Deep Dive: Technical Details of the
ENERGY STAR MFNC Program

Rebecca Hudson, US EPA
Gayathri Vijayakumar, Steven Winter Associates
March b, 2020

%EPA, ENERGY STAR. The simple choice for energy efficiency.



Agenda

* Brief Overview of MFNC
* Rater Design & Field Checklists
— New for MFNC
e Multifamily Workbook Walkthrough
« HVAC Design Report Walkthrough
« HVAC Functional Testing Checklist
* Policy Issues Under Review / Feedback

e Learn More

w»EPA. | ENERGY STAR. The simple choice for energy efficiency.



ENERGY STAR Residential New Construction Programs:
Present

Certified

SEPA._ENERGY STAR. The simple choice for energy efficiency.



ENERGY STAR Residential New Construction Programs:
Present

Certified

: (permit + MFHR application
} MFHR before 1/1/2021)
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ENERGY STAR Residential New Construction Programs:
Future*

Certified
Homes
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ENERGY STAR Residential New Construction Programs:
Future

NO

1 .
Is the building new construction AND residential ?

‘l(‘fES

Is the building a motel/hotel, skilled nursing facilities, ENERGY STAR
or assisted living facility? Buildi ngs an d Plants?

J,ND

Does the building have one or two units, or is it a

3
townhome ?

i‘fES J/ NO

ENERGY STAR ENERGY STAR
Certified Homes Multifamily New Construction

*As of January 1, 2021

T
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Key Components of ENERGY STAR MFNC

SE—

Above-Code Performance Target

- ASHRAE Prescriptive
v \\\/
+

Mandatory Minimum Requirements ENERGY STAR

+

Verification & Quality Assurance
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Certification Process  m

All participants met participation requirements prior to certifying multifamily buildings.
v Builders v' Raters v Functional Testing Agents v" Developers

Complete Design Verification Documents.
v Rater Design Review Checklist v* HVAC Design Report
Optional: Multifamily Workbook; Reference: Rater Field Checklist, Water Mgmt System Requirements

Complete Construction Verification Documents.

v’ Rater Field Checklist v" HVAC Functional Testing Checklist v' Photo
Optional: Multifamily Workbook; Reference: Water Mgmt System Requirements Documentation

Rater submits all documentation to an oversight organization. »

ENERGY STAR certification label and ENERGY STAR certificate.
ENERGY STAR plaques available for purchase.

wzEPA. ENERGY STAR. The simple choice for energy efficiency.



https://www.energystar.gov/partner_resources/residential_new/program_reqs/mfnc_cert_process

Rater Checklists — New for MFNC

* Fenestration and Insulation Levels
 Thermal Bridging Details
 Non-ducted Returns

« Common Spaces and Garages
 Central Systems

wzEPA. ENERGY STAR. The simple choice for energy efficiency.



Fenestration

2. High-Performance Fenestration

2.1 Dwelling units:

2.1.1 Prescriptive: Specified fenestration meets or exceeds ENERGY STAR MF Reference Design requirements._ ® o ]
2.1.2 ERI and ASHRAE only: Specified fenestration meets or exceeds 2009 |IECC residential requirements._ ® o ]
2.2 Common space: *
221 EF_'.I and Prescriptive: Specified fenestration meets or exceeds ENERGY STAR MF Reference Design O O
requirements. ®
2.2.2 ASHRAE only: Specified fenestration meets or exceeds 2009 IECC commercial requirements. * O O
10
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Fenestration

Footnote 5: All windows, doors and skylights must meet or exceed the U-factor

and SHGC requirements specified in the table below.
Res. Windows in Unit

ENMERGY STAR MF Reference
Design - for Class AW

2009 IECC Table 402.1.1 2009 IECC Table 502.3

ASHRAE 2009 IECC Table 402.1.1 2009 IECC Table 502.3 2009 |IECC Table 502.3
- NERGY STAR MF Reference ENERGY STAR MF Reference ENERGY STAR MF Reference
Design Design - for Class AW Design - for Class AW

Windows and doorz modeled. as llustrated below:

Window U-Factor: 0.60inCZs1.2 0.35iInCZ3 0.32inCZ4

030inCZs 4 C,5,6.7.8

Window SHGC: 027 in CZs 1.2 0.30inCZ3 0.40in CZ4 AnyinCZs4 C56. 7.8
Door U-Factor: Dpagque: 0.21 a4 lite: 02T =% lite: 0.32
Door SHGC: Opaque: Any a4 lite: 0.30 =15 lite: 0.30

11
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Fenestration

All windows, doors and skylights must meet or exceed the U-factor and SHGC
requirements specified in the table below.

Other Windows

ENERGY STAR MF Reference
ERI 2009 IECC Table 402.1.1 2009 IECC Table 502.3 Design - for Class AW
ASHRAE 2009 IECC Table 402.1.1 2009 IECC Table 502.3 | 00¢ 2 '
o EMERGY STAR MF Reference NERIGT R NMF Reference =) I~
Prescriptive Design Design — for Class A Design - for Class AW

* Classified as “Class AW” under the North American Fenestration Standard (AAMA / WDMA / CSA
101 / 1.5.2 / A440).

Tt Opaque doors in common spaces in CZ 1-6 shall not exceed U-0.70, and in CZ 7-8, shall not

exceed U-0.5.
Exception: Class AW fenestration modeled to 2012 IECC levels (Commercial fenestration U-Factor requirements) ] /A=) 551101 10 H0 b
Climate Zone: Cz1 cZz CZ3 CZa CZaC&S5
Fixed Window U-Factor: 0.50 0.50 0.46 0.38 0.38 0.36 0.29 0.29
Operable Window U-Factor: 0.85 0.65 0.60 0.45 0.45 0.43 0.37 0.37
Glazed Entrance Door U-Factor: 1.10 0.83 a.rr 0.r7 0.77 077 077 077

e

| ENERGY STAR

SHGC 027 0.27 0.30 0.40 0.40 0.40 any any

{'}EPA ENERGY STAR. The simple choice for energy efficiency.
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Minimum Insulation Levels

3.1 Dwelling unit:
3.1.1: Prescriptive: Specified ceiling®, wall’, floor, and slab-on-grade insulation levels meet or exceed ENERGY
STAR MF Reference Design requirements for “Group R™- %10
3.1.2: HERS and ASHRAE only: Specified ceiling®, wall’, floor, and slab-on-grade insulation levels meet or exceed
values from the "Group R” column in the 2009 IECC Commercial chapter. 3= 10
3.2 Common space:

3.2.1 HERS and Prescriptive: Specified ceiling®, wall’, floor, and slab-on-grade insulation levels meet or exceed
EMNERGY STAR MF Reference Design requirements for “All other- 210

3.2.2 ASHRAE only: Specified ceiling®, wall”, floor, and slab-on-grade insulation levels meet or exceed the values
from the 2009 IECC Commercial chapter® * 10

Rater Design Checklist

oA e prescpive

In-Unit Minimum: Minimum: Ref Design-N\Wood-frame) |
2009 |[ECC Comm. 2009 |[ECC Comm. 10 oun B
Group R Group R 11.1: 2012 |IECC Comm. Group R
Common Minimum: Ref Design: Ref Design:

Space 2009 IECC ‘All Other” 1.0: 2009 IECC ‘All Other” 1.0: 2009 IECC ‘All Other’
1.1: 2012 IECC ‘All Other” 1.1: 2012 IECC ‘All Other’

13
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-

Common Spi

When using tt
Checklist, the

1} Heat
2) 1

4)

lighti

Ll Faull. IERries SEian Urie innrie U ey ;e U EUL WL Y SR CFA-TESLUEgneEy vuna.

ASHRAE and Prescripive Path: specific documentation must be submitted based on as-built condiions to an MRO for their
review and spproval. These documents include the Multfamily Workboolk: the Rabter Fiebd Checkiist, unless included in the
Multifamily Workbook; the HWVAC Functional Testing Checklists; construction documents; phote documentation; and for ASHRAE
projects, the ASHRAE Path Calculator and either the modeling file or input and cutput files.

Revised 101 &2018 Page 2 of 10

National Program Requirements
ENERGY STAR Multifamily New Construction, Version 1/ 1.1/ OR-WA 1.2 (Rev. 01)

Exhibit 1: ENERGY STAR Multifamily Reference Design ™

5) Whe The ENERGY STAR Multifamily Reference Design is the set of efficdency features modeled 1o determine the EMERGY STAR ERI Target
for each unit pursuing certification. Therefore, while the features bedow are not mandstory in the wnits for projects purswing the ERI Path, if
from thiey are nof used then other measures will be needed to achieve the EMERGY STAR ERI Target. In addition, note that the Mandatory
fauce Requiremenis for All Cerified Multifamiy Projects, Exhibit 2, contain additionsl requirements such &s total duct leakage limits, méndmum
allowed insulation levels, and minimem aliowed fenesiration performance. Therefore, EPA recommends that partners review the

docurments in Exhibit 2 prior to seleching megsurss.

For projects pursuing the Prescriptive Path, the following features are mandatory within the units and. as specified in the Mational Rater
and Field Checklists, in the common spaces. For projects pursuing the ERI Path, the following festures are mandatory within the commion

spacas as apecified in the Mational Rater Design Review and Field Checklists.
In-Unit This Exhibit is not applicable for projects pursuing the ASHRAE Path.
Commaon Space Applicabliity Motes:

When using the Reference Design for common space measures as specified in the National Rater Design Review and Rater Field
Checklist, the following notas apply.

1)

2)

Common

Space 5
4)
5)

Heating and Cooling efficiencies for addiional equipment are available in the Exhibit X of the National Rater Field Checkiist.

Insulation levels for common speces in Version 1 and Version 1.1 are not the values shown in the Reference Design. They must
instesd meet or excead the evels in the 2000 and 2012 IECC Commercial chapter, respectively. The required values should
come from the “All Other” column and the row that comesponds to the bullding sssembly (2.g.. a bullding with steel-frame walls
wolld wse the value in the ‘Metal framed’ row).

Windows and glazed entrance doors are to meet or excaed the requirements specified for "Class AW" fenestration in the
Reference Design.

All exterior and common space lghting fidures are still subject 1o the efficiency requirements, even though they are not in "ANSI
RESMET /! ICC Standard 301-defined Qualifying Light Fixture Locations’. Therefore, 90% of all exterior and common spacs
fixfures must be ENERGY STAR certified or meet the alternatives defined in the Mational Rater Field Checklist. This reguirement
apiplies o extenior lighting fixtures that are attached to the building, but doss not apply to landscape or parking lot ighting fidures.

Where an appliance type is not eligible for EMERGY STAR certfication, (e.g., commercial dryers) the appliance is exempt from
this requirement. Where a bathroom faucet or aerator is not eligible for WaterSense certification. (e.g.. public use levatory faucets)
the fisture is exampt from this reguirement.

LY

er Field

Checklist.

gn. They
id values
ith steel-

‘e notin

1 common
cist. This

r parking lot

exempt
use lavatory

me)
Group R
Group R
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ASHRAE

Minimum:
2009 IECC Group R

Common Minimum:
Space 2009 IECC ‘All Other’

TABLE 502.2(1)
BUILDING ENVELOPE REQUIREMENTS - OPAQUE ASSEMBLIES
4 5 ‘
1 2 3 EXCEPT MARINE AND MARINE 4 6 7 g
CLIMATE ZONE All other | Group R | All other ‘ Group R | All other | Group R | All other l Group R ‘ All other | Group R ‘ All other I Group R | All other I Group R All other | Group R
Roofs
itﬁ*“&:‘:f“wy R-15¢i | R20ci | R20ci | R20ci | R-20ci | R20ci | R20ci | R-20ci  R-20ci | R20ci | R20ei | R20ei | R250i | R25 R250i | R25i
Metal buildings (with i . R-13+ | R-13+ | R-13+ . R-13 + . R-13+ . R-13+ . R13+ | R-19+ R-11+ | R-19+
R-Sthemablocks®®| N2 | B | R4y | Ri3 | R13 | B ri1s | B Rz | BY | Ry | BY | R | R0 R19 | RIO
Attic and other R-30 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R0 R-40
Walls, Above Grade
Mass NR RS57ci | R57ci | R7.6¢i | R-76ci | R-95ci | R-05ci® | R-114ci R-114ci |R-133¢ci | R-133ci | R-152ci | R-152ci | R-152ci  R-25:i | R-25¢i
I R-13+ | R-13+ | R-13+ | R-13+ | R19+ | R-19+ R-19+ | R-19+
Metal building R-16 R-16 R-16 R-16 R-19 R-19 R-19 RI9 | oo | Rsca | Rses | Rseoi | Rssei | Rseai | Rs.6oi | RSt
R-13+ R-13+ | R-13+ | R-134+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ R-13+ | R-13+
Metal framed R13 | RBI3 | RI3 | 950 | R38i | R75i | 75 | R75ci | R7.5¢i | R7.56 | R-7.5¢ | R7.5¢ | R-7.5ci | R-156ci R-T.5ci | R-18.8
Wood framed and R-13+ | R-13+ | R-13+ | RI3+ | R13+ | R13+ | R13 R-13+ | R13+
other Bald LB Rl iald Rl L RA3 | Ri3gei | R3S 3.8 75 R-75 | R-75ci | 475 R-156ci | 156ci
Walls, Below Grade
Below grade wall? NR NR NR NR NR NR NR R-75:i | R-7.5ci | R-7.5i Rﬁkh. R-75¢i | R7.5¢i | R10ei  R-7.5 | R-12.5ci
Floors
Mass NR NR R-63ci | R83ci | R63ei | R-83ci | R-10c¢i | R-104ci R-10ei | R-12.5¢i  R-125¢i | R-14.6¢i | R-15¢i | R-167¢i  R-15¢i | R-16.7ci
Toist/framing NR | NR | R19 | R30 | R19 | R30 | R30 | R30 R30 | R30 R30 | RAF | R30 | R3O R3C | R3O
Steeliiwood)
5lab-on-Grade Floors
R-10for R-10for R-10for | R-15for | R-15for | R-15for R-15for | R-20 for
Unheated slabs NR NR NR NR NR NR NR 24 in. NR 24 in. 24 in. 24 in. 24in. | 24in. 24in. | 24in.
below below below below below below below below
R-75for | R-75 for | R-7.5for | R-75for | R-10for | R-10 | R-15for | R-15for R-15for | R-15for | R-15for | R-20for | R-20for | R-20for R-20for | R-20 for
Heated slabs 12in. 12in. 12in. 12in. | 24in. | 24in 24in. | 24in. | 24in. 24 in. 24 in. 48 in. 24in. | 48in. 48in. | 48 in.
below below below below below below below below below below below below below below below below
Opaque doors
Swinging U-070 | U-070 | U-070 | U-070 | U-070 | U-070 | U~-070 | U-070 U-070 | U-070 U-070 U-050 U-050 | U-050 U-0350 | U-050
Roll-up or sliding U-145|U-145 | U145 | U-145 | U-145 | U-145 | U-050 | U-050 U-050 | U-050 U-050 | U-050 U-050 | U-050 U-050 | U-050

".." For SI 1inch =254 mm.
Em ENEHGY S ci = Continuous insulation. NR = No requirement. ra
a. When using R-value compliance method, a thermal spacer block is required, otherwise use the U-factor compliance method. [see Tables S02.1.2 and 502.2(2)].
b. Assembly descriptions can be found in Table 502.2(2).

& R8T ot iealleavead ta bha enhetidntad with eonerste hlock walle camnlvine with A OTA OO0 unaraitad arnadiallv arnated a2 137 inches or laes nn cantar vaticasllv and 49 inchae arlecs an cantarbharirantally with




In-Unit Minimum:
2009 IECC Group R

Common Minimum:

Space 2009 IECC ‘All Other’

TABLE 502.2(1)
BUILDING ENVELOPE REQUIREMENTS - OPAQUE ASSEMBLIES

4 5
1 2 3 EXCEPT MARINE AND MARINE 4 6 7 8
| T
CLIMATE ZONE ‘ All other ‘ Group R | All other | Group R I All other | Group R All other I Group R | All other | Group R | All other | Group R | All other | Group R | All other | Group R
Foofs
itﬁ*“&:‘:f“wy R-15¢i | R20ci | R20ci | R20ci | R-20ci | R20ci R-20ci | R-20ci | R-20ci | R-20ci | R20ci | R-20ei | R25¢i | R25i | R-250i | R-25ci
Metal buildings (with . . R-13+ | R-13+ | R-13+ . R-13 + . R-13+ ) R-13+ . R13+ | R19+ | R-I1+ | R-19+
R-Sthemal blocks®®| N1° | B [ R | Ri3 [ R13 | B riz | B | k13 | BY | R | B | R | R0 | R19 | RIO
Attic and other R-30 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R0 R-40
Walls, Above Grade
Mass NR R-57ci | R-5.7ci | R-7.6ci | R-76ci | R-9.5ci R-9.5ci® | R-114ei | R-11.4ci |R-133¢ci| R-133¢i | R-152¢i | R-152ci | R-152¢i | R-25i | R-25ci
I R-13+ | R-13+ | R-13+ | R-13+ | R19+ | R-19+ | R-19+ | R-19+
Metal building R-16 R-16 R-16 R-16 R19 | R19 R-19 RI9 | 2o | Rseet | Bses | Rssci | Rsee | RS6si | RS 6ot | Rossci
R-13+ R-13+ | R-13+ R-134+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+
Metal framed R13 [ RI3 [ RI3 | 9450 | R38i | R75i 75 | R75ci | R-7.5¢i | R7.5d | R-7.56 | R-7.5¢ | R-7.5ci | R-156ci | R-7.5¢i | R-18.8
Wood framed and R-13+ | R-13+ | R-13+ | R13+ | R13+ | R-13+ R-13 | R-13+ | R-13+
other ) Lo ol Lk Bald L R13 | p3gei | R-38i 3.8 75 R-75 | R75ci | 475 | R-156ci | 156ci
Walls, Below Grade
Below grade wall? NR NR NR NR NR NR NR R-7T5¢i | R-7.5ci | R-7.5i Rﬁksa R-7.5¢i | R7.5¢i | R-10ei | R-7.5 | R-12.5i
Floors
Mass NR NR R-63ci | R83¢i | R63ci | R-83ci R-10¢i | R-104ci | R-10ei | R-12.5¢i | R-12.5¢i | R-14.6¢i | R-15¢i | R-167¢i | R-15¢i | R-16.7ci
Joist/framing NR NR R-19 R-30 R-19 R-30  R30 R-30 R-30 R-30 R-30 | R-30° | R30 | R30° | R300 | R-30°
Steeliiwood)
5lab-on-Grade Floors
R-10for R-10for | R-10for | R-15 for | R-15 for | R-15 for | R-15for | R-20 for
Unheated slabs NR NR NR NR NR NR NR 24 in. NR 24 in. 24 in. 24 in. 24 in. 24 in. 24 in. 24 in.
below below below below below below below | below
R-75 for | R-7.5 for | R-7.5 for | R-75for | R-10for | R-10  R-15for | R-15for | R-15 for | R-15 for | R-15for | R-20 for | R-20 for | R-20for | R-20for | R-20 for
Heated slabs 12in. 12in. 12 in. 12 in. 24 in. 24 in. 24 in. 24 in. 24 in. 24 in. 24 in. 48 in. 24 in. 48in. 48 in. 48 in.
below below below helow below below below below below below below below below below below below
Opaque doors
Swinging U-070 | U-070 | U-070 | U-070 | U-070 | U-070 U-070 | U-070| U-070 | U-070 | U~-070 | U-050 | U-050 | U-050 | U-050 | U-050
Roll-up or sliding U-145|U-145 | U-145 |U-145 | U-145 | U-145 U-050 | U-050 | U-050 | U-0.50 | U-0.50 | U-0.50 | U-050 | U-050 | U-050 | U-050

l-.'l- For S 1inch =254 mm. |
Em ENEHGY S ci = Continuous insulation. NR = No requirement. iy

a. When using R-value compliance method, a thermal spacer block is required, otherwise use the U-factor compliance method. [see Tables S02.1.2 and 502.2(2)].

b. Assembly descriptions can be found in Table 502.2(2).

c. R-5.7 ciis allowed to be substituted with concrete block walls complving with ASTM C 90, unerouted or partiallv ¢ routed at 32 inches or less on center verticallv and 48 inches orless on center horizontallv, with

-




Minimum:
2009 IECC Group R

Common Ref Design:
Space 1.0: 2009 IECC ‘All Other’

/ ) TABLE 502.2(1)
1 1 . 20 1 2 I ECC AI I Oth er BUILDING ENVELOPE REQUIREMENTS - OPAQUE ASSEMBLIES
odbo
a 5 ‘ ‘
1 2 3 EXCEPT MARINE AND MARINE 4 8 7 8
CLIMATE ZONE All uiharl Group R | All other ‘ Group R | All other ’ Group R | All other l Group R ‘ All other | Group R ‘ All other I Group R ‘ All other l Group B All other I Group R
Roofs
l’t’;"‘f‘;{:‘:f"wy R-15¢i | R20ci | R20ci | R20ci | R-20ci | R20ci | R20ci | R-20ci  R-20ci | R20ci | R20ei | R20ei | R250i | R25 R250i | R25i
Metal buildings (with ) ) R-13+ | RI3+ | RI3+ ) R-13 + ) R-13+ . R-13+ ) R13+ | R19+ R1+ | R19+
R-Sthemablocks®®| N2 | B | R4y | Ri3 | R13 | B ri1s | B Rz | BY | Ry | BY | R | R0 R19 | RIO
Attic and other R-30 R-38 R-38 R-38 R-38 R-38 R-38 R38  R-38 | R3S R-38 R-38 R-38 R-38 R-49 R-49
Walls, Above Grade
Mass NR | RS7ci | R-57ci | R76ci | R-76ci | R-9.5ci | R-9.5ci° | R-11dci | R-114ci |R-133¢i | R-133ci | R-152¢ci | R-152ci | R-152¢i  R-25ci | R-25¢i
I R-13+ | R-13+ | R-13+ | R-13+ | R19+ | R-19+ R-19+ | R-19+
Metal building R-16 R-16 R-16 R-16 R-19 R-19 R-10 UL Rt s Bl L el ] s
R-13+ R-13+ | R-13+ | R-134+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ R-13+ | R-13+
Metal framed R13 | RBI3 | RI3 | 950 | R38i | R75i | 75 | R75ci | R7.5¢i | R7.56 | R-7.5¢ | R7.5¢ | R-7.5ci | R-156ci R-T.5ci | R-18.8
Wood framed and R-13+ | R-13+ | R-13+ | R-13+ | R13+ | R13+ | RI3 RI3+ | R13+
other Bald LB Rl iald Rl L RA3 | Ri3gei | R3S 3.8 75 R-75 | R-75ci | 475 R-156ci | 156ci
Walls, Below Grade
Below grade wall? NR NR NR NR NR NR NR | R-75¢i | R-7.5¢i | R7.5i Rﬁksa R-75¢ | R7.5¢i | RlGki R7.5 | R-12.5i
Floors
Mass NR NR | R63ci | R83%i  R63ci | R83i | R10¢i |[R-104ci R-10ei | R-12.5¢i R-12.5¢i | R-146ci | Rel5i | R-167¢i  R-15¢i | R-16.7ci
Joist/framing NR NR R-19 R-30 R-19 R-30 | R-30 R-30 R-30 R-30 R-30 | R30° | R30 | R30°  R300 | R0
Steeliiwood)
5lab-on-Grade Floors
R-10for R-10for | R-10for | R-15for | R-15for | R-1Sfor R-15for | R-20 for
Unheated slabs NR NR NR NR NR NR NR 24 in. NR 24in. | 24in. | 24in. | 24in. | 24in.  24in. | 24in.
below below below below below below below below
R-75for | R-7.5for | R-75for | R-7.5for | R-10for | R-10 | R-15for | R-15for  R-15for | R-15for  R-15for | R-20 for | R-20for | R20for R-20for | R-20for
Heated slabs 12in. | 12in. | 12in. | 12in. | 24in. | 24in. | 24in. | 24dn.  24in. | 24in.  24in. | 48in. | 24in. | 48in.  48in. | 4Sin.
below below below below below below below below below below below below below below below below
Opaque doors
Swinging U-070 | U-070 | U-D70 | U-070 | U-070 | U-070 | U-070 | U~070 U-070|U-070 U-070 | U-050 | U-D50 | U~050 U-050  U-050
Roll-up or sliding U-145|U-145 |U-145 | U-145 | U-145 | U-145 | U-050 | U-0350 U-050 |U-050 U-050 | U-050| U-050 | U-050 U-050 | U-0350

"..;' For SI 1inch =254 mm.

f’Em ENEHGY S ci = Continuous insulation. NR = No requirement.

a. When using R-value compliance method, a thermal spacer block is required, otherwise use the U-factor compliance method. [see Tables S02.1.2 and 502.2(2)].
b. Assembly descriptions can be found in Table 502.2(2).

& R8T ot iealleavead ta bha enhetidntad with eonerste hlock walle camnlvine with A OTA OO0 unaraitad arnadiallv arnated a2 137 inches or laes nn cantar vaticasllv and 49 inchae arlecs an cantarbharirantally with

2|



In-Unit Minimum:
2009 IECC Group R

Common Ref Design:
Space 1.0: 2009 IECC ‘All Other’
1.1: 2012 IECC ’A” Other' UILDING ENVELOPERESS:EEET\?:&%-OPAQUEAssaMBLlES

| 4 5
' T -3 3 EXCEPT MARINE AND MARINE 4 3 7 8
| T T T
CLIMATE ZONE ‘ All other ] Group R | All other | Group R | All other | Group R All other l Group R | All other | Group R | All other | Group R | All other | Group B | All other | Group R
Foofs
:t’;“j:“;i‘;‘:;"wy R-15¢i | R-20ci | R-20ci | R20ci | R20ci | R-20ci R20¢i | R-20si | R-20ci | R-20ci | R-20ei | R-20ci | R-25¢i | R-25ci | R-25ci | R-25i
Metal buildings (with ) ) R-13+ | R34+ | RI3+ ) R-13 + ) R-13+ i R-13+ ) R13+ | R19+ | R11+ | R19+
R-Sthemal blocks®®| N1° | B [ R | Ri3 [ R13 | B riz | B | k13 | BY | R | B | R | R0 | R19 | RIO
Attic and other R-30 R-38 R-38 R-38 R-38 R-38 R-38 R38 | R-38 | R3S R-38 R-38 R-38 R-38 R-49 R-49
Walls, Above Grade
Mass NR | RS7ci | R-57ci | R76ci | R-76ci | R-9.5ci  R-9.5ci° | R-11dei | R-114ci |R-133¢i| R-133ci | R-152¢ci | R-152ci | R-152¢i | R-25ci | R-25¢i
I R-13+ | R-13+ | R-13+ | R-13+ | R19+ | R-19+ | R-19+ | R-19+
Metal building R-16 R-16 R-16 R-16 R-19 R-19 R-19 R19 | Risei | R | R56ei | R56ci | R56ei | RS6i | RS6ei | RS 6o
R-13+ R-13+ | R-13+ R-134+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+
Metal framed R13 [ RI3 [ RI3 | 9450 | R38i | R75i 75 | R75ci | R-7.5¢i | R7.5d | R-7.56 | R-7.5¢ | R-7.5ci | R-156ci | R-7.5¢i | R-18.8
Wood framed and R-13+ | R-13+ | R-13+ | R13+ | R-13+ | R13+ | RI3 | R13+ | R13+
other ) Lo ol Lk Bald L R13 | p3gei | R-38i 3.8 75 R-75 | R75ci | 475 | R-156ci | 156ci
Walls, Below Grade
Below grade wall? NR NR NR NR NR NR NR | R-7.5¢i | R75¢ | R7.5i Rﬁksa R-75¢ | R7.5¢i | RlGei | R-7.5¢ | R-12.5i
Floors
Mass NR NR | R63ci | R8%i | R63ci | R-83ci R-10¢i |R-104ei | R-10ci | R-12.5¢i | R-12.5¢ | R-14.6ci | R-15i | R-167ci | R-15¢i | R-16.7ci
Joist/framing NR NR R-19 R-30 R-19 R-30  R30 R-30 R-30 R-30 R-30 | R-30° | R30 | R30° | R300 | R-30°
Steeliiwood)
5lab-on-Grade Floors
R-10for R-10 for | R-10for | R-15 for | R-15for | R-15 for | R-15for | R-20 for
Unheated slabs NR NR NR NR NR NR NR 24in. NR 24in. | 24in. | 2din. | 24in. | 24in. | 24in. | 24in.
below below below below below below below | below
R-75 for | R-7.5for | R-7.5 for | R-7.5for | R-10for | R-10  R-15for | R-15for | R-15for | R-15for | R-15for | R-20 for | R-20 for | R-20 for | R-20for | R-20for
Heated slabs 12in. | 12in. | 12in. | 12in. | 24in. | 24in.  24in. | 24dn. | 24in. | 24in. | 24in. | 48in. | 24in. | 48in. | 48in. | 4Sin.
below below below helow below below below below below below below below below below below below
Opaque doors
Swinging U-070 | U-070 | U-070 | U-070 | U-070 | U-070 U-070 | U-070 | U~070 | U-070 | U~070 | U~050| U-050 | U~050 | U-050 | U-050
Roll-up or sliding U-145|U-145 |U-145 | U-145 |U-145 | U-145 U-050 | U-050 | U-050 | U-050 | U050 | U-050 | U-0.50 | U-050 | U-050 | U-050

— For S 1inch =254 mm.
Em ENEHGY S ci = Continuous insulation. NR = No requirement.
a. When using R-value compliance method, a thermal spacer block is required, otherwise use the U-factor compliance method. [see Tables S02.1.2 and 502.2(2)].
b. Assembly descriptions can be found in Table 502.2(2).
c. R-5.7 ciis allowed to be substituted with concrete block walls complving with ASTM C 90, unerouted or partiallv ¢ routed at 32 inches or less on center verticallv and 48 inches orless on center horizontallv, with

BB



In-Unit Minimum:
2009 |[ECC Group R

Common Ref Design:
Space 1.0: 2009 IECC ‘All Other’

1.1: 2012 IECC ‘All Other’

TABLE C402.2
OPAQUE THERMAL ENVELOPE REQUIREMENTS"

oy e 3 4 EXCEPT MARINE | 6 AND MARINE & B ] a 1
| &ll Other | Gmoup A | All Giker | Group A | A Other | Group R | All Gther | Group A | All Othwr | Greup F | AN Othar | Group R | All Oiher | Group R | Al Other | Group R |
Asafs ]
- - ]
1‘;‘;‘:‘&:"“”]? i RMel | R20: | R20s | R2vi | R20 | R20¢i | R2%i | R2%6 | R3S | R2% | R0l | R30S | R3S | R3S | R3S | R3S
e I RIS+ | Relg+ | Bal0s | RO+ | R0+ | Mits | RO+ | RIS+ | Rei0s | R19+ | RIS+ | R25+ | R30s | R0+ | R3O+ | R30+
i thermal e 108 | RATLS | RIVLS | R-10LS | R0i L5 | Rend L5 | it 08 | 1008 | Re1t L8 | RotoLs | R0 LS | R-1105 | R-0DLS | RIILS | RIIES | R-11LS
Aglc aed other | R-38 RZE B39 T T FET R34 [T T Ra% | Ra9 RAY Ra% | R R T
Walls, Abwove Grade
Mam ["R-57ci | B.57a | BSdc | B76a | B7ba | ROSci | R45c | B-114c | B-1ida | Bo133ci | B-13.3¢1 | B-152a | Bo15.2 | B-15001 | B-255 | B-T5q
S—— Ri3: | B1la | R34 | RD3a | Rl3+ | B3+ | B34 | R34 | Bl3e | Ri34 | RedSa | Radle | Bi3s | RI3+ | R34 | B3
kg RaSei | Bes | R6del | Rdel | Reasd [ Ragei | Ro3o | R%e | R3el | Rdel | B3l | RO | RoSel | Ro9dSel | R3S | R |
R BI04+ | R34 | Bl3+ | R-l3+ | Ride | R13+ | B-134 | Bl3+ | RI3+ | RI3+ | R-I3+ | Bl | mise | RI3+ | Rd3+ | 13+
RS | RS | Refei | R756 | RTS8 | R7Sei | Re7Se | B756 | B-98e | R7Sei | BTSe | R7Sei | R7Sci | B-156ci | B-TS4 | RI7Sd |
£ | R-i%+ | R-13s | R-lde | B13s | R134 | Ri3a | R-134
Rdl+ | Bll+ | RI3+ | R34+ | Reld+ | R | Rd3+ | R34 | RIZ4 ’ ¥ 3
Wood frimed 803 | p 3 Beiar | R-3.Bcior |Re2.8cior | R-3.Sciar | B-3.Bcior | R-3.Bcior | R-3.Scior | R-3.8cior | R-3.Brioe E’J%‘f’ R;,: ey “:';lf”" i oy XL
e R2 | R | R20 | R20 | R | R | R20 | RM | R | R 20+ | R+ | B+ | R+ |orBdDs | or R0+ |
R-3Bei | B38| B38| B38| B3 | B0 | Bl
Walls, Bitlow Grade
Belowgudewall' | NR | MR | MR | MR [ MR | MR | RS [ R7S | R7Sel | RSl | R7SG | RTS8 | R-lbei | R-l0ci | R-106 | R-125e
Floors i
Mass NE NE | R63ci | R83ci | B-ioci | R-el | R-1oi | R-104ci | R-10ci | R-1256i | R-12.500 | R-125 | R-Sci | R-167c | R-i5a | R-16.7c |
Tosliraming NR NE BA0 | R0 R-30 R30 | R-30 B30 B-30 | R0 | R | RAF | B30 | RS0 | B3 | RAC |
Slnb-on-Grade Floors |
N FB-10tfor | B-10 Far | R-i0for | R-10for | R-10 for | R-35far | R-15 for | R-15 fur | B-15 far | Re-20 for
Hine sicel i oHE R NR MR MR NE 154" below| 247 below |24 below| 26 below | 24" Belaw | 247 below| 247 below | 24" bedow| 24" below | 24” below|
Mented <lnhed R-7.5 for | R-7.5 for | R-7.5 for | R-7.5for | R-10Tor | R-10fee | B-15for | R-15Tor | R-13 for | RB-15 for | R-15for | R-20 for | B-30(or | R-20for | R-20 for | B-20 for |
12" bedow | 127 below |12 below | 127 below | 247 below | 247 below 247 bedaw | 247 below | 367 below | 36" belvw | 36" below | 487 below | 247 helow | 45" below | 487 below | 48" below|
Opague Doors I
Swinging U061 | U061 | UG6l [ U061 | U061 | U061 | 04060 | U061 | U037 | U037 | 0037 | U037 | U3 | U437 | D037 | U037 |
Roll-upoc eliding | R473 | R473 | R473 [ R475 | R475 | B33 | R475 [ R-475 | R475 | R475 | R47S [ R475 | 473 [ 473 | R475 [ R473 |

Far 81: | inch = 25.4 nmm. ci = Cloniimuous insudation. MR = Mo requirement.
LS = Liner Sysiem—A comtirsous menbrase bnsulled hedow the pueling and usdniemapied by framing members. Uncompressed, unfoced injulacion rests an mp of the nembrane berween ihe pusiins.
. Assembly descriptions can e found in ANSFASHRAELTESNA Appendis A
I Where neing A-vabue compliamce metsod, & thermal spacer hlock shall be provided, otherwise use the U-factor compliance method in Table C202.1.2.
. B-5.7ci is allowesd 1o be substitutied with concrete block walls complving with ASTM C ), ungroesed or penislly growssd & 32 (nches er less on center venieslly and 48 inches or lese on center horzontally,
wilh ungroutid sores filled with materiuls having a maximum thermal condsctvity of 044 Bu-ish-r* “F.
d. Where hessed slobs are beldow grade, below-grmde walls shall comply with the exterior issulation regairements for hemed slabs.




Prescriptive

In-Unit Ref Design: (Wood-frame)
1.0: 2009 IECC Group R
1.1: 2012 IECC Group R

Common  Ref Design:
Space 1.0: 2009 IECC ‘All Other’

1.1: 2012 |IECC ‘All Other’

National Program Requirements
ENERGY STAR Multifarmily New Construction, Version 1/ 1.1 f OR-WA 1.2
Version 1 is appiicable)

e | i i GO Gt 50 B 207 56767

e Insulation levels modeled to 2008 ECC levels {Commercial, wood-frame) and Grade | installation per ANS| f RESNET / ICC Standard 301, 12

Climate Zone:
Slab Insulation R-Value:
Slab Insulation Depth {ft):

Floor Assembly UFactor:
Wall Assembly U-Factor:
Ceiling Assembly U-Factor:

Basement Wall Continuous Insulation R-vValue:

s Infiltration rates modeled as follows: <0 .30 CFM50/f2of enclosure




Prescriptive

In-Unit Ref Design: (Wood-frame)
1.0: 2009 IECC Group R
1.1: 2012 IECC Group R

. |
Common Ref Design:
TABLE 502.2(1)
‘All Other’
. DING ENVELOPE REQUIREMENTS - OPAQUE ASSEMBLIES
Space 1.0: 2009 IECC ‘All Other
4 5
. 2 O 2 CC ( | | O h ’ 3 EXCEPT MARINE = AND MARINE 4 3 7 8
1 * 1 ° 1 I E A t e r All other | Group R All other [ Group R | All other | Group R | All other ' Group R | All other | Group R | All other | Group R
Foofs
:t’;“‘i*“;i‘;‘:;"wy R-15¢i | R-20ci | R-20ci | R20ci | R20ci | R-20ci R20¢i | R-20si | R-20ci | R-20ci | R-20ei | R-20ci | R-25¢i | R-25ci | R-25ci | R-25i
Metal buildings (with ) ) R-13+ | R34+ | RI3+ ) R-13 + ) R-13+ ) R-13+ ) R13+ | R19+ | R11+ | R19+
R-Sthemal blocks®®| N1° | B [ R | Ri3 [ R13 | B riz | B | k13 | BY | R | B | R | R0 | R19 | RIO
Attic and other R-30 R-38 R38 | R3S R-38 R-38 R-38 R38 | R-38 | R3S R-38 R-38 R-38 R38 | R49 | R-49
Walls, Above Grade
Mass NR | RS7ci | R-57ci | R76ci | R-76ci | R-9.5ci  R-9.5ci° | R-11dei | R-114ci |R-133¢i| R-133ci | R-152¢ci | R-152ci | R-152¢i | R-25ci | R-25¢i
I R-13+ | R-13+ | R-13+ | R-13+ | R19+ | R-19+ | R-19+ | R-19+
Metal building R-16 R-16 R-16 | R-16 R-19 R-19 R-19 R1o Bl Bl rse B hpse B Mrsc
R-13+ R-13+ | R-13+ R-134+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+ | R-13+
Metal framed R13 [ RI3 [ RI3 | 9450 | R38i | R75i 75 | R75ci | R-7.5¢i | R7.5d | R-7.56 | R-7.5¢ | R-7.5ci | R-156ci | R-7.5¢i | R-18.8
Wood framed and R-13+ | R-13+ | R-13+ | RI3+ | R13+ | RI3+ | R13 | RI3+ | R13+
other ) Lo ol Lk Bald L R13 | p3gei | R-38i 3.8 75 R-75 | R75ci | 475 | R-156ci | 156ci
Walls, Below Grade
Below grade wall? NR NR NR NR NR NR NR | R-7.5¢i | R75¢ | R7.5i Rﬁksa R-75¢ | R7.5¢i | RlGei | R-7.5¢ | R-12.5i
Floors
Mass NR NR | R63ci | R8%i | R63ci | R-83ci R-10¢i |R-104ei | R-10ci | R-12.5¢i | R-12.5¢ | R-14.6ci | R-15i | R-167ci | R-15¢i | R-16.7ci
Joist/framing NR NR R-19 R-30 R-19 R-30  R30 R-30 R-30 R-30 R-30 | R-30° | R30 | R30° | R300 | R-30°
Steeliiwood)
5lab-on-Grade Floors
R-10for R-10 for | R-10for | R-15 for | R-15for | R-15 for | R-15for | R-20 for
Unheated slabs NR NR NR NR NR NR NR 24in. NR 24in. | 24in. | 2din. | 24in. | 24in. | 24in. | 24in.
below below below below below below below | below
R-75 for | R-7.5for | R-7.5 for | R-7.5for | R-10for | R-10  R-15for | R-15for | R-15for | R-15for | R-15for | R-20 for | R-20 for | R-20 for | R-20for | R-20for
Heated slabs 12in. | 12in. | 12in. | 12in. | 24in. | 24in.  24in. | 24dn. | 24in. | 24in. | 24in. | 48in. | 24in. | 48in. | 48in. | 4Sin.
below below below below below below below below below below below below below below below below
Opaque doors
Swinging U-070 | U-070 | U-070 | U-070 | U-070 | U-070 U-070 | U-070 | U~070 | U-070 | U~070 | U~050| U-050 | U~050 | U-050 | U-050
Roll-up or sliding U-145|U-145 |U-145 | U-145 |U-145 | U-145 U-050 | U-050 | U-050 | U-050 | U050 | U-050 | U-0.50 | U-050 | U-050 | U-050

a. When using R-value compliance method, a thermal spacer block is required, otherwise use the U-factor compliance method. [see Tables S02.1.2 and 502.2(2)].
b. Assembly descriptions can be found in Table 502.2(2).
c. R-5.7 ciis allowed to be substituted with concrete block walls complving with ASTM C 90, unerouted or partiallv ¢ routed at 32 inches or less on center verticallv and 48 inches orless on center horizontallv, with

; = For 5. 1inch =254 mm. II
wEm ENEREY S ci = Continuous insulation. NR = No requirement. 4 |
.




Insulation: Heated Plenums and Garages

Plenums and Garages:
* Insulate top - ‘ceiling’ or floor above
* Insulate walls

ASHRAE projects can choose to not insulate, but
regardless, heating energy must be modeled in both
baseline and proposed (Rater Field, Footnote 9)

Plenums:
e Plenum ‘wall’ must be an air barrier
e |nsulate bottom of plenum to R-13

— Bottom of plenum can be suspended ceiling tiles (or
other non-air barrier) (Rater Field, Footnote 10)

— If using fiberglass batts, must be paper-faced (RF,
Footnote 10)

' %EPA ENERGY STAR. The simple choice for energy efficiency.

b
=

22



Heated Plenums

1.5 Heated plenums in unconditioned space or ambient conditions must meet the following requirements: d

1.5.1 Sides of plenum are an air barrier and insulated to = R-3ci in CZ 1-4; = R-5¢i in CZ 5-6; = R-7.5c¢i in
CZ7:2R-9.5¢ciin CZ 8, AND;

1.5.2 Insulation at top of plenum meets or exceeds the R-value for mass floors from the “All Other” column
of Table 502.2(1) of 2009 IECC, AND;

1.5.3 Bottom of plenum must have at least R-13 insulation. '
| .6 Garages with space heating must meet the following requirements: *

1.6.1 Insulation on above grade \ . . rade = R-5¢i in CZ 5-6; 2 R-7.5¢i
‘ in CZ 7: = R-9.5¢i in CZ 8, Rater Field Checklist

1.6.2 Garage ceiling insulation meets or exceeds the R-value for mass floors from the “All Other” column
of Table 502.2(1) of 2009 IECC.

Note: 1.5.2 already required unless ceiling is not attached to apartment
or common areas

——

. \%EPA _ENEHEH" STAR. The simple choice for energy efficiency.




Blue: Insulation meets mass

Heated Plenum Example floor level for space above

L T I
L Yellow: Insulation meets mass =

# o"
floor R-value for 2009 IECC-C “All
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Green: R-13 insulation; i Pink: R-3ci to R-9.5ci,
air barrier not required depending on CZ

' %EPA, ENERGY STAR. The simple choice for energy efficiency.

ENERGY STAR



Heated Garages

1.5 Heated plenums in unconditioned space or ambient conditions must meet the following requirements: 8

1.5.1 Sides of plenum are an air barrier and insulated to = R-3ci in CZ 1-4; 2 R-5¢i in CZ 5-6; = R-7.5¢i in
CZ7:2R-9.5¢ciin CZ 8 AND:

15.2 Insulation at top of plen ~ Rater Field Checklist 555 fioors from the “All Other' column|
of Table 502.2(1) of 2009 IECC, AND;

1.5.3 Bottorn of plenum must have at least R-13 insulation. '°
1.6 Garages with space heating must meet the following requirements: ®

1.6.1 Insulation on above grade walls and walls on the first story below grade 2 R-5¢i in CZ 5-6; 2 R-7.5¢ci
in CZ 7; 2 R-9.5¢i in CZ 8, AND;

1.6.2 Garage ceiling insulation meets or exceeds the R-value for mass floors from the "All Other” column
of Table 502.2(1) of 2009 IECC.

TABLE 502.2{1)
BUILDING ENVELOPE REQUIREMENTS - OPAGUE ASSEMBLIES

4 3
1 & ] EXCEPT MARINE AND MARINE 4 ] 7 *

CLIMATE ZONE Al other | Group RY| Al other | Group R | All other | Group R | All other || Group R | All other | Group R | All other || Group R | All other | Group R | All ather | Group R

Flogrs

Mass NR NR |R-1’r.3-.1 R-83a | R-6.3a | R-8.3ci RB-10ci | R-104ci | R-10ci | R-12.5¢i | R-12.5ci | R-14.6e0 | R-15ci JR-16Tci | R-15ci | R-16.Tci

Note: 1.6.2 already required unless ceiling is not attached to apartment or

comimon areas
25

-

: %EPA _ENEHE"!’ STAR. The simple choice for energy efficiency.




Reduced Thermal Bridging (Item 3.7)

At apartment and common area above-grade walls separating conditioned
from unconditioned space, use one of the following options:

1. Continuous insulation, insulated siding, or combination of the two is = R-3
for CZ 1-4 and = R-5 for CZ 5-8 /[this is the only option for metal-framing/

OR

2. Select an advanced assembly option: Structural Insulated Panels; Insulated
Concrete Forms; Double-wall framing

OR

For wood-framed projects < 3 stories (any CZ) OR in CZ 1-3 (any height)

3. Complete the following ‘advanced framing’ details:

 Corners insulated = R-6 to edge, AND

 Headers above windows & doors insulated = R-3 for 2x4 framing and = R-5
for all other, AND

* Interior/exterior wall intersections insulated to same R-value as rest of

exterior wall
26

= -

| %EPA ENERGY STAR. The simple choice for energy efficiency.




Reduced Thermal Bridging

3.7 At above-grade walls and rim / band joists separating conditioned from unconditioned space, one of the following options used; 22

3.7.1 Continuous rigid insulation, insulated siding, or combination of the two is: O O O
2R-3inCZ 1-4: = R-5in CZ 5-8 *. % %.%7 OR:
3.7.2 Structural Insulated Panels OR; Insulated Concrete Forms OR; Double-wall framing OR; 24 26 % O (m] (m]

3.7.3 Option only for wood-framed walls either in CZ 1-3 OR < 3 stories: ‘advanced framing’ details including all of the Items below: 2522

3.7.3a Corners insulated = R-6 to edge *°, AND; O (m] (]

3.7.3b Headers above windows & doors insulated 2 R-3 for 2x4 framing or equivalent cavity width, and O O O
= R-5 for all other assemblies (e.g., with 2x6 framing) *', AND;

3.7.3c Interior / exterior wall intersections insulated to same R-value as rest of exterior wall. * O o a

Rater Field Checklist

27

—_

\efEPA _ENEHE"!’ STAR. The simple choice for energy efficiency.




Reduced Thermal Bridging (Rev.01)

3.7.3 Option only for wood-framed walls either in CZ 1-3 OR
< 3 stories: ‘advanced framing’ details including all of the
ltems below:

Footnote: ...For the purpose of this requirement, “< 3
stories” refers to any portion of the building elevation where
the wood-framed walls do not exceed 3 stories in height.
Partial floors that meet the definition of a mezzanine or loft,
as defined by the 2012 IRC, do not count as a story...

28

&EPA ENERGY STAR. The simple choice for energy efficiency.




Reduced Thermal Bridging (Rev.01)
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o
- SEPA. | ENERGY STAR. The simple choice for energy efficiency.
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Slab-on-Grade Insulation (Rater Field, 3.4)

3. Reduced Thermal Bridging

3.1 For insulated ceilings with attic space above (i.e., non-cathedralized), Grade | insulation extends to the
inside face of the exterior wall below andis 2 R-21in CZ21-5: 2 R-30in CZ6-8. "7

3.2 Forinsulated ceilings with attic space above, attic access panels and drop-down stairs insulated 2 R-10 or
equipped with durable = R-10 cover. '®

3.3 Insulation beneath attic platforms {a.g.. HVAC platforms, walkways) =2 R-21in CZ 1-5; 2 B-30 in CZ 6-8.

3.4 For slabs on grade in CZ 4-8, 100% of slab edge insulated to = R-5 at the depth specified by Table
502.2(1) of the 2009 IECC and aligned with the thermal boundary of the walls. ' #°

3.5 For elevated concrete slabs in CZ 4-8 (i.e., podiums and projected balconies, but not intermediate slab
floor edges) 100% of the slab edge insulated to = R-5. For podiums, insulation must be installed for the
full height of the podium wall. Alternatives in Footnote 21, #1

3.6 For elevated concrete slabs in CZ 4-8 (i.e., podiums, but not intermediate floor slabs), floor insulation
meets the U-factor specified in Table 502.1.2 of the 2009 IECC for Group R when dwelling units are
above the slab, and for ‘All Other’ when common space is above the slab. #

30

- SEPA _ENERGY STAR. The simple choice for energy efficiency.




Slab-on-Grade Insulation (Rater Field, 3.4)

For slabs on grade in CZ 4-8,
100% of slab edge insulated to 2
R-5 at the depth specified by the

2009 IECC and aligned with the
thermal boundary of the walls

* Required for apartments &
common areas

 Required when floor surface
less than 24" below grade; and
must extend to top of slab

 Required where slab-on-grade
transitions from conditioned to
unconditioned space (ie. patio)

&EPA ENERGY STAR. The simple choice for energy efficiency.

ENERGY STAR



Elevated Slab Edge Insulation (Rater F-3.5 & 3.6)

3. Reduced Thermal Bridging

3.1 For insulated ceilings with attic space above (i.e., non-cathedralized), Grade | insulation extends to the
inside face of the exterior wall below andis 2 R-21in CZ21-5: 2 R-30in CZ6-8. "7

3.2 Forinsulated ceilings with attic space above, attic access panels and drop-down stairs insulated 2 R-10 or
equipped with durable = R-10 cover. '®

3.3 Insulation beneath attic platforms (e.qg., HVAC platforms, walkways) = R-21 in C£ 1-5; 2 B-30 in CZ 6-8.

3.4 For slabs on grade in CZ 4-8, 100% of slab edge insulated to = R-5 at the depth specified by Table
502.2(1) of the 2009 IECC and aligned with the thermal boundary of the walls. ' #°

3.5 For elevated concrete slabs in CZ 4-8 (i.e., podiums and projected balconies, but not intermediate slab
floor edges) 100% of the slab edge insulated to = R-5. For podiums, insulation must be installed for the
full height of the podium wall. Alternatives in Footnote 21, #1

3.6 For elevated concrete slabs in CZ 4-8 (i.e., podiums, but not intermediate floor slabs), floor insulation
meets the U-factor specified in Table 502.1.2 of the 2009 IECC for Group R when dwelling units are
above the slab, and for ‘All Other’ when common space is above the slab. #

Footnotes 21 and 22
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Elevated Slab Edge Insulation (Rater Field, 3.5)
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For elevated slabs in CZ4 - 8 (such H
as balconies or garage podiums
with apartments or common i
areas above),

 The elevated slab edge must be —
insulated to R-5 (for podium,
this means the full height of the
wall);

— Issue Under Review: what
about multiple story
garages? What about
columns?
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Elevated Slab Edge Insulation (Rater Field, 3.5)

For elevated slabs in CZ4 - 8 (such
as balconies or garage podiums
with apartments or common
areas above),

 The elevated slab edge must be
insulated to R-5 (for balcony,
there is an alternative);

&y

EI

| \%EPA. ENERGY STAR. The simple choice for energy efficiency.




Modified UA Calculation (Balcony) Footnote 21

If you don't install an R-5 thermal break, you can account for
the uninsulated slab edge thermal impact, by increasing its
area in the UA calculation (using a multiplier of 4)

— For example, for a balcony that is 20 feet wide, and has
a thickness (height) of 1 foot, the area is 20 ft2. The area
to be used in the UA calculation is instead increased to
80 ft2. The resulting UA must be used for compliance
with the wall insulation requirements.

— The horizontal distance the balcony projects from the
building i1s not used in this calculation.

20sf x4= 80 sf
) G =
I ” . in UA calculation

20 ft

' %EPA ENERGY STAR. The simple choice for energy efficiency.
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Elevated Slab Edge Insulation (Rater Field, 3.6)

R ey e A T I
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For elevated slabs in CZ4 - 8 (such as a1t —r‘: “ﬂ 1
balconies or garage podiums with Ll Lo il —
apartments or common areas i | B E
above), L"_"r"_"_i e i |
 Floor insulation installed on top or ;“F o HT
1 N m
below the podium slab. If cmcrses B
installed below the slab: iha

10
ENDQ

— Where insulation below the i
slab is interrupted by walls or i

|
NECERN

columns, insulation must be

installed vertically to maintain - _______,_+ BB
a continuous thermal boundary 35505:@0%
or those uninsulated areas are LT e Il
part of a modified UA i R L
calculation (Footnote 22) e

\%EPA ENERGY STAR. The simple choice for energy efficiency.
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Modified UA Calculation (Podium)

Where installed floor insulation isn’t continuous
(e.g., at columns), the UA calculation for the
floor assembly must account for the thermal
impact of the uninsulated column, by increasing
its ‘area’ in the UA calculation (using a
multiplier of 4).

 For example, for a 4'x4" column, the area to
be used in the UA calculation is 64 ft? instead
of 16 ft2.

 The height of the column is not used in this
calculation.

o Alternatively, if the structural column is
insulated vertically for a minimum of 4 ft, the
modification to the area used in the UA
calculation is not required. The U-value of the
column insulation shall be associated with
the uninsulated area of the floor occupied by
the column.

&EPA ENERGY STAR. The simple choice for energy efficiency.

—
4 ft
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Total Duct Leakage Testing

MFNC Rater Field Checklist [tem 6.4

6.4 Rater-measured total duct leakage in dwelling units meets one of the following two options: 9%

6.4.1 Rough-in: Tested per allowances below, with air handler & all ducts, building cavities used as ducts, & duct
boots installed. In addition, all duct boots sealed to finished surface, Rater-verified at final.
No ducted retumns **: The greater of £ 3 CFM25 per 100 sq. ft. of CFA or £ 30 CFM. Additicnally, the Rater-
measured pressure difference between the space containing the air handler and the conditioned space, with the
air handler running at high speed, is £ 5 Pa. For systems > 1 ton, increase by 1 Pa per half ton.
One or two ducted retums **: The greater of 5 4 CFM25 per 100 sq. ft. of CFA or £ 40 CFM.
Three or more ducted returns *: The greater of = 6 CFM25 per 100 sq. ft. of CFA or 5 80 CFM.

6.4.2 Final: Tested per allowances below, with the air handler & all ducts, building cavities used as ducts, duct boots,
& register grilles atop the finished surface (e.g., drywall, floor) installed. *'
No ducted retumns **: The greater of £ 6 CFM25 per 100 sq. ft. of CFA or = 60 CFM. Additionally, the Rater-
measured pressure difference between the space containing the air handler and the conditioned space, with the
air handler running at high speed, is 5 5 Pa. For systems > 1 ton, increase by 1 Pa per half ton.
One or two ducted retums **: The greater of = B8 CFM25 per 100 sq. ft. of CFA or £ B0 CFM.
Three or more ducted returns *: The greater of = 12 CFM25 per 100 sq. ft. of CFA or 5 120 CFM.

——
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Testing Limits — Rough-In

Total Duct Leakage Limit When Tested at Rough-In
(CFM @ 25 Pa)

# Returns in Duct System

500 40
1,000 40 eg\
1,500 \e\o((\
2000 . &Y 120
2,500 (‘\‘\\6100 150

(9.2 120 180
§oo 140 210
4,000 160 240

wzEPA | ENERGY STAR. The simple choice for energy efficiency.
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No ducted returns "TRE

Total Duct Leakage Limit When
Tested at Rough-In (CFM @ 25 Pa)

# Returns in
Duct System

FeR
LLJ i

I ALLLLLL

reerry L2 o

rrrere

500 30 —
1,000 30 =
1,500 45 =
2,000 60 —
2,500 75 :
3,000 90
3,500 105
4,000 120
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Testing Limits — Rough-In

Total Duct Leakage Limit When Tested at Rough-In
(CFM @ 25 Pa)

# Returns in Duct System

30 40 60

500
1,000 30 40 60
1,500 45 60 90
2,000 60 80 120
2,500 75 100 150
3,000 90 120 180
3,500 105 140 210
4,000 120 160 240

=

_- %EPA ENERGY STAR. The simple choice for energy efficiency.
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Testing Limits - Final

Total Duct Leakage Limit When Tested at Final
(CFM @ 25 Pa)

# Returns in Duct System
60 80 120

500
1,000 60 80 120
1,500 90 120 180
2,000 120 160 240
2,500 150 200 300
3,000 180 240 360
3,500 210 280 420
4,000 240 320 480

=

_- %EPA ENERGY STAR. The simple choice for energy efficiency.
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Common Spaces and Garages

Rater Inspections

Same inspections as unit

Stair and elevator shaft vent motorized dampers (5.9)
Freeze protection system controls (5.10)

Garage exhaust controls that sense CO and NO,, (8.4)
Lighting power density and controls (Section 12)

Rater Testing

* Ventilation tests (supply & exhaust airflows)

: |~
&EPA, ENERGY STAR. The simple choice for energy efficiency. fuyﬁﬁ’

Functional Testing

— Section 5 can be completed by Rater

43




Central Systems

o Still identify equipment model and efficiency
e Ventilation fan efficiency

* Central exhaust duct leakage test

%EPA, ENERGY STAR. The simple choice for energy efficiency.
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Central Exhaust Duct Leakage Test (RF, 6.7)

Prior to drywall, 25% of exhaust fan CFM
At final, 30% of exhaust fan CFM

Footnote 53 limits over-sizing of fan

SEPA. | ENERGY STAR. The simple choice for energy efficiency.
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Central Exhaust Duct Leakage Test, Rev. 01

Question: We usually test at 50 Pa, but what if my system
pressure is 100 Pa? Does the allowance or test pressure change?

Option 1: Test at 50 Pa, but convert CFM50 to CFM at design Pa

Option 2: Test at design or operating pressure

Footnote 53:

Where testing at the design or average operating pressure is not
feasible, testing at 50 Pa is permitted, however the following flow

equation must be used to determine the leakage allowance at 50
Pa

CFMso = CFMgesign / [Pdesign'®-?° / 50069}
# %EPA, ENERGY STAR. The simple choice for energy efficiency. ) N |
|




Multifamily Workbook

Multifamily Workbook (Excel-based) offers:

Spreadsheet versions of the two Rater Checklists
Dwelling unit testing results spreadsheet
Common area testing results spreadsheet

Spreadsheets to help demonstrate compliance with
envelope, DHW, lighting, and HVAC requirements

Version online shows example

Used by MRO’s in ASHRAE & Prescriptive Paths;
Optional for ERI Path

&EPA, ENERGY STAR. The simple choice for energy efficiency.
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HVAC Design Report

HVAC Designer to provide one report that documents HVAC
design, that includes ALL HVAC systems in the building:

e Cooling & Heating Loads & Equipment Selection for all
— over-sizing limits apply to in-unit ducted systems only
— room-by-room loads only required for Townhouses
 Dwelling Unit Duct Design (Manual D not required)
« All Ventilation Systems covered (in-unit, local, common)
* Items from Rater Field are on HVAC Design Report
— Equipment Controls & Hydronic Distribution
— Duct Quality Installation
* Dwelling Unit (leakage test, insulation, etc)
« Common Area & Central Exhaust Duct Leakage Test

| %EPA ENERGY STAR. The simple choice for energy efficiency.

i
ENERGY STAR
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2a. Dwelling & Common Area OA Ventilation

e

National HVAC Design Report '
ENERGY STAR Multifamily New Construction, Version 1/1.1/ 1.2 (Rev. 01)

ENERGY STAR

HVAC Designer Responsibilities:
+ Complete one National HVAC Design Report for each building / project, which includes system design for all unique unit plans and commaon
spaces. !
« Obtain efficiency features (e.g., window performance, insulation levels, and infiltration rate) from the builder, architect, or Rater. 2
+ Provide the completed National HVAC Design Report to the Rater and the person / company completing the National HVAC Functional Testing
Checklist. 2

1. Design Overview

1.1 Designer name: John Doe Designer company: ABC HVAC Services, Inc. Date: 01/01/2019
1.2 Select which party you are providing these design services to: W Builder / Developer T FT Agent &1 MEP / Credentialed HYAC contractor
1.3 Name of company you are providing these design services to (if different than Item 1.1): ABC Construction

1.4 Project address: 123 Street City: Fairfax State: VA Zip code: 22031
Designer

2a. Dwelling Unit & Common Space Mechanical Ventilation Design * *# Verified

Airflow:

2.1 Dwelling unit ventilation airflow design rate & run-time meet the requirements of Section 4 of ASHRAE62.2.5-[0 2010 = 2013 L

2.2 Common space outdoor airflow design rate meet the requirements of Section 6 of ASHRAE 62.1 8- 2010 W 2013, without u

exceeding 2013 rates by more than 50%.

2.3 Access points to measure airflow rate are provided and accessible by the Rater_ 2 ||

were caloulated in the spaces to the right. 7 | 18ed — —

2.4 # of bedrooms: 1 2 3

2 5 Square footage: 800 1200 1800

2.6 Ventilation airflow rate required by ASHRAE 62.2: 39 59 69

2.7 Ventilation airflow rate designed: 39 59 69
2.7.1If applicable, run-time per cycle (minutes): NA NA NA
2.7 2 If applicable, cycle time (minutes): MNA MA NA

List common space for which 62.1 ventilation rates Lobby Cormridor Community Reom

were calculated in the spaces to the right: 7

2.8 Ventilation airflow rate required by ASHRAE 62.1: 200 150 500

2.9 Ventilation airflow rate designed: 200 150 500

A =.l__.___ENERG‘|" STAR. The simple choice for energy efficiency.
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2a. Dwelling & Common Area OA Ventilation

i——c ] _
% National HVAC Design Report '
ENERGY L1AH ENERGY STAR Multifamily New Construction, Version 1/1.1/ 1.2 (Rev. 01)

HVAC Designer Responsibilities:
+ Complete one National HVAC Design Report for each building / project, which includes system design for all unique unit plans and commaon
spaces. !
« Obtain efficiency features (e.g., window performance, insulation levels, and infiltration rate) from the builder, architect, or Rater. 2
+ Provide the completed National HVAC Design Report to the Rater and the person / company completing the National HVAC Functional Testing
Checklist. 2

1. Design Overview

1.1 Designer name: John Doe Designer company: ABC HVAC Services, Inc. Date: 01/01/2019
1.2 Select which party you are providing these design services to: W Builder / Developer T FT Agent &1 MEP / Credentialed HYAC contractor
1.3 Name of company you are providing these design services to (if different than Item 1.1): ABC Construction

1.4 Project address: 123 Sireet City: Fairfax State: VA Zip code: 22031
Designer

2a. Dwelling Unit & Common Space Mechanical Ventilation Design * *# Verified
Airflow:
2.1 Dwelling unit ventilation airflow design rate & run-time meet the requirements of Section 4 of ASHRAE62.2.5-[0 2010 = 2013 L
2.2 Common space outdoor airflow design rate meet the requirements of Section 6 of ASHRAE 62.1 8- 2010 W 2013, without u
exceeding 2013 rates by more than 50%.
2 3 Access points to measure airflow rate are provided and accessible by the Rater 2 | |
e B e e o (462 | 1gea | 2Bed | g
2.4 # of bedrooms: 1 2 3
2 5 Square footage: 800 1200 1800
2.6 Ventilation airflow rate required by ASHRAE 62.2: 39 59 69
2.7 Ventilation airflow rate designed: 39 59 69

2.7.1If applicable, run-time per cycle (minutes): NA NA NA

272 If applicable, cycle time (minutes): NA MNA NA
List common space for which 62.1 ventilation rates Lobby Cormidor Community Reom
were calculated in the spaces to the right: 7
2.8 Ventilation airflow rate required by ASHRAE 62.1: 200 150 500

2.9 Ventilation airflow rate designed: 200 150 500

50



2a. Dwelling & Common Area OA Ventilation

i——c ] _
% National HVAC Design Report '
ENERGY L1AH ENERGY STAR Multifamily New Construction, Version 1/1.1/ 1.2 (Rev. 01)

HVAC Designer Responsibilities:

+ Complete one National HVAC Design Report for each building / project, which includes system design for all unique unit plans and commaon
spaces. !

« Obtain efficiency features (e.g., window performance, insulation levels, and infiltration rate) from the builder, architect, or Rater. 2

+ Provide the completed National HVAC Design Report to the Rater and the person / company completing the National HVAC Functional Testing
Checklist. 2

1. Design Overview

1.1 Designer name: John Doe Designer company: ABC HVAC Services, Inc. Date: 01/01/2019
1.2 Select which party you are providing these design services to: W Builder / Developer T FT Agent &1 MEP / Credentialed HYAC contractor
1.3 Name of company you are providing these design services to (if different than Item 1.1): ABC Construction

1.4 Project address: 123 Sireet City: Fairfax State: VA Zip code: 22031
Designer

2a. Dwelling Unit & Common Space Mechanical Ventilation Design * *# Verified

Airflow:

2.1 Dwelling unit ventilation airflow design rate & run-time meet the requirements of Section 4 of ASHRAE62.2.5-[0 2010 = 2013 L

2.2 Common space outdoor airflow design rate meet the requirements of Section 6 of ASHRAE 62.1 8- 2010 W 2013, without u

exceeding 2013 rates by more than 50%.

2.3 Access points to measure airflow rate are provided and accessible by the Rater_ 2 ||

List unique unit plan for which 62.2 ventilation rates

were calculated in the spaces to the right: 7 1 Bed 2 Bed 3 Bed
2.4 # of bedrooms: 1 2 3
2 5 Square footage: 800 1200 1800
2.6 Ventilation airflow rate required by ASHRAE 62.2: 39 59
2.7 Ventilation airflow rate designed: 39 59
2.7.1If applicable, run-time per cycle (minutes): NA
2.7.2 If applicable, cycle time (minutes): NA
List common space for which 62.1 ventilation rates Lobby Cormridor Community Reom
were calculated in the spaces to the right: 7
2.8 Ventilation airflow rate required by ASHRAE 62.1: 200 150 500

2.9 Ventilation airfflow rate designed:




2b. Dwelling Unit Local Exhaust

2b. Dwellingllnit L ocall hani b Decion — emic) are decigned that mechanically exhaust air from each
dwelllng uni kitchen and hamroom dlrectlylr to the nutdoors nrtc- ventilation risersfand meet the continuous and/or intermittent rates. 0|
Location Continuous Rate Intermittent Rate'® Exhaust Fan Type
. . . 14,15, 18|2 100 CFM and, if not integrated with range, also =5 | Continuous
Kitchen Aifflow | 5 ACH, based on kitchen volume ACH based on kitchen volume '# 15.18.17 = Intermittent
Sound |Recommended if in-unit: £ 1 sone Recommended if in-unit: = 3 sones = In-unit fan
T T I Central / shared fan
Bathroom Airflow  |= 20 CFM =50 CFM O Continuous
= |Intermittent
Sound |Required if in-unit: = 2 sones Recommended if in-unit: = 3 sones = In-unit fan

2c. Common Space and Garage Minimum Exhaust Rates — System(s) are designed that mechanically exhaust air from each
common space, as required by ASHRAE 62.1-2010 or 2013

Location ASHRAE 62.1 Rate|Design Rate Location ASHRAE 62.1 Rate |Design Rate
Janitor Room 1 cfm/ft2 50 Common space kitchen *® {50 cfm / 100 cfm 100
Trash / Recycling Room |1 cfm/ft® 200 Common space bathroom ' (50 cfm per toilet / urinal |50

0.05 cim/f&, standby
0.75 cfm/f, full-on

Parking Garage 500, 7500 [ Garage exhaust fan controls include CO and NO2 sensors.

52
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2c. Common Area Local Exhaust

2b. Dwelling Unit Local Mechanical Exhaust Design — System(s) are designed that mechanically exhaust air from each

dwelling unit kitchen and bathroom directly to the outdoors or to ventilation risers and meet the continuous and/or intermittent rates. =]
12
Location Continuous Rate Intermittent Rate'® Exhaust Fan Type
. . . 14,15, 1g|2 100 CFM and, if not integrated with range, also =25 | Continuous
Kitchen Aifflow | 5 ACH, based on kitchen volume ACH based on kitchen volume '# 15.18.17 = Intermittent
Sound |Recommended if in-unit: £ 1 sone Recommended if in-unit: = 3 sones = In-unit fan
T T I Central / shared fan
Bathroom Airflow  |= 20 CFM =50 CFM O Continuous
= |Intermittent
Sound |Required if in-unit: = 2 sones Recommended if in-unit: = 3 sones = In-unit fan
1 Central / shared fan

2c. Common Space and Garage Minimum Exhaust Rates — System(s) are designed that mechanically exhaust air from each
common space, as required by ASHRAE 62.1-2010 or 2013

Location ASHRAE 62.1 Rate|Design Rate Location ASHRAE 62.1 Rate |Design Rate
Janitor Room 1 cfm/ft2 50 Common space kitchen *® {50 cfm / 100 cfm 100
Trash / Recycling Room |1 cfm/ft® 200 Common space bathroom ' (50 cfm per toilet / urinal |50

0.05 cim/f&, standby

0.75 cfm/fi2. full-on 500, 7500 [ Garage exhaust fan controls include CO and NO2 sensors.

Parking Garage
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3. Dwelling & Common Area Design Loads

3. Heating & Cooling Loads

Dwelling Unit Heating & Cooling Loads (only required for ducted split AC, unitary AC, ASHP, WSHP, GSHP, and furnaces.)®® T N/A

3.1 Loads calculated using: = Unabrndged ACCA Manual J v8 & 2013 /2017 ASHRAE Fundamentals
Townhouses only: Loads must be calculated room-by-room.

= Other per AHJ 2!

O Unit-specific design

3.2 Check one box only to indicate whether the Dwelling Unit Loads is unit-specific or represents the design of more than one unit: #
% Group design 2 3 total groups for this project, representing 30  units.
) Worst-case design (If the top floor unit with the greatest CFA and window area results in total heat gain <18 kBtuh, it may represent all other
units if cooling system selected for all is single-speed & <20 kBtuh or two-speed / variable-speed & <25 kBtuh.

3.3 Indoor design temperatures used in loads are 70°F for heating and 75°F for cooling.

|

L]

3.4 Outdoor design temperatures used in loads: (See Footnote 23 and www.energystar.gov/hvacdesigntemps.) %

3.17 Total Heat Gain at Design Conditions (kBtuh): 22

16

County & State selected: Fairfax County, Virginia Cooling season: 94 °F Heating season: 18 °F
List the unit plan for which Loads were calculated: 7 1.1 =2 13 =4 22 23
3.5 Location of Unit: top, mid, bottom, corner, interior Bottom Interior | Bottom Comer | Bottom Comer | Top Interior | Top Comer | Top Comer
3.6 Number of occupants used in loads: 222 2 3 4 2 5 4
3.7 Total occupant gains (Btuh): 2 860 1290 1720 860 1290 1720
3.8 Conditioned floor area used in loads: 2 2¢ 800 1200 1800 800 1200 1800
3.9 Window area used in loads: 2% 120 180 270 120 180 270
3.10 Predominant window SHGC used in loads: 2 % 0.30 0.30 0.30 0.30 0.30 0.30
3.11 Infiltration (ACH / ACHS50 f CFM) used in loads: 2 4.0 ACH6E0 | 4.0 ACH50 | 4.0 ACHS50 | 4.0 ACHS0 | 4.0 ACHS0 | 4.0 ACH50
3.12 Mechanical ventilation (CFM) used in loads: * 39 59 69 39 59 69
3.13 Non-occupant Internal gains (appliance, equipment 1200 1200 1200 1200 1200 1200

and lighting) used in loads (Btuh): Z
3.14 Orientation (N, NE, E, SE, S, SW, W, NW). 2 NE N E NE N E
3.15 Sensible Heat Gain At Design Conditions (kBtuh): % 10 11 13 19 20 2
3.16 Latent Heat Gain At Design Conditions (kBtuh): 2 3 3 3 4 4
12 14 24 2

- \e;EPA _ENEHE"!’ STAR. The simple choice for energy efficiency.




3. Dwelllng Un|t DeS|gn Loads

3. Heating & Cooling Lnads
Dwelling Unit Heating & Cooling Loads (only required for ducted split AC, unitary AC, ASHP, WSHP, GSHP, and furnaces.)®® T N/A
3.1 Loads calculated using: = Unabridged ACCA Manual J v8 ® 2013 /2017 ASHRAE Fundamentals [ Other per AHJ !

Townhouses only: Loads must be calculated room-
3.2 Check one box only to indicate whether the Dwelling Unit Loads iIs unit-specific or represents the design of more than one unit: 2
O Unit-specific design % Group design * 3 total groups for this project, representing 30  units.

O Worst-case design (If the top floor unit with the greatest CFA and window area results in total heat gain <18 kBtuh, it may represent all other
units if cooling system selected for all is single-speed & <20 kBtuh or two-speed / variable-speed & <25 kBtuh.

3.3 Indoor design temperatures used in loads are 70°F for heating and 75°F for cooling. I| L
3.4 Outdoor design temperatures used in loads: (See Footnote 23 and www.energystar.gov/hvacdesigntemps.) %

County & State selected: Fairfax County, Virginia Cooling season: 94 °F Heating season: 18 °F
List the unit plan for which Loads were calculated: 7 1.1 12 13 21 22 23
3.5 Location of Unit: top, mid, bottom, corner, interior Bottom Interior | Bottom Comer | Bottom Comer | Top Interior | Top Comer | Top Comer
3.6 Number of occupants used in loads: 2225 2 3 4 2 ) 4
3.7 Total occupant gains (Btuh): 2 860 1290 1720 860 1290 1720
3.8 Conditioned floor area used in loads: 2 2¢ 800 1200 1800 800 1200 1800
3.9 Window area used in loads: 2 % 120 180 270 120 180 270
3.10 Predominant window SHGC used in loads: 2 2 0.30 0.30 0.30 0.30 0.30 0.30
3.11 Infiltration (ACH / ACHS50 f CFM) used in loads: 2 4.0 ACHE0 | 4.0 ACHS50 | 4.0 ACH50 | 4.0 ACHS0 | 4.0 ACH50 | 4.0 ACHS0
3.12 Mechanical ventilation (CFM) used in loads: * 39 59 69 39 59 69
3.13 Non-occupant Internal gains (appliance, equipment 1200 1200 1200 1200 1200 1200

and lighting) used in loads (Btuh): Z

3.14 Orientation (N, NE, E, SE, S, SW, W, NW): NE N E NE N E
3.15 Sensible Heat Gain At Design Conditions (kBtuh): % 10 11 13 19 20 22
3.16 Latent Heat Gain At Design Conditions (kBtuh): 2 3 3 3 4 4
3.17 Total Heat Gain at Design Conditions (kBtuh): 22 12 14 16 2 24 26

- \e;EPA _ENEHE"!’ STAR. The simple choice for energy efficiency.




3. Dwelllng Un|t DeS|gn Loads: Worst-Case

3. Heating & Cooling Leads

Dwelling Unit Heating & Cooling Loads (only required for ducted split AC, unitary AC, ASHP, WSHP, GSHP, and furnaces.)®® T N/A

3.1 Loads calculated using: = Unabridged ACCA Manual J v8 ® 2013 /2017 ASHRAE Fundamentals [ Other per AHJ !
Townhouses only: Loads must be calculated room-by-room.

3.2 Cheek one box enly to indicate whether the Dwelllng Unrt Loads is unit- specrﬁc or represents the deelgn of more than one unit: #

o Worst case desngn (If the top floor unrt mth the greatest CFA and mndmv area results in total heat gain <18 kBtuh, it may represent all other
units if cooling system selected for all is smgle-speed & <20 kBtuh or two-speed / variable-speed & <25 kBtuh.

3.3 Indoor design temperatures used in loads are 70°F for heating and 75°F for cooling. ] L
3.4 Outdoor design temperatures used in loads: (See Footnote 23 and www.energystar.gov/hvacdesigntemps.) %

County & State selected: Fairfax County, Virginia Cooling season: 94 °F Heating season: 18 °F
List the unit plan for which Loads were calculated: 7 1.1 12 13 21 22 23
3.5 Location of Unit: top, mid, bottom, corner, interior Bottom Interior | Bottom Comer | Bottom Comer | Top Interior | Top Comer | Top Comer
3.6 Number of occupants used in loads: 2225 2 3 4 2 ) 4
3.7 Total occupant gains (Btuh): 2 860 1290 1720 860 1290 1720
3.8 Conditioned floor area used in loads: 2 2¢ 800 1200 1800 800 1200 1800
3.9 Window area used in loads: 2 % 120 180 270 120 180 270
3.10 Predominant window SHGC used in loads: 2 2 0.30 0.30 0.30 0.30 0.30 0.30
3.11 Infiltration (ACH / ACHS50 f CFM) used in loads: 2 4.0 ACHE0 | 4.0 ACHS50 | 4.0 ACH50 | 4.0 ACHS0 | 4.0 ACH50 | 4.0 ACHS0
3.12 Mechanical ventilation (CFM) used in loads: * 39 59 69 39 59 69
3.13 Non-occupant Internal gains (appliance, equipment 1200 1200 1200 1200 1200 1200

and lighting) used in loads (Btuh): Z

3.14 Orientation (N, NE, E, SE, S, SW, W, NW): NE N E NE N E
3.15 Sensible Heat Gain At Design Conditions (kBtuh): % 10 11 13 19 20 22
3.16 Latent Heat Gain At Design Conditions (kBtuh): 2 3 3 3 4 4
3.17 Total Heat Gain at Design Conditions (kBtuh): 22 12 14 16 2 24 26

- \e;EPA _ENEHE"!’ STAR. The simple choice for energy efficiency.




3. Dwelling Unit Design Loads: Input/Outputs

3. Heating & Cooling Loads
Dwelling Unit Heating & Cooling Loads (only required for ducted split AC, unitary AC, ASHP, WSHP, GSHP, and furnaces.)®® T N/A
3.1 Loads calculated using: = Unabridged ACCA Manual J v8 ® 2013 /2017 ASHRAE Fundamentals [ Other per AHJ !
Townhouses only: Loads must be calculated room-by-room.
3.2 Check one box only to indicate whether the Dwelling Unit Loads is unit-specific or represents the design of more than one unit: #
O Unit-specific design % Group design * 3 total groups for this project, representing 30  units.
] Worst-case design (If the top floor unit with the greatest CFA and window area results in total heat gain <18 kBtuh, it may represent all other
units if cooling system selected for all is single-speed & <20 kBtuh or two-speed / variable-speed & <25 kBtuh.

3.3 Indoor design temperatures used in loads are 70°F for heating and 75°F for cooling. ] L
3.4 Outdoor design temperatures used in loads: (See Footnote 23 and www.energystar.gov/hvacdesigntemps.) %
County & State selected: Fairfax County, Virginia Cooling season: °F Heating season: 18 °F
List the unit plan for which Loads were calculated:
3.5 Location of Unit: top, mid, bottom, corner, interior Bottom Interior | Bottom Comer  Bottom Comer | Top Interior | Top Comer | Top Comer
3.6 Number of occupants used in loads: 2225 2 3 4 2 ) 4
3.7 Total occupant gains (Btuh): 2 860 1290 1720 860 1290 1720
3.8 Conditioned floor area used in loads: 2 2¢ 800 1200 1800 800 1200 1800
3.9 Window area used in loads: 2 % 120 180 270 120 180 270
3.10 Predominant window SHGC used in loads: 2 2 0.30 0.30 0.30 0.30 0.30 0.30
3.11 Infiltration (ACH / ACHS50 f CFM) used in loads: 2 4.0 ACHE0 | 4.0 ACHS50 | 4.0 ACH50 | 4.0 ACHS0 | 4.0 ACH50 | 4.0 ACHS0
3.12 Mechanical ventilation (CFM) used in loads: * 39 59 69 39 59 69
3.13 Non-occupant Internal gains (appliance, equipment 1200 1200 1200 1200 1200 1200
and lighting) used in loads (Btuh): Z
3.14 Orientation (N, NE, E, SE, S, SW, W, NW): NE N E NE N E
3.15 Sensible Heat Gain At Design Conditions (kBtuh): % 10 1 13 19 20 22
3.16 Latent Heat Gain At Design Conditions (kBtuh): 2 3 3 3 4 4
3.17 Total Heat Gain at Design Conditions (kBtuh): 22 12 14 16 22 24 26
E——— _ i —
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3. Dwelllng Un|t DeS|gn Loads: Input/Outputs

3. Heating & Cooling Lnads

Dwelling Unit Heating & Cooling Loads (only required for ducted split AC, unitary AC, ASHP, WSHP, GSHP, and furnaces.)®® T N/A

3.1 Loads calculated using: = Unabridged ACCA Manual J v8 ® 2013 / 2017 ASHRAE Fundamentals
Townhouses only: Loads must be calculated room-by-room.

T Other per AHJ !

O Unit-specific design

% Group design 2 3

units.

3.2 Check one box only to indicate whether the Dwelling Unit Loads is unit-specific or represents the design of more than one unit: #
total groups for this project, representing 30
] Worst-case design (If the top floor unit with the greatest CFA and window area results in total heat gain <18 kBtuh, it may represent all other
units if cooling system selected for all is single-speed & <20 kBtuh or two-speed / variable-speed & <25 kBtuh.

3.3 Indoor design temperatures used in loads are 70°F for heating and 75°F for cooling.

| =

3.4 Outdoor design temperatures used in loads: (See Footnote 23 and www.energystar.gov/hvacdesigntemps.) %

County & State selected: Fairfax County, Virginia Cooling season: 94 °F Heating season: 18 °F
List the unit plan for which Loads were calculated: 7 1.1 12 13 21 22 23
3.5 Location of Unit: top, mid, bottom, corner, interior Bottom Interior | Bottom Comer | Botiom Comer | Top Interior | Top Comer | Top Comer

3.6 Number of occupants used in loads: 2225
3.7 Total occupant gains (Btuh): 22

3.8 Conditioned floor area used in loads. 2. 20

3.9 Window area used in loads: 2%

3.10 Predominant window SHGC used in loads: 22 25

3.11 Infiltration (ACH / ACH50 / CFM) used in loads: #*
3.12 Mechanical ventilation (CFM) used in loads: 2

3.13 Non- -occupant Internal gains (appliance, equipment

ing) used in Ioad:-‘. Btuh): 22

3 15 Sensible Heat Gam At Demgn Condmons [kBtuh] z

3.17 Total Heat Gain at Design Conditions (kBtuh): 22

10 11 13 19 20 22
3.16 Latent Heat Gain At Design Conditions (kBtuh): 2 3 3 3 4 4
12 14 26

- \e;EPA _ENEHE"!’ STAR. The simple choice for energy efficiency.




3. Common Area & Buﬂdmg De5|gn Loads

List the unit plan for which Loads were calculated: ’ 1.1 23
3.5 Location of Unit: top, mid, bottom, comer, interior Bottom Interior | Bottom Comer | Bottom Comer | Top Interior | Top Comer | Top Comer
3.6 Number of occupants used in loads: 2228 2 3 4 2 3 4

3.7 Total occupant gains (Btuh): 2 860 1290 1720 860 1290 1720
3.8 Conditioned floor area used in loads: 2% 2° 800 1200 1800 800 1200 1800
3.9 Window area used in loads: 227 120 180 270 120 180 270
3.10 Predominant window SHGC used in loads: 2% 0.30 0.30 0.30 0.30 0.30 0.30
3.11 Infiltration (ACH / ACH50 / CFM) used in loads: E 4.0 ACHGE0 | 4.0 ACHS50 | 4.0 ACHS0 | 4.0 ACH50 | 4.0 ACHS0 | 4.0 ACH50
3.12 Mechanical ventilation (CFM) used in loads: 22 39 59 69 39 59 69

3.13 Non-occupant Internal gains (appliance, equipment 1200 1200 1200 1200 1200 1200
and lighting) used in loads (Btuh): #

3.14 Orientation (N, NE, E, SE, S, SW, W, NW); 2 NE N E NE N E
3.15 Sensible Heat Gain At Design Conditions (kBtuh): 10 11 13 19 20 22
3.16 Latent Heat Gain At Design Conditions (kBtuh): 2 3 3 3 4 4

3.17 Total Heat Gain at Design Conditions (kBtuh): 22 12 14 16 22 24 26
i iti - 10 12 14 17 19 21

3.19 Common Space Heating & Cooling Loads 7
Common Space Name: Lobby Design Conditions: Total Heat Gain: 18 (kBtuh) Total Heat Loss: 16 (kBtuh)
Common Space Name: Cormidor Design Conditions: Total Heat Gain: 12 (kBtuh) Total Heat Loss: 10 (kBtuh)
Common Space Name: Community Room  Design Conditions: Total Heat Gain: 32 (kBtuh) Total Heat Loss: 29 (kBtuh)

3.20 Building Heating & Cooling Loads 7 (only required when shared systems such as central boilers or chillers are ?:':%:r

s ified.
pecified.) = NA

System Name: Design Conditions: Total Heat Gain: _ (kBtuh) Total Heat Loss: (kBtuh)
System Name: Design Conditions: Total Heat Gain: !kBtuh) Total Heat Loss: !kBluh]

- \e;EPA _ENEHE"!’ STAR. The simple choice for energy efficiency.




4. Cooling Equipment & Sizing Limit

Cooling Equipment " (Complate all applicable items, otharwisa check "N/A".)

Compressor Type (Per Item 4.13)

List Cooling Equipmant 1D in the spaces 1o tha right: HF1 HP2 HP3 HF4

{ {
44 Eﬁﬁﬂ;’?%gﬁﬁ'fﬁ;ﬁﬁgmﬁ#fﬂ Chiller / CT. PTHP | ASHP ASHP ASHP ASHE
4.5 Area f Space(s] thal system serves: 1 BR 2 BR 3 ER Cizhinion Bpice
4.6 Chiller f condenser ! cutdoor unit manufacturer: HF Manulas. | W Manutec, | HP Manufas. | HF Manulac.
4.7 Chiller § condenser | outdoor unit moded #: XPI XF1m1E Mpzzzz KFZE2E
4.8 Evaporator [ indoor unit manufacturer; HP Morutan. | HP Marulao | HF Kamiac HP Manear.
4.9 Evaporator | indoor unit model #: KPHGR111T | dPRGRIE | oeEGRzee | KPHGRESS
410 AHR| reference # SETEA10 GETEE 1 SETEH 2 EATE413
4.11 AHRI listed efficiency: 145 5EER 145 EEEA | 145 5EEA 14.5 SEER
412 Evaporator fan type: PSC, ECM 7 ICKM Ciher: [ ECM Fad [t 1
4.13 Compressor spead. Single, Two, Varable Enga 2apaed Bingi Enge
4.14 Turm down ratio (for variable spead aguipment): A MA M A
4.15 Latent capacity at design conditions (kBluh): ** 5 7 9 10
4_16 Sensible capacity at design conditions (kBtuh): ** 13 17 29 26
4 17 Total capacity al design conditions (kBtuh): = 18 24 30 36

Equipment Type & Climate Condition Single-Speed

Two-Speed

Variable-Speed

A: For Cooling-Only Equipment or
For Ceoling Moda of Heat Pump in
Condition A Climate *°

Recommended: 90 — 115%
Allowed: 90 — 130%

Recommendead: 90 — 120%
Allowed: 90 — 140%

Recommended: 20 — 130%
Allowed: 80 — 160%

B: For Cooling Mode of Heat Pump in

Condition B Climate 90% - 100%, plus 15 kBtuh

0% - 100%, plus 15 kBtuh

90% - 100%, plus 15 kBtuh

C: For low-load spaces (=15 kBtuh)* = 20 kBtuh

D: For low-load spaces (=18 kBluh)*

= 25 kBiluh

= 25 kBtuh

N
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4. Heating Equipment & Furnace Sizing Limit

Designer
Heating Equipment 7 (Complete all applicable items; otherwise check "N/A".) Verified
Z N/A

List Heating Equipment 1D in the spaces to the right: HP1 HP2 HP3 HP4
4 22 Electric equipment type: PTHP, WLHP, GSHP, ASHP,

VRF, Boiler, Furnace, Electric Resistance S e S S
4 23 Gas Equipment type: HW PTAC / fan coil, Gas-Fired

PTAC, Boiler, Fumace ! s — !
4 24 Area / Space(s) that system serves: Bedrooms | Bedrooms | Bedrooms | Common Spaces
4 25 Manufacturer: HP Manufac. | HP Manufac.| HP Manufac. | HP Manufac.
4 26 Model Number: XPYT236 | XPYT246| XPT8446 | XPT8456
4 27 Listed efficiency: 85 HSPF |85HSPF| 85 HSPF | 85 HSPF
4 28 Equipment output capacity (kBtuh): 18 24 30 36
4 29 Air-source heat pump output capacity (17°F) (kBtuh): 11 15 18 22
430 Type of Venting: Natural Draft, Mechanically Drafted,
Direct Vent * NA NA NA NA
4 31 Furnace heating sizing % = Total capacity (ltem 4.28)
divided by Total Heat Loss of space(s) in ltem 4 24: NA NA NA NA

— I e, e e

N.:f%.?} I;.geets fumace sizing limit: (see below for A B, C, or NA NA NA NA
I A: For low-load spaces (= 10 kBtuh), fumace output capacity is = 40 kBtuh
I B: When Used for Heating Cnly C: When Paired With Cooling
I 100 — 400% Recommended: 100 — 140%  Allowed: 100 — 400%
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4. Equipment Controls & Hydronic Req'ts

Equipment Controls
4 33 All equipment controls below have been included where applicable in the HVAC Design. | [
4 34 All heating and cooling systems serving a dwelling unit shall have thermostatic controls within the dwelling unit which are not located on
exterior walls.

4.34 1 Prescriptive Path: Dwelling unit thermostats are programmable.

4 35 Stair and elevator shaft vents shall be equipped with motorized dampers that are capable of being automatically closed dunng normal building
operation and are interlocked to open as required by fire and smoke detection systems.

4 36 Freeze protection systems, such as heat tracing of piping and heat exchangers, including self-regulating heat tracing, and garage / plenum
heaters shall include automatic controls capable of shutting off the systems when pipe wall or garage / plenum temperatures are above 40°F.
Where heat tracing is specified for freeze protection, controls must be based on pipe wall temperature and a minimum of R-3 pipe insulation is also

required.
4 37 Snow- and ice-melting systems shall include automatic controls capable of shutting off the systems when the pavement temperature is above

50°F and no precipitation is falling, and an automatic or manual control that will allow shutoff when the outdoor temperature is above 40°F so that
the potential for snow or ice accumulation is negligible.
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5. Dwelling Unit Duct Design

Designer

5. Dwelling Unit Duct Design (Complete if haating or cooling agquipment will be installed with ducts; otherwise check “NiA") | Verified
O MeA
5.1 Duct system designed for the equipment selected in Section 4, per B ACCA Manual D O Crives:
5.2 Room-by-room design airflows documented balow (which should sum to the mode with the higher Design HVAC fan airflow), © 25
Mame ol the unil plan: 1.-1 IName of tha unil plan: 1.2 i
Design HVAC fan airflaw: ** |Design HWAC fan airflow: 7°
Cooling mode 800 CFM Heating mode 800 CFM JCodling mode 800 CFM Heating mode 800 CFM
Design HVAC fan spead setting {e.q., low, madium, high): * IDesign HWAC fan speed setting (e.q., low, medium, high};
Coaling mode médium Heating mode  medium Cooling mode high Heating mode  high
Design tolal exlernal slalic pressura (cormesponding 1o the mode  |Design total external static pressure (cormesponding to the mode
ith the higher airflow above) ° 0.5 IWC with the higher airflow above): 47 0.7 IWC
Foom Mams Design Airflow (CFM) Foom Mames Design Airflow (CFM)
1 | Badroom 200 1 | Bedrogm 200
2 | Bathroom 5 2 | Bedroom 150
3 | Kitchen 165 3 | Bathroom 75
4 | Liwing 160 4 | Kitchen 200
) 5 |Living 175
i 3]
7 7
2 &
9 9
10 10
Tokal for all rooms @00 Total for 2l rooms 80

63



-

6. Duct Quality Installation

6. Duct Quality Installation - Applies fo Heating, Cooling, Ventilation, Exhaust, & Pressure Balancing Ducts, Unless Noted in Foofnote

6.1 All duct quality installation requirements below have been included where applicable in the HVAC Design. N

6.2 Ductwork specified without kinks, sharp bends, compressions, or excessive coiled flexible ductwork. *!

6.3 All supply and return ducts not in conditioned space, including connections to trunk ducts, are insulated to = R-6. *2

6.3.1 Prescrptive Path: Dwelling unit ductwork meets the location and insulation requirements specified in the ENERGY STAR MF Reference
Design.

Dwelling Unit

6.4 MERV 6+ filter(s) specified for each ducted mech. system serving an individual dwelling unit and located to facilitate access & regular service
by the occupant or building owner. Filter access panel specified with a gasket or comparable sealing mechanism. All retumn air and mechanically
supplied outdoor air designed to pass through filter prior to conditioning.

6.5 Ductwork air-sealing specified such that Rater-measured total duct leakage is = 4 CFM25 per 100 ft? of CFA at rough-in or = 8 CFM25 per 100
ft? at final, or if there are no ducted retums, < 3 CFM25 per 100 ft? of CFA at rough-in or <6 CFM25 per 100 ft? at final. ** Additionally, for
Townhouses only, Rater-measured duct leakage to the outside is =4 CFM25 per 100 ft* of CFA or = 40 CFM25. #

6.6 Bedrooms with a design supply airflow = 150 CFM (as reported in ltem 5.2) are specified with any combination of transfer grilles, jump ducts,
dedicated return ducts, and/or undercut doors to achieve a Rater-measured pressure differential =2 - 5 Pa and € 5 Pa with respect to the main body
of the dwelling unit when all air handlers are operating.

Common Space

6.7 Duct design specifies that all supply, retum, and exhaust ductwork and all plenums shall be sealed at all transverse joints, longitudinal seams,
and duct wall penetrations.

6.8 Central exhaust systems (that serve four or more dwelling units): Ductwork air-sealing specified such that measured duct leakage does not
exceed 25% of exhaust fan flow at rough-in (e.g., including trunks, branches, and take-offs) or 30% of exhaust fan flow at final (e_g_, inclusive of all
ductwork between the fan and the grilles). 4®
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HVAC Functional Testing Checklist

Verified by HVAC Credentialed Contractor, individual with

commissioning credentials from AEE, BCCP, ASHRAE or NEBB,
OEM representative

x#EPA | ENERGY STAR. The simple choice for energy efficiency. quﬁﬁ’

Checklist must be collected if not an HVAC credentialed
contractor

Credentialed contractors can only complete Sections 1-5 (cannot
complete Sections 6-9)

If installing contractor wants to be FT Agent, they have to be a
credentialed contractor*

Issue under Review: can they do sampling?

Rev. 01 Update: FT Agent can witness testing

65




HVAC Functional Testing Checklist

All systems (boilers, chillers, cooling towers, PTAC/PTHPs,
furnaces, mini-split heat pumps, etc) will require some level
of functional testing whether in-unit, common, or central,
such as:

* Functional testing of systems, controls, sensors,
thermostats

« Testing for proper refrigerant charge, fan flow & power,
static pressure, like in Certified Homes

« Verifying temperatures on central hydronic systems
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MFNC Functional Testing Checklist

Section 1: Functional Testing Overview

Section 2: Refrigerant Charge
A Mational HWVAC Functional Testing C:ha-_:kli1:‘.ulrl5‘mim_I i
Section 3: Indoor HVAC Fan Airflow P

Process P g CaPP
n-—lﬁ-dhhunlﬂ-k—thhn.m -d-il-d-:lu.k_—un-hﬁhlh-m
LRy IRl B or ek Sraone 153t e chaca |

Section 4: Air Balancing of Supply/Return | |Sisrsmsasastaass

g DO T B s i s

b _l.—.m.i-u-.lh.-u-d_.-idm
m the eiting / mmnmnwmﬁq T
mmmhunmmmmmuu“unnmuﬂ

[Recommended, not required] T e e i e i

Creherhaied conirecans whall proscs e chackal opon moossl

tn-:—r-— Croars

oy perkaming Furcionsl Tesng FT fgent raes, Tiate,

Section 5: Indoor/Terminal Units e

73 Backins | dommanar thel e

[Rater can complete] _i%xmmi::jw:;;m__
Section 6: VRF Outdoor Unit |
Section 7: Central Boilers
Section 8: Cooling Towers
Section 9: Chillers

| \%EPA. ENERGY STAR. The simple choice for energy efficiency.
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MFNC Functional Testing Checklist

Section 1: Functional Testing Overview

1. Functional Testing Overview

1.1 Company performing Functional Testing FT Agent name Date

1.2 If applicable, H-QUITO that your company is credentialed with and ID Number: O ACCA [ Advanced Energy 1D Number

1.3 Builder / developer client name:

1.4 Project address: City: State: Zip code:

1.5 National HVAC Design Report corresponding to this project has been collected from designer or builder O

1.6 Checklist applies to the following equipment:

SEPA. | ENERGY STAR. The simple choice for energy efficiency.
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MFNC Functional Testing Checklist

Section 2: Refrigerant Charge

2. Refrigerant Charge - Run system for 15 minutes before testing. If outdoor ambient temperature at the condenser is = 55°F
or, if known, below the manufacturer-recommended minimum operating temperature for the cooling cycle, then the system shall
include a TXV, the outdoor temperature shall be recorded in lem 2.1, and the contractor shall check “NIA" in this Section, * This
section must be completed for split air conditioners, unitary air conditioners, air-source heat pumps, and water-source (i.e.,
geathermal or water-loop) heat pumps up to 65 kBtuh with forced-air distribution systems (i.e., ducts > 0 ft.), whether serving
dwelling units or olher common spaces in the building. All olher permutations of refrigerant-based syslems such as ducled or
non-ducted mini-split / multi-split systems are exempt from this section 9

This section must be completed for split air conditioners, unitary air
conditioners, air-source heat pumps, and water-source (i.e.,
geothermal or water-loop) heat pumps up to 65 kBtuh with forced-air
distribution systems (i.e., ducts > 0 ft.), whether serving dwelling units
or other common spaces in the building.

All other permutations of refrigerant-based systems such as ducted or
non-ducted mini-split / multi-split systems are exempt from this
section. /[Multi-splits like central VRFs do this test under Section 6]
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MFNC Functional Testing Checklist

Footnote b: The term “mini-split” refers to air conditioners and heat
pumps that have variable refrigerant flow and distributed refrigerant
technology with a single outdoor section serving a single indoor
section. The indoor section is typically, but not exclusively, mounted
on room walls and/or ceilings and designed to heat or cool air within
the conditioned space either directly or through limited duct runs.

The term “multi-split” refers to air conditioners and heat pumps that
have variable refrigerant flow and distributed refrigerant technology
with the capability of serving multiple indoor sections with a single
outdoor section. The indoor sections are typically, but not exclusively,
mounted on room walls and/or ceilings and designed to heat or cool
air within the conditioned space either directly or through a ducted
system. A single outdoor section can serve one or more dwelling units.

The length of the duct system is not a determinant for meeting either
of these definitions.

| %EPA, ENERGY STAR. The simple choice for energy efficiency.
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MFNC Functional Testing Checklist

Section 2: Refrigerant Charge

Fengent | Nia

2.1 Qutdoor ambient temperature at condenser; “F DB - -
2.2 Return-side air temperature inside duct near evaporator, during cooling mode: “FWEBE - o
2.3 Liquid line pressura: psig - O
2.4 Liguid line termperature: ‘F DB - O
2.5 Suction line pressure; psig - O
2.6 Suction line temperature; "F DB - (]
For System with Thermal Expansion Valve (TXV):

2.7 Condenser saturation temperatine: “FDB (Using ltam 2.3) - O
2.8 Subcooling value: “F DB (ltem 2.7 — ltem 2.4) - O
2.9 OEM subcaoling goal; “F DB - |
2.10 Subcooling devigtion: “FDE (ftem 2.8 — ltem 2.9 - o
For System with Fixed Orifice:

2.11 Evaporator saturation temperature: °F DB (Using ltem 2.5) O
212 Superheat valua: “FDB (ltem 2.6 — ltem 2.11) - a
2.13 DEM superhaat goal: “F DB {Using superhaat tables and ltems 2.1 & 2.2) - O
214 Superheat deviation: "FDB (ltem 212 — Item Z.13) - O
215 lkem 2.10is + 3°F or ltem 2.14 is + 5°F m] ]
2.16 An OEM test procedure (e.g., as defined for a ground-source heat pump) has been used in place of the sub-cooling o O

or super-heat process and documentation has been attached that defines this procedure

—

i \e;EPA ENERGY STAR. The simple choice for energy efficiency.
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MFNC Functional Testing Checklist

Section 3: Indoor HVAC Fan Airflow

3. Indoor HVAC Fan Airflow - This seclion must be completed for split air conditioners, unitary alr conditioners, air-source heat pumps (including
multi-zplits], and water-source (i.e., gecthermal or walter-loop) heat pumps up to 65 KBuh with forced-air distribution systems (i.e., ducts) and to furnaces
up to 225 kBtuh with forced-air distribution systems (i.e., ducts = 0 fi.}, whether serving dwelling units or other common spaces in the building. Mini-splits,
ducted or non-ducted, are exempt, however multi-split systems such as central VRF systems, where indoor HVAC fans with forced-air distribution are
connected to a shared outdoor unit that exceeds 65 kBluh, are not exempt *

Mini-splits, ducted or non-ducted, are exempt,
however multi-split systems such as central VRF
systems, where indoor HVAC fans with forced-air
distribution are connected to a shared outdoor unit
that exceeds 65 kBtuh, are not exempt.
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MFNC Functional Testing Checklist

Section 3: Indoor HVAC Fan Airflow

FT Agent NIA

3.1 The mode with the higher design HVAC fan airflow used, per ltem 5.2 of National HVAC Design Report
O Heating [ Coaling

a
3.2 Static pressure test holes have been created, and test hole locations are well-marked and accessible a -

Test hole location for return exiernal static pressure: O Plenum O Cabinet O Transition O Other: - -

Test hole location for supply external static pressure: O Plenum O Cabkinet O Transition O Other: - -

3.3 Measured return external static pressure (Enter value only, without negative sign): WG - -

3.4 Measured supply external static pressura (Enter value only, without positive sign): IWC - -

3.5 Measured total external static pressure = Value-only from liem 3.3 + Value-gnly from Hem 3.4 = W - -

3.6 Measured (Item 3.5) - Design (Item 5.2 on National HWVAC Design Report) total external static pressure = IwC - -

3.7 Measured HVAC fan airflow, using lem 3.5 and fan speed setting: CFM . -

3.8 Measured HVAC fan airflow (tem 3.7} is £ 15% of design HWVALC fan airflow (ltem 5.2 on Mational HVAC Design
Repor)

%EPA ENERGY STAR. The simple choice for energy efficiency.




MFNC Functional Testing Checklist

Section 4: Air Balancing of Supply Registers &
Return Grilles

* This section is recommended, but not required

| \%EPA ENERGY STAR. The simple choice for energy efficiency.

FT Agent
Verified N/A
4. Air Balancing of Supply Registers & Return Grilles (Recommended, but not Required) *
4_1 Balancing report attachgd with room-by-room design airflows from [tem 5.2 on National HVAC Design Report, and o 0
confractor-measured airflow using ANS! F ACCA 5 QI-2015 profocol
4.2 Room-by-room airflows verified by contractor to be within the greater of £ 20% or 25 CFM of design airflow O O
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MFNC Functional Testing Checklist

Section 5: Indoor/Terminal Units
(Rater can complete)

5. Functional Testing: Indoor / Terminal Units - This seclion musl be compleled for all healing and cooling

.

%EPA ENERGY STAR. The simple choice for energy efficiency.

equipment located within dwelling units or common spaces. incleding systams idantified in Sections 2 and 3, except Rater NIA
where specifically noted, Indoor | terminal units include, but are not limited to, mini-splits, multi-splits, PTAC's, PTHP's, | Verified .“n
WLHP's, fan colls, and hydronic distribution systems ©
5.1 Installation Checks
5.1.1 Zone thermastat (or remote zone temperatura sensor) in dwealling units installed in design locatian, within the 0 0
zone being served, and not on an extericr wall
2.1.2 Where specified by design, exiernal condensate pump installed and condensate drain pan drains lo a 0O 0
conspicucus point of disposal in case of blockage
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MFNC Functional Testing Checklist

Section 5: Indoor/Terminal Units

(Rater can complete) Rater

FT
Verified Agent | NVA

Verified
5.2 Funclional Testing
9.2.1 Zone temperature displayed on thermostat or sensor is within 5°F of measured zone tempearature O (m] O
5.2.2 Syslam wrns on when there is a call for heat and heating is provided. System tums off when the heating
setpoint has baan met. O (| O
For forced air systems: Measured discharge air temperature "F
59.2.3 System wrns on when there is a call for cooling and cooling is provided. System tums off when the cooling
setpoint has bean met. O O O
For forced air systems: Measured discharge air temperature "F
2.2.4 Meaasure and record the inlet and cutlet condenser, chilled, or hot-water temperalures at the terminal unit,
Coolimg mode: Inlet F o Outlet F O O O
Heating made: Inlet ‘F Outlet “F
5.2.5 Whare OA dampers ara installed, the damper closes when thers is no call for vantilation or when fan Is off O || O
5.2.6 If more than one system provides heating or cooling to the same space, controls prevent simultansous 0 o 0

healjng and c:nnling

.
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MFNC Functional Testing Checklist

Section 6: VRF Outdoor Unit

6. VRF OQutdoor Unit - This section must be completed for all YRF outdoor unils serving dwelling units or common spaces

FT Agent
Verified

MiA

6.1 Installation Checks

6.1.1 Pressure testing on refrigerant piping has been completed for this system
{indicate exact test in / test out pressure (psig) / tima (hours)): ! /

.1.2 Vacuum lesting has baan completed
{indicate exact test in / test out pressure (psig) !/ time (howrs)): ! !

6.1.3 Refrigerant line lengths and height differences have been recorded from as-built shop drawings or field measured,
and documentation of the measurement is available, if requested

&.1.4 Indicate required additional charge amount (Ibs):

Ooyo|oj|o

Ooyo|oj]o

6.2 Functional Tastlng

6.2.1 In cooling made, the outdoor unit fan is ON and heat is being rejected. " Measure and verify that outdoor unit fan
discharge air temperature is warmer than the ambient air temperature

6.2.2 In heating mode, the cutdoor unit fan is ON and heat is baing absorbed. 7 Measure and verily thal asuldeor unil fan
discharge air temperature is colder than the ambient air temperature

6.2.3 Using the ceniral maintenance tool or controller, none of the outdoor wnits or connected indoor units are showing
an alarm

G.2.4 Using the ceniral maintenance tool, tha manufacturer's representative confirmed refrigerant charga test per
manufacturer's guidelines

gjo|o| 0O

gjo|o| 0O

5 \e;EPA _ENEHE"!’ STAR. The simple choice for energy efficiency.
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MFNC Functional Testing Checklist

Section 7: Central Boilers

7. Central Boilers - This section must be completed for all central boilers serving dwelling units or common spaces I:-erlll MiA
7.1 Installation Checks
7.1.1 Piping pressura tasting is completed and all accassible boiler piping. fittings, and accessories are fraa from laaks. O O
FT agent may conduct the test or witness the test being cenducted by the installing contractor
7.1.2 Boiler relief valves and dizcharge piping do not show signs of weeping or leakage O O
7.1.3 No signs of blockage, leakage, or deterioration in the fresh air intake or flue gas vent piping O O
7.1.4 Temperature, pressure gauges, air eliminator, expansion tank, check valves and all other piping components O O
installed as specified by HVAC Designer
7.1.5 Boiler supply [ header temperature sensor and, where applicable, outdoor air temperature sensor, are located as O O
specified by HVAC Designer
7.1.6 Indicate boiler header [ supply setpoint type: 0 0
O Fizgad O Seasonal O Outdoor temperature rezel O Indoor temperature reset O Other:
7.1.7 Where outdoor air temperature reset schedule is applicable, indicate reset schadule (e.g., 180°F Supply @ 10°F 0 0
outdaor, 120°F supply @ 55°F outdoor) @ . i
7.1.8 Where Warm Weather Shut Down (WWSD) is applicable, list temperature | o
{NA if boilers and system pumps also serve DHW)

—

i \e;EPA ENERGY STAR. The simple choice for energy efficiency.
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MFNC Functional Testing Checklist

Section 7: Central Boilers

FT Agent
Verified NiA
7.2 Functional Testing: Boilers
7.2.1 Measure the combustion gas efficiency at high fire and low fire for one of the boilers. Note which one and record O O
information % O high fire % O low fire
7.2.2 Boiler combustion air intake dampers open | close with bailer operation a a
7.2.3If each boiler has its own dedicated boller elrculator pump, it operates only when the respective boiler is fifng.
(Circulator pump may run for a short period of time before ar after the boiler fires, as recommended by the O O
equipment manufacturer)
7.2.4 When there is a call for heating, the boiler(s) are enabled according to their design sequence of operation ] O
7.2.5 When multiple boilars are supposed to operate at the same time, they cperate according to the Enginear of O O
Record's sequence of aperalion and the on / off sequencing is observed
7.2.6 Cycle tha boilers on and off 3 timas. Boiler(s) modulata [ step down to the minimum finng rate bafore shutting off m] m|
7.2.7 Boileris) do not short cycle (i.2.. the minimum on time is 5 minutes and the minimum off time is 5 minutes, or as O O
recommendead by the bailer manufacturer 1o prevent shor cyeling)
T.2.8 Condansing Boller, Relurn temperatura anables condansing O O
Design ! OEM temp: “F Measurad femp: “F
7.2.9 Boiler supply / header temperature sensor is reading within 3°F of measured boiler supply / header temperature m| m|
T.2.10 Boiler minimum flow rate and change in flow rate are maintained within the manufacturer's stated limits O O
throwghout the saquence of operation

.
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MFNC Functional Testing Checklist

Section 7: Central Boilers

FT Agent
Verified NIA
7.3 Functional Testing: Healing System Pumps
T.3.1 Where healing system pumps (l.e., the pumps which are responsible for moving the water through the terminal
units) are equipped with a WFD which is responding to a pressure sensor within the system or a sensoress ] O
pumping system, indicate which one: O VFD+Sanzsor O Sensorlass
7.3.2 If a varable speed pumping system is installad, the WFD increases and decreases pump spaad in response (o O O
changes in the system
7.3.3 If a variable speed pumping system is installed, system prevents "dead-heading”. (May be tested under real or
simulated low flow conditions.) Salact the method of water flow bypass: O O
OMinimum Flow Bypass Valve [ 3 way valves on specific terminal units  ClOther:
7.3.4 Pumps ara off when oulzide air temperature is above WWSD (NFA If pumps serve DHW as well as h&ating]l (] ]

SEPA. | ENERGY STAR. The simple choice for energy efficiency.
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MFNC Functional Testing Checklist

Section 8: Cooling Towers

FT Agent

8. Cooling Towers - This section must be complated for all cooling towers serving dwelling units or common spaces Verifiea | NA
8.1 Installation Checks
8.1.1 Cunllng Tower plpinrg and all components are free from leaks O O
1.2 Tamparall_Jra gauges, check valves, lower bypass valve and all other piping components installed as spacified by 0 0
HVAC Demgner
8.1.3 Condenser Walar Supply setpaint type: i 0
O Fixed  OOuidoor temperature reset  CSeasonal [ based on free cooling
&.1.4 All control sensors (condenser waler supply temperature, outdoor air humidity, etc.) are located as specified by O 0O

HWAC Designer

%EPA ENERGY STAR. The simple choice for energy efficiency.
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MFNC Functional Testing Checklist

Section 8: Cooling Towers

operation (N/A If tower pumps are set to run year round)

Frchgent | nia

8.2 Functional Testing: Tower Fans

8.2.1 Tower fan(s) do not short cycle (i.e., the minimum on time _i5 2 minutes and the minimum off tima is 5 minutes, or O O

as recommended by the manufacturer to prevent short cycling)

8.2.2 Coaling Tower fanis) do not run unless assocated cooling tower pump{s) are nunning o O

B23If insl.al-led- basin heater is not enabled when the basin w;;ter temperature is above tr;e selpoint O O

8.2 4 Condenser Walar Supply Sensor 18 madmg within 3°F of measurad lempearature O O
8.3 Functional Testing: Cooling Tower Pumps

8.3.1 Cycla tha cooling tower purmps on and off 3 imes. Cooling lowar pumps only aperate when controls call for 0 |

\ef PA ENERGY STAR. The simple choice for energy efficiency.
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MFNC Functional Testing Checklist

Section 9: Chillers

\ef PA ENERGY STAR. The simple choice for energy efficiency.

9. Chillers - This section must ba completed for all chillers serving dwelling units or common Spaces I:rrw“ MNiA
8.1 Installation Checks
9.1.1 Chiller piping and all components are free from leaks O O
2.1.2 If multiple chillers, water flow is balanced across chillers using {indicate which onel: 0 0
O E!alancing valves O Rewverze return piping O Individual chiller pumps O Other:
9.1.3 Temperature, pressure gauges, air eliminator, expansion tank, chack valves and all ather piping companents 0 0
installed as specified by HVAC Desigrher
2.1.4 Chilled Water Supply temperature sensor (and outdoor gir temperaiure sensor where applicable) are located as O O
specified by HVAC Designer
83



MFNC Functional Testing Checklist

Section 9: Chillers

FT Agent
Verified

NIA

9.2 Functional Testing: Chillers

9.2.1 When thera is a call for cooling, chillers are operating and maintaining chilled water setpoint

9.2.2 When multiple chillers are supposed to operate at the same time, they operate according to the Engineer of
Record's sequence of operations and the on / off sequencing is observad

9.2.3 Chiller(s) do not short cyele (i.e., the minimum on time is 5 minutes and the minimum off time (s 5 minutes, or as
recommendead by the chiller manufaciurer to prevent short cycling)

9.2 4 Chilled Water Supply Sensor is reading within 3°F of measured chiller temperature

9.2.5 Chiller minimum flow rate and change in flow rate are maintained within the manufacturer's stated limits
throughout the sequence of operation

O@;oyo|o

Ooojo)|o|o

——
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MFNC Functional Testing Checklist

Section 9: Chillers

FT Agent
Verified NiA
8.3 Functional Testing: Chilled Water System Pumps
9.3.1 Where Chilled Water System pumps (i.e., the pumps which are responsitle for moving the chilled water through
the terminal units) are eguipped with a YFD, which is responding to a pressure sensor within the system or a O O
sensorless VFD system, indicate which one: O VFD+Sensaor O Sensorless
9.3.2 If a variable speed pumping system is installed, confirm that the WFD increases and decreases pump speed in 0O O
response to changes in the system
9.3.3 If a variable speed pumping system is installed, system prevents “dead-heading”. (May be tested under real or
simulated low flow condiions.) Select the method of water flow bypass. O O
OMinimum Flow Bypass Valve O 3 way valves on spacific terminal units  OOthar:
9.3.4 Pumps are off whan mnllng is not reguired (N/A If chilled waler is required year round) O O

%EPA ENERGY STAR. The simple choice for energy efficiency.
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MFNC Functional Testing Checklist: FAQ

Q: My commissioning credential isn"t on the pre-approved list.

A: Submit it for consideration!

Q: Can | be the Rater & Functional Testing Agent for a project?
A: Yes, if you take the FTA Orientation & have the credential.

Q: | have a 4 ton ducted forced air heat pump serving the 1st floor
community room. What sections of the checklist apply?

A: Section 2 (Refrigerant Charge), Section 3 (HVAC Fan Airflow), and
Section 5 (Indoor/Terminal units)

Q: Are ducted mini-splits exempt from any sections?

A: Exempt from Section 2 and 3, still have to do Section 5. .

' %EPA, ENERGY STAR. The simple choice for energy efficiency.
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MFNC Rev. 01

* Optional to use for permits before July 1, 2020

e If choosing MFNC (over Certified Homes or MFHR)
in 2020, must use Rev. 01 documents for projects
permitted on or after July 1, 2020

87
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MFNC Rev. 01 Highlights

Changes
* Reinstated ventilation override control req’t for Townhouse

 Added compartmentalization sampling procedure
requirements and CO alarm recommendation for units
adjacent to garage

 Developed an alternative central exhaust test leakage option
« Set ASHRAE 62.2 and 62.1 as the lowest measured value
allowed

88
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MFNC Rev. 01 Highlights

Change

« Set ASHRAE 62.2 and 62.1 as the lowest measured
value allowed

Rater-measured ventilation rate is within either + 15
CFM or +15% of dwelling unit design values (2.7),
and meets or exceeds rates required by ASHRAE
62.2-2010

89
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MFNC Rev. 01 Highlights

Changes

' %EPA, ENERGY STAR. The simple choice for energy efficiency.

Reinstated ventilation override control req’t for Townhouse

Added compartmentalization sampling procedure
requirements and CO alarm recommendation for units
adjacent to garage

Developed an alternative central exhaust test leakage option
Set ASHRAE 62.2 and 62.1 as the lowest measured value
allowed

Ceiling fans removed from Reference Design so only need
to meet 90% ENERGY STAR lighting req't

Functional Testing agent may witness testing

15% over-ventilation allowed before ASHRAE modeling
penalty

90
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MFNC Rev. 01 Highlights

Clarifications

Individual Rater performing verification must take ENERGY STAR
MF Training

When ERI Path available for buildings > 5 stories

Applicability of advanced framing thermal bridging option

CA requirements based on Title 24-2016 (California PR)
Furnace over-sizing limits only apply in-unit (HVAC-D)

Booster pump energy must be included in ASHRAE model (SG)

No FT Agent needed for building with only mini-splits (if Rater
completes section 5 of FT Checklist)

Relevant changes from Certified Homes Revision 10, including
preparation for the future availability of HVAC Grading

' %EPA, ENERGY STAR. The simple choice for energy efficiency.
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Current Issues Under Review

« Sampling Policies* (Common Spaces, Functional Testing)
« ASHRAE Path Performance Target equivalency options

* Clarifications on what is equivalent to a HERS Rater
credential

 Thermal Bridging Details for Podiums*
* Functional Testing Section 5 adjustments*
e Streamlining processes

92
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Future Resources

Training — Let us know what topics would be most
helpful

* Videos of key tests
 Additional examples for Rater training
« Webinars

Sales, Marketing, and Recruitment
 Builder/Developer recruitment technical bulletin
« Additional resources?

Revision 02 / Policy Record Updates
« Additional clarifications, adjustments

93
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Learn More

Webinars:
— Recorded Introductory Webinars
— Technical Series
 Multifamily Workbook
« Rater QA Checklist (for QADs and MROs)

Requirements: www.energystar.gov/mfnc
— Comparison documents ESCH vs MENC, MFHR vs MENC
— Certification Process

Email questions to energystarhomes @energystar.gov

94
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https://www.energystar.gov/partner_resources/residential_new/educational_resources/energy_star_webinars
http://www.energystar.gov/mfnc
https://www.energystar.gov/sites/default/files/asset/document/Comparison%20of%20MFNC%20to%20Certified%20Homes.pdf
https://www.energystar.gov/sites/default/files/asset/document/Comparison%20of%20MFNC%20to%20MFHR.pdf
https://www.energystar.gov/partner_resources/residential_new/program_reqs/mfnc_cert_process
mailto:energystarhomes@energystar.gov

Questions?

ENERGY STAR. The simple choice for energy efficiency.
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