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OutdoorA rQualty

TABLE 1 Nominal daily maximum C0, levels (ppm) at select urban sites compared

with Mauna Loa values.

SITE  DATAYEAR  MAUNA LOA URBAN DIFFERENGE

Phoenix, Ariz. 2000 369 h7512 206

Baltimore 2006 382 43813 106
o Bastwll _ L _ 30 80" _ _ _ _ 8
I Los Angeles 2015 400 62219 222 1

Mauna Loa Data from Reference 8. Data current as of July 2021.
8. NASA. 2021. “Global Climate Change Carbon Dioxide.” NASA.
https://tinyurl.com/ntvyuzha
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OutdoorA rQualty

TABLE 1 Nominal daily maximum C0, levels (ppm) at select - NaturalM ecanism S
with Mauna Loa values.

SITE  DATAYEAR MAUNA LDA
Phoenix, Ariz. 2000 369

Baltimore 2006 38 O U’G:ioorairqua]'l ]S
— — Hvansten Il . 2001 _
‘T affected by m any
| Los Angeles 2015 . .
Mauna Loa Data from Reference 8. VaI:Iab:IES and 1S
generally worse m

8. NASA. 2021. “Global Climate Change Carbon Dioxide.” NASA.
urban areas

https://tinyurl.com/ntvyuzha

hdusta



affects buid ng occupants

Allergic Reactions
Asthma

Respiratory Infections
Loss of Focus

Reduced Productivity
Cardiovascular Disease

Cancer

Legionnaire’s disease



How IAQ affects buidmng occupants

gic Reactions

M any buidngs are
failng thex
occupants by having
unaccept@ablk ndoor
arqualiy and kavig
occupants vulnerablke

ry Infections
cus

Productivity

Ascular Disease

fgionnaire’s disease




How to In prove ]AQ

Reduce
Polutants
Sensors and hcreasmg
M oniormg Fresh AIr
C kanng

the A1



Sensors and M oniorng

Air Quality History Last 12 hours
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Sensors and M oniorng

Air Quality History Last 12 hours
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Sensors and M oniorng

Air Quality History Last 12 hours
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Sensors and M oniorng

Air Quality History Last 12 hours
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Sensors and M oniorng

Air Quality History Last 12 hours
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Sensors and M oniorng

Air Quality History Last 12 hours
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Sensors and M oniorng

Air Quality History Last 12 hours
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Sensors and M oniorng

Air Quality History Last 12 hours <
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Reducmg Pollutants

Avod Tobacco Products

Prom ote Buidmng Policies

4




Reducmg Pollutants

Prom ote Buiding Policies

Avold High VO C Producty
el - :

Reducing pollutants
contrbutes to a
healtherbuidng




Ckanng the Ax

A irScrubbing

M echanicalFiltration

Captures

® Carbon Dioxide B ]po Bbr ]bn:lzat'DIl
® Formaldehyde
® VOCs

® Inorganic
Contaminants
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hcreasng Fresh Arw ith NaturalVentibtion

Air Quality History Custom ©
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hcreasng Fresh Arw ith NaturalVentibtion

Air Quality History Custom 2
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hcreasmng Fresh Arw ith NaturalVentibtion

Air Quality History Custom ¢
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hcreasng Fresh Arw ith NaturalVentibtion

Air Quality History Custom ©
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W hat'scom mgup m RARQ?

M ore Stringent
Regulhtions

M ore aw areness w 11l
drive new changes n
both policEes and the
econom y focused on
ncentwizmng better
arquality

Econom I
Trends
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OA RA
e A device thatrecovers energy from ndoororoutdoor _\ /_
spaces w hik providig this space w th m ore fresh ain ~
Durng this process, trecovers heatto m nin ze /
heatihg /coolng bads 1 the space it i serwig. EA : SA




e A device thatrecovers energy fiom ndoororoutdoor
spaces whik providng this space w th m ore fiesh ain
Durng this process, trecovers heatto m nin ze
heating /coolng bads 1 the space it i serwig.

e HRV (ypially phstic oralim num ) system s recoveronly
heated orcookd al;depending on the season,whike
ERV (ypially paperorpolm erbased) system s recover
heatand r=htive hum diy.

e ERV = Sensbk & LatentRecovery
e HRV = Sensbk Onl Recovery

/

EA

SA
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Balnced Ventihtion w ith Energy Recovery
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M etrics of Performm ance

METRIC

Perfomm ance
GRE)

EATR

OACF

M oving Parts

Application

W HEELS

70 - 90%

|_\
|

5

o\°

095 -15

M otorBel/Bearing

Hgh fow mate
Com pactsxze

FIXED PLATE

60 — 85%

0-5%

0-106

None

Low cross
contam haton
Low m ahtenance

HEAT PIPE

50-60%

0-1%

099 -101

None

Low Cross
contam haton

RUN AROUND
IOOP

40 - 50%

0% Eepante
channel)

10

Pump

Chss4 arrtofic



HeatRecovery VentihtorM arket:M etro Vancouver

Number of Units

New Construction | Metro Vancouver | 2019 — 2032

14,000
12,000
10,000
8,000
6,000
4,000

2,000

2019 2020 2021 2022

60% Efficiency

Residential

70% Efficiency

Residential

2023

2024

2025

2026 2027 2028

75% Efficiency

Residentia

60% Efficiency

Commercial

2029

2030

2031 2032

80% Efficiency

Commercial



BC Buidng Code:Ventihtion Requirem ents

* BC Buidng Code BCBC) s aprmvicil
reqgultion thatgovems how new constmiction, British Colurnbia
buidig alemtbns, repais and dem oltbns BUILDING CODE 2018
are compkted.

* Prescrbes ventibton requirem ents based on
dw ellng type
* This typialy references ASHRAE 62 1or
62 2
* Applesprovice-w de

* Carbon poluton standards fornew
constmiction are stated




Ventihtion Standards:ASHRAE 62 1

Recommended Ventilation Rate (cfm person)

®

ASHRAE

TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued)
(Table 62.2.1 shall be used in conjunction with 1he accompanying notes.)

8

Billings 1899 ASHVE Rec.
ASHVE (1914)
22 State Codes (1922)

W
w0

W
o

ASHRAE 62.1-04

N
(4]

ASHRAE 62-01

N
o

ASHRAE 62-89

[y
w0

-
(=]

old (1836)

ASA Standard (1946)
Yaglou (1936)

1825 1850 1875 1900 1925 1950 1975 2000

People Outdoor Area Outdoor ,"dn" bl
Alr Rate Alir Rate Occupant Density  Combined Outdoor
» R, (e Note 4) Alr Rate (soe Note Sy 1

dm/ Ls #1000 n? o/ Lis Alr
Occupancy Category I wrwl person M’ Lism® Notes or 100 m’ person peron I Chasy I
Resddential
Dwelling urst I s I 25 006 03 FGH F I 1 I
Common corndors I 1 0.06 03 H 1 1 1
Retail = u | | |
Sales (except as below) I 1.5 I 18 012 06 15 16 18 I 2 I
Mall common arcas 75 ig 006 )3 H U 9 16 |
Barbershop I 7.5 I is 006 03 H 23 10 5.0 I 2 I
Beauty and nasl salons I put) I 10 012 06 25 25 124 2
Pet shops (anamad arcas) 7.5 s 0.18 09 10 20 128 I 2 I
¥ ducational Facilities I I I I
Duycare (through age 4) 10 s 018 )9 28 17 86 2
Duycare sickroom I 10 I s 018 ) 9 28 17 86 I 3 I
Classsooms (ages 5-8) 10 ] 0.12 06 23 15 74 1
Classrooms (age 9 plus) I 10 I s 0.12 )6 33 13 6.7 I (I |
Office Buildings b
Breakrooms I 5 I 2.5 0.12 0.6 50 7 As I 1 I
Main entry lobbies I ] I 23 006 03 H T 1 58 I 1 I
Occuplable storage rocens for  § 25 0.06 03 2 L1} 17.5 1
dry matenals I I I I
Office space 5 2.5 006 03 H 5 17 8S 1
Receptoon arcas I s I 2.5 006 03 H 30 7 is I 1 I
Tdlephons'data entry I s 1 2.5 000 03 H o L] A0 1 | -
ETeerr=E— - r > e > ™ S Te TN e |
Multiuse assembly e 7 Sl 38 008 03 H 10¢ 8 il hl



ASHRAE 62 1M InIn um Ventihtion Rate Procedure

TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE
(This table Is not valld In Isolatlon; It must be used In conjunction with the accompanying notes.)

People Outdoor Area Outdoor Default Values
Occupancy -'\"'RR"“"' -‘"'f:’z""'-‘ . (]cm.lpan_l Density  Co mhiner! Outdoor Air
Category ' a Notes (see Note 4) Air Rate (see Note 5) Class
o o R R #1000 2 o -
cfm/person L/s-person cfm/ft* L/sm or £/100 m? cfm/person L/s-person

Educational Facilities
Daycare (through age 4) 10 5 0.18 0.9 25 17 8.6 2
Davycare sickroom 10 5 0.18 0.9 25 17 8.6 3
Classrooms (ages 5-8) 10 5 0.12 0.6 25 15 T4 1
Classrooms (age 9 plus) 10 5 0.12 0.6 Kh] 13 6.7 1 r
Lecture classroom 1.5 kR 0.06 0.3 63 8 4.3 1 3
Lecture hall (fixed seats) 15 38 0.06 0.3 150 8 4.0 1 ~ ] JI—
Art classroom 10 5 0.18 0.9 20 19 9.5 2 1% "i —
Science laboratories 1] 5 0.18 0.9 25 17 8.6 2 \‘l‘p. ;— :'
pniversitycollege 10 5 018 09 25 17 86 2 :
Wood/metal shop 10 5 0.18 0.9 20 19 95 2 k i 5 |
Computer lab 10 5 0.12 0.6 ) ‘25 15 ___"j 1 / ~a {, | 3 & kx:}al‘ b

o ] 7 7 / ~|\L ‘! i \"‘ *h_ 5
e Assume:30 studentsna30’x30’x9 chssrq_om \ :

« ASHRAE 62 1:30 x 10 cfin fperson + 0 12 cfn /A2.x 9002 = 408 cfin -
e AirChangesHour: 408 x60)B0 x30x9)=3 ACH



Healthy Buidmgs

BUILDING <> FOR HEALTH

&= HARVARD
W TH.CHAN

SCHOOL OF PUBLIC HEALTH ~ Y UL A
MEALTHY BUILDINGS

O s

TARGET IS AT LEAST 5 TOTAL AIR CHANGES PER HOUR

Ideal (6 ACH)
Excellent (5-6 ACH|)
Good (4-5 ACH)
Bare minimum (3-4)

Low (<3 ACH)



ASHRAE Standard 90 1l:Enexgy Efficeency

The standard thatprovidesm inin um requiem ents orenergy
efficiency n buidings

ANSI/ASHRAE/IES Standard 90.1-2016 6 5 6 1ExhaustA rEne gy Recove ry.

(Supersedes ANSI/ASHRAE/IES Standard 90.1-2013)
Includes ANSI/ASHRAE/IES addenda listed in Appendix H

Energy Standard
for Buildings
Except Low-Rise
Residential Buildings

(I-P Edition) Chis) shallm ean a change i the enthalpy of the outdoorairsupply
STy e S et o S b s S equalto 50% ofthe difference betw een the outdoorair and retum air

of Directors, and the American N;

Energy recovery system s requied by @bk 6 5 6 1) shallhave atkast
50% tomlmto.

1g Standard Project Committee (SSPC) for which the Standards

- " " , "
C I: licati f addend: ions, includi di fi
o e e o S o gt enthalp¥es atdesyn condions.
instrt form from the ASHRAE website (www.

r om the )
9-23 H ®
2 eley toll free r g
orders in US and Canada). For reprint permission, go to www.ashrae.org/permissions. :
©2016 ASHRAE ISSN 1041-2336 i
& ,f‘mwm%‘t 4
7,
ASHRAE)



BC Energy Step Code

P

* Optonalcomplance path n the BC Buidig Code that
m unicpalgovemm ents can use to ncentwize a velof
enexgy efficiency h new constructon.

-_'-',; aJ I.I :,.::*

TEPCODE

BUILDING BEYOND THE STANDARD

* Dependig on buidng type,there are 4 © 5 Steps
the Code

* Step 1l:Standard BC Buiding Code 2017

 Step 4 /5 :Netzer design &in jbrto Passive House) 78 [ NETZERO

W READY

T NEW CONSTRUCTION
-

* Munitpaliiesadopteach step on therown accord

* Desyn to encourage a perom ance apprach vs a
prescrptwve approach

50% serer

* Provhch1BC Energy Step Code has accekrated the 20-40% serrer
Evelofstep code requird orComm ercialand
Residentalbuidhgsby 20% ©r2022. sancE conrAnes



BC Energy Step Code — Adoption T elne

BOWEN ISLAND
STEP 3

NORTH VAN. DISTRICT
PART 9: STEP 5
PART 3: STEP 4

WEST VANCOUVER
PART 9: STEP 5
PART 3: STEP 4

NORTH VAN. CITY

PART 9: STEP 5
PART 3: STEP 3

BURNABY

PART 9: STEP 1
PART 3: STEP 3

VANCOUVER
NOT OPTED IN

RICHMOND

PART 9: STEP 3
PART 3: STEP 3

DELTA

NOT OPTED IN

VILLAGE OF ANMORE
PART 9 (Single-Family): STEP 1

COQUITLAM

PART9 (Small
Residential): STEP 2

VILLAGE OF BELCARRA

PART 9: STEP 3
PART 3: STEP 2

U |
PORT MOODY

PART 9: STEP 3
PART 3: STEP 3

PORT COQUITLAM

PART 9: STEP 3
PART 3: STEP 3

NEW WESTMINSTER

PART 9: STEP 3
PART 3: STEP 3

SURREY

PART 9: STEP 3
PART 3: STEP 3

WHITE ROCK
NOT OPTED IN

Current Metro Vancouver Energy Step Code Requirements

PITT MEADOWS
PART 9: STEP 2
PART 3: STEP 2

MAPLE RIDGE
NOT OPTED IN

LANGLEY TOWNSHIP

GHG DP AREA: STEP 3
ELSEWHERE: STEP 2

LANGLEY CITY
| NoroPTED IN

As of October 15, 2021




BC Energy Step Code & Energy Recovery

* Step Code doesnotrequirr m ninum kvel ofheatrecovery efficiency sihce iis a perdom ance approach
m etric

* When acheving hghereffrienceson a HRV orERV, the envebpe and ghzihg doesn’thave to be as mobust

* Prmarymetrcoffocus isthe TEDI& TEUI
* By2032,marketforH ghEffcencyHRV'’s 675% ) to acheve overhalfofHRV saks M etroVan

Table 3.2 Modeled heating and cooling energy savings of HRV compared to continuous balanced ventilation with no

< s e X HRV
i Annual Energy Cost Savings Per Suite and % Reduction in Ventilation Heating
0 ) & and Cooling Energy Due to an HRV#
Location Degree
Decentralized ventilation systems Days* 7 A
¥ Gas Furnace & Central AC Electric Baseboard & No Cooling
that make use of heat recovery are
the most efficient
Vancouver 2825 $170 (78%) $300 (67%)
Toronto 3520 $170 (70%) $580 (66%)
| Montreal 4200 $120 (73%) $360 (67%)
*Provided by BC Houshg,HRV assum ed to achieve 65% SRE at97 cfm persute:
httpsy/Avww bchoushg o1g sies/Mdefaul/fies/rcg-docum ents/2022-04 HeatRecoveryVentihton-Guide-

MURBspdf

Genemlly, Step 3 requires >75% SRE and Step 4 /5 requires >80% SRE forH /ERVs.



Understanding TEDI& TEU I

How much heatdoes a buiding require?

The Step Code TED Iand aghtmess testing requiem ents ensure thatthe
buidng bads ar rrduced t© a rrasonabk kvel

How m uch energy does a buiding consum e?
The Step Code TEU Ir=quiem ents ensure thatthe buidng equim ent
and system s use energy effcently.

Forbuidigs attem ptmg to ach¥ve a bw TED I, heat recovery from
ventihtoon axis essental



HRV Impacton TED 1L

Glazing, 7.1

Ventilation,
17.6

Walls, 5.5
43.5

Roof, 1.9
8.9

\ Floor, 2.2
l Door, 0.2
Infiltration,

8.9

*https y//edgesustanabiliy com /in provem ents-o+ediand -the assochted-in pacts/

Step 2 M URB

* TED IRequiem ent=45kW h/m?Aear
Step 4 /5 M URB (©ErPassive House)
 TED IRequiem ent= 15kW h/m? Aear

* 1995 CanadBan NatbnalHousehod
Average:325 kKW h/f 2 fr

* 2015 Canadsan NatbnalHousehold
Average:203 kW h/m? Ar

Com pare the by 3 sses
* Ventibton ¢40% ofTEDJ)

* Envebpe - Assembles



HRV Impacton TED 1L

- W Climafe Zone /a  « ForStep 4/5,TEDI

16 m Climate Zone 6 Requilﬁ;n ent=
. 15kW h/m 2 Aear
B Climate Zone 5 A
14 Climate Zone 4 * hCimate zone 4,
mpkmentng a hgh-
. effcency HRV provies
0 the foIbw hg contrbuton
o the overaIlTED Iscore:
8
* 60% SRE:85 kW h/m?
° * 70% SRE:6 2 kif h/fn?2
4 * 80% SRE:40 kWh/?
* 90% SRE:18 kW h/?
2
0

Heat Recovery Effectiveness (%)

Ventilation Contribution to TEDI
(kWh/m?2/year)

*Reportby M orrson Hershfie
*Zone 4 :Vancouver, Zone 5 :Kam bops/Penticton, Zone 6 :Prince George, Zone 7a:Daw son Creek
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GreaterAw areness on the In pactof IAQ on Health

CLEAN AIR IN BUILDINGS C , - )
Sign the Clean Air in Buildings Pledge
PLEDGE OPPORTUNITY




Healthy Buidngs and Cognive Function

Associtions of Cognitve Function Scores w ith Carbon D oxide, Ventilhtion,and Voklatike O rganic Com pound
Exposures in O ffice W orkers:A Controlled Exposure Study ofGreen and ConventionalO ffice Environm ents

JOSEPH 6. ALLEN

JOHN D. MACOMBER B Conventionsl BN Greon [N Groons

Crisis Information | Information |

HEALTHY [ ot el

BUILDINGS

| | -

How Indoor Spaces Drive Performance

and Productivity

0.5

Score (normalized to Green)

0.0

Cognitive domain




Can Energy Efficiency For Buildings

And Indoor Air Quality Ever Be
Reconciled?

Jamie Hailstone

— —

https/Avww forbes com Aies/am £haistone 2022 /10 21/can-enexgy-effeency-orbuid hgs-and-ndoorairqualty-everbe teconciked 2sh=34315651ledf




Yes: hcrease Ventihtion Rates w 1h a Low Energy Penalyy

“Ihcrease ventihtion rates from 20 /cfm foerson to 40 cfm foerson w ith a costof
kess than $10 foerson Aear”

Joseph AIlen

H gh Effcency Energy Recovery Ventihtion
Less Fan Energy:ECM Fans,LowerPressure Dop from ShortDuctRuns
Free Coolng w ih Bypass and NaturmlVenthton

HeatPumpswihaHgh COP

SICIAUOLS

Sm arrControlk:Dem and ControlVentbton

50



In portance ofRelhtive Hum diyy

260
@ 240 -
HEALTH ©
@]
The Right Level of Humidity May Be Important z 2207
Weapon in Fighting Coronavirus, New Studies Show =
BY DAVID H. FREEDMAN ON 6/2/20 AT 5:30 AM EDT g 200 7
180 4
160
I I
0 20 40

Indoor

«« Take action and join me in the fight
against respiratory infections! Relative
humidity of 40-60% in buildings will reduce
respiratory infections and save lives. »

72—

T
60
RH (%)

i
d

80 100

Daily New Deaths

T
20

I 1
40 60
Indoor RH (%)

T
80

100



In portance of Relative Hum d iy
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CFD Analysis:TraditionalO verhead Ventihtion




CFD Analysis: Traditional Overhead Ventilation
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Healthy Buildngs and Cogniwe Functon
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