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IAQ Building

Outdoor Meteorology

Outdoor Air Pollution

●  Climate Change
 Temporal nature (10-30 years)

●  IAQ, a subset of IEQ
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●  Expected impacts

Qualitative

Quantitative?

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

1st 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

https://doi.org/10.17226/13115
https://doi.org/10.1088/1748-9326/8/1/015022


Background & limitations of current approaches

5

 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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General IAQ Dynamic System
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Quantitative assessments of IAQ (as a system                ) under future climate scenarios:

IAQ-CC

Studies
IAQ Model Ventilation 

Climate 

Scenario
Air Pollution Building Occupant Pollutants

Taylor et al. 

2015
EnergyPlus N UKCP 09 - ✓ ✓ PM2.5 (↑)

Ilacqua et al. 

2017
single-zone mass balance - IPCC* A 2 - - - Rn, PM1, PM2.5, O3, Carbonyl, NO2, HNO3 (↑↓)

Chang et al. 

2018
mass balance N+V

IPCC

RCP 8
KPOP-CC ✓ ✓ Formaldéhyde (↑↓)

Salthammer et 

al. 2018
single-zone mass balance -

IPCC

RCP 8
- - - PM2.5, PM10 (↓)

Fazli et al. 2021 single-zone mass balance N+V
IPCC

RCP 8
CMAQ ✓ - PM1(↓), PM2,5(↓), NO2(↓), O3(↑), VOC(↑), Aldehyde(↑)

Pourkiaei et al. 

2024

multizone mass balance

CONTAM
N+V

IPCC

SSP 2,3,5
CNN-BiLSTM + + CO(c), PM2.5, PM10 (↓↑), NO2(↑), NO(↓), O3(↑), VOC(-)

Zhao et al. 2024 single-zone mass balance -
IPCC

SSP 1,2,5
⁓ - -

O3, Limonene(↑↓)

(24 hr)

“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
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+

Decision Supporting Tool



Results
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CONTAM (IAQ modeling) results with future inputs:

✓ IAQ Basis Model: 2021

✓ Ventilation: Naturally Ventilated Case Study + Exhaust Fans

✓ Future Climate: MAR Model (5km x 5km)

✓ Future Outdoor Air Pollution: 1D-CNN-BiLSTM RNN

✓ Future Indoor Climate: I/O

✓ Future Natural AER: CONTAM

✓ Future Building Characteristics: Kept Fixed

✓ Future Indoor Activities and Emission/Sinks: Kept Fixed

https://doi.org/10.5194/essd-14-3039-2022
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Climate Change-IAQ Index (CAPI) “CC-Affected Poor IAQ” Ratio = (
Days with "CC−Correlated" Poor IAQ

Days with CC Events
)        [0,1]

Future CAPI temporal projections via SSP 2, 3, 5

Actual Prediction



Summary and Conclusions
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✓Region Specific Problem

✓ Approach Optimality and Time Efficiency

✓Decision-making Support Tool (CAPI)

➢ OCCuPANt Project
➢ LCS (Design & Develop by SAM Laboratory)
➢ CONTAM Application for IAQ Modeling
➢ AI Application for Future Outdoor Air Pollution Prediction

https://www.occupant.uliege.be/
https://www.labo-sam.uliege.be/
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