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SEPTEMBER 11, 2020: BAY AREA

Source:  AirNow.gov



YESTERDAY: INDIA + CHINA

Source: IQAir



YESTERDAY: NORTHEAST CHINA

Source: IQAir

IQAir’s challenge: “Air pollution causes 1 in 9 deaths, and huge 
parts of the world still lack access to basic air quality data.” 



AIR QUALITY = SOCIAL EQUITY ISSUE

LA Times



INDOOR AIR QUALITY STRATEGY

1. SOURCE CONTROL: 
minimize pollutants by design

2. VENTILATION: 
dilute indoor pollutants

3. AIR CLEANING: 
remove pollutants



IAQ: 1. SOURCE CONTROL

§ Minimize pollutants by design
§ Emissions: interior material 

specifications & product choices (VOCs 
& SVOCs)

§ Mold: rainwater management, no 
plumbing leaks, proper building 
assemblies

§ Wildfire smoke, pollen: highly airtight 
building enclosure 

§ Radon: sealed slab or crawlspace, 
depressurize underneath vapor barrier

Source: cleancrawlspace.com



IAQ: 2. VENTILATION

§ Dilute indoor pollutants
§ Mechanical ventilation system 

w/ balanced supply & exhaust 
airflows

§ Filtered ventilation supply air
§ Why balanced?

§ Minimizes backdrafting (issue 
for combustion appliances)

§ Most efficient (if using 
HRV/ERV)

§ Maximizes filtration of supply air

=



IAQ: 3. AIR CLEANING

§ Remove pollutants
§ Plug-in recirculating device
§ Ideal choice for renters or 

homeowners not able to embark 
on steps 1. and 2.

§ Should be last resort otherwise

24” tall

HealthPro Compact: $799
HEPA filtration



ENCLOSURE AIR TIGHTNESS



WHY AIR TIGHTNESS?

“Carpet filter effect”

§ Energy
§ Sound
§ Safety (fire & smoke)
§ Durability

§ What besides heat does air contain?
§ Water vapor

§ Health
§ “Naturally” leaky = “Randomly” 

leaky
§ Particulates, wildfire smoke, pollen
§ Build Tight, Ventilate Right!



SOURCE CONTROL STRATEGY: AIRTIGHTNESS

§ Draw a continuous line:
§ Then, detail it.
§ Ensure continuity –

don’t miss any 
conditions



BUILDING ENVELOPE: WALLS

§ Designate struc. sheathing as primary airtight layer
§ Use self-adhered product for premium 

durability/weather tightness w/ bonus air tightness 
properties!
§ ZIP System sheathing
§ Self-adhered membrane
§ Roll or spray on product

VaproShield WrapShield SA

ZIP System Sheathing (OSB)



BUILDING ENVELOPE: FOUNDATION

§ Conditioned (unvented & insulated) crawlspace ideal 
§ Space for equipment 
§ Keeps ducts warm 
§ Futureproofing/

ease of future
renovations

§ Facilitates radon 
mitigation (vs. vented 
crawlspace)



AIR SEALING SUCCESS: DESIGN

§ Details & specs aren’t sufficient. Supplement with 
comprehensive summary & incorporate into plans.

Excerpt from Beyond Efficiency tool

Objectives: Ensure an uninterrupted airtight boundary that is fully aligned with thermal envelope to achieve final blower test result of ≤1.50 ACH50

Air Sealing Strategies Planning Matrix

Location Description Product Types* Product Name** NOTES

Various Plate penetrations Concrete mortar or grout See options below See CalGreen requirement

Slab on grade Plumbing or conduit Rubber gasket

Foundation wall (slab edge) Concrete to sill plate Sill seal Wigluv Min; gasket or pond liner better

Foundation wall Sheathing to foundation wall Tape Wigluv

Subfloor sheathing Panel joints, T&G Construction adhesive -

Wall sheathing Panel joints Tape Wigluv

Roof sheathing Panel joints Tape Wigluv

Exterior wall, bottom plates Plate to drywall Gasket BG32

Exterior wall, top plates Plate to drywall Gasket BG32

Drywall Typical joints Mud & tape -

Exterior wall Electrical boxes Airtight boxes Airfoil boxes w/ Primur alt: Lowry pads

Exterior wall Penetrations Tape Wigluv

Exterior wall, plates Plumbing or wires Tape Wigluv



AIR SEALING SUCCESS: DESIGN

§ Pull it all together onto a dedicated plan sheet

Excerpt from Beyond Efficiency plan sheet



AIR SEALING SUCCESS: CONSTRUCTION

§ How will responsibilities be assigned?
§ Typical: each sub expected to seal their own holes/clean 

up after themselves. This is not going to go well.
§ BETTER: designate an ASS, a.k.a. AIR SEALING 

SPECIALIST to own & champion this @jobsite
§ Having a single person accountable will maximize results!



AIR SEALING SUCCESS: CONSTRUCTION

§ Blower door testing for envelope air tightness
§ End of project is only the “rubber stamp”
§ Adequate testing during construction is critical to hunt 

down leaks & ensure achievement of air tightness goals

§ Coordinate w/HERS Rater to test:
1. After exterior sheathing & windows, pre-insulation
2. After trades & insulation, pre-drywall
3. Final final!

Blower door test for air tightness@ 
CLAM Blue2 – credit Terry Nordbye



MECHANICAL VENTILATION



MECHANICAL VENTILATION: 2019 CODE

§ 2019 Title 24 Energy Code §150.0(o)
§ ASHRAE 62.2-2016 fresh air ventilation requirement:

§ (0.03 x conditioned floor area, sq.ft.) + (7.5 x [# bedrooms 
+1]) = continuous (24/7) CFM required 
§ 1-BR 500sq.ft. ADU: (.03*500+ 7.5*2)= 30CFM
§ 4-BR 2500sq.ft. home: (.03*2500+ 7.5*5)= 113CFM

§ Exhaust, supply or balanced?
§ Doesn’t matter for code…
§ DOES matter for air quality!



MECHANICAL VENTILATION: “WHOLE HOUSE”

§ “Build Tight, Ventilate Right”à occupant has 
control

§ Best practices
§ Independent from heating/cooling system 

(dedicated outside air or DOAS) à allows 
optimization of both systems, no compromises

§ Balancedàdoesn’t induce pressurization or 
depressurization

§ Filtered supply airàdon’t bring in what you 
don’t want to

§ BONUS: Heat or energy recoveryà ventilate 
with the best efficiency and comfort

Knoji.com: common causes of depressurization



“WHOLE HOUSE” VENTILATION MENU: 1 OF 2

Air King QFAM
0-100 CFM
0.24 W/CFM @ 70 CFM
(MERV 8 or 13)
http://www.airkinglimited.co
m/page/qfam-fresh-air-mach
ine.html

Leaks &
cracks

Exhaust Air Fresh Air Supply

$

Cost

$$

Quality

or Broan FIN 180-P
30-130 CFM
~0.24 W/CFM
(MERV 8 or 13)

or Panasonic
WhisperFresh

Only recommended for sites where
doors & windows are usually open,
with good outdoor air quality

Panasonic WhisperGreen Select
0-120 CFM, 0.23 W/CFM, 
4"-6"Ø duct

Comments

$

Make-up Air damper, delivering outside air to
pantry or other zone without a risk of cold
drafts. This can be filtered. 8-10" Ø inlet duct,
typically through the roof.

Refer to International Residential Code  (IRC)
requirements for cooking exhaust makeup air

Bath Exhaust Fan

Makeup air damper

Powered supply fan with filter

Poor

Fair

Good

Ductless ERV, suitable for
ADUs, studios

high envelope airtightness ~max 1.5ACH 50

Only effective with



“WHOLE HOUSE” VENTILATION MENU: 2 OF 2
Exhaust Air Fresh Air SupplyCost Quality Comments

Panasonic IntelliBalance 100
$950 retail
0-100 CFM
80% heat recovery
0.6 W/CFM

or Renewaire SL70

Zehnder CA350
0-200 CFM
85% heat recovery
0.5 W/CFM

Simple exhaust
(1-2 rooms)

Simple supply 
(1-2 rooms)

Exhaust
bathrooms

Supply
bedrooms

$$$

$$$$

Supply
Exhaust

Supply
Exhaust

Ducted ventilator with heat recovery (ERV or HRV)

Better

Best

$$ Better

Ductless ERV, suitable for
ADUs, studios Panasonic WhisperComfort

$450 retail
20 CFM without noise
66% heat recovery
0.76 W/CFM

or through-wall HRV
or Zehnder ComfoAir 70

laundry, 
wet areas 

, ,
living areas



HVAC [BALANCED VENTILATION]

§ Heat recovery (HRV) or energy recovery 
(ERV) ventilation
§ Deliver continuous fresh, filtered air to 

living areas and bedrooms while 
exhausting from bathrooms or other areas

§ Help maintain indoor temperature and 
reduce heating/cooling loads

§ ERVs recover some moisture as well as 
heat, usually* an appropriate choice for 
CA homes, and don’t require a 
condensate drain

LUNOS e2 ductless ERV photos: 475 High 
Performance Building Supply

* Higher density space, or higher moisture load: HRV recommended; but 
with proper controls an ERV can run longer@ higher CFM until humidity 
is adequately controlled (ERVs do not require condensate drain)



HRV DESIGN: 1 OF 3

Excerpts from Beyond Efficiency Basis of Design 
narrative for single-family home renovation



HRV DESIGN: 2 OF 3
Excerpts from Beyond Efficiency Basis of Design 
narrative for single-family home renovation

Hawk Environmental HEPA filter



HRV DESIGN: 3 OF 3
Excerpt from Beyond Efficiency mech
design plans for single-family home
renovation
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COMFOWELL END PLATE

COMFOWELL
SILENCER, TYP. 2,
ONE FRESH AIR,
ONE EXHAUST AIR

FRESH AIR COMFOTUBE
CONNECTIONS

8"Ø FRESH AIR
SHEETMETAL DUCT

8"Ø FRESH AIR

FLOOR

9
"

COMFOWELL MANIFOLD
MOUNTING PLATE (2
TUBES WIDE x 6 TUBES
HIGH SHOWN), TYP. 2,
ONE FRESH AIR, ONE
EXHAUST AIR

HRV/ERV

HEPA
FILTRATION
UNIT

8
"Ø

6
"Ø

SCALE:

B

M-0 NTS

HRV-2 INSTALLATION DETAIL

NOTE:
1. FRESH AIR SUPPLY DISTRIBUTION SHOWN.  EXHAUST AIR IS BEHIND FRESH AIR

SUPPLY WITH IDENTICAL LAYOUT.  EXHAUST AIR TO OUTSIDE IS BEHIND FRESH
AIR.

2. UNIT CAN BE INSTALLED WITH SUPPLY AND EXTRACT AIR TO THE RIGHT OR TO
THE LEFT.



WHAT ARE WE MISSING?

§ Kitchen exhaust!
§ Code: 100CFM intermittent or 5ACH continuous
§ Best practice: direct exhaust via proper range hood

§ Most important with gas
§ Size right!
§ Follow installation specs!

§ Do I need makeup air?
§ CA: no requirement
§ Most of US: req’d for ≥400CFM
§ Recommended: regardless of hood 

CFM in very tight homes



KITCHEN EXHAUST



RANGE HOOD DESIGN + INSTALLATION

§ GreenPoint Rated measure H7:

Source: GPR New Home Rating Manual Version 8.2



SELF-BALANCING HRV/ERV

§ Zehnder Q series units are “self-
balancing”: adjusts exhaust or supply 
airflows as required to maintain neutral 
pressure
§ Facilitates initial systems commissioning
§ Addresses temporary depressurization 

from clothes dryer or other cause
§ Q350 may sometimes be appropriate 

to provide makeup air for lower CFM 
kitchen range hoods

Zehnder ComfoAir Q350: 90% SRE, ~$3000



OFFICE BUILDINGS + COVID

Excerpt from Beyond Efficiency SD-level 
mech plans for new office building



OFFICE BUILDINGS + COVID

Excerpt from Beyond Efficiency SD-level 
mech Basis of Design for new office building



QUESTIONS?

QUESTIONS?

Katy Hollbacher, PE: 
katy@beyondefficiency.us

Kara Rousselle, PE: 
kara@beyondefficiency.us


