Perceived Indoor Environmental Quality and Health

Energy Efficiency Financing for Buildings hosting Vulnerable Citizen Groups
Friday, December 8th, 2023
Royal Olympic Hotel, Athens, Greece

Giota Touloumi, Professor of Biostatistics & Epidemiology, Medical School, NKUA

Ourania Konstanti, Laboratory Teaching Staff , Cell Biology & Bioinformatics,

Department of Biology, NKUA




Environment International 143 (2020) 105974

Contents lists available at ScienceDirect

Environment International

journal homepage: www.elsevier.com/locate/envint

Review article

Long-term exposure to PM and all-cause and cause-specific mortality: A
systematic review and meta-analysis

Jie Chen”, Gerard Hoek

Institute for Risk Assessment Sciences, Utrecht University, the Netherlands

Environment International 146 (2021) 106249

Environment International 179 (2023) 108136

Contents lists available at ScienceDirect

Environment International

ELSEVIER journal homepage: www.elsevier.com/locate/envint

Full length article

|
Mixtures of long-term exposure to ambient air pollution, built environment /%

and temperature and stroke incidence across Europe

Jeroen de Bont™ ', Regina Pickford ™', Christofer Astrém ¢, Fabian Coloma **",
Konstantina Dimakopoulou ?, Kees de Hoogh ™', Dorina Ibi’, Klea Katsouyanni ® "',

Frik Melén™, Federica Nobile”, Goran Pershagen®, Asa Persson?, Evangelia Samoli ¢,
Massimo Stafoggia “”, Cathryn Tonne “*’, Jelle Vlaanderen', Kathrin Wolf", Roel Vermeulen’,

Annette Peters ", Petter Ljungman *‘”

Contents lists available at ScienceDirect

Environment International

Bty

ELSEVIER journal homepage: www.elsevier.com/locate/envint

Long-term low-level ambient air pollution exposure and risk of lung cancer

— A pooled analysis of 7 European cohorts

Environmental Pollution 292 (2022) 118372

Contents lists available at ScienceDirect

Environmental Pollution

G

ELSEVIE

R journal homepage: www.elsevier.com/locate/envpol

Investigating the association between long-term exposure to air pollution
and greenness with mortality from neurological, cardio-metabolic and
chronic obstructive pulmonary diseases in Greece™

causes about 3 million premature deaths a year

Maria-losifina Kasdagli®, Klea Katsouyanni ", Kees de Hoogh ““, Pagona Lagiou >°,

The World Health Organization estimates that globally air pollution Evangelia samoli




Ex
ass

Pierre |
Hans C
Shilpa

Netwa

—

Northern Western Eastern Southern
4 - N " N - L - hl
i i Age group (years)
i | 20-45 ® 45-65 ® 65-75 @75-85 @ =35
@ 2:0 | | i
: | ; |
E | | I
. | | |
23 15 ; i i | F #ﬁ ﬁ
< Y : : |
e + / / ﬁgﬁﬁ ﬁ ﬁﬂ
PN | S N S (- I i S0, S L A LIS S
'1 E— |
, 20- | | |
2 | | |
c | | i
L l l 1
o I I 1
E D i i i
2 s | w | | HW W
m C= 1 1 1
e U I I I
25 | | * ! W W
- o
g = % k w i W + E
oL AT R L A S G L S
{\I{\I'I{\lfa.l\.f,l@lolqllfa.ls,ls,lg)l{\l I{\i"a-lqe,l‘ﬂ.l.;\I‘K.I"a-;\ql'a-lﬂalsz,l'a-l{\l'}lb.l
S &F L F TR E A O &K o AU - S DS D
E N P T @ T FE AR a‘b‘éo F P @ W TS %§4§‘“ F T
& s o N N+ & & NG )
R S ¥ & A % ¢
A"

Figure 2: Cold (first percentile of temperature, in blue) and heat (99th percentile of temperature, in red) relative risks in capital cities for five age groups
Relative risks are nredicted at the averaane aae of death for each aroun. Senarations corresnond to the MA4Q reaion classification.
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Figure 1: Change in days of heatwave exposure relative to the 1986-2005 baseline in people older than
65 years
The dotted line at O represents baseline.

3500004

»

£ 300000

)

=

= —

£ 250000+

= _

2 200000 [

= — - 1

5 _

£ 1500004 [T L

R S S R A g S S AP S NPT S

Sy T oty ety Sy oyt Ay A

@ﬁx@ﬁ'@x@@a'@am@x@x@@aﬁafﬁ'EJ*F*F"E‘*F*F'EJ*F'P

Year

Figure 2: Global heat-related mortality for populations older than 65 years
The error bars were calculated on the basis of the uncertainty range of the exposure-response function, as described
by Honda and colleagues.®




The climate and health benefits from intensive building
energy efficiency improvements

Kenneth T. GiIIingham1'2*, Pei Huang1'2'3, Colby Buehler4'2, Jordan Peccia®, Drew R. Gentner®

2

Intensive building energy efficiency improvements can reduce emissions from energy use, improving outdoor
air quality and human health, but may also affect ventilation and indoor air quality. This study examines the
effects of highly ambitious, vet feasible, building enerqy efficiency upgrades in the United States. Our energy
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Energy Performance of Buildings
Directive (EPBD, 2018/844)

INCLUDE MEASURES
PROMOTING IEQ IN
LONG-TERM RENOVATION
STRATEGIES

ENSURE COMPREHENSIVE
QUALITY CONTROL
MEASURES TO HELP

ACHIEVE A SATISFACTORY

IEQ

INTEGRATE IEQ IN
ENERGY PERFORMANCE
CERTIFICATES (EPCs)

REFORM THE COST-
OPTIMAL METHODOLOGY
AND INCLUDE PARAMETERS
TO EVALUATE THE IMPACTS
ON IEQ

WHICH IEQ INDICATORS CAN BE INTEGRATED IN EPCS?

Indoor Environmental Quality parameters
How they affect us?

Since there is no single performance indicator for IEQ, EPCs should evaluate and
set levels for the main categories

INDOOR AIR

=

—
D ACOUSTICS

THERMAL
COMFORT

844

Image source: shorturl.at/ouxH7

This evaluation can be grounded in evidence-based indicators that can
originate from:

a) comparing actual IEQ values to recommended guidelines (design criteria),
b) calculations,

c) measurements and

d) guestionnaire surveys (EN15251:2007)-.
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Thermal Comfort Metrics Thermal Comfort : refers to the individuals’ 'L:m::uey‘fu"
* acceptability of the thermal perception of the thermal environment; they should e the it of
environment over a six-point scale that feelneither too hot nor too cold Q Cateing a cold

goes from “Clearly Acceptable” to “Clearly
Not Acceptable”;

Dry and
By Itchy skin

Damaging your
house's wood,
siding, or paint

* thermal sensation over a 7-point Likert
scale

« thermal preference: “Warmer”, “No

” [11

change”, “Cooler”

* general assessment of the thermal Nl
comfort over a six-point scale going from &
“Very Comfortable” to “Very not
Comfortable”

1 MET = 60 W/m?

estill or stagnant air with
artificially heating may
cause people to feel
stuffy.
ephysical activity also
increases air movement
esmall air movements in
cool or cold environments
may be perceived as a

. . . draught
* a probing list of possible source of
discomfort (eg ail‘ movements too h|gh, P 23°C ambient temperature
incoming sun, not adequate temperature ‘ HUMAN ()
settings, etc.); i ‘ COMFORT @
e qli s ~
a I|§t of the part of the body they mostly ol
feel in discomfort. temperature
45°C ambient temperature
ExcEED: European Energy Efficient building district :
Database: from data to information to knowledge ' e
When you are in this space, how do you generally feel?
{ A N
;if (Covaion) 31 sk
temperature

nfortable

comfortable r

ymfortable

Very not comfortable



Indoor Air Quality Metrics

Acceptance of the indoor air quality is
asked using a six-point scale.
Evaluation of three statements on

characterisation of the indoor air: “Air is

”, M,k

stuffy/stale”; “Air is not clean”; “Air has a

bad smell”.

“Not a problem”, “Minor Problem” and

“‘Major Problem”

EN 16798-1: Energy Performance of Buildings — Part 1: Indoor
environmental input parameters for design and assessment of
energy performance

of buildings addressing indoor air quality, thermal environment,
lighting and acoustics
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&
cd=&ved=2ahUKEwiLhMeWwv2CAxWZQfEDHY7uBFMQFnoECDMQ
AQ&url=https%3A%2F%2Fwww.bpie.eu%2Fwp-
content%2Fuploads%2F2019%2F06%2FPolicy-paper_IEQ-
_Final.pdf&usg=A0vVaw2PJ9Zz1AqOhDqT77RrAZno&opi=89978449

Indoor Air QualityComfort: refers to the air quality within buildings and structures. A

space with good indoor air quality is low in contaminants and odours and has reasonable levels of CO2
and moisture. The restriction and control of indoor air pollutant sources, in combination with adequate
ventilation, are critical in ensuring good indoor air quality

Carbon dioxide (CO2), Carbon monoxide (CO),
Particulate Matter (PM), Formaldehyde (CH20),
Ozone (03), NO2, TVOC, SO2, Total Microbial Count
(bacterial, fungal can causse cryptosporidiosis,
allergies etc.) . EYES
Dryness, itching/stinging, tearing, redness.

Indoor Air Pollutants UPPER RESPIRATORY TRACT

; (nose and throat)
Particulates . voc' VOC's, ayi)e . .
Ot Bioaerosols 1 s Particulates, Dryness, itching/stinging, nasal congestion,

e P:,::“;?.I:’?{:‘é':&’ Blcedioacls Ozone nasal drip, sneezing, nose bleed, throat pain.
LUNGS

(Chest tightness, drowning

sensation, wheezing, dry
/ P cough, bronchitis.

SKIN
Redness, dryness, general and J
localized itchiness.

GENERAL

Headache, weakness, drowsiness/lethargy,
difficulty concentrating, irritability, anxiety, ‘
nausea, dizziness.

MOST COMMON ILLNESSES:
Carbon Bioaerosols Bioaerosols

monoxide i Perfume HYPERSENSTIVITY
R I o paHs Body odours Hypersensitivity pneumonitis, humidifier fever, asthma, thiniis, dermafitis.
Carbon monoxide O_zono INFECTIONS
Detene Boloaod Legionellosis (Legionnaire’s disease), Pontiac fever, tuberculosis, common cold, flu.
OF unknown chemical or physical origins, including cancer.

Figure 1 Primary sources of indoor air pollution

Image source: http://www.ilocis.org/documents/chpt44e.htm
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Visual Comfort Metrics

users’ satisfaction: is assessed by

means of two simple questions:

* During daytime are you satisfied

with the level of natural lighting?

* Are you satisfied with the overall
lighting level in the space? (please

consider both electric and natural)

During daytime, are you satisfied with the level of natural
lighting?

Very satisfied
Satisfied

Slightly satisfied

Meither satisfied nor dissatisfied

Visual Comfort / Daylight and artificial lighting

Light affects the human body in two ways:
* Directly, in the form of affecting what and how well we are able to see;
* Indirectly, in the form of effects on our mood, alertness, behaviour, productivity,

digestion, sleep and even hormonal balance

Adjustable workspace lighting
Dynamic changes in lighting levels
Dynamic changes in color temperature
Individually controlled atmosphere

FUNCTIONAL Optimal workspace lighting

COMFORT Optimal color temperature
i Comfortable atmosphere

PHYSICAL Good workspace lighting
COMFORT according to existing guidelines
: Neutral atmosphere

OCCUPANT SATISFACTION AND WELL-BEING

Slightly dissatisfied + - e — — — — — — — —

Dissatisfied

Very dissatisfied

Insufficient lighting
Glare and high contr

Image source: shorturl.at/cluNS



Acoustics Comfort: includes the capacity to protect building occupants from noise

Acoustics Comfort Metrics

One direct question about acoustic and provide a suitable acoustic environment to fulfil the purposes that the building

satisfaction, with a 7-point scale, is is designed for.
proposed.

Being exposed to noisy conditions for
In case of expressed dissatisfaction e the long term can lead to:

because of noises, a follow-up question :
mental fatigue,

suggests a list of possible source of

dissatisfaction among which to choose. stressful conditions

sleep disorder and

inability to focus.

You said that you are dissatisfied with the noise level. Which of the following contribute to this problem?
(possible multiple choice)

People talking

People talking in neighboring areas Do you suffer these symptoms when staying in this building?

Excessive ect f voices or othe d . .
xcessive echoing of voices or other soun Does the symptom disappear in fow

Equipment noise Frequeney hours after leaving the building?
Lighting noise Sjmptoms o
Mec ises| ling, ventilation systems) Letharg‘-,'
O:k w Loss of concentration o . .
o Nausea and dizziness Sl C k B U I I d I n g Syn d rO m e
Headache
0% | Back | ‘ Save | | Next | Hoarseness,wheezing

and itching
Skin rash

Eye irritation

:

Nose irritation

PHEHDENENHREDE | Back H Save \




Energy Performance of Buildings Directive (EPBD, REFORM THE COST-OPTIMAL METHODOLOGY
2018/844)

Figurs & - Quantified benefits of Improved IEQ in haspitals (Source BPIE 201E, [20])
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Effective operation of buildings Figura 7 - Quantifiod Impacts of improwed IEQ in schools, offices and haspitals (Source: BPIE 2018, (210

Monitoring of IEQ parameters can ensure that
building occupants have access to healthier
buildings.
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Indoor Environmental Quality of
Residential Elderly Care Facilities in
Northeast China

Mgyl Mu® and Nan Kang™
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The indoor envirenmentsl quality is based on the indoor environmental performance of
buidings, such s ar temperature, ighting, and acoustics. These perameters have a
spedfic impect on users’ heslth and experience. This study explores the relationship
between the indoor environment of residential eldarly care fadiities in cold regions and
the sersitiity of the edary to these faciities with the aim of improving the elderty care
ervironment. This study measured the acoustic, lighting, and thermal enwironment in four
residentisl elderly care facilties in Mortheast China in spring, summer, autumn, and winter
through a participant survey. In the residential elderty care faciities surveyed in this study,
brightnees and dluminance show 2 noninear relationship with ghting evalustion. With
an increase in brightness and iluminance, the satisfaction of the Bghting envircnment in
diffenant sessons first ncresses and then decreases. The relative humidty of the difierent
types of rooms varies greatly in spring and less in winter. The aversge arr quslity score
of the bedroom is higher than that of the activity room. The comelation between odar
assessment and overal indoor emvronmental quality is very poor. The results of the
questiornaire survey indicate that the participants were safisfied with the faciities” overall
indoor enwironments quality. This quality is affected by physical, environments, and
demaographic factors. This study provides & reference for the design of other residential
eldarly care faciities.
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How indoor environmental quality
affects occupants’ cognitive functions: A
systematic review

Chao Wang °, Fan Zhang ®, Julian Wang °, James K. Doyle ®, Peter A. Hancock ¢,
Cheuk Ming Mak %, Shichao Liu® 2, =

Show more ~

+ Addto Mendeley < Share %3 Cite

https:/fdoi.crgf10.1016/j.buildenv.2021.107647 A

Get rights and content 2

Abstract

Cognitive functions refer to the set of brain-based skills to execute tasks of various

difficulty levels. As people spend substantial time indoors, the indoor

g : i
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Indoor Environmental Quality

Lghtng

Indoor Environmental Quality in Residential Care Facilities: A
Scoping Review with Design Focus

Arzu CILASUN KUNDURACI *® | selin GULEROGLU 2® | Zeynep SEVINC KARCI 2@

‘ORCID 1: 0000-0002-6505-9738
‘ORCID 2: 0000-0002-7070-9360
ORCID 3: 0000-0003-3579-1351
* yasar University, Faculty of Architecture, Department of Architecture, 35100, izmir, Tirkiye.
2 Yasar University, Faculty of Architecture, Department of Interior Architecture and Environmental
Design, 35100, izmir, Tarkiye.
* e-mail: arzu.cilasun@yasar. edu.tr

Elderly adults experience physical and cognitive deterioration, which makes them more dependent on others for
their daily needs. It is not always possible to provide adequate care in their own homes, emphasizing the crucial
need for qualified residential care facilities (RCFs). Given that elderly spend most of their time indoors, it's crucial
to provide a good indoor environment quality (IEQ) at RCF. Using the PRISMA scoping review approach, this study
seeks to review the body of knowledge about IEQ elements of RCFs. A keyword search yielded 1044 possible
papers; however, after removing irrelevant articles and duplications, only 94 papers remained to be reviewed. A
snowball search was used to add 32 papers, and finally 126 papers were included in this paper.

Keywords: Design for elderly, elderly care, indoor environmental comfort, indoor environmental quality,
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Elderly people are more susceptible to IEQ

* Respiratory Issues and allergies linked to indoor air pollutants

e Cardiovascular health risks associated with poor indoor air quality

* Impact on cognitive function and neurological health in the elderly

* Age-related changes in respiratory and immune systems

* Reduced lung capacity, weakened immune responses, and decreased ability to clear
toxins from the body

* Pre-existing Health Conditions and their Influence on susceptibility

HEALTH & WELL BEING IMPROVEMENTS

| Improve air quality and reduce heat island effect H Reduce the incidence of disease | | Increase the level of physical activities |

| Improve immunity and extend life axpectancy | Help post-operative racovery Reduce mortality

| Allergy 1o airbome polléen ] Adverse effects of Ozone on human candiovascular & respiratory systems
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