPD.
OO OPEfAtVvE TEMPErature, room &r temperature, room air relatve humidity, and air speed. For the
acoustic enwiranmen, the mast commonly used parameters were ambient noise and reverberation time.
For the visual environmens, the most commenly used parameters were illuminance level, daylight factor,
and spamal daylight auronomy. For 1A, the most commeanly used paramerers were venrilation rare [our-
door air supply rawe), TVOC, formaldebyde, ©0y, CO. PM ;. PM, s, @one, benzene. and radon. Credits are
used o rare the imporance of different paramerers for the overall level of 1EQ) in the reviewed schemes.
Using these credits and the figures published in peer-reviewed papers. it was found our thar the average
conmribution of the rhermal. acoustic, luminous ervironment and air quality paramerers o the overall
[E) raring of a building was respectively 27%, ITE, 22%, and 34% The present work can be regarded as a
reference for selecting parameters thar are commonly used o characrerize [EC).

© 2019 Eksevier BY. All rights reserved.

1. Introduction

harmonized procedures to overcome market barriers and support
deep building renovation operations.
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Green buikdings

Indoor air quality

Ener gy efficiency

Health

Valatile arganic compounds (VOCs)

Semi -valatile arganic compounds SV )

This paper investigates the concem that green bulldings may premate energy efficlency and other as-
pects of sustain ability, but not necessanly the health and well-being of oo upants through better in door
air quality (1AD). We ask ten questlons to explore 1AD challenges for green bulldings as well as oppor-
tunities to improve 14D within green bulldings and their programs. Our focus (s on 1AQ while recog-
nizing that many factors influence human health and the healthfulnes of 2 budlding. We begin with an
overview of green buildings, 1AQ, and whether and how green build ing certifications address 1AQ. Next,
we examine evidence on whether green buiidings have better 1AQ than comparable conventional
buildings. Then, we identify so-called green practices and green preducts that can have unintended and
unfavorable effects on 1AD, Looking ahead, we offer both immediate and lon ger-te m actions, and a set of
research questions, that can help green bulldings to more efectively promote 1AD, This article supporns a
growing recognition of the importance of 140 in green buildings, and the opportunites for improve-
ments. As the Word Green Bullding Council [95] and others have emphasized, people are the most
valuable asset of erganizations, and efforts to improve 1AD can improve health, well-belng, prod uctivity,

and profitabiling
& 207 The Authors Published by Eevier Lid This i an open access article under the OC BY license
(hirtp : ferea tivecsmmaons. ong [l censesby 4.0/ ).

1. Ten questions

LL What are green buildings?

programs. Manmy countries around the world have their own pro-
grams. Early certification schemes include the Building Research
Establishment Environmental Assessment Methodology (BREEAM)
in the United Kingdom in 90 [12], and Leadership in Energy and

The deep energy renovations of existing buildings in Europe
will have to be carried out at a much higher rate to decarbonize
European building stock in time to achieve the ambitious goals
for significant reductions in energy use that have now been set by
the European Commission. To this end, the European Commission
launched many projects that would provide tools, methods and
incentives for securing a higher rate of transformation of existing
building stock into one with low energy use. One of these projects
is the ALDREN project which was launched in Movember 2017, It
brought together several partners from different European Union
member states (http:/faldrenceuf). ALDREN stands for “Alliance
for Deep REMovation in buildings”. The primary aim of this
project was to extensively consolidate, promote, and implement

* Comesponding author.
E-moil peldress: pawi@by g drudie (P Wargnod),

hetps:/[dai.arg/ 10.1006]j=nkwild 2015, 1006583
OI7E-TTBE 2019 Elsevier BV. All rights reserved.

One important task within the scope of the ALDREN project
was to provide methods for determining whether deep energy
renovation has any effects on the health and well-being of building
occupants, One reason for this was to address one of the condi-
tions set by EFBD [1.2], which requires that building IEQ) should not
be degraded in the process of energy renovation, Specifically, EPBD
stipulates that “Member States should support energy performance
upgrades of existing buildings that contribute to achieving a healthy
indoor environment™ and that each long-term renovation strategy
shall encompass “an evidence-based estimate of expected emergy
savings and wider benefits such as those related to health, safety and
air guality”. The ALDREM project therefore planned to develop a
measurement protocol and a systematic method for rating 1EQ) that
could also be used to estimate any non-energy benefits associated
with improved |EQ) that can add financial value. To meet these
goals, the parameters that describe IEQ and their levels had to
be defined to serve as a verification tool that could be used to

In general “green buildings™ are structures designed to promote
efficient use of resources (eg., energy, water, and materials) and
sustaimability (eg. (93], and to reduce the adverse effects of
buildings on the envimnment). A commonly cited definidon of
green building is provided by the US Environmental Protection
Agency | 2B |- “Green building is the practice of oreating structures
and using processes that are environmentally responsible and
resoume-efficient throughout a building’s life-cyce from siting to
design, construction, operaton, maintenance, renovation and
deconstruction.”

In recent years, and mare spedfically, green buildings are typi-
cally defined and categorized by green building certification

* Comespanding author. Department of Infastrucure Enginssring, Melboume
Schoal of Enginesring, The University of Melbourne, Vidaris 3010 Australia.

E-mail addrecors: anne steinemann@unimeledusu (A Sbeinemann) powd
bygdiudk (P Wargacki). betrad rismanchi @unimelhedwau (B Rsmanchi )}

bty s doi orgf10.10716/} buildem 201 & 11.010

Environmental Design (LEED) in the United States in 1994 [E3].
Other major programs indude the Deutsche Gesellschaft for
nachhaltiges Bauen (DGMB) system in Germany | 26 |, Comprehen-
sive Assessment System for Built Environment Efficiency (CASBEE)
in Japan | 18], and the Green Star system in Australia |38] |47 ]

As of October 2016, over 145,000 green certification projects
have been completed around the world, using these and other
certification schemes |38 | Globally, the percentage of firms with
over 60 of their pmjects certified green is forecast to grow from
18% in 2016 to 37% by 2018, with a greater proportion from
developing markets [89].

Today, more than 31 green building certification programs and
55 schemes within those progmms (eg., for different types of
buildings} are used in over 30 countries amund the world, and
some programs (such as BREEAM and LEED] are used in multiple
countries |86 ] Other programs have emerged with goals to pro-
maote indoor air quality and ocoupant health, such as the WELL

(360132 37% 20717 The Authors. Published by Bsevier Ltd. This s an open amess article under the (C BY hoense { hitp:f foreativecommonsorgf osns ey /407
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