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%4 | Climate Zones

Residential Duct Testing Rules

Apply ONLY in Climate Zones:
2, 9, 10, 11, 12, 13, 14, 15 & 16

Exempt Climate Zones
1, 3, 4, 5, 6, 7, 8
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California
Climate
Z0ones
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§.5. | Ducts previously sealed

Duct systems that are documented to
have been previously sealed as
confirmed through field verification and
diagnostic testing (Verified by a HERS
rater).
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| Ducts in Unconditioned
" | Space

i AT

At least 40 linear feet of duct work must
be located in unconditioned space.
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¢ | Asbestos Exemption

M

ctwork made with, insulated or sealed
with asbestos is EXEMPT.
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Duct Testing Required When Any
| of the Following Components are
Replaced

Air handler or furnace
Outdoor condensing unit (split systems)
Heating or cooling coll

Furnace heat exchanger

Package unit
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& | Additional Ductwork

ding or replacing 40 linear feet or more
of duct work in unconditioned space.
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Y Maximum Leakage Rate
| Existing Duct Work

| <15% of fan flow
400 cfm/ton * .15 = 60 cfm
3 tons * 60 cfm = <180 cfm target

or

2. <10% Duct Leakage to Outside of
house (whole house blower door test
plus duct leakage test).

or

2008 RESNET Conference—"A Changing Climate - An Emerging Opportunity”

20

20



#| Maximum Leakage (continueq)

3. >60% Reduction
Test before replacement and after:
600 cfm Initial test (example only)

60% reduction = <240 cfm target.

4. Seal all accessible leaks and verify by
HERS Rater (with “smoke”)
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: |Sealing All Accessible Leaks

Smoke Test
Inject theatrical or other non-toxic fog (smoke) into the duct
blaster, with all grills and registers sealed.
Visually inspect all accessible portions of the duct system.
PASSES WHEN:

1. No visible smoke from accessible portions of the duct
system.

Or

2. Visible smoke coming only from heat exchanger area of
equipment.

2008 RESNET Conference—"A Changing Climate - An Emerging Opportunity”

22

22



Visual Inspection of All
= ~ |Accessible Leaks

Verify that the following locations
have been sealed.
Connections to plenums, and/or FAU.
Refrigeration line and other penetrations into FAU.
Air handler door panel.

Register boots to surrounding material.

Connections between lengths of duct including take-off,
wyes, tees, and splitter boxes.

AND (Next page)
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Visual Inspection of All
=~ |Accessible Leaks

that there are no excessively
damaged portions of the duct

system.

Flex Duct — No more than a total of 12” linear of split or
cracked vapor barrier.

Crushed ducts where cross sectional area is reduced by
30% or more.

Metal ducts with rust or corrosion resulting in leaks >2" in
any dimension.

Ducts subject to animal infestation resulting in in leaks > 2”
In any dimension.
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&4 Maximum Leakage Rates
=51 Completely New Duct System

HVAC system change-outs that include all new
duct work — same duct testing standards as
new construction.

<6% of air flow (<24 cfm / ton)
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¢ | Verification

' Contractor tests

2. HERS Rater verifies
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% | Residential Alternatives

T o

re there any alternatives to performing
the duct sealing and testing?
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Table 8-3 — Alternatives to Duct Sealing

Option 1 Option 2 Option 3
Climate Zone 0.92 AFUE SEER-14 & EER-12, with SEER-14 & EER-12 with either
either TXV or refrigerant TXV orrefrigerant charge
charge measurement, plus measurement, plus either 0.92
Increased Duct Insulation AFUE or 0.82 AFUE with
Increased Duct Insulation
CZ2 Yes No Yes
CZ9 No No Yes
CZ10 No Yes Yes
CZ11 No No Yes
CZ12 Yes No Yes
CZ13 No Yes Yes
CZ14 No No Yes
CZ15 No Yes Yes
CZ16 Yes No Yes

1. Increased duct insulation refers to an additional R-4 insulation wrap on existing ducts and R-8
duct insulation for all new ducts. 2. Package systems may use Option 2 or 3 without meeting the
requirement for a TXV (or refrigerant charge measurement)

Note - There are no duct sealing requirements in climate zones 1 and 3-8.
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¢ | Option 1

Imate Zones 2,12, & 16 only
0.92 AFUE Furnace
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Change-outs!
Don't Left-out!
Contines Fam

When replacing space conditioning
equipment (or components jin kw.rise
retidenti] buildings, there are otbar ahernatives
& HERS verificarion of duct seal Table
8-3 from the Residential Compliance
Manual, Chapter B, shown below|

Whan this cocurs thers i no requiremant
for duct smaling or HERS verification.

* In Climate Zones 10, I3, and 15: In
these thewe cimate Tones the contractor
ay roplace an axisgting air condaicear

= with an air conditicnar that has 3 M or

California Energy Commission

marfaciured price 1o Jsary 13, 7006,
SEER, 13 for wnits mamfactured on or aiter
Jarnaary 23, 2006), 23 bong an the contractor
o replaces the exiting forrace o heat
pumgp with 8 097 or bigher AFUE furnace
or & 100 or higher HSPF heat pump.

+ July 20, 2005 - No. 78

Tigher SEER. and also has 3 17 o higher
EER,, and
o wicher dows 3 refrigerant chargs
s mepuramant o inacalls s TXV, and
[ * adds R-4 duct wrap to sl the ducts.
. - ‘Whan this occurs there & no
= - requirement for duct sealing or HERS
= = woriflestion duct testing. Thara is,
) I . however, 3 requiremant for HERS
- 1 - verificaticn of the refrigersst charge
- I = measurament or the TXY ard the EER,
- . — Thesa mazsures can ba HERS varified
L theough sampling of | im 7 installations.
el |nc|nuuu1mmnn¢n Inihese | s InClimate Zones 2and 9 throagh 5:
; may ¢
st dacts vl -8 cct e s st ik Bl it o has two choices:
replce n exiting
itk sir conditioner with sny SEER that complies . The contractor may replace an existing
2 sytecss may with the Agpliance Effiiency Regulations air condsionar with an air conditionar
V4 Cpton Tord witud (SEER. 10 for units rmardactured that bt a 14 or higher SEER and also
mvmating the requmeet for phend
# TV fo regmae charpe tojanuary 23, 2006, SEER 13 for unes bt 2 12 or higher EER, and
..-]M?Lmﬁ!. » nither does 2 refrigerant charge
n“u(h(eﬂmmlhw measurement or installs a TXY, and
P = ooiaior IR
o highee AFUE furnace or 3 30 or ey
Gt bt HSPFd:upmp \'\ﬂmmkmnhldl:; AFUE furnace or with 1 30 or
tomels for duet sualing o HERS gher HSPF heat pump.
THN or rerigarant m
.zsmauWI ‘Whan this aceurs there i no.
cstianiEnmacens || o Climate Zone 18: In thi chirate zone ol e Shadg &
L the coneractor may replace an exiting sr HERS veriication of the duct
conditionar with 1n air condtionar with vescing, There it, however, 1
iy SEER that compies with the. o
Efficiency Regulations. {SEER 10 for units of the refrigerare charge
messuremant or TXV and the

EER. These measures can be HERS
worified through sampling of | in 7
or

BLUEPRINT

Change-outs!
Don't Be Left-out!

Comthund dam
[ —y—

also hat a 12 or higher EER and
« either doas a redrigerant charge
oasurement o inzal a TXV, and
* replaces the existing furnace or
heat purnp with 2 (.82 or higher
h'm:‘;&s or higher HSPF heat

porp.
= adds R4 duct wrap to all the ducts
wraandricend

corditoner with an i conditioner
that Fs 3 14 or higher SEER and ko
lhas u 12 or higher EER and
* cither doeta churge
m«mﬁamw
‘exiting furmace of heat
mm.m«mm
uwwmnﬁm

. ﬁmmwwimmm
uncendeioned

verfied through samgling of | 0 7
Instaltations.

» In Climate Tone [6: n this dimate

#In Climate Zones | and 1 through B:

‘zone the congractor has two dholcer: In these seven dimate zones there are ro
1. th ‘may repl v low-rise residental for dact
wr sy I dimate 2ot § there s low.rise
» with un air conditioner that fas 3 residential requirement for either refiigerant
|4 or higher SEER and also haza 12 meaturement or a TXV. In dimate
= o higher EER,, and zone § the contractor may replace an
# either does a refrigeran charge edatiegg ir conditioner with & 14 o higher
measuremert o inztalls a TXV, SEER air conditioner o replace an edsting
and furnace or heat pump with 3 0.82 or bigher
x . v AFLE furmce or B.5 HSPF hest pump
companien and proupt heat pump with a (! u-agur When this ocours there i3 no reguinemsent
il o AFUE furmace or witha 100 or for relr measurement or TXV
thouse Do requremencs. To higher HSPF heat imtaation or HERS vorfication.
Tequast craning contact the ‘When this cccurs there 1 no
fior duct saaling or
Commizsion by o-mal or call RN
fohn Eashae ASbcion Elibe 'rn-cmmmnwmmm
HYAL trade
e @anergy ool HERS verhation | fociute of Heating and A Condtining
) 4537180 hergs Industries {IHACT), utiities, the
L) ]. meazuremént o TXV and the EER. Controctors Stte License Board (CSL8),
or Malion Pata at: o prividy
puni@esergy i o Ll fﬂﬂshwllfwmmmnlowm
[{¥16) 854-427] 2. the conkractar handeuts to consumers te better explaw
o may e these new requirements when bidding for
Fophce change-out jobs.

Califernia Energy Commissien * July 20,

1005 - No. 78
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Y Option 2

Climate Zones 10, 13, & 15 only
SEER 14

EER 12

XV

R-8 insulation on all new duct work
Additional R-4 on all existing duct work
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_;Option 3—All Climate Zones

L e ps
e o

SEER 14 SEER 14
EER 12 EER 12
XV XV
Plus Plus
0.82 AFUE Furnace 0.92 AFUE Furnace
R-8 insulation on all new
duct work
Additional R-4 on all
existing duct work
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tions 2 & 3 do not require TXV’s with
package systems.
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Additions, Alterations and Repairs. Page 817

If the therrmostat |s to be replaced as pan of the alteration, then a setback
thermastat is required as described in Chapter 4.

Fuel Switching
[irsamic

For pi lactri i heating systems are
E"Ohlb.led In alterations unless the system being replaced s an eleclric
resistance hea‘mg s\rslam If the existing system is gas, propana or LPG, then

naw alectric systems are not Haowever, changing from a
gas, propane or LPG space heating system 1o an electric heat pump is alowed
as long as the heat pump iancy meets and

the hoat pump installed size is shown to resul in no more TOV enargy use than
the standard design heat pump using the performance methad,

Table 84 - Acceptable Replacement Heating System Fuel Source(s)

9 ] Fal Heating

System Fuel System Fuel Source(s]

Source

Elecic Electne, natural gas, or equipment weh efficiency equal 1o or beder than
existing systerm®

Natural gas Natural gi, of BqupeeNt weh eficency #qual 1o of baiar than exstng
System” or 2 heat pump wih equal or lower TOW energy use than a
‘slandard design system

LPG Liguetied patroleum gas, natural gas, o equipment system wih

efficiency equal ko or betier than exising syster” of a heat purrp with
Ewulm lower TOW eneegy use than & standard design system
Prool that equipment has an w:mymxa equal foor mnmnmnmgammm
by an approw other e
wwmmm hTDVmedIhMIWWMNUﬂmm
system

Examplo 8-13
Question

| would like to replace my outdoor units in my existing heuse in climate zona 12 without
changing the indoor unit, Can | use Table 83 o avoid duct sealing?

Answer
Na, without changing the cutdoor unit akong with a matching indoor unit, it is not possible to
Shoioiooc ok oy

Page &-18 Additions, Alterations and W = HVAC
y

Answer
Yes, HERS verification is required 1o verify EER of 12 and existence of TXV. However, this ‘
should be simpler verification than duct sealing.

’ the outdoor units, duct sealing is the only prescriptive alternative.

Example 8-14
Question
Is HERS verification required ¥ | choose an allernative ksted in Table 8-3 to aveoid duct sealing
in an aleration?
2005 Residential Comphance Manual March 2005

Example 815

Cuestion

How could | use Table B-3 1o avoid duct sealing if | am replacing my air condiSioning unit in
ciimate zone 117

Answer

Based on Table 8-3. the only option available to avold duct sealing ks Opfion 3, the combination
heating and cooling option. Ynumslns!allasEER 148 EER|2fnulemulmuritmu€t
meeat both SEER of 14 AND EER of 1 ipped with a TXV {or charge), plus a

092 AFUE fumace. Instead of lOQ?AFUEmaae you may Install & 0.82 AFLE fumsace and
add R-4 insulation to your existing ducts and install R-8 insulated new ducts. A HERS rater
must verify the TXV and the EER of 12. Note thal 1o achieve the EER of 12 the cutdoor unit
must be matched with a proper indoor unit

Example &-16

Question

H the house in the example above is located in cimate zone 12, what options do | have fo
avoid sealing ducts?

Answer

In dlimate zone 13, you have two options; Option 2, the cocling option and Option 3, the
combination heating and cooling option. You can choose either opfion 1o avoid duct sealing
Cption 3is similar to the answer in the example above

Under Option 2, you must install a8 SEER 14 & EER 12 (note tat your unit must meet both
SEER of 14 AND EER of 12) equipped with a TXV (or airflow measurement ), add R-4
Insulation to your existing ducts and install R-8 insulated new ducts. A HERS rater must verify

e TXV and the EER of 12. Note that fo achieve the EER of 12 the cutdoor unit must be
matched with a proper indoor unit.

2005 Resigential Compliance Manual March 2005
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2008

CALIFORNIA RESIDENTIAL ALTERNATIVE | cALIFORNIA
2008 BUILDING ENERGY ComISsIoN CALCULATION METHOD | £5+ission

EFFICIENCY STANDARDS (ACM) APPROVAL METHOD
FOR RESIDENTIAL AND - = —
NONRESIDENTIAL BUILDINGS i ; - S o

e )

2008 BUILDING ENE
EFFICIENCY STANDARDS

COMMISSION PROPOSED STANDARDS

EXPRESS TERMS - 45 DAY LANGUAGE

COMMISSION PROPOSED REGULATIONS

HNoweesber 1007 Movamiber 2007
CEC-400- 200701745047 CHC-400- 1007 D EB-45DAT
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= i \"-‘d‘_:“
for the 2008 BUILDING ENERGY
EFFICIENCY STANDARDS

FOR RESIDENTIAL AND

NONRESIDENTIAL BUILDINGS
EXPRESS TERMS - 45 DAY LANGUAGE
JOINT APPENDICES

RESIDENTIAL APPENDICES
NONRESIDENTIAL APPENDICES

CALIFORNIA
ENERGY
COMMISSION

COMMISSION PROPOSED REGULATIONS

Nowmber 2007
CEC-400-2007-02%- 450AY

NONRESIDENTIAL ALTERNATIVE
CALCULATION METHOD

(ACM) APPROVAL METHOD

"

for the 2008 BUILDING ENE:Y
EFFICIENCY STANDARDS

FOR RESIDENTIAL AND
NONRESIDENTIAL BUILDINGS
EXPRESS TERMS - 45 DAY LANGUAGE

CALIFORNIA
ENERGY
COMMISSION

COMMISSION PROPOSED REGULATIONS

jovemiber 2007
CECA00-2007-019.45DAY
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% |Potential New Measures

[k -.
T

| L Leakage Ducts in Conditioned Space RA4-2008

Compliance credit can be taken for verified duct systems that have air
leakage to outside conditions equal to or less than 25 cfm when
measured in accordance with Residential Appendix Section RA4-4.3.3.
Field Verification for ducts in conditioned space is required. Duct sealing
IS required.

Low Leakage Air Handlers RA4-2008

Compliance credit can be taken for installation of a factory sealed air
handler unit tested by the manufacturer and certified to the Commission
to have achieved a 2 percent or less leakage rate. Field verification is
required. Duct Sealing is required.
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_ |Potential New Measures
{(CONTINUED)

o |rove d Refrigerant Charge RA 5-2008

Package D requires in some climate zones that split system air
conditioners and heat pumps be diagnostically tested in the field to
verify that they have the correct refrigerant charge (see Residential
ACM Manual Section 4.7.3). For the performance method, The
Proposed Design is modeled with less efficiency if diagnostic testing
and field verification is not performed. The system must also meet the
Adequate Airflow requirement.

Installation of Charge Indicator Light RA7-2008

Package D specifies a Charge Indicator Light can be installed as an
alternative to refrigerant charge testing. The existence of a Charge
Indicator Light has the same calculated benefit as refrigerant charge
testing. And requires field verification.
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. Potential New Measures
: T1(CONTINUED)

g
vk

| Evaporatively Cooled Condensers  RA4-2008; RA7-2008

Compliance credit can be taken for installation of evaporatively cooled
condensers. Duct Sealing is required. Field verification is required.

Ice Storage Air Conditioners RA4-2008; RA7-2008

Compliance credit can be taken for installation of Distributed Energy
Storage equipment. Duct Sealing is required. Field verification is
required.

2008 RESNET Conference—"A Changing Climate - An Emerging Opportunity" 39

39



2212.1 General

the beginning of the CF-1R, notification of
the use of HERS or NSHP shall be
prominently displayed.
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S RA2.3 Summary of Documentation
=“and Communication

For dwellings that have features requiring HERS verification, the
documentation author shall submit the certificate of compliance
Information in electronic format to a HERS provider’s data registry
to register the document data. After submittal of the Certificate of
Compliance information, the documentation author shall access
the registered Certificate of Compliance from the provider’s data
registry for submittal to the builder.

The Builder shall make available to the HERS rater a copy of the
registered Certificate of Compliance that was approved/signed by
the principal designer/owner and submitted to the building
department. The registered copies submitted to the HERS
provider and to the HERS rater may be in paper or electronic
format.
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+ |RA2.3 Summary of Documentation
=+and Communication—(CONTINUED)

When the installation is complete, the builder or subcontractor
responsible for the performance of the installation shall
make arrangements for transmittal of the Installation
Certificate information to the HERS provider data registry.
After submittal of the Installation Certificate information, the
builder or subcontractor shall access the registered
Installation Certificate from the provider’s data registry, sign
the registered Installation Certificate, post a copy at the
building site for review by the building inspector, and submit
a copy to the building department.
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2 RA2.3 Summary of Documentation
*=“and Communication—(CONTINUED)

7% PR
."il‘f

The HERS rater shall confirm that transmittal to the HERS
provider’s data registry of the Certificate of Compliance
iInformation and the Installation Certificate information has
been completed for each dwelling unit having features
requiring HERS verification. The HERS rater shall complete
the field verification and diagnostic testing as specified in
Section RA2.6. The HERS rater shall enter the test results
Into the HERS provider’s data registry.

The HERS provider shall make available registered copies of
the Certificate of Field Verification and Diagnostic Testing,
to the HERS rater, builder, and building department.
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. |RA2.3 Summary of Documentation
=“and Communication—(CONTINUED)

The building department shall not approve a dwelling unit for
occupancy until the building department has received, for
filing with the building plans, a registered copy of the
Installation Certificate that has been signed by the builder
or subcontractor, and a registered copy of the CF-4R
Certificate of Field Verification and Diagnostic Testing
that has been signed by the certified HERS rater, or has
confirmed that the enforcement agency’s authorized
submittal to the HERS provider data registry of the
documents has been completed.
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~ WIRA3.1.4.3.10 Verified Low Leakage Air
= |Handler with Sealed and Tested Duct
System

An additional credit is available for verified low leakage ducts if
a Low Leakage Air Handler is installed. The low leakage air
handler cabinet (furnace or heat pump fan and inside coil)
must be certified to the Commission to leak 2 percent or
less of its nominal air conditioning cfm delivery when
pressurized to 1-inch water gauge with all present air inlets,
air outlets, and condensate drain port(s) sealed. The air
handler must be connected to a Sealed and Tested New
Duct System to receive the credit.
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~ SIRA3.2 Procedures for Determining Refrigerant
= |Charge for Split System Space Cooling Systems
~ |without a Charge Indicator Light

The purpose of this procedure is to determine and verify that
residential split system space cooling systems and heat
pumps have the required refrigerant charge and that the
metering device is working as designed.
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RA3.4 Procedures for Verifying the Presence of a

= |Charge Indicator Light or High Energy Efficiency

= {Ratio Equipment—(CONTINUED)

- ¥t l"'p."-
e s

The purpose of these procedures is to verify that residential
space cooling systems and heat pumps have the required
components to achieve the energy efficiency claimed in the
compliance documents. The procedures only apply when a
Charge Indicator Light (CIL) is specified for split system
equipment or an EER higher than the default is claimed.
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Lighting

7. Lighting in Kitchens. A minimum of 50 percent of the total rated
wattage of permanently installed lighting in kitchens shall be high
efficacy.

EXCEPTION 1 to Section 150 (k) 7: Up to 50 watts for dwelling units less than or equal to
2,500 ftz or 100 watts for dwelling units larger than 2,500 ft2 may be exempt from
the 50% high efficacy requirement when the following conditions are met:

a. All low efficacy luminaires in the kitchen are controlled by a manual-on occupant sensor,
dimmer, energy management control system (EMCS), or a multi-scene programmable control
system.

b. All permanently installed luminaires in garages, laundry rooms, closets greater than 70
square feet, and utility rooms are high efficacy and are controlled by a manual-on occupant
sensor.
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|LightiIng—conTinueD)

w71 j'f_;';iif

8. Lighting internal to cabinets. Permanently installed lighting that is
internal to cabinets shall use no more than 20 watts of power per
linear foot of illuminated cabinet.
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#.%  |Why Seal the Ducts?

Delivered Btuh
And Duct Leakage
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IExample A
INo leakage

ﬁ 1000 CEM h

Ilooo CEM 1000 CFMl
759

75°
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Example A
INo leakage

ﬁ 1000 CEM h

1000 CFM 1000 CFM
75° 20° 55°

75°

1.1* x CFM x AT = Btuh

*rounded from 1.08
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Example A
INo leakage

ﬁ 1000 CEM h

1000 CFM 1000 CFM
75° 20° 55°

75°

1.1* x CFM x AT = Btuh

*rounded from 1.08

1.1 x 1000 x 20° = 22,000 Btuh
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S IExample B
|Supply-side leakage

150 CFM

ﬁ 1000 CEM

1000 CFM 850 CFM
75°

75°
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Example B
|Supply-side leakage

150 CFM

!

1.1* x CFM x AT = Btuh

ﬁ 1000 CEM

1000 CFM 850 CFM
75° 55°

75°

*rounded from 1.08

1.1 x 850 x 20° = 18,700 Btuh
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Example C
|Return-side leakage

150 CFM

1000 CFM h
850 CFM 1000 CFM
759 55°

75°

1.1 x 1000 x 20° = 18,700 Btuh
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Example C
|Return-side leakage

150 CFM 1350

1000 CFM h
850 CFM 1000 CFM
759 279

75°

1.1* x CFM x AT = Btuh

*rounded from 1.08

1.1 x 1000 x 20° = 18,700 Btuh
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Example C

|Return-side leakage

150 CFM 1350

1000 CFM h

850 CFM 1000 CFM
75° ?77?°

75°

1.1* x CFM x AT = Btuh

*rounded from 1.08

15 x 135 = 20.25
85X 75=63.75
84.00

1.1 x 1000 x 20° = 18,700 Btuh
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Example C

|Return-side leakage

150 CFM 1350

1000 CFM h

850 CFM 1000 CFM
75° 64°

75°
1.1* x CFM x AT = Btuh

*rounded from 1.08

15 x 135 = 20.25
85X 75=63.75
84.00

1.1 x 1000 x 20° = 18,700 Btuh
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Example C
|Return-side leakage

150 CFM 1350

1000 CFM h
850 CFM 1000 CFM
759 11° 64°

75°

1.1* x CFM x AT = Btuh

*rounded from 1.08

1.1 x 1000 x 11° = 12,100 Btuh
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= |Conclusion

1.1 yooo@zooo Btuh

1.1 X EiSO X 20° = 18,7BO Btuh

1.1 x 1000 x 11° = 12,100 Btuh
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#» ¢ Duct Leakage Matters

1.1 x 1000@2@00 Btuh
10090

1.1 x EiSO X 20° = 18,700 Btuh
8590

55%

1.1 x 1000 x 11° = 12,100 Btuh
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