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Learning Objectives

. Undtglrsitand the impact of various design and operating parameters on the performance of residential kitchen
ventilation

Learn how mass balance approach can be employed in the parametric analysis of kitchen ventilation

Understand the impact of exhaust flow rates on the performance of residential kitchen ventilation.

Learn how to employ CFD analysis to optimize the performance of kitchen ventilation

Understand the three changes to range hood metrics that are in process

Know when these objectives will be published by ASHRAE

Understand the role energy source has on cooking and indoor air quality

The issues that need to addressed concerning cooking and IAQ

Provide an overview about the recent studies and development on kitchen ventilation device performance

Get a view about the remaining question about kitchen ventilation design and rating
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* Review studies of intrinsic kitchen ventilation product performance, including under controlled
laboratory conditions and measurements of devices as installed in homes. Intrinsic performance
parameters include airflow, sound level, and contaminant capture etficiency.

e Summarize measurement- and model-based studies of kitchen ventilation effectiveness in
reducing pollutant concentrations for North American homes.

* Summarize results from several large surveys which aimed to quantify both the actual usage
patterns of kitchen exhaust ventilation in occupied homes and the factors that impact usage



Both cooking & burners are sources

Formaldehyde

Ultrafine particles

PM, ; Ultrafine particles
Formaldehyde, Acrolein, PAH, etc.

Gas cooking, NO, associated w/asthma &
COPD symptoms.

PM, . at levels produced by cooking has
cardiovascular and respiratory impacts.

Induction burners appear to emit many fewer ultrafine particles (and no NOy)



Recent in-home data affirmed acute PM2.5 and

NO, concerns
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Data from occupied homes shows that gas

cooking yields higher NO,, NO,, & CO

* Mailed samplers to 350 homes

Bedrosm RO vy
« Oversampled homes that use gas 3 bl o
and cook
* Measured CO, NOy, NO,, :
formaldehyde over 1 week "
o I E—
* Participants noted cooking time & g 1 T .
bt
range hood use o I—
* Accounted for outdoor NOy to 0 e . .
estimate impact of indoor A AT - L - -

emissions

Mullen et al., 2015, Indoor Air



Kitchen ventilation options

Ceiling exhaust fan Wall exhaust fan

Window

Kitchen ventilation
can help address this
hazard




Standards and Codes for Kitchen Ventilation

California > * Range hood: 2100 cubic feet per min (cfm), <3 sone

. . ° > <
Buﬂdmg Code » R Other fan: 2300 cfm, <3 sone | |
* Verify installed airflow or use certified hood + prescribed ducting

Ventilation
for Acceptable

Indoor Air Quaht;.r GUidelineS:

-2 « Minimum 40 cfm / ft = 100 cfm for 30” range
e Recommend 100 cfm / ft = 250 cfm for 30”

HOME VENTILATING INSTITUTE

Za N oY« Similar to ASHRAE 62.2
ny_ﬁf Certified < Allowance for unrated hoods if using low

Homes, . _
TR vesions  oSstance ducting

International  When installed, 2100 cfm on demand or 225
Residential cfm continuous, or recirculating hood!

L Code « Make-up air required for >400 cfm exhaust




Installed range hoods provided varied levels of exposure reduction

« Key factors impact range
hood effectiveness on
pollutants control.

« Airflow

«  Capture efficiency

 Usage by household

Singer et al., 2017, Building Environment
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Range hood airflow measurement at lab and real

homes

HVI method 915 and 916

_— PANEL
<::I ]
|
DUCT
TEST L [
POWER
UNIT ™
ANECHOIC \
MUFFLER NON-POWERED
TEST UNIT
Setup No. 8
REVERBERATION
CHAMBER

Walker et al 2016



Table 1. Studies that have measured kitchen ventilation product performance in laboratory or field settings

Brief description # devices Sound Airflow CE

POW, CE using CO, mass balance, airflow measured 7 (1 OTR) Y Y Y
at exhaust

Lunden et al. 2015 Real cooking, CO, mass balance, particle mass 4 (1 OTR) N Y Y

balance, airflow measured at exhaust

Walker et al. 2016 Chamber steady-state CO,, developing ASTM method 8 (1 OTR) N Y Y
Kim et al., 2018 Chamber steady-state CO,, developing ASTM method 2 N Y Y
Clark, 2018 Overhead/island Hood, CO, as tracer 1 N Y Y
Meleika and Pate, 2020 ASTM, cooktop temp on CE 5 (1 OTR) N Y Y
Meleika et al., 2020 ASTM 7 N Y Y
Zhao et al., 2020 LBNL report comparing OTRs to RHs 8 (6 OTR) Y Y Y
Field study
Singer et al., 2012 CO, mass balance, airflow measured at inlet 15 (2 OTR, 2 downdraft) Y Y Y
70 California homes with code-required MV 70 Operating dB Y N
only
_ California Apartments 23 N Y N
_ Oregon and Colorado Single Family homes 55 Operating dB Y N
only



Range hood airflow capture efficiency

measurement at lab and real homes

Calculated by CO, from

pollutants from cooking

Table 2. Studies of kitchen ventilation effectiveness to reduce indoor air

ga S b urners or tracer Lead author, Yr Condition # homes Airflow Pollutants
re | ease msd? measured
(Different approach Study in Controlled
homes
needed for particles) _ _
Rim et al., 2012 Controlled unoccupied house 1 Y Ultrafine
particles
(UFP)
)
A Singer et al,, 2017 Study of 9 homes, 6 w/KV, n 6 (2 OTR) Y COz NOX,
: controlled kitchen particles
ﬁ.’
% K“'v Dobbin et al, 2018 Controlled unoccupied test house 2 Y UFP, PM2.5
NO, NO2»
° Typ ICa | Iy COZ as Sun et al,, 2018 Controlled unoccupied test house, 6 1 Y UFP
flow setting of 3 hood, real
tra cer cooking protocol
1600 A
: « ASTM E3087 Observational field
1400 ] studies
= ] CE removal Qm.r (COHM - COZ om } .. Mullen et al. 2016 California homes measured with 352 N NOz, NO, CO,
1200 - = = ° HCHO
g ™ production O (C in Jusl) Efficiency on other pass samplers
Q' 1000 po”utants also studiedsuo and Wallace 2021 Calculated PM decay rates when KV 132 N PM2.5
] used or not
800 - fog B
] C E=7. \)%_ B_01 STOVE study by 3 wisits, study group and comparison 152 total, About 80% NQO2, PM25,
- ] NCHH group, multifamily and 76 met homes CO2, CO,
] townhomes ASHRAE HCHO
400 62.2
0:00 0:01 0:02 0:03 0:04 0:05 0:06 WHMV
Time (h:mm)



Studies on household range hood usage

Range hood only works when
people use them

Most are in-home survey

Only one study with in-home
measurements

self-reported use during
cooking ranged from 10% to
34%

Table 3. Studies of kitchen ventilation usage during cooking

Lead author, Yr Type Condition Result
Piazza et al., 2003 In home survey 1448 detached home in ~ 28% reported using KV with cooktop, 15%
California with oven
Chan et al, 2019 Web-based 2781 California homes 34% reported always use a hood, 30%
survey built since 2003 sometimes use and 32% rarely or never
Klug et al, 2011 Web-based 372 homes 34% reported using range hood during
survey cooking
Sun and Wallace 2021 Activity log 132 Canadian homes 13% reported range hood use in winter and
10% in summer
Zhao et al., 2021 In home 54 houses and 17 Range hood actually used 1n 36% of
measurement apartments in CA cooking events in houses and 28% in

apts




The airflow of devices installed in homes is often lower than

minimum airflow requirements of ventilation standards

« 25-30 homes per climate zone (C2Z)

 All home recent built to have code-required MV (including
range hood)

Marine (C) Dry (B) Moist (A)

Pacific NW

U of lllinois

National Lab
55 home “
+LBNL (KVIAQ) | Lo
23 Apts | |
_ Warm-Humid
JA\‘—M/ below white line
+LBNL (HENGH) a3 & z Florida Solar
CZ: 3B, 3C 2 Energy Center

70 homes w/MV 51 home

Current data successfully
collected from 142 homes
(20 apt+ 122 SF)

82 of them (57%) have a
certificated airflow greater
than the minimum air flow
requirement of 100 cfm

Only 79 (55%) had
installed airflow met the
requirement of 62.2 (100

cfm @ 3 sone)




The airflow of devices installed in homes is often lower than the certified

airflow measured from lab

« 82 out of 142 home have a AHAM/HVI certificated 300 T
range hood o SFOTR, LS .
& SFOTR, HS A
«  Only 44 of them had installed airflow that matched the =~ 2°0 o S RH LS e
rating & SFRH, HS T
« The average ratio of installed versus rated flow was £ 200 © AptRH, LS g A
0.76 3 s AptRH, HS _ A .
E 10 L 1:1 line o OO‘ 2 R 1 % .
» Performance are similar between certificated RH and o 1 S A 4
non certificated RH = L ° 4 & &
3 8. og o °
s 100 gg 8 A ﬁ
' O
« Why? o, o8 .
e Consistent with static pressure as 50 ; O Sl 4
installed in homes being much higher § 1
than test conditions. 0
0 50 100 150 200 250 300

« Better standard airflow test method HVI airflow, cfm
needed! Example data from Chan (2020) and Zhao (2019)



While data are limited, they show that pollutant removal
effectiveness by range hoods has a large range
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Measured capture efficiency has been reported for only 57 hoods in 9 studies in the US, either in the lab or in the field

Main reason is the difficulty to conduct the test

The measured capture efficiency ranged from 10% to 100%, generally increasing with airflow, with back burner typically

higher than front
OTR and regular RH are similar




Survey shows most people reported use of venting range

hoods,

100% -
* How frequently do you 90% -
use range hood with 80% - \
cooktop? — \
g: 60% -
Web-based survey of - = Don’t Know
>2000 mostly SoCal 5 = Never
homes built 2003-2010 ¢ ™" e
7 o B Most of Time
20% - m Always
10% -
0% - /
Kitchen lange Over-the-ran Kitchenrange Over-the-range  Don’t know
hood microwav hood microwave
Exhaustsair to side Blows air back into Kitchen

Chan et al. 2019




Reason not to use a hood is not need

M Kitchen range hood _exhaust

90%
= Kitchen range hood blows air

80% back

20% | ! g = Microwave range hood exhaust
g 60% - *» Microwave range hood blows
0 air back
§_ 0% - § m Don't know(range hood type)
@
o
> 40% - §
c
A 30% - <

N
20% ¥ N\ % §
(I r .
. § I § %W:\: § Web-based survey of mostly SoCal homes built 2003-2010
NN
10% s § I § § I § \%\ﬁ% N Chan et al 2019
09% - M NN P AN R N NN SIS
Forget Not Too noisy Doesn’t Open Usestoo
needed work window much

energy



Daily activity log gives different answer

132 homes in Halifax and Edmonton (Canada)

55% vented, 22% unvented, 18% none, 5%
unknown

Cooking by daily log; write down range hood,
windows use time

Summer Winter
1%

1%

64% 81%
* Range hood = Range hood + any window(s)
Kitchen window(s) = Other window(s)

All windows closed + range hood off

Number of cooking events

u Turned off during cooking

® Turned off at the time cooking ended

# Turned off after cooking ended

Turned on before Turned on at the Turned on during Turned on within

cooking started

time cooking cooking 15 mins after
started cooking ended

Timing of turning on a range hood

Sun and Wallace, 2021

20



In home measurement shows range hood use

more often in single family houses, but <40%

/ Houses \ Apartments 934 I Full use (all cooking)
ggg — Less than full use (all cooking)
Cooking Type Cooking Any Hood Use  Cooking An;lrJ Hood p-Value'! 903 o |[——1 No use (all cooking)
o se 904 —
Events n (%) Events 1 (%) O 931
— 905
S 914 mmmsr—
CT only 487 182 (37%) 190 50 (26%)  0.006 2 01—
£ 913 pr—————
OV only 48 12 (25%) 15 5 (33%) 0.53 S 925 —
<C 923
CTOV 39 11 (25%) 5 3 (60%) 0.76 901 —
922 ——1
Total 574 205 (36% 210 58 (28%) 0.03 924 |

926 [ 1
p-value 2 N 009 0.56 916 st .

Most homes used a
hood for fewer than half
of events.

Zhao et al, IJERPH, 2020

* Most relevant reason for not use: forget, Do not think RH
is effective
* Longer cooking event, more likely to use a hood

* Cooking with more PM emitted, more likely to use a
hood



Self-reported range hood use overestimated

100% — 100%
3 a) o) b)
- £ o
= o/ = o/
O 80% . 8 80%
> o
c —
T 60w < 60%- —_—
S — — g
m S

o/ - 4}
5 s D 40%-
3 °
8 g
£ 20% E
> S, 20%
< = e e
00’6_ ——
Never/rarely Sometimes Always/most of time i
(0-1 out of 5times)  (2-3 out of 5 times)  (4-5 out > of 5 times) Sometimes/as needed Always/usually
How often is kitchen range hood or exhaust fan How often is kitchen range hood or exhaust fan
used when cooking with a cooktop used when cooking

In both houses and apartments, actual hood use was higher in homes
of participants that self-reported more frequent use, but actual use
was much lower than self-reported use.

Zhao et al, IJERPH, 2020



* Installed airflow of a range hood is often lower than
certificated, leading to the actual flow below the
ASHRAE 62.2 minimum requirement

« Capture efficiency is rarely measured in US homes
or in the lab, due to difficulty to conduct the test

 Range hood usage is overestimated by self-report
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