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Problem definition & scientific objectives

* |AQ, a subset of IEQ * Climate Change
Temporal nature (10-30 years)
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Problem definition & scientific objectives

Climatological Effect
* Expected impacts

Indoor Environmental Effect

Qualitative Outdoor temperature rise &
Extreme heat waves

Indoor temperature rises,

Increased use of air conditioning,

Potential for increased off-gassing of VOCs,
Inability of air conditioning to condition indoor air,
Extreme heat stress.

Increased outdoor pollution

Increased PM & O; come indoors, etc.
O, can induce byproducts (indoor chemistry).

Increased mean outdoor humidity
&
Extreme precipitation episodes

indoor RH,
Indoor condensation, and mold growth,
Damp conditions, building damage.

Pressure to reduce energy use
to lower GHG (reduced air ventilation)

—
—
—

All existing indoor pollutantsrise in inverse proportion
to reduced ventilation.

Ref: IOM: Institute of Medicine. 2011. Climate Change, the Indoor Environment, and Health. https://doi.org/10.17226/13115.

15t comprehensive qualitative analysis:

by Prof. Nazzarof. 2013: Nazaroff, W. W. (2013). Exploring the consequences of climate change for indoor air quality, _ .

https://doi.org/10.1088/1748-9326/8/1/015022
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Background & limitations of current approaches

x Common methodological limitations can be summarized as :

In the context of Climate Change;

Not considering IAQ as a “Dynamic System” interacting with the “Outdoor Environment”
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Background & limitations of current approaches

O
Quantitative assessments of IAQ (as a system EI}EI ) under future climate scenarios:
O
AO ate
ANOR\Y[e]e[c e atlo Alr Po 0 Bullding O DA Po
ale O
Taylor et al.
2015 EnergyPlus N UKCP 09 - v v PM, - (1)
Ilacc2|tsil7et al. single-zone mass balance - IPCC*A2 - - Rn, PM;, PM, c, O, Carbonyl, NO,, HNO, (1)
Chang et al. IPCC ,
- v v
2018 mass balance N+V RCP 8 KPOP-CC Formaldéhyde (1))
Salthammer et . IPCC
al. 2018 single-zone mass balance - RCP 8 - - - PM, s, PMy, (1)
Fazli et al. 2021 single-zone mass balance N+V ;i;cg CMAQ v - PM(]), PM,5(1), NO,(1), O5(1), VOC(1), Aldehyde(?)
Pourkiaei et al. multizone mass balance IPCC :
2024 CONTAM N+V SSP 2,3'5 CNN-BILSTM + + CO(C)’ PM2.5’ PMlO (lT)l NOZ(T)! NO(l), O3(T)’ VOC(-)
. ) IPCC i i O, Limonene(T])
Zhao et al. 2024 single-zone mass balance SSP125 (24 hn)
“until Q2-2024”



https://doi.org/10.1177/0143624414566474
https://doi.org/10.1038/jes.2015.38
https://doi.org/10.1016/j.buildenv.2018.07.009
https://doi.org/10.1016/j.buildenv.2018.07.050
https://doi.org/10.1021/acs.est.0c06308
https://doi.org/10.1016/j.jobe.2024.109611
https://doi.org/10.1016/j.envres.2023.117804

Methods (OCCuPANt)

Systematic Framework (the overall view)

Section I: JAQ measurement campaigns (identify building characteristics, IAQ performance)

Section II: IAQ model design (4 methods, identify characterized model inputs, validation & calibration)

Section III: Future [AQ state evaluation (identify characterized model inputs based on future scenarios)

Case Study Data pre-processing Simulation

Dynamic inputs
* JAQ parameters (by experiments): 4\ CONTAM

(7 pollutant concentrations. T, P, RH, indoor/outdoor) III. - - Multizone Airflow and Contaminant
Transport Analysis Software

* Occupancy pattern: M AlI AB'
(3 houses, in which the selected case study has 3 inhabitants) -
» Ventilation operation (2 strategies) v Validation ASTM-D5157 Multi-zone IAQ modeling

» Emission sources (by literature & experiments) —
¢ Outdoor weather data

Fixed input parameters Calibrated emission rates

Envelop characteristics (6 types)
Floor plan

Dynamic Future inputs /i Future inputs Calibrated Future JAQ
Future climate data (3 scenarios) il — IA

model
Future outdoor air pollution data (3 scenarios) Q prediction
Future building retrofits (1 scenario) +

LLESH
.
il

Decision Supporting Tool



O; Indoor

Results "

CONTAM (IAQ modeling) results with future inputs: 160 — — —
v" |AQ Basis Model: 2021

140 —

120

v Ventilation: Naturally Ventilated Case Study + Exhaust Fans

100

3
v' Future Climate: MAR Model (5km x 5km) ?
v Future Outdoor Air Pollution: 1D-CNN-BILSTM RNN “0
v" Future Indoor Climate: I/O .
12000-2020 ©150's SSP2 E50's SSP3 E50's SSPS H100's SSP2 m100's SSP3 m100's SSP5
v Future Natural AER: CONTAM o

120

100
= 80
2 60
v" Future Building Characteristics: Kept Fixed . -
’ Min Q1 Median Q3 Max Mean

2000-2020 50's SSP2 ®m50's SSP3 m50'sSSPS w100's SSP2 m100's SSP3  m100's SSPS

iv)

v Future Indoor Activities and Emission/Sinks: Kept Fixed


https://doi.org/10.5194/essd-14-3039-2022

Results
Climate Change-IAQ Index (CAPI)

“CC-Affected Poor IAQ” Ratio = (

Days with "CC-Correlated" Poor IAQ

Days with CC Events )
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Future CAPIl temporal projections viaSSP 2, 3,5
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Summary and Conclusions

v Region Specific Problem

v Approach Optimality and Time Efficiency

» OCCuPANTt Project

» LCS (Design & Develop by SAM Laboratory)

» CONTAM Application for IAQ Modeling

» Al Application for Future Outdoor Air Pollution Prediction

v Decision-making Support Tool (CAPI)
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https://www.occupant.uliege.be/
https://www.labo-sam.uliege.be/
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Low-Cost Air Quality Sensors For IAQ Experiments
SAM LAB-made OCTs:

Alphasense Electrochemical B4

co 2-1000 ppm (%2)
NO 2-20 ppm (%2) Alphasense Electrochemical B4
NO, 2-20 ppm (x2) Alphasense Electrochemical B43F .
D, 1-20 ppm (£2) Alphasense Electrochemical OX-B431 2’9:3—8435,5;3";)
PM, 5 0-1000 pg/m3(x10) Light scattering Sensirion SPS30 UTaT3048 2278972020
PM,, 0-1000 pg/m3(+£25) Light scattering Sensirion SPS30
VOC 0.5 ppb - 2 ppm Photoionization detector AMETEK MOCON (Blue)
i -40to0 85 °C Bosch BME280
RH 0 - 100% Bosch BME280
P 300 — 1100 hPa Bosch BME280
PM & Gas sesnors:
400 mV to 3.37 V 1.7Vto36V 0.045-25V
106eV
Q) Sxnmersty y No::*;;zfé'a e Ve
Ww.alphasense cO™ — 5

) CO0-B4 9999
Yoo, alphasense.co™

Malpmsnnu ¢°'"
NO2-B43F 0OX-B431




Open Access References:

Thesis: https://hdl.handle.net/2268/322013

Paper: https://hdl.handle.net/2268/318033
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Thank You For Your Attention
Any Question and Suggestions?

Mohsen Pourkiaei mohsen.pourkiaei@mu.ie
PhD in Environmental Science, ULiege
Post-doc Rsch Assoc, Department of Physics, MU-NUIM
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