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Training Objective

VENTILATION CONCERNS
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Moisture Transport
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Building Durability

Examine Some Alterations
Ventilation isn‘t just Attic Ventilation
[Toetaling Ventilation Eauiorment. [l
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Whole House Ventilation

Residential Ventilation
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Ventilation Requirements are based on:

Size of Building Enclosure

Air tightness

Number of Occupants

Ventilation—Title 24, Part 6 Slide 17

How Much?

Ventilation Requirements are based on:
Pollutants

Moisture (Humidity)

Special conditions—Certain types of equment
health conditions of occupants, etc.
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Air Tightness of an Enclosure
Air Change Rate

Example Calculating ACH
(Air Change per Hour)
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Example—ELA Calculation
Equation R3-15

Example—SLA Calculation
Equation R3-16
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Passive Home Requirements

Performance Characteristics
Passive Homes
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Wetting Potential
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E Ventilate indoor moisture

Moisture Transmission
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Moisture Balance

A 2,000 ft2 Home

Steel frame with
Gypsum Sheathing—

Wood Frame with
Wood Sheathing—

Masonry wall—

ASHRAE Journal Feb 2002—Joseph Lstiburek
Ventilation—Title 24, Part 6

Hygric Buffer Capacity

~5 gallons.

~50 gallons.

~500 Gallons.
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Decrease in bar width
indicates a decrease in effect

Optimum
Zone

Bacteria

Viruses
Fungus

Mites

Respirtory
Infections !
Allergic Rhinitis
and Asthma
Chemical
Interactions

Qzone
Production

above 50% RH

1 Insufficient Data 10 20 30 40 50 60 70 80 90

Percent Relative Humidity

Ventilation—Title 24, Part é

Slide 30

CSG

17



2013 California Energy Code Part 6 ASHRAE 62.2.2010 Residential Ventilation

TYPES OF VENTILATION
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Types of Ventilation

Passive

Open Windows:

If it is cool or breezy enough outside, opening windows
may induce enough fresh air into the house, forcing
stale air out.

Ventilation—Title 24, Part 6 Slide 33

House Fans:

In a typical multi-story house during
most of the year, air moves naturally ,%Ai/

upwards as it warms and rises.

In mild climates, a fan placed in the
ceiling or open attic will exaggerate
or induce this "stack effect" when
you open the windows, providing
fresh air and cooling.

Stack Effect

Ventilation—Title 24, Part é Slide 34
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Types of Ventilation

Types of Ventilation
Supply
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Supply Ventilation

Supply Ventilation

= Air flow @ Positive air pressure

4|y Airinfiltration @ Negative air pressure

Types of Ventilation
Exhaust
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Exhaust Ventilation

Exhaust Ventilation

1 Exhaust air
outlet

Central exhaust fan

i T
’. <3
© T@
=== =
=

1 1

= Air flow @ Positive air pressure

4|y Airinfiltration @ Negative air pressure

Exhaust Ventilation

ASHRAE 62.2.2010 Residential Ventilation
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Bathroom Fans

Balanced Ventilation Systems

CSG
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Balanced Ventilation

Balanced Ventilation

LI
re

= Air flow @ Positive air pressu

€|\, Airinfiltration @ Negative air pressure

Energy Recovery Ventilation Systems
Similarities between ERV’'s and HRV's
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Energy Recovery Ventilation Systems

CSG
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Most Energy Recovery Ventilator systems can
recover about 70%—-80% of the energy in the
exiting air and deliver that energy to the
incoming air.

Energy Recovery Ventilators are most cost
effective in climates with extreme winters or
summers, and where fuel costs are high. In
mild climates, the cost of the additional
electricity consumed by the system fans may
exceed the energy savings.

Ventilation—Title 24, Part 6 Slide 47

Energy Recovery Ventilation Systems

Installation and Maintenance

Energy recovery ventilation systems require more
maintenance than other ventilation systems. They
need to be cleaned regularly to prevent deterioration
of ventilation rates and heat recovery, and to prevent
mold and bacteria on heat exchanger surfaces.

Ventilation—Title 24, Part é Slide 48
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Ventilate indoor moisture

Ventilate indoor moisture
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ASHRAE 62.2
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3.5.2 Mandatory Measures
Ventilation Opening Area

House Ventilation Rates
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— —
§117, Part 1

Joints and Other Openings
§117, Part 2
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' 6.1 Tvoical Solut o Whole-
Building Ventilation, Part 1

4.6.1 Typical Solutions for Whole-
Building Ventilation, Part 2
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Rate (Section 4 of ASHRAE 62.2)

Equation 4-1 Continuous Ventilation
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Ventilation Rate (cfm)
(ft*)

0-1 2-3 4-5 6-7 >7

<1500 30 45 60 75 90
1501-3000 45 60 75 90 105
3001-4500 60 75 90 120
4501-6000 75 90 135
6001-7500 90 150
>7500 165

Equation 4-2 Intermittent Ventilation

CSG
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for Intermittent Fans

Daily Fractional On time, f Ventilation Effectiveness, e

f<=35% 0.33
35% <=1 < 60% 0.50
60% <=f < 80% 0.75

80% <= f 1.0

Fan runs at least once every three 1.0
hours

Key requirements for most
residences.

34 Wollin Group, Inc.
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Miscellaneous indoor air quality design
requirements apply, including, 5-/:

CSG
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Airflow and Sone

8. Air moving equipment used to meet either the whole-building
ventilation requirement or the local ventilation exhaust
requirement shall be rated in terms of airflow and sound.

a. All continuously operating fans shall be rated at a maximum of
1.0 sone.

b. Intermittently operated whole-building ventilation fans shall be
rated at a maximum of 1.0 sone.

c¢. Intermittently operated local exhaust fans shall be rated at a
maximum of 3.0 sone.

d. Remotely located air-moving equipment (mounted outside of
habitable spaces) need not meet sound requirements if there
is at least 4 feet of ductwork between the fan and the intake

rill

Ventilation—Title 24, Part 6 Slide 67

Ventilation Rate for Intermittent Local

Exhaust

A minimum intermittent ventilation airflow of 100
cfm is required for the kitchen range hood and
a minimum intermittent ventilation airflow of
50 cfm is required for the bath fan.

The kitchen exhaust requirement can also be
met with either a ceiling or wall-mounted
exhaust fan or with a ducted fan or ducted
ventilation system that provides at least 5 air
changes of the kitchen volume per hour.

Ventilation—Title 24, Part é Slide 68
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Clothes Dryers
ASHRAE 62.2-2007
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Loose Fill Insulation

Loose Fill Insulation
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FILTRATION

Filter Particulates
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Mechanical Filtration
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Filtration—HEPA Filters

Filtration—Electronic Filtration
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Filtration—Electronic Filtration

Filtration—Pleated Filters

CSG
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ASHRAE 62.2.2010 Residential Ventilation

MERV—Minimum Efficiency Report
Value

MINIMUM EFFICIENCY REPORTING VALUE (MERV)

ASHRAE Standard 52.2

Particle Size Removal
Efficiency, Percent in Particle
MERV Size Range, pm

03to1
299.999

299.999
299.99
299.97

>95
85-95
75-85

<75

1to3 3to 10

in0.1-0.2 um
particle size

in 0.3 um particle size

in 0.3 um particle size

in 0.3 um particle size
>95 >95
>90 >90

>90 >90

>90 >90

ASHRAE
Standard
52.1

Dust-Spot
Efficiency
Percent

Application Guidelines

Particle Size and
Typical Controlled
Contaminant

<0.3 um
Virus (unattached)
Carbon dust, Sea
salt, All combustion
smoke

0.3-1 pm
All bacteria, Droplet
nuclei (sneeze),
Cooking oil, Most
smoke,
Insecticide dust,
Most face powder,
Most paint pigments

Typical
Applications

Electronics
manufacturing,
Pharmaceutical
manufacturing,

Carcinogenic
materials

Superior
Commercial
Buildings, Hospital
Inpatient Care,
General Surgery

Typical Air
Filter/Cleaner
Type

HEPA/ULPA Filters*

Bag Filters—
Nonsupported
(flexible) microfine
fiberglass or synthetic
media,

12 to 36 inches deep.

Box Filters- Rigid style
cartridge.,
6to 12 inches deep.

Wollin Group, Inc.
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ASHRAE
ASHRAE Standard 52.2 Standard Application Guidelines
52.1

Particle Size Removal

Efficiency, Percent in Particle Dust-Spot Particle Size and Typi : .
0 N ypical Typical Air
MERV Size Range, pm Efficiency Typical Controlled IR q
Percent e et e Applications  Filter/Cleaner Type

03to1 1to3 3to 10
70-75

12 — >80 >90 Pleated filters—
1-3um Superior Extended Surface with
>85 Legionella, Humidifier, Residential cotton or polyester
11 — 65-80 60-65 Dust, Lead Dust, Better media or both,
Milled Flour, Auto Commercial 1 to 6 inches thick.
50-65 Emission Particles, Buildings
10 —_— >85 50-55 Nebulizer Drops Hospital Box Filters- Rigid style
Laboratories cartridge,
9 _ <50 >85 40-45 6 to 12 inches deep.
3-10 ym Pleated filters—
— > > —
8 ?5 95 Mold Spores, Extended surface with
Dust Mite body parts Superior cotton or polyester
7 — >90 >90 >95 and Droppings, Commercial media or both,
Cat and Dog Dander, Buildings, 1 to 6 inches thick.
6** _ >90 > 90 90-95 Hair spray, Fabric Hospital
protector, Dusting Inpatient Care, S;gg?sgg:rg
aids, Pudding Mix, General pocket filters
Powdered Milk Surgery
5 - >90 >90 80-90 Throwaway-Synthetic
media panel filters
Ventilation—Title 24, Part é Slide 85

MINIMUM EFFICIENCY REPORTING VALUE (MERV)

ASHRAE
ASHRAE Standard 52.2 Standard Application Guidelines
52.1

Particle Size Removal
Efficiency, Percent in Particle Dust-Spot Particle Size and

Typical Typical Air
MERV Size Range, pm Efficiency Typical Controlled Applications  Filter/Cleaner Type
Percent Contaminant
03to1 1to3 3to 10
Throwaway-
4 _ — <2 <20 >10 ym Fiberglass or synthetic
Pollen, Dust mites r?e"?é?] ?ﬁlgf b
8 — — <20 <20 Cockroach body parts Minimum g
and droppings, filtration Washable-
Spanish moss Residential Aluminum mesh,
2 — — <20 <20 Sanding dust windp_w air foam rubber panel
Mot Sectee
] - - <20 <20 Carpet fibers 9ing (P

woven polycarbonate
panel

This table is adapted from ANSI/ASHRAE Standard 52.2-2007.

*The last four MERV values of 17 to 20 are not part of the official standard test, but have been added by ASHRAE
for comparison purposes. Ulira Low Penetration Air filters (ULPA) have a minimum efficiency of 99.999 percent in
removing 0.3 um particles, based on the IEST test method. MERVs between 17 and 19 are rated for 0.3um
particles, whereas a MERV of 20 is rated for 0.1 to 0.2 um particles.

** For residential applications, the ANSI/ASHRAE Standard 62.2-200716 requires a filter with a designated minimum
efficiency of MERV 6 or better.
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ASHRAE 62.2.2010 Residential Ventilation

Advanced Residential Buildings

Table 6-1: Filters Selected for Testing
Filter Make & Model Thickness | MERV
3M Filtrete 1000 1" 11
3M Filtrete 1085 1" 11
3M Filtrete 1550 4" 12
3M Filtrete 1700 1" 12
3M Filtrete §°= * 8
Ace 30 day :Zg 2
Ace Micropg | = 1s00 - 1 11
Ace Pleated 2 600 |11 P 8
Aeolus Synt | € 190 i . S B 13
American Fi 1350 : : : 6
Flanders Na W 5 4 & & s 2 44 8
Flanders Pre MERV Rating 8
WERB Lifetin rigure 6-4: Airflow rate vs. MERV rating using a PSC motor 8
Ventilation—Title 24, Part 6 Slide 87

Interesting Report prepared by Davis Energy

Building America 2009 Annual Report Consortium for

Aeolus Min-pleat
Filtrete 1550
Filtrete 1700

Ace Microparticle
Filtrete 1085
Filtrete 1000
Flanders PP

Web Lifetime
Filtrete 600
Flanders NA
Ace Pleated
AAF DD
Ace 30 Day

MERV 12
MERV 12
. ERV 11
MERV 11
MERV 11

MERV B

0.00 0.10 0.20 0.30

Pressure Drop, inches w.c.

0.40 0.50 0.60 0.70

Figure 6-5: Filter Pressure Drop at 492 FPM

Ventilation—Title 24, Part é
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Aeclus Min-pleat
Filtrete 1550
Filtrete 1700

Ace Microparticle
Filtrete 1085
Filtrete 1000
Flanders PP
Web Lifetime

Filtrete 600
Flanders NA
Ace Pleated

AAF DD
Ace 30 Day

Fan Power, Watts

Figure 6-6: Fan Motor Power for ECM Motor at 492 FPM

Interesting Report prepared by Davis Energy
Building America 2009 Annual Report Consortium for

The best strategy for reducing filter pressure drop (other than using low-loss filters) is to
decrease the face velocity by increasing the size of the filter. Figure 6-8 shows the
pressure drop vs. face velocity curve measured for the Filtrete 600. At the standard 492
FPM face velocity the static pressure is about 0.32" w.c. Increasing the filter size by
25% decreases the static pressure to 0.20%, and doubling the size of the filter will reduce
it to about 0.07".
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Filter Face Velocity, FPM

Figure 6-8: Pressure drop vs. filter face velocity for the Filtrete 600 filter
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Air Filtration

System Design and Installation
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Air Filter Media Efficiency

Air Filter Media Pressure DropGass

CSG
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Table 150.0-C

Table 150.0-C: Return Duct Sizing for Single Return Duct Systems

Return duct length shall not exceed 30 feet and shall contain no more than 180 degrees of bend. If the total bending
exceeds 90 degrees, one bend shall be a metal elbow.

Return grille devices shall be labeled in accordance with the requirements in section 150.0{m)12A to disclose the grille's
design airflow rate and 2 maximum allowable clean-filter pressure drop of 12.5 Pa (0.05 inches water] for the air filter
media as rated in accordance with AHRI Standard 680 for the design airflow rate for the return grille.

System Nominal Cooling Capacity | Minimum Return Duct Diameter Minimum Total Return Filter
(Ton)* (inch) Grille Gross Area (inch2)

15 16

20 18

25 20

*Not applicable to systems with nominal cooling capacity greater than 2.5 tons or less than 1.5 ton

Table 150.0-D

TABLE 150.0-D: Return Duct Sizing for Multiple Return Duct Systems

Return duct length shall not exceed 30 feet and shall contain no more than 180 degrees of bend. If the total bending
exceeds 90 degrees, one bend shall be a metal elbow.

Return grille devices shall be labeled in accordance with the requirements in section 150.0{m)12A to disclose the grille's
design airflow rate and a maximum allowable clean-filter pressure drop of 12.5 Pa (0.05 inches water) for the air filter
media as rated in accordance with AHRI Standard 680 for the design airflow rate for the return grille.

System Nominal Cooling Return Duct 1 Return Duct 2 Minimum Total Return Filter
Capacity (Ton)* Minimum Diameter (inch) Minimurm Diameter (inch) Grille Gross Area (inch?)

15 12 10 500

20 14 12 600

25 14 14 800

3.0 16 14 900

35 16 16

4.0 18 18

5.0 20 20

*Not applicable to systems with nominal cooling capacity greater than 5.0 tons or less than 1.5 tons.

ASHRAE 62.2.2010 Residential Ventilation
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Duct System Sizing
and Air Filter Grille Sizing

Duct System Sizing
and Air Filter Grille Sizing

CSG
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Rheem Store

‘»HS: THE RHEEM Trion Air Bear MERV 8 Media Filter Replacement - 5in. x 16 in. x 25

- in. (3Case)

M3y

H
Hi

I
T

TRACK YOUR ORDER
ot S |

i

ﬁ?_.

QUESTIONS ABOUT
WOLR OROER

| ﬁmﬂ""ifl

FREE SHIPPING
O 0 e P U S

Specifications

17 inch Replacement Filter for RXHF-E17AM13

Installation Location: Filter Cabinet

Media Dimensions - Nominal Width (in.): 17-1/2
Media Dimensions - Nominal Length (in.): 21
Media Dimensions - Nominal Thickness (in.); 4-1/2
Media Dimensions - Actual Width (in.); 17-1/4
Media Dimensions - Actual Length (in.): 20-3/4
Media Dimensions - Actual Thickness {in.): 4-3/3
MERV Rating: 13

Rated Air Flow (CFM): 1400

Pressure Drop at 600 CFM (in. W.C.): 0.098
Pressure Drop at 800 CFM (in. W.C.): 0.145
Pressure Drop at 1000 CFM {in. W.C.): 0.203
Pressure Drop at 1200 CFM {in. W.C.): 0.273
Pressure Drop at 1400 CFM {in. W.C.): 0.347
Crossreference [ Fits Models: RXHF-E17AM13

ASHRAE 62.2.2010 Residential Ventilation

Wollin Group, Inc.



2014 CABEC Conference

CSG

53



2013 California Energy Code Part 6 ASHRAE 62.2.2010 Residential Ventilation

54

Definitions—ASHRAE 62.2.2010

acceptable indoor air quality: air toward which a substantial majority of
occupants express no dissatisfaction with respect to odor and sensory irritation
and in which there are not likely to be contaminants at concentrations that are
known to pose a health risk.

air cleaning: the use of equipment that removes particulate, microbial, or
gaseous contaminants (including odors) from air.

air, exhaust: air discharged from any space to the outside by an exhaust
system.

air, indoor: air in an occupiable space.

air, outdoor: air from outside the building taken into a ventilation system or air
from outside the building that enters a space through infiltration or natural
ventilation openings.

air, transfer: air moved from one occupiable space to another, usually through
doorways or grilles.

air, ventilation: outdoor air delivered to a space that is intended to dilute
airborne contaminants.

air change rate: airflow in volume units per hour divided by the volume of the
space on which the air change rate is based in identical units (normally
expressed in air changes per hour [ach]).

balanced system: one or more fans that supply outdoor air and exhaust building
air at substantially equal rates.

bathroom: any room containing a bathtub, a shower, a spa, or a similar source
of moisture.

climate, hot, humid: climate in which the wet-bulb temperature is 67°F (19°C) or
higher for 3500 h or more, or 73°F (23°C) or higher for 1750 h or more, during
the warmest six consecutive months of a year that is typical for that
geographic area (see Section 8).

climate, very cold: climates that have more than 9000 annual heating degree-
days base 65°F-day (5000 annual heating degree-days base 18°C-day) (see
Section 8).

conditioned space: the part of a building that is capable of being thermally
conditioned for the comfort of occupants.

contaminant: a constituent of air that may reduce acceptability of that air.

exhaust system: one or more fans that remove air from the building, causing
outdoor air to enter by ventilation inlets or normal leakage paths through the
building envelope.

Wollin Group, Inc.
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Definitions—ASHRAE 62.2.2010

exhaust flow, net: flow through an exhaust system minus the compensating
outdoor airflow through any supply system that is interlocked to the exhaust
system.

habitable space: building space intended for continual human occupancy; such
space generally includes areas used for living, sleeping, dining, and cooking
but does not generally include bathrooms, toilets, hallways, storage areas,
closets, or utility rooms.

heating degree-day: the difference in temperature between the outdoor mean
temperature over a 24-hour period and a given base temperature of a building
space; that is, for heating degree-day base 65°F (18°C), for any one day,
when the mean temperature is less than 65°F (18°C), there are as many
heating degree-days as degrees Fahrenheit (Celsius) temperature difference
between the mean temperature for the day and 65°F (18°C). Annual heating
degree-days are the sum of the heating degree-days over a calendar year.

high-polluting events: isolated and occupant-controllable events that release
pollutants in excess quantities. Typical cooking, bathing, and laundry activities
are not considered high-polluting events.

infiltration: uncontrolled inward leakage of air through cracks and interstices in
any building element and around windows and doors of a building.

kitchen: any room containing cooking appliances.

mechanical cooling: reducing the temperature of a fluid by using vapor
compression, absorption, desiccant dehumidification combined with
evaporative cooling, or other energy-driven thermodynamic means. Indirect or
direct evaporative cooling alone is not considered mechanical cooling.

mechanical ventilation: the active process of supplying or removing air to or
from an indoor space by powered equipment such as motor-driven fans and
blowers but not by devices such as wind-driven turbine ventilators and
mechanically operated windows.

natural ventilation: ventilation occurring as a result of only natural forces, such
as wind pressure or differences in air density, through intentional openings
such as open windows and doors.

occupiable space: any enclosed space inside the pressure boundary and
intended for human activities, including, but not limited to, all habitable
spaces, toilets, closets, halls, storage and utility areas, and laundry areas.

pressure boundary: primary air enclosure boundary separating indoor and
outdoor air. For example, a volume that has more leakage to the outside than
to the conditioned space would be considered outside the pressure boundary.

CSG 55
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Definitions—ASHRAE 62.2.2010

Exposed earth in a crawlspace or basement shall not be considered part of
the pressure boundary.

readily accessible: capable of being quickly and easily reached for operation,
maintenance, and inspection.

source: an indoor object, person, or activity from which indoor air contaminants
are released; or a route of entry of contaminants from outdoors or sub-building

solil.

supply system: one or more fans that supply outdoor air to the building, causing
indoor air to leave by normal leakage paths through the building envelope.

system: equipment and other components that collectively perform a specific
function, such as mechanical cooling or ventilation.

toilet: space containing a toilet, water closet, urinal, or similar sanitary service.

utility: laundry, lavatory, or other utility room containing sinks or washing
equipment.

ventilation: the process of supplying outdoor air to or removing indoor air from a
dwelling by natural or mechanical means. Such air may or may not have been
conditioned.

Wollin Group, Inc.
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