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Learning Objectives

e |dentify the impact of low ventilation rates on indoor air quality and
occupant health.

e Recognize key indoor pollutants, their sources, and their health impacts.

e Evaluate the role of ventilation systems, air purification tfechnologies, and
Innovative materials in improving indoor air quality.

e Assess the benefits of continuous ventilation, including the non-energy
benefits.

« Understand ongoing efforts to incorporate IAQ improvements info the
WAP cost-effectiveness test.
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Overview

Indoor air quality (IAQ) and health

- Importance of IAQ
- Common contaminants and health impacts

- Evaluation of ventilation effectiveness

- Analysis of local ventilation: Kitchen ventilation
- Kitchen ventilation vs bathroom exhaust
- Pollutant transport in a residential setting

- New fechnologies to improve IAQ
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Indoor air quality

- People spend around 90% of time indoors Carbon dioxde
- Exposure to indoor pollution: 3.2 million deaths/yr (globally) Resiisieiaizaeiaeisl=
- Mostly affected: children, women, and the elderly DUST

Environmental tobacco smoke

Parficulate matter

Nitrogen oxides

Indoor Air Polution Pesticides
Main Sources

7 Radon
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Second-hand  Cooking with Heating with Buildin Household : ; i
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Incomplete combustion of indoor solid
A R fuels: PM, UFP and BC SR e

source: https://doi.org/10.1016/j.coesh.2023.100449
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Indoor Air Quality and Health

Volatile organic compounds Particulate Matter Nitrogen Dioxide

« Significant asthma risk factors

Possible carcinogens
(benzene in particular),
irritants and toxicants.

Indoor and outdoor sources:

« Combustion and
evaporation, e.qg., cigarette
smoking, solvent-related
emissions, renovations,
household products and
pesticides

Complex mixture of organic
and inorganic chemicals

Different size fractions: PM10,
PM2.5 and Ultra Fine Particles

Asthma, COPD, lung function
and heart health risks

Indoor sources:

- Smoking, cooking, wood
stoves and furnaces,
cleaning, pets eftc.

Increased number of asthma
attacks and inhaler use, and
reduced lung capacity

Increased respiratory
symptoms and risk of
worsening COPD

Sources:

— Combustion produced by
motor vehicles, outdoor
sources involving
combustion,

- Gas appliances and
kerosene heaters



Factors affecting Indoor Air Quality

e Housing characteristics

e« Occupancy, activity patterns

e Seasonal and climatic influences

« Dwelling location

» Ventilation
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Respiratory Effects

Lung development “

Increased incidence of
lower respiratory  tract
infections, COPD, and
asthma (Raju et al., 2020,
Maung et al., 2022).

Lung function = <

Decrease associated with
SHS, emissions  from
heating  systems, and
cooking smoke (Tiotiu et
al., 2020).

Asthma and allergies

Increased risk of asthma and allergies
associated with early-life exposure to
NO2 from traffic emission during
pregnancy and early postnatal periods
(Lu et al., 2020).

Sleep quality

The mechanisms
explaining the effect of air
pollution are not fully
understood (Liu et al.,
2020).

Stunting

Increased risk of postnatal
stunting (Pun et al., 2021).

Birth outcomes

Small for gestational age, preterm birth,
stillbirth, neonatal mortality, and low birth
weight (Liu et al., 2021; Odo et al., 2021,
Younger et al., 2022).

Image source: https://doi.org/10.1016/j.coesh.2023.100449
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ASHRAE 62.2 Standard

o Adequate ventilation is crucial for
enhancing IAQ

* ASHRAE 62'2 AMNSI/ASHRAE Standard 62.2-2022

o « e . . o (Supersedes AMSIBSHRAE Sandard §2.2-2019)

— Qutlines minimum required ventilation icludos ANSHASHRAE addendaltod n Appendic &
rates ilati

Ventilation and

- Suggests using continuous running
exhaust fans to increase ventilation Acceptable

rate Indoor Air Quality in
Residential Buildings
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Kitchen Ventilation — Energy Perspective

e Calculation of a single-family by WAweb

ASHRAE Standard 62.2 Version: @ 2016 i 2019

Pre\Wx Target PostWax
Kitchen and Eath Exhaust Information
Weather State: MN Space ?ﬁ?ﬁf CFM | Deficit CFM | Deficit CFM | Deficit
Weather Station: Minngapolis St Paul IntL Arp
Bathroom 1 0 30 0 30 0 i
Floor Arez (sgft): 1000
Bathroom 2 [l 0 50 50 0 0 50
Infiliration Height (ft): |8
[] Bathroom 3
Number of Bedrooms: | 2 ] Bathroom 4
Number of Occupants: | 3 ] Bathroom 5
[T Use number of occupants for ventilation caloulation Kitchen 1 = 0 100 0 100 100 0
(i.e., If exception to ASHRAE 62.2 occupant density calculation applies)
[] Kitchen 2
Dwelling Unit Type: Detached » Blower Door Measurements
Air Leakage Rate (cfm): 3000 2160 1780
House Pressure Difference (P3): |5 50 50
Continuous Ventilation Meeded (cfm): 0.19 14.93 14.76
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Kitchen ventilation — [AQ Perspective

- Preference: capture cooking pollutants near the source

- Limitation: flow rate and parficle size can reduce performance

%NOAK RIDGE
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Case Studies: Cooking and Ventilation

e Single-story residential layout
- Cenfral living room
- Kitchen adjacent dining area
— Three bedrooms
- Two bathrooms

« Cooking activity measurements conducted at the UTest Housel!l

UTest House on the J. J. Pickle Research Campus of the University of Texas at Austint!!
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Kitfchen Exhaust Hood

« Use kitchen exhaust hood to keep short-term exposure within EPA’s

guidelines
PM2.5 Concentration Across Different Rooms PM2.5 Concentration in Kitchen
During 1-hour cooking without exhaust hood During 1-hour cooking without exhaust hood
600 600
Foods —— Breakfast
m 500 J [ | Br!.aakfast mE 500 - —— Chil
% e stir-Fry = —— Lasagna
3 B Chili < — Stir-Fry
S 400 1 B Lasagna § 4007 —— Toast
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Pollutant Movement in Residential Space (Bathroom

exhaust)

e Airborne pollutants from kitchen can

spread to other rooms

* Ventilation pathways can influence

pollutant distribution

Air flow paths with bathroom exhaust ventilation

| T X e[t e *
L —_—
Laundry )
room ‘ * ‘
1| Kitchen | élhr m

| Dining are AHU
Bathroom ——
© . [ . /
f

Closet OAS
® Master Living room
Bedroom
[ ]
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Impact of Cooking Duration on Air Quality

o Pollutant emissions rise almost linearly with cooking duration

« Pollutants accumulate between two cooking sessions

PM2.5 Concentration in Kitchen

PM2.5 Concentration in Kitchen With 3 meals per day

During 3-hours cooking without exhaust hood 1400
1400 —— Breakfast — Breakfast
" —— chili
1200 1 chil 12007 |asa
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— Stir-Fry — Str-Fry
1000 4 —— Toast 1000 { —— Toast
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Use Exhaust Hood During Cooking

e Exhaust pollutants directly by using the hood while cooking
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PM mass concentration, pg/m?

PM2.5 Concentration in Kitchen with Stir PM2.5
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Use Exhaust Hood While Cooking

e Exhaust pollutants directly by using the hood while cooking

« Airflow towards kitchen while cooking

SDPMZ'E Concentration in Kitchen and Dining Area with Stir PM2.5
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Continuous Exhaust for Improving Air Quality

o Keep kitchen exhaust running after cooking to maintain PM2.5 levels
within EPA standards

PM2.5 Concentration in Kitchen with Stir PM2.5

70
ventilation while not cooking
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Comparing Kitchen and Bathroom Ventilation Strategies

e Kitchen exhaust directs airflow away from frequently used rooms,
Minimizing contamination

Clean air

<= Polluted air

Air flow paths with kitchen exhaust ventilafion Air flow paths with bathroom exhaust ventilation
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cl 058 Close
i . i !

Bedroom 1
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Mitigating Air Quality Impact from Indoor Smoking

PM2.5 Concentration Across Different Rooms
Kitchen Hood vs. Bathroom Fan 1 hour after smoking

e Kitchen exhaust hood vs.
bathroom fan in controlling
PM2.5 concentration
across different rooms

Bl Kitchen hood
e Bathroom fan

2

PJ fd

= wn

() o
1 1

e Kitchen exhaust directs
airflow, reducing pollutant
spread to frequent
occupied rooms

150 -

100 -

PM mass concentration, Iugfm3

S

Kitchen
Dining area
Living room
Bedroom 1 -
Bedroom 2 4
Bathroom 1
Bathroom 2

Master Bedroom
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Indoor Infection Risk Conftrol Strategies

Infection risk DV+Partitions
Cost reduction %) S
1 i
= 00% OA
75
High a0 oV Double supply air
25
P R, Air cleaner HEPA filter
UVGI
Medium Partitions

Mask (surgical)
20% Occupancy

Low & zero Mask (cloth)

Breathing zone Personal scale Room scale Building scale
Scale

Infection risk reduction potentials and costs of control strategies in different scales [2]
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Metal-Organic-Framework (MOF) Material

EFE

.-., . ki m-,_,_.r =
Adsorption chiller Large

‘-1
P

Air purification

Raﬁunal\ )
design A5
>7000 m?/g —_
Surface
area
Moisture regulation Atmosphere water harvesting

Image source: https://annex92.iea-ebc.org/
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Conclusion

 Operate the exhaust fan continuously to enhance ventilation

e Use kitfchen exhaust hood while cooking:
— Directly remove cooking pollutants
— Redirect airflow to less-occupied areas
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Thank you for your attention!

Q&A

Contact us:
e Bill Eckman, eckmanwe@ornl.gov
» Zhenlei Liv, liuz@ornl.gov

« Easwaran Krishnan, krishnanen@ornl.gov
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