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The Sponsors of Energize Connecticut, and in partnership with Connecticut
Passive House, are pleased to offer Passive House & All-Electric Homes
Initiative to support workforce development and help transform the energy
efficiency and building construction industries in Connecticut.
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CONNECTICUT PASSIVE HOUSE

For more information, please visit EnergizeCT.com/passive-house
or email PassiveHouseTrainingCT @icf.com
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Take energy efficiency to a new level

Residential New Construction Passive House Multi-family buildings with five units or more




PASSIVE HOUSE INCENTIVE STRUCTURE FOR MULTI-FAMILY

(5 UNITS OR MORE)
. . . . Max Incentive Max Incentive
Incentive Timing Activity Incentive Amount . .
(Per Unit) (Per Project)
Feasibility -
Study’ Up to 100% of Feasibility Study Costs N/A $5,000.00
75% of Energy Modeling Costs
Pre-Construction (Before 90% Design Drawings) $500.00 $30,000.00
Energy
Modeling®
50% of Energy Modeling Costs
(90% Design,/50% Construction) $250.00 $15,000.00
Post Construction Certification’ Up to 100% of Certification Costs $1,500.00 $60,000.00

i. Feasibility Study will require documentation in the form of a Feasibility Study report and invoice from the Passive House Consultant
2. Incentives will only be awarded prior to 50% Construction Drawings for Passive House projects. Mo incentives will be granted after 50% Construction Drawing set.
3. Certification may be either through PHIUS, PHI, or EnerPHit certification offerings.

Next steps you can take...
Contact your Energy Efficiency Representative or

Go to EnergizeCT.com or call 1-877-WISE USE for more details.
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The future of high-performance,
all-electric homes starts here.




Single Family
(Detached Dwellings)

Multifarmily
[Attached Dwellings)

Single Family
iDetached Dwellings)

Multifamily

(Attached Dwellings)

Total UA Alternative Compliance or
HERS Index Score |

Total UA = 7.5% better than 2021 IECC or
HERS Index Score < 55

Total UA = 15% better than 2021 |[ECC or
HERS Index Score < 45

Heat pump for space heating i Required Required

Space Conditioning . :

Connectivity & Controls Lrros] i

Heat pump for water heating Required Optional Required it

Hot Water Distribution Tt Required Required
iCFA, = Bh0fE2: CFA = B2

. ACH50 = 4.0 ACHS0 < 3.0

Envelope Infiltration Rate (ACH) ACHS0 = 25 CEA < BEOfD- ACHS0 =20 CEA < B5DFT2-

ACHS0 < 5.0 ACHS0 < 4.0

Duct Leakage Rate (CFM)

2021 IECC code minimum requirements

All ductwork must be located in
conditioned space

Balanced Ventilation Systems Optional HRWERY {ﬂﬂﬁ?&eﬁj‘a >40% TRE)
Induction Cooking Optional Required it | Optional
Electric Viehicle Readinass titit Required Required
ALL-ELECTRIC HOME INCENTIVE STRUCTURE
Lewvel 1 Lewal 2
Simgle Family 57,500 $10,000
Single Family Attached 53,000 $5,000
Multifarmily £1,500 £2,500

Next steps you can take...

Contact your Energy Efficiency Representative or

Go to EnergizeCT.com or call 1-877-WISE USE for more details.
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Thank You

For more information, please visit EnergizeCT.com/passive-house
or email PassiveHouseTrainingCT@icf.com
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WHOLE
HOUSE
| MECHANICAL
/.| VENTILATION

OPTIONS

Single-Family and Low-Rise
Multifamily Buildings and Townhomes




" Why have “whole house” mechanical ventilation?

" What do the International Codes require!?

" What are the options for providing WHMV?

" What are the “best practices’”? Does climate matter?
" What are common design and installation mistakes?
" What is required for renovations!?


Presenter
Presentation Notes
For today’s discussion, our primary focus will be on the 2018 I-codes and what is required by this version. However, we will also highlight what was approved for the 2021 codes with respect to ventilation and what to expect in the near future.



WHY HAVE MECHANICAL VENTILATION?

=  Why don’t we just make the building envelope looser and let the h&e&athe?

Wal
‘ How loose should it be!?
<)o’

‘ Where should we put the holes!?
NN

‘ How do we design “loose” for windy days?



Presenter
Presentation Notes
When we start talking about mechanical ventilation, we often hear comments like “We should just build our homes looser and let them get fresh air naturally. Why seal them up just to spend more money on fans and ventilation systems?”

The problem with that approach is that we really don’t know where to put “the holes” and how many holes to make? Should we simply not seal around windows and doors or just not tape the air barrier? How do we measure how loose it should be or how loose it is? Plus, a home with infiltration will behave very differently on windy versus calm days. Probably too much infiltration on windy days and not enough on the calmer days.


WHY HAVE MECHANICAL VENTILATION?

" Homes have operable windows.Why not just open the windows

O
‘ When it’s 30° outside? Or 90°?

N Y
‘ What about rainy and humid?
~\
‘ How many windows should | open?
al ¥
‘ And where! For how long!?

v



Presenter
Presentation Notes
Opening windows is another measure that is often suggested. That again isn’t really a solution because during the winter or on a summer day when it is 90o, people don’t usually want to open their windows. Rain and outdoor humidity are also problems.


WHY HAVE MECHANICAL VENTILATION?

Mechanical ventilation can be:
= Controlled,

" Predicted,

= Designed,

= Sized, and

= Measured.



Presenter
Presentation Notes
So, having mechanical ventilation enables us to control how much outdoor air is introduced, when it is introduced, and where it is introduced. We can size and design the system so we have a reasonably predictable exchange of air. We can also pre-condition the incoming air to eliminate problems with comfort or excessive humidity. The whole house ventilation system can also be combined with required local exhaust such as bath fans or range hoods to reduce costs.


HOW MUCH FRESH AIR DO WE NEED?

(o 0]

o

N

N

IO l I

ACH50
B WHMYV Required  ®Percieved Danger Zone M Good Air Annually B Good Air Weekly

o


Presenter
Presentation Notes
This slide is intended to head off the typical objection that we build homes too tight….We do!  But we’ve been building them too tight for a really long time.  We actually can’t build homes tight enough to rely on natural ventilation or infiltration.  

The left hand bar represents the 5 air changes per hour, the point at which the IRC requires wholehouse mechanical ventilation.  Therefore, the second bar from the left is often thought of as the danger threshold – tighter and ventilation is needed, looser and it is not.  The truth is that ventilation is needed well before code requires it.  

A long excepted number for how much fresh air we need as humans to breath is 0.3 natural air changes per hour (this is not pressurized with a blower door).  In a typical home in this country, in order to get enough fresh air on an average annual basis you would need 10 ACH50 in a blower door test to reach this number.  If you want fresh air over an average weekly basis you would need more like 14 ACH50.  We simply can’t built homes that leaky.  Even homes failing blower door tests are now where near that leaky.  

Windows are not often opened.  Even if they are, who wants to get fresh air through a window if the temperature is -8F or 104F?

For this reason the code is built so that the air tightness target and mechanical ventilation are required together.  This probably should have been required even when code only required 7ACH50 or before we began testing.  All homes built under 2012 IECC or later must have wholehouse mechanical ventilation.  There are 4 main approaches to achieve this.  


WHAT DO THE CODES REQUIRE?

IECC
R403.6

Mandatory

Air infiltration
<5ACH50 ...

Supply, exhaust,

or combination

Building shall
be provided
with ventilation

Building shall
be provided
with WHMV

CFM = (0.01 x

sf) + [7.5 x (no.

bedrooms +1)]


Presenter
Presentation Notes
First, we’ll take a look at what the building codes require. 

The IECC doesn’t really get into the specifics or details of what is required for WHMV, but it sets the stage for provisions in other codes. By requiring that homes meet certain envelope air leakage requirements, it creates the trigger in the IRC for mechanical ventilation requirements.

It is Chapter 3 of the IRC that requires WHMV if the building envelope air leakage is 5 ACH50 or less. Then Chapter 15 sets the requirements for the type of ventilation required and the ventilation rate.


WHAT DO THE CODES REQUIRE?

Table M1505.4.3(1) Continuous WHMYV System Airflow Rate

Number of Bedrooms

Requirements

Dwelling Unit Floor

Area

(SF)

< 1,500
1,501 — 3,000
3001 - 4500
4,501 — 6,000
6,001 — 7,500

> 7,500

0-1

30
45
60
75
920
105

Ventilation Rate = 0.01A; . + 7.5 (N, + I)

2-3

45
60
75
90
105
120

4.5

Airflow in CFM
60
75
90
105
120
135

6-7

75
90
105
120
135
150

>7

90

105
120
135
150
165


Presenter
Presentation Notes
In addition to sizing the WHMV system using the equation on the previous slide, Section M1505 also provides this prescriptive table for sizing the system. The table shows the required continuous ventilation rates. However, intermittent operation is allowed. The flow rates just have to be increased accordingly. For instance, if the fan was only going to run 33% of the time or 20 minutes every hour, the rate would have to b increased by a factor of 3. So, in a 2 bedroom home less than 1,500 sf, the airflow would need to be increased to 135 cfm. Depending on the type of ventilation and the location of the supply or exhaust fan(s), comfort would need to be considered when deciding upon runtime.

Example: For the two-bedroom, 1500 sf home with an eight-foot ceiling height, one air change per hour is 12,000 cubic feet or 200 cfm.  The required ventilation is 45 cfm.  That is 155 cfm of air that does not need to be heated nor cooled.  It increases with higher air changes per hour.

12,000 divided by 60 minutes in an hour.


WHAT ABOUT LOW-RISE MULTIFAMILY BUILDINGS?

2018 I-Codes

Supply, Supply and
exhaust, or exhaust
combination approx. equal
Continuous Qoa = 0.0l
outdoor XAqor T 7.5
airflow rate X (Ngr + 1)
Corridors, Min. 0.06
common
cfm/ SfFIoor Area

areas



Presenter
Presentation Notes
For apartment buildings 3 stories or less, the requirements for ventilation airflow are a little different. Keep in mind that low-rise multifamily buildings (1-3 stories) fall under the residential section of the IECC but are subject to the requirements of the IBC and IMC for everything. So, while the same mandatory requirement for ventilation in the IECC applies, we need to look at the IMC for the specifics.

For MF more than 3 stories, Chapter 4 of the Mechanical Code requires a ventilation rate of 0.35 ACH, but at least 15 cfm/person.

Like the IRC, the IMC requires mechanical ventilation for dwelling units if the infiltration rate is less than 5 ACH50. The IECC requires testing of either the whole building or on a unit-by-unit basis and requires that the air leakage rate is less than 5 ACH50. The required outdoor airflow rate is calculated in the same manner as in the IRC. It is calculated based on continuous operation of the fan(s), but intermittent operation is allowed as long as it runs at least one hour in each four-hour period.


WHAT ABOUT CODE REQUIREMENTS FOR LOCAL EXHAUST?

2018 I-Codes

= Requirements for kitchen and bath exhaust are the same for single-family and multifamily buildings and
townhomes. |

Minimum Required Local Exhaust Rates

Kitchens |00 cfm intermittent
25 c¢fm continuous

[

Ji

Bathrooms, toilet rooms 50 cfm intermittent
20 cfm continuous

Building America Solutions Center Building America Solutions Center



FAN EFFICACY - IECC TABLE R403.6.1

Fan Location Minimum Air Flow Minimum Efficacy Maximum Air Flow
Rate (CFM/Watt) Rate
(CFM) (CFM)
HRV or ERV Any |.2 cfm/watt Any
Range Hood Any 2.8 cfm/watt Any
In-Line Fan Any 2.8 cfm/watt Any
Bathroom, Utility Room 10 | .4 cfm/watt <90

Bathroom, Utility Room 90 2.8 cfm/watt Any



WHAT CHANGED INTHE 2021 CODES?

IECC Residential

Total Building Performance
Path  ERI Path

Air leakage < 0.30 cfm/sf
enclosure area

Climate Zones 7 & 8

Verification

Air leakage testing - < 5 ACH50 OR
< 0.28 cfm per sf enclosure area

Attached single-family and multifamily
Dwelling units < 1,500 sf

Balanced heat or energy recovery required
Min. 65% sensible heat recovery

Testing required for all mechanical ventilation
Exception: some range hood installations

| o[ ]

Building America
Solutions Center


Presenter
Presentation Notes
For single family homes, two-family homes, townhomes and low-rise multifamily buildings, the air leakage threshold was increased somewhat if following the Total Building Performance Path or the ERI Path. In these cases, a slightly relaxed threshold of < 5 ACH50  is allowed. There is also the option of the  compliance based on a maximum threshold of 0.28 cfm per sf enclosure area rather than one based on the volume of the building. If following the Prescriptive Path, buildings must still meet the < 3 ACH50 threshold in Climate Zones 4 through 8.

For smaller homes and multifamily dwelling units, the threshold is < 0.30 cfm/sf enclosure area which is more realistic and more reasonable for smaller units.

In the 2021 code, all mechanical ventilation fans/systems must be tested and verified to have the required flow rate. This will be a good thing because it is not uncommon to find even bath fans with poorly installed ductwork that do not come close to rating on the fan or the required flow rate.



WHAT CHANGED INTHE 2021 CODES?

IECC Residential

Table R403.6.2 Whole-Dwelling Mechanical System Fan Efficacy

. Airflow Rate Minimum Minimum Efficacy
Fan Location
(CFM) (CFM/Watt)
HRV, ERV Any |.2 cfm/watt
Inline supply or exhaust fan Any 3.8 cfm/watt
Other exhaust fan <90 2.8 cfm/watt
Other exhaust fan > 90 3.5 cfm/watt

Air handler that is integrated Any |.2 cfm/watt


Presenter
Presentation Notes
Blue text indicates changes in 2021 IECC.
Minimum efficiency requirements increased for all types of ventilation fans except HRVs and ERVs. Efficacy for central HVAC air handlers integrated with mechanical ventilation system was added in 2021. These fan efficiencies are similar to what is required for Energy Star labeled fans.


WHAT CHANGED INTHE 2021 CODES?

IRC Chapter MI1505
IMC 403.3.2.1

= Ventilation rate can be reduced by 30% if the following comply:

~ A ducted system supplies ventilation air directly to
each bedroom and one or more of the following:

S el o
o Living room — -
o Dining room g
o Kitchen ]
AND = =

» The WHMYV system is a balanced system.

Building America
Solutions Center


Presenter
Presentation Notes
For multifamily buildings 3 stories and less, the required ventilation rate remained the same:

QOA = 0.01AFloor + 7.5(NBR +1)

But there is a new exception that allows the rate to be reduced if certain conditions are met.


WHAT CHANGED INTHE 2021 CODES

IECC Commercial

* Energy recovery
ventilation - EERIN N Y

MUItlfamlly . CQQ“ng -50% , ke
Dwelling enthalpy energy
Units recovery
 Heating — 60%
enthalpy recovery (g sestn

I



Presenter
Presentation Notes
On the commercial side, energy recovery ventilation for dwelling units in multifamily buildings four stories and greater, energy recovery ventilation is required. Specific enthalpy recovery or efficiency is required during heating and cooling seasons. Enthalpy recovery refers to transfer of both moisture and heat or cooling.

There are a number of exceptions:
Apartment units in CZ 3C
Apartment units 500 sf or less conditioned area in CZ 0, 1, 2, 3, 4C, and 5C
Enthalpy requirements for cooling in CZ 4, 5, 6, 7, and 8
Enthalpy requirements for heating in CZ  0, 1, and 2

Energy recovery for commercial buildings is required in the 2018 IECC based on system supply air flow and the percentage of outdoor air.  It is not based on the space served.  Thus, the exhaust air flow for individual apartments with its own mechanical system will probably not require energy recovery.  


HIGHER PERFORMANCE CODES, STANDARDS,
PROGRAMS

Indoor Air Plus

Energy Star Version 2 Passive House
(Proposed)
* Efficacy wfilter * Balanced * Envelope air
» Sone rating ventilation leakage: 0.6 ACH50
e LED or  MERYV |3 filtration e User-controlled
fluorescents e Bath fans — 30 ventilation
minute auto-on * All rooms directly
» Range hoods or indirectly
exhaust to outside ventilated

Noise: < 25 db(A)


Presenter
Presentation Notes
Energy Star requirements for ventilation fans:
    Efficacies for bath fans and in-line fans similar to IECC
    Also have efficacy requirements with the filters in place
    Also have noise requirements for fans: range hoods and bath fans/utility fans < 200 cfm = 2 sones or less. Fans 201 cfm to 500 cfm = 3 sones or less.
    Lights incorporated in fans must be either LED or fluorescent

2018 IRC Section M1503.3 allows range hoods to not duct to the outdoors if manufacturer approval and if mechanical or natural ventilation is provided.




WHAT IS ASHRAE 62.2?

ANSI/ASHRAE

Ventilation and
Acceptable

Indoor Air Quality in
Residential Buildings

or o i Hinsmi Sl S St . I

Ea e s S i e o e mm— e e g m =

Qtot = O'O3Afloor +7.5 (Nbr + I)

International Code Council

Qtot = O'OIAﬂoor +7.5 (Nbr + I)


Presenter
Presentation Notes
Compliance with the code is the minimum required to obtain a certificate of occupancy.  You can always install something that is better as long as you don’t violate another code requirement.  With air quality being the current hot topic, it is likely that ventilation rates will increase in future versions of the code.

ASHRAE – American Society of Heating, Refrigeration, and Air Conditioning Engineers. It is an international society that develops standards for best practice within the space conditioning, refrigeration, and ventilation industry. It is often referenced for inclusion by many codes and standards to address indoor air quality issues.

ASHRAE 62.2 is a national standard that is considered a slightly higher performance standard than the requirements found in the IRC or IECC. It requires a slightly higher flow rate than the IRC and also has some more detailed specifications to assure good indoor air quality. We will talk about that more when we cover renovations to existing buildings.


WHAT ARETHE OPTIONS FOR WHMY?

Exhaust Ventilation EXhatlg |)' - Pros

’ﬁ\\. mnair
: —[11 Central exhaust fan r \I¥ | EXhaUSt Only
— [ | —
| | |

\ y ,fb‘ﬁ
© { »

e

C L US Department of Energy 9
 —

@ Airflow @ Positive air pressure

-

Inexpensive

“Easy” to Design and
€|\ Airinfiltration @Negativeairpmsure Insta” CorreCtI)’

house-ener, gy.com


Presenter
Presentation Notes
Usually incorporates one or more bath fans to combine local exhaust and whole house mechanical ventilation. Fans are put on programmable timers, but code requires that they have a manual over-ride. So, there is potential for homeowners to re-set them or turn them off altogether.

While bath fans are easy to design for proper airflow rate according to house size and comparatively easy to install, we have seen many examples of poor installation that compromise actual performance. But, we will come back to some of those issues later.


WHAT ARETHE OPTIONS FOR WHMY?

Exhaust-Only - Cons

Pulls in “Fresh Air”
27 Through Infiltration

Potential for
Condensation

: et Radon?
Contaminants?

EPA

% t t 5 De-Pressurizes

Home


Presenter
Presentation Notes
There are some drawbacks to exhaust-only ventilation systems. They do tend to depressurize the building and can potentially bring in unwanted contaminants from the outdoors or underground, e.g., radon. Also, they bring in outdoor air in unknown locations. Depending on where the leaks may be in the building envelope, this will be where fresh air is bought in. So, some areas of a home may get more ventilation air and others less. Exhaust-only systems are a bit of an unknown since you don’t really know where or exactly how much fresh air is being brought in. Exhaust-only systems would not be a particularly good choice for dense urban areas or in homes on very busy streets. Since the incoming air is not filtered, contaminants from vehicle exhaust could be introduced.

Note the potential backdrafting of the combustion appliances with exhaust only ventilation.  CO2 is certainly not good for indoor air quality. 


APPROPRIATE CLIMATES FOR EXHAUST-ONLY

VENTILATION

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

H
=
| |

S
3 A, ] ‘:P . ’ l~ f-'
P S

“.. E%T%%% ) &;,ggr

Warm-Humid
below white line

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham, r
Southeast Fairbanks, Fairbanks N. Star, Zone 1 includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands



Presenter
Presentation Notes
Exhaust-only systems are most appropriate for cold or moderate climates. As noted on the previous slide, condensation is also a concern with these systems. So, they are not well-suited to extremely humid climates – hot or cold. Condensation is much more likely to occur if you are pulling moist air through the building envelope. For instance, during the summer in Florida, condensation would likely occur if hot, humid air is pulled through the building cavity and then meets cooler, air-conditioned surfaces. So, typically, exhaust-only systems are primarily suitable in Climate Zones 4 and 5 and drier portions of Climate Zone 3.


WHAT ARETHE OPTIONS FOR WHMY?

A\ 4

upply-Only - Pros

é Supply Only
v :

) Easy to Design and
“H :& Install Correctly

Inhibits entry of
: - ' outdoor pollutants
filtered



Presenter
Presentation Notes
Similar to exhaust-only, supply-only systems are advantageous from the standpoint of first cost and being fairly easy to design and install. Because the home is pressurized, you inhibit the introduction of outdoor contaminants plus the incoming air can be filtered.


WHAT ARETHE OPTIONS FOR WHMY?

\ &

S{ﬁply-Only - Cons

Pushes Air Out Through Building Envelope

~\ v

Q Brings in hot/cold/moist air

’ Potential for condensation
Uncertain distribution

Can feel drafty


Presenter
Presentation Notes
Care must be taken when designing supply-only systems because you need to make sure you introduce the unconditioned air in locations that won’t create comfort issues and you must supply the air at fairly low flow rates so as not to create drafts. Also, if outdoor temperatures are too extreme – either on the hot or cold side, supply-only can be problematic at some times during the year.


APPROPRIATE CLIMATES FOR SUPPLY-ONLY

VENTILATION

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

g Sgals, a= i‘aﬂ' :-";;mt.;’
S ;ﬁ% 4

— e
€]

Warm-Humid
below white line

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham,

Southeast Fairbanks, Fairbanks N. Star, Zone 1 includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and

North Slope the Virgin Islands



Presenter
Presentation Notes
Supply-only systems are best suited for mild, temperate climates. Even Climate Zones 3 and 4, particularly in the central and eastern part of the country can see pretty hot, humid weather in the summer and cold temperatures in the winter. Supply only systems are not seen as commonly as exhaust-only.


WHAT ARETHE OPTIONS FOR WHMY?

/\\ Balanced Ventilation - Pros
u > ~ equal supply &

exhaust airflow

No induced exfiltration
or infiltration

« Outside
Air

No depressurization/
pressurization

No impact on
combustion

basc.pnnl.com



Presenter
Presentation Notes
A balanced system uses two fans, an exhaust fan and a supply fan (usually tied to the return plenum as with supply only).  These fans usually are controlled together so that they can exhaust and supply at the same time and avoid any pressurization of the home.  This is more expensive than either exhaust or supply only and is harder to design and install correctly.  The benefit is that you no longer have infiltration or exfiltration through the building envelope.  

One type of balanced ventilation is called central fan integrated where outdoor air is brought into the return side of the air handler, tempered, and then delivered to the house along with the heated or cooled supply air by the air handler of the furnace or heat pump. Simultaneously, with air handler operation, one or more exhaust fans are turned on. These are usually bath exhaust fans, but range hood fans could also be used.

Note that fans that are centrally integrated to tested and listed HVAC equipment must have an ECM motor.



WHAT ARE THE OPTIONS FORWHMYV?
B%@ced Ventilation - Pros

Balanced Ventilation Example - Separate Supply and Exhaust Fan

Qe Designed points of
supply & exhaust

Air vented to
outdoors

Outdoor
air duct

Supply air can be
filtered

Exhaust fan in
bath or other
location

~ Supply air

If supply and exhaust
airflows are balanced, the
system has no effect on
indoor pressure

Designed to minimize

Source: California Energy Commission

comfort issues



Presenter
Presentation Notes
Another type of balanced ventilation uses inline fans for supply air and bath fans or range hoods for exhaust. Alternatively, two inline fans could be used as well. They would be interconnected to operate simultaneously.


WHAT ARETHE OPTIONS FOR WHMY?

\ 4

&Q
Harder to design
properly
pre-conditioning of
incoming air?



Presenter
Presentation Notes
Balanced ventilation systems do not necessarily pre-condition incoming air. On the supply side, you need to take the same care in locating supply registers and maintaining low air flow rates as you do with supply only systems. The systems can be a little harder to design to ensure that you have balanced/approximately equal air flow on each side and to interlock fan operation together.


APPROPRIATE CLIMATES FOR BALANCED

VENTILATION

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

Warm-Humid
below white line

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham, r
Southeast Fairbanks, Fairbanks N. Star, Zone 1 includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands



Presenter
Presentation Notes
With balanced ventilation where the supply air is not pre-conditioned, care must be taken in the hotter climates (2 and 3) as well as the colder climate (5) to avoid comfort issues and problems with condensation. Ducts should be well insulated. Supply registers need to be located where they will not impact comfort. Central fan integrated systems where the air is pre-conditioned avoid these issues to a large extent.


WHAT ARETHE OPTIONS FOR WHMY?

Balanced w'{lﬁleat/energy recovery - Pros

P
Equal supply & exhaust
XVQ airflow

Semi pre-heated/cooled

 Unconioea. supply air

Semi dehumidified

supply air

No pressurization/de-
pressurization



Presenter
Presentation Notes
A Heat Recovery Ventilator or Energy Recover Ventilator is a fully balanced system that offers the most efficient option.  Usually in cold climates a Heat Recovery Ventilator would be chosen and in more humid climates, an energy recovery ventilator might be more appropriate.  They work using either a heat or moisture exchanger to capture energy and make the ventilation system more efficient.  In the case of a heat recovery ventilator, some of the heat removed during exhaust is captured by the heat exchanger and used to heat supply air.  Note that the actual air streams do not cross or touch one another. Energy recovery ventilators exchange both sensible heat/cooling and moisture.

This is the most expensive option (significantly more than others) and the hardest to design and install correctly, but offers energy efficiency in addition to ventilation.  Like the semi-balanced system, it eliminates ventilation air being pulled or pushed across the building envelope.

Other advantages: designed points of supply and exhaust; supply air can be filtered; no impact on combustion.



Other advantages: designed points of supply and exhaust; supply air can be filtered; no impact on combustion.


Exhaust-Only Ventilation

—Whole Dwelling Infiltration

Input Type: IEIower doar j
Annual Infiltration Value: I 1.50 IACH @ 50 Pascals j
Shelter Class |4 TI

Code Verification:

ITested ;I

—Mechanical Ventilation System for TAQ

Type: IExhaust Only d Hours/Day: I 24.0
ECr Fan Maokar? r Rate (cfm): I 150 [~ Mot Measured

Fan watts: ISE.E [T Use Default

Adjusted Sensible Recovery
Efficdency {%): I 0.0

Adjusted Total Recover
dj y |—|:|.|:|

Efficiency (%t): =l WH Infiltration
—) Matural ACH 0.07
o AcHsO Pl 1.50
CFM50 [Pa) 1321
= Annual Energy Costs (5/yr) ELA [sqg.in) 725
Heating 1003 sLa 0.0000%
Cooling 101 CFMS0/sf shell 012
Water Heating 20 = WH Ventilation (continuous)
Lights and Appliances 1190 Type Exhaust Only
Photovoltaics -0 Asls [equiv.cfm) 150
Service Charge 62,2-2010 [cfm) v
Total 62.2-2013 [cfm) 140
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ecovery Ventilation

eat
—Whaole Dwelling Infiltration
Input Type: IEIuwer door ;I
Annual Infiltration Value: I 1.50
Shelter Class |4 vI

Code Verification: ITested

=]

|acH @ soPascals v

—Mechanical Ventilation System for IAQ

Type: IEaIan::ed ;I
ECM Fan Motar? r
Adjusted Sensible Recovery

Efficdency (%) 75.0
Adjusted Total Recovery

o

Efficiency (%):

Hours/Day: I 24,0

Rate (cfm): I 140 [T Mot Measured

Fan watts: I?l.ﬂ [T Use Default

I = WH Infiltration

IEI Annual Energy Costs (5/yr)

Heating ar2
Cooling 112
Water Heating a0
Lights and Appliances 1232
Photovaltaics -0
Service Charge 0
Total 2206

—

Matural ACH 0.07
ACHS0 [Pa) 1.50
CFM50 [Pa) 1321
ELA [sq.in) 72.5
SLA 000009
CFMS0/sT shell o2

= WH Ventilation (continuous)
Type Balanced
Asls [equiv.cfrm) 140
62.2-2010 [cfm]) T
62.2-2013 [cfm) 140
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Presentation Notes
Modeling software can illustrate the advantages of an HRV or ERV compared to exhaust only ventilation. You will notice that the heating cost dropped lower which should happen since the HRV is preheating fresh outdoor filtered air. The HRV is using more energy as you can see in the Lighting and Appliances energy, but overall the Total Energy Use is lower in the HRV example. ERV’s can be used as well and have their advantages as well.

With modeling software you can dial in the exact amount of ventilation needed for the home and compare brands, systems and efficiencies.



WHAT ARETHE OPTIONS FOR WHMY?

Balanced with heat/energy-recovery - Cons

More expensive

Somewhat harder to
design

Somewhat harder to
install

basc.pnnl.com
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Presentation Notes
While HRVs and ERVs historically have been more expensive than fans used in other types of ventilation systems, costs are coming down. There are HRVs and ERVs on the market that are in the $500 range.

There are multiple ways an HRV or ERV can be ducted. Air can be exhausted from bathrooms for instance and supplied to living areas or bedrooms. Or, it can be supplied to the return side of the air handler and delivered throughout the home via the central HVAC system.


APPROPRIATE CLIMATES FOR HRVS/ERVS

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

Warm-Humid
below white line

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham, r
Southeast Fairbanks, Fairbanks N. Star, Zone 1 includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands




OPTIONS FOR DUCTING MECHANICAL VENTILATION

Effective
Measurable
Comfort issues!?

Direct to/from
living space

|nco rPO rates Reduced ductwork and labor

Not measurable

central AHU Expensive to operate
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Presentation Notes
There are several options for ducting the WHMV system. When incorporating local exhaust fans such as bath fans with the WHMV, that will of course be ducted directly from the bathroom(s). If you are adding a source of supply ventilation to this system or supply only system, that could either be ducted directly to the living space or to the return side of the air handler. Depending on the climate and time of year, supplying ventilation air directly to the living space is advantageous because it is quantifiable. You can measure it and know exactly how much air is being supplied. On the other hand, if it is very cold out or very hot and humid, this can create comfort problems and/or increase indoor humidity.

Delivering air to the return side of the air handler can alleviate the comfort issues, because the air is preconditioned before delivery to the home. It is delivered through the supply ductwork and registers that provide sensible heating and/or cooling to the home. It is efficient to incorporate the central AHU with the WHMV system when it is already needed for space heating or cooling. However, during the moderate seasons when there is no call for heating or cooling, it requires operation of the larger-than-needed central fan to distribute ventilation air. This not only uses a lot of energy but is expensive to operated as well. You may be using a 2,000 cfm fan to deliver for instance, 150 cfm of ventilation air.


CONTROL OPTIONS FOR MECHANICAL VENTILATION

Demand-Controlled Ventilation (DCV)
Code required: Automatic ot

i
timer with manual over-ride:

Sy
—h
— A
11

e Continuous m——
* |ntermittent ’—-
e

Optional: CO2 demand control
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Presentation Notes
CO2 demand control ventilation offers opportunity for higher efficacy and effectiveness. When no one is home, it may be advantageous to operate the WHMV system less often or at reduced capacity. There isn’t the need to maintain as great an air exchange when occupants are not present. When the homeowners are present, the ventilation system can then be restored to its recommended ventilation rate based on occupancy.  


WHAT ABOUT MULTIFAMILY BUILDINGS?
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Presentation Notes
Whole house mechanical ventilation has been required in low-rise (1-3 stories) multifamily buildings for several code cycles since they fall under the Residential portion of the IECC and envelope air leakage testing has been required to reach thresholds of 5 ACH50 or less. In the 2021 I-codes, it will also be required for many mid- and high-rise multifamily buildings as well.


MULTIFAMILY BUILDINGS

!

¥
~RE._ T
N =

e e ]

ool Cards.commerce.state.us.mn
- I-"Jlfmrrrrrm'mrr - Rt RN S AR

Individual fans.in / / Ventilation air pulled
each dwelling unit Central fan serving from corridor or

multiple dwelling units adjacent dwelling unit
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As for single family homes and townhomes, there are multiply ways of providing ventilation in multifamily buildings. Either to each dwelling unit by one or more dedicated fans or a larger central fan that serves multiple apartment units. There are advantages and disadvantages of each. Ventilating each unit individually is often more straightforward and easier to design and install than a more centralized system. But, ventilating individually requires multiple penetrations in the building envelope. A central system could be as little as one penetration or several depending on whether you are providing supply and exhaust and whether the building is divided into multiple zones.

Several things that should not be done and are not allowed by code are pulling ventilation air from corridors or from adjacent dwelling units. Separation walls between units and between each unit and the corridor must be air sealed.


BEST (AND WORST) PRACTICES FOR WHMYV

Building America Solutions Building America Solutions
Center Center

Fans poorly located




BEST (AND WORST) PRACTICES FOR WHMYV

Building America Solutions Building America Solutions
Center Center

Fans and ductwork improperly fastened and sealed



BEST (AND WORST) PRACTICES FOR WHMYV

Convoluted Duct

Looooong Duct Runs
Runs

Building America Solutions
Center




BEST (AND WORST) PRACTICES FOR WHMYV

5 -
‘Seal damper to
exterior wall with
caulk or gasket

Caulk
fan at
& drywall

Building America Solutions
Center

Building America Solutions
Center

Ducts properly fastened and sealed



BEST (AND WORST) PRACTICES FOR WHMYV

Building America Solutions
Center

Building America Solutions
Center

Properly supported Straight, uncompressed runs



RENOVATIONS

As you
tighten the
home, don’t
forget about
ventilation!

Always a good.idea to
insulate and‘air seal!
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Presentation Notes
When remodeling or renovating an existing home, it is always a good idea to think about mechanical ventilation and in some cases, it will be required by code. When you insulate and air seal an existing building, hopefully, you’ll be eliminating all or most of those infiltration points. So, including WHMV in the project is a good idea.


KITCHEN REMODEL

* PM, : typically ~10-20x the EPA

24-hour outdoor guideline (35 Personal vs. Indoor: PM2.5
pg/m?) g/m
2600 [1Personal
* NO,: Exposure from gas stoves 2000 Bk
frequently exceeds ~100.PPB |- 1500 BLR
hour limit o EMBR

Wok Stir Fry Wok Stir Fry - Worst
Case
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Pollutants from gas stoves can be significant, far exceeding the EPA National Ambient Air Quality Standards outdoor limits for pollutants such as PM2.5 and NO2. So, it is a good idea to install a range hood to remove both odors and particulate from cooking and often, pollutants from the stove itself.


KITCHEN REMODEL

Qualities to look for in
a range hood:

Fan speeds

Exhaust air flow rate
Thermostat control
Ducted to the
outdoors (code-
required)

Timer!?

Quiet
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Presentation Notes
There are multiple types and styles of range hoods on the market. The best style will probably depend on the style of the kitchen and location of the range. No matter what the style, it is always preferred and recommended to vent the hood directly to the outdoors versus a downdraft type hood where the air is recirculated. Other considerations such as multiple fan speeds, timers, etc. are options. Choosing a quiet fan is very important. Otherwise, it may never get used.

If exhaust air flow rate of the range hood is over 400 cfm, makeup air will be required and should be included in the remodeling proposal. It is not unusual to find commercial grade hoods for some ranges on the market today.


KITCHEN REMODEL

IRC —Where provided:

* Ducted to outdoors o
100 cfm intermittent; 25 c¢fm continuo (‘

* Makeup air if: bea

* > 400 cfm and
* Unsealed combustion A(P nt in the conditioned space

ASHRAE 62.2 - Required

» Demand-controlled (manual or automatic) or continuous
* 100 cfn@d controlled)
* 5 ACH (Continuous)

* If continuous, readily-accessible manual control required.
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Presentation Notes
The IRC does not require kitchen exhaust ventilation, but does specify certain conditions that must be met if it is provided.

When referenced, ASHRAE 62.2 does require kitchen exhaust. ASHRAE distinguishes between enclosed kitchens and those that are open to a larger living area. For the latter, ASHRAE specifies demand-controlled ventilation e.g., operated by a manual switch or automatic control.  For an enclosed kitchen, the ventilation can be either demand-controlled or continuous.


BATH REMODEL

Bath fans are always a good Q&'

Eliminate &Q
B
moisture (

Y mils
Eliminate sl

condensation

Reduce mold
potential

b Reduce

deterioration
of finishes
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Presentation Notes
Any time a bathroom is remodeled, the IRC requires ventilation if there is not an operable window. A fan is still recommended because windows are not likely to be opened when it is 30o outside.

If there is an existing bath fan, it is always good to verify the flow rate and tat it in fact is ducted to the outdoors. Often fans discharge directly into the attic or have ductwork that is near an attic vent but is not actually directly ducted to the outdoors.


BATH REMODEL

IRC — Required if no operable window

* Ducted to outdoors
* 50 c¢fm intermittent; 20 c¢fm‘continuous

ASHRAE 62.2 — Required always

* Demand-controlled (manual or automatic) or continuous
* 50 cfm Demand controlled

* 20 cfm (Continuous)

* If continuous, readily-accessible manual control required.
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Presentation Notes
The IRC requires mechanical exhaust in bathrooms if there is no operable window in the room. The IRC also has requirements regarding the location of exhaust terminations. The termination must be at least 3’ away from property lines, gravity air intake openings, and windows and doors. It must be at least 10’ away from any mechanical air intake opening or at least 3’ above the air intake.

ASHRAE 62.2 requirements for bathrooms are similar to the requirements for enclosed kitchens. The ventilation can be either demand-controlled or continuous. If continuous, there must be an accessible control to allow manual shutoff. The required ventilation rates are lower than for kitchens.


BATH REMODEL

Noisy, old bath fan Flex duct poorly
installed

Terminates where???




BATH REMODEL

Properly terminated

New efficient, quiet
bath fan

Straight, hard
ducted run




WHAT ABOUT WHOLE-HOUSE MECHANICAL VENTILATION FOR
EXISTING HOMES?
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Presentation Notes
A home undergoing extensive renovation should certainly have some type of whole house mechanical ventilation as part of the design. A heat or energy recovery ventilator is the ideal choice in that it can provide assured ventilation air to the key living areas of the home.


CLOSING THOUGHTS

= Air sealing techniques can reduce air leakage to the point that contaminants with
known health effects such as formaldehyde, volatile organic compounds, and radon
are sealed into the house.

= Ventilation also helps control maisture, which can lead to mold growth and structural
damage.

= Code compliance problems. Study shows 48 percent of bathroom exhaust fans
evaluated failed to imeet ASHRAE 62.2 required airflow.

= As the “old’’saying goes....Build tight and ventilate right.
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THANK YOUI!

NEWPORT PARTNERS, LLC 3760 TANGLEWOOD LANE, DAVIDSONVILLE, MD
JNEBBIA@NEWPORTPARTNERSLLC.COM
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Presentation Notes
Image: fresh air intake for old farm house retrofitted to be net zero.
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