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Brett’s Singer’s IAQ Recommendations

* Understand people have the biggest impact on IAQ

* Keep home dry (and mold free); dehumidify as needed

* Avoid emitting large quantities of contaminants in home
* Ventilate when emitting (cleaning, hobbies, chemicals in consumer products)

* Use spot ventilation (kitchen, bath, toilet exhaust, laundry, clothes closet)

* NO UNVENTED COMBUSTION APPLIANCES!!!

* Use natural ventilation when outdoor conditions are “clean”

* Have tight envelope and ducts; close house when outdoors is polluted
* Check radon and formaldehyde (using integrated samplers)

* Install good (thick, pleated) AHU filter with no leaks or bypass;
confirm low AP

* Use efficient variable speed AHU motor (ECM)
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Indoor Pollutant Sources
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Keys to good Indoor Air Quality

1. Eliminate (remove pollutant source)
2. Separate (seal or contain pollutants)
3. Ventilate (dilute pollutants)

4. Filter (clean and remove pollutants)

“Pollutants need a
Pathway to People...”

“..and are pushed by
positive pressure!”

* Provide fresh air for
the occupants

* Dilute pollutants
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Ventilation Practicality X

“Perfect can be the enemy of Good”

* Houses are tight (and getting tighter)

* Fresh air is important — want good ventilation!
 We don’t know exactly how much

 We don’t all agree on how to best ventilate

* What works in some
places isn’t necessarily
good in other places
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Historical Minimum Ventilation Rates
(cfm/person)
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Commercial: Rules for Good Ventilation = "/
* Bringin outdoor air from a clean source

* Provide filtered and dehumidified outdoor air
to the breathing space

* Vary amount of ventilation based on the
number of occupants and process loads

* Designs systems that separate ventilation
and space conditioning

» Use heat/energy recovery to reduce system
size and ventilation energy costs

ASHRAE Standard 62 .. AS{paE)

ASHRAE 62-1989 (old!) U e
Ventilation and

e Whole house: 0.35 ACHy¢ra OF Acceptable
Indoor Air Quality in

15 cfm per person Residential Buildings

e Kitchen: 100 cfm intermittent
or 25 cfm continuous or operable window

eBath: 50 cfm intermittent

or 20 cfm continuous or operable window i

ASHRAE 62.2-2004,7,10
¢ 7.5 cfm per person PLUS

ASHRAE 62.2-2013,16
7.5 cfm/person + 3 cfm / 100 s.f.

e 1 cfm for every 100 s.f. of
conditioned space e Qfan = Qtot - Qinf

4% Southface 3




62.2-2010 Single Family Ventilation

CFM,, = (0.01 x Aqy,, ) + (7.5 x (# bedrooms + 1))

OR

Floor Area (ft’)
<1500 30 45 60 75 90
1501 — 3000 45 60 75 90 105
3001 — 4500 60 75 90 105 120
4501 - 6000 75 90 105 120 135
6001 — 7500 90 105 120 135 150
> 7500 105 120 135 150 165
¥% Southface

13

2012 IRC requires ventilation if...

ASHRAE 62.2 & IRC 2012 Ventilation

R303.4 Mechanical ventilation. Where the air infiltration

e Ventilation is rate of a dwelling unit is less than § air changes per hour
when tested with a blower door at a pressure of 0.2 inch w.c

R E QU I R E D (50 Pa) in accordance with Section N1102.4.1.2, the dwelling

unit shall be provided with whole-house mechanical ventila-

tion in accordance with Section M1507.3.

- A ny h omet [ g hte r R303.5 Opening location. Outdoor intake and exhaust open-
ings shall be located in accordance with Sections R303,5,1

than 5 ACH,, and R303.5.2.

R303.5.1 Intake openings. Mechanical and gravity out-
door air intake openings shall be located a minimum of 10
feet (3048 mm) from any hazardous or noxious contami-

 Between ‘12 IECC nant, such as vents, chimneys, plumbing vents, streets,
alleys, parking lots and loading docks, except as otherwise
and ‘12 IRC, whole specified in this code. Where a source of contaminant is
. located within 10 feet (3048 mm) of an intake opening,
house meChan|Ca| such opening shall be located a minimum of 3 feet (914
I . . mm) below the contaminant source.
Ventl atlon IS NOW For the purpose of this section, the exhaust from dwell-
ing unit toilet rooms, bathrooms and kitchens shall not be
man d ated considered as hazardous or noxious.
eve rywhere! R303.5.2 Exhaust openings. Exhaust air shall not be

directed onto walkways.
14
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2012 IRC

ASHRAE 62.2 & IRC 2012 Ventilation

« Basically, takes the 62.2-2010 table (but not the formula)

TABLE M1507.3.3(1)
CONTINUOUS WHOLE-HOUSE MECHANICAL VENTILATION SYSTEM AIRFLOW RATE REQUIREMENTS

DWELLING UNIT NUMBER OF BEDROOMS
FLOOR AREA 0-1 [ 2-3 | 4-5 | 6-7 | >7
(square feet) Airfiow in CFM

< 1,500 30 45 60 75 90
1,501 - 3,000 45 60 75 90 105
3,001 - 4,500 60 75 _ 90 105 120
4,501 - 6,000 75 90 105 120 135
6,001 - 7,500 90 105 120 135 150

= 7,500 105 120 135 150 165

For SI: 1 square foot = 0.0929 m?, 1 cuble foot per minute = 0.0004719 m%s.

TABLE M1507.3.3(2)
INTERMITTENT WHOLE-HOUSE MECHANICAL VENTILATION RATE FACTORS®®

RUN-TIME PERCENTAGE IN EACH 4-HOUR
SECRERT 26% 33% 50% 66% 75% 100%

Factor® 4 3 2 1.5 1.3 1.0

a. For ventilation system run time values between those glven, the factors are permitted to be determined by interpolation.
b. Extrapolation beyond the table is prohibited.

2012 INTERNATIONAL RESIDENTIAL CODE® 509
15
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2012 IRC

ASHRAE 62.2 & IRC 2012 Ventilation
M1507.3 Whole-house mechanical ventilation system.

+ CFM'’s are based on deSign Whole-house mechanical ventilation systems shall be
and not on verified flow gﬁisgé';% ;n accordance with Sections M1507.3.1 through
measurements M1507.3.1 System design. The whole-house ventilation

system shall consist of one or more supply or exhaust fans,
SECTION M1507 or a combination of such, and associated ducts and con-
MECHANICAL VENTILATION trols. Local exhaust or supply fans are permitted to serve

as such a system. Outdoor air ducts connected to the return
side of an air handler shall be considered to provide supply
ventilation.

M1507.3.2 System controls. The whole-house mechani-
cal ventilation system shall be provided with controls that
enable manual override.

M1507.3.3 Mechanical ventilation rate. The whole-
house mechanical ventilation system shall provide outdoor
air at a continuous rate of not less than that determined in
accordance with Table M1507.3.3(1).

M1507.1 General. Where local exhaust or whole-house
mechanical ventilation is provided, the equipment shall be
designed in accordance with this section.

2012 INTERNATIONAL RESIDENTIAL CODE®

M1507.4 Local exhaust rates. Local exhaust systems shall
be designed to have the capacity to exhaust the minimum air
flow rate determined in accordance with Table M1507.4.

TABLE M1507.4

MINIMUM REQUIRED LOCAL EXHAUST RATES FOR Exception: The whole-house mechanical ventilation
ONE- AND TWO-FAMILY DWELLINGS system is permitted to operate intermittently where the
AREA TO BE EXHAUSTED EXHAUST RATES [ | system has controls that enable operation for not less
Kitchens 100 cfm intermittent or 25 cfm contin- than 25-percent of each 4-hour segment and the ventila-
uous tion rate prescribed in Table M1507.3.3(1) is multiplied
Mechanical exhaust capacity of 50 cfm by the factor determined in accordance with Table

Bathrooms-Tollet Rooms ;e mittent or 20 cfim gﬂtiﬁuous M1507.3.3(2).

For SI: 1 cubic foot per minute = 0.0004719 m"s. 16
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IRC & 62.2-2016 Basic Example — 3 BR, 1400 s.f.

TABLE M1507.3.3(1) CONTINUOUS WHOLE-HOUSE MECHANICAL VENTILATION SYSTE

 Use IRC Table

(Originally from 62.2-2010)

45 CFM continuous

CFM;,, = (0.03 x Ag,,,) + (7.5 x (# bedrooms + 1)) | m,.:%:"”i.
=42 CFM + 30 CFM = 72 CFM continuous

¥% Southface

62.2-2016 Ventilation formula:

DWELLING

UNIT NUMBER OF BEDROOMS

FLOOR

AREA 0-1 ‘ 2-3 ‘ 4-5 ‘ 6-7 ‘ >7
(";2::;" irflow in CFM

< 1,500 30 45 60 75 90
1,501 -

3,000 45 0 7] 90 105
3,001 -

4,500 60 75 90 105 120
4,501 -

6,000 75 90 105 120 135
6,001 -

7,500 90 105 120 135 150
> 7,500 105 120 135 150 165

For SI: 1 square foot = 0.0929 m?, 1 cubic foot per minute = 0.0004719

Ventilation and
e
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62.2-2016 Ventilation Calculator
[ ]
- Qfan = Qtot - Qinf
Qfan = Qtot - Qin
EarthCraft Single Family Ventilation Calculator based on ASHRAE 62.2-2016 3|Blue fields - entry required
4/Green fields - entry optional
OPTIONAL: Back out your CFM50:
Enter the Volume: 12000/cubic feet
Enter target ACH50:| SI
Estimated CFMS50: 1000 cfm50
ASHRAE 62.2-2016 Appendix B wsf Values for Georgia
Enter Floor Area: 1400|sqg. feet wif Weather Station Latitude Longitude  State
Enter # Bedrooms: 3 0.37 Alma Bacon County AP 3153 -8250 Georgia
i . ; 0.40 Brunswick Golden Is 3125 -8147 Geargia
Enter Building Height: m feet (e.g., 17" for 2 story) 040 Bromswick Malookn McK AP 3015 8138 Grongia
Enter fwg f‘PiIiﬂgHeighll 9,00(feet (used to calculate volume only) 038 Atbany Dougherty Counry AP 3153 si18 Georgia
Conditioned Volume 12600 cubic feet 036 Valdosta W Airport 1078 538 s
0.41 Macon Middle Ga Regional AP 3268 -83.65 Georgi
Enter Blower Door CFMS0: cfmSD won ¢ o !
5 5.00 ACH (for reference/comparison only) 02 Wamet AT e e
gt . P i 041 Augusta Bush Field 3337 -81.97 Georgia
Enter Location wsf: m!ﬂ (use Chart from Appendix B) => uh AT T - = Georgia
- 037 Fulton Co Arpt Brow i3m 8452 Georgia
Starting Ventilation Amount ehs e s L =) EIT
5 Benmu: ;i 2 5 -
(before adjusting for infiltration) : ;9 :‘T '::m“ ;‘ ¥ _:; :J xm
X 1! 2.52 -8495
--Hidden slides determine Qinf--- A etppi o At =
040 Marietta Dobbins AFB EER- -84 52 Georgia
0.40 Athens Ben AP 3305 -8333 Geor,
Qinf 262 cfm (infiltration CEM that will be credited) SR ’ ’ =
038 Rome R B Russell AP 3435 8517 Georgia
i, limit 438 (maximum that could be subtracted) v — Y] ey 5 .
. B B nnger 2 3 A0rma
Enter Agxt 1 (for single family, assume Aext = 1) 036 Moody AFB/Vadosta 3097 o Georgia
040 Savannah Intl AP 212 =81.20 Georgia
Qfan 45.8 cfm

4% Southface
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62.2-2016 Ventilation Calculator

L1 www.residentialenergydynamics.com/REDCalckree/lools/ASHRAELZZ20 1 3.aspx

RED

ResidentialEnergyDynamics.co

RESIDENTIAL ENERGY DYNAM.— =
INNOVATIVE SOFTWARE SOLUTIONS

Home RED Calc Free

4% REDCalcFree Tools

Related Products Support

.
HED ASHRAE 62.2-2016 Vaentilation

Pt P @)

=

Ventilation
e
ASHRAE 62.2-2010 @
Electrical Usage
Depressurization
Pitot Tube Airflow
Box Airflow

Air Leakage

New

Air Leakage Metrics

Design Infiltration

Advanced Infilcration
Insulation

Dense Pack

Loose Fill

Heat Transfer

Infrared R-Value

Parallel Path R-value @
Domestic Hot Water

Systems Comparison

Average Daily Usage @

First Hour Rating

Instantanecus Sizing @

Volume per Use

e eo00 eeee

4 R
RED Calc Free New ar mu:lsl‘_"hg cansTrUCTion Euislifg
Getting Started
Tool Descriptions Crwelling unill i Absched o offer dweling osilfs) -
Preferences [:] Only walls are in comman with other dweling units [¥e -]

Usz infiltration crodit Ve -

i
Clovsest waather station  Unitsd Saes

o — W

Cremver Intl AP
Waasthar 2nd shiglding factor {1/hr] = 0L59

Limited capacity
Click to reserve
now!

retrodJ9

Living area [[#2 v ]|

Number of occupants | ¥

Building height [[f |1

Measured leakage @ 50Pa [[CFM v |]|

[ Use Advanced Blower Door Inputs

Water Flow Rate [i]

¥% Southface

[l Use Local Ventilation Alternative Compliance

'
UltraAire”

« Fresh air ventilation
(ASHRAE 62.2)

« Effective moisture control

= Dptimal air filtration

20

Types of Ventilation

* Exhaust only
— Single or multiple
ventilation fans

* Supply only

— Qutside air into building

* Inline fan
* Balanced
— Fan in/fan out
— Energy/Heat Recovery

<% Southface
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What Kind of Ventilation Strategy?

330 Single Family Homes 1744 Multifamily Units

= Balanced = Supply = Hybrid = Exhaust

m Balanced ®m Supply = Hybrid = Exhaust

¢

0%

+% Southface
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Exhaust only

* Usually a larger CFM, more quiet bath exhaust fan
with timer switch

* Ventilation layout and installation is critical to airflow

— Upsize fan to be sure of airflow
* If 55 cfm is required, spec 70 cfm fan




Exhaust only

* Plus- Inexpensive to buy and operate, especially with
DC motor; runs continuously

* Plus- If quiet, occupant might not unplug it

* Minus- Negative pressure pulls unconditioned air
from largest, most available holes and leaks

* Minus- How will incoming air be filtered and
conditioned?

* Minus- Potential combustion

safety issues

¥% Southface
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Supply Only

* Vent from outside to
house or return
plenum

e Air needs to be
filtered

* Need manual
(balancing) damper,
motorized damper
and timer/controller

* |nsulate vent duct

4% Southface
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¥% Southface

Supply - Positive Pressure Ventilation

Living Space
Tharmaostat

Remote dehumidistat on wall

inside house (disconnect 1 .
dehumidistat on unit) .I : Return grille

1000 cfm ¥ !
i *  ~950 cfm
Suppl i ] ’
&iE ¥ i MI. — Transfer grille Wal
I ain
XX B * * - Retum T - — p
4l Duct Manual damper (to
A A1 adjust flow rate) \Q
_." :' _._.—-—'_"_-_-_-.
Stanc-alone e & £ ——a—
dehumidifier " i :
i Motorized Eil:tgll_?; < ~50 cfm
damper (1o g jneiated
contral open  ga. dy .t
Tirne)
J. 5" miedia
4 filter o
1 CFM per 50 fit Fan and damper * 4 g ’
af condiioned air & . = y
o circulate in crawlspace CYRNG coniol "“: o f-.:.‘:___
" . . ] . . al t
Positive Ventilation Supplied via O.A. Ducted to Return 26
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Supply Only
Plus- If designed & installed correctly, this approach
should supply the intended ventilation cfm
Plus- Air can be filtered and pre-conditioned

Plus- Slight positive pressure inside house keeps
pollutants at bay (good in humid climate zones)

Plus- Ventilation air is well mixed and distributed
throughout house by duct system

Plus- Mitigates combustion safety issues
Plus- Fairly doable retrofit

27




Duct Maximum Capacity
Diameter Flex Metal

Supply Only R
e

:

8

100 150
150. 200

Minus- Energy penalty of using big
fan to bring in a small amount of air (affects HERS Index)

Minus- In MF, may yield inadequate air flow due to
low pressure in HVAC closet — consider a shroud

Minus- Size of vent duct affects run-time
Minus- More pieces to design, install, operate

Minus- Exterior vent placement with -~ —=
cumbersome filtration =

¥% Southface

28

Supply Only With In-Line Fan

* Plus- Likely to have correct
ventilation cfm

* Plus- Low initial and
operating cost

* Minus- Potential moisture
issues in HVAC closet

4% Southface
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Supply Only With In-Line Fan+
& UFRESH <>

correct ventilation cfm
that is filtered & from

* Plus- Likely to have

known source

* Plus- Low initial and

operating cost

¢ Pl us_ Ca n be SEt to nOt HVI CERTIFIED PERFORMANCE
ve nti I ate d u ri n g o ba d V74 N::;[::L D‘UC:'SIZE STATIC:'ZESSURE :OPEIE:I:II W:T:S
times (too hot, too cold, acw | i
too humid, too dry) o | s
¥% Southface e
Hybrid

Doesn’t necessarily contribute to

Uses exhaust fan with intake air
controlled by electric damper

pressure imbalances inside house

Insulate vent pipe

<% Southface

Air needs to be filtered




Hybrid
* AirCycler g2/g2-k
— Install S ?

' I
One Hour of Ventilation
o 15 30 45 &0
minutes minutes minutes minutes minutes
HRV/ERV

HRV/ERY at 30 CFM continuous for 60 minutes = 1,800 CF of fresh air
A

: |
; iy : AirCycler® g2-k Exhaust

----a-—-------.---.-——----—-----u- -
-

-------------------------------------

' :
1,800 CF of fresh air required - 1,350 CF provided during heating/cooling = 450 CF still needed

450 CF /60 CFM = 7.5 minutes of exhaust time required to meet the ventilation demand for that houwr.
L. "y

+% Southface =

Balanced - ERV/HRV

* Doesn’t contribute to pressure imbalances inside house
* Tempers humidity and temperature of incoming air

e Can be tied into duct system but best when
independently ducted

. Stale air from
F;:::'Hﬂ your home
Stale air
1o outside
Fresh air
from outside
<% Southface
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Balanced Ventilation

/\ Energy

Recovery
E"”’""’:((>: Ventilator
ol (ERV) —
Kitchen transfers
Hood both heat
Supply Supply Enia;ﬂ; (SenS|b|e)
1\ 1~ and
moisture
Outside air ( Late nt)
Inslde air

34

Balanced ERV - Spot Unit

* Plus- Doesn’t create pressure imbalances

* Plus- Low energy use
* Plus- Relatively low cost

* Plus- Ease of set-up and
operation

* Plus- 2 pipe design,
lower install cost S

* Minus- Low moisture transfer
* Minus- Distribution?

<% Southface
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Balanced - ERV-Whole Unit

* Plus- Doesn’t create pressure imbalances

* Plus- Low energy use

* Plus- Good mixing, decent moisture transfer
* Plus- 4 ports, can be tied into duct system

* Minus- Removes some of the OA moisture but
ultimately still adds humidity to house

* Minus- Higher cost .8

¥% Southface =

Ventilation - What could possibly go wrong...?

* Occupant doesn’t run AC or
dehumidifier N

— No fans to move air

* Ventilation system
is turned off

e Qutside air not
conditioned leading
to moisture issues
(mold/mildew) B

 Lack of proper maintenance

4% Southface =




What is New(er) with Ventilation?

* Mini-splits are becoming more
established in the market

* ERV’s have gotten much more
affordable

* ECM for variable speed AHU'’s
. . R403.6 Mechanical ventilation (Mandatory). The building
d ”S m a rt Ve n tl I at I O n ” CO nt ro I S sl;:all be provided wath venu]auon‘l.hnt meets lhle relquuem(ims

of the International Residential Code or Intermational

With sensors for temperatu re’ Mechanical Code, as applicable, or with other approved

means of ventilation. Outdoor air ntakes and exhausts shall

moisture, particulates, etc. have automatic or gravity dampers that close when the venti-
’ ’ lation EyS(EIIl 15 not Dperatmg
[} Loa d S h ave S h ifted R403.6.1 Whole-honse mechanical ventilation system

fan efficacy. Mechamical ventilation system fans shall
meet the efficacy requirements of Table R403.6.1

- H Ig h p e rfo rman Ce h omes Exception: Where mechanical ventilation fans are inte-
d on 't nee d (e{0]0) I N g gral to tested and histed HVAC equipment, they shall be

. powered by an electronically commutated motor
— Homes need drying
* |n-wall dehumidifiers for MF
Ventilation dehumidifiers

¥% Southface
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HVAC and Moisture

* Don’t expect HVAC to fix bad
envelope moisture issues

* Remember Psychrometrics
— “It ain’t the heat, it’s the humidity”
— Southern weather example

e HVAC controls can help
— Humidistat

— Variable speed blower

— Variable capacity equipment
(staged or variable speed compressors)

4% Southface — 39




HVAC and Moisture

It's Not the Heat, It's The Humidity..

Atlanta, GA

Bin Temperature 70-75 75-80 80-85 85-90 90-95 95-100 100-105 105-110 |Total
# of Hours of Occurrence 1133 880 620 361 172 23 2 0 3246
37% 27% 19% 11% 5% 1% 0% 0%
83% 17%
Manual J Design, Load based on Temperature 92° 99 gr/lb
ASHRAE Humidity Design, Load based on Moisture 82° 133 gr/lb
Approximate Extra Moisture Added per 100 CFM Of O.5.A. 3.9 pts/hr ar 93.9 pts/day
Mixed Air
(filtered,
dehumidified) <——— Fresh Air
€—— House Air
¥% Southface — 40
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Dehumidifier/Ventilator

s

e Pulls air from house and
from outside

* Filters & mixes two streams
e Dehumidifies as needed

— Usually $1,000+

— 70 to 100+ ppd

— |deal for efficient houses
with lower sensible loads but similar latent loads

4% Southface
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e Stand alone

Supplemental Dehumidification

Innovative

Dehumidifier

— In-wall

— Tamper-resistant

— 25 ppd

UltraAire MD33

— 33 ppd

— Easier install

+% Southface

From Cover

Intarmal Companants

4

MF Dedicated

Dehumidification

e Ultra-Aire MD33
— In-wall Dehumidifier

Specification Data

Part Number: 4035000

Blower: 155 CFM

Power: 205 Watts @ 80F and e0% RH
120 Volt, hard-wired, electrical can be routed
through bottom or cut the back of the cabinet

ic Restart: Yes

Current Draw: 25 Amps

Operaling Range: 40°F 05°F

Sized For: Up to 1,200 Sq. FL - Typical

Minimum Performance at 80°F and 60% RH

Water Removal: 23 pintiday
Efficiency: 45 PintsAWh
Controls: Digital dehumidistat comrol —intamaly
mounted {behind tamper-proof cover)
Air Filter /2" Washable, mounted bahind diffuser
idi Digital, tamper proof, float switch nput Front Gover ntemal Compenarts
Cabinet: Galvanized Stesl
e b PO, A0S OnkeOut The Ulira-Alre MD33 (Mini Dehurnidifier)
Drain F 00, is an in-wall dehumidifier that can be
Drain Hose: 5 gravity Ted (374" 1.0, can be routed through installed p ly to interior walls
bottom cr out the back of tha cabinat including masonry and CMU block. The
Refrigerant Type: R134A (Refer to manufacturer's labl for more unit meets ENERGY STAR® standards.
information)
Amount  Gaz Measuring only 5 3/4" deep, the unit's
Coils Electrophorstic coated cails, preveris innovative design allows it fo be blindly

corrasion and extends life of the unit

Accassible from front for blind installation

Unit Weight: 40lbs.
Shipping Weight: 45 Ibs.

1

71

installed and easily fit between 16" o.c.
2"x 6" stud walls — eliminafing the need
for excess space in small mechanical
closets.

Asingle unit controls relative humidity
for spaces up fo 1,200 square feet and
drains directly info @ hub-drain or
plumbing line — eliminating the need
for reservoir tanks.




V is for Ventilation

* Finally here - Get used to it!

Spot Ventilation — (spec ENERGY STAR)

— Kitchens (100 cfm)

— Bathrooms (50 cfm)

Whole House Mechanical Ventilation

— Outside Air ducted to Return
(with controller + motorized damper)

— Energy Recovery Ventilator (ERV)
— Ventilation Dehumidifier
Amount IRC: Use chart (based on original 62.2 formula)

Amount 62.2-2016: (#BR+1) x 7.5 + 3 cfm / 100 s.f.
[example: 3 BR, 2400 s.f. house = 30+72 = 102 cfm]
May reduce this amount based on final BD result — Use calculator tool

¥% Southface 44

SMART VENTILATION GOALS

* Reduce ventilation energy usage and costs below that of an
analogous continuously operating system while maintaining or
improving IAQ

* Interact with the power grid by reducing electricity use during
peak demand and eventually allowing grid services such as
short-term load shifting

Residential Smart Ventilation: A Review
Gaélle Guyot?, Max H. Sherman?, lain S. Walker? &
Jordan D. Clark?

*Cerema & Savoie Mont Blanc University
2 Building Technologies and Urban Systems Division

September 2017
(Reference for next 3 slides)

4% Southface




SMART VENTILATION

Uses the equivalence principle to provide response
to demand for ventilation rather than a prescribed
ventilation rate through variables such as:

* RHand CO2 (can predict occupancy)

e Occupancy

* Odors

* Pollutant loads (indoor/outdoor)

* Weather conditions

* Predefined schedules

 Utilize equivalence principle

4% Southface

KEY TAKEAWAYS

* Meta-analysis of 38 studies of smart ventilation
with controls show <60% savings w/o
compromising IAQ (and sometimes even
improving it). In some cases, -26% savings.

* Occupants rarely aware of IAQ and don’t operate
systems as recommended

 High disparity of pollutant concentrations
between different rooms of a home

* Pollutant sensors may not yet be suitable to be
relied upon for residential ventilation

4% Southface




RELEVANT POLLUTANTS FOR SMART VENTILATION

Chronic exposure Acute Exposure
* Particulate matter e Acrolein
* Mold and moisture * Chloroform
* Formaldehyde * Formaldehyde
e Acrolein « NO2

* PM2.g

Also important to consider: RH, CO,, odors, temperatures

FINE PRINT: synthesis of literature disregards the availability and accuracy of corresponding sensors

4% Southface

WHAT'S AVAILABLE TO MEASURE IAQ?

@ Foobot

Brett Singer, LBNL2016== '
4% Southface |




WHAT'S AVAILABLE TO MEASURE |AQ?

ol ol o

Birdi (NA)

Koto Air Cubes
Netatmo
Speck
Airmentor
Awair
BlueAir-Aware
Foobot

Air Quality Egg
Dylos-DC 1100
uHoo (NA)

4% Southface

$119
$139
$149
$149
$183
$199
$199
$199
$280
$290
$299

Brett Singer, LBNL 2016
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HOUSE-BUILT SENSORTEST

S000

M2 (indoor)
> 2.5 um

4500 -

400[1—-
350[]—- I
3000—-
250[]—-
2000—.
150[]—.

Particle Concentration {p/L)

1000

500

0

T T T T T T T T T T T T T T T
34 3/5 3/ 37 3f8 319 3MQ 3M1 3nz2
Time
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HOUSE-BUILT SENSORTEST
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PM SENSOR
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CURRENT RESEARCH
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mw Performance-Based IAQ and
Optimized Ventilation

Southface Energy

Tested Low-Cost IAQ Sensors in UL Chambers

PM2.5 Readings from all 22 PM Sensors

po/m®
200

09:20 09:40 0%:50 10:00 10:10 10:20 10:30

C0O2 Readings from all 18 CO2 Sensors
Success Metrics: Develop an ERV field pom

test protocol, and validate that smart-
ventilation that considers outdoor air
conditions maintain occupant
comfort, achieve annual HVAC energy
cost savings (compared to central fan
integrated supply systems) and agree
with newly-developed BEopt models 2
for time-varying ventilation in humid ‘ 2 1300 i b b 2 s 0 10 1o
climates.
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mw Performance-Based IAQ and

Optimized Ventilation

¢ Monitor four new-construction homes in Charleston, SC
with “smart” energy recovery ventilators.

Southface Energy

¢ Assess occupant comfort between continuous
ventilation and time-varying ventilation modes toggling
biweekly.

derwriters.Laboratot
azer Homes

* Develop ERV field test protocol.

* Examine indoor air quality between the two ventilation
methods using low-cost IAQ sensor packages for PM2.5,
CO2, T/RH and radon.

Success Metrics: Develop an ERV field
test protocol, and validate that smart-
ventilation that considers outdoor air
conditions maintain occupant
comfort, achieve annual HVAC energy
cost savings (compared to central fan
integrated supply systems) and agree
with newly-developed BEopt models
for time-varying ventilation in humid
climates.
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mw Performance-Based IAQ and
Optimized Ventilation
Tested Modified ERVs

Southface Energy

ERV Modified by Venmar
with Senseware Remote
Switch
Success Metrics: Develop an ERV field Control Dashboard and Status Graphs
test protocol, and validate that smart- Do Open
ventilation that considers outdoor air
conditions maintain occupant i e ® 9
comfort, achieve annual HVAC energy
cost savings (compared to central fan
integrated supply systems) and agree
with newly-developed BEopt models b
for time-varying ventilation in humid
climates.
U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 59

BEopt Customization
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(sarnples air for 10 minutes
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Drybulb and Dewpoint Temperature (F)

ERV On
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TIME VARYING VENTILATION (WEATHER BASED)
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TIME VARYING VENTILATION TOOLBOX

—L ]
AED ASHRAE 62.2-2016 Ventilation

Nevs or existing construction [Wen ¥

- E—
Use infiltration credit [Ves ¥
AUUED

+ E rrata l Ventilation and | 2017 Supplement Flessst nssiher siztion 1;;5_-

Acceptable ' = .,.
Indoor Air Quality in i Weather and shielding factor [1/hr] = 0.43
Residential Buildings I —
3 Number of occupants (£ ¥ |
ARD 62.2 Drsling height [ 7 1]
S MA N UAL Measured leakage @ S0Pa [[CFM ¥ ]

Use Advanced Blower Door Inputs

J1E L]
USER’
INSI7ASHRAE STANDARD 62.2 2016
;&mﬂnﬂm And Acceprable Indoar Air Quality.in. ! Dwelling-Unit Ventilation Results

o g ERfective annual avg infltration rate [TFI 7] = 45

Totz| required ventilation rate, Q, [CFM ¥ ] = 109.23
Infiltration credit, @, [CFM__ ¥ ] = 45

Required mechanical ventilation rats, Qr,, =54

Dwelling-Unit Ventilation Run-Time Solver
Fan capacity [SFM v ||
Fan run-time per hour [[min ¥ || = 37

Dwelling-Unit Leakage Rate Solver
Target mechanical ventilation rate [[E84_ Y[ |
Corresponding measured leskage @ S0Pa [[CFM ¥ ] =

Vercion 2016-07-06_0L:30 & 2016 Residential ENengy DyRamAE, LLC
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TIME-VARYING VENTILATION

4.5 Variable Mechanical Ventilation., Dwelling-umit
mechamcal ventilation systems designed to provide vanable
ventlation shall comply wath Section 4.5.1, 432, or 453,
Sections 4.5.2 and 4.5.3 also require complhiance with M orma-
tive Appendix C and require verification with supporting doc-
umentation from the manufacturer, designer, or specifier of
the ventilation control system that the syvstem meets the
requirements of these sections. Where the dwelling-unit ven-
filation rate vames based on occupancy, occupancy shall be
determmned bv occupaney sensors or by an occupant-pro-
grammable scheduls.

4% Southface

62.2-2016 SECTION 4 EQUATIONS

Total required ventilation rate

Ot = 'D-GSJ{ﬂour +1.5(Npr+ 1) (I-P) (4.1a)

Infiltration credit
(if using single-point blower door test, Addendum I)

Oyy=0.052 x Oy x wef x (HHF 43

Required Ventilation Rate

Cran = Qror— (Qing * Aexz) (4.6)
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EXAMPLE A

Floor area: 2,390 square feet
CFMs5o: 1,435 (~4 ACH50)
# Bedrooms: 4
ERV Fan Flow: 105 c¢fm
Q,,.=109 cfm
Q=45 cfm
Qy,,=64 cfm

4% Southface

EXAMPLE (CONT'D) A

Must comply with 4.5.1 or 4.5.2 or 4.5.3
4.5.1. Short term average (any 3 hr. period)

Runtime per hour=Q;_ /Fan Capacity

=64/105=37 min/hr.

For this house and climate in worst case weather condition,
ERV is not capable of providing 37 min/hr. in “smart mode”
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NOW WHAT?
4.5.2 (4.5.2.10r 4.5.2.2) OF 4.5.3

4.5.2.1 Annual Average Schedule. An annual schedule
of ventilation complies with this section when the annual

average relative exposure during occupied peniods 1s no more
5 calculated in Normative Appendix C.
4.5.2.2 Block Scheduling. The schedule of ventilation

complies with this section if 1t 15 broken mnto blocks of time
and each block mdividually has an

ALeERe = VE EXposure
during occupied periods that is 1 as calcu-
lated in Normative Appendix C.

4.5.3 Real-Time Conirol. A real-time ventlation comtrol-
ler complies with this section when it is designed to adjust the

ventilahon system based on real-iime mmput to the venhilation
calculahum so that4heare laﬁ*..'e eXposuTe du.n.ng oCou-

but no more than cne ].rearand shall be baszed on _m:uple,
recursIve Or runming average, but not extrapolation.
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WHAT IS UNITY??

“The state of Eemg united or Jomec[

as a whole”
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ACTUALLY IN THIS CASE...

1114711111

144311731171423447334473114314737117117124131111173431731431113731331311131234331131333333
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APPENDIX C

"The goal of relative exposure is to verify that an
occupant using a proposed variable ventilation
system will have no more annual exposure to a
constant-source contaminant than they would if a
constant total flow were provided” (User’s Manual)

Peak Exposure Limitation R;<5 (C1.3)
Average relative exposure <1
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APPENDIX C

For each time step...
* Q

inf,i

= infiltration rate

* Qg,;=mechanical ventilation rate

* Q =total ventilationrate = Q;;+ $Qy,,,;

=1 for balanced systems

* R=Relative Exposure

* R._,=Relative Exposure (previous time step)

4% Southface

TWO WAYS TO CALCULATE Q,

inf,i

C2.2.1 "Annual Average
Method”

"To calculate Q;¢; use the result
from Equation 4.5, Section 4.1.2

"
Qimc

C2.2.2 "Smaller Time Step
Method”

Calculate wind driven flow and
stack driven flow:

Q, (C4), Q,(C5)

Qe = V(QZ + Q2)
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APPENDIX C

C3. RELATIVE EXPOSURE CALCULATION

This section uses the time series of actual venﬂlati@ (from
Section C2) to calculate the time series of relative exposure.

C3.1 Nonzero Ventilation. The relative exposure for a given
time step shall be calculated from the relative exposure from

the prior step and the current ventilation using the following
equation, unless the real-time or scheduled ventilation 15 zero:

R, = Qror [Ri—l : Qi) 0OV e, (€9)
Q,‘ Ql’
where &; 15 the relative exposure for time step 7.

C3.2 Zero Ventilation. If the real-time or scheduled ventila-
tion at a given time step 1s zero then the following equation
shall be used:

At
R, =R _;+ QrorA (C10)
¥
space
4% Southface
3
Average Ri__ |Peak Ri
JAnnual Average Method (C2.2.1) 0.96) 1.78
2.5 Smaller Time step Method
(C2.2.2) 1.12] 3.3

Relative Exposure
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3.0
@ 1205 cfm
Annual Average Relative Exposure=0.96
Peak Relative Exposure=1.8 (mid-March)
— Ayerage
— Peak
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Victory for Smart Ventilation!

* Research underway - Get excited!
— Constant ERV vs. Time varying
— |AQ impact of these strategies

— Energy impact of these strategies
(Sensible & Latent impact)

* Proposed for energyplus

* Controls and Sensors
— on the way (be cautious)
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We're Your Biggest Fans!!!
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