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Complete this form to file a more stringent local energy conservation construction code than the State Energy
Consetvation Construction Code (“Energy Code”) with the State Fire Prevention & Building Code Council (“Code
Council”) pursuant fo Energy Law §711-109.

Please note that if the filing is submitted within thirty (30) days of the promulgation or adoption of the local code
or amendments or revision thereof, then the Municipality may enforce such local code, amendment, or revision
until and unless the Code Council determines that such local code, amendment, or revision is not more restrictive
than the Energy Code. If the filing is not submitted within such thirty (30) day time period, then the
Municipality may not enforce such local code, amendment, or revision until and unless the Code Council
determines that such local code, amendment, or revision is more restrictive than the Energy Code.’

MUNICIPALITY INFORMATION:
This Filing relates to a local energy conservation construction code, or any amendment or revision thereof,
promulgated or adopted by the following Municipality?. _Town Of Orangetown

FILER INFORMATION:

This Filing is submitted by the Filer named below (the “Filer):

Filer is the Chief Executive Officer of the Municipality.

[] The Municipality has no Chief Executive Officer. Filer is the Chairperson of the Legislative Body of the
Municipality.

] Other (specify):
Name of Filer: Teresa M. Kenny

Title of Filer: 1 Mayor Supervisor [] Chairperson of Legislative Body
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Address: 26 W. Orangeburg Road
Orangeburg, NY 10962

Telephone Number:  Fax Number: Email Address:
(845 )359 _5100¢ (845 ) 350 _2623 supervisor@orangetown.com

1 See Energy Law §11-109(2).
2 A “municipality” is a county, city, town, village, school district, or disirict corporation. See Energy Law §11-102(12).
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LOCAL ENERGY CONSERVATION CONSTRUCTION CODE INFORMATION:
This Filing relates to the Municipality's local energy conservation construction code, or any amendments or

revisionsthereof,entitled:‘ 5 Amending Chapie Building {.on 0N & e Prevention
s0 as to Adopt the NYStretch Energy Code-2020" .
A true and complete copy of the local energy conservation construction code, or any amendments

or revisions thereof, is included herewith and labeled Exhibit A.

Date of promulgation or adoption of the Municipality's local energy conservation construction code, or any
amendments or revisions thereof: _November 30, 2021

ADDITIONAL DOCUMENTATION:

List here any additional documentation. The Department of State strongly recommends that the Municipality
provide a detailed description of (1) the local energy conservation construction code promulgated or adopted by
the Municipality, or any amendments or revisions thereof; (2) the corresponding provisions imposed by the
Energy Code; and (3) the reasons why the Municipality believes the provisions of the local energy conservation
construction code promulgated or adopted by the Municipality, or any amendments or revisions thereof, are
higher or more restrictive than the Energy Code. However, do not fail to file a copy of the local energy
conservation construction code, or any amendment or revisign thereof, within thirty {30} days after promulgation
or adoption of such local energy code, or any amendment or revision thereof.? :

Exhibit B Town of Orangetown Town Code - Section 5-1 (document name})

Exhibit C Town Board Resolution No. 470, dated 11/30/2021 Adoption of Local Law No. 8 (document name)

Exhibit D NYStretch Cast Analysis Report for Residential and Commerical (document name)

—

Signature’of Filer

Dated: 12/20/2021

Teresa M. Kenny, Town Supervisor
Print or Type Name and Title of Filer

Please submit this Filing form, all exhibits, and any additional documentation to:

Assistant Director for Code Development

NYS Department of State, Division of Building Standards and Codes
99 Washington Ave., Suite 1160

Albany, New York 12231

Or by email to: Dos.sm.codes.codedevelopment@dos.ny.gov.

When submitting petitions via email, type “Local Enerqy Code:” in the subject line followed by the name of the
Municipality and the Local Law # or Ordinance #. (Example: Local Energy Code: Town of Anywhere, Local
Law #6 of 2017). Electronic submissions are strongly encouraged.

If you have questions concerning submission requirements, please call the Code Development Unit at (518)
474-4073, option 3, e-mail at Dos.sm.codes.codedevelopment@dos.ny.gov or fax at (518) 486-4487.

3 Please consult with the Municipality's attorney when submitting a Filing more than thirty {30) days after promulgation or
adoption of the local energy conservation construction code, or any amendment or revision thereof.
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STATE OF NEW YORK,

ROCKLAND COUNTY,  } §S.
TOWN OF ORANGETOWN

I, Rosanna Sfraga, Town Clerk, of said Town of Orangetown, County of Rockland kereby certify

* that I have compared the foregoing copy of AN }/ S' T}QH U EA/ % \f ()/OA ,E&? Q2P

with the original and find the same to be a true and correct transcript.

IN TESTIMONY WHEREOF, I have kereunto subscribed my
name and affixed the seal of said Town of Orangetown,

this o, % day of Zﬁ@é;%ﬁ;é éo.@/
2 A

Town Clerk
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PREFACE

The NYStretch Energy Code 2020 project was undertaken by NYSERDA to develop a pivotal tool for New
York jurisdictions to support the State’s energy and climate goals by accelerating the savings obtained
through their local building energy codes. Authorities having jurisdiction have the legal ability to
voluntarily adopt NYStretch-Energy.

The NYStretch Code was developed as a statewide model code to save more energy than New York's
minimum code and to be readily adopted as a more stringant locai standard to the ECCCNYS. It was
developed with the following goals:

& Techrically sound

# Thoroughly reviewed by stakeholders

©  \Written in code enforceable language

® Fully consistent with the 2018 IECC, ASHRAE 90.1-2016, and uniform codes

For communities that adopt it, the NYStretch Code will provide greater savings over the ECCCNYS for
both residential and commercial buildings.

Marginal Markings

Salid vertical lines in the margins of Parts 1, 2, and 3 indicate a technical change from the requirements
of 2018 IECC and ASHRAE 90.1-2016. Black, right-facing arrows in the left-hand margin indicate a
deletion from the requirements. ' '

Unaffected Provisions

The chapters, sections, tables, and other provisions in the 2018 IECC and ASHRAE 90.1-2016 not
amended by NYStretch Cade shall continue in full force and effect. Nothing in the NYStretch Code shall
be canstrued as deleting all or part of any unaffected provision.

Severability

If any portion of the NYStretch Energy Code 2020, the 2018 {ECC or ASHRAE 90.1-2016 is held by a court
of a competent jurisdiction to be illegal or void, such holding shall not affect the validity of any other
portion of the NYStretch Code, the 2018 (ECC or ASHRAE 50.1-2016

Implied license / Use of NYStretch

While a jurisdiction may adopt one or both of the Commercial and Residential provisions, it is
NYSERDA’s desire, but not a rule, that the NYStretch be adopted as written. Changes to or deletions of
the provisions contained herein may affect energy savings, cost savings, and enforceability. Jurisdictions
are encouraged to contact NYSERDA codes@nyserda.ny.gov before considering any changes to the
NYStretch.
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DISCLAIMER

Version 1 of NYStretch Energy Code-2020 (NYStretch) is an overlay of the 2018 International Energy
Conservation Code (2018 IECC) and ASHRAE Standard 90.1-2016 {ASHRAE}. It does not reflect changes
the New York State Fire Prevention and Code Council may adopt for the 2020 New York State Energy
Censervation Construction Code (2020 NYS ECCC). Visit

htips://www.dos.ny.gov/DCEA/Codelpdate. htm| for updates on the 2020 NYS ECCC.

Furthermore this version of NYStretch does not contain changes to it that New York City may adopt for
the 2020 Energy Conservation Code of New York City (2020 ECC NYC). Visit
https://wwwl.nyc.gov/site/buildings/codes/energy-conservation-code.page for updates on the 2020
ECC NYC.

it is NYSERDA’s intent to release a version of NYStretch that will overlay the 2020 NYS ECCC upen release
of that code by New York State Department of State,

Stringency of NYStretch

NYSERDA recognizes that there are differentials between the requirements of the IECC and ASHRAE
paths in NYStretch. Itis NYSERDA’s intent to create two separate inclusive code books, ane for the IECC
paths and another for the ASHRAE paths and find and correct the differentials between those code
provisions such that they are consistent with the intent and stringency of NYStretch. Until that time,
where there is a differential between the paths, the more stringent of the requirements will prevail.

Rights under NYSERDA’s license agreement with International Code Council, Inc,

The NYStretch Energy Code-2020 {NYStretch) incorporates material copyrighted by the International
Code Council {{CC). That material is included with permission from the ICC. NYSERDA’s license
agreement with the ICC gives New York jurisdictions wishing to use NYStretch the right to post NYStretch
on their websites for development purposes and public access. Other distribution of the ICC’s copyrighted
material without permission is prohibited.

Rights under NYSERDA’s license agreement with American Society of Heating, Refrigerating and Air-
Conditioning Engineers

The NYStretch Energy Code-2020 (NYStretch) incorporates material copyrighted by American Society of
Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). That material is included with
permission from ASHRAE. NYSERDA’s license agreement with ASHRAE gives New York jurisdictions
wishing ta use NYStretch the right to post NYStretch on their websites for development purposes and
public access. Other distribution of ASHRAE's copyrighted material without permissions is prohibited.
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PART 1

1 Amendments to 2018 International Energy Conservation
Construction Code Commercial Provisions

1.1 Amendments to Section C401.2
Application

€401.2 Application. Commercial buiidings shall comply with one of the following compliance paths:

1. ASHRAE Comgliance Path {prescriptive): The requirements of ASHRAE 90.1-2016 (as amended}
Section 4.2.1.1(a). The building shall also comply with the following:

a. The building thermal envelope opaque assembly requirements of Section C402.1.4.

EXCEPTION: Semi-heated spaces in compliance with ASHRAE 90.1-2016 (as amended)
are not required to comply with Section C402.1.4. '

b. The fenestration requirements of Section C402.4.
EXCEPTION: Semi-heated spaces in compliance with ASHRAE 90.1-2016 {as amended)
are not reguired to comply with Section C402.4.3.

¢. The interior and exterior lighting power allowance requirements of Section C405.3.2 and
Section C405.4.2, respectively.

d. The requirements of Section C406 and tenant spaces shall comply with the
requirements of Section €406.1.1,

e. The requirements of Section C408 (note: in lieu of Section C408.4, the requirements of
5.9.2 prevail) and, if mandated by local ordinance, Appendix CC.

2. ASHRAE Compliance Path {Section 11}: The requirements of ASHRAE 90.1-2016 {as amended)
Section 4.2.1.1{b}. The building shall alsoc comply with Section C408 {note: in lieu of Section
C408.4, the requirements of 5.9.2 prevail) and, if mandated by local ordinance, Appendix CC.

3. ASHRAE Compliance Path {Appendix G): The requirements of ASHRAE 90.1-2016 (as amended)
4.2.2.1{c). The building shall also comply with Section C408 (note: in lieu of Section C408.4, the
requirements of 5.9.2 prevail} and, if mandated by local ordinance, Appendix CC.

4, Prescriptive Compliance Path; The requirements of Sections C402 through C406 and C408, and,
if mandated by local ordinance, Appendix CC.

1.2 Amendments to Section C402.1
General (Prescriptive)

€402.1 General {Prescriptive). Building thermal envelope assemblies for buildings that are intended to
comply with the code on a prescriptive basis in accordance with the compliance path described in ltem 4
of Section C401.2, shall comply with the following:

MYStratch Energy Code 2020
Part 1 — Amendments to 2018 [ECC Commercial Provisions 1



1. The opaque portions of the building thermal envelope shall comply with the specific insulation
requirements of Section €402.2 and the thermal requirements of the U-, C- and F-factor-based
methad of Section C402.1.4, or the component perfermance alternative of section C402.1.5.

2. Roof solar reflectance and thermal emittance shall comply with Section €402.3.

3. Fenestration in building envelope assemblies shall comply with Section C402.4.

4. Air leakage of building envelope assemblies shall comply with Section C402.5,

Alternatively, where buildings have a vertical fenestration area or skylight area exceeding that
allowed in Section €402.4, the building and building thermal envelope shall comply with Section C401.2,
Itemn 1 or Section C401.2, ltem 2 or Section C401.2, Item 3.

Walk-in coolers, walk-in freezers, refrigerated warehouse coolers and refrigerated warehouse
freezers shall comply with Section €403.10.1 or C403.10.2.

1.3 Replace Section C402.1.3

Insulation Component R-Value-Based Method

€402.1.3 {Reserved for jurisdictions choosing to allow the provisions of Appendix CB}

14  Amendments to Table C402.1.4
Opague Thermal Envelope Assembly Maximum Requirements; U-Factor Method

Table C402.1.4
Opaque Thermal Envelope Assembly Maximum Requirements, U-Factor Method®®
4 5 6
CLIMATE ZONE
All other ‘ Group R | Allother | GroupR | Ail other I Group R
Roofs
Insulation Entirely above roof deck U-0.030 U-0.030 U-0.030 U-0.030 U-0.029 U-0.029
Metal buildings U-0.035 U-0.035 U-0.035 U-0.035 U-0.028 U-0.026
Attic and other Li-0.020 U-0.020 U-0.020 U-0.020 U-0.019 U-0.019
Walls, above grade
Mass? U-0.099 U-0.086 U-0.086 U-0.076 U-0.076 U-0.067
Metal building U-0.048 U-0.048 U-0.048 U-0.048 U-0.048 U-0.048
Metal framed U-0.061 U-0.061 U-0.052 U-0.052 U-0.047 U-0.044
Wood framed and other® U-0.061 U-0.061 U-0.048 U-0.048 uU-0.048 U-0.046
Walls, below grade
Below-grade wall® £-0.119 C-0.092 C-0.119 C-0.092 C-0.092 C-0.063
Floors
Mass? U-0.057 U-g.051 U-0.057 U-0.051 U-0.051 U-0.051
Joist/framing U-0,033 U-0.033 U-0.033 U-0.033 u-0.027f U-0.027f
Slab-on-grade floors
Unheated slabs F-0.52 F-0.52 F-0.52 F-0.51 F-0.51 F-0.434
Heated slabs F-0.63 F-0.63 F-0.63 F-0.63 F-0.63 F-0.63
Opaque doors .
Swinging U-0.50 U-0.50 U-0.37 U-0.37 U-0.37 U-0.37
Garage door <14% glazing U-0.31 U-0.31 U-0.31 U-0.31 U-0.31 U-0.31
NYStretch Energy Code 2020
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For SI: 1 inch = 25.4 mm, 1 pound per square foot = 4.88 kg/m?, 1 pound per cubic feot = 16 kg/m’.
¢i = Continuous insulation, NR = Ne Requirement, LS = Liner System,

a. Where assembly U-factors, C-factors, and F-factors are established in ANSI/ASHRAE/IESNA 90.1 Appendix A, such opaque
assemblies shall be a compliance alternative where those values meet the criteria of this table, and provided that the
construction, excluding the cladding system an walls, complies with the appropriate construction details from
ANSI/ASHRAE/ISNEA 90.1 Appendix A.

b. Where U-factors have been established by testing in accordance with ASTM C1363, such cpaque assemblies shall be a
compliance alternative where those vaiues meet the criteria of this table. The R-value of continuous insulation shall be
permitted to be added to or subtracted from the original tested design.

c.  Where heated slabs are below grade, below-grade walls shall comply with the U-factor requirements for above-grade
mass walls.

“Mass floors” shall be in accordance with Section C402.2.3.
“Mass walls” shall be in accordance with Section C402.2.2.

1.5 Addition of New Section C402.1.4.2
Thermal Resistance of Mechanical Equipment Penetrations (Mandatory)

€402.1.4.2 Thermal resistance of mechanical equipment penetrations {Mandatory}. When the total
area of penetrations frem mechanical equipment listed in Table C403.2.3(3} exceeds 1 percent of the
opaque above-grade wall area, the mechanical equipment penetration area shall be calculated as a
separate wall assembly with a default U-factor of 0.5.

Exception: Where mechanical equipment has been tested in accordance with testing standards
approved by the authority having jurisdiction, the mechanical equipment penetration area may
be calculated as a separate wail assembly with the U-factor as determined by such test.

1.6 Amendments to Section C402.2
Specific Building Thermal Envelope Insulation Requirements (Prescriptive)

€402.2 Specific building thermal envelope insulation requirements (Prescriptive}. insulation in building
thermal envelope opaque assemblies shall comply with Sections €402.2.1 through C402.2.8 and Table
C402.1.4.

1,7 Addition of New Section C402.2.8
Continuous Insulation {Mandatory)

€402.2.8 Continuous insulation (Mandatory). In new construction, structurai elements of balcenies and
parapets that penetrate the building thermal envelope, shall comply with one of the following:

1. Structural elements penetrating the building thermal envelope shall be insulated with
continuous insulation having a minimum thermal resistance of R-3.

2. Structural elements of penetrations of the building thermal envelope shall incorporate a
minimum R-3 thermal break where the structural element penetrates the building thermal
envelope.
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1.8 Amendments to Section C402.4
Fenestration (Prescriptive)

C402.4 Fenestration (Prescriptive). Fenestration shall comply with Sections C402.4.1 through C402.4.5
and Table C402.4. Daylight responsive controls shall comply with this section and Section €405.2.3.

1.9 Amendments to Table C402.4
Building Envelope Fenestration Maximum U-Factor and SHGC Requirements

Tahle C402.4
Building Envelope Fenestration Maximum U-Factor and SHGC Requirements
CLIMATE ZONE | 4 5 | 6
Vertical Fenestration

U-Factor
Fixed fenestration 0.36 0.36 0.34
Operable fenastration 0.43 0.43 0.41

All other vertical fenestration
All fenastration 0.30 0.27 0.27
Entrance doors 0.77 0.77 0.77
SHGC

PF< 0.2 0.36 0.38 0.40
0.2<2PF<0.5 .43 0.46 0.48
PF={0.5 0.58 0.61 0.64

Skylights
U-Factor 0.48 0.48 048
SHGC 0.38 0.38 0.38
PF = Projection Factor.
a. U-factor and SHGC shall be rated in accordance with NFRC 100,

1.10 Amendments to Section C402.5
Alr Leakage--Thermal Envelope (Mandatory)

€402.5 Air leakage--thermal envelope {Mandatory}. The thermal envelope of buildings shall comply
with Section C402.5.9 or shall comply with Sections C402.5.1 through €402.5.8 and C408.4. New
buildings not less than 25,000 square feet and not greater than 50,000 square feet, and less than or
equat to 75 feet in height, shall show compliance through testing in accordance with Section €402.5.9.

1.11 Addition of New Section C402.5.9.
Air Barrier Testing

€402.5.9 Air Barrier Testing. The building thermal envelope shall be tested in accordance with ASTM
E779 at a pressure differential of 0.3 inch water gauge (75 Pa} or an equivalent method approved by the
code official and shall be deemed to comply with the provisions of this section when the tested air
leakage rate of the building thermal envelope is not greater than 0.40 cfm/ft? {2.0 L/s * m?). Where the
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compliance is based on such testing, the building shall also compty with Sections €402.5.5, C402.5.6, and
C402.5.7. A report that includes the tested surface area, floor area, air by volume, stories above grade,
and leakage rates shall be submitted to the code official and the building owner.

1.12 Amendmenis to Section C403.7 4
Energy Recovery Ventilation Systems (Mandatory)

C403.7.4 Energy recovery ventilation systems (Mandatory). Where the supply airflow rate of a fan
system exceeds the values specified in Tables C403.7.4{1) and C403.7.4(2}, the system shall inciude an
energy recovery ventilation system. The energy recovery ventilation system shall be configured to
provide a change in the enthalpy of the outdoor air supply of not lass than 50 percent of the difference
between the outdeor air and return air enthalpies, at design conditions. Where an air economizer is
required, the energy recovery ventilation system shall include a bypass or controls that permit operation
of the economizer as required by Section C403.5,

Exception: An energy recovery ventilation system shall not be required in any of the following
conditions;

1. Where energy recovery systems are prohibited by the international Mechanical Code.
Laboratory fume hood systems that include not fewer than one of the following features:

2.1 Variable-air-volume hood exhaust and room supply systems configured to
reduce exhaust and makeup air volume to 50 percent or less of design values,

2.2 Direct makeup (auxiliary} air supply equal to or greater than 75 percent of the exhaust
rate, heated not warmer than 2°F (1.1°C) above room setpoint, cooled to not cooler
than 3°F (1.7°C) below room setpoint, with no humidification added, and no
simultaneous heating and cooling used for dehumidification contral.

3. Systems serving spaces that are heated to less than 60°F {15.5°C) and that are not cooled.

4. Where more than 60 percent of the outdoor heating energy is provided from site-recovered
or site-soiar energy.

5. Heating energy recovery in Climate Zones 1 and 2.

6. Cooling energy recovery in Climate Zones 3C, 4C, 58, 5C, 68,7, and 8.

7. Systems requiring dehumidification that employ energy recovery in series with the cooling
coil.

8. Where the largest source of air exhausted at a single location at the building exterior is less
than 75 percent of the design ventilation outdoor air flow rate. Multiple exhaust fans or
outlets located within a 30-foot radius from the outdoor air supply unit shall be considered a
single exhaust location.

9. Systems expected to operate less than 20 hours per week at the outdoor gir percentage
covered by Table C403.7.4(1).

10. Systerns exhausting toxic, ﬂammable, paint or corrosive fumes, or dust.

11. Commercial kitchen hoods used for collecting and removing grease vapors and smoke.
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1.13 Amendments to Section C403.8.1
Allowable Fan Horsepower

€403.8.1 Allowable fan horsepower (Mandatory). Each HVAC system having a total fan system motor
nameplate horsepower exceeding 5 hp (3.7 kW) at fan system design conditions shail not exceed the
allowable fan system motor nameplate hp (Option 1) or fan system bhp (Option 2) shown in Table
C403.8.1(1). This includes supply fans, exhaust fans, return/relief fans, and fan-powered terminal units
associated with systems providing heating or cooling capability. Single-zone variable air volume systems
shall comply with the constant volume fan power limitation.

Exceptions:

1. Hospital, vivarium and laboratory systems that utilize flow control devices on exhaust or
return to maintain space pressure relationships necessary for occupant health and safety or
environmental control shall be permitted to use variable volume fan power limitation.

2. Individual exhaust fans with motor nameplate horsepower of 1 hp (0.746 kW) or less are
exempt from the allowable fan horsepower requirement.

3. Fans supplying air to active chilled beams.

1.14 Amendments to Table C403.8.1{1)
Fan Power Limitation

Tahle C403.8.1(1)
Fan Power Limitation

Limit Constant volume Variable volume
Option 1: Fan system motor Allowable nameplate motor hp hp < CFMs*0.0009 hp < CFM* 0.0011
nameplate hp
Opticn 2: Fan system bhp Allowable fan system bhp bhp < CFM; X 0.00088 + A [bhp < CFM; X 0,0010 + A
ForSl: 1 bhp =735.5W, 1 hp=745.5W, 1 cfm =0.4719 L/5

Where:
CFM; = The maximum design supply airflow rate to conditicned spaces served by the system in cubic feet per minute.

hp = The maximum combined moter nameplate horsepower,
bhp = The maximum combined fan brake horsepawer.
A =Sum of [PD X CFiip/4131]
Where:
PD = Each applicable pressure drop adjustment from Tahle C403.8.1 {2} in, w.c.
CFMp = The design airflow through each applicable device from Tabla C403.8.1{2} in cubic feet per minute. J

1.15 Amendments to Section C405.2.1
Occupant Sensor Controls

€405.2.1 Occupant sensor controls, Occupant sensor controis shall be instalied to controli lights in the
following space types:

1. Classrooms/lecture/training rooms.
2. Conference/meeting/multipurpose rooms.
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Copy/print rooms.
Corridor/transition areas.
Dining areas.

3

4

5

6. Lounges/breakrcoms.

7. Enclosed offices.

8. Open plan office areas.

9. Restrooms.

10, Storage rooms.

11. Locker rooms. :

12. Other spaces 300 square feet {28 m?) or less that are enciesed by floor-to-ceiling height
partitions.

13, Warehouse storage areas.

1.16 Addition of New Section C405.2.1.4
Occupant Sensor Control Function for Egress Mumination

C405.2.1.4 Occupant sensor control function for egress illumination. In new buildings, luminaires
serving the exit access and providing means of egress illumination required by Section 1008.1 of the
International Building Code, including luminaires that function as both normal and emergency means of
egress illumination shall be controlled by a combination of listed emergency relay and occupancy
sensors, or signal from another building control system that automatically reduces the lighting power by
50 percent when unoccupied for longer than 15 minutes.

Exceptions:

1. Means of egress illumination serving the exit access that does not exceed 0.02 watts per
square foot of building area is exempt from this requirement.,
2. Emergency lighting designated to meet Section 1008.3 of the International Building Code.

1.17 Amendments to Section C405.2.3
Daylight Responsive Controls

€405.2.3 Daylight respansive controls. Daylight-responsive controls complying with Section C405.2.3.1
shall be provided to control the electric lights within daylight zones in the following spaces:

1. Spaces with a total of more than 100 watts of general lighting within sidelit zones complying
with Section €405.2.3.2. General lighting does not include lighting that is required to have
specific application control in accordance with Section C405.2.4,

2. Spaces with a total of more than 100 watts of general lighting within toplit zones complying with
Section C405.2.3.3.

Exceptions: Daylight responsive controls are not required for the following:

1. Spaces in health care facilities where patient care is directly provided.
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2. Lighting that is required to have specific application control in accordance with Section
€405.2.4.
Sidelit zones on the first floor above grade in Group A-2 and Group M occupancies.
New buildings where the total connected lighting power calculated in accordance with
Section C405.3.1 is not greater than the adjusted interior lighting power allowance {LPAq;)
calculated in accordance with Equation 4-9:

LPA.g = [LPAnorm X (1.0 — 0.4 x UDZFA / TBFA}] {Equation 4-9)
Where:
LPA.; = Adjusted building interior lighting power allowance in watts.

LPAwm = Normal building lighting power allowance in watts calculated in accordance with
Section C405.3.2 and reduced in accordance with Section C406.3 where Option
2 of Section C406.1 is used to comply with the requirements of Section C406.

UDZFA = Uncontroiled dayiight zone floor area is the sum of all sidelit and toplit zones,
calculated in accordance with Sections €405.2.3.2 and €405.2.3.3, that do not
have daylight responsive controls,

TBFA = Total building floor area is the sum of ail floor areas included in the lighting
power allowance calculation in Section €405.3.2.

1.18 Amendments to Section C405.2.3.2
Sidelit Zone :

€405.2.3.2 Sidelit zone. The sidelit zone is the floor area adjacent to vertical fenestration that complies
with all of the following:

1. Where the fenestration is located in a wall, the sidelit zone shall extend laterally to the nearest
full-height wall, or up to 1.0 times the height from the floor to the top of the fenestration, and
longitudinally from the edge of the fenestration to the nearest full-height wall, or up to 2 feet
(610 mm), whichever is less, as indicated in Figure €405.2.3.2.

2. The area of the fenestration is not less than 24 square feet {2.23 m?).

3. The distance from the fenestration to any building or geciogical formation that would block
access to daylight is no greater than one-half of the height from the bottom of the fenestration
to the top of the building or geologic formation.

4. The visible transmittance of the fenestration is not less than 0.20.
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1.19 Amendments to Section C405.2.6
Exterior Lighting Controls

€405.2.6 Exterior lighting controls. Exterior lighting systems shall be provided with controls that comply
with Sections C405.2.6.1 through €405.2.6.5. Decorative lighting systems shall comply with Sections
405.2.6.1, C405.2.6.2, and C405.2.6.4.

Exceptions:

1. Lighting for covered vehicle entrances and exits from buildings and parking structures where
required for eye adaptation.
2. Lighting controlled from within dwelling units.

€405.2.6.1 (Daylight shutoff) is unchanged.
€405.2.6.2 {Decorative lighting shutoff) is unchanged.

€405.2.6.3 Lighting setback. Lighting not controlled in accordance with Section C405.2.6.2 shall
be controlled so that the total wattage of such lighting is automatically reduced by not less than
50 percent by selectively switching off or dimming luminaires at one of the following times:

1. From nei later than midnight to not earlier than & a.m.
2. From not later than one hour after business closing to not earlier than one hour before

business opening.
3. During any time where activity has not been detected for 15 minutes or more.

C405.2.6.4 {Exterior time-switch control function) is unchanged.

1.20 Addition of New Section C405.2.6.5
Qutdoor parking area lighting control

€405.2.6.5 Outdoor parking area lighting control. Qutdoor parking area luminaires mounted 24’

or less above the ground shall be controlled to automatically reduce the power of each luminaire
by a minimum of 50 percent when no activity has been detected for at least 15 minutes. No more
than 1500 W of lighting power shall be controlled together.

Exception: Outdoor parking areas with less than 1,000 watts of lighting.
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1.21 Amendments o Table C405.3.2(1)

Interior Lighting Power Allowances: Building Area Method

TABLE C405.3.2(1)

Interior Lighting Power Allowances: Building Area Method

BUILDING AREA TYPE LPD (w/ft?)
Automotive facility 0.64
Cenvention center 0.70
Courthouse 0.74
Dining: bar lounge/leisure 0.69
Dining; cafeteria/fast food 0.66
Bining: family 0.61
Darmitory *° 0.52
Exercise center 0.65
Fire station # 0.50
Gymnasium 0.67
Health care clinic 0.68
Hospital® 0.86
Hotel/motel 2P 0.70
Likrary 0.78
Manufacturing facility 0.60
Mation picture theater .62
Multifamily © 0.48
Museum 0.68
Office 0.69
Parking garage 012
Penitentiary 0.67
Parforming arts theater 0.85
Police station 0.68
Post office .62
Religious building 0.72
Retail 0.91
Schaol/university 0.67
Sports arena 0.76
Town hall 0.72
Transportation 0.51
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TABLE C405.3.2(1)
Interior Lighting Power Allowances: Building Area Method (continued)

BUILDING AREA TYPE LPD (w/ft?)
Warehouse 0.41
Workshop ] 0.83

a. Where sleeping units are excluded from lighting power calculations by application of
Section R405.1, neither the area of the sleeping units nor the wattage of lighting in the
sleeping units is counted.

b.  Where dwelling units are excluded from lighting power calculations by application of
R405.1, neither the area of the dwelling units nor the wattage of lighting in the
dwelling units is counted.

c. Dwelling units are excluded. Neither the area of the dweilling units nor the wattage of
lighting in the dwelling units is counted.
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1.22 Amendments to Table C405.3.2(2)
Interior Lighting Power Allowances: Space-By-Space Methed

Table €405.3.2(2)
Interior Lighting Power Allowances: Space-by-Space Method
COMMON SPACE TYPES ® LPD {w/ft?)

Atrium

Less than 40 feet in height 0.023 per foot in total height

Greater than 40 feet in height 0.40 + 0.02 per foot in total height
Audience seating area

In an auditorium 0.63

In a convention center 0.65

In a gymnasiurn .43

In a mation picture theatar (.64

In a penitentiary 0.28

In a perfarming arts theater 1.34

In a religious building 0.98

In a sports arena 0.42

Ctherwise Q.40
Banking activity area 0.79

Breakroom (See Lounge/Breakroom}

Classroom/lecture hall/training room

In a penitentiary ) 1.06
Otherwise 0.74
Computer room 1.16
Conference/meeting/multipurpose room 0.93
Confinement ceflls 0.52
Copy/print room 0.50
Corridor
In a facility for the visually impaired (and
not used primarily by the staff) © 081
In a hospital 0.81
In & manufacturing facility 0.28
In a primary or secondary scheol {and 0.74
not used primarily by the staff)
Otherwise 0.58
Courtroom 1.06
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{and not used primarily by the staff} ?

COMMON SPACE TYPES * LPD {w/ft?}

Dining area

In harflounge or leisure dining 0.62

In cafeteria or fast food dining 0.53

In a facility for the visually impaired (and

not used primarily by the staff) ? 148

In family dining 0.54

In a penitentiary 0,72

Otherwise 0.53
Electrical/mechanical room 0.39
Emergency vehicle garage 041
Food preparation area 0.92
Guestroom ¢ 0.75
Laboratory

In or as a classroom 104

Otherwise 1.32
Laundry/washing area 0.43
Loading dock, interior 0.51
Lobby

For an elevator 0.52

In a facility for the visually impaired

{and not used primarily by the staff) ® 203

In a hotel 0.68

In a motion picture theater 0.38

In a performing arts theater 0.82

Otherwise 09
Locker room 0.45
Lounge/breakroom

In 2 healthcare facility 0.53

Otherwise 0.44
Office

Enclosed 0.85

Open plan 0.78
Parking area, interior | 0.11
Pharmacy area 1.23
Restroom

In a facility for the visually impaired 0.81
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COMMON SPACE TYPES ® LPD (w/ft?)

Otherwise 0.75
Sales area 1.06
Seating area, general 0.38

Stairway {See space containing stairway)

Stairwell 0.50
Storage room 043
Vehicular maintenance area 0.53
Workshop . 1.0%
BUILDING TYPE SPECIFIC SPACE TYPES ® LPD {w/ft?)
. |Automaotive (See Vehicular Maintenance Area above)
Convention Center—exhibit space 0.69
Dormitory—living quarters ¢ ¢ 0.46
Facility for the visually impaired
In a chapel {and not used primarily by the
staff) 0.89
In a recreation room {and not usad
primarily by the staff) 133
Fire Station-—sleeping quarters 0.19
Gymnasium/fitness center
In an exercise area 0.50
In a playing area 0.75
Healthcare facility
In an exam/treatment room 116
In an imaging room 0.98
In a medical supply room 0.54
In a nursery 0.94
In a nurse’s station 0.75
In an operating rcom 1.87
In a patient room © 0.45
In a physical therapy room 0.84
In @ recovery room 0.89
Library
In a reading area 0.77
In the stacks 1.20
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BUILDING TYPE SPECIFIC SPACE TYPES® LPD (w/t?)

Manufacturing faciiity

In 3 detailed manufacturing area 0.86
In an equipment room 0.61
In an extra-high-bay area (greater than 50

floor-to-ceiling haight) 0.73
In a high-bay area {25-50" ftoor-to-ceiling

height) 0.8
In a low-bay area {less than 25’ floor-te- 0.61
ceiling height)

Museum

In a general exhibition area 0.61

In a restoration room 0.77
Performing arts theater—dressing room 0.35
Post Office—5orting Area 0.566
Religicus buildings

In a fellowship hall 0.54

In a worship/pulpit/choir area 0.98
Retail facilities

In a dressing/fitting room 0.49

In a mall concourse 0.79
Sports arena—playing area

For a Class | facility © 2.26

For a Class Il facility | 1.45

For a Class 111 facility &/ 1.08

For a Class IV facility 0.72
Transpartation facility

In a baggage/carousel area 0.40

In an airport concourse 0.31

At a terminal ticket counter 0.48
Warehouse—storage area

For medium to bulky, palletized items 0.27

For smaller, hand-carried items 0.65

a. Incases where both a commeon space type and a building area specific space
are listed, the building area specific space type shall apply.

b. A ‘Facility for the Visuafly Impaired’ is a facility that is licensed or will be
licensed by local or state authorities for senior long-term care, adult daycare,
senior suppert or people with special visual needs.

€. Where sleeping units are excluded from lighting power calculations by
application of Section R405.1, neither the area of the sleeping units nor the
wattage of lighting in the sleeping units is counted.
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BUILDING TYPE SPECIFIC SPACE TYPES® LPD {w/ft?)

d.

Where dwelling units are excluded from lighting power calculations by
application of Section R405.1, neither the area of the dwelling units nor the
wattage of lighting in the dwelling units is counted,

Class | facilities consist of Professional facilities; and Semi-professional,
Co[légiate, or Club facilities with seating for 5,000 or more spectators.

Class |l facilities consist of Collegiate and Semi-professional facilities with
seating for fewer than 5,000 spectators; Club facilities with seating for
between 2,000 and 5,000 spectators; and Amateur League and High Schoo!
facilities with seating for more than 2,000 spectators.

Class Ill facilities consist of Club, Amateur League, and High School facilities
with seating for 2,000 or fewer spectators.

Class iV facilities consist of Elementary School and Recreaticnal facilities, and
Amateur League and High School facilities without provisions for spectators.
The wattage of lighting in daylight transition zones and ramps without
parking is excluded.

Pool surfaces are excluded. Neither the surface area of the swimming or spa
pool nor the wattage of the lighting serving them shall be counted.
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1.23 Amendments to Table C405.4.2(2)
Lighting power allowances for building exteriors

Table €405.4.2{2})
Lighting Power Allowances for Building Exteriors
LIGHTING ZONES
Zonel Zone 2 Zone 3 Zone 4
Base Site Allowance 350 W 400 W 500 W 200 W
Uncovered Parking Areas
Parking areas and drives 0.03 W/ft? 0.04 W/ft? 0.05 w/ft? 0.05 W/t

uilding Grounds

Walkways and ramps
less than 10 feet wide

0.5 W/linear foot

0.5 W/linear foot

0.6 W/linear foot

0.7 W/linear foot

Walkways and ramps
10 feet wide or greater,

i 0.10 W/ft2 0.10 W/ft2 0.11 W/it* 0.14 W/if2
plaza areas special
feature areas
Dining areas (.65 W/ft2 0.65 W/Tt? 0.75 W/fit? 0.95 W/ft?
Stairways 0.6 W/ 0.7 W/ 0.7 W2 0.7 W/ft2
Padestrian tunnels 0.12 W/t 0.12 W/ft? 0.14 w/it? 0.21 W/
Landscaping 0.03 w/ft? 0.04 W/ft? 0.04 W/it? 0.04 Wit

Building Entrances and Exits

Pedestrian and vehicular
entrances and exits

12.6 W/linear foot
of opening width

12.6 W/linear foot
of opening width

20 W/linear foot
of opening width

20 W/linear foot
of opening width

vehicle sales lots)

Entry canopies 0.20 W/ft2 0.25 W/fi? 0.4 W/ft? 0.4 W/t
Laading docks 0.35 W/ft? 0.35 W/ft? £.35 W/ft? 0.35 w/fi?
Sales Canopies
Frée- .
rée-standing and 0.40 W2 0.40 W/f2 0.6 W/ft2 0.7 W/t
attached
Outdoor Sales
Open areas (Including 0.20 W/fE2 0.20 W/ 0.35 W/ft2 0.50 W/f2

Street frontage for
vehicle sales lots in
addition to "open area”

allowance

Mo allowance

7 W{linear foot

7 W/linear foot

21 W/linear foot

For 8I; 1 foot =304.8 mm, 1 watt per squarc foot = 1 W/0.0929 m?,

W = walts
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1.24 Addition of New Section C405.8.1.1
Power conversion system

€405.8.1.1 Power conversion system. New traction elevators with a rise of 75 feet or more in new

buildings shall have a power conversion system that complies with Sections 405.8.1.1.1 through

405.8.1.1.3.

€405.8.1.1.1 Motor, Induction motors with a Class IE2 efficiency ratingé, as defined by IECEN
60034-30, or alternative technologies, such as permanent magnet synchronous motors that
have equal or better efficiency, shall be used.

€405.8.1.1.2 Transmission. Transmissions shall not reduce the efficiency of the combined
motor/transmission below that shown for the Class IE2 motor for elevators with capacities
below 4,000 lbs. Gearless machines shail be assumed to have a 100 percent transmission

efficiency.

€405.8.1.1.3 Drive. Potential energy released during motion shall be recovered with a
regenerative drive that supplies electrical energy to the building electrical system.

1.25 Addition of New Section C405.9
Commercial Kitchen Equipment

€405.9 Commercial Kitchen Equipment. Commercial kitchen equipment shall comply with the minimum
efficiency requirements of Tables C405.9(1) through table C405.9(5).

Table €405.9(1)

Minimum Efficiency Requirements: Commercial Fryers

Heavy-Load Coaking Energy Idle Energy Rate Test Procedure
Efficiency

Standard Cpen Deep- 2 50% £ 9,000 Btu/hr
Fat Gas Fryers

- Y ASTM Standard F1361-17
Standard Open Deep- =z 83% < BOO watts
Fat Electric Fryers
Large Vat Open Deep- z 50% < 12,000 Btu/hr
Fat Gas Fryers

Y ASTM Standard F2144-17

Large Vat Open Deep- = 80% < 1,100 watts

Fat Electric Fryers
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Table C405.9(2)

Minimum Efficiency Requirements: Commercial Hot Food Holding Cabinets

Praduct interior Volume {Cubic

Maximum Idle Energy Consumption

Test Procedure

Feet) Rate (Watts)
0<v<13 <215V
135V <28 £2.0V+2540 ASTM Standard F2140-11
28V <3.8V+2035
Table £405.9(3)
Minimum Efficiency Requirements: Commercial Steam Cookers
Fuel Type Pan Capacity Coolking Energy Idle Rate Test Procedure
Efficiency®
3-pan 50% 400 watts
. 4-pan 50% 530 watts
Electric Steam s-gan 50% 670 watts
6-pan and larger 50% 800 watts ASTM Standard
3-pan 38% 6,250 Btu/h F1484-18
4-pan 38% 8,350 Btu/h
Gas Steam B-Ean 38% 10,400 Btu{r‘h
6-pan and larger 38% 12,500 Btu/h
a. Cooking Energy Efficiency is based on heavy load (potato) cooking capacity
Table €405.9{4)
Minimum Efficiency Requirements: Commercial Dishwashers
Machine Type High Temp Efficiency Requirements | Low Temp Efficiency Requirements Test
Idle Energy Water Idle Energy Water Procedure
Rate® Consumption® Rate® Consumption®
Under Counter <0.50 kw < 0.86 GPR £0.50 kW £1.19 GPR
Stationary Single £0.70 kw £ 0.89 GPR £ 0.60 kW <118 GPR
Tank Door
Pot, Pan, and < 1.20 kw < 0.58 GPSF < 1.00 kw < 0.58 GPSF ASTM
Utensit Standard
Single Tank < 150 kw/ % 0.70 GPR < 1.50 kw £ 0.79 GPR F1696-18
Conveyor
Multiple Tank <225 kw £0.54 GPR < 2.00 kW <054 GPR ASTM
Conveyor Standard
Single Tank Reported GPH £2.975x + Reported GPH £ 2.975x + F1920-15
Flight Type 55.00 55.00
Multiple Tank Reported GPH £ 496x + Reported GPH = 4.56x +
Flight Type 17.00 17.00

a.  Idle results shall be measured with the door closed and represent the total idle energy consumed by the machine including
all tank heater{s} and controls. Booster heater (internal or axternal) energy consumption should not be part of this
measurement unless it cannot be separately monitored per US EPA Energy Star Commercial Dishwasher Specification

Version 2.0,

b. GPR = gallons per rack; GPSF = gallons per square foot of rack; GPH = gallons per hour; x = sf of conveyor belt (i.e.,
WXL} /min {maximum conveyor speed).
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Tahle C405.9(5)

Minimum Efficiency Requirements: Commercial Qvens

Fuel Type Classification Idle Rate Cooking-Energy Test Procedure
Efficiency, %
Convection Ovens
Gas Full-Size 12,000 Btu/h 2 4p
Electric Half-Size < 1.0 Btu/h .71 ASTM F1496 - 13
Full-Size < 1.60 Btu/h
Combination Ovens
Gas Steam Mode < 200P?+6,511 Btu/h =41
Convection Mode < 150P*+5,425 Btu/h =56
ASTM F2861 - 17
Electric Steam Modea < 0.133P2+0.6400 kW =55
Convection Mode < 0.080P*+0.4989 kW z76
Rack Ovens
Single < 25,000 Btu/h > 48
Gas Double < 30,000 Btu/h >52 ASTM F2093 -18

a. P =Pan Capacity: The number of steam table pans the combination cven is able to accommodate as per the

ASTM F — 1495 — 05 standard specification.

1.26 Addition of New Section C405.10
Electric Vehicle Charging Station Capable

C405.10 Electric vehicle charging station capable, New parking garages and new parking lots powered
by the energy services for a building, and with 10 or greater parking spaces, shall provide either:

1. Panel capacity and conduit for the future installation of minimum 208/240V 40-amp outlets for

5 percent of the total parking spaces and not less than two parking spaces; or

2. Minimum 208/240V 40-amp outlets for 5 percent of the total parking spaces and not less than
two parking spaces.

1.27 Addition of New Section C405.11
Solar-Ready Zone

€405.11 Sotar-ready zone (Mandatory). New buildings shall comply with the provisions of Appendix CA.
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1.28 Addition of Section C405.12
Whole Building Energy Monitoring

€405.12 Whole building energy monitoring. Measurement devices shall be installed in new buildings to
individually monitor energy use of each of the following types of energy supplied by a utility, energy
provider, or plant that is not within the building:

Natural gas
Fuel oil
Propane
Steam
Chilled Water
Hot Water

S o

Exceptions:;

1. Buildings less than 25,000 square feet (2,325 m?).
2. Group R buildings with less than 10,000 square feet of common area (930 m?).
3. Fuei use for on-site emergency equipment.

1.29 Addition of Section C405.13
Whole Building Electrical Monitoring

€405.13 Whole building electrical monitoring. Each new building shall have a measurement device
capable of recording electrical energy use every 60 minutes and the capability fo report use on an
hourly, daily, monthly, and annual basis. The measurement device shall be capable of retaining the
recorded data for 36 months.

Exceptions:

1. Buildings less than 25,000 square feet (2,325 m?).
2. Group R buildings with less than 10,000 square feet of common area {930 m?).
3. Fuel use for on-site emergency equipment,

1.30 Replacement of Section C406.1
Requirements

C406.1 Requirements. Buildings shall comply with at least one of the following Sections.

More efficient HVAC equipment in accordance with Section C406.2.

Reduced lighting power in accordance with Section C406.3.

Enhanced digital lighting controls in accordance with Section C406.4.

Dedicated outdoor air systems with energy recovery ventilaticn in accordance with Section
C406.5.

5. Enhanced envelope performance in accordance with Section C406.6.

6. Reduced air infiltration in accordance with Section C406.7.

P NE

»
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1.37 Amendment to Section C406.1.1
Tenant Spaces

CA06.1.1, Tenant spaces. Tenant spaces shall comply with Section €406.2, C406.3, C406.4 or C406.7.
Alternatively, tenant spaces shall be in compliance with Section C406.5 or C406.6 where the entire
building is in compliance.

Exception: Previously occupied tenant spaces that comply with this code using Section €501.

1.32 Replacement and Renaming of Section C406.5
On-Site Renewable Energy

C406.5 Dedicated outdoor air system, Buildings containing equipment or systems regulated by Section
C403.3.4, C403.4.3, C403.4.4, C403.4.5, C403.6, C403.8.4, C403.8.5, C403.8.5.1, C403.9.1, C403.5.2,
€403.9.3 or C403.9.4 shall be equipped with an independent ventilation system desighed to provide not
less than the minimum 100-percent outdoor air to each individual occupied space, as specified by the
International Mechanical Code. The ventilation system shall be equipped with an energy recovery
system meeting the requirements of Section C403.7.4, without exception {Note: C406.5 cannot be
selected where ERV is prohibited by the international Mechanical Code or otherwise prohibited.) The
HVAC system shall inciude supply-air temperature controls that automatically reset the suppiy-air
temperature in response to representative building loads, or to outdoor air temperatures. The contrels
shall reset the supply-air temperature not less than 25 percent of the difference between the design
supply-air temperature and the design room-air tfemperature.

1.33 Replacement and Renaming of Section C406.6
Dedicated Outdoor Air System

C406.6 Enhanced envelope performance. The thermal performance of the envelope shall demonstrate
a 15 percent improvement compared to the requirements of Section C402.1.5.

1.34 Replacement and Renaming of Section C406.7
Reduced Energy Use in Service Water Heating

€406.7 Reduced air infiltration. Air infiltration shall be verified by whole building pressurization testing
conducted in accordance with Section €402.5.9. The measured air leakage rate of the building envelope
shall not exceed 0.25 cfm/ft? (2.0 L/s x m?) under a pressure differential of 0.3 in. water (75 Pa), with the
calculated surface area being the sum of the above and below grade building envelope. A report that
includes the tested surface area, floor area, air by volume, stories above grade, and leakage rates shall
be submitted to the code official and the building owner.

Exception: For buildings with more than 250,000 square feet (25 000 m?} of conditioned floor
area, air leakage testing need not be conducted on the whole building where testing is conducted
on representative above-grade sections of the building. Tested areas shall total not less than 25
percent of the conditioned floor area and shall be tested in accordance with this section.
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1.35 Replacement of Section C407
Total Building Performance

Section C407
Total Building Performance

C407.1 Scope. This section establishes criteria for compliance using total building performance.
Buildings following the total building performance path must comply with ASHRAE 90.1-2016 (as
amended), demonstrating compliance under Section 11 or Appendix G of such standard.

1.36 Amendments to Section C408.2
Mechanical Systems and Service Water-Heating Systems Commissioning and
Completion Requirements

C408.2 Mechanical, renewable energy, and service water heating systems commissioning and
completion requirements. This section is required when one of the following conditions is met:

1. The building is not less than 25,000 square feet {2,325 m?).

2. The total mechanical equipment capacity being installed is greater than 480,000 Btu/h {140.7

kW) cooling capacity.

3. The combined service water-heating and space-heating capacity is greater than 600,000 Btu/h

{175.8 kw).

Prior to passing the final mechanical and plumbing inspections, the registered design professional or

approved agency shall provide evidence of systems commissioning and completion in accordance with

the provisions of this section.

Construction document notes shall clearly indicate provisions for commissioning and completion

requirements in accordance with this section and are permitted to refer to specifications for further
requirements. Copies of all documentation shall be given to the owner or owner’s authorized agent and
made available o the code official upon request in accordance with Sections C408.2.4 and C408.2.5.

Mechanical systems, renewable energy, and service water heating systems shall include, at a minimum,

the following systems (mechanical and/or passive) and associated controls:

1. Heating, cooling, air handling and distribution, ventilation, and exhaust systems, and their
related air quality monitoring systems,
2. Air, water, and other energy recovery systems.

3. Manual or autematic controis, whether local or remote, on energy using systems including but
not limited to temperature controls, setback sequences, and occupancy-based control, including

energy management functions of the building management system.

4. Plumbhing, including insulation of piping and associated valves, domestic and process water

pumping, and mixing systems.
5. Mechanical heating systems and service water heating systems.
6. Refrigeration systems.
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7. Renewable energy and energy storage systems where installed generating capacity is not less
than 25kWw,

8. Other systems, equipment and components that are used for heating, cooling or ventilation, and
affect energy use.

C408.2.1 Commissioning Plan is unchanged,

1.37 Amendments to Section C408.2.2
Systems Adjusting and Balancing

C408.2.2 Systems adjusting and baiancing. HVAC systems shall be balanced in accordance with
ANSI/ASHRAE 111, “Testing, Adjusting, and Balancing of Buiiding HVAC Systems” or other approved
engineering standards.

€408.2.2.1 Air systems balancing is unchanged.

C408.2.2.2 Hydronic systems balancing is unchanged.

1.38 Addition of New Section C408 4
Air Barrier Commissioning

C408.4 Air barrier commissioning. Priof to passing final inspection, the registered design professional or
approved agent shall provide evidence of air barrier commissioning and substantial completion in
accordance with the provisions of sections C408.4,1 through C408.4.3.

C408.4.1 Documentation. Construction documents shall include documentation of the
continuous air barrier components included in the design and a field inspection checklist that
includes all requirements necessary for maintaining air barrier continuity and durability in
accordance with Section C402.5.1.

€408.4.2 Field inspections. Reports from field inspections during project construction showing
compliance with continuous air barrier requirements including proper material handling and
storage, use of approved materials and material substitutes, proper material and surface
preparation, and air barrier continuity shall be provided to the owner and, upon request, to the
code official. Air barrier continuity shall be determined by testing or inspecting each type of
unique air barrier joint or seam in the building envelope for continuity and defects.
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€408.4.3 Report. A final commissioning report indicating compliance with the continuous air
barrier requirements shall be provided to the building owner and, upon request, to the code
official.

1.39 Addition of New Section C502.2.3.1
Commissioning '

€502.2.3.1 Commissioning. New heating, cooling, and duct system compenents that are part of the
addition and the controls that serve them shall comply with Sections C408.2.2, C408.2.3 and C408.2.5.

Exception: Mechanical systems in additions where the total mechanical equipment capacity of
the building is less than 480,000 Btu/h (140.7 kW) cooling capacity and 600,000 Btu/h (175.8 kW)
combined service water heating and space heating capacity.

1.40 Addition of New Section C502.2.4.1
Commissioning

€502.2.4.1 Commissioning. New service hot water system components that are part of the addition and
the controls that serve them shall comply with Sections C408.2.2, C408.2.3, and C408.2.5.

Exception: Service hot water systems in additions where the combined service water heating and
space heating capacity of the building is less than 600,000 Btu/h (175.8 kw}.

1.41 Addition of New Section C502.3
Air Barriers

€502.3 Air barriers. The thermal envelope of additions shall comply with Sections C402.5.1 through
C402.5.8.

1.42 Addition of New Section C503.3.4
Air Barriers

€503.3.4 Air barriers. The thermal envelope of alterations shall comply with Sections €402.5.1 through
C402.5.8.

1.43 Addition of New Section C503.4.2
Commissioning

€503.4.2 Commissioning. New heating, cooling and duct system components that are part of the
aiteration and the controls that serve them shall comply with Sections C408.2.2, C408.2.3, and C408.2.5.

Exceptions: Mechanical systems in alterations where the total mechanical equipment capacity of
the building is less than 480,000 Btu/h (140.7 kw) cooling capacity and 600,000 Btu/h {175.8 kW)
combined service water heating and space heating capacity.
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1.44 Addition of New Section C503.5.1
Commissioning

€503.5.1 Commissioning. New service hot water system components that are part of the alteration and
the controls that serve them shall comply with Sections C408.2.2, C408.2.3, and C408.2.5.

Exception: Service hot water systems in alterations where the combined service water heating
and space heating capacity of the building_is less than 600,000 Btu/h {175.8 kW),
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1.45 Addition of New Appendix CB
Rated R-value of Insulation—Commercial

Appendix CB
Rated R-Value of Insulation — Commercial

The provisions contained in this appendix are not mandatory unless specifically referenced in the
adopting ordinance.

Section CB101
Scope

CB101.1 General. These provisions shall be applicable for new construction where an Insulation R-value
based method is required.

Section CB102
Insulation Component R-Value-Based Method

CB102.1 General. The opaque portions of the building thermal envelope shall comply with the specific
insulation requirements of Section C402.2 and the thermal requirements of the R-value-based method
of Section CB102.2.

CB102.2 Insulation compenent R-value-based method. Building thermal envelope opaque assemblies
shall comply with the requirements of Sections C402.2 and C402.4 based on the climate zone specified
in Chapter 3. For opaque pertions of the building thermal envelope intended to comply on an insulation
component R-vaiue basis, the R-values for insulation shall be not less than that specified in Table
CB102.2. Commercial buildings or portions of commercial buildings enclosing Group R occupancies shall
use the R values from the “Group R” column of Table CB102.2. Commercial buildings or portions of
commercial buildings enclosing occupancies other than Group R shall use the R-values from the “All
other” column of Table CB102.2.

Table CB102.2

Opaque Thermal Envelope Insulation Component Minimum Requirements, R-Value Method® "

4 EXCEPT MARINE 5 AND MARINE 4 6
CLIMATE ZONE
All other | Group R All other | GroupR All other Group R
Roofs
Insulation Entirely above | R-33ci R-33ci R-33ci R-33ci R-33ci R-33ci
roof deck
Metal buildings® R-19 + R-19 + R-19 + R-19 + R-30 + R-30 +
R-11 LS R-11 1S R-11 LS R-11 LS R-11 LS R-11 LS
Attic and other R-53 R-53 R-53 R-53 R-53 R-53
Walls, above grada
Mass’ R-11.4ci R-13.3ci R-13.3ci R-15.2cf R-15.2ci R-15.2ci
Metal building R-13 + R-13+ R-13+ R-13+ R-13+ R-13+
R-13ci R-19.5¢i R-19.5¢i R-19.5ci R-19.5¢i R-19.5ci
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Metal framed R-13 + R-13 + R-13 + R-13 + R-13+ R-13+
R-8.5¢i R-8.5¢i R-11cj R-11ci R13.5ci R14.5ci

Wood framed and other | R-13 + R-13 + R-13 + R-13 + R-13 + R-13 +
R-4.5ci R-4.5ci R-9ci R-9¢i R-Sci R-8.5ci
orR-19 + orR-19 + orR-19 + or R-19 + or R-19 + or R-19 +
R-1.5¢] R-1.5ci R-5ci R-5ci R-5ci R-Gci

Walls, below grade
Below-grade wall R-7.5c¢i R-10Cci R-7.5¢i R-10ci R-10¢i R-15ci
Floors
Mass? R-15¢i R-16.7ci R-15ci R-16.7ci R-16.7ci R-18&.7ci
Joist/framing R-30 R-30¢ R-30° R-30® R-38 R-38
Slab-on-grade floors

Unheated slabs R-15 for R-15 for R-15 for R-15 for R-15 for 24” | R-15 for
24" below | 24" below | 24" below | 24” below | below 24" below

Heated slahs® R-20 far R-20 for R-20 for R-20 for R-20 for 48" | R-20 for
48" betow | 48" below | 48" below | 48" below | below +R-5 | 48" below
+ R-5 fuil + R-5 full + R-5 full + R-5 full full slab +R-5 full
slab stab slab slab slab

Opaque doors
Non-Swinging R475  [R475 [Ra7s R-475 | R4.75 R-4.75

For 8I: 1 inch =25.4 mm, | pound per square foot = 4.88 kg/ m?, 1 pound per cubic foot = 16 kg/m’®.
¢i = Continuous insulation, NR = No Requirement, LS = Liner System.

a. Assembly descriptions can be found in ANSI/ASHRAE/IESNA Appendix A.

b, Where using R-value compliance method, a thermal spacer block shall be provided, otherwise use tha U-factor compliance

method in Table C402.1.4.

¢.  Where heated slahs are below grade, below-grade walls shall comply with the exterior insulation requirements for heated

slabs.

@ o oo

extend below the bottom of the slah.

Steel floor joist systems shall be insulated to R-38.

h. Notapplicable to garage doors. See Table £402.1.4.
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1.46 Addition of New Appendix CC
Additional Power Distribution System Packages—Commercial

Appendix CC
Additional power distribution system packages - Commercial

The provisions contained in this appendix are not mandatory uniess specifically referenced in the
adopting ordinance.

Section CC101
Scope

€C101.1 General. These provisions shall be applicable for new construction where additional power
distribution system packages are required.

Section CC102
Additional Power Distribution System Packages

CC102.1 General (Mandatory). New buildings shall comply with at least one of the following:

Additional on-site renewable energy in accordance with Section CC102.2.
Electrical energy monitoring in accordance with Section CC102.3.
Interoperable automated demand-response {AutoDR) infrastructure in accordance with Section
CC102.4,
4. Electric vehicle charging stations in accordance with Section CC102.5,
5. Automatic receptacle controls in accordance with CC102.6.

CC102.2 On-site renewable energy. The total minimum rating of on-site renewable energy systems shall
be one of the following: '

1. Not fess than 1.71 Btu/hr/ft? (5.4 w/m?) or 0.50 w/ft> of conditioned floor area.
2. Not iess than 3 percent of energy use within the building for mechanical, service hot water
heating, and lighting regulated in Chapter 4 [CE].

€C102.3 Electrical energy monitoring. Buildings shall comply with Sections CC102.3.1 through
£C102.3.4, Buildings shall be equipped to measure, monitor, record, and report electricity consumption
data for each end-use category listed in Takle CC102.3.1. For buildings with tenants, the end-uses in
Table CC102.3.1 shall be separately monitored for the total building load and {excluding shared systems)
for each individual tenant.

Exception:

1. Upto 10 percent of the load for each of the end uses shall be allowed o be from other
electrical loads.

2. Individual tenant spaces that have their own utility services and meters and have less
than 5,000 square feet {465 m?} of conditioned floor area.
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€C102.3.1 End-use metering categories. Meters or other approved measurement devices shail
be provided to collect energy use data for each end-use category specified in Table CC102.3.1.
These meters shall have the capability to collect energy consumption data for the whole building
or for each separately metered portion of the building. Where multiple meters are used to
measure any end-use category, the data acquisition system shall total all the energy used by
that category. Not more than 5 percent of the measured load for each end-use category
specified in Table CC102.3.1 shall be from a load not within that category.

TABLE €C102,3.1
ENERGY USE CATEGORIES

LOAD CATEGCRY
HVAC systems

Interior lighting

Exterior lighting

Receptacle circuits

Total electrical energy

€C102.3.2 Meters. Meters and other measurement devices required by this Section shall he
configured to automatically communicate energy consumption data to the data acquisition
system required by Secticn CC102.3.3. Source meters shall be any digital-type meter. Lighting,
HVAC, and other building systems that can moniter their energy consumption shall not require
meters. Current sensors are an alternative to meters, provided they have a tested accuracy of
+/-2 percent. Required metering systems and eguipment shall be able to provide not less than
hourly data that is fully integrated into the data acquisition system and produce a graphical
energy repert in accordance with Sections CC102.3.3 and CC102.3.4.

€C102.3.3 Data acquisition systems. A data acquisition system shall have the capabiity to store
data from the required meters and other sensing devices for not less than 36 months. The data
acquisition system shall be able to store real-time energy consumption data and provide hourly,
daily, monthly, and yearly logged data for each end-use category required by Table CC102.3.1.

€C102.3.4 Graphical energy report. A permanent reporting mechanism shall be provided in the
building that can be accessed by building operation and management personnel. The reporting
mechanism shall be able to graphically provide the energy consumption data for each end-use
category required by Table CC102.3.1 for hot less than every hour, day, month and year for the
previous 36 months.

CC102.4 Interoperable automated demand-response {AutoDR) infrastructure. The building controls
shall be designed with automated demand-response {Auto-DR) infrastructure capable of receiving
demand-response requests from the utility, electrical system operator, or third-party DR program
provider, and of automatically implementing load adjustments to the HVAC and lighting-systems.

Buildings shall comply with the foilowing:
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HVAC systems shall be programmed to allow automatic centralized demand reduction in
response to a signal from a centralized contact or software point.

HVAC equipment with variable speed control shall be programmed to allow automatic
adjustment of the maximum speed of the equipment.

Lighting systems with central control shall be programmed to allow automatic reduction of total
connected lighting power.

CC102.5 Electric vehicle charging stations. Not less than two electric vehicle charging stations at
minimum 208/240V 40 amp shall be provided on the building site.

€C102.6 Automatic receptacle controls. The following receptacles shall be automatically controlled in
accordance with Section CC102.6.1:

1.

At least 50 percent of all 125 V, 15- and 20-amp receptacles in all private offices, conference
rooms, rooms used primarily for printing and/or copying functions, break rooms, classrooms,
and individual workstations.

At least 25 percent of branch circuit feeders installed for modular furniture not shown on the
construction documents.

All controlled receptacles shall be permanently marked to visually differentiate them from uncontrolled
receptacles and are to be uniformly distributed throughout the space. Plug-in devices shall not be used
to comply with Section CC102.6.1.

Exceptions:

1. Rece'ptacies specifically designated for equipment intended for continuous operation (24
hours/day, 365 days/year}.
2. Spaces where an automatic shutoff would endanger occupant safety or security.

CC102.6.1 Automatic receptacle control function. Automatic receptacle controls shall comply with
one of the following:

1. Automatically turn receptacles off at specific programmed times, and the occupant shall be
able to manually override the contral device for up to two hours. An independent program
schedule shall be provided for controlled areas of not more than 5000 square feef and not
maore than one floor.

2. Be an occupant senser to automatically turn receptacles off within 20 minutes of all
occupants leaving a space.

3. Be an automated signal from another contral or alarm system to automatically turn
receptacles off within 20 minutes of all occupants leaving a space.
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PART 2
2 Amendments to ASHRAE 90.1-2016

2.1 Addition to Section 3.2
Definitions

Baseline building source energy: the annual source energy use in units of 8TU for a building design
intended for use as a baseline for rating above-standard design or when using the performance rating
method as an alternative path for minimum standard compliance in accordance with Section 4.2.1.1.

On-site electricity generation systems: systems located at the building site that generate electricity,
including but not limited to generators, combined heat and power systems, fuel cells, and on-site
renewable energy systems.

Proposed building source energy: the annual source energy use in units of BTU for a proposed design.
Site Energy: The amount of fuel that is consumed on-site to operate a building.

Source Energy: the total amount of primary fuel that is required to operate a building incorporating
transmission, delivery, and production losses. Source Energy is calculated by multiplying site energy of
each fuel type by the conversion factors in Table 4.2.1.2.

2.2 Amendmenfs to Section 4.2.1.1
New Buildings

4.2.1.1 New Buildings
New buildings shall comply with either the provisions of

a. Section 5, “Building Envelope”; Section 6, “Heating, Ventilating, and Air Conditioning”; Section 7,
“Service Water Heating”; Section 8, “Power”; Section 9, “Lighting”; and Section 10, “Other
Equipment,” or

b. Section 11, “Energy Cost Budget Method,”, or

c. Appendix G, “Performance Rating Method", using one of the following methods:

1. Performance Cost Index Method. When using Appendix G, the Performance Cost Index {PCI}
shall be less than or equal to the Performance Cost Index Target (PCIt} when calculated in
accordance with the following:

PClt = [BBUEC + (BPFcos x BBREC)]/BBP

Where
PCl = Performance Cost Index calculated in accordance with Section G1.2.

BBUEC = Baseline Building Unregulated Energy Cost, the portion of the annual energy
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cost of a Baseline building design that is due to unregulated energy use.

BBREC = Baseline Building Regulated Energy Cbst, the portion of the annual energy cost
of a Baseline building design that is due to regulated energy use.

BPFwst = Building Performance Factor from Table 4.2.1.1. For building area types not
listed in Table 4.2.1.1 use “All others.” Where a building has multiple building
area types, the required BPF.: shall be equal to the area-weighted average of
the building area types.

BBP = Baseline Buifding Performance.

Regulated energy cost shall be calcuiated by multiplying the total energy cost by the
ratio of reguiated energy use to total energy use for each fuef type. Unregulated energy
cost shall be calculated by subtracting regulated energy cost from total energy cost.

2. Performance Source Energy Index Method. When using Appendix G, the Performance
Source Energy \ndex (PSEl} shall be less than or equal to the Performance Source Energy
Index Targat (PSEIt) when calculated in accordance with the fellowing:

PSElt = [BBUSE + {BPFsouce X BBRSE)]/BBSE

Where
PSEI = Performance Source Energy Index calculated in accordance with Section
G1.2

BBUSE = Baseline building unregulated source energy use in units of BTU, the portion of
the annual site energy of a baseline building design that is due to unregulated
energy use multiplied by the site to source conversion ratios in Table 4.2.1.2 for
each fuel type.

BBRSE = Baseline building regulated source energy use in units of BTU, the portion of
the annual site energy of a baseline building design that is due to regulated
energy use multiplied by the site to source conversion ratios in Table 4.2.1.2 for
each fuel type.

BPFsource = Building Performance Factor from Table 4.2.1.3. For building area types not
listed in Table 4.2.1.3 use “All others.” Where a building has multiple building
area types, the required BPFsource shall be equal to the area-weighted average
of the building area types.

BBSE = Baseline building source energy.
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2.3 Replacement of Table 4.2.1.1
Building Performance Factor
Table 4.2.1.1 Building Performance Factor {Cost) {BPF os}

Building Area Type 4A SA BA
Office 54 54 55

Retail A5 42 .44

School 45 A6 46
Hotal/motel .62 .56 .56
Multifamily .67 .67 .64
Heaithcare/hospital 54 54 51
Restaurant 56 .55 55
Warehouse 42 42 46

All others .53 .52 52

2.4 Addition of Table 4.2.1.2
Site fo Source Energy Conversion Ratios
Table 4.2.1.2 Site to Source Energy Conversion Ratios

Energy Type New York Ratio
Electricity {Grid Purchase} 2.55
Electricity (On-site Renewable Energy Instaliation} 1.00
Matural Gas 1.05
Fuel Qil 1.01
Propane & Liguid Propane 1.01
Steam 1.20
Hot Water 1.20
Chilled Water, Coai, Wood, Other 1.00

2.5 Addition of Table 4.2.1.3
Building Performance Factor (Source} (BPFsource)
Table 4.2.1.3 Building Performance Factor {BPFsource)

Building Area Type 4Aa 5A 6A
Office 55 .55 .56

Retail A5 A2 A3
Schoal A5 45 A5
Hotel/motel .82 .56 54
Multifamily .68 .68 .65
Healthcare/hospital .56 .56 .54
Restaurant .63 .64 .63
Warehouse A4 A6 A9

All cthers .55 .54 .54
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2.6 Addition of New Section 5.2.3
Additional Requirements to Comply with Section 11 and Appendix G

5.2.3 Additional Requirements to Comply with Section 11 and Appendix G
The building envelope in new buildings 50,000 square feet and greater shall comply with either:

1,
2.

Section 5.5, “Prescriptive Building Envelope Option,” or
An envelope performance factor shall be calculated in accordance with 90.1 Appendix C, and

buildings shall comply with one of the following:

iii.

For multifamily, hotel/motel and dormitory building area types, the margin by which the
proposed envelope performance factor exceeds the base envelope performance factor shall
not be greater than 15 percent. For compliance with this requirement, the base enveloge
performance factor shall be calculated using metal framing operable windows. In buildings
with window area accounting for 40 percent or more of the gross wall area, the SHGC of
the vertical fenestration on east and west oriented fagade may be reduced by the following
multiplier to account for the permanent site shading from existing buildings or
infrasiructure.

M west = 0.18 + 0.33/WWR

M gast = 0.35 + 0.26/WWR

Where:

M west = SHGC multiplier for the West facade

M gast = SHGEC multiplier for the East fagade

WWR = the ratio of the proposed vertical fenestration area to the gross wall area

in consistent units.

The multiplier may be applied to the rated SHGC of the vertical fenestration which has at
least 50 percent of the area located directly opposite of the shading surfaces and no higher
from the street level than the differance between the shading surface height and the
shading surface distance from the facade. Orientation must be determined following Section
5.5.4.5, Fenestration Orientation.

Far all other building area types, the margin by which the proposed envelope performance
factor exceeds the base envelope performance factor shall be not greater than 7 percent.
For compliance with this requirement, the base envelope performance factor shall be
calculated using metal framing fixed windows.

For mixed-use buiidings the margin shall be calculated as the gross wall areg-weighted
average of i and ii.
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2.7 Addition of New Section 5.4.1.1
Continuous Insulation

5.4,1.1 Continuous Insulation

In new construction, structural elements of balcenies and parapets that penetrate the building
enveiope, shall compiy with one of the following:

1. Structural elements penetrating the building thermal envelope shall be insufated with
continuous insulation having a minimum thermal resistance of R-3.

2. Structural elements of penetrations of the building thermal envelope shall incorperate a
minimum R-3 thermal break where the structural element penetrates the building thermal
enveiope.

2.8 Amendments to Section 5.4.3.1.3
Testing, Acceptable Materials, and Assemblies

5.4.3.1.3 Testing, Acceptable Materials, and Assemblies

The building shall comply with whole-building pressurization testing in accordance with Section
5.4.3.1.3(a) or with the continuous air barrier requirements in Section 5.4.3.1.3(b) or 5.4.3.1.3(c}.
New buildings not less than 25,000 square feet and not greater than 50,000 square feet, and tess
than or equal to 75 feet in height, must show compliance through testing in accordance with Section
5.4.3.1.3{a).

The remainder of 5.4.3.1.3 is unchanged.

2.9 Amendments to Section 5.5.3
Opaque Areas

5.5.3 Opague Areas.

For all opague surfaces except doors, compliance shall be demonstrated by one of the following two
methaods:

a. Minimum rated R-value of insulation for the thermal resistance of the added insulation in
framing cavities and continuous insulation only, Specifications listed in Normative Appendix
A for each class of construction shall be used to determine compliance.

b. Maximum U-factor, C-factor, or F-factor for the entire assembly. The values for typical
construction assemblies listed in Normative Appendix A shall be used to determine
compliance.

Exceptions to 5.5.3

1. For assemblies significantly different than those in Appendix A, calculations shall be
performed in accordance with the proceduras required in Appendix A,
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2, For multiple assemblies within a single class of construction for a single space-
conditioning category, compliance shall be shown for either (a) the most restrictive
requirement or {b) an area-weighted average U-factor, C-factor, or F-factor.

3, When the total area of penetrations from mechanical equipment listed in Table 6.8.1-4
exceeds 1 percent of the opaque above-grade wall area, the mechanical equipment
penetration area shall be calculated as a separate wall assembly with a default U-factor
of 0.5, and compliance shall be shown with method b. Where mechanical eguipment
has been tested in accordance with testing standards, approved by the authority having
jurisdiction, the mechanical equipment penetration area may be calculated as a
separate wall assembly with the U-factor as determined by such test.

2.10 Amendments to Section 5.6.1.1
Subsection to 5.6 Building Envelope Trade-Off Option

5.6.1.1

All components of the building envelope shown on architectural drawings or installed in existing
buildings shall be modeled in the proposed design. The simulation program modelfenestrat."oh and
opaque building envelope types and area shall be consistent with the construction documents. Any
building envelope assembly that covers less than 5 percent of the total area of that assembly type
(e.g., exterior walls) need not be separately described, provided it is similar to an assembly being
medeled. If not separately described, the area of a building envelope assembly shall be added to the
area of an assembly of that same type with the same orientation and thermal properties. When the
total area of penetrations from mechanical equipment listed in Table 6.8.1-4 exceeds 1 percent of
the opague above-grade wall area, the mechanical equipment penetration area shall be calculated
as a separate wall assembly with a default U-factor of 0.5.

Exceptionto 5.6.1.1

Where mechanical equipment has been tested in accordance with testing standards
approved by the authority having jurisdiction, the mechanical equipment penetration area
may be calculated as a separate wall assembly with the U-factor as determined by such test.

211 Amendments to Section 6.5.3.1.1
Allowable Fan Horsepower

6.5.3.1.1 Allowable Fan Horsepower.

Each HVAC system having a total fan system motor nameplate horsepower exceeding 5 hp at fan
system design conditions shall not exceed the allowable fan system motor nameplate horsepower
(Option 1) or fan system bhp {Option 2} as shown in Table 6.5.3.1-1. This includes supply fans,
return/relief fans, exhaust fans, and fan-powered terminal units associated with systems providing
heating or cooling capability that operate at fan system design conditions. Single-zone VAV systems
shail comply with the constant-volume fan power limitation.
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Exceptions to 6.5.3.1.1

1. Mospital, vivarium, and laboratory systems that use flow controf devices on exhaust
and/or return to maintain space pressure relationships necessary for occupant health
and safety or environmental contro/ may use variable-volume fan power limitation.

2. Individual exhaust fans with motor namepiate horsepower of 1 hp or less.

Fans supplying air to active chilled beams.

2.12 Amendments to Table 6.5.3.1-1
Fan Power Limitation

Tahkle 6.5.3.1-1 Fan Power Limitation

Limit Constant volume Variable volume
Option 1: Fan system
motor nameplate hp Allowable nameplate motaor hp | hp < CFMs*0.0009 hp < CFMs* .0011
Option 2: Fan system bhp Allowable fan system bhp bhp < CFMs X 0.00088 + A | bhp < CFMs X 0.0010 + A
For5l:1bhp =735.5W, 1 hp=745.5W, 1 cfm = 0.4719 L/S
Where:
CFMs =The maximum design supply airflow rate to conditioned spaces served by the system in cubic feet per minute,
hp = The maximum combined motor nameplate horsepower.
Bhp = The maximum combined fan brake horsepower,
A = Sum of [PD X CFMp/4131]
Where:
PD = Each applicable pressure drop adjustment from Table 6.5.3.1-2 in in. of water
CFMp_=The design airflow through each applicable device from Table 6.5.3.1-2 in cubic feet per minute.

- 2.13 Amendments to Section 6.5.6.1
Exhaust Air Energy Recovery

6.5.6.1 Exhaust Air Energy Recovery,

Each fan system shall have an energy recovery system when the design supply fan airflow rate
exceeds the value listed in Tables 6.5.6.1-1 and 6.5.6.1-2, based on the climate zone and percentage
of outdoor air at design airflow conditions, Table 6.5.6.1-1 shall be used for ail ventifation systems
that operate less than 8,000 hours per year, and Table 6.5.6.1-2 shall be used for all ventilation
systems that operate 8,000 or more hours per year.

Energy recovery systems required by this section shall result in an enthalpy recovery ratio of at
least 50 percent. A 50 percent enthaipy recovery ratio shall mean a change in the enthalpy of the
outdoor air supply equal to 50 percent of the difference between the outdoor air and entering
exhaust air enthalpies at design conditions. Provision shall be made to bypass or controf the energy
recovery system to permit air economizer operation as required by Section 6.5.1.1.

Exceptions

1. Laboratory systermns meeting Section 6.5.7.3.
2. Systems serving spaces that are not cocled and that are heated to less than 60°F.
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3. Where more than 60 percent of the outdoor air heating energy is provided from site-
recovered energy or site-solar energy.
4, Heating energy recovery in Climate Zones 0, 1, and 2.

u

Cooling energy recovery in Climate Zones 3C, 4C, 5B, 5C, 6B, 7, and 8.

6. Where the largest source of air exhausted at a single location at the building exterior is
less than 75 percent of the design ventilation outdoor air flow rate, multiple exhaust
fans or outlets located within a 30-foot radius from the outdoor air supply unit shall be
considered a single exhaust location.

7. Systems requiring dehumidification that employ energy recovery in series with the
cooling coil.

8. Systems expected to operaie less than 20 hours per week at the outdoor air percentage

covered by Table 6.5.6.1-1.

2.14 Addition of New Section 10.4.3.5
Power Conversion System

10.4.3.5 Power Conversion System
New traction elevaters with a rise of 75 feet or more in new buildings shall have a power conversion
system that complies with Sections 10.4.3.5.1 through 10.4.3.5.3.
10.4.3.5.1 Motor

Induction motors with a Class IE2 efficiency ratings, as defined by IEC EN 60034-3C, or
alternative technologies, such as permanent magnet synchronous motors that have
equal or better efficiency, shall be used.

10.4.3.5.2 Transmission

Transmissions shall not reduce the efficiency of the combined moter/transmission for
the Class IE2 motor for elevators with capacities below 4,000 Ibs. Gearless machines
shall be assumed to have a 100 percent transmission efficiency.

10.4.3.5.3 Drive

Potential energy released during motion shall be recovered with a regenerative drive
that supplies electrical energy to the building electrical system.
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2.15 Addition of New Section 10.4.6
Commercial Kitchen Equipment

10.4.6 Commercial Kitchen Equipment

Commercial kitchen equipment shall comply with the minimum efficiency requirements of
Tables 10.4.6-1 through Table 10.4.6-5.

Table 10.4.6-1: Minimum Efficiency Requirements: Commercial Fryers

Heavy-Load Cooking
. Idle Energy Rate Test Procedure
Energy Efficiency

Standard Open Deep-Fat Gas Fryers 250% <£9,000 Btu/hr

ASTM Standard F1361-17
Large Vat Open Deep-Fat Gas Fryers = 50% £ 12,000 Btu/hr
Standard Gpen Deep-Fat Electric Fryers = 83% < 300 watts :

ASTM Standard F2144-17
Large Vat Open Deep-Fat Electric Fryers = 80% £ 1,100 watts

Table 10.4.6-2: Minimum Efficiency Requirements: Commercial Hot Food Holding Cabinets

Product Interior Volume {Cubic Feet) Maximum Idle Energy Consumption Rate Test Procedure
[Watts}

DV <13 £215Y

132V <28 2.0V +254.0 ASTM Standard F2140-11

BV S$3.8V+2035

Table 10.4.6-3: Minimum Efficiency Requirements: Commercial Steam Cookers

Cooking Ener
Fuel Type Pan Capacity . g By Idle Rate Test Procedure
Efficiency?
3-pan 50% 400 watts
4-pan 50% 530 watts
Electric Steam
5-pan S50% 670 watts
6-pan and larger 50% 800 watts ASTM Standard
3-pan 38% . 6,250 Btu/h F1484-18
4-pan 38% 8,350 Btu/h
(Gas Steam
S-pan 38% 10,400 Btu/h
6-pan and larger 38% 12,500 Btu/h

d. Cooking Energy Efficiency is based on heavy load [potato) cooking capacity
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Table 10.4.6-4: Minimum Efficiency Requirements: Commercial Dishwashers

High Temp Efficiency Low Temp Efficiency
. ' Requiraments Requirements
Machine Type Test Procedure
Idle Energy Water Idle Energy Water
Rate? Consumption® Rate? Consumption®
Under Counter € 0.50 kW < 0.86 GPR < 0.50 kw £1.19 GPR
Stationary Single £0.70 kW <£0.89 GPR s 0.60 kw <1.18 GPR
Tank Door
Pot, Pan, and £1.20 kW £ 0.58 GPSF £1.00 kW < 0.58 GPSF
Utensil ASTM Standard
Single Tank £1.50 kW £0.70 GPR £ 150 kW £0.79 GPR F1656-18
Conveyor
Multiple Tank <225 kw < 0.54 GPR <200 kw £0.54 GPR ASTM Standard
Conveyor F1520-15
Single Tank Reporied GPH =2.975x + Reported GPH < 2.975x +
Flight Type 55.00 55.00
Multiple Tank Reported GPH £4.96x + Reported GPH < 4.96x +
Flight Type 17.00 17.00

a. Idle results shall be measured with the door closed and represent the total idle energy consumed by the machine including
all tank heater(s) and controls. Boaster heater {internal or external) energy consumption should not be part of this
measurement unless it cannot be separately monitored per US EPA Energy Star Commercial Dishwasher Specification

Version 2.0

b. GPR = gallons per rack; GPSF = gallons per square foot of rack; GPH = gallons per hour; x = sf of conveyor belt {i.e,,
W*L}/min {maximum conveyor speed).

Table 10.4.6-5: Minimum Efficiency Requirements: Commercial Ovens

Fuel Type Classification Idle Rate Cooking-Energy Test Procedure
Efficiency, %
Convection Ovens
Gas Full-Size £ 12,000 Btu/h =46
. Half-Size < 1.0 Btu/h ASTIM F1496 - 13
Electric - z71
Full-Size < 1.60 Btu/h
Combination Ovens
5 Steam Mode < 200P?+6,511 Btu/h 241
as
Convection Mode £ 150P2+5,425 Btu/h =56
ASTM F2861 - 17
I . Steam Made <0.133P? +0.6400 kW =55
eciric
Canvection Mode < 0.080P% +0.4989 kW =276
Rack Ovens
Singl < 25,000 Btu/h 248
Gas ge / ASTM F2093 - 18
Double < 30,000 Btu/h =52

- 05 standard specification.
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2.16 Addition of New Section 10.4.7
Electric Vehicle Charging Station Capable

10.4.7 Electric vehicle charging station capable.

New parking garages and new parking lots powered by the energy services for a building, and with
10 or more parking spaces, shall provide either:

1. Panel capacity and conduit for the future installation of minimum 208/240V 40-amp outiets
for 5 percent of the total parking spaces and not less than two parking spaces; or

2. Minimum 208/240V 40-amp outlets for 5 percent of the total parking spaces and not less
than two parking spaces.

2.17 Addition of New Section 10.4.8
Solar-Ready Zone

10.4.8 Solar-ready zone (Mandatory)
Comply with the provisions of Appendix CA of 2018 IECC (as amended).

2.18 Amendments to Section 11.2
Compliance

11.2 Compliance.
Compliance with Section 11 will he achieved if

a. All requirements of Sections 5.4, 6.4, 7.4, 8.4, 9.4, and 10.4, and Section C408 and Appendix
CC {if mandated by local ordinance} of the 2018 IECC {as amended) are met;

b. The design energy cost, as calculated in Section 11.5, does not exceed the building energy use
budget, as calculated by the simulation program described in Section 11.4, and

c. The energy efficiency level of components specified in the building design meet or exceed the
efficiency levels used to calculate the design energy cost; and

d. In new buildings 50,000 square feet and greater, an envelope performance factor shall ke
calculated in accordance with 90.1 Appendix C, and buildings shall comply with one of the
following:

i.  For multifamily, hotel/motel and dormitory building area types, the margin by which
the proposed envelope performance factor exceeds the base envelope performance
factor shall not be greater than 15 percent. For compliance with this requirement,
the base envelope performance factor shall be calculated using metal framing
operable windows. In buildings with window area accounting for 40 percent or more
of the wall area, the SHGC of the vertical fenestration on east and west orientad
fagade may be reduced by the following multiplier to account for the permanent
site shading from existing buildings or infrastructure.
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M west = 0.18 + 0.33/WWR

M fase= 0.35 + 0.26/WWR

Where:

M west = SHGC multiplier for the West facade

M East = SHGC multiplier for the East facade

WWR = the ratio of the proposed vertical fenestration area to the gross
wall area in consistent units.

The multiplier may be applied to the rated SHGC of the vertical fenestration which
has at least 50 percent of the area located directly opposite of the shading surfaces
and no higher from the street level than the difference between the shading surface
height and the shading surface distance from the fagade. Orientation must be
determined following Section 5.5.4.5.

For all other buildings area types, the margin by which the proposed envelope
performance factor exceeds the bhase envelope performance factor shall be not
greater than 7 percent. For compliance with this requirement, the base envelope
performance factor shall be calculated using metal framing fixed windows.

Far mixed-use buildings, the margin shall be calculated as the gross wall area-
weighted average of options @ and b.

2.19 Amendments to Section 11.4.3.2
Annual Energy Costs

11.4.3.2 Annual Energy Costs.

The design energy cost and energy cost budget shall be determined using rates for purchased energy
{such as electricity, gas, oil, propane, steam, and chilled water) that are approved by the adopting
autherity. Where on-site renewahbie energy or site-recovered energy is used, the budget building
design shall be based on the energy source used as the backup energy source, or electricity if no
backup energy source has been specified. Where the proposed design inciudes electricity generated
from sources other than on-site renewable energy, the baseline design shall include the same
generation system.
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Itis acceptable to demonstrate compllance using burldmg
rmodels that exclude parts of the exlshng building, prowded
all of the followmg cond|t|ons are met:

a.

2.20 Amendments to Table 11.5.1

Modeling Requirements for Calculating Design Energy Cost and Energy Cost Budget

Tahle 11.5.1 Modelmg Reqmrements for Calculatmg Desrgn Energy Cost and Energy Cost
Proposed Desfgn (Column A) |

B

The slmulatlon maode| of the pmposed design shall be
i -wnslstent with'the’ desrgn documents including g proper

i accountlng of fer.-estratron and opaque envelope types and .

area; lnterlor lighting power and contmls, HVAC systém
‘types, sizes; and r.‘ontrols, and serv:ce woter-heotmg )

o "-_'.systems and controls

- All condrtroned spoces in the proposed desrgn shall he

- simulated as being both heated and cooled, even if no
cooling or heating system is being installed. Temperature
-and humidity control set points and schédules, as well as

temperature controf throttling range, shall be the same for - 1

. pmposed desrgn and baseline building des.fgn

When the Energy Cost Budget Method is apphed to
buildings in which energy-related features have not yet
been designed {e.g., a lighting system), those yet-to-be-
designed features shall be destribed in the proposed design
‘5o that they mi nlmall\lr cemgly with applicable mandatary
and prescriptive requlr‘ements from Sections 5 through 10.
Where the: spoce classification for a bullding is not known,

Energy Cost Budget (ECB}

| The budget building design shall be developed by
" modifyi ng the proposed desfgn as descnbed in this table

: bmldmg systems and equipment shall be modeled

. desrgn

" Budget Building Desrgn (Column B)

Except as speclf‘cally instructed in. th|s table, alk-

ldentically in the: budget buddmg des.‘gn and proposed

the bulldmg shall be categorlzed as an office burldmg

Work to be performed und_er the current permit application
in excluded parts of the building shalf meet the
requirerhents of Sections 5 through 10.

" Excludéd parts of the buiiding are served by HVAC systems
‘that are.entirely separate fram those serving parts of the
building that are included in the building model,
Design space tembereture and HVAC syetem operating set
points and schedules on either side of the boundary
between Included and excluded parts of the bullding are

.. identical.
If a declining block or similar utility rate is being used in the
analysis and the excluded and included parts of the buliding
are on the same utility meter, the rate shall reflect the
utility klock or rate for the building plus the addition.

Same as proposed design.
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Tahle 11.5.1 Madeling Reqmrements for Calculatmg Design Energy Cost and Energy Cost {Contmued}
] Proposed Des;gn {Column A) | Budget Bm!dmg Design (Colu mn BY '
| Design Energy Cast (DEC) ‘ Energy_Cpst Budget {ECB)

The schedule types listed in Section 11.4.1.1(b) shall be Same as proposed design.
required input. The schedulas shall be typical of the
proposed design as determined by the designer and
approved by the authority having jurisdiction. Required
schedules shall be identical for the proposed design and
budget building design.
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Table 11.5.1 Modeling Requirements for Calculating Design Energy Cost and Energy Cost {Continued)
- Proposed Design (Column A) Budget Building Design {Column B}
Design Energy Cost (DEC) : Energy Cost Budget (ECB)
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o eimmrmgrs o eecionozyeeuroe

:Exceptlons lefer nt HVAC Zomm _s may be comblned to create a

Design Energy Cost {DEC)

Lighting power in the proposed design shall be determined as

follows:

a. Where a complete fighting system exists, the actual 'Iighting power
for each thermal block shall be used in the madel.

b. Where a fighting system has been designed, lighting power shall be
determined in accardance with Sections 9.1.3 and 9.1.4.

¢. Where no lighting exists or is specified, lighting power shall be
determined in accordance with the Building Area Methed for the
appropriate building areo type.

d. Lighting system power shall include all fighting system components
shown or provided for on plans (including famps, balffasts, task
fixtures, and furniture-mounted fixtures).

e. The lighting schedules in the proposed design shall reflect the
mandatory gutormetic lighting controf requirements in Sectien 9.4.1
{e.g., programmable controfs or occupancy sensors)

Exception: Automatic daylighting controls required by Section
9.4.1 shall be modeled directly in the proposed design or
through schedule adjusiments determined by a daylighting
analysis approved by the building official..

f. Automatic lighting controls included in the propased design but not
required by Section 9.4.1 may be modeled directly in the building
simulation or be modeled in the building simulation through
schedule adjustments determined by a separate analysis approved
hy the authority having jurisdiction. As an alternative to modeling
such lighting controls, the proposed design lighting power may be
reduced for each fuminaire under control by dividing the rated

lighting power of the luminaire by the factor {1 + ZCF}, where ZCF
indicates the sum of all applicable controf factors {CF) per Section
9.,6.3 and Table 9.6.3.

each

singlé thermal black or:id "'_tical thermal blocks to which
multipllers are appl:_ d pm\rlded_ all of the foilowmg
condmons are met: -

1 The space—use classn'“ ca_ on |s the same thrnughout the therma! _:

- block

2, Al HVACzc'nes in the thermm' block that are adjacent to glazed o _

. extenor walls and glazed semfextenar waﬂs face the same
" grientation or their orlentatlons are wrthln 45 degrees of each
other, -

3. All of the zones are served by the same. HVAC system or bv the
same kind of HVAC system.

Table 11.5.1 Modeling Requirements for Calculating Design Energy Cost and Energy Cost (Continued)
' Preposed Design {Calumn A)

|'Same as propcsed design. K

| Budget Building Design (Column B)
Energy Cost Budget (ECB)

a. Lighting power in the budget building design shall be
determined using the same categorization
procedure (Building Area Method or Space-by-Space
Method} and categories as the proposed design with
lighting power set equat to the maximum allowed
for the corresponding method and category in
Tables C405.3.2(1) and €405.3.2(2). Additional
interior lighting power for nonmandatory controls
allowed under Section 9.6.3 shall not be included in
the budget building design.

b. Power for fixtures not included in the lighting power
calculation shall be modeled identically in the
proposed design and budget building design.

c. Mandatory automatic lighting controfs required by
Section 9.4.1 shall be modeled the same as the
proposed design.
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Table 11.5.1 Modeling Reguirements for Calculating Design Energy Cost and Energy Cost {Continued]}
Proposed Design (Column A) | - Budget Building Design {Column B)
‘Design Energy Cost_(DEC) Energy Cost Budget (ECB}

Where the HVAC zones and systems have not yet been designed, Same as proposed design.
thermal biocks shall be defined based on similar internal load
densities, occupancy, lighting, thermal and space temperature
schedules, and in combination with the following:

a. Separate thermal biocks shall be assumed for [nterior and perimeter
spaces. Imterior spaces shall be those located more than 15 ft fram
an exterior walf or semiexterior wall. Perimeter spaces shall be those
located closer than 15 ft from an exterior wall or semiexterior wall. A
separate thermal zone does not need to be modeled for areas
adjacent to semiexterior walls that separate semiheated space from
conditioned space.

b. Separate thermal hlocks shall be assumed for spaces adjacent ta
glazed exterior wails or giazed semiexterior walls; a separate zone
shall be provided for each orientation, except that orientations that
differ by no more than 45 degrees may be considered to be the same
orientation, Each zone shall include all floor area that is 15 ft or less
from a glazed perimeter wall, except that floor area within 15 ft of
glazed perimeter walls having mare than one orientation shall be
divided proportionately hetween zones.

¢ Separate therma! blocks shall be assumed for spaces having floors
that are in contact with the ground or exposed to ambient conditions
from zones that do not share these features,

d. Separate thermal blocks shall be assumed for spaces having roof
assemblies from zones that do not share these features.
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Tahle 11,5.1 Modeling Requirements for Calculatmg Design Energy Cost and Energv Cost (Contmued}

L Praposed Design {Column A}
| Design Energy Cast (DEC)

d.

The HVAC system type and all related performance parameters,
such as equipment capacities and efficiencies, in the proposed
design shall be determined as follows:

Where a complete HVAC system exists, the model shall reflect the
actual system type using actual component capacities and
efficiencies.

Where an HVAC system has been designed, the HVAC model shall
be caonsistent with design documents. Mechanical equipment
efficiencies shall be adjusted from actual design conditions to the
standard rating conditions specified in Section 6.4.1 if required by
the simulation model, Where efficiency ratings include supply fan
energy, the efficiency rating shail be adjusted to remove the supply
fan energy from the efficiency rating in the budget building design.
The equations in Section 11.5.2 shall not be used in the proposed
design. The praposed design HYAC system shall be modeled using
manufacturers’ full- and part- load data for the HVAC system
without fan power,

Where no heating system exists, or no heating system has been
specified, the heating system shall be modeled as fossif fuel. The
system characteristics shall be identical to the system madeled n
the budget building design.

Where no cooling system exists, or no cooling system has been
specified, the cooling systern shall be modeled as an air-cooled
single-zome system, one unit per thermal biock. The system
characteristics shall be identical to the system modeled in the
budget building design.

. - Budget Building Desrgn {Column B}
| Energy Cost Bnget (ECB}

The HVAC system type and related perfermance
parameters for the budget building design shall be
determined from Figure 11.5.2, the system descriptions in
Table 11.5.2-1 and accompanying notes, and in accord
with rules specified in Section 11.5.2(a) through 11.5.2(k).
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Table 11.5.1 Madeling Requirements for Calculating Design Energy Cost and Energy Cost ."Cont!nued)

: Proposed Design (Column A)
iDes:gn Energy Cost (DEC)-

Receptacle, motor, and process loads shall be modeled and
estimated based on the building areu type or spuce type
category and shall be assumed to be identical in the proposed
and budget building designs. These loads shall be included in
simulations of the buifding and shall be included when
calculating the energy cost budget and design energy cost. All
end-use load compenents within and associated with the
building shall be madeled, unless specifically excluded by
Sections 13 and 14 of Table 11.5.1, including exhaust fans,
parking garage ventilation fans, exterior building lighting,
swimming pool heaters and pumps, elevators and escalators,
refrigeration equipment, and coaking equipment.

Budget Building Des:gn (Co!umn B)
" Energy Cost Biidget (ECB)

Receptacle, motar, and process loads shall be modeled and
estimated based on the building area type or space type
category and shall be assumed to be identical in the
proposed design and budget building design.

These loads shall be included in simulations of the buifding
and shall be included when caleulating the energy cost
budget and design energy cost. All end-use load
components within and associated with the buifding shall
be modeled, unless specifically excluded by Sections 13
and 14 of Table 11.5.1, including exhaust fans, parking
garage ventifation fans, exterior building lighting,
swimming poof heaters and pumps, elevators and
escalators, refrigeration equipment, and cooking
equipment,
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Table 11.5.1 Modeling Requirements for Calculatmg Demgn Energy Cost and Energy Cost {Contmued)
i Proposed DPesign {Column A} o . Budget Building Desrgn (Colu mn B}
- Des:gn Energy Cost (DEC) N - Energy Cost Budget (ECB)

AII elements of the proposed des:gn buitd) _ g en elope, HVAC,
service. water heating, Ilghtmg, and e[ectrlcal systems shall be
modeled in the proposed des.rgn in accordance with the o
reqmrements of Sectionis 1 through 12 ofTable 11.5.1. :
ExceptlonS' Components and systems ln the proposed des.'gn e
. maybe excluded from the s:mulation model provlded that '
B component energy use does not affect the energy use of . -
o systems and components that are hemg conmdered for trade- B I
_ -off and : L e : :
2, _the apphcable prescrlptwe requirements of Sectmns 5 5 6. 5
" 7.5,and éither 9.5 of 9.6 applyi ng 0 l:he excluded
: components are met

If the s:mulot:on program ca nnot model a component or Same as proposed design.
system included in the proposed design, one of the following
methods shall be used with the approval of the autharity
having jurisdiction:

a. Ignore the component if the energy impact on the trade-offs
being considered is not significant.

b. Model the component substituting a thermodynamically similar
component model.

t. Model the HVAC system components or systems using the
budget building design’s HVAC system in accordance with
Section 10 of Table 11.5.1. Whichever method Is selected, the
component shall be modeled identically for both the proposed
design and budget building design.

2.21 Amendments to Section G1.2.1
Mandatory Provisions

(1.2.1 Mandatory Provisions.
This performance rating method requires conformance with the following provisions:

1. All requirements of Sections 5.4, 6.4, 7.4, 8.4, 9.4, 10.4, and Sections C408 and Appendix CC
{if mandated by local ordinance) of the 2018 IECC (as amended) shall be met. These sections
contain the mandatory provisions of the standard and are prerequisites for this rating
method.

2. The interior lighting power shall not exceed the interior lighting power allowance
determined using either Tables G3.7 or G3.8 and the methodology described in Sections
8.5.1 and 9.6.1.
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2.22 Amendments to Section G1.2.2
Performance Rating Calculation

G1.2.2 Performance Rating Calculation.

The performance of the proposed design is calculated by either the provisions of G1.2.2.1
Performance Cost Index or G1.2.2.2 Performance Source Energy Index.

2.23 Addition of New Section G1.2.2.1
Performance Cost Index

G1.2.2.1 Performance Cost Index.

The performance of the proposed design is calculated in accordance with provisions of this
appendix using the following formula:

Performance Cost Index =
Proposed building performance [ Baseline building performance

Both the proposed building performance and the baseline building performance shall include all
end-use load components within and associated with the building when calculating the
Performance Cost Index,

2,24 Addition of New Section G1.2.2.2
Performance Source Energy Index

G1.2.2.2 Performance Source Energy Index.
The performance of the proposed design is calculated in accordance with provisions of this
appendix using the following formula:

Performance Source Energy Index =
Proposed building source energy [ Baseline building source energy

Both the proposed building source energy and the baseline building source energy shall include all
end-use load components within and associated with the building when calculating the
Performance Source Energy Index.

2.25 Amendments fo Section G2.4.1
On-site Renewable Energy and Site-Recovered Energy

G2.4.1 On-site Renewable Energy and Site-Recovered Energy.

Site-recovered energy shall not be considered purchased energy and shall be subtracted from the
‘proposed design energy consumption prior to calculating the proposed building performance. On-
site renewable energy generated by systems included on the building permit used by the building
shall be subtracted from the proposed design energy consumption prior to calculating the
proposed building performance or proposed building source energy. The reduction in proposed
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building performance or proposed building source energy associated with on-site renewable

energy systems shall not exceed 5 percent of the calculated baseline building performance or

baseline building source energy, respectively.

2.26 Amendments to Section G2.4.2
- Annual Energy Costs

(2.4.2 Annual Energy Costs.

The design energy cost and baseline energy cost shall be determined using either actual rates for
purchased energy or State average energy prices published by DOE’s Energy Information
Administration (EIA) for commercial building customers, but rates from different sources may not
be mixed in the same project. Where on-site renewable energy or site-recovered energy is used,
the baseline building design shall be based on the energy source used as the backup energy
source, or the baseline system energy source in that category if no backup energy source has been
specified. Where the propesed design includes electricity generated from sources other than on-
site renewable energy, the baseline design shall include the same generation system.

2.27 Amendments o Table G3.1

Modeling Requirements for Calculating Proposed and Baseline Building Performance

(No. 5 Building Envelope)

Table 3.1 Modeling Requirements for Calculating Proposed and Baseline Building Performance

Proposed Bundlng Performam:e
5. Bua!dngnvefope LI SRS

Baseline Bunldmg Performance

a. All companents of the building enveiope in the proposed
design shall be modeled as shown on architectural
drawings or as built for existing building envelopes.

Exceptions: The following building elements are permitted to
differ from architectural drawings:

1. Alluninsulated assemblies {e.g., projecting balconies,
perimeter edges of intermediate floor stabs, concrete
floor beams aver parking garages, roof parapet) shafl
be separately modeled using either of the following
techniques:

a. Separate model of each of these assemblies
within the energy simulation model,

b. Separate calculation of the U-factor for each of
these assembiies. The U-factors of these
assemblies are then averaged with larger
adjacent surfaces using an area-weighted
average method. This average U-factor is
modeled within the energy simulation model.

Any other building envelope assembly that covers less
than 5% of the total area of that assembly type (e.g.,
exterior wafls) need not be separately described,

Equivalent dimensions shaII be assumed for each building

envefope component type as in the proposed design; i.e.,
the total gross area of walls shall be the same in the
proposed design and baseline building design. The same
shall be true for the areas of roofs, floors, and doors, and
the exposed perimeters of concretes slabs on grode shall
also be the same in the proposed design and baseline
building design. The following additional requirements
shall apply to the modeling of the baseline building
design.

a. Orientation. The baseline building performance shall
be generated by simulating the building with its
actual orientation and again after rotating the entire
building 90, 180, and 270 degrees, then averaging the
results. The building shall be modeled so that it does
not shade itself.

Exceptions:

1. Ifit can be demonstrated to the satisfaction of
the rating authority that the building
orientation is dictated by site considerations.

2. Bufldings where the vertical fenestration area
on each orientation varies by less than 5
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provided that it is similar to an assembly being
modeled. If not separately described, the area of a
building envelope assembly shall be added to the area
of an assembly of that same type with the same
orientation and thermal properties. When the totai
area of penetrations from mechanical equipment
listed in Table 6.8.1-4 exceeds 1% of the cpagque
above-grade wall area, the mechanical equipment
penetration area shall be calculated as a separate wall
assembly with a default U-factor of 0.5. Where
mechanical eguipment has been tested in accordance
with testing standards approved by the authority
having jurisdiction, the mechanical equipment
penetration area may be calculated as a separate wal/
assembiy with the U-factor as determined by such
test.

2. Exterior surfaces whose azimuth arientation and tiit
differ by less than 45 degrees and are otherwise the
same may be described as either a single surface or by
using multipliers.

3. The exterior roof surface shall be modeled using the
aged solar reffectance and thermal emittance
determined in accordance with Section 5.5.3.1.1(a).
Where aged test data are unavailable, the roof surface
may be modeled with a reflectance of 0.30 and a
thermal emittance of 0.90,

4, Manual fenestration shading devices, such as blinds or
shades, shall be modeled or not medeled the same as
in the baseline building design. Automatically
controiled fenestration shades or blinds shall be
modeled. Permanent shading devices, such as fins,
overhangs, and light shelves shall be modeled.

5. Automatically controlled dynamic glazing may be
modeled. Manually controlled dynamic glazing shall
use the average of the minimum and maximum SHGC
and VT.

infittration shall be modeled using the same methodology,

air leakage rate, and adjustments for weather and building

operation in both the proposed design and the basefine
building design. These adjustments shall be made for each
simulation time step and must account for but not be
limited to weather conditions and HVAC system aperation,
including strategies that are |ntended to positively
pressurize the building. The air leakage rate of the building
envelope (l7sea) at a fixed building pressure differential of

0.3 in. of water shall be 0.4 ¢fm/ft2, The air leakage rate of

the building envelope shall be converted to appropriate

units for the simulation program using one of the methods
in Section G3.1.1.4.
Exceptions: When whole-building air leakage testing, in
accordance with ASTM E779, is specified during design and
completed after construction, the proposed design air

percent.

Opaque Assemblies. Opaque assemblies used for
new buildings, existing buildings, or additions shall
conform with assembiies detailed in Appendix A and
shall match the appropriate assembly maximum U-
Jactors in Tables G3.4-1 through G3.4-8:

* Roofs—-Insulation entirely above deck (A2.2).
s Above-grade walls--Steel-framed (A3.3).

»  Below-grade walfs--Concreta block {A4).

*  Floors--Steel-joist (A5.3),

s Stab-on-grade floors shall match the F-factor for
unheated slabs from the same tables {A6).

*  Opaque door types shall be of the same type of
constructions as the proposed design and
conform to the U-factor requirements from the
same tables {A7).

Vertical Fenestration Areas. For building area types
included n Table G3.1.1-1, vertical fenestration areas
for new buildings and additions shall equal that in
Table G3.1,1-1 based on the area of gross above-
grade walls that separate conditioned spaces and
semiheated spaces from the exterior. Where a
building has multiple building area types, each type
shall use the values in the tabie. The vertica!
fenestration shall be distributed on each face of the
building in the same proportion as in the proposed
design. For building areas not shown in Table G3.1.1-
1, vertical fenestration area for new buildings and
additions shall equal that in the proposed design or
40% of gross agbove-grade walf area, whichever is
smailer, and shall be distributed on each face of the
bufiding in the same proportions in the proposed
design. The fenestration areo for an existing building
shall equal the existing fenestration area prior to the
proposed work and shall be distributed on each face
of the building in the same proportions as the
existing building. For portions of those tabies where
there ara no SHGC requirements, the SHGC shalf be
equal to that determined in accordance with Section
C3.6{c).

Vertical Fenestration Assemblies. Fenestration for
new buildings, existing buildings, and additions shall
comply with the following:

s Fenestration U-factors shall match the
appropriate requirements in Tables G3.4-1
through G3.4-8 for the applicable glazing
percentage for Uan.

e Fenestration SHGCs shall match the appropriate

requirements in Tables G3.4-1 through G3.4-8
using the \_fa[ue for SHG e far the applicabie
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leakage rate of the buifding envelope shall be as measured.

vertical glazing percentage.

+ Al vertical fenestration shall be assumed to be
flush with the exterior wall, and no shading
projecticns shall be modeled.

s Manual window shading devices such as blinds
or shades are not required to be modeled.

Skylights and Glazed Smoke Vents. Skylight area
shall be equal fo that in the proposed design or #%,
whichever is sialler. if the skylight area of the
proposed design is greater than 3%, baseline skylight
area shall be decreased by an identical percentage in
all roof components in which skylfights are located to
reach 3%. Skylight orientation and tilt shall be the
same as in the proposed design, Skylight U-factar and
SHGC properties shall match the appropriate
requirements in Tables G3.4-1 through G3.4-8 using
the vaiue and the applicable skylight percentage.
Roof Solar Reflectance and Thermal Emittance. The
exterior roof surfaces shall be modeled using a sofar
reflectance of 0.30 and a thermal emittance of 0.90.
Roof Albedo. All roof surfaces shall be modeled with
a reflectivity of 0.30.
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PART 3

3 Amendments to 2018 International Energy Conservation
Construction Code Residential Provisions

3.1 Amendments to Section 401.2

R401.2 Compliance. Projects shall comply with one of the following:

The provisions of Sections R401 through R404.
The provisions of Sections R401 through R404 and the provisions of Section R408 (passive
house}.

3. The provisions of Section R406 (ERI).
For Group R-2, Group R-3 and Group R-4 buildings, the provisions of Section R405 {simulated
performance) and the provisions of Sections R401 through R404 labeled “Mandatory.” The
building energy cost shall be equal to or less than 80 percent of the standard reference design
building.

3.2 Amendments to Table R402.1.2
Insulation and fenestration requirements by component

Table R402.1.2
Insulation and Fenestration Requirements by Component?

Climate | Fenestration | Skylight Glazed Ceiling Wood Mass Floor | Basement Slab’ Crawl
.Zone U-factor® U-factor" | fenestration | R-Value Frame wall R- wall® R-Value Space
SHGCh Wallb= R-Value | Value R-Value and Wall®
R-Value Depth R-Value
4 Q.27 0.50 0.4 29 2lint. or 15/20 30e 15/19 10,4 ft 15/18
2045 or
13+10
5 0.27 0.50 NR 49 2lint. or 15/20 30e 15/19 10,4 ft 15/18
2045 or
13+10
6 0.27 0.50 NR 49 2045 or 15/20 308 15/19 10,4 ft 15/19
13+10

MR = Mot Reguired
Far 5i: 1 foot = 304.8 mm.

a.

R-values are minimums. U-factors and SHGC are maximums. Where insulation is installed in a cavity that is less than the label ar design
thickness of the insulation, the installed R-value of the insulation shall be not less than the R-value specified in the table.

Int. (fntermediate framings) denotes standard framing 16 inches on center. Haaders shall be insulated with a minimum of R-10 insulation,

The first value is cavity insulation, the second value is continuous insulation. Therefore, as an exarmple, “13+10" means R-13 cavity insulation
plus R-10 continuous insufation.

Mass wails shall be in accordance with Section R402.2.5. The second R-value applias when maore than half the insulation is on the interfor of the
mass wall.

15/19 means R-15 cantinueus insulation on the interior or exterior of the home or R-19 cavity insulation at the interigr of the basement wall.
R-10 continuous insulation shall be provided under the full slab area of a heated slab in addition to the required slab edge insulation R-value for
slabs as indicated in the table. The slab edge insulation for heated slabs shall not be required to extend below the siab.

Alternatively, insulation sufficient to fill the framing cavity and praviding not less than an R-value of R-19.

The fenestration U-factor calumn excludes skylights. The SHGC column applies to all glazed fenestration,
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3.3 Amendments to Table R402.1.4
Equivalent U-factors

Table R402.1.4

Equivalent U-factors®

Climate Fenestration Skylight Ceiling U- | Frame Wall | Mass Wall | Floor Basement Crawl Space
Zone U-factor U-factor factor U-factor U-factor® U- wall U- Wall U-
factor factor factor
4 0.27 0.50 0.026 0.045 0.056 0.033 0.050 0.042
5 0.27 0.50 0.026 0.045 0.056 0.033 0.050 0.042
] 0.27 0.50 0.026 0.045 0.056 0.033 0.050 0.042

a. Nonfenestration U-factors shall be abtained from measurement, calculation or an approved source.
I b, Mass wall shall be in accordance with Section R402.2.5. Where more than half the insulation is on the interiar, the mass wall U-factor shall

* not exceed (1.056,

3.4  Amendments to Section R402.2.2
Ceilings without attic spaces

R402.2.2 Ceiling without attic spaces. Where Section R402.1.2 requires insulation R-values greater than R-
38 in the ceiling and the design of the roof/ceiling assembly does not allow sufficient space for the
reguired insuiation, the minimum required insulation R-value for such roof/ceiling assemblies shall be R-
38. Insulation shall extend over the top of the wall plate to the outer edge of such plate and shall not be
compressed. This reduction of insulation from the requirements of Section R402.1.2 shall be limited to
500 square feet (46 m?) or 20 percent of the total insulated ceiling area, whichever is less. This reduction
shall not apply to the U-factor alternative approach in Section R402.1.4 and the Total UA alternative in
Section R402.1.5.

3.5 Amendments to Section R402.4.1.1
Installation

R402.4.1.1 Installation. The components of the building thermal envelope as indicated in Table R402.4.1.1
shall be installed in accordance with the manufacturer’s instruction and the criteria indicated in Table
R402.4.1.1 as applicable to the method of construction. An approved agency shall inspect all
components and verify compliance. The inspection shall include an open wall visual inspection of al)
components included in Table R402.4.1.1 and shall be installed so that the insulation material uniformly
fills each cavity side-to-side and top-to-bottom, without substantial gaps or voids around obstructions,
and is split, installed, or fitted tightly around wiring and other penetrations in the cavity. No more than 2
percent of the total insulated area shali be compressed below the thickness required o attain the
labeled R-value or contain gaps or voids in the insulation.
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3.6  Amendments to Section R403.3
Ducts

R403.3 Ducts. All ducts and air handlers shall be installed in accordance with Section R403.3.1 through
R403.3.8, where applicable. The duct system in new buildings and additions shall be located in a
conditioned space in accordance with Sections R403.3.7 (1) and R403.3.7 (2).

3.7 Addition of New Section R403.3.8
Duct system sizing {Mandatory)

R403.3.8 Duct system sizing (Mandatory). Ducts shall be sized in accordance with ACCA Manual D based
on calculations made in accordance with Sections R403.7 and R403.8,

3.8 Amendments to Section R4(3.5
Service hot water systems

R403.5 Service hof water systems. Energy conservation measures for service hot water systems shall be in
accordance with Sections R403.5.1 through R403.5.5

3.8 Amendments to Section R403.5.4
Drain water heat recovery units

R403.5.4 Drain water heat recovery units. Drain water heat recovery units shali have a minimum efficiency
of 40 percent if installed for equal flow or a minimum efficiency of 52 percent if installed for unequal
flow. Vertical drain water heat recovery units shall comply with CSA B55.2 and be tested and labeled in
accordance with CSA B55.1 or IAPMO 346, Sloped drain water heat recovery units shall comply with
IAPMO PS 92 and be tested and labeled in accordance with IAPMO 346, Potable water-side pressure loss
of drain water heat recovery units shall be less than 3 psi for individual units connected to one or two
showers. Potable water-side pressure loss of drain water heat recovery units shall be less than 2 psi for
individual units connected to three or more showers.

3.10 Addition of New Section R403.5.5
Supply of heated water

R403.5.5 Supply of heated water. In new buildings, heated water supply piping shall be in accordance with
one of the following:

R403.5.5.1 Maximum allowable pipe length method. The maximum allowable pipe length from
the nearest source of heated water to the termination of the fixture supply pipe shall be in
accordance with the maximum pipe length in Table R403.5.5.1. Where the length contains more
than one size of pipe, the largest size shall be used for determining the maximum allowable
length of the piping in Table R403.5.5.1.
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R403.5.5.2 Maximum allowable pipe volume method. The water volume in the piping shall be
caleulated in accordance with Section R403.5.5.2.1. The maximum volume of hot or tempered
water in the piping to public lavatory faucets shall be 2 ounces. For fixtures other than public
lavatory faucets, the maximum velume shall be 64 ounces for hot or tempered water from a
water heater or boiler; and 24 ounces for hot or tempered water from a circulation loop pipe or
an electrically heat-traced pipe. The water volume in the piping shall be calculated in
accordance with Section R403.5.5.2.1.

R403.5.5.2.1 Water volume determination. The volume shall be the sum of the internal
volumes of pipe, fittings, valves, meters and manifolds between the source of hot water
and the termination of the fixture supply pipe. The voiume shall be determined from the
“Volume” column of Table R403.5.5.1. The volume contained within fixture shutoff
valves, flexible water supply connectors to a fixture fitting, or within a fixture fitting shall
not be included in the water volume determination. Where hot or tempered water is
supplied by a circulation loop pipe or a heat-traced pipe, the volume shall include the
portion of the fitting on the branch pipe that supplies water to the fixture.

Tabie R403.5.5.1
Pipe Volume and Maximum Piping Lengths

Maximum Pipe or Tube Length
Nominali Pipe VOLUME (Liquid System without a System with a Lavatory faucets —
or Tube 5ize Ounces Per Foot circulation loop or circulation loop or public {metering
{inch}) Length) heat-traced line heat-traced line (feet) and nonmetering
{feet) {feet)
1/42 0.33 50 16 6
5/16° 0.5 50 16 4
3/8° 0.75 50 16 3
1/2 1.5 43 16 2
5/8 2 32 12 1
3/4 3 . 21 8 Q0.5
7/8 4 16 G 0.5
1 5 13 5 Q5
11/4 8 8 3 0.5
11/2 11 6 p 0.5
2 or larger 18 4 1 g5

a.  The flow rate for %-inch size pipe or tube is limited te 0.5 gallens per minute; for 5/16-inch size, it is limited to 1 gpm; for 3/8-inch size,
it is lirnited to 1.5 gpm.

R403.5.5.3 Drain water heat recovery units. New buildings shall include a drain water heat
recovery unit that captures heat from at least one shower, and such drain water heat recovery
unit must have a minimum efficiency of 40 percent if installed for equal flow or a minimum
efficiency of 52 percent if installed for unequal flow. Vertical drain water heat recovery units
shall comply with CSA B55.2 and be tested and labeled in accordance with CSA B55.1 or IAPMO
346. Sloped drain water heat recovery units shall comply with IAPMO PS 92 and be tested and
labeled in accordance with IAPMO 346, Potable water-side pressure loss of drain water heat
recovery units shall be less than 3 psi for individual units connected to one or two showers.
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Potable water-side pressure loss of drain water haat recovery units shall be less than 2 psi for
individual units connected to three or more showers.

R403.5.5.4 Recirculation Systems. Projects shall inciude a recirculation system with no more
than 0.5-gallon (1.9 liter) storage. The storage limit shall be measured from the point where the
branch feeding the fixture branches off the recirculation loop to the fixture. Recirculation
systems must be based on an occupant-controlled switch or an occupancy sensor, installed in
each bathroom, which is located beyond a 0.5-gallon stored-volume range from the water
heater.

3.11 Addition of New Section R403.6.2
Balanced and HRV/ERV systems (Mandatory)

R403.6.2 Balanced and HRV/IERV systems (Mandatory}. In new buildings, every dwelling unit shall be
served by a heat recovery ventilator (HRV) or energy recovery ventilator (ERV) installed per
manufacturer’s instructions. The HRV/ERV must be sized adequately for the specific application, which
will include the building’s conditioned area, and number of occupants,

Exception: In Climate Zone 4, a balanced ventilation system designed and installed according to the
requirements of Section M1507.3 of the 2015 International Residential Code {IRC) that uses the return
side of the building’s heating and/or cooling system air handler to supply outdoor air, shall be permitted
to comply with this section. When the outdoor air supply is ducted to the heating and/or cooling systam
air handler, the mixed air temperature shall not be less than that permitted by the heating equipment
-manufacturer’s installation instructions. Heating and/or cooling system air handlers used to distribute
outdoor air shail be field-verified to not exceed an efficacy of 45 W/CFM if using furnaces for heating
and 58 W/CFM if using other forms of heating. in the balanced system design, an equivalent exhaust air
flow rate shall be provided simultanecusly by one or more exhaust fans, located remotely from the
source of supply air. The balanced system’s exhaust and supply fans shall be interlocked for operation,
sized to provide equivalent air flow at a rate greater than or equal to that determined by IRC Table
M1507.3.3(1) and shall have their fan capacities adjusted for intermittent run time per Table
M1507.3.3(2). Continuous operation of the balanced ventilation system shall not be permitted.

3.12 Addition of New Section R403.6.3
Verification

R403.6.3 Verification. Installed performance of the mechanical ventilation system shall be tested and
verified by an approved agency and measured using a flow hood, flow grid, or other airflow measuring
device in accordance with Air Conditioning Contractors of America {ACCA) HYAC Quality Installation
Verification Protocols — ANSI/ACCA 9Qlvp-2016.
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3.13 Amendments to Section R404.1
Lighting equipment (Mandatory)

R404.1 Lighting equipment (Mandatory). Not less than 90 percent of the permanently installed lighting
fixtures shall use lamps with an efficacy of at least 65 lumens per watt or have a total luminaire efficacy
of at least 45 lumens per watt.

R404.1.1 Lighting equipment {Mandatory). Fuel gas lighting systems shall not have continuously
burning pilot lights.

3.14 Addition of New Section R404.2
Electrical power packages (Mandatory)

R404.2 Elecfrical power packages {Mandatory). New buildings shall comply with the following:

1. Solar-ready zone. Detached one and two-family dwellings and townhouses where the
conditioned space is greater than 1,400 square feet shall comply with the requirements of
Appendix RA.

2. Electrical Vehicle Service Equipment Capable. Detached one or two-family dwellings and
townhouses with parking area provided on the building site shall provide a 208/240V 40-amp
outlet for each dwelling unit or panel capacity and conduit for the future installation of such an
cutlet. Qutlet or conduit termination shall be adjacent to the parking area. For residential
occupancies where there is a common parking area, provide either:

a. Panel capacity and conduit for the future installation of 208/240V 40-amp outlets for 5
percent of the total parking spaces, but not less than one outlet, or

b. 208/240V 40-amp outlets for 5 percent of the total parking spaces, but not iess than one
outlet.

3.15 Amendments to Table R406.4
Maximum Energy Rating Index

Table R406.4
Maximum Energy Rating Index
Climate Zone Energy Rating Index?
4 50
5 50
6 50

a.  Where an-site renewable energy is included for compliance using the ERI
analysis of Sgction R406.4, the building shall meet the mandatory
requirements of Scction R406.2, and the building thermal envelope shall be
greater than or equal to the levels of efficiency and SHIGC in Table
R402.1.2 or R402.1.4 of the 2015 International Energy Conservation Code.
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3.16 Addition of New Section R408
Passive House

Section R408
Passive House
R408.1 General. Buildings shall comply with either Section R408.1.1 or R408.1.2 and shall comply with
Section R408.2.

R408.1.1. Passive House Institute US {PHIUS) Approved Software. PHIUS+, Passive Building
Standard - North America, where Specific Space Heat Demand and (sensible only) Cooling
Demand, as modeled and field-verified by a Certified Passive House Consultant, is less than or
equal to 9kBTU/ft2/vear. The dwelling unit shall also be tested with a blower door and found to
exhibit no more than 0.05 CFM50/ft? or 0.08 CFM75/ft? of air leakage.

R408.1.2 Passive House Institute {PHI) Approved Software. Passive House Institute: Low Energy
Building Standard, where Specific Space Heating and (sensible only) Cooling Demand is less than
or equal to 9.5 kBTU/ft*/year, as modeled and field-verified by a Certified Passive House
Consultant. The dwelling unit shall also be tested with a blower door and found to exhibit an
infiltration rate of no more than 1.0 air changes per hour under a pressure of 50 Pascals.

R408.2 Documentation
1. if using the PHIUS software:

a. Prior to the issuance of a building permit, the following items must be provided to the
code official:
i A list of compliance features; and
il A statement that the estimated Specific Space Heat Demand is “based on plans.”

b. Prior to the issuance of a certificate of occupancy, the following item must be provided to
the code official:

i A copy of the final report submitted on a form that is approved to document
compliance with PHIUS+ standards. Said report must indicate that the finished
building achieves a Certified Passive House Consultant verified Specific Space
Heat Demand of less than or equal to 9 kBTU/ft2/year.
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2. If using the PHI software:

a. Prior to the issuance of a building permit, the following items must be provided to the
code officiaf:
i. A list of compliance features; and
ii. A statement that the estimated Specific Space Heating and Cooling Demand is
“based on plans.”
b. Priorto the issuance of a certificate of occupancy, the following item must be provided to
the code official:

i.  Acopyof the final report submitted on a form that is approved to document
compliance with PHI standards. Said repart must indicate that the finished
huilding achieves a Certified Passive House Consultant verified Specific Space
Heating or Cooling Demand is less than or equal to 9.5 kBTU/ft?/year.

3.17 Amendments to “ACCA” in Chapter 6
Referenced Standards

Manual D—16: Residential Duct Systems
R403.3.8

Manual ]—16: Residential Load Calculation Eighth Edition
R403.7

Manual $—14: Residential Equipment Selection
R403.7

3.18 Addition of a new entry for “IAPMQ" to Chapter 6
Referenced Standards

IAPMO International Association of Plumbing and Mechanical Officials
4755 E. Philadelphia St. ‘
Ontario, CA 91761

IAPMO IGC 346:2017 Test Method for Measuring the Performance of Drain Water Heat Recovery Units
R403.5.4.3

IAPMQO PS 92-2013: Heat Exchangers and Indirect Water Heaters
R403.5.4.3
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3.19 Addition of a new entry for “PH!" to Chapter 6
Referenced Standards

PHI Passive House Institute
Rheistrasse 44/46
64283 Darmstadt, Germany

PHI 2016: Low Energy Building Standard, Version of
R408.1

3.20 Addition of @ New Enfry for “PHIUS” to Chapter 6
Referenced Standards

PHIUS Passive House Institute US
116 West lllinois Street, Suite SE
Chicago, IL 60554, USA

PHIUS+ 2015: Passive Building Standard — North America
R408.1
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'STATE OF NEW YORK,

ROCKLAND COUNTY,  } s,
TOWN OF ORANGETOWN

I, Rosanna Sfraga, Town Clerk, of said Town of Orangetown, County of Rockland hereby certify

that I have compared the foregoing copy of Local Law 8, 2021 adopted by the Town Board at
“the November 30, 2021 Regular Town Board Meeting !

with the original and find the same to be a true and correct transe;_‘upt.

IN TESTIMONY WHEREOF, I have he_reuilto subscribed my
name and affixed the seal of said Town of Oraugetown,

this 15+h dayof T, 20 21
ﬂ)«.&ﬂ j; ;;.W__—___. Town Clerk

/ [/




' TOWN OF ORANGETOWN
 LOCALLAW NO. _8 OF 2021
AMENDMENTS TO CHAPTER 5 (BUILDING CONSTRUCTION AND FIRE
PREVENTION) OF THE CODE OF THE TOWN OF ORANGETOWN, SO AS TO ADD PROVISIONS
| FOR A LOCAL ENERGY CODE | g

Section 1. Recitals and Legislétive Intent

The New York State {hereinafter sometimes referred to as “NYS”) Energy Conservation

Construction Code (hereinafter referred to as the “State Energy Code”) is adopted by the State

. Fire Prevention and Building Code Council (hereinafter referred to as the “Code Council”) -
pursuant to Article 11 of the NYS Energy Law., . . - ‘ '

The State :Energy Code includes the provisions contained in Part 1240 of Title 19 of the New
York Codes, Rules and Regulations (hereina:fter referred to as “Part 1240”) and the publications

incorporated by reference in Part 1240, .

. The publications currently incorporated by reference in-Part 1240 include, but are not limited :
to, the 2020 edition of the Energy Conservation Construction Code of New York State '
(hereinafter referred to as the “2020 ECCCNYS”)-and the 2016 edition of ASHRAE 90.1
(hereinafter referred to as “ASHRAE 90.1-2016"), o

The 2020‘ECCCN-YS is based on the 2018 edition of a publication entitled International Energy .
Conservation Code (hereinafter referred to as the “2018 IECC"}.

The New York State Energy Research and Development Authority (hereinafter referred to as -
“NYSERDA”) has issued a publication entitled NYStretch Energy Code 2020, Version 1.0, dated
July 2012 (hereinafter referred to as “NYStretch”). NYStretch madifies (i.e., amends, replaces,
replaces and renames, or adds to) certain sections, certain tables, and a certain appendix in the.
2018 IECC; adds certain sections, certain tables, and certain appendices to the 2018 IECC;

* modifies {i.e., adds to, amends, or replaces) certain sections and certain tables in ASHRAE 90.1-
2016; and adds certain new sections to ASHRAE 90.1-2016. '

- Studies commissioned by NYSERDA indicate that modifying the State Energy Code in the ° _
- manner contemplated by NYStretch can result in significant savings in energy usage and energy
costs.

Atticle 11 of the NYS Energy Law authorizes municipalities to adopt local energy conservation
construction codes that are more stringent than the State Energy Code,

The Town Board of the Town of Orangetown seeks to protect and promote the public health,
safety, and welfare of its residents by mandating energy efficient building standards; and
desires to adopt, as its local energy conservation construction code, the State Energy Code as
modified in the manner contemplated by NYStretch. ' '




This proposed amendment to the Code of the Town of Orangetown (hereinafter referred to as
the “Orangetown Code”) seeks to modify Chapter 5 of the Orangetown Code (Building
Construction and Fire Preventlon) so as to adopt NYStretch and to enact more restrictive
regulations as they relate to new, or substantially renovated or altered, bwldmgs

'Se.ct:on 2. Adogtion of Local Energx Conservation Constructlon'Code

Section 5 1 of Chapter 5 (Buﬂding Construction and Flre Preventlon) of the Orangetown Code
shall be amended and, as amended shall read as follows:

§5-1. Agglicabilitv of Uniform Code, and the State Energv Code as modified by NYStretch.

The applicability of the New York State Uniform Fire Prevention and Building Code, and the
New York State Energy Conservation Construction Code (hereinafter referred to as the “State
Energy Code”}), were previously accepted by the Town of Orangetown by Local Law No. 5 of
2017, which was adopted by the Town Board of the Town of Orangetown on May 16, 2017; and
the Town of Orangetown hereby now adopts, as its local eriergy conservation construction
code, the State Energy Code as modified in the manner contemplated by NYStretch Energy
Code 2020, Version 1.0, dated July 2019 (hereinafter referred to as “NYStretch”). Such local -
energy conservation constructlon code shall consist of the provisions currently set forth in Part
1240 and in the publications currently incorporated by reference in Part 1240, provided,
however, that the Energy Conservation Construction Code of New York State {hereinafter
referred to as the ”2020 ECCCNYS”) and ASHRAE 90.1-2016, shall be deemed to be modified as
“follows:

(a}) in each case where a section, table, or appendix in the 2018 IECC is modified by
NYStretch, the corresponding section, table, or appendix in the 2020 ECCCNYS shall be
deemed to be modified in the same manner;

(b) in each case where a section, table, or appendix is added to the 2018 IECC by NYStfetch,
such section, table, or appendix shall be deemed to be added to the 2020 ECCCNYS
subject to the followmg exception: -

(i) Section R403.6.2 added to the 2018 IECC by NYStretch shall not be deemed
to be added to the 2020 ECCCNYS] ;

(c) each section or table in ASHRAE 90.1-2016 that is modzfled by NYStretch shall be
deemed to be so modlfled and

(d) each section added to ASHRAE 90.1-2016 by NYStretch shali be deemed to be added to
ASHRAE 90.1-2016 _ :

A copy of NYStretch is annexed hereto and made part hereof.




| §5-1A. Applicability.

The local energy conservation construction code, as hereby adopted, shalf be applicable to all
buildings constructed, substantially renovated or altered in the Town of Orangetown on or after
the effective date of this Local Law, and to all additions to buildings in the Town of Orangetown
made on or after the effective date of this Local Law. However pursuant to NYS Energy Law

§11-109(2}:

(a) if a copy of this Local Law is filed with the New York State Department of State, Division
of Building Standards and Cades, as Secretariat for the Code Council, within thirty days
after adoption of this Local Law, and if the Code Council shall subsequently determine
that the local energy conservation construction code as hereby adopted is not more
restrictive than the State Energy Code, then on and after the date of such determination

the local energy conservation construction code as hereby adopted shall na longer be
enforced and the State Energy Code shall be- appllcable and shaII be enforced in the
Town of Orangetown, and :

(b} if a copy of this Local Law is not filed with the New York State Department of State,

- Division of Building Standards and Codes, as Secretariat for the Code, Council, within
thirty days after adoption of this Local Law, then the local energy conservation
construction code as hereby adopted shall not be enforceable untif and unless the Code
Council shall determine that such local energy conservation construction code is more
restrictive than the State Energy Code, and until and unless the Code Council shall make
such determination the State Energy Code shall be appl:cable and shall be enforced in
the Town of Orangetown.

Section 3. Ag_t__ho_ritv-

This 'pfOpbsed Local Law is enacted and adbpfed pursuant to NYS Energy Law §11-109(1), and

= NYS Municipal Home Rule Law §10, and in accordance with the procedures prescribed in NYS
Municipal Home Rule §20. :

‘Section 4, Severabilitv.

if any section, subdivision, paragraph, clause or phrase of this Local Law shall be adjudged
invalid, or held to be unconstitutional, by any court of competent jurisdiction, any judgment or
order made thereby shall net affect the validity of this Local Law as a whole, or any part
-thereof, other than the part or provision so adjudged to be invalid or unconstitutional.

Section 5. Effective. Date

This Local Law shall take effect upon publishing and posting a copy in the manneir prescribed by
applicable faws, and upon filing a copy with the NYS Secretary of State. :
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TOWN OF ORANGETOWN
TOWN CLERK
26 W ORANGEBURG ROAD
ORANGEBURG, NEW YORK 10962
www.orangetown.com

ROSANNA SFRAGA . TEL: 84.5.359.51 00 x 5004

TOWN CLERK ‘ FAX: 845.359.5126
email: townclerk@orangetown.com

RTBM 11/306/2921

RESOLUTION NO. 470

AMEND RESOLUTION #4135 (RTBM 10/26/2021) / ADOPTION OF LOCAL LAWNO._8 OF
2021 / AMENDING CHAPTER 5 (BUILDING CONSTRUCTION AND FIRE PREVENTION), SO
AS TO ADOPT THE NYSTRETCH ENERGY CODE - 2020

T IS HEREBY RESOLVED, by the Town Board of the Town of Orangetown, as follows:

WHEREAS, to prevent a statewide patchwork of stricter energy codes, the New York State’
Energy Research and Development Authority (NYSERDA) developed the N'Y Stretch Energy Code -
2020 (NYStretch).

WHEREAS, a stretch energy code is simply an energy code that is rmore stringent than the
minimum base energy code that can be voluntarily adopted by local jurisdictions. NY Stretch is a model
stretch code that will be ten to twelve percent (10-12 %) more efficient than the minimum requirements of
the base energy code, the 2020 Energy Conservatlon Construction Code of New York State (2020
ECCCNYS).

WHEREAS, some New York State municipalities have adopted stricter energy standards to
ensure reduced energy costs for its residents ard businesses.

. . WHEREAS, under NYS Energy Law §11-109, the Town Board of The Town of Orangetovs'm' is
_ authorized to adopt a local energy code more stringent that the 2020 ECCCNYS.:

WHEREAS, the New York State Energy Research and Development Authority (NYSERDA)
developed NY Stretch as a statewide model code for New York jurisdictions to use to meet their energy
and climate goals by accelerating the savings obtained through their local building energy codes; and, for
jurisdictions that adopt it, NY Stretch will provide savings of roughly 11% over the 2020 ECCCNYS

" when that energy code is released by the New York State Department of State.

WHEREAS, NYStretch is a stretch code that: (i) is readily adoptable with minimal changes by
local governments; (ii) is in enforceable language; (iii) is coordinated with the New York State Uniform
and Energy Codes; (iv) is about one cycle ahead of the hext New. York State Energy Code in its
requirements; (v) lowers energy use and greenhouse gas emissions associated with new and ex1st1ng
buildings; and {(vi) is cost-effective and regionally approprla‘re

WHERFEAS, the Town Board is considering amending provisions of Chapter 5 of the Code of the
" Town of Orangetown (“Orangetown Code™), entitled Building Constructlon and Fire Prevention, so as to
add provisions for a local energy code.




RESOLUTION NO. 470 - Continued

WHEREAS, the Town Board is declared Lead Agency for the purposes of environmental review
with respect to the proposed Resolution, in accordance with Article 8 of the Environmental Conservation
Law of the State of New York, and the Regulations promulgated thereunder at 6 NYCRR 617
(colleetlvely, the State Environmental Quality Review Actor SEQRA).

WHEREAS, the Town Board, as the SEQRA Lead Agency, has determined that the proposed
Action meets the criteria of a Type [I Action under SEQRA Regulation §617.5(c) (33), which is exempt
from, and is not required to undergo, a SEQRA environmental review,

: 'WHEREAS, the Town Board has determined that this proposed Local Law is not subject to the
mandates of NYS General Municipal Law (GML) §239-m, and, therefore, not requ1recl to be referred to
the Rockland County Planmng Department for GML review. :

WHEREAS, the Town Board has complied with all public notice requirements as mandated by
New York State statute(s) and the Orangetown Code, and the proposed Local Law has been distributed to
the Town Board as per NYS Municipal Home Rule Law §20(4), and a Public Hearing was duly held by
the Town Board regarding the proposed Local Law on November 30, 2021, at which time all persons
either for or against said amendments were heard. '

NOW TI-IEREFORE BASED ON ALL OF TH_E [NFORMATION BEFORE THE TOWN
BOARD; AND THE FINDINGS MADE HEREIN,

BE IT RESOLVED that the Town Board hereby adopts and enacts the proposed Local Law in
the form and substance, as may be amended hereln

Councﬂperson Denis Troy offered the above resolutlon which was seconded by Councllperson
Jerry Bottari and was Adopted: S :

Motion: 4 - 0
Ayes: Councilperson Paul Valentme Councilperson Denis Troy, Councﬂperson Jerry Bottari, Supervisor
Teresa M. Kenny : . :
~Noes: None
Absent: Councilperson Thomas Diviny

STATE OF NEW YORK,
ROCKLAND COUNTY, 1 S.S.
TOWN OF ORANGETOWN

L, Joseph Thomassen, Deputy Clerk, of said Town of Grangetown, County of Rockland hereby
certify that I have compared the foregoing copy of Resolution No. 470 adopted at the 11/30/ 2021
Regular Town Board Meetmg, with the ongmal now on file in said office, and find the same to be a
true and correct transcript.

IN TESTIMONY WHEREOQOF, I have herennto subscribe(i my name
and affixed the seal of said Town of Orangetown_,

This __3rd _day of December. December L2021

Qz@ﬂ _.Deplrty' Town Clerk.
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make confident, informed energy decisions.
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Advance innovative energy solutions in ways that improve New York’s economy and environment.
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Serve as a cataiyst — advancing energy innovation, technology, and investment; transforming
New York’s economy; and empowering people to choose clean and efficient energy as part
of their everyday lives.
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Notice

This report was prepared by Resource Refocus LLC in the course of performing work contracted

for and sponsorcd by the New York State Energy Research and Development Authority (hereafter
“NYSERDA™). The opinions expressed in this report do not necessarily reflect those of NYSERDA

or the State of New York, and reference to any specific prbduct, service, process, or method does not
constitute an implied or expressed recommendation or endorsement of it. Further, NYSERDA, the
State of New York, and the contractor make no warranties or representations, expressed or implied,

as to the fitness for particular purpose or merchantability of any product, apparatus, or service, ot the
usefulness, completeness, or accuracy of any processes, methods, or other information contained,
described, disclosed, or referred to in this report. NYSERDA, the State of New York, and the contractor
make no representation that the use of any product, apparatus, process, method, or other information
will not infringe privately owned rights and will assume no liability for any loss, injury, or damage
resulting from, or occurring in connection with, the use of information contained, described, disclosed,

or referred to in this report.

NYSERDA makes every effort to provide accurate information about copyright owners and related
matters in the reports we publish. Contractors are responsible for determining and satisfying copyright
or other use restrictions regarding the content of reports that they write, in compliance with NYSERDA’s
policies and federal law. If you are the copyright owner and believe a NYSERDA report has not properly

attributed your work to you or has used it without permission, pleasc email print@nyserda.ny.gov

Information contained in this document, such as web page addresses, are current at the time

of publication.
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New York State Encrgy Research and Development Authority (NYSERDA). 2019. “Encrgy Savings
and Cost-Effectiveness Analysis of the 2020 NYStretch Energy Code Residential Provisions.”
NYSERDA Report Number 19-37. Prepared by Mendon VV, M Pigman and CA Brown.
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Abstract

This report summarizes the energy savings and cost-effectiveness analysis of the residential provisions
of the 2020 NYStretch Energy Code of New York State. This is compared to the residential provisions
of the 2016 New York City Energy Conservation Code (NYCECC) in New York City, and the residential
provisions of the 2020 ECCC NYS in the rest of the state. The report includes the methodology used in
the analysis, assumptions, and results at the applicable climate design zones for New York State. An

“additional analysis evaluating the energy savings and cost-effectiveness of the additional energy
efficiency credits path (R407) is also conducted. The results associated with the analysis are

summarized in the Appendix.
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Energy code, stretch energy code, cost effectiveness, NYSERDA
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Summary

This analysis was conducted at the request of the New York State Energy Research and Development
Authority (NYSERDA) to assist with the adoption of the 2020 NYStretch Energy Code. The analysis
evaluates the energy savings and cost-effectiveness potential of the residential prescriptive and mandatory
provisions of the 2020 NY Stretch code when compared to the residential provisions of the 2020 Energy
Conservation Construction Code of New York State (ECCC NYS) and the 2016 New York City Energy
Conservation Construction Code (NYCECC).

The analysis closely follows the methodology set forth by the U.S. Department of Energy (U.S. DOE)
for conducting cost-cffectivencss analyses of residential code changes (Taylor et al. 2015) and the
procedure used for the previous energy and cost-effectiveness evaluation of the 2020 ECCC NYS
(NYSERDA 19-32, 2019). The analysis also leverages the residential prototype building modcls
developed by Resource Refocus LLC for the evaluation of the 2020 ECCC NYS, which were in furn
developed from the sct of DOE residential prototype building models developed by the Pacific Northwest
National Laboratory (PNNL) for the 2015 IECC code development analysis. This approach maintains a
consistency between the current analysis and past work conducted by NYSERDA, U.S. DOE, and PNNL
for New York State (NYSERDA 2019 and Mendon et al, 2016).

The analysis included a qualitative assessment to evaluate the anticipated energy impact of code
changes proposed by the 2020 NY Stretch code, including a determination of which impacts could be
quantified through an energy analysis. An energy analysis was then conducted by creating customized
energy models tailored to the code requirements for New York State. The energy savings from the
energy analysis were then combined with the incremental construction costs associated with the
changes to determine the simple payback, the 10-year net present value (NPV) of energy cost savings

and the 30-year Life Cycle Cost (LCC) savings.

Overall, the prescriptive and mandatory provisions of the 2020 NY Stretch code are expected to yield
positive energy savings and cost-effective benefits to homeowners compared to the baseline 2020
ECCC NYS and the 2016 NYCECC. Table S-1 summarizes the statewide site energy, source energy,

and energy cost savings, and Table 8-2 summarizes the disaggregated energy and cost savings for each
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climate design zone (CDZ). Table S-3 summarizes the disaggregated incremental construction costs

and simple payback by building type in each CDZ. Finally, Table S-4 summarizes the average cnergy cost

savings, incremental construction costs and cost-effectiveness results for the prescriptive and mandatory

provisions of NYStretch, weighted over the single- and multifamily building construction weights for

New York State.

Table $-1. Statewide Average Annual Energy and Cost Savings

Total Regulated Site

Energy

{kBtu/dwelling unit)

Total Regulated
Source Energy
{kBtu/dwelling unit)

Total Energy Costs
($/dwelling unit)

Baseline® 59026.4 815451 1514.9
2020 NYStretch 45161.4 71769.2 1218.7
Savings 24.8% 21.8% 19.7%

* The baseline code is the 2016 NYCECC in CDZ 4A-NYC and 2020 ECCC NYS in all other CDZs

Table 8-2. Average Annual Energy and Cost Savings by Climate Design Zone

Total Regulated Site | Total Regulated Source Total Energy

Climate Design Zone Energy Savings Energy Savings Costs Savings
4A-NYC 21.1% 19.9% 19.0%
4A-balance 21.5% 18.8% 18.8%
5A 25.3% 21.9% 19.6%
BA 26.2% 23.1% 20.9%

Table 8-3. Average Annual Simple Payback by Building Type and Climate Design Zone

Single-family Multifamily
Total Annual Total Total Annual Total
Energy Cost | Incremental Energy Cost | Incremental
Climate Savings Costs Simple Savings Costs Simple
Design {$/dwelling {$/dwelling | Payback | ($/dwelling | ($/dwelling Payback
Zone unit} unit) (Years) unit) unit) (Years)
4A-NYT $301 $1,910 6.3 $176 $1,825 9.2
4A-balance $301 $2,463 8.2 $167 $1.488 8.9
5A $351 $2,202 6.3 $172 $1,751 10.2
A - $372 $1,508 4.1 NA NA NA
NY State $348 $2,057 59 $171 $1,591 9.3
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Table S-4. Weighted Resuits

For the Prescriptive and Mandatory Provisions of the 2020 NYStretch Code at the State Level

New York State Average |
Annual Energy Cost Savings {$/dwelling unit) $278
Incremental Costs ($/dwelling unit) $1,795
Simple Payback (Years) 64
10-Year NPV of Cost Savings Including Replacement Gosts and Residual $2,854
Values ($/dwelling unit)
30-Yr LCC Savings ($/dwelling unit} $1,741

While the present analysis focuses on the prescriptive and mandatory provisions of NYStretch, the code
offers other compliance paths. The multiple compliance paths in NYStretch are expected to yield equal
or higher savings. The performance paths offer flexibility to the builder in meeting the code, resulting
in a wide variability in the performance of homes complying with the simulated paths or the passive
house path. It should also be noted that this analysis assumes no fuel switching between the baseline
and the NYStretch cases. Additionally, while NYStretch contains many elements that encourage better
building design, this analysis used conservative savings and incremental cost estimates for many of

the measures. In this respect, the estimated energy savings reported from the analysis are likely to

be conservative compared to actual energy savings that can be achieved by the 2020 NY Stretch code.
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1 Introduction

The New York State Energy Research and Development Authority (NYSERDA) developed the

2020 NY Stretch Energy Code with guidance from an advisory group composcd of public and private
stakeholders. It is a voluntary, locally adoptable stretch energy code designed as an overlay to the 2020
Energy Conservation Construction Code of New York State (ECCC NYS) and is expected to be far

more efficient than the residential provisions of the 2018 Intcrnational Energy Conservation Code (IECC)

and the commercial provisions of ASHRAE Standard. 90.1-2016.

In order to assist communities in adopting the stretch code, NYSERDA requested an analysis of the
energy savings and cost-effectiveness of the 2020 NY Stretch code compared to the State baseline codes,
the 2016 New York State Energy Conservation and Construction Code (NYSECC) and the 2020 ECCC
NYS. This analysis was conducted in each of the three climate design zoncs {CDZ) in New York State:
4A, 5A, and 6A and results are provided in this technical report, aleng with a narrative summarizing

the findings and their implications for New York State’s code development process.

The analysis builds on previous analysis cenducted by the team for NYSERDA, including the cost-
effectiveness analysis of the 2020 ECCC NYS compared to the previous 2016 NYSECC as well as
technical reports and analyses published by the U.S. Department of Energy (U.S. DOE) and the Pacific
Northwest National Laboratory {PNNL). Additionally, the methodology also draws from other technical
resources as needed, Relevant to the residential scope of the analysis, NYSERDA made available the
proposed Draft NYStretch Energy Code, January 2019! and results of an energy analysis conducted by
the New Buildings Institute (NBI) and Earth Advantage during the stretch code development process.
The firm Earth Advantage provided a presentation describing the potential savings for the residential

provisions of the 2020 NY Stretch code based on their modeling results using REMRate.




2 Qualitative Assessment

This section contains qualitative comparison tables for the prescriptive and mandatory provisions of
the proposed 2020 NYStretch Energy Code (NYStretch) compared to the 2020 Energy Conservation
Construction Code of New York State (ECCC NYS) in climate design zones (CDZ) 44, 5A, and 6A.
Because CDZ 4A covers New York City, which follows the more stringent 2016 New York City
Energy Conscrvation Code (NYCECC), an additional evalvation of the 2020 NYStretch compared
to the 2016 NYCECC is also conducted for New York City.

The qualitative assessment includes an evaluation of the expected energy impact of each provision
and whether the change will be captured through energy modeling during the quantitative analysis.
The assessment is limited to prescriptive and mandatory provisions of the residential provisions of
the code as they apply to new construction only. It does not include editorial, clarification, and
administrative type of changes, which are not expected to have a direct impact on energy. Table 1
summatizes the changes between the baseline 2020 ECCC NYS and the proposed 2020 NY Stretch

code, along with the results of the qualitative assessment.

Tahle 1. A Preliminary Qualitative Comparison

The Differences with the Largest Energy Impact between the 2020 NYStretch Code and the
2020 ECCC NYS (Prescriptive + Mandatory Provisions)

Cod 2020 Energy Impact
S °t_“' Component | CDZ | 2020 ECCC NYS NYStoetch Captured through
ection retc Energy Modeling
(Yes/No)
44 0.32 0.27
Fenestration
Unfactor 5A 0.3 0.27
BA 03 | o0.28¢ 0.27
44 0.4 0.4
Fenestration
SHGC 5A NR NR Yes
6A NR: | NR@ NR
The overall impact of the
44 49 49
R402.1 Ceiling R c_ha_nges to the
value BA 49 49 prescriptive envelope are
64, 492 ‘ G802 49 expected to yield positive
energy savings across all
21 int or 20+5 or CDZs.
4A 200r 13+5 13410
Wood-framed | 21 int or 20+5 or
Revalue SA 200r13+5 13+10
20+5 or .
6A 134102 23 cavity 20+5 or 13+10




Table 1 continued

Energy Impact
Code 2020 Captured through
. Component | CDZ 2020 ECCC NYS
Section P NYStretch Energy Modeling
(Yes/No)
4A 19 30
Floor R-value bA 30 30
BA EES 30
44 10or 13 150r19
Basement wall
R-vaiue 5A 150r 19 15 0r 19
B6A 150r192 | 150r 192 15 0r 19
R4021
4A 10, 2 ft 10, 4 ft
Slab R-value
and dapth 5A 10,2 ft 10, 4 ft
BA 10, 4 ft® | 10, 4 ft® 10, 4ft -
44 t5or 19 150r19
Crawlspace
wall Rvalue 54 150r19 15 0r19
6A 150r 19* 15 or 19* 150r19
Na
Assumptions for the
baseiine configurafion
would need significant
No more than instaliation quaiity data.
29 of total In absence of such data,
insulated area the impact of this change
shall have cannot be evaluated
Insulation ) compressed | through energy modeling.
R402.4.1.1 Instailation all Grade Not Specified insulation or
gaps/voids This change is expected
(Grade | to improve insulation
insulation installation, resulting in
required) better U-factars for the
overall assemblies. Thus,
the practical impact of
this change is expected
to be positive energy
savings.
Yes
The savings from this
change will not be
. modeled expiicitly, but will
E:;‘;Ei?gg’tti“;f be applied to the heating,
cooling and fan ener
R403.3 Duct Location all Not cantrolled wi_tr_lin duringgpost-pmcessir?;
conditioned
space. . .
Thig change is expected
to save coenduction and
leakage losses from
ducts and result in
positive energy savings.




Table 1 continued

Energy Impact
Code 2020 Captured through
Section | Component | CDZ | 2020 ECCCNYS NYStretch Energy Modeling
{Yes/No)
No
Modeling this change
would reguire developing a
fuil duct network in
EnergyPlus as well as
adequate information
Ducts are about current trends in
req:;;zg t; be duct sizing in the field.
A, D izi il . Both issues would result in
RA03.3.8 et Sizing @ accordance with | several configurations of
ACCA Manual | the dyct layout making the
D. exercise cost prohibitive.
This change is expected to
save losses from
incorrectly sized ducts and
result in positive energy
savings.
The new section
adds four Yes
options for
increasing the The Savings from this
sfficiency of hot change will not be
water supply. modeled explicitly but will
These include be applied to the hot water
Supply of ( N limiting the ene:]%g:;isr;ggpost-
R403.5.5 a one maximum .
heated water allowable pipe
length or This change is expected 1o
volume, reduce losses from
installing drain | domestic hot water (DHW)
water hegt pipes and is expected to
recovery units or result in positive energy
recirculaiion savings.
systems.
Yes
The new section
requires an The impact from this code
energy or heat change will be modelad
recovery assuming an ERV/HRY
ventilator (ERV | gustem in CDZ 5A and 6A
or HRV}ineach | gng phalanced ventilation in
Balanced and dwelling unit in CDZ 4A and CDZ 4A-
R403.6.2 HRV/ERV all Nane CDZ 5A and BA. balance.
sysfems In CDZ 4A, it
allows a . .
balanced This change_ls expected to
ventilation reduce heating energy but
system to ‘ also comes with an
comply with the increase in fan energy.
requirement. The overall impact may
thus be neufral.




Tabie 1 continued

Energy Impact
Code 2020 Captured through
. Component | CDZ 2020 ECCC NYS .
Section P NY Stretch Energy Modeling
{Yes/No}
No
The new section This is a verification
requiras that the requirement and thus
performance of cannot be modefed.
Verification of ventilation
R403.6.3 ventilation all Nene systems be This change is expected
systems tested and to ensure proper
verified by an functioning of the
approved ventilation system. The
agency. energy impact from this
provision is expecled to
he neutral.
Yes
. The savings from this
_This change change will be modeled
increases the by reducing the lighting
60 ImAW for lamps over minimum power density (LPD) in
_— 40 W; 50 Im/W for required efficacy
R404.1 Lighting all | lamps between 15W | of lamps to b the models per the
: i e revised efficacy limits.
Equipment and 40 W; 40 ImMW for | 65 ImW and the Y
lamps 15 W or less. total luminaire . ,
efficacy ta be 45 This change is expected
ImAN. to reduce losses from
inefficient lighting and is
expected to result in
positive energy savings.
No
This code change
requires the buildings to
This new section | be solar ready and have
adds EV infrastructure but
. requirements for does not explicitly
R404,7 Electrical I N a solar ready mandate any specific
. power a one zone and equipment,
packages . )
electrical vehicle :
(EV) service This change is expected
equipment to yield savings by
encouraging design
considerations for solar
energy and BV
infrastructure.

a The 2020 ECCC NY$ inchides two prescriptive envelope options for CZ 6A.

Table 2 summarizes the additional differences between the bascline 2016 NYCECC and the 2020

NY Stretch code, along with the results of the qualitative assessment,




Table 2, A Preliminary Qualitative Comparison

The Additional Differences between the 2020 NYStretch Code and the 2016 NYCECC
(Prescriptive + Mandatory Provisions)

Energy Impact

of lamps to be
85 ImMY and the
total luminaire
efficacy to be 45
ImAN.

Component 2016 2020 Captured through
P NYCECC | NYStretch Energy Modeling
. (Yes/No)
Fenesfrafion U-factor 0.32 0.27 Yes
The impact is expected to
yield positive energy
savings in CDZ 4A.
Fenestration SHGC 04 0.4 No
Ceiling R value 49 49
Wood-framed R-vaiue 2045 21 int or 2045 or The exterior walls will be
13+10 modeled as R-20+5 in both
Floor R-value 30 30 the baseline and the
NYStretch cases. All other
Basement wall R-value 1519 15119 requirements are the same
Slab R-value and depth 10,4 10, 4 ft between the baseline and
the 2020 NYStrefch code.
Crawlspace wall R-value 1519 15/19
Lighting Equipment 75% of 90% of Yes
permanently permanently
installed installed lamps The savings from this
lamps are have to be high | change will be modeled by
required to efficacy with a reducing the lighting power
be high minimum density (LPD) in the
efficacy required efficacy models per the revised

efficacy limits.

This change is expected to
reduce losses from
inefficient lighting and
result in positive energy
savings.

In summary, the overall energy impact of the 2020 NY Stretch code is expected to be positive (energy

savings) over the baseline codes.




3 Quantitative Analysis

This section describes the overall quantitative analysis used to assess the stringency and
cost-effectiveness of the residential provisions of the proposed 2020 NY Stretch Energy Code compared
to the 2016 New York City Energy Conservation Code (2016 NYCECC} in New York City and the
2020 Energy Conservation Construction Code of New York State (2020 ECCC NYS) in the rest of
the State. The analysis methodology builds on US Department of Energy’s (DOE) methodology
for determmining the cost-effectiveness of residential code changes (Taylor et al. 2015), similar
work conducted by the Pacific Northwest National Laberatory (PNNL) in previous code cycles
(Mendon et al. 2016} and the previous analysis of the 2020 ECCC NYS conducted by Resource
Refocus LLC for NYSERDA (NYSERDA 2019). Additionally, the analysis leverages the DOE
residential prototype building models devcloped by PNNL for the 2015 International Energy
Conservation Code (IECC) code development process and modified by Resource Refocus LLC

for support to the New York Department of State (DOS) for the 2020 ECCC NYS Rulemaking
process (NYSERDA 2019).

3.1 Overview of the Analysis

The 2020 NYStretch is designed to overlay the 2020 ECCC NYS. Thus, the stretch code continues

to offer multipie paths for compliance, including a prescriptive option, a Passive House option, and
two simulated performance path alternatives. Regardless of the compliance path choscn, additional
mandatory requirements need to be met. The multiple compliance paths offer flexibility to the builder
in meeting the code, resulting in a wide variability in the performance of homes complying with the
simulated performance paths or the passive house path, The prescriptive path on the other hand offer
less variability in terms of design and is typically more widely used in residential buildings compared
to performance paths. Thus, the present analysis is based on the prescriptive and mandatory provisions
of the 2020 NYStretch code. An overview of the analysis along with the methodology involved in the

process is described in the following sections.

3.1.1 Determining the Baseline Annual Energy Use and Energy Cost for
Residential Prototypes

This task involved the following steps:

1. The energy models developed by Resource Refocus LLC for the previous 2020 ECCC NYS
cost-etfectiveness analysis were leveraged for this step. The models were modified to reflect
the revised federal minimum efficiencies for oil and gas furnaces, heat pumps, and oil beilers.




3.1.2

The baseline models for CDZ 4A were further split into two sets: one representing the
requirements of the 2016 NYCECC and the other set representing the requirements of the 2020
ECCC NYS. This was done to accurately compute the energy savings and cost-effectiveness
of the 2020 NYStretch in New York City because the 2016 NYCECC has different envelope
requirements compared to the 2020 ECCC NYS.

The two sets of models were used to simulate energy use for the baseline case for single-family
and low-rise multifamily units. The set representing the requirements of the 2016 NYCECC
was simulated in CDZ 4A, which was selected as the representative climate location for New
York City and the other set representing the requirements of the 2020 ECCCNYS was
simulated in the balance of CDZ 4A and CDZs 5A and 6A.

The annual encrgy use for the code-regulated end-uses of heating, cooling, fans, lighting,

and domestic hot water (DHW) were extracted and converted to energy costs.

The annual energy use and energy cost were aggregated to the CDZ and State level using

the weights provided by NYSERDA. '

Determining the Annual Energy Use, Annual Energy Cost, and Incremental
Construction Cost for Residential Prototypes using NYStretch

This task involved the following steps:

L.

3.1.3

A detailed evaluation of the residential provisions of the 2020 NYStretch code was conducted
as it applies to the three CDZs in the State (4A, 5A, and 6A).

A set of NYStretch models was developed to minimally meet the residential prescriptive

and mandatory provisions of the 2020 NY Stretch Code.

The whole building incremental construction costs were calculated for the NY Stretch set
compared to the respective baseline. These costs were further adjusted for location and inflation.
The annual energy use for the code-regulated end uses of heating, coeling, fans, lighting,

and DHW was extracted and converted to annual energy costs.

The annual energy use and energy cost were aggregated to the CDZ and State level using

the weights provided by NYSERDA.

Cost Effectiveness of Residential Provisions of NYStretch

This task involved the following steps:

L.
2.

The energy use estimates werc used to calculate encrgy cost savings for each prototype.

The energy savings were matched with corresponding incremental construction costs for

each case.

A simple payback, 10-year present value calculation of energy cost savings, and a 30-year

life cycle cost (LCC) savings were calculated.

The cost-effectiveness metrics were aggregated to the CDZ and State level using the associated
construction weights.



3.2 Suite of Energy Models and Aggregation Scheme

The analysis leverages the models developed by Resource Refocus during the previous 2020 ECCC

NYS cost-effectivencss analysis conducted for NYSERDA (NYSERDA 2019}, These models, in turn
developed from a set of 32 DOE/PNNL 20135 IECC residential prototype models, represent a majority of
the new residential building construction stock. The set includes a detached single-family building model
{total conditioned floor area of 2,400 ft?, two stories and 8.5 ceilings) and a low-rise multifamily building
model (a three-story apartment building with six dwelling units per floor, in rows of three scparated by a
central breezeway; conditioned floor area of 1,200 i per unit and 8.5” ceilings), each configured with
four common heating systems (gas-fired furnace, clectric resistance furnace, heat pumps, and oil-fired
turnaces) and four foundation types (slab-on-grade, heated and unheated basements, and crawlspaces)

{Mendon et al. 2014 and Taylor et al. 2015).

These models are supplemented with a set of associated construction weights for the State, provided
by NYSERDA and are summarized in Table 3. NYSERDA recommended a smaller subset of models to
optimize the analysis effort and accuracy of results, resulting in a total representative construction weight

of 93%. Thus, the weights were normalized to total 100% at the CDZ and State level during the analysis.

Table 3. Matrix of Construction Weights Used in the Analysis

CDZ 4A CDZ 5A CDZ 6A
SF MF SF MF SF MF TOTALS
Slab-on-Grade, Heat Pump 0.64% | 1.69% 2.01% 0.56% 0.86% 0.0% 5.76%
Slab-on-Grade, Qil Furnace 0.0% 0.0% | ¢.38% 0.0% 0.0% 0.0% 0.38%
Slab-on-Grade, Gas Furnace 1.80% | 2.12% | 5.68% 0.70% 2.44% 0.0% 12.74%
Heated Basement, Heat Pump 0.81% | 2.14% | 2.55% 0.71% 1.10% 0.0% 7.31%
Heated Basement, Qil Furnace 0.0% | 0.33% 0.48% 0.0% 0.0% 0.0% 0.81%
Heated Basement, Gas Furnace | 2.29% | 26%2% | 7.21% 0.89% 3.09% 0.0% 16.18%
Unheated Basement, Heat Pump | 1.30% | 3.45% | 4.11% 1.15% 1.76% 0.0% 11.77%
Unheated Basemsnt, Gil Furnace | 0.0% | 0.53% | 0.77% 0.0% 0.33% 0.0% 1.64%
Unheated Basement, Gas Furnace | 3.6%% | 4.33% | 11.61% 1.44% 4.98% 0.0% 26.05%
Crawispace, Heat Pump 0.0% | 0.99% | 1.18% 0.33% 0.51% 0.0% 3.01%
Crawlspace, Gas Furnace 1.06% | 1.24% | 3.34% 0.41% 1.43% 0.0% 7.50%
Percentage of total NYS Construction weights 93.14%




The weights for CDZ 4A were further divided between New York City and the balance of CDZ 4A using
an average of county-level housing starts from 2014 to 2018 based on data provided by NYSERDA from
the Dodge Data and Analytics database. Average housing starts for the counties of Bronx, King, New
.York, Queens, and Richmond were grouped into “CDZ-4A-NYC” and the counties of Nassau, Suffolk,

and Westchester were grouped into “CDZ 4A-balance” as summarized in Table 4.

Tabie 4. Split of Construction Weights between CDZ 4A<NYC and CDZ 4A-balance

Prototype CDZ 4A-NYC CDZ 4A-balance Total
Single-family 19.6% 80.4% 100.0%
Multifamily 38.0% 62.0% 100.0%

3.3 Energy Analysis
3.3.1 Simulation Tool

The analysis was conducted in version 8.0 of EnergyPlus, While more recent versicns of the engine

are currently available, the analysis was conducted using the same version of EnergyPlus as the previous
cost-effectiveness analysis conducted for the 2020 ECCC NYS to minimize the time required for model
upgrades and potential troubleshooting. Additionally, version upgrades often involve changes in
estimated cnergy use and maintaining the same version of EnergyPlus allows for a direct comparison
with earlier work conducted by PNNL for New York State (Mendon et al. 2316).

3.3.2 Weather Locations

The analysis was conducted using weather data for New York City (CDZ 4A), Buffale (CDZ 5A) and
Watertown (CDZ 6A). The baseline set of models representing the 2020 ECCC NYS was simulated in
all three climate design zones with the exception of a portion of CDZ 4A representing New York City,
in which a baseline set representing the 2016 NYCECC was simulated. Correspondingly, the NYStretch

models were simulated in all three climate design zones.

3.3.3 Site, Source, and Energy Cost Calculations

Site energy use from the annual simulation was extracted for the major code regulated end-uses,
including heating, cooling, ventilation, fans, lighting, and DHW and converted to energy costs using
the average fuel costs for clectricity, natural gas, and fuel oil for the State, which was published by
the Energy Information Association (EIA). Site energy was also converted to source energy using

site-source conversion factors for electricity, natural gas, and fuel oil.
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3.3.4 Baseline Models for New York State

Energy models representing the baseline 2020 ECCC NYS developed for the previous 2020 ECCNYS
cost-effectiveness analysis were leveraged for this analysis. First, the models were modified to use the
revised federal minimum equipment efficiencies as shown in Table 5. The baseline set for CDZ 4A

was then further split into a set representing the minimum requirements of the 2016 NYCECC,

Table 5. Federal Minimum Equipment Efficiencies

Parameter Updated Federal Minimum Efficiency2
Gas furnace 80%
Cil furnace 83%
Qil hoiler 84%
Heaf pump SEER 14

3.3.4.1 Adjustment for Duct Sealing

The 2020 ECCC NYS models were developed from the 2015 IECC PNNL/DOE models provided

by NYSERDA. The PNNL/DOE models do not account for losses associated with an air distribution
system, and the savings associated with duct sealing provisions were added to the energy use by PNNL
with an involved post-processing setup (Mendon et al. 2013). Consistent with the previous 2020 ECCC
NYS cost-effectiveness analysis, this analysis used a conservative estimate of 10% heating and cooling

savings across the board from duct sealing provisions for the baseline and NYStretch cases.

3.3.5 'Implementation of the 2020 NYStretch Requirements

The 2020 NY Stretch code requires more stringent windows, insulation, and lighting compared to

the baseline codes. Additionally, it also requires several improvements to the mechanical systems,
including requiring ducts to be placed within conditioned zones, efficient hot water delivery systems,
and balanced ventilation systems including heat or energy recovery in the colder climate zones. Each
change was qualitatively evaluated to identify the changes that would result in an energy impact and
could be captured using energy modeling. This section describes the modeling methodology used for

evaluating the applicable changes.
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3.3.5.1 Envelope Improvements

The 2020 NY Stretch code requires a lower U-factor for fenestration in all three climate design zones,
improved wall insulation in CDZ 4A and 5A, improved floor insulation in CDZ 4A, improved basement
wall insulation in CDZ 4A and higher depth of slab insulation in CDZ 4A and 5A. All these changes were
modeled by updating the material properties for the respective assembly layers in the relevant EnergyPlus
objects. For windows, the U-factor field in the simple glazing object was updated to use a value of 0.27.
For exterior walls, basement walls, and floors, the conductivity of the consolidated insulation and framing

layer was adjusted to yield the required R value.

The 2020 NY Stretch code allows three options for meeting the prescriptive wall insulation requirement
in CDZ 4A and 54, including R-21 intermediate framing (walls with R-10 insulated headers), R-20+5
and R-13+10. This compares with the baseline requirement of R-20 or R-13+5 in the 2020 ECCCNYS
and a requirement of R-20+5 in the 2016 NYCECC. This code provision was evaluated by assuming
R-21 intermediate framing walls in CDZ 4A-balance and 5A in the NYStretch cases. In CDZ 4A-NYC,
because the baseling already required R-20+5, the N'YStretch cases were also modeled using the

R-20+5 aption.

3.3.5.2 Ducts in Conditioned Space

The PNNL/DOQE models do not account for losses associated with an air distribution system and

carmot be used to determine the energy savings from moving ducts inte conditioned space without a
major change to the medels, Analogous to the treatment of duct sealing, a flat multiplier was applied

to heating and cooling energy consumption to account for moving the ducts. A literature review revealed
reported savings of 10-25%, but basic assumptions, including CDZ and original duct placement, were
often unavailable. Therefore, a simplified modeling exercise was conducted in BEopt version 2.8 to

evaluate savings in CDZs 4A, 5A, and 6A.

BEopt models of a 2,400 ft* two-story, single-family home with three foundation types—slab,
unheated basement, and heated basement—were constructed to calculate the savings from moving
ducts to conditioned space. All other house characteristics werc maintained as the Building America

defaults except the duct location.



Table 6 shows the savings from moving ducts with 15% leakage, insulated with R-8, to conditioned
space. Broadly, the cooling savings were relatively consistent in all three CDZs — about 15% for the
slab, 10% for the unheated basement, and 5% for the heated basement. For heating, CDZs 5A and 6A
have similar savings, but the savings in CDZ 4A were about [0 percentage points higher—15% vs 25%
for the slab, 10% vs 20% for the unheated basement, and 5% vs. 15% for the heated basement.

Table 6. Savings from Moving Ducts to Conditioned Space

Duct Location CDZ 4A CDZ 5A CDZ 6A
Slab Attic 16% 17% 16%
Cooling Unheated basement Basement 1% 10% 13%
Heated basement Basement 7% 6% 5%
Slab Altic 22% 12% 12%
g:z;t::l?t}; Unheated basement Basement 19% 8% 7%
Heated basement Basement 16% 5% 5%
Slab Attic 26% 16% 16%
Heating - gas Unheated basement Basement 20% 9% 9%
Heated basement Basement 15% 5% 4%

a While the house has a gas fumace, there is 2 small amount of electricity consumption for heating, particularly fan

use.

When combined with the foundation weights for CDZs 4A, 5A, and 6A, the average cooling savings were
found to be between 10% and 17%, the fan energy savings between 7% and 22%, and the heating savings
between 9% and 26%, depending on the CDZ. Based on these results, an average savings of 20% from
the code provision were assumed in CDZ 4A-NYC and CDZ 4A-balance and 10% in CDZs 5A and 6A.
These savings were applied only to prototypes with slab-on-grade, crawlspace, and unheated basements
because prototypes with heated basements were conservatively assumed to have most of the ducting
system located within the conditioned basement, based on Building America House Simulation Protocols
(Wilson et al. 2014). For the applicable prototypes, the savi'ngs were assumed to be in addition to the

10% savings assumed from the duct sealing provisions in the baseline and implemented as a savings

multiplier to the heating, cooling, and fan energy in the 2020 ECCC NYS and 2020 NY Stretch cases.
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3.3.5.3 Drain Water Heat Recovery

The 2020 NY Stretch code includes provisions for improving the efficiency of hot water supply systems.
The code offers multiple options, including a compact piping layout with limits on pipe run lengths, drain
water heat recovery (DWHR), or a hot water recirculation system. While all three options are designed to
cut losses in the hot water delivery systems, they are associated with different costs and challenges. For
example, a compact piping layout can be efficiently implemented during the design of a house. However,
a DWHR or a recirculation system might be more suitable for a broader range of house configurations,
Similarly, the savings that can be hamesscd from any of these options vary significantly with the

configuration of the house and the hot water usage profile.

The PNNL/DOE models use a simplifying assumption of treating hot water pipes as adiabatic, meaning
there is no heat transfer between them and other spaces in the building. Therefore, adding DWHR to the
models or shortening pipe lengths does not account for any interactive effects with space heating and
cooling, Because the interactive effects arc expected to be of the second order in nature, the analysis uses
a savings multiplier based on a literature review. Savings percentages ranging from 25-40% were found
in the literature including an estimate of 40% from Minnesota Power,? an estimate of 25 to 30% from
Van Decker,* and 25% from Manitoba Hydro.’ This analysis uses a conservative savings estimate of
25%. These savings arc implemented by applying a multiplier of 0.75 to the hot water energy

consumption in the 2020 NYStretch cases.

3.3.5.4 Ventilation

The 2020 NY Stretch code requires energy recovery ventilation (ERV) or a heat recovery ventilation
(HRV) in CDZ 5A and 6A. In CDZ 4A, a balanced ventilation system is allowed to comply. The
baseline 2020 ECCC NYS or 2016 NYCECC do not require ERV/HRVS or balanced ventilation.
This code provision is evaluated by assuming balanced ventilation in CDZ 4A-NYC and CDZ 4A-
balance and HRVs in CDZ 3A and 6A,

Because the 2020 NY Stretch code does not include a minimum efficiency requirement for HRVs,

the directory of available products from the Home Ventilation Institute (HVI) was reviewed to

identify a suitable assumption. Figure 1 shows the distribution of the sensible recovery efficiency (SRE})
of praducts available in the market today. Most of the products have SRE between 64% and 75% with
some exceptionally high-efficiency units with SRE greater than 85% also available. The analysis assumes

HRVs with SRE of 70% in the NY Stretch cases in CDZ 5A and 6A. The HRVs are modeled using
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the EnergyPlus “ZoneVentilation:EnergyRecoveryVentilator” object, by setting latent heat recovery
efficiency to zero and sensible heat recovery efficiency to 0.7. In CDZ 4A-NYC and CDZ 4A-balance,

the NYStretch models are configured with the “balanced” zone ventilation option in EnergyPlus.

Figure 1. Distribution of Sensible Recovery Efficiencies of ERVs/HRVs

See endnotes for more information®
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3.3.5.5 High Efficacy Lighting

The 2020 NYStretch makes an incremental improvement to the minimum lighting efficacy requirement.
Compared to the tiered requirements in the baseline 2020 ECCC NYS and the 75% high-efficacy
lighting requircment in the 2016 NYCECC, the 2020 NY Stretch code requires 90% of all permanently
installed lighting to be high-efficacy with the minimum efficacy of lamps to be 65 Im/W and that of

the total luminaire to be 45 Im/W. This code provision is cxpected to yield a reduction in the annual

lighting energy use.

The lighting energy in the DOE/PNNL 2015 IECC models is calculated using the Building America
Benchmark specifications (Wilson et al. 20/14) and translated to the models as a lighting power density
{LPD) or a peak lighting power input (Mendon et al. 2013). A similar approach was utilized in the
previous 2020 ECCNYS cost-effectiveness analysis (NYSERDA 2019). The present analysis uses a
medified approach based on the same principles by updating the energy ratio (ER) associated with the
CFLs in the Building America equations to use 65 Im/W. All other parameters in the equations are left

unchanged.
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Table 7 shows the calculated lighting energy use for the baseline and 2020 NY Stretch for the single-

family prototype and each multifamily unit.

Table 7. Lighting Energy Use

2020 ECCC NYS 2016 NYCECC 2020 NYStretch
Single- Multifamily Single- Multifamily Single- Multifamily
family family family
Interior Hard-Wired :
Lighting Energy 787.1 474.0 867.6 5224 762.3 459.0
{kWhiyr) .
Interior Hard-Wired
Lighting LPD 0.106 0.106 0117 0.117 0.103 0.103
(Wit}
Exterior Lighting
Energy (Whiyr) 209.4 104.7 _ 230.9 115.4 202.8 101.4
Exterior Lighting
Peak (W) 47.63 4783 52.50 52.50 46.13 46.13
Garage Lighting
Energy (kWhiyr) 14.4 14.4 15.8 15.9 14.0 14.0
Garage Lighting
Peak (W) 7.81 7.81 8.61 8.61 7.56 7.56

3.4 Incremental Cost Calcuiations

The incremental costs associated with the code changes captured in the energy analysis are determined

using sources such as RS Means (RS Means 2019), DOE’s Building Community Cost database developed

by PNNL,” the consiruction cost estimation study conducted by Faithful+Gould for DOE (F+G 2012),
National Renewable Energy Laboratory’s (NREL) National Residential Efficiency Measures (NREM)
database, and technical reports published by DOE. Where required, the costs are adjusted to current
dollars using the consumer price index (CPI). Finally, the costs are adjusted using location cost

multipliers to come up with representative construction cost estimates for the State.

3.4.1 Location Multipliers

Location multipliers are used to adjust national average costs to account for locational diversity

in material and labor costs. This analysis uses location factors from the 2019 RS Means Residential
Costs Data Book (RS Means 2019). The data for all available locations in New York State is grouped
into CDZs 4A, 5A, and 6A using the 2018 IECC climate zone map (ICC 2017). CDZ 4A is further split
into CDZ 4A-NYC and CDZ 4A-balance by separating the factors for New York City and surrounding
areas from the remainder of CDZ 4A. The factors are then averaged to yield the overall factors used in

this analysis, as summarized in Table 8.
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Table 8. Location Cost Multipliers Used in the Analysis

Climate Design Zone Average Location Factor
4A-NYC 1.374
4A-balance 1.234
5A 1.059
6A 0.998

3.4.2 Incremental Cost for Each Measure

This section describes the assumptions behind the development of incremental costs for cach measure

that was evaluated in the energy analysis,

3.4.2.1 Fenestration

The 2020 NY Stretch requires a more stringent fenestration U-factor of 0.27 in all CDZs. This compares
to a baseline requirement of U-0.32 in CDZ 4A and U-0.30 in CDZ 5A and 6A. In CDZ 6A, the 2020
ECCC NYS has an additional prescriptive path with a U-0.28,

Incremental costs associated with code fenestration requirements, especially at higher efficiencies,

are often difficult to map to real fenestration products because available products have rated U-factors
and SHGC for various combinations of framing and glass and lack the level of granularity used by the
code. ENERGY STAR® addresses this complexity by using a regression-based approach in its Cost and
Savings Estimates for homes certified under ENERGY STAR Version 3 (ENERGY STAR 2016). The
regression uscs data from National Residential Efficiency Mcasures Database (NREM) developed by
the National Renewable Energy Laboratory (NREL) to develop a set of regression equations. These
regression equations are uscd to calculate the incremental costs associated with this code provision
resulting in an incremental cost of $1.04/ft in CDZ 4A including CDZ 4A-balance, $0.62/f in

CDZ 5A and an average of $0.33/ft” based on the two prescriptive baseline options in CDZ 6A. This
results in an incremental cost of $391 in CDZ 4A and CDZ 4A-balance, $235 in CDZ 5A, $157 in
CDZ 6A for the single-family prototype, $196 in CDZ 4A and CDZ 4A-balance, §117 in CDZ 54,
and $63 in CDZ 6A for each multitamily unit, after adjusting for inflation. These estimates are

further multiplied by the location factors before use in the analysis,
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3.4.2.2 Exterior Wall Insulation

There are multiple baseline and 2020 NY Stretch prescriptive options for wall insulation (Tables 1 and 2).
In CDZ 4A-balance and 5A, this analysis assumes R-20 in the baseline and R-21 intermediate framing
(with R-10 insulated headers) in the NY Stretch case. In CDZ 4A-NYC and 6A, this analysis assumed
R-20+5 in both the baseline and NY Stretch cases.

The additional cost associated with R-21 int compared to R-20 walls is the cost of insulating the
wall headers with R-10 insulation, The analysis asswmes the headers are insulated with 2 of

extruded polystyrene (XPS) at R-5/inch. Table 9 shows three estimates of incremental cost.

Table 9. Incremental Cost Estimates for Exterior Wall Insulation: R-21 int vs. R-20

Source Incremental Cost Notes
F+G (2012) $1.774t2 $1.62/ft? in 2012 doltars, adjusted to 2019 doltars
RS Means {2019) $1.88/t2
NREL NREM (2019} $1.70/12
Assumption $1.7712

According to the dimensions of the DOE/PNNL single-family prototype building used by Faithful +
Gould in their 2012 cost estimation exercise, the total length of 2x18 headers is 258 feet (F+G 2012).
This results in a total incremental cost of $380 associated with this code provision for the single-family
prototype. Detailed drawings of the multifamily prototype building are not available. Thus, the

analysis assumes that the ratio of headers to exterior wall area is the same in the single- and multifamily
prototypes, which translates to an incremental cost of $136 for each multifamily unit. Thesc cstimates

are further multiplied by the location factors before use in the analysis.

3.4.2.3 Floor Insulation

The 2020 NY Stretch code requires R-30 floor insulation in CDZ 4A compared to R-19 required by
the 2020 ECCC NYS in CDZ 4A. The analysis assumes that fiberglass blanket insulation is installed

between floor joists, Two estimates of incremental cost are shown in Table 10.

Table 10. Incremental Cost Estimates for Fleor Insulation: R-30 vs. R-19

Source incremental Cost Notes
F+G (2012) $0.46/42 $0.42/f2 in 2012 dollars, adjusted to 2019 dollars
RS Means (2019} $0.40/f12
Assumption $0.40/1t2
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Using $0.40/ft, the total incremental cost works out to $480 for the single-family prototype and $160 for
each multifamily unit. Because the 2016 NYCECC alteady requires floor insulation of R-30 in the areas
govemed by the code (CDZ 4A-NYC in this analysis), this incremental cost is assumed to apply only to
the balance of CDZ 4A (CDZ 4A-balance), after applying applicable location multipliers.

3.4.2.4 Slab Insulation

The 2020 NYStretch code requires slab insulation to be installed up to a depth of four feet compared
to the two feet required by the baseline 2020 ECCC NYS in CDZ 44 and SA. The analysis assumes
stab edge insulation to be 2” thick XPS (R-10) with 60 PSI compressive strength. Table 11 shows

three estimates of the ingcremental cost.

Table 11. Incremental Cost Estimates for Slab Insulation: 4’ vs. 2’ R-10 XPS

Source Incremental Cost Notes
F+G (2012) $1.774it2 $3.24/f for 2" deep slab edge insulation with R-10
XPS in 2012 dollars, adjusted to 2018 dollars
RS Means (2019) $2.42/12 2" thick XPS$ used in foundation applications
NREL NREM ({2019) $2.00/f2 2" thick XPS used in foundation appiications
Assumption $2.004t

Using a cost of $2,00/ft%, the total incremental cost is $560 for the single-family prototype and $247 for
each multifamily unit. Because the 2016 NYCECC already requires four feet of R-10 slab insulation in
the areas governed by the code (CDZ 4A-NYC in this analysis), this incremental cost is assumed to
apply only to the balance of CDZ 4A (CDZ 4A-balance) and CDZ 5A, after applying applicabic

location multipliers.

3.4.2.5 Basement Wall Insulation

The 2020 NYStretch code requires R-15 continuous or R-19 cavity insulation for basement walls

compared to the R-10 continuous or R-13 cavity insulation required by the bascline 2020 ECCC NYS
in CDZ 4A. The analysis assumes basement walls insulation to be kraft-faced fiberglass placed within the |
wall cavity. Table 12 shows three estimates of incremental cost including the cost of additional insulation

as well as deeper framing because R-13 insulation is 3.5” thick and can be placed in a 2 x 4 cavity.
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An average incremental cost of $0.8/ft* results in a total incremental cost of $784 for the single-family
prototype and $345 for each multifamily unit, Because the 2016 NYCECC already requires R-15/R-19
basement wall insulation in the areas governed by the code (CDZ 4A-NYC in this analysis), this
incremental cost is assumed to apply only to prototypes with conditioned basements in the balance

of CDZ 4A (CDZ 4A-balance), after applying applicable location multipliers.

Table 12. Incremental Cost Estimates for Basement Wall Insulation: R-19 vs. R-10 Cavity

Source incremental Cost Notes
F+G (2012} $0.84/ft? $0.77/ 12 in 2012 dollars, adjusted to 2018 dollars
RS Means {2019) $0.97/2
NREL NREM (2019} $0.5/t?
Assumption $0.8/ft?

3.4.2.6 Efficient Hot Water Supply

The 2020 NYStretch code has several options for encouraging the efficient delivery of hot water,
including an option for a compact piping system, a recirculation system, and a DWHR system.

Like other elements of the code that are focused on good design practices, the incremental cost
associated with this measure varies from case to case. For examble, Klein (2012) lays out several
examples for developing a compact hot water delivery system, which when implemented correctly
during the early design stages of a project would most likely result in first cost savings by climinating
long pipe runs that require instailation and insulation. If a compact hot water delivery system is not
feasible for any reason, a DWHR system or recirculation pump in some water heater configurations

can help reduce heat loss through pipes or recover a portion of the waste heat.

Similar to the range in energy savings from these systems, the incremental costs also tend to vary. The
U.S. Department of Energy (DOE) reports a range of $300 to $500 for installing DWHR systems, noting
that installation is likely to be less expensive in new home construction.? The final Codes and Standards
Enhancement (CASE) report developed by the California Energy Commission on DHWR repotts a total
cost of $700 to $800 for a complete installation, The study further notes that the product life for DWHR
is 30 to 50 years and that no maintenance is required because the equipment has no moving parts. ’
Finally, the third option, recirculating pumps, are cheaper to install depending on the water heater
configuration and can be controlled using a timer or a switch. The cost of installing a recirculation

pump is approximately $400.'°
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The present analysis assumes a DHWR because it is suitable for a wide range of home designs.
Additionally, it 1s expected that some builders will use the compact piping layout option, thus achieving
energy savings for negligible incremental costs. An average incremental cost of $400 is assumed for
this measure for both the single-family prototype as well as cach multifamily unit, The cost is further

adjusted by location factors,

3.4.2.7 Ventilation

The 2020 NYStretch code requires heat recovery ventilation (HRV) or energy recovery ventilation
(ERV) in CDZ 5A and 6A. In CDZ 4A, a balanced ventilation system is deemed to comply. As
discussed previously in the energy analysis, this analysis assumes a balanced ventilation system in

CDZ 4A and an HRV with 70% sensible recovery cfficiency (SRE) in CDZ 5A and 6A.

HRVs and ER Vs arc becoming more popular as the recent cnergy codes have driven down the air
leakage thresholds, thereby introducing the need for controlled mechanical ventilation systems. While
point exhaust-based systems are still commonly used to meet the IECC requirement across the country,
central fan-integrated supply (CFIS) systems and ERV/HR Vs are beginning to be introduced because

of the better ventilation effectiveness they provide.

This analysis assumes an average incremental cost of $300 for the single-family prototype and each
multifamily unit for the CFIS unit that meets the requirement in CDZ 4A. For CDZs SA and 6A, the
analysis assumes an incremental cost of $1,000 for the single-family prototype and each multifamily

unit. These costs are further adjusted using location factors.

Tables 13 and 14 show three estimates of total cost and incremental cost compared to local exhaust-based

systems for HRV/ERVs and CFIS.

Table 13. Incremental Cost Estimates for Ventilation: HRV/ERV System vs. Exhaust Ventilation

Source Total Cost Incremental Cost Notes
Moore (2018} $1,300 $1,103 New construction HRY
Aldrich et al (2013) $1,500 $1,100 Local ERV system
NREL NREM (2019} $1,300 $940 HRY with 70% SRE
Assumption $1,000 HRY with 70% SRE
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Table 14. Incremental Cost Estimates for Ventilation: CFIS System vs. Exhaust Ventilation

Source Total Cost Incremental Cost
Maoore {2018) $310 $113
Aldrich et al (2013) $650 $250
NREL NREM {2019) $850 $490
Assumption $300
3.4.2.8 Lighting

The 2020 NY Stretch code raises the threshold of high-efficacy lamps to require a minimum of

65 Im/W and that of luminaires to require a minimum of 45 lm/W, while leaving the required
percentage of high-efficacy hard-wired lighting unchanged at 90% as the baseline 2620 ECCC NYS.
The required percentage of high-efficacy hard-wired lighting in the 2016 NYCECC, however, is 75%."

The overall impact of the 2020 NYStretch code is to require the installation of CFLs at the higher end

of the CFL efficacy spectrum or LEDs. Many of the CFLs designed to replace 40-60 W incandescent
lamps that are currently labeled under the ENERGY STAR program have efficacies greater than

65 Im/W'? and would, therefore, meet the NY Stretch requirement. LEDs typically have higher efficacies,
around 80 lm/W,* but this analysis is based on conservative estimates of energy savings and assumes
thé' code provision is met with CFLs. Thus, the incremental cost associated with this change is assumed
to be negligible because most CFLs available in the market today easily meet the ENERGY STAR
designation for no incremental cost. For CDZ 4A-NYC, however, the baseline 2016 NYCECC requires
only 75% of permanently installed lamps to be high efficacy. Thus, the incremental cost of meeting the
2020 NYStretch code provisions for those cases is based on purchasing more CFL bulbs at an incremental
cost of $2.93/bulb compared to incandescent lamps. In the single-family prototype, the cost of replacing
seven bulbs is assumed to be $20.51; for each multifamily unit, the cost of replacing three bulbs is

assumed to be $8.79 (NYSERDA 2019).

3.4.2.9 Ducts in Conditioned Space

The 2020 NY Stretch code requires that all ducts be located within conditioned space, while the baseline
codes do not regulate the location of ducts. Moving ducts into conditioned zones reduces losses associated

with heat transfer and is proven to be a source of significant savings especially in warmer climates.
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However, the typical placement of ducts varies widely depending on the house configuration, HVAC
layout and even foundation type. Homes with basements tend to have a portion or all the ducts located
inside basements while homes with slab-on-grade or crawlspaces tend to have most of the ducts located

in the attic space which unless it is conditioned, can result in large losses.

DOE’s Building America program developed several case studies and low-cost installation methods

for locating ducts within the thermal boundary of a house by implementing dropped ceilings or chases
in single-story homes and installing ducts between floor in multi-story ones.* They also suggest sealing
an attic or crawlspace and insulating them at the perimeter to create a suitable conditioned zone for
placing ducts. However, the actual cost associated with this measure depends on many factors as they
apply to a given house. Building America found costs ranging from as little as $0.39/1* of conditicned
floor area when utilizing efficient chase systems to as much as $2.50/ft*> when using spray foam

insulation (Beal et al. 2011}

In the 2018 IECC, a new code provision related to buried ducts was approved (ICC 2017). This provision,
which has been carried through the 2020 ECCC NYS and the 2020 NY Stretch code, allows ducts buried
within attic insulation to be considered “inside conditioned space” if they meet certain criteria. The
criteria includes a lower leakage rate, the air handling unit (AHU) being placed inside conditioned

space, and a minimum insulation level above and below the duct surface. The approach is ¢cxpected

to yield good energy savings while still being a lower cost solution.

Research conducted by the National Association of Home Builders (NAHB) Home Innovation Research
labs compares ditferent strategies for meeting this code requirement along with a comparison of costs.*
This analysis assumes that this requirement is met by implementing buried ducts within conditioned
space, including building a mcchanical closet to house the AHU. The cost for this method per NAHB’s
research is between $913 and $1,107 for a 2,428 ft? single-story, slab-on-grade house configuration. It
is further noted that the cost for a two-story design would be proportional to the percentage of living
area on the second floor. Because the single-family prototype used in this analysis has 50% of the living
area on the second floor, the incremental cost associated with this measure is assumed to be $505 for
the single-family prototype. The incremental cost for each multifamily unit is also accerdingly assumed

to be $505 becavse the conditioned floor area is half that of the NAHB prototype. The prototypes with
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conditioned basements are asswmed to incur no additional costs because most of the ducts are already
assumed to be placed in the conditioned basement as described in section 3.3.5.2. Therefore, the
incremental costs are assutned to apply only to the prototypes with slab-on-grade, crawlspace and

unconditioned basement.

3.4.2.10 Credit Associated with Down-Sizing HVAC Equipment

The collective impact of the prescriptive and mandatory requirements of the 2020 NY Stretch code
reduce the design heating and cooling loads of the building and result in a reduction in the size of
HVAC equipment required to service the loads for the single- and multifamily dwelling units.

Because the analysis employs a whole building cost approach, the impact of equipment downsizing

due to improved shell efficiency is considered in the analysis. The HVAC sizing information reported

by EnergyPlus indicates a range in equipment capacity reduction between different prototypes and CDZs
and is more notable on the cooling side. It is also expected that the actual sizes installed in the field will
vary based on individual design practices. Thus, the analysis conservatively assumes a 0.5-ton reduction
~ in HVAC equipment in CDZ 4A-balance and SA where most of the envelope improvements apply over
the baseline 2020 ECCC NYS. In CDZ 4A-NYC and 6A, the downsizing in equipment 18 less noticeablc
because the envelope requirements are mostly similar between the baseline and the 2620 NY Stretch code.
Thus, an equipment downsizing credit of $330 was assumed in this analysis only for CDZ 4A-balance
and 5A (ENERGY STAR 2016). This credit is subtracted from the total incremental cost after adjusting

for inflation and location factors.

3.4.3 Total Incremental Costs by Prototype and Climate Desigh Zone

The total incremental costs per dwelling unit for each prototype in each climate design zone are shown

in Table 15.

Table 15. Total incremental Costs of the Presecriptive and Mandatory Provisions of the 2020
NY Stretch Code Compared to the 2016 NYCECC in CDZ 4A-NYC and 2020 ECCC NYS Elsewhere

Single-family Multifamily

Slab Crawispace Heated Unheated Slab Crawlspace Heated Unheated

Basement | Basement Basement | Basement
4A-NYC 32,048 $2,048 $1,528 $2,048 $1,763 $1,763 $1.243 $1,763
4A- $3,278 $3,180 $3,087 $3,180 $1,917 $1,810 $1,571 $1,810

balance

5A $2,900 $2,307 $1,905 $2,307 $2,117 $1,856 $1,455 $1,856
BA 31,602 31,602 $1,224 $1,602 $1,500 $1,509 $1,131 $1,509
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3.5 Cost-Effectiveness Analysis

Combined with the respective energy cost savings, the incremental construction costs were used to
calculate a simple payback, present value of savings over a 10-year period, and 30-year Life-Cycle
Cost (LCC) savings. While the cost-effectiveness calculations are based on the parameters and

equations laid out in DOE’s cost-effectiveness methodology (Taylor et al. 2015}, certain economic

parameters have been updated using latest New York specific data where available.

3.5.1 Fuel Prices

Energy use from the annual simulation is extracted for the major code regulated end-uses of heating,
cooling, ventilation, fans, lighting, and domestic DHW and converted to cnergy costs using the average
fuel costs for electricity, natural gas, and fuel oil for the State published by the Energy Information
Association {EIA). The latest full year data published by EIA is for 2017 (EIA 2019a, 2019b, and 2019¢).
Additionally, NYSERDA provided electricity and natural gas prices specific to New York City, which
were used only in CDZ 4A-NYC. The average fuel prices used in the analysis are described in Table 16.

Table 16. Fuel Prices

Fuel CDZ 4A-NYC All Other CDZs
Electricity $ 0.200/kWh $ 0.180/kWh
Natural gas % 0.900/therm $ 1.167/therm
Fuel Oil $ 2.774/therm $ 2.774ftherm

3.5.2 Economic Parameters

The protocols and economic factors used in DOE’s cost-effectiveness methodology were followed
to caiculate the present value and LCC savings. The present value calculation of energy cost savings
requested by the State was conducted using a 10-year term, and the LCC savings calculation used a

30-year term to match the typical term used by DOE in its analysis.

3.5.2.1 Mortgage Interest Rate

The mortgage interest rate has averaged around 4.5% in 2018 per latest estimates from Freddie Mac

and has been trending downwards in the first half of 2019 as shown in Figure 2.1¢
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Figure 2: Mortgage Interest Rate Trends for 2018 and 20197

Mortgage Interest Rate Trend

6.0

.....
-----
.......
........
e,
------
......
.....
--------

30 . —tp— 2018
—— 2019

L ey Linear (2019)

Mortgage Interest Rate (%}

1.0 !

Wionth

Based on the trajectory, this analysis uses an estimate of 4.0% mortgage Interest rate. The discount

rate is mainfained the same as the mortgage interest rate per DOE’s mcthodology.

3.5.2.2 Inflation Rate

The analysis uses the latest annualized inflation rate for December 2018 of 1,9%.'® The home

price escalation rate is maintained the same as the inflation rate per DOE’s methodology.

3.5.2.3 Fuel Price Escalation Rates

The fuel price escalation rates used in the analysis are the average escalation rates for the 2018-2050
period reported by EIA in its 2019 Annual Energy Outlook for the Mid Atlantic census region.”” The
escalation rate for electricity is assumed to be 0.6%, that for natural gas is assumed to be 0.9% and

that for fuel oil is assumed to be 1%.

3.5.2.4 Down Payment Rate

The analysis assumes a 20% down payment rate to be more representative of the current scenario

in the State (NYSERDA 2019).
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3.5.2.5 Income Tax Rate

The federal income tax rate is assumed to be 15% and the state income tax rate for the State is

assumed to be 6.33% for a married filing jointly bracket of $43,000 through $161,550.2°

3.5.2.6 Property Tax Rate

The property taxes in the State vary widely by location. This analysis uses an average property tax

rate of 1,65%. The economic parameters used this analysis are summarized in Table 17,

Table 17. Summary of Economic Parameters

Parameter Value
Mortgage Interest Rate 4%
Loan Term 30 years
Down Payment Rate 20.0%
Points and Loan Fees 0.5% {non-deductible)
Discount Rate 4% (equal to Mortgage Interest Rate}
Period of Analysis 30 vears
Property Tax Rate 1.65%
Income Tax Rate 21.3%
Home Price Escalation Rate 1.8%
Inflation Rate 1.9%
Energy Escalation Rates - Electricity 0.8%
Energy Escalation Rates — Natural Gas 0.9%
Energy Escalation Rates — Fuel Qil 1.0%

3.5.2.7 Useful Measure Life, Replacements, and Residual Value

For building components that have useful lives longer than 30 years, a credit for “residual life”

was applied at year 30 in the LCC calculation. For building ¢components with a useful life less than

the analysis term, the analysis assumes a like-for-like replacement consistent with the DOE methodology.
Table 18 summarizes the effective useful life (EUL) of components assumed in the analysis. In order

to strcamline the cost-effectiveness analysis and calculations, measures with similar EULs were grouped
together, For example, all measures related to opaque insulation requirements and the provision for
buried ducts were grouped together into the “opaque insulation” set with an EUL of 60 years. Windows
and lighting were individually cvaluated with an EUL of 20 years and scven years respectively, and the

provisions associated with ventilation were included in the “HVAC” set and evaluated with an EUL of

15 years.
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Table 18. Effective Useful Life of Building Components

Component EUL (Years)
Opaque Insulation 60
Windows 20
Lighting 7
HVAC 15
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4 Results

This section summarizes the results of the energy and cost-effectiveness analysis of the 2020 NY Stretch
Energy Code compared to the 2016 New York City Energy Conscrvation Code (NYCECC) in CDZ 4A-
+ NYC and 2020 Energy Conservation Construction Code of New York State (ECCC NYS) elsewhere.

4.1 Energy Savings at the Climate Design Zone and State Level

The results of the energy savings analysis of the proposed 2020 NYStretch code over the respective
baseline code, by end-use at the climate design zone and State level are included. These results have
been aggregated over the entire set of building types, foundation types and heating systems using the

construction weights matrix,

4.1.1 Site Energy Savings

Tables 1921 summarize the site energy savings for code regulated end-uses by CDZ and at the State
level. The results for the CDZ 6A baseline have been averaged over the two alternative options and
the results for multifamily buildings in CDZ 6A arc not included because the associated construction

weight was zero. In summary, the results show ~24.6% site energy savings at the State level.

Tabie 19. Reguiated Site Energy Savings for the Prescriptive and Mandatory Provisions the 2020
NYStretch Code for Single-Family Buildings

Climate Zone 4A-NYC

Heating Coaling Lighting Fan DHW Total Regulated
(kBtu/dwelling | {(kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling Energy
unit) unit} unit) Lnit) unit} {kBtu/dwelling
unit)
2016 NYCECC 25990.3 6066.3 54722 2637.8 16426.6 56893.3
2020 NYStretch 20244.0 4889.8 4966.9 2309.2 12318.2 447281
Savings (%) 22.1% 19.4% 9.2% 21.4% 25.0% 21.4%
Climate Zone 4A-balance
Heating Cooling Lighting Fan DHW Total Regulated
(kBtu/dwelling | (kBtu/dwelling | (kBtw/dwelling | (kBtu/dwelling | {kBtu/dwelling Energy
unit) unit) unit) unit) unit) (kBtu/dwelling
_ unit}
2020 ECCC NYS 29118.5 60837 5093.2 3156.3 16431.5 50883.2
2020 NY Stretch 21981.5 4988.1 4968.9 24126 12320.5 46669.6
Savings (%) 24.5% 18.0% 2.5% 23.6% 26.0% 22.1%
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Table19 continued

Climate Zonhe 5A
Heating Cooling Lighting Fan DHW Total Regulated
(kBtw/dwelling | (kBtu/dwelling | (kBtu/dwelling | (kBiu/dwelling | (kBtu/dwelling Energy
unit) unit) unit) unit) unit) (kBiu/dwelling
unit)
2020 ECCC NYS 43133.8 3926.1 5096.0 32326 18050.4 73438.9
2020 NY Stretch 29343.4 3621.9 4969.6 3396.8 13527.8 54858.5
Savings (%} 32.0% 7.7% 2.5% -5.1% 25.1% 25.3%
Climate Zone 6A
Heating Cooling Lighting Fan DHW Total Regulated
{kBtw/dwelling { (kBtu/dwelling | (kBtu/dwelling | {kBtu/dwelling | (kBlu/dwelling Energy
unit) unit) unit} unit) unit) {kBtu/dwelling
unif}
2020 ECCC NYS 44539.3 3634.2 5083.3 2887 .5 19014.7 751581
2020 NYStretch 28811.0 3346.4 4957 .2 31354 14251.9 55502.0
Savings (%) 33.1% 7.9% 2.5% -8.6% 25.0% 26.2%

Table 20. Requlated Site Energy Savings for the Prescriptive and Mandatory Provisions of the
2020 NYStretch Code for Multifamily Buiidings

Climate Zone 4A-NYC

Heating Cooling Lighting Fan DHW Total Reguiated
{kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling | {(kBtu/dwelling Energy
unit) unit) unit) unit) unit) {kBtu/dwslling
unit)
2016 NYCECC 7896.4 3597.9 29335 1492.7 12053.4 27973.9
2020 NYStretch 8171.9 3058.3 26821 12334 8039.5 221685.2
Savings (%} 21.8% 15.0% 8.3% 17.4% 25.0% 20.8%
Climate Zone 4A-bafance
Heating Cooling Lighting Fan DHW Total Regulated
{kBtu/dwelling | (kBtu/dwelling | (kBtu/dweliing | (kBiu/dwelling | (kBtu/dwelling Energy
unit) unit) unit) unit) unit) {kBtu/dwelling
unit}
2020 ECCC NYS 8631.2 3592.6 2730.0 1546.6 12054.4 28554.8
2020 NYStretch 6606.6 3055.2 26621 1268.1 9040.0 22632.0
Savings (%) 23.5% 15.0% 2.5% 18.0% 25.0% 20.7%
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Table 20 continued

Climate Zone 5A

Heating Cooling Lighting Fan DHW Total Regulated
(kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling Energy
unit) unit) unit) unit) unit} {kBiu/dwelling
unit)
2020 ECCC NYS 12643.5 2438.2 2730.0 1610.1 13026.2 324479
2020 NYStretch 7078.5 2540.4 26621 21349 9763.8 241756
Savings (%) 44.0% -4.2% 2.5% -32.6% 25.0% 25.5%

Table 21. Weighted Average Regulated Site Energy Savings for the Prescriptive and Mandatory
Provisions of the 2020 NYStretch Code

Climate Zone 4A-NYC

Heating Cooling Lighting Fan DHW Total Regulated
(kBtu/dwelling | (kBtu/dwelling | (kBtuw/dwelling | {kBtu/dwelling {kBtu/dwelling Energy
unit) unit} unit) unit) unit) {kBtu/dwelling
unit)
2016 NYCECC 14639.4 4517.8 38796 2031.2 13683.2 38751.2
2020 NYStretch 11416.1 3740.8 3521.0 1634.4 10261.4 30573.7
Savings (%} 22.0% 17.2% 9.2% 19.5% 25.0% 21.1%
Climate Zone 4A-balance
Heating Couoling Lighting Fan DHW Total Regulated
{(kBtu/dwelling | (kBtu/dwelling | {kBtu/dwaliing | (kBtu/dweliing | {kBtu/dwelling Energy
unit} Lnit) unit} unit} unit} {kBtu/dwelling
unit)
2020 ECCC 16266.1 4521.0 38107 21485 13685.6 402299
NYS
2020 NYStretch 12336.3 37755 3521.0 1694 .6 10262.8 315900
Savings (%) 24.2% 16.5% 2.5% 21.1% 25.0% 21.5%
Climate Zone 5A
Heating Cooling Lighting Fan DHW Total Regulated
(kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling | {kBtu/dwelling | (kBtu/dwelling Energy
unit) unit) unit) unit} unit) {kBtu/dwelling
unit)
2020 ECCC 38986.7 37237 4774.2 3011.9 17367.0 67863.6
NYS
2020 NYStretch 26315.1 3474.8 4655.8 32251 13015.9 50686.6
Savings (%) 32.5% 6.7% 2.5% -7.1% 25.1% 25.3%
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Table 21 continued

Climate Zone 6A
Heating Cooling Lighting Fan DHW Total Regulated
(kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling | (kBtufdwelling Energy
unit) unit) unit) unit) unit) {kBtu/dwelling
unit)
2020 ECCC 44539.3 3634.2 5083.3 2887.5 19014.7 75159.1
NYS
2020 NYSiretch 29811.0 3346.4 4857.2 31354 14251.9 55502.0
Savings (%} 33.1% 7.9% 2.5% -8.6% 25.0% 26.2%
New York State
Heating Cooling Lighting Fan DHW Total Regulated
{kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling | (kBtu/dwelling {kBtu/dwelling Energy
unit) unit) urt) unit} unit) {kBtu/dwelling
unit)
Baseline 32381.7 39742 4440.3 2700.8 16429.4 59026.4
2020 NYStretch 22266.5 3552.5 4330.2 2698.0 12315.3 45161.4
Savings (%) 31.2% 10.6% 2.5% 0.1% 25.0% 24 6%

4.1.2 Source Energy Savings

The site energy savings calculated based on the results of the energy simulation exercise are converted

into source energy savings using site-source conversion factors included in Table 4.2.1.2 of the 2020

NY Stretch code. Factors for fuels relevant to this analysis are summarized in Table 22,

Table 22. Site to Source Energy Conversion Ratios

Energy Type New York Ratio
Electricity (Grid Purchase) 2.55
Natural Gas 1.05
Fuel Qil 1.01
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Tables 23-25 summarize the source energy savings resulting from the prescriptive and mandatory

provisions of the 2020 NY Stretch code compared to the respective baseline code in cach CDZ.

Table 23, Source Energy Savings for the Prescriptive and Mandatory Provisions of the
2020 NYStretch Code for Single-family Buildings

Climate Zone Baseline Total Source | 2020 NYStretch Total Source Energy
Energy {kBtu/dwelling Source Energy Savings
unit} (kBtu/dwelling unit)
4A-NYC 90636.9 72065.8 20.5%
4A-balance 540334 74807.6 20.4%
BA 108649.2 84773.8 22.0%
6A 110706.5 851654 23.1%

Table 24. Source Energy Savings for the Prescriptive and Mandatory Provisions of the
2020 NYStretch Code for Multifamily Buildings

Climate Zone Baseline Total Source | 2020 NYStretch Total Source Energy
Energy (kBtu/dwelling Source Energy Savings
unit) {kBtu/dwelling unit)
4A-NYC 50053.5 40359.2 19.4%
4A-balance 50626.1 41010.5 19.0%
5A 96132.8 44709.6 20.4%

Table 25. Weighted Average Source Energy Savings for the Prescriptive and Mandatory
Provisions of the 2020 NYStretch Code

Climate Zone Baseline Total Source | 2020 NYStretch Total Source Energy
Energy (kBtu/dwelling Source Energy Savings
unit) {kBtu/dwelling unit)
AA-NYC 65177.7 52175.2 19.9%
4A-balance 66802.6 H3605.6 19.8%
5A, 101506.3 793246 21.9%
8A, 110706.5 851654 23.1%
NY State Average 915451 71769.2 21.6%

4.2 Energy Cost Savings at the Climate Design Zone and State Level

The encrgy cost savings from the NYStretch code over the 2020 Energy Conservation Construction Code
of New York State by fuel type at the CDZ and State level are included in Tables 26-28. The results for

the CDZ 6A baseline have been averaged over the two alternative options and the results for multifamily
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buildings in CDZ 6A are not included because the associated construction weight was zero. In summary,

the results show ~19.7% energy cost savings at the State level. Results by building type and climate zone

can be found in Appendix B.

Table 26. Annual Energy Cost Savings of the Prescriptive and Mandatory Provisions of the
2020 NYStretch Code for Single-family Buildings

Climate Zone 4A-NYC

Electricity Cost
{$/dwelling unit)

Natural Gas Cost
{$/dwelling unit)

Fuel Oil Cost
{$1dwelling unit)

Total Energy Cost
($/dwelling unit)

{$/dwelling unit)

{$idwelling unit}

($/dwelling unit)

2016 NYCECC 1207.5 326.8 0.0 1534.1
2020 NYStretch 980.¢ 251.9 0.0 1232.8
Savings (%} 18.8% 22.9% NA 19.6%
Ctimate Zone 4A-balanc
Electricity Cost Natural Gas Cost Fuel Oil Cost Total Energy Cost

{$/dwelling unit)

($1dwelling unit)

{$/dwelling unit)

($/dwelling unit)

2020 ECCC NYS 1097.6 456.3 0.0 1553.9
2020 NYStretch 909.1 343.8 0.0 1252.8
Savings {%} 17.2% 24.7% NA 19.4%
Climate Zone 5A
Electricity Cost Natural Gas Cost Fuel Oil Cost Total Energy Cost

{$/dwelling unit)

{$/dwelling unit)

{$/dwelling unit}

($/dwelling unit)

2020 ECCC NYS 1115.2 576.4 81.2 1772.8
2020 NYStretch 960.1 403.9 57.5 1421.5
Savings (%) 13.9% 29.9% 29.1% 18.8%
Climate Zone 6A
Electricity Cost Natural Gas Cost Fuel Oil Cost Total Energy Cost

{$/dwelling unit)

2020 ECCC NYS 1122.0 612.0 40.7 1774.7
2020 NYSiretch g48.7 426.3 28.0 1403.0
Savings (%) 15.4% 30.3% 31.2% 20.9%
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Tabie 27. Annual Energy Cost Savings of the Prescriptive and Mandaiory Provisions of the 2020
NYStrefch Code for Multifamily Buildings

Climate Zone 4A-NYC

Electricity Cost
{$/dwelling unit)

Natural Gas Cost
{$/dwelling unit)

Fuel Oil Cost
($/dwelling unit)

Total Energy Cost
($/dwelling unit)

{$/dwelling unit)

{$/dwelling unit}

{$/dwelling unit)

2018 NYCECC, 810.0 117.1 31.9 958.9
2020 NYStretch 669.1 88.8 247 782.5
Savings (%) 17.4% 24.2% 22.6% 18.4%
Climate Zone 4A-balanc
Electricity Cost Natural Gas Cost Fuei Oil Cost Total Energy Cost

{$/dwelling unit)

($/dweliing unit)

($/dwelling unit)

{$/dwelling unit)

2020 ECCC NYS 728.8 158.2 333 8204
2020 NYStretch 608.9 118.9 255 ¥53.3
Savings {%) 18.5% 24.9% 23.4% 18.2%
Climate Zone 5A
Electricity Cost Natural Gas Cost Fuel Oil Cost Total Energy Cost

{$/dwealling unit}

2020 ECCC NYS 777.2 207.0 0.0 984.2
2020 NYStratch 680.7 131.8 0.0 8125
Savings (%) 12.4% 36.3% NA 17.4%

Table 28. Weighted Average Annual Energy Cost Savings of the Prescriptive and Mandatory
Provisions of the 2020 NYStretch Code

Climate Zone 4A-NYC

Electricity Cost
($/dwelling unit)

Natural Gas Cost
($/dwelling unit)

Fue! Qil Cost
{$/dweiling unit)

Total Energy Cost
{$/dwelling unit}

2016 NYCECC 958.1 195.2 20.0 11733
2020 NYStretch 785.3 148.6 15.5 950.3
Savings (%) 18.0% 23.4% 22.6% 12.0%
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Table 28 continued

Climate Zone 4A-balance

Electricity Cost
($/dwelling unit)

Natural Gas Cost
($/dwelling unit}

Fusl Qil Cost
{$/dwelling unit)

Total Energy Cost
($/dwelling unif}

866.3

2020 ECCC NYS 269.3 20.9 1156.5
2020 NYStretch 720.7 2027 16.0 939.4
Savings (%) 16.8% 24.7% 23.4% 18.8%
Climate Zone 5A
Electricity Cost Natural Gas Cost Fuel Qil Cost Total Energy Cost

($/dwelling unit)

{$/dwelling unlt)

{($/dwelling unit)

($/dwelling unit)

2020 ECCC NYS 1069.2 526.2 70.1 1665.5
2020 NYStretch 922.1 366.9 49.7 1338.7
Savings (%) 13.8% 30.3% 29.1% 19.6%
Climate Zone 6A
Electricity Cost Natural Gas Cost Fuel Cil Cost Total Energy Cost

{$/dwelling unit)

($/dwelling unit)

{$/dwelling unit)

($/dwelling unit}

2020 ECCC NYS 1122.0 612.0 40.7 1774.7
2020 NYStretch 948.7 428.3 28.0 1403.0
Savings (%) 15.4% 30.3% 31.3% 20.9%
New York State
Electricity Cost Natural Gas Cost Fuel Qil Cost Total Energy Cost

{$/dwelling unit)

{$/dwelling unit)

{$/dwelling unit}

{$/dwelling unit)

2020 ECCC NYS 1010.8 455.6 48.5 1514.9
2020 NYStretch 859.6 322.8 346 1216.7
Savings (%) 15.0% 29.2% 28.6% 19.7%

4.3 Cost-Effectiveness

The results of the cost-effectiveness analysis in terms of simple payback, a 10-year net present value
(NPV) of energy cost savings including replacement costs and residual value of efficiency measures,

and a 30-vr Life Cyele Cost (LCC) savings are described below.
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4.3.1 Simple Payback

Table 29 shows the weighted average annual energy cost savings, the associated total incremental

costs, and the resulting simple payback for the 2020 NYStretch code compared to the 2016 NYCECC
in CDZ 4A-NYC and 2020 ECCC NYS elsewhere, for the single- and multifamily prototypes.

Table 29. Weighted Average Simple Payback

Single-family Multifamily
Total Annual Total Total Annual Total
Energy Cost | Incremental Energy Cost | Incrementai
Climate Savings Costs Simple Savings Costs Simple
Design ($/dwelling ($/dwelling | Payback | ($/dwelling {$/dwelling Payback
Zone unit) unit) {Years) unit) unit) (Years)
4A-NYC $301 $1,910 6.3 $176 $1,625 9.2
4A-balance $301 $2,483 8.2 $167 $1,488 8.9
BA $351 $2,202 6.3 $172 $1,751 10.2
BA $372 $1.506 4.1 NA NA NA,
NY Stata $348 $2.057 5.9 $171 $1,591 9.3

4.3.2 10-Year Present Value of Energy Cost Savings

Table 30 shows the 10-year net present value of energy cost savings for the NY Stretch code compared
to the 2016 NYCECC in CDZ 4A-NYC and 2020 ECCC NYS clsewhere, for the single- and multifamily

prototypes. The results include applicablc replacement costs for measures with EULs lcss than the

analysis term of 30 years and residual values for measures with EULs longer than the analysis term.

The results have been aggregated over the entire set of building types, foundation types, and heating

systems using the construction weights matrix. In all cases, the energy cost savings comfortably

exceed the first-ycar incremental costs.

37




Tabte 30. Weighted Average Net Present Value (NPV} of Energy Cost Savings over 10 Years

Climate Design

Single-family Multifamily
10-Year NPV of 10-Year NPV of
Total First Year Cost Savings Total First Year Cost Savings
Incremental Including Incremental Including
Costs Replacement Costs Replacement
Costs and Costs and

{$/dwelling unit)

Residual Values

{$/dwelling unit)

Residual Values

Zone {$/dwelling unit) {$idwelling unit)
4A-NYC $1,910 $2,866 $1,625 $1,784
4A~balance $2,463 $3,509 $1.488 $1,930
5A $2,202 $3,590 $1,751 $1,825
B6A $1,506 $3,473 NA NA
NY State $2,057 $3,524 $1,591 $1,862

4.3.3 30-year Life Cycle Cost (LCC) Savings

Table 31 sumsnarizes the LCC savings of the NYStretch code over the 2020 ECCC NYS at the CDZ

and State level. The resuits have been aggregated over the entire set of building types, foundation types

and heating systems using the construction weights matrix. The residential provisions of NYStrctch code

are found to be cost-effective for the homeowner and yield positive savings over the life of the home in

all cases, except for multifamily buildings in CDZ 5A. However, the overall State average LCC savings

are positive.

Table 31. Weighted Average 30-Year LCC Savings

Single-family 30 Year Multifamily 30 Year
Climate Design LCC Savings LCC Savings
Zone {$/dwelling unit) {$/dwelling unit)
4A-NYC $1,804 $94
4A-balance $1,763 $649
54 $2,235 $(442)
6A $2,724 NA
NY State $2,275 $226
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Table 32 summarizes the average energy cost savings, incremental construction costs, and cost-
effectiveness results for the prescriptive and mandatory provisions of NY Stretch, weighted over

the single- and multifamily building construction weights for the State.

Table 32. Weighted Results for the Prescriptive and Mandatory Provisions of the 2020 NYStretch
Code at the State Level

New York State Average |
Annual Energy Cost Savings ($/dwelling unit} $278
Incremental Costs {$/dwelling unit} $1,795
Simple Payback (Years) 6.4
10-Year NPY of Cost Savings Including Replacement Costs and Residual $2,854
Values ($/dwalling unit)
30-Yr LCC Savings ($3/dwelling unit) “§1,741

4.3.3.1 Consideration of the Avoided Cost of Carbon Emissions

The analysis and results described thus far do not include the impact of carbon emissions in the
calculations, However, as New York State moves towards aggressive carbon goals for buildings,
accounting for the impact of carbon emissions of different fuels becomes imperative. To understand
the magnitude of this impact, an exploratory cxercise was conducted by blending in a “avoided cost
of carbon emissions” in the fuel prices and recalculating the 30-year LCC savings. These factors for
clectricity, natural gas, and fuel oil were obtained from NYSERDA’s Regional Greenhouse Gas
Initiative (RGGI) analysis.

Consistent with the Benefit Cost Analysis Framework adopted by the NYS Public Service Commission,
the analysis that developed the avoided cost of carbon emissions nses the U.S. Environmental Protection
Agency’s estimate of the social cost of carbon (SCC) at the 3% discount rate. For electricity, the net
social cost of carbon emissions on a per-MWh basis ($/MWh) is net of the projected RGGI compliance
costs included in the New York State Independent System Operator {(NYISO) CARIS2 2018 Base

Case model, and is derived using the NYS Department of Public Service (DPS) estimate of the marginal
emissions factor for electricity (Ib. CO2/MWh) calculated using the CARIS2 2018 Basc Case model; a
description of the DPS methodology is provided in Attachment B of the Order Establishing the Benefit
Cost Analysis Framework (issued January 21, 2016 in NYS PSC Case 14-M-0101, Proceeding on Motion

of the Commission in Regard to Reforming the Energy Vision). For natural gas and oil, the social cost of
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carbon emissions on a per-MMBtw basis ($/MMBtu) is derived using the marginal emissions factors

for buildings {Ib. CO2e/MMBtu} published in the Final Performance Metrics Report of the NYS Clean

Energy Advisory Council — Metrics, Tracking and Performance Assessment Working Group (filed
July 19, 2017 in NYS PSC Matter 16-00561).

The fuel prices used in the analysis, before and after including the cost of carbon, are summarized

in Table 33 and the revised LCC savings results are included in Table 34,

Table 33. Fuel Prices used in the Analysis, With and Without the Cost of Carbon

Climate Zone Without the Cost of Carbon With the Cost of Carbon
Electricity | Natural Fuel Oil | Electricity | Natural Fuel Qil
($/kWh) Gas {$/therm) ($/kWh} Gas {$/therm)
{$/therm) ($/therm)

4A NYC 0.200 0.800 2774 0,223 1.248 3.258

44 except NYC 0.180 1.167 2.774 0.203 1.515 3.258

5A 0.180 1.167 2774 0.203 1.615 3.258

6A 0.180 1.167 2.774 0.203 1.515 3.258

Tabie 34. Weighted Average 30-Year LCC Savings When the Avoided Cost of Carbon is Included

Climate Design

Single-family 30 Year
LCC Savings

Multifamily 30 Year
LCC Savings

Zone ($/dwelling unit) {$/dwelling unit)
4A-NYC $2,804 $610
4A-balance $2,810 $1,162
54, $3,617 $191
6A $5,088 NA
NY State $3,838 $769

It is observed that the inclusion of carbon cost in the fuel price increases LCC savings across the board,

including multifamily buildings in CDZ 5A. This indicates the added benefit of including such costs

in cost-effectiveness analyses for buildings, especially as decarbonization goals replace energy savings

goals and since the buildings are likely to exist as they are constructed for the next 70 to 100 years.
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5 Discussion

The 2020 NY Stretch code contains many elements that encourage better building design such as

better hot water piping layouts, better duct placoment etc., which can be easy to implement in new
construction if planned well at the design stage. This analysis typically uses conservative savings and
incremental cost estimates for many of these measures because of the range of designs and performances
that can be achieved 1n the field. Consequently, the energy savings and cost-effectiveness results reported
fall on the lower end of potential savings that can be achieved through the 2020 NY Stretch code. The
actual energy savings that can be achieved in the ficld are likely to be higher leading to better cost-

effectiveness outcomes.

Additionally, this analysis assumes no fuel switching between the baseline and the 2020 NY Stretch cases.
The energy cost savings and correspondingly lower LCC savings for models with gas furnaces because

it 1s an inexpensive way for water and space heating. It is plausible that newer homes, especially those
built under a stretch code, would be more likely to use electric heating to leverage on-site or off-site
gencration resulting in better cost-effectiveness outcomes across the board. Furthermore, as demenstrated
in section 4.3.3.1, when the avoided cost of carbon is included in the analysis, the LCC savings improve
substantially. This effect is mainly driven: by the models with gas heating, As the State works toward
decarbonization goals for buildings, the consideration of carbon in conducting energy and cost-

effectiveness analyses for buildings would need to be central in policy development.
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6 Conclusion

The prescriptive and mandatory elements of the residential provisions of the 2020 NY Stretch Energy
Code are expected to yield positive energy savings over the baseline 2020 Encrgy Conscrvation -
Construction Code of New York State (2020 ECCC NYS) and the 2016 New York City Energy
Conservation Construction Code {2016 NYCECC). The savings range from 21 to 26% at the CDZ

level in terms of site energy savings and from 18 to 21% in terms of energy costs. The provisions are

also found to be cost-effective when evaluated using a 10-year net present value of energy cost savings as
well ag a full 30-year LCC savings calculations from the perspective of the homeowner for single-family

buildings and most multifamily buildings.
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Appendix A. Cost-Effectiveness Analysis of Section
R407

A1 Background

This section summarizes the results of an additional analysis of a Section R407 (Additional Energy
Efficiency Credits) contained in the draft NYStreich Energy Code version dated January 2019.%
Section R407 inciudes a table of additional efficiency credits for various envelope, equipment and
generation options, with different points for a single-family versus multifamily dwelling unit.

Table A-1 summarizes the additional efficiency credits table along with the available credits.

When complying with this path, detached one- and two-family dwellings, semi-detached two-family
dwellings and townhouses are required to obtain 2.0 credits from column A and all othér residential

buildings are required to obtain 3.0 credits from column B.

Table A-1. Summary of the Options and Credits from the R407 Additional Energy Efficiency
Credits Tabie

Category | Option Measure Column { Column
A B

v

c

2

g' 1.1 U =< 0.042 Exterior Above Grade Walls 1 0.5

4

]

£

& 1.2 U £0.02¢ Ceilings + U20.25 Windows 0.5 0.5

e 1.3 15% Better UA 1.5 1

E 14 | U< 0.24 Windows 0.5 0.5

% 1.5 2 ACH50 + High-efficiency Fans 0.5 0.5
5 2 ACHS50 + High-efficiency Fans + Heat Recovery Ventilation

= 1.6 1 1

T {(HRV)

- 21 High-efficiency Furnace or Heat Pump 1.5 1

] a 22 Ducted/Ductless Minisplit Heat Pump 0.5 1

t 0

E = 2.3 | High-efficiency Water Heater 0.5 15
g-% 2.4 Higher-efficiency Water Heater o1 2
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Y 1ORNh |4 opewiho
o g ousing . )
£ C " . . . using unit
28 25 Minimum 1 kW of photovoltaic power or wind power. unit

£ 5 (max 2 {max 2
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I 2.8 Solar Domestic Hot Water ng unit g unit
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Thus, based on the main analysis methodology and building types under consideration, the
single-family prototype would need to obtain 2.0 credits from column A and each multifamily unit
would need to obtain 3.0 credits from column B. The additional analysis included the energy savings
and cost-effectiveness evaluation of two least incremental cost package options that satisfied the

requirements of the additional efficiency credits path.

Based on the results of this analysis and a concern that the section as written might face federal
preemption, NYSERDA decided to remove the Additional Encrgy Efficiency Credits section from
the final version of NYStretch. This appendix memotializes the approach, assumptions, and results

of the cost effectiveness analysis.

A.2 Overview of the Analysis

The scope of the additional analysis included the evaluation of two least incremental cost options that
would satisfy the credit requirements set forth in section R407. Because the additional efficiency credits
associated with the same measures are different for single-family versus multifamily dwelling units,

this analysis optimized the least cost packages separately for the single- and multifamily prototypes. The
analysis, however, did not optimize packages at the CDZ level. 2 The packages were cvaluated as whole

building packages, including the prescriptive and mandatory provisions of the 2020 NYStretch code.

The costs associated with each measure from Table A-2 were calculated and mapped against the credit
points offercd by each to create optimal combinations to yield the required number of 2.0 credits for
the single-family prototype and 3.0 credits for the multifamily prototype. Figures A-1 and A-2 show
the spread of incremental costs for various measures related to the associated credits offered for the

single-family and multifamily prototypes.
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Figure A-1. Incremental Costs versus Additional Efficiency Credit Offered for Each Option
for a Single-Family Building
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Figure A-2. Incremental Costs versus Additional Efficiency Credit Offered for Each Option
for Each Multifamily Unit
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For the single-family prototype, high-efficiency space conditioning equipment (option 2.1 in Table A-1)
was found to be the least expensive way to obtain 1.5 points out of the rcquired total of 2.0. On the
multifsmily side, higher-efficiency water heating equipment (option 2.4 in Table A-1) was found to be
the least expensive way to obtain 2.0 out of the required total of 3.0 points. Thus, high-efficiency space
conditioning equipment was part of both least expensive package options for single-family and higher-

efficiency water heating equipment was part of both least expensive package options for multifamily.
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A.3 Single-Family Prototype Packages

As described earlier, option 2.1 from Table A-1 was the least expensive way to capturc 1.5 points ont of
the required 2.0 points for the single-tamily prototype. The high-efficiency space conditioning measure
requires an air source heat pump with a heating seasonal performance factor (HSPF)} of 9.0, gas or oil-
fired furnaces or boilers with an annual fuel utilization efficiency (AFUE) of 94% or a ground-sourcc heat
pump (GSHP) with a co-efficient of performance (COP) of 3.3. Because the cost of implementing GSHPs
varies widely depending on the site and the set of models used in the analysis does not include a medel
with a GSHP, this analysis was conducted by assuming higher-efficiency air source heat pumps in the
single-family prototype models with heat pumps and higher-¢fficiency gas and oil-fired furnaces in the
single-family prototype medels with gas and cil-fired furnaces respectively for the 2020 NY Stretch cases.
The baseline models in each case are maintained at the standard federal minimum efficiencies specified

in Table 5 in the body of this report.

Additional measures that weuld yvield 0.5 points were then required to create the two least first-cost
option packages to yield a total of 2.0 credits for the additional energy efficiency credits path. Based

on an evalnation of all optiens available in the additional efficiency credits table, these least expensive
options were determined to be option 1.4 (U-0.24 windows) and option 1.5 (tighter envelope option with
high-efficiency fans). The elements of the least incremental cost packages assumed in this analysis for

the single-family prototype are summarized in Table A-2.

Tahle A-2. Additional Efficiency Credits Packages Selected for the Single-Family Prototype

No. Package Description Points
1 High-eff Furnace/HP + U-0.24 Windows 20
2 High-eff Furnace/HP + 2 ACHS0 + High- 2.0
efficiency Fans

It is noted that the incremental costs associated with some of the options from the additional efficiency
credits table are less in some CDZs compared to the others because the baseline code requirements vary
by CDZ while the additional credit options do not. For example, the option of U-0.042 walls can be met
with R-20+6 walls, which when the baseline wall configuration is R-20+5, such as in CDZ 4A-NYC or
CDZ 6A, would require only an additional 0.5 of insulating sheathing. This would make this measure
inexpensive for capturing 1.0 point. However, because the packages were not optimized at the CDZ

level, the analysis uses the same packages in all CDZs for simplicity,
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A.3.1. Energy Modeling

In order to conduct a whole building evaluation, the measures for the two least expensive packages
were implemented by modifying the energy models that already include the prescriptive and mandatory

provisions of the 2020 NY Stretch code.

The high-efficiency gas and oil-fired furnaces were modeled by directly changing the thermal efficiency
field in the EnergyPlus heating coil objects to 0.90. In the case of heat pumps, the required heating
seasonal performance factor HSPF of 9.0 is more typically found in two-stage equipment. Additionally,
while option 2.1 does not require an improved seasonal energy efficiency ratio (SEER), typical heat
purnps with higher HSPFs also include better SEERs. This analysis assumes an improved SEER of

18 in addition to the HSPF of 9.0 for the high-efficiency heat pumps based on Cutler et al. (2013).

The EnergyPlus objects associated with heat pumps require a heating and cooling coil COP. This
analysis assumes COPs recommended by Cutler et al. (2013) for modeling residential heat pumps

at the required SEER and HSPF levels. The efficiencies and COPs assumed in this analysis arc

summarized in Table A-3.

Table A-3. Heat Pump COPs Used in Analysis

HSPF SEER EER COP_cooling COP_heating
Speed 1 9.3 18 14.5 4.25 4
Speed 2 133 3.80 3.5

Improved air leakage is modeled by adjusting the effective leakage area (ELA) input to the models
based on the methodology for converting results of a blower door test in air changes at 50 Pa (ACH50)
to ELA described in Mendon et al, (2013). Table A-4 summarizes the ELA values used in this analysis.

Tahie A-4. Effective Leakage Areas {ELAs) Used in Analysis for the Single-family Prototype

ELA at 3 ACH50 {cm?) ELA af 2 ACH50 (cm?)

Living_unit ] 360.92 240.62

A.3.2. Incremental Costs

The incremental cost associated with high-efficiency space conditioning equipment is calculated over
the current federal standards for equipment efficiency as summarized in Table 5. The cost includes

equipment and installation as well as additional venting costs for condensing furnaces where applicable.



The National Residential Efficiency Measures Database (NREM) developed by the National Renewable
Energy Laboratory (NREL) reports an additional cost of $700 for a installing 2 gas furnace with an
AFUE of 95% compared to a standard furnace with AFUE of 80% and an incremental cost of $800 for
installing a heat pump with HSPF 9.3 compared to a standard heat pump with HSPF 7.7. Navigant (2011)
reports an incremental cost of $1,438 for 94% AFUE furnaces, replaced on burnout, compared to 80%
AFUE furnaces including a labor cost of $308. The installation costs for condensing furnaces are
typically higher in retrofit applications due to a higher cost of venting so this cost is likely on the higher
end of the spectrum, DOE (2016) reports an average incremental installed cost of $630 in 2015 dollars
for an AFUE 95% furnace compared to an AFUE 80% furnace, which when adjusted for inflation works
out to $680 in 2019 dollars. This analysis conservatively assumes an incremental cost of $1,000/unit

associated with this measure.

The incremental cost associated with the U-0.24 windows is calculated by applying the same regression-
based methodology described in section 3.4.2.1 to calculate the additional incremental cost associated
with U-0.24 windows compared to the U-0.27 windows. The additional cost of U-0.24 windows over
U-0.27 windows is thus assumed to be $0.62/ft (ENERGYSTAR 2016). This works out to an additional

incremental cost of $235 for the single-family prototype after adjusting for inflation,

The incremental cost associated with a tighter envelope that meets the 2 ACHS0 requirement comnpared
to the 3 ACHS50 required in the baseline codes is estimated at $0.3 1/t of conditioned floor area by
NREM. Additionally, ENERGY STAR (2016} estimates a cost of $0.11/f for reducing infiltration
from 7 ACHS0 to 6 ACH50, $0.22/1? for reducing infiltration from 7 ACH50 to 5 ACHS50 and
$0.31/ft” for reducing infiltration from 7 ACHS0 to 4 ACHS0. This analysis assumes an incremental
cost of $0.31/ft? for this measure which works out to $744 for the single-family prototype building.

The additional requirement for a high-efficiency ventilation fan can be met either with a fan with
an efficiency better than 0.35 W/CFM or altcrnatively with furnaces with multispeed fans that arc
controlled to operate at the lowest speed required to provide adequate ventilation in ventilation-only

meode. Thus, the incremental cost associated with this measure is assumed to be $100/unit.

These additional costs were combined with the costs associated with the prescriptive and mandatory
provisions described in Chapter 3 to yield whole building costs for use in the analysis. Table A-5

summarizes the total incremental cost for each of the two additional efficiency credits packages for




the single-family prototype, including the prescriptive and mandatory provisions of the 2020 NY Stretch

code. All costs are further adjusted for location factors as applicable.

Table A-5. Total Incremental Costs for the Single-family Prototype

CDZ Single-family Package 1 Single-family Package 2
{High-eff Furnace/HP + U-0.24 Windows) (High-eff Furnace/HP + 2 ACH50 + High-
efficlency Fans)
Heated Unheated Heated Unheated
Slab Crawlspace Basement | Basemeant Slab Crawispace Basesment | Basement
4A-NYC | $3,745 $3,745 $3,225 $3,745 $4,582 $4,582 $4,082 $4,582
4A-
balance | S4090 | $3.992 $3.890 | $3992 | $4,842 | $4.743 $4.651 | $4.743
HA $4,086 $3,493 $3,082 $3,493 $4,731 $4,138 $3,737 $4,138
BA $2,835 $2,835 $2,457 $2,835 $3.442 $3,442 $3,064 $3,442

A.3.3. Effective Useful Life

This analysis assumes an effective useful life (EUL) of 20 years for the high-efficiency furnaces and

heat pumps based on DOE {2016). For windows, the EUL is assumed te bc 20 years, as it is in the

main analysis, The EUL of improved envelope tightness is assumed to be 60 years and the EUL of

high-efficiency fans is assumed to be 20 ycars,

A.4 Multifamily Prototype Packages

For multifamily buildings, the additional efficiency credits table includes two aptions, option 2.3

and option 2.4, for high-efficiency water heating equipment with varying levels of required minimum

efficiencies. Option 2.4 with the higher required efficiencies of the two, natural gas or propane water

heating with a minimum a uniform energy factor (UEF) of 0.97, or Heat Pump Water Heaters (HPWH)

with a minimum UEF of 2.6, was found to be the least expensive method to capture 2.0 points out of

the required 3.0 points. Additional measures that would yield 1.0 point were then required to create the

two least first-cost option packages that would yield 3.0 credits for the additional efficiency credits path.

Based on an evaluation of all options available in the additional efficiency credits table, these least

expensive options were determined to be option 1.6 (tighter envelope option with heat recovery

ventilation {HRV) and high-efficiency fans) and option 2.1 (high-¢fficiency space conditioning

equipment). The elements of the least incremental cost packages assumed in this analysis for the

single-family prototype are summarized in Table A-6.
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The 2020 NY Stretch code already requires HRVs in CDZ SA and 6A. However, the code does not
specify a required level of efficicney in the mandatory provisions. The basis for the assumption of

a sensible recovery efficiency (SRE) of 0.70 used in lieu of a requirement in the prescriptive and
mandatory provisions, is described in section 3.3.5.4. Thus, the additional efficiency credit associated

with option 1.6 is then only the relative improvement of the SRE to 0,80 in CDZ 5A and 6A.

Table A-6 summarizes the elements of the least incremental cost packages assumed in this analysis

for each multifamily unit,

Table A-6. Additlonal Efficlency Credits Packages Selected for the Multifamily Prototype

No. Package Description Points
1 High-eff FurnacefHP + Higher-eff Water 3.0
Heater
2 Higher-eff Water Heater + 0.8 SRE HRVs + 2 30
ACHS50 and High-eff Fans

A.4.1. Energy Modeling

The high-efficiency gas and oil-fired furnaces are modeled using the same procedure as that discussed
for the single-family prototype. A similar procedure is used for modeling a tighter envelope for the
multifamily prototype as that described for the single-family prototype above. However, for the DOE
multifamily prototype used in this analysis, the ELA is proportionally distributed between the wall,
ceiling, and floor areas as discussed by Mcendon et al. {2013). Thus, the reduction in ELA from

option 1.6 is also applied propoertionally to the wall, ceiling, and floor arcas as summarized in Table A-7.

Table A-7. Effective Leakage Areas (ELAs) Used in Analysis for the Multifamily Prototype

ELA at 3 ACH50 (cm2) ELA at 2 ACH50 {em2)
MF_corner-units-middle-floor 47.01 31.33
MF_middle-units-middle-floor 3419 22.79
MF_cerner-units-other 107.35 71.55
MF_middle-units-other 94.53 63.00

Option 2.4 for high-efficiency water heating requires a natural gas or propane water heater with a
UEF of 0.97 or a HPWH with a UEF of 2.6. Consistent with the DOE prototype model assumptions,
the multifamily prototypes with natural gas or oil heating are assumed to usc natural gas-fired water

heaters while the models with heat pumps for space conditioning are assumed to use electric water
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heaters in this analysis. In order to model the additional efficiency credit associated with this option,
the gas water heaters are assumed to switch to tankless water heaters and the electric water heaters

are assurned to switch toc HPWHs in the 2020 NY Streich cases.

The EnergyPlus model for water heaters uses a bumer efﬁciency and a shell loss factor (UA) to model
the performance of the water heater (Mendon et al. 2013). Because this analysis assumes a tankless water
heater to meet the UEF requirement for the gas water heater in option 2.4, the shell losses are set to zero
in the 2020 NY Stretch models, The HPWHs are modeled using the EnergyPlus WaterHeater:HeatPump
model. The efficiency of HPWH varies depending on its mode of operation. For example, when the
HPWH operates in a “pure” heat pump model, the efficiency is the highest compared to when it switches
between the pure and “hybrid” supplemental resistance mode. As expected, the efficiency is the lowest
when the HPWH operates in resistance mode only. Thus, HPWH manufacturers report UEFs for each
mode separately. This analysis assumes that the HPWH operates in pure heat pump mode and the COP

is assumed to be 3.1 based on analysis conducted by NRDC.?

A.4.2. incremental Costs

The total incremental costs associated with high-efficiency space conditioning equipment are
conservatively assumed to be the same as those described above for the single-family prototype.
The cost for a tighter envelope is assumed to be $0.31/ft? based on the reasoning discussed for the

single-family prototype and works out to $372 for cach multifamily unit.

The average cost of HRVs with 0.8 SRE is difficult to pin-peint because of the fewer products that
exist in that range, as illustrated in Figure 1. Various sources note a cost from $850 per unit** to
$1100-$1300 per unit.*® This analysis assumes average equipment cost of $1,200 for an HRV with a
0.8 SRE. Assuming the labor and installation remain the same between an HRV with a 0.70 SRE, the

total installed cost for this option is assumed to be $1,800.

NREM reports a range of $1,800-$3,500 for a gas tankless water heater compared te a storage type
water heater. However, the cost is reported only for a retrofit application and the estimate includes
cost of removing older equipment. In this case, the lower end of the range is more suitable for new
construction. The 2015 California Codes and Standards Enhancement Initiative (CASE) report on the
cost-cffectiveness of gas instantaneous water heaters assumes an average incremental cost of $725%
compared to a standard storage water heater. Navigant (2018) reports a total installed cost of $5,215

for a tankless water heater with a UEF of 0.83-0.96 and a total installed cost of $2,013 for a standard
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storage type water heater with a 40-gallon tank, resulting in an incremental cost of $3,200 associated
with this option.”” A 2018 study conducted by the Energy Information Administration (ELA) reports

a total installed cost of $2,550 for a HPWH with an UEF 3.28 compared to a total installed cost of
$1,100 for a standard electric resistance storage water heater leading to an incremental cost of $1450 for
this measure.? The Northeast Energy Efficiency Partnership (NEEP) (2016) teports an incremental cost
of $1,053~$1,144 for HPWH with EF .. higher than or equal to 2.6, compared to a baseline storage water
heater.”® This analysis assumes an average incremental cost of $1,200 associated with this option for both
tankless gas and HPWHs compared to standard gas and electric storage water heaters respectively. Each

unit in the multifamily prototype building is assumed to have an individual water heater.

Additionally, the analysis accounted for all prescriptive and mandatory provisions of the 2020 NY Stretch
code. Table A-8 summarizes the total incremental cost for each of the two additional efficiency credits
packages for each unit in the multifamily prototype. Like the main analysis, this analysis calculated
whole package incremental construction costs for the packages compared to the baseline codes and the

costs were further adjusted for location factors as applicable.

Table A-8. Total Incremental Costs for Each Unit in the Multifamily Prototype

Muitifamily Package 1 Multifamily Package 2
(Higher-eff Water Heaters +High-eff (Higher-eff Water Heaters + 2 ACH50 + 0.8
: Furnace/HP) SRE HRVs)
cbz
Heated | Unheated Heated | Unheated
Slab Crawlspace Basement | Basement Slab Crawlspace Basement | Basement
4A-NYC | $4,786 $4,786 $4.266 $4,786 $5,984 $5,984 $5,464 $5,984
4A- $4,352 $4,245 $4,008 $4,245 $5,428 $5.321 $5,082 $5,321
balance
5A $4,393 $4,132 $3,731 $4,132 $4,575 $4,314 $3,913 $4,314
BA $3,704 $3,704 $3,326 $3,704 $3,876 $3,876 $3,498 $3,876

A.4.3. Effective Useful Life

- This analysis assumes an EUL of 15 years for HRVs like the main analysis, An EUL of 20 vears for
the high-efficiency furnaces and heat pumps is assumed based on DOE (2016), the EUL of improved
envelope tightness is assumed to be 60 years based on Mendon et al. {2013} and the EUL of water
heaters is assumed te be 20 years {DOE 2010),
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A.5 Results

The energy savings results in terms of sitc and source energy savings associated with the two least

expensive additional efficiency credits packages for the single-family and multifamily prototypes

are summarized in Tables A-9 and A-10 respectively, The fuel prices and site-to-source conversion

ratios are maintained the same as the main analysis. The additional efficiency options are observed

to yield additional 10-15% savings beyond the prescriptive and mandatory provisions of the 2020

NY Stretch code.

Tahie A-9. Site Energy, Source Energy and Energy Cost Savings for the Single-family Prototype

Climate Zone 4A-NYC

Total Regulated Site Energy
{kBtu/dwelling unit}

Total Regulated Source Energy
(kBtu/dwelling unit)

Total Energy Costs
($/dwelling unit}

2016 NYCECCC 56514.2 89670.4 1511.8
2020 NYStretch Package 1 39763.7 65736.1 1151.2
2020 NYStretch Package 2 35989.9 655920.8 11515

Savings Package 1{%} 28.6% 26.7% 23.9%
Savings Package 2(%) 29.2% 26.5% 23.8%

Climate Zone 4A-balance

Total Regulated Site Energy
{kBtu/dwelling unit}

Total Regulated Source Energy
{kBtufdwelling unit}

Total Energy Costs
{$/dwelling unit)

2020 ECCC NYS 50883.2 94033.4 1553.9
2020 NYStreich Package 1 41360.5 68060.0 1158.7
2020 NYStretch Package 2 388918 64157.7 1083.9

Savings Package 1{%} 30.9% 27.6% 25.4%
Savings Package 2(%) 35.1% 31.8% 29.6%

Climate Zone 5A

Total Regulated Site Energy
{kBtu/dwelling unit)

Total Regutated Scurce Energy
{kBtu/dwelling unit)

Total Energy Costs
{$/dwelling unit)

2020 ECCC NYS 731585.7 107810.3 1755.9
2020 NYStretch Package 1 49147.6 78062.8 1331.0
2020 NYStretch Package 2 45966.6 73936.1 1269.5

Savings Package 1(%) 32.8% 27.6% 24.2%
Savings Package 2(%) 37.2% 31.4% 27.7%
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Table A-9 continued

Climate Zone 6A

Total Regulated Site Energy
{kBtu/dwelling unit)

Total Regulated Source Energy
{kBtu/dwelling unit)

Total Energy Costs
{$/dwelling unit)

2020 ECCC NYS 75198.4 110746.2 1775.8
2020 NYStretch Package 1 49690.2 78364.1 1314.2
2020 NYStretch Package 2 50000C.1 78796.4 13194

Savings Package 1{%) 33.9% 29.2% 26.0%
Savings Package 2(%) 33.4% 28.8% 25.7%

New York State
Total Regulated Site Energy Total Regulated Source Energy Total Energy Cosis
(kBtu/dwelling unit} (kBtu/dwelling unit} {$/dwelling unit)

Baseline 68021.3 101901.3 1663.3

2020 NYStretch RPackage 1 454117 72759.8 1238.8
2020 NYStretch Package 2 43601.5 70374.0 1203.0
Savings Package 1(%) 33.2% 28.6% 25.5%
Savings Package 2(%) 35.9% 30.9% 27.7%

Table A~10. Site Energy, Source Energy and Energy Cost Savings for the Mulitifamily Prototype

Climate Zone 4A-NYC

Total Regulated Site

Total Regulated

Total Energy Costs

Energy Source Energy {$/dwelling unit)
{kBtu/dwelling unit) {kBtu/dwelling unit)

2016 NYCECCC 27770.4 49534.6 g47.0
2020 NYStretch Package 1 16834.5 311384 6100
2020 NYSirelch Package 2 16846.2 310804 607.8

Savings Package 1{%) 39.4% 37.1% 35.6%
Savings Package 2{%) 39.3% 37.3% 35.8%

Climate Zone 4A-balance

Total Requlated Site

Total Regulated

Total Energy Costs

Energy Source Energy {$/dwelling unit)
{kBtu/dwelling unit} {kBtu/dweiling unit}

2020 ECCC NYS 28554.6 50625.9 920.4
2020 NYStretch Package 1 17243.8 37259 586.8
2020 NYStretch Package 2 15460.2 30367.5 577.0

Savings Package 1{%) 39.6% 37.3% 36.2%
Savings Package 2(%) 45.9% 40.0% 37.3%
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Table A-10 continued

Climate Zone 5A

Total Regulated Site

Total Regulated Total Energy Costs

Energy Source Energy ($/dwelling unit)
(kBtu/dwelling unit {kBtu/dwelling unit}

2020 ECCC NYS 324479 56132.8 984.2
2020 NYStretch Package 1 17894.0 32593.0 597.0
2020 NYStretch Package 2 18261.7 344234 631.6

Savings Package 1(%) 44 5% 41.2% 39.3%
Savings Package 2(%) 43.7% 38.7% 35.8%
New York State
Total Regulated Site Total Regulated Total Energy Costs
Energy Source Energy {$/dweiling unit)
{kBtufdwelling unit) {kBtuidwelling unit)

Baselne 292661 516374 943.4
2020 NYStretch Package 1 17306.4 31861.6 596.0
2020 NYStretch Package 2 16534.8 31550.1 599.0
Savings Package 1(%) 40.9% 38.3% 36.8%
Savings Package 2(%) 43.5% 38.9% 36.5%

Tables A-11 and A-12 summarize the savings in terms of energy costs and the simple payback for the

tw prototypes.

Table A-11. Energy Cost Savings and Simple Payback for the Single-family Prototype

Single-family Package 1 Single-family Package 2
(High-eff Furnace/HP + U-0.24 {High-eff Furnace/HP + 2 ACH50 + High-
Windows) efficiency Fans)
Total Annual Total Total Annual Total
Energy Cost | Incremental Energy Cost | Incremental
Climate Savings Costs Simple Savings Costs Simple
Design ($/dwelling ($/dwelling | Payback ($/dweliing | ($/dwelling Payback
Zone unit} unit) (Years) unit) unit) (Years)
4A-NYC $361 $3.607 10.0 $360 $4,444 12.3
4A-balance $395 $3,987 101 $460 $4,739 10.3
54 $425 $3,510 8.3 $486 $4,165 8.5
BA $462 $2,739 5.9 $456 $3.346 7.3
NY State $428 $3,380 7.9 %471 $4.047 8.6
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Table A-12. Energy Cost Savings and Simple Payback for the Multifamily Prototype

Multifamily Package 1 Multifamily Package 2
(Higher-eff Water Heaters +High-off (Higher-eff Water Heaters + 2 ACHS50 +
Furnace/HP) 0.8 SRE HRVs)
Total Annual Total Total Annual Total
Energy Cost | Incremental Energy Cost | Incremental
Climate - Savings Costs Simple Savings Costs Simple
Design ($/dwelling ($/dwelling | Payback | ($/dwelling | ($/dwelling | Payback
Zone unit) unit) {Years) unit) unif) (Years)
4A-NYC $337 $4,648 13.8 3339 $5,846 17.2
4A-balance $334 $4,203 12.6 $343 $5,279 15.4
5A $387 $4,081 10.5 $353 34,263 12.1
6A, NA NA NA NA NA NA
NY State $347 $4,302 12.4 $344 $5,198 15.1

Finally, Tables A-13 and A-14 summarize the 10-yr Net Present Value (NPV) of energy savings

and the 30-year LCC savings for the single-family and the multifamily units respectively. All

gconomic parameters are maintained the same as the main analysis.

Table A-13. Cost-Effectiveness Results for the Single-family Prototype

Single-family Package 1 Single-family Package 2
(High-eff Furnace/HP + U-0.24 Windows) (High-eff Furnace/HP + 2 ACH50 + High-
efficiency Fans)
cDhZ Total First 10-Year NPV 30 Year Total First 10-Year NPV 30 Year
Year of Cost LCC Year of Cost LCC
Incremental Savings 8avings Incremental Savings Savings
Costs ($/dwelling {$/dwelling Costs {$/dwelling | ($/dwelling
{$/dwelling unit) unit) ($/dwelling unit) unit)
unit) unit)
4A- $3.607 $3,112 $137 $4,444 $3,737 $(741y
NYC
44A- $3,987 $3,445 3696 $4,739 $4,589 $238
balance
5A $3,510 $3,753 $1,825 $4,155 $4,991 $2,275
BA, $2,739 $4,071 $2,974 $3,346 $4,481 $2,246
NY $3,389 $3,585 $1.,408 54,047 $4,448 $1,008
State
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Table A-14. Cost-Effectiveness Results for the Multifamily Prototype

Multifamily Package 1 Multifamily Package 2
{Higher-eff Water Heaters + High-eff (Higher-eff Water Heaters + 2 ACH50 +
Furnace/HP) 0.8SRE HRVs}
cDZ Total First 10-Year NPV 30 Year Total First 10-Year NPV 30 Year
Year of Cost LCC Year of Cost LCC
Incremental Savings Savings Incremental Savings Savings
Costs ($/dwelling {$/dwelling Costs {$/dwelling | {$/dwelling
($/dwelling unit) unit}) ($/dwelling unit) unit)
unit} unit)
4A- $4,648 $3,077 $(2,246) $5,846 $3,304 ${(4,085)
NYC
4A- $4,203 $3,226 $(1,348) $5,279 $3,515 $(2.836)
halance
BA $4,081 $3.573 $(248) $4.263 $3,449 $(935)
6A NA NA NA NA NA NA
NY $4.302 $3,292 $(1,279) $5,198 $3.423 $(2,618}
State .

A.6 Conclusions

The additional efficiency credits proposed in section R407 of the draft NY Stretch Energy Code

version dated January 2019 yield additional positive energy savings of 10-15% over the prescriptive

and mandatory provisions of the 2020 N'YStretch energy code. An evaluation of two least expensive

package options for single-family and multifamily buildings indicates simple paybacks ranging from

8 to 17 years. While the 30-year LCC savings are positive for most single-family buildings, they are

negative for multifamily buildings in all climate design zones. It is further noted that because the

package combinations are chosen based on the lowest first costs and not optimized based ona LCC

perspective, it is possible that some other combinations of the proposed options might be mere cost-

effective in terms of LCC savings, even if they are more expensive in terms of first costs.
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Appendix B. Energy Savings for All Models

This section summarizes the energy cost savings for each model from the prescriptive and mandatory

provisions of the 2020 NYStretch energy code over the 2016 New York City Energy Conservation
Code (NYCECC) baseline in CDZ 4A-NYC and the 2020 Energy Conservation Construction Code of

New York State (ECCC NYS) baseline elsewhere, along with the associated incremental costs, 10-year

net present value (NPV) of energy cost savings including replacement costs and 30-year LCC savings.

Table B-1. Energy Cost Savings, Incremental Costs and Cost-Effectiveness Results for
the Prescriptive and Mandatory Provisions of the 2020 NYStretch Energy Code

10-yr
NPV
Natural Total Energy | - 30-yr
Electricity Gas Fuel Oil | Energy Cost LCC
Savings | Savings | Savings | Savings | Incremental | Savings | Savings
1D CcDZ ($) %) (%) ($) Costs ($) {5} {$}
SF_gasfurnace_crawlspace 4A- 1491 120.0 0.0 269.0 2048.5 2634 .4 1262.4
NYC
SF_gasfurnace_heatedbsmt 4A- 34.8 © 58.3 0.0 91.1 2048.5 1092.0 -1956.6
NYC
SF_gasfurnace_slab 4A- 133.8 119.4 0.0 253.2 20485 2501.3 8794
' NYC
SF_gasfurnace_unheatedbsmt | 4A- 139.8 114.7 0.0 254.5 20485 2508.3 999.2
NYC
SF_hp_crawlspace 4A- 621.0 0.0 0.0 621.0 2048.5 5479.4 74492
NYC
SF_hp_heatedbsmt 4A- 388.3 0.0 0.0 388.3 20485 3532.0 33005
NYC
SF_hp_slab 4A- 601.7 0.0 0.0 601.7 20485 5317.3 7103.9
NYC
SF_hp_unheatedbsmt 4A- 601.6 0.0 0.0 601.6 2048.5 5317.0 71033
. NYC
SF_gilfurnace_crawlspace 4A- 141.3 0.0 375.7 517.1 20485 4662.7 5966.5
NYC
SF_gilfurnace_heatedbsmt 4A- 353 0.0 172.9 208.2 2048.5 2048.5 260.4
NYC
SF_oilfurnace_siab 4A- 126.9 0.0 372.7 499.6 2048.5 4516.4 5652.5
NYC
SF_oilfurnace_unheatedbsmt 4A- 131.8 0.0 360.2 4921 2048.5 4451.6 55059
NYC
SF_gasfurnace_crawlspace 4A- 113.9 180.4 0.0 2943 2664.5 35084 1693.0
hal
SF_gasfurnace_heatedbsmt 4A- -2.5 97.5 0.0 895.0 2664.5 1772.6 -1920.0
bal
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Table B-1 continued

10-yr
NPV
Natural Total Energy 30yr
Electricity Gas Fuel Gil Energy Cost LCC
Savings Savings | Savings | Savings | Incremental | Savings | Savings
ID cDzZ (%) ] ($) {$) Costs {3) {$) (%)
SF_gasfurnace_slab 4A~ 109.5 169.1 0.0 278.6 2664.5 33684 1404.5
bal
SF_gasfurnace_unheatedbsmt | 4A- 104.0 170.2 c.0 2742 2664.5 33321 13261
bal
SF_hp_crawlspace 4A- 569.5 c.0 ¢.c 569.5 2664.5 5660.9 6465.9
bal
SF_hp_heatedbsmt 4A- 3455 0.0 0.0 3455 2664.5 3786.3 24724
hal
SF_hp_slab 4A- 548.5 0.0 0.0 548.5 2664.5 54855 80823
bal ’
SF_hp_unheatedbsmt 4A- 549.1 0.0 0.0 549.1 2664.5 54460.1 6102.2
hal
SF_oilfurnace_crawlspace 4A- 107.6 0.0 433.1 540.7 2664.5 5481.6 6380.3
bai
SF_cilfurnace_heatedbsmt 4A- -0.9 0.0 2287 278.8 2664.5 2842.6 618.9
hal
SF_oilfurnace_slab 4A- 103.0 0.0 411.9 514.8 2664.5 5262.0 5897.8
hal
SF _cilfurnace_unheatedbsmt 4A- g97.5 0.0 409.8 507.2 2664.5 5198.2 5760.5
hal
5F_gasfurnace crawlspace 5A 30 260.4 0.0 263.3 2326.0 2924 0 708.4
SF_gasfurnace_heatedbsmt 5A -44.6 2048 0.0 160.0 23260 2013.0 -1173.7
SF_gasfurnace_slah BA 1.1 269.2 0.0 260.3 2326.0 2898.1 654.4
SF_gasfurnace_unheatedbsmt | 5A -0.3 255.8 0.0 255.5 2326.0 2854.7 565.7
SF_hp_crawlspace B, 683.0 0.0 0.0 683.0 2326.0 6217.3 7997.7
5F_hp_heatedbsmt 5A 544.0 0.0 0.0 544.0 2326.0 5054.2 5519.9
SF_hp_slab B5A 694.3 0.0 0.0 694.3 2326.0 6312.2 8199.9
SF_hp_unheatedbsmt 5A 689.5 0.0 0.0 689.5 2326.0 6271.9 8114.2
SF_oilfurnace_crawispace 5A 19 0.0 614.8 616.7 23260 5750.1 74229
SF_oilfurnace_heatedbsmt 5A -41.9 0.0 4807 438.7 2326.0 42421 4118.6
SF_oilfurnace_slab BA -0.8 0.0 619.4 618.5 2326.0 5766.2 7460.5
SF_oilfurnace_unheatedbsmt 5A -1.2 0.0 604.4 603.2 2326.0 56354 717156
SF_gasfurnace_crawlspace 6A -3.1 273.1 0.0 270.0 1931.5 26931 961.8
SF_gasfurnace_heatedbsmt 6A -46.7 216.6 0.0 169.9 1931.5 1808.6 -863.1
SF_gasfurnace_slab GA -4.8 2728 0.0 268.1 1931.5 2676.8 927.3
SF_gasfurnace unheaiedbsmt | 6A -6.4 268.8 0.0 262.4 1931.5 2626.3 823.9
SF_hp_crawlspace &4 751.7 0.0 0.0 751.7 1831.5 64951 9348.3
SF_hp_heatedbsmt 6A 614.9 0.0 0.0 614.9 19315 5350.2 6909.3
SF_hp_slab 6A 766.6 0.0 0.0 766.6 1931.5 6619.8 9614.1
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Table B-1 continued

10-yr
NPV
Natural Total Energy 30-yr
Electricity Gas Fuel Gil Energy Cost LCC
Savings Savings | Savings | Savings | Incremental | Savings | Savings
Iz bz (5} {$) ($) {$) Costs {$) {$) {$
MF_gasfurnace_crawlspace 4A- 84.4 58.8 0.0 143.2 1763.2 1530.6 -481.9
NYGC
SF_bp_unheatadbsmt BA 759.2 0.0 c.0 759.2 1931.5 6558.1 9482.6
SF_oilfurnace_crawlspace 6A -4.3 0.0 644.1 639.8 1931.5 5650.3 79859.0
SF_oilfurnace_heatedbsmt BA -44 1 0.0 508.4 484.3 1831.5 4162.8 4727 .4
SF_oilfurnace_slab B8A -5.8 0.0 642.2 636.4 1931.5 5621.4 7926.3
SF_gilfurnace_unheatedbsmt 6A -7.6 0.0 634 .4 626.8 19315 55404 7748.3
MF_gasfurnace heatedbsmt 4A- 12.6 40.0 0.0 52.6 1763.2 756.5 -2111.2
NYC
MF_gasfurnace_siab 4A- 86.1 57.4 0.0 143.5 1763.2 1531.9 477.7
NYC
MF_gasfurnace_unheatedbsmt | 4A- 85.3 57.7 0.0 143.0 1763.2 1527.8 -486.6
NYC
MF_hp_crawlspace 4A- 275.6 0.0 0.0 275.6 1763.2 2588.6 1833.8
NYC
MF_hp_heatedbsmt 4A- 153.2 ¢.0 0.0 153.2 1763.2 1564.5 -348.0
NYC
MF_hp_slab 4A- 274.8 0.0 0.0 274.8 1763.2 2582.3 1820.4
NYC
MF_hp_unheatedbsmt 4A- 274.7 ¢.0 c.0 274.7 1763.2 2581.5 1818.7
NYC
MF_oilfurnace_crawlspace 4A- 78.4 0.0 191.6 270.0 1763.2 2568.9 1922.9
NYC
MF_oilfurnace_heatedbsmt 4A- 13.7 0.0 123.7 137.4 1763.2 1450.5 -506.1
NYC
MF_oilfurnace_slab 4A- 79.9 0.0 186.6 266.4 1763.2 2538.5 1854.7
NYC
MF_oilfurnace_unheatedbsmt | 4A- 79.1 C.0 187.6 268.7 1763.2 2541.1 1861.0
NYC
MF_gasfurnace_crawlspace 4A- 66.3 81.0 0.0 147.2 1689.7 1796.9 316.7
bal
MF_gasfurnace_heatedbsmt 4A- 1.0 56.6 0.0 57.6 1689.7 1026.4 -1299.2
bat
MF_gasfurnace_slab 4A- 67.5 79.4 0.0 146.9 1689.7 1792.6 300.2
bal
MF_gasfurnace_unheatedbsmt | 4A- 866.5 80.0 0.0 146.5 1689.7 1789.7 3024
bal
MF_hp_crawlspace 4A- 245.9 0.0 0.0 245.9 1689.7 25544 20158
bal
MF _hp_heatedbsmt 4A- 135.4 ¢.0 0.0 1354 1689.7 1629.8 45.8
hal




Table B-1 continued

10-yr
NPV
Natural Total Energy 30-yr
Electriclty Gas Fuel Oil Energy Cost LCC
Savings Savings | Savings | Savings | Incremental | Savings | Savings
ID <pZ {$) (%) {$) {$) Costs {$} (5} ($)
MF_hp_slab 4. 2452 0.0 0.0 2452 16897 2548.9 2003.8
bal
MF_hp_unheatedbsmt 4A- 245.3 0.0 0.0 2453 1689.7 2549.2 2004 4
bal
MF_oilfurnace_crawlspace 4A- 61.1 0.0 204.7 265.8 1688.7 2750.1 25723
bal
MF_oiifurnace_heatedbsmt 4A- 2.3 0.0 134.8 1371 1689.7 1663.2 209.1
bal
MF_oilfurnace_slab 4A- 62.1 0.0 201.0 263.1 1689.7 2727.2 2521.2
bal
MF_cilfurnace_unheatedbsmt | 4A- 61.2 0.0 201.3 262.5 1689.7 2722.2 25106
bhal
MF_gasfurnace_crawlspace 5A -27.5 139.8 0.0 112.3 1875.2 1382.0 -1453.7
MF_gasfurnace_heatedbsmit 5A -§2.4 124.4 0.0 62.0 1875.2 948.0 -2362.2
MF_gasfurnace_slab 5A -27.6 138.2 0.0 110.6 1875.2 1365.9 -1486.3
MF_gasfurnace_unheatedbsmt | SA -27.7 138.6 0.0 110.9 1875.2 1369.1 -1480.1
MF_hp_crawlspace 5A 283.8 0.0 0.0 283.8 1875.2 2699.5 1499.8
MF_hp_heatedbsmt 5A 211.0 0.0 0.0 211.0 1875.2 2091.0 203.4
MF_hp_slab BA 281.2 0.0 0.0 281.2 1875.2 26784 1454.9
MF_hp_unheatedbsmt 5A 282.5 c.c c.0 282.5 1875.2 2688.9 1477.3
MF_oilfurnace_crawlspace BA -24.0 0.0 3425 318.5 1875.2 3039.1 2457.6
MF_oilfurnace_heatedbsmt 5A -56.6 0.0 296.9 240.3 1875.2 2378.2 1018.3
MF_oilfurnace_slab 5A =247 0.0 337.6 3129 1875.2 29911 2351.8
MF_oiffurnace_unheatadbsmt 5A -24.8 0.0 339.0 314.4 1875.2 3003.8 23800
SF_gasfurnace_crawispace 4A- 149.1 120.0 0.0 268.0 2048.5 26344 1262.4
NYC
SF_gasfurnace_heatedbsmt 4A- 34.8 56.3 0.0 1.1 20485 1092.0 -1956.6
NYC
SF_gasfumace_slab 4A- 133.8 119.4 c.0 2532 2048.5 2501.3 979.4
NYC .
SF_gasfurnace_unheatedbsmi | 4A- 139.8 114.7 0.0 254.5 2048.5 2508.3 909.2
NYC
8F_hp_crawlspace 4A- 621.0 0.0 0.0 621.0 2048.5 54794 74492
NYC
SF_hp_heatedbsmt 4A- 388.3 0.0 0.0 388.3 2048.5 35320 33005
NYC
SF_hp_slab 4A- 601.7 0.0 0.0 601.7 2048.5 5317.3 7103.9
NYC
SF_hp_unheatedbsmt 4A- 601.6 0.0 0.0 601.6 2048.5 5317.0 7103.3
NYC




Table B-1 continued

10-yr
NPV

Natural Total Energy 30-yr

Electricity Gas Fuel Qil Energy Cost LCC

Savings Savings | Savings | Savings | Incremental | Savings | Savings

ID cbz $) % ($) {$) Costs (§) (%) {$)

SF_oilfurnace_crawispace 4A- 141.3 0.0 375.7 517.1 20485 4662.7 b966.5
NYC

SF_oilfurnace_heatedbsmt 4A- 353 0.0 172.¢ 208.2 2048.5 20495 280.4
NYC

SF_oilfurnace_slab 4A- 126.9 0.0 372.7 499.6 2048.5 4516.4 5652.5
NYC

SF_pilfurnace_unheatedbsmt | 4A- 131.9 0.0 360.2 492 .1 2048.5 44518 5505.9
NYC

SF_gasfurnace_crawlspace 4A- 113.8 180.4 0.0 2043 2664.5 3509.4 1693.0
bal

SF_gasfurnace_heatedbamt 4A- -2.5 97.5 0.0 95.0 2664.5 1772.6 -1820.0
bal

SF_gasfurnace_slah 4A- 109.5 169.1 0.0 278.8 26645 3368.4 1404.5
bal

SF_gasfurnace_unheatedbsmt | 4A- 104.0 170.2 0.0 274.2 2664.5 33321 1326.1
bal

SF_hp_crawlspace 4A- 569.5 0.0 0.0 560.5 2664.5 5660.9 8465.9
bal

SF_hp_heatedbsmt 4A- 345.5 0.0 0.0 345.5 2664.5 3786.3 24724
bal

SF_hp_slab 4A- 548.5 0.0 0.0 548.5 2664.5 54855 6092.3
bal

SF_hp_unheatedbsmt 4A- 549.1 0.0 0.0 5491 2664.5 5490.1 6102.2
bal

SF_cilfurnace_crawlspace 4A- 107.6 0.0 4331 540.7 2664.5 5481.6 6380.3
bE]]

SF_cilfurnace_heatedbsmt 4A- -0.9 0.0 229.7 228.8 2664.5 28428 618.9
bal

SF_oilfurnace_slab 4A- 103.0 c.c 411.9 514.8 2664.5 5262.0 5897.8
bal

SF_oilfurnace_unheatedbsmt | 4A- g7.5 0.0 409.8 507.2 26645 5198.2 5760.5
bali

SF_gasfurnace_crawlspace 5A 3.0 2604 0.0 263.3 2326.0 2924.0 708.4

SF_gasfumnace_heatedbsmt 54 -44.6 204.6 ¢.0 160.0 2328.0 2013.0 -1173.7

SF_gasiurnace_slab 5A 1.1 259.2 0.0 280.3 2326.0 2898.1 654.4

SF_gasfurnace_unheatedbsmt | 5A -0.3 255.8 0.0 2655 2326.0 2854.7 565.7
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https:#www1.nye.gov/assets/buildings/apps/pdf_viewer/viewer himi?file=2016ECC_CHR4.pdf
&section=energy_code 2016

https:/fwww.energystar.gov/productfinder/

https:#/www.energy. gov/eere/ssl/led-basics

https:/www.energy.govisites/prod/files/2014/01/f6/1_lg ba_innov_ductsconditionedspace_011713.pdf
http://insulationinstitute.org/wp-content/uploads/2017/01/TechSpec-Buried-Ducts_FINAL.pdf
hitp:/Awww. freddicmac.com/pmms/pmms30.html

http//www. freddiemac.com/pmms/pmms30.himl (accessed June 12, 2019)

hitps:/Hvwwrw bls.gov/

https:/fwww.eia. gov/outlooks/aco/data/browset/#/Tid=3-AE0201 %&region=1-
2&casos=ref2019&start=2017 &end=20508 t=A&linechart=ref2019-d111618a.3-3-AE02019.1-2 &map=ref2019-
d111618a4-3-AE02019.1-2&sourcckey=0

https:/fwww.lax-brackets.org/mewyorktaxiable

Draft NYStretch Energy Code-2019 dated January 2019

This observation is further cxplained in section A.3 Single-Family Prototype Packages.
https:/aceec.org/sites/defauli/files/pdifconferences/wf2017/Delforge_SessiondB_HWF17_2.28.17.p dr
http://www.mnshi.umn.edu/kb/scale/hrvery. himl

https:/www.homewyse.comycosts/cost_of heat_recovery_systems.himl

https://efiling.energy.ca. gov/GetDocument.aspx ?tn=74627& DocumentContentid=16036
http://ma-eeac.org/wordpress/wp-content/uploads/RES19_TaskS_FinalReport_v3.0_clean.pdf
https:/www.eia. gov/analysig/studies/buildings/equipcosts/pdfffull pdf
https:/meep.org/file/d475/download?token=ALT2qBwvt
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Notice

This report was prepared by Vidaris Inc. in the course of performing work contracted for and sponsored
by the New York State Energy Research and Development Authority (hereafter “NYSERDA™). The
opinions expressed in this report do not necessarily reflect those of NYSERDA or the State of New
York, and reference to any specific product, service, process, or method does not constitute an implied
or expressed recommendation or endorsement of it. Further, NYSERDA, the State of New York, and
the contractor make no warranties or representations, cxpressed or implied, as to the fitness for particular
purpose or merchantability of any product, apparatus, or service, or the usefulness, completencss, or
accuracy of any processes, methods, or other information contained, described, disclosed, or referred

to in this report. NYSERDA, the State of New York, and the contractor make no representation that the
use of any product, apparatus, process, method, or other information will not infringe privately owned
rights and will assume no liability for any loss, injury, or damage resulting from, or cccurning in

connection with, the use of information contained, described, disclosed, or referred to in this report.

NYSERDA makes every effort to provide accurate information about copyright owners and related
matters in the reports we publish. Contractors are responsible for determining and satisfymg copyright
or other use restrictions regarding the content of reports that they wiite, in compliance with NYSERDA’s
policies and federal law. If you are the copyright owner and believe a NYSERDA report has not properly

attributed your work to vou or has used it without permission, please email print@nyserda.ny.gov

Information ¢ontained in this decument, such as web page addresses, are cument at the time

of publication.

Abstract

This report summarizes the energy savings and cost-effectiveness analyss of the commercial provisions
of the 2020 NYStretch Energy Code of New York State. For this study, cost effectiveness means
comparing the annual energy cost and first costs of complying with NYStretch versus the commercial
provisions of the 2020 ECCC NYS to determine the incremental cost of design and construction as
compared to the annual energy cost savings. NYStretch includes overlays of both the 2018 IECC and
ASHRAE 90.1-2016. This analysis is limited to the overlay of ASHRAE 90.1-2016. The report includes
the methodology used in the analysis, assumptions, and results at the applicable climate design zones for

New York State.
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Definitions

Climate Zones: The three climate zones of New York State: 4A, 5A, and 6A. For purposes of these
analyses, the weather files used are New York City (CZ 4A), Buffalo (CZ 5A), and Watertown (CZ
6A). '

Prototypes: Prototypes developed by the Department of Energy for modeling purposes for the following
building types: Large Office, Stand-alone Retail, Secondary School, Large Hotel, Full-Service
Restaurant, Qutpatient Healthcare, Warehouse, 10-Story High-Rise Apartment, and 20-Story High-
Rise Apartment. The 10- and 20-Story High-Rise Apartment prototypes were developed by PNNL
based on New York City building permit data for multifamily buildings for use in the NYStretch
Code analysis. :

2020 Energy Conservation Construction Code of New York State (2020 ECCC NYS): An energy
code based on the 2018 International Energy Conservation Code, published by the International Code
Council and subsequently modified by New York Statc.



Summary

With guidance from a 25-member advisory group composed of public and private stakcholders, the New
York Statc Energy Research and Development Authority (NYSERDA) developed the NYStretch Energy
Code-2020 (draft dated January 2019) (NYStretch) as a voluntary, locally adoptable stretch energy code.
Itis intended that NYStretch will overlay the 2020 Energy Conservation Construction Code of New York
State (2020 ECCC NYS) resulting in an energy code that is roughly 7% more efficient than the
commercial provisions of ASHRAE 90. [-2016.

To assist communities in adopting NYStretch, NYSERDA contracted Vidaris to provide a cost-
effectiveness analysis of the commercial provisions of NYStretch. For this study, cost effectiveness
means comparing the annual energy cost and first costs of complying with NYStretch versus the 2020
ECCC NYS to determine the incremental cost of design and construction as compared to the annual
energy cost savings. NYStretch includes overlays of both the 2018 IECC and ASHRAE 90.1-2016.
The analysis presented in this report is limited to the overlay of ASHRAE 90.1-2016.

The NYStretch overlay for 90.1-2016 inclides a new requirement for choosing an additional set
of increased efficiency requirements. For this analysis, the option for reduced lighting power was

included for all buildings. A summary of results is presented in Tables ES-1 through ES-6.

The differences between ASHRAE 90.1-2016 and N'YStretch vary by building type and climate zone
with site energy savings ranging from 2.3 to 14%, source energy savings rangir1g from3.0 to 15.3%,
and energy cost savings ranging from 3.0 to 16.4%. Incremental costs range from $0.28 to $5.59 per

square foot and simple payback ranges from 3.0 to 18.4 years.

In aggregate, this analysis indicates that versus ASHRAE 90, 1-2016, the NYStretch yields savings
statewide for each building in each climate zone with sitc cnergy savings of 5.4%, source energy savings
of 6.7%, and cnergy cost savings of 7.1%. These savings are achieved with an average additional cost of

$1.14 per square foot with a 10, 5-year simple payback,

8-1
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1 CostEffectiveness Study

1.1 Background

The PNNL report Final Energy Savings Analysis of the Proposed NYStretch-Energy Code 2018,
February 2019 (PNNL-ACT-10073 Rev. I) presents the energy and encrgy cost savings for nine
prototype buildings, which represent more than 73% of the projected new construction by floor-space
accounted for in the full suite of 16 DOE prototypes. PNNL-ACT-10073 Rev. 1 identifics 15 Energy
Efficiency Measures (EEMS) required by the NYStretch. The PNNL analysis and report compare

the provisions of the NYStretch against ASHRAE Standard 90.1-2013 to determine savings.

To determine the cost effectiveness of NYStretch relative to ASHRAE 90.1-2016, Vidaris quantified
the difference in annual energy performance between NYStretch and ASHRAE 90.1-2016 using Energy

Plus medels for nine prototype buildings in three New York cities representing the climates zones shown

in Table 1.

Tabie 1. Prototypes and New York Climate Zones

Climate Zone: City
DOE Prototype (Weatherfile)

Large Office Building

Stand-alone Retail

CZ 4A: New York
Secondary School (USA_NY_New .York-
J.F.Kennedy.IntLAP.744860_TMY 3.epw)

Large Hotel

. €2 5A: Buffalo
Full-service Restaurant (USA_NY_Buffalo-

Greater.Buffalo.IntLAP.725280_TMY 3.epw }

Outpatient Healthcare

CZ 6A: Watertown

Warehouse
{USA_NY_Watertow n.AR.726227_TMY 3.epw)

10-Story High-rise Apartment

20-Story High-rise Apartment




The cities selected for CZs 4A and 5A are the same cities used by PNNL in its most recent national
analysis of ASHRAE 90,1-2016: Energy Savings Analysis: ANSI/ASHRAE/IES Standard 90.1-2016,
October 2017 (PNNL 2017); namely, New York City and Buffalo, NY.

Changes to the climate zone map in ASHRAE 90.1-2016 reclassified some cities n CZ 6A to CZ 5A,
including Buffalo, NY. Conscquently, for CZ 5A Buffalo supplanted Albany, which had been used in
previous State-specific analyses for CZ SA. Moving Buffalo meant selecting another city for CZ 6A as
PNNL 2017 used Rochester, MN to represent CZ 6A in the national analysis. Based on consultation
with NYSERDA, Watertown, NY was selected to represent CZ 6A for this analysis. Weather files were

~downloaded directly from the DOE’s EERE website for this analysis. "

Note that the cities used for this analysis are the same cities used in support of the New York State

Department of State rulemaking process for adopting the 2020 ECCC NYS.

1.2 Energy Analysis Results

PNNL developed the EnergyPlus prototype models specifically for the NYStretch analysis done for
NYSERDA. NYSERDA provided PNNL’s nine prototype building types to be used by Vidaris in

this analysis. Vidaris started with the NYStretch models and modified them as necessary to create the
ASHRAE 90.1-2016 baseline models for each prototype appropriate to each climate zone. A list of the
differences between the NYStretch and 90.1-2016 models is provided in Appendix A.

To determine the statewide savings that the NYStrctch offers beyond ASHREA 90.1-2016, weighting
factors for each result were applied to determine the aggregate savings. The weighting factors used m this

analysis were developed by PNNL based on construction volume by building type and climate zone and
are presented in PNNL-ACT-10073 Rev. 1.

Vidaris used the same energy prices used for the 2020 ECCCNYS cost-effectiveness and are shown in
Table 4. These rates are based on commercial energy price information available from the U.S. Energy

Information Administration (EIA) for the 2017 calendar ycar.?

! www.energycodes. gov/development/commercial/90.1 _models

2 The vear 2017 was the most eurrent ycar for which complete data [or electricity and natural gas ratcs and heat content

for natural gas was available as of January 2019 when the 2020 NY§ ECC cost-cffectiveness analysis was started.



Vidaris used EnergyPlus v8.0.0 and generated the results for cach prototype under both codes and for
each climate zene. Based on the prototype buildings, 2020 NYStretch has been shown to be 7.1% more
efficient than ASHRAE 90.1-2016 on a cost per square foot basis. With respect to site and source energy,
NYStretch yields savings of 5.4% and 6.7%, respectively. The aggregated results by code and by climate
zonc are presented in Table 2 (See Appendix B for more detailed results by building type.)

Table 2. Aggregated Differences in Annual Energy Use and Annual Energy Cost between ASHRAE
90.1-2016 and 2020 NYStretch

Total (kBtu) NYS Encrgy Cost Energy Cost EUI (kBiu/sf} ECI Weighting
Site Source Electricity Gas Total Site  Source Bisf Factors
& ASHRAE 90.1-2016 63,273,116 156,127,787 5 1655039 § 179661 % 1,834,701 542 1296 § 152
gc § NYStretch 61,721,089 145682605 5§ 1528231 § 175543 % 1,703,773 51.2 1209 % 141
%E Savings 3,552,026 10,445,183 § 126809 $ 4,118 $ 130,927 2.9 87 § 411
5.44% 6.69% T.66% 2.29% 7.14% 5.44% 6.69% 7.14%
4A 2,618,314 7452920 3% 88826 § 3752 3 92,578 2.2 6.2 5 0.0768 70.8%
E"’ a 5A 5,815,339 17673722 % 218408 5 5081 % 223490 48 147 5 0.1855 2L0%
5 Y BA 5828422 17805195 & 220633 8§ 4824 § 225457 4.8 148 5 0.1871 8.2%
Combined 3,552,026 10,445,183 % 126,809 3 4,118 § 130,927 2.9 7 % 011 100.0%

1.3 Cost-Effectiveness Analysis

As part of its analysis, Vidaris included statewide-average utility rates available from the EIA.
Additionally, Vidaris modified the cost data to reflect city-specific cost factors from RS Means.
For consistency, the EIA rate data and RS Means cost factors were selected from 2017, the most

recent year for which complete annual average utility data was available from the ELA.

Cost-effectiveness analysis was not included in PNNL-ACT-10073 Rev. 1. Consequently,
Vidaris developed incremental cost data based predominantly on the following sources:
e 2018 Building Construction Costs with RSMeans Data (RSMeans 2018},

o 2018 Mechanical Costs with RSMeans Data (RSMeans 2018), and
+ costdataused by PNNL in their national cost-effectiveness analysis of ASHRAE 90.1-2016

Where these sources were insufficient, Vidaris obtained estimates bascd on data from the internet
(e.g., electric vehicle charging stations), or its own cxpcrichce supplemented as needed with

conversations with other practitioners (e.g., infiltration testing, lighting),

The life of energy efficiency measures was determined from NYSERDA's Whole Building Incentive

Calculator and are summarized in Table 3. Detailed cost estimates by building type and climate zone

are included in Appendix D.




Table 3. Measure Life Assumptions

Measure Description

Life (years)

Energy Star Kitchen Equipment 7
Lighting Systern 15
Motor/drives 15
Gas fred DHW 15
HVAC- Arr handlers 15
Building Shel/Glazing-Windows 20
HVAC - Electric chillers 20
HVAC - Boilers 20
Building Shel/Roof, Wall, Slab 30

Regarding the life-cycle costing, PNNL’s latest analysis of ASHRAE 90.1-2016 is based upon Energy

Price Indices and Discount Factors for Life-Cycle Cost Analysis published by the National Institute of
Standards and Technology (NIST). NIST data for 2017 was selected to be consistent with the other cost

data being used. NIST identifies the real discount rate for non-energy related expenses (i.e., maintenance

and replacement costs) and delineates Uniform Present Vaiue Factors (UPV Factors) to be used for lifc-

cycle periods from one to 30 vears, by energy type, for Census Region 1 (which includes New York

State) and based on a real DOE discount rate of 3.0%. The UPV Factor is multiplied by the annual

energy cost to determine the life-cycle value of energy cost over the life-cycle period. The city cost

factors, utility cost data, and life-cycle parameters used in the analysis are presented in Table 4.

Table 4. Life-Cycle Cost Analysis Parameters

Seurce
Electricity 0.1475 $&Wh
NYS Enexpy - 2017 Natural Gas 6.87 81000 cf  U.S. Energy Information Adrmuinistration
Heat Content of Natural Gas 1,032 Btu/cf
Uniform Present Value Factors: Comimercial
Energy Price Escalation 10yr 30 yr Tal:ulfa Ba; 1: Energy Price I.ndices and Discount Factors
Electricity .22 2272 for Life-Cyele Cost Analysis — 2017, (Lavappa, et.al)
Natural Gas 10.57 26.00
Do e G s o Do s i
City Code [ndex 4A. New York 1346 RS Means Building Construction Cost Data (2017}
5A.Buffalo 1.057
6A. Watertown 0.995




The life of a measure does not necessarily equal the life-cycle study period. Measures may have longer or
shorter lives than the 10- and 30-year periods used for this analysis, as detailed in Table 3. Consequently,
a residual value of the measures was included in the analysis to account for the value of the measure
associated with the remaining life of the materials installed as part of the measure. The residual values
used are based on straight line depreciation of the present valuc of the measure over the life of the
measure. For example, if a measure has a 20-year life, then at the end of 10 years it has a residual

value equal to 50% of the first cost to install the measure,

Economic analysis resuits based on annual energy savings and simple payback are presented in Tables 5
and 6. The payback period varies from 3.0 years for Large Office in CZ6A to 18.4 years for Warchouse
in CZAA. In aggregate, the statewide area weighted payback period is 10,5 years.

Table 5. Energy Savings and Simple Payback for By Building Type and Climate Zone

Consteuction St Energy (KB Source Energy [KBitiyr] Energy Cost Toremental | AL
Pratotype z Weight (%] irst Cost Payback
901-2015  NYStreich % Savmgs | 90.1-2016  NYStelh Y Sevings | 20.1-2016  NYSmewh % Savings stz years
Large Office i 1% 60 580 14% 170.3 1722 % s s 26 4% [$ (%3 BN
SA L0% 63.4 61.2 14% 1806 1731 41% b 244 % 215 §.3% § 047 48
sa - o | s 621 5% ) s 1l AT )% 2258 2i5.0 4d% |S - 03] 30
Standalone Retail 14 4,004 445 9.1 12.1% 1301 110 14.7% § 163 § 138 15.4% b4 139 15.6
54 7% | 465 412 . Le% | o209 1106 153% S 60§ 134 164%. |8 | 117
A 2.6% 486 414 10.7% 1339 1150 1% |8 165 § 140 151% |§ | 132
Secondary School 4A 0% 370 Cons 8.5% M40 9545 3.1% |8 1.2 8 L8 0% S - 0.61 6
5A 3% 17 345 8.1% 1m2 9.9 g% 1§ 124 S Ly % |3 043 43
6A | L1% | 382 B 3% 1418 - 933 83% |5 12§ L4 3% |5 065 63
Latge Hotel 44 15% 317 7.0 1% 1874 1722 Bi% [§8 0 217 § 199 §5% s 177 9s
SAl a0 B3 TT 68%. | 184 MRl 84% S 209 5 190 s0%- |5 15| 83
64 1.8% 54 799 6.5% 185.1 1700 2% |§ 19 § 19t 88% | 14| &1
Full-Sexvice Al 0% 3803 M6 . 102% | TR 60 . 123% |5 - 762 % 660 133% | % 559 55
Restaurant 5A 0.3% 4184 1K 8.6% 7414 6618 107% [$ 162 % 672 1.9% |3 90| 43
éal 0w 4m9 4035 83% | 7637 6836 05% [$ W8 68 LM% |3 418 46
Outpatient Healthcare 44 20% LT 106.7 45% 3146 2065 5% [§ 0 390 S 66 62% S 0] 129
A | 24% 1129 1082 4% | 30s 2028 57 s 182 8 . 33 A% S . 270 118
BA L.Fa flad i 401 lad 8.6 5.6% b 188 8 a4 6.1% 5 271 115
Warehouse A 2 | 17T T152 0 - 140% 174 124 135% | % 042 % 036 3% (S - 103 184
54 18% ne 206 13.8% 439 332 13.0% £ 48 8 .41 12.6% § 060 10.4
641 12% 1) 18,1 13.2% | M2 383 3% |8 48 s 042 135%. |$ NS TN
10-5tery High-Rise 44 21.9% 48 4 471 28% 6.0 931 3% 3 RECR 1.01 10% b 043 135
Apartment 54 0.0% 545 5LS T 6% 993 . %3 1% (8 s 10l 15% - |8 038] 105
64 0.0% 545 526 1.6% 998 96.2 5% |8 104 8 10l 1% |8 042 L6
20-Story High-Rise 44 25% 434 a3 0 a% | 1ea 180 - 3% |5 1§ . L7 3% S 047| 115
Apartment SA 0.1% 544 512 3% 12.2 103.1 Bl% |8 1M 5 1T 40% |8 043 103
A 0.1% 551 - 513 3.3% 1130 103.7 8% |3 125§ 120 40% |§ 040| 31
44 Totals 4A 9% 514 492 42% 1206 1145 5% 1§ 141 § 133 53%  |s 08| 110
5A Totals sa|. 20w | 508 542 82% urs - 138 - W00% - |S LI 5 15T s% S 181 o8
6 Tofals 6A 82% 650 60.2 74% 159.1 144.3 83 | L3 § L 99%  |s 196 (03
AGGREGATE YALLUES 140.0%; 54.1 5.2 54% 1294 120.7 5.1% 3 1,52 § 1.41 T1% s 1.14 105




Table 6. Energy Savings and Simple Payback by Building Type

Incremental Simple
; ite Energy [kB KBtz Energy Cost [S/e2
Comtruction Site Enengy [kBnut2iyr] Source Energy [kBw/Ti2iyr] nergy Cost [$ift2] Firat Cast Payback
Weight
Prototype (%] 90.1-2016  NYStoieh  %Savis | 90.0-2016  NYSirelch  %Savigs | $0.0-2016  NYSworch % Savings 8152 years
Large Office 88% | 605 oSS 3% | 15 Im4 . 40% |3 226§ 0 26 Al% ~o3t|  3ar
Standalane Retail 14.6% 462 409 LL6% 1307 112 49% |S 1625 136 158% | s
Secordary School 9.5% A M3 S | W27 M3 8% 8 126§ 1l6 - 81% 055|536
Large Hotel 7.8% gl 774 6.9% 185.6 1704 82% |5 213 0% 1s &M% 64| 8
FullServick Restauraat - - 0.5% 4149 Ir 88% L0 6596 - 1L0% S - 76 5 672 1% 420 - 466 .
Gutpatient Healtheare 54% 130 1082 4.3% 3132 Wiz 5T |S 33 3 38 61% 85| 1z
Warehouse 1.5% 25 186 13.7% 48 - 63 B | 045§ 09 129% . 07| 1326
10-Story High-Rise 21.9% 484 471 2.8% 96.0 9.1 W% (S 14§ Lol 0% o3| 10ds
Apartment
105ty Hgh R L | o o L _ . .
st A% 485 a4 24% 106.4 02 % (S LM S L7 34% 047 150
Welghted Average 100.0% s4.1 512 5.4% 1294 120.7 6% |$ L& 5 14l % 14| 1050

Additionally, the results of the 10- and 30-year life-cycle analyses are presented in Tables 7 and

8, respectively. The results show that the 10-year present value of energy savings between NYStretch

and ASHRAE 90.1-2016 is greater than the installed cost of materials for most building types in each

of the climate zones examined with the exception of Standalone Retail, Outpatient Healthcare and

Warehouse in CZ4A. The net savings are aggregated based on the floor space-based weighting factors.

The resulting aggregated energy cost savings, for all climate zones and prototypes, is greater than the

mstalled cost of materials to achicve the savings of $0. 18/sf over the 10-year period.




Table 7. 10-Year Present Values of Energy Cost Savings between ASHRAE 90.1-2016 and

NYStretch
c Annual Energy Cost 10 Year Life Cycle Energy Cost In | Residual NetSa\;i:Es over o
Peot Woight ) e
otype Area CZ %] 90.1-2016 NYStreich 20.1-2H 6 NYStretch Savings at 11t years Total 8ol
Large Office 497,337 44 75% |8 1022721 S 076703 | § 10,392,669 $ 9968956 § 4237140 141,187 3 37,036 - $319,563 $0.64
5A 10% 1115954 5 1067460 | 5 10,349,779 § 9,903,163 5 446616 | § 234656 | 40,924 $252 334 $0.51
64 03% § 1,119.308 5 1070785 | § 10,389,609 § 9,937,763 § 4518463 148621 |§ 23,746 $326971 3066
Standalone Retail 24630 44 4.9t § 40093 8 339365 ITLA57 % 4777 % seE79| % 95,821 | 5§ 25882 (B13,259)  (30.54)
5A - 1% |8 aeszsTs - aspaals 366882 s . 307296 5 sesa6(§ 75788 | 1ssen| . msm.  seqo
GA 2.6% 3 40,555 § 14425 % IPH676 F 320293 % 56,383 8 30,645 | § 21,594 {$2,668) (511
Secondary Schoal 210,357 44 510% $ 270675 § 240033|8 2511847 "§ 2318520 S 200327[5 1266295 sase0[  side2e  speo
SA 17% § 260020 5 23RS59( % 2,41?,.?02 $ 2218244 5 199458 % 91,2663 35,287 $143.479 f0.68
6 LI% $ 260345 5 239,071|$ 2426145 § 2223689 § 202456 5. 137223 |8 ssima9f - si21082 - 30.58
Large Hotel 121,513 4A 3.5% § 264207 & 241,853 |5 2477276 % 2,268,602 § 208673 | % 215819 | § 58,087 £50,912 5042
5A 5% $ 2543231 § 231509|5 2390220 § 2,178,138 - 212,083 | $ 189,081 | § . 46,283 $69305  $0.57
6A 1% $ 255157 % 232605|$ 2400350 § 2,190,813 $ 209537 |5 182,078 |5 45577 $13,095  S0.60
Full-Service 5488 44 D% § 4L811 § 362338 3973938 (345,075 § s2mE[§  30670(5 9805 $31,453 $5.73%
Restaurant sa 0 0.3% $ 41857 5 16882[%  a00p0s § 353253 S 46751)S 213873 7721 $33085  £6.03
6A 0% |§ 42,607 5 . 3601 |8 . 408012 § 360965 § 47.046| 8 22967 |3 8675 832754 3597
Qutpatient 40,343 44 2.0% £ 159158 § 1493515 1476791 % LJB&E20 % 20171 3 126,695 | & 30,529 ($5,934) {$0.15)
llealibeare sa 24% |3 155998 5 146402(8 144966 § 1360775 §° 881915 1104ea|s 2alss| . §1905  $0.5
6A 1.0% S 158498 F 148849 |F 1472744 8 134110 5 8R634| % 1074 | 3 25228 £3.121 80.08
Warehouse 51914 4A - 2.5% § 21,760 S I3870[S 205049 § 17774l § 27308|s  s32s4s 1415 ($11,631)  (50.22)
54 38% $ 023926 5 20919|s 227895 § 199092 S 28503 (s 31272|8 10203 87,734 $0.15
6A 12% s 25092 8 2,707(8  27340 5 205358 s nemz|s sus|s use2|  srass  ses
10-Story High- 84,140 4A 20.9% 878318 §  85068|8 831981 S BO6423 § 5157 % dena0| 5  12,1%2 F1.310 £0.02
Rise Apartment 5 00% |$ 87886 5 $4m4|$ 837400 § 808170 5 29208 32005 |§ 11372 $8,507 3010
64 00% S 87,795 3 B4762|3 836627 § 807,645 5 28982|S 35330 (8 13443 $7,084  30.08
20-Story Iligh- 168,275 4A.  23.5% $ 203,645 S 1967935 1514173 § 1,850,628 5 63,545 ]S 78578|% 22,005 37892 30.05
Rise Apartment 54 0.1% § 209293 § 202329|¢ 1975537 § 1,900,836 S 64701 %  TL908| 8 21,836 $14629  $0.00
64 01% § 210012 § 201,780 (S 1984021 § 1906196 § 779% |5 67193 |§ 2068 - 1414 5009
44 Totals 44 70.9% § 2536le §  242215|% 2365240 § 225965% f MS5R1| % 3,955 | § 25.1e2 546,788 $0.11
5A Totals 54 208% - |$ 167042 § 153337[80 1,556,783 § 1438047 5 115636 § 15580238 24902 e7miAey.  $037
b4 Totals 6A 8.2% S 170512 8 157469 |3 1595414 § 1470238 % 124575 % 1292578 | % 30,782 5617704 2030
AGGREGATE VALUES 100.0% 5 228,761 116,899 $ 2433146 5 2,023,280 § 109,867 | § 88326 3 25568 $47,109 20,18

Table 8 shows that over 30 years, the present value of the energy savings is worth more than the first,

maintenance and replacement costs for each of the buildings in each of the climate zones examined, with

the exception of Standalone Retail in CZ4A. The resulting aggregated energy cost savings, for all climate

zones and prototypcs, is greater than the installed cost of materials to achieve the savings of $0.81/sf over

the 30-year period.




Table 8. 30-Year Present Values of Energy Cost Savings between ASHRAE 90.1-2016 and

NYStretch
- o 30 Year Net Prezent Value of]
woope  c Chpwon | et | Roshconen | el | Rl | By o S
Total : $i5f

4A - 75% . $141,187 - -$72,568 80 (55456  sLodaus [ se2deg . 5166,

Large Office 54 1.0% $234,656 590,142 $0 (86,118) 31100573 760,657 35155
6A 0.3% $148.621 | -835951 ] {$3995) - SL113447| - $924370 * $1.86

4a 49% 495,821 $49,332 S0 {3458} 5130674 (36,138} ($0.25)

Standalone Retall CBA. L T1%. $75,788 $36331 ) @L2em| . s 838 “$33422. 3136
6A 2.6% $80,645 538,657 50 (34209 $138,544 $19.222 $0.78

T4A - 5.0% $128,629 "§54.204 50 seML[ - 493580 31757 151

Sccondary School 54 3.7% $91,266 31,305 50 s1,169 8491451 $370,049 $1.76
6A - L1% $137223 $44735 30 56,162 8491451 |  $315656 - $1.50

4A 3.5% 5215819 $135,226 $0 2,880 $514,145 $165,980 $1.36

Large Hotel 54 25% $139,061 - $107.301 50 $2405|  $s22356| $2600 . §1.88
6a 1.8% 5182,079 $107446 50 $2.407 $516,287 $229,169 $1.88

A 0.1% $30,670 |- $31,248 6 83649 [ - 5128892 $70,624 $12.87

Full Service Restaurant 54 0.3% $21387 24,554 50 $2,871 $115,174 $72,105 $13.14
6A 01% © $22967 524,552 $0 ‘$2703|  SsHsem[ $M0e4. $1295

da 2.0% $126,695 $62,998 S0 5519 $222209 $33,035 $0.81

Outpatlent Healthcare CSA. 24% $110444 849572 - 50, s $217331| - 857,766 $L.41
6A 1.0% $110,741 $51,869 0 395 $218424 $56,200 $1.38

cdA25% gs3zsa|. 0 (e 0 $28| s6712M $16487 $0.32

Warehonse 54 3.8% 531272 (5781 %0 $22 $7093% $40470 $0.78
6A 2% - - 539,118 (31279) - 30 $21 578,783 | 80960 30,79

dA 21.9% 36,040 S110% %0 S1LBLS $61974 15914 50.19

14 Story Highrise Apartment  SA 0% £32,095. |- $9033 0| 3937 §71,095 $31,805 $0.38
64 0.0% £35,330 $8,116 0 3551 71,382 $28,488 $0.34

T4a - 15% " 78,578 $40,362 $0 g39m 3156575 | $41,587 - $025

20 Story Highrise Apartment  SA 0.1% $71.908 236,963 $0 5,132 $159,.420 $55,681 $0.33
6A 0.1% $67,193 $35,250 $0 $4.213 " $191,984 $93,754 $0.56

4A Totals 4A 70.9% $83,955 840,133 50 1671 $260,157 $137,741 $0.52
5A Totals 5A° 20.9%- §94,765 81,12 - 30 ~ ($107) $292,323 $156339 5157
64 Totals 64 82% $109,714 $50,027 %0 51211 $305,970 $147,441 $1.38
AGGREGATE VALUES $88,326 $41,149 50 $1,262 $270,636 $142,423 50.81




Appendix A,

Differences between 2020 NYStretch Energy
Code and ASHRAE 90.1-2016

by DOE Prototype and Climate Zone

Note: This appendix adopts the EEM numbering convention used in the PNNL report, Final Energy
Savings Analysis of the Proposed NYStretch-Energy Code 2018, February 2019 (PNNL-ACT-10073,
Rev. 1).

The following EEMs were not included in Vidaris’ analysis as they are not considered stretch measures
with respect to ASHRAE 90.1-2014:

« EEMS Occupancy Sensors and Automatic Lighting Controls
e EEM®6 Exterior Lighting Controls

e EEMS Hotel Guestroom HVAC Vacancy Control

e EEMI14 ERYV for Apariment Makeup Air Units '

The following EEMs were not included in the final version of the 2020 NYStretch Energy Code:

» EEMY9 High-efficiency SHW (Refer to Appendix C for further discussion)
« FEEM 15 Demand-based Controls for Recirculated SHW systems

A1




EEM 1 Enhanced Insulation for Roofs and Walls

This measure amends Table C402.1,4 with more stringent U-factors for opaque thermal envelope
assemblics. The ASHRAE compliance path is required to comply with this revision per section
C401.2.1.a of NYStretch.

Cost data for this measure was developed by determining an insulation cost per R-value from RSMeans
and applying this to the additional insulation required to achigve the improved U-values specified in
table C402.1.4. It was assumed that continuous mineral fiber would be used to meet the required thermal
performance for walls; additional extruded polystyrene was used to meet the increased performance for
roofs. This requirement applies to each of the building prototypes as follows.

OPAQUE THERMAL ENVELCPE NYStretch ASHRAE 90.1 -2016
(U-factor)
Large office, Stand-alone retail _ :
CLIMATE ZONE 4
Roofs: insulation entirely above deck 0.030 0.032
Walls, above grade: mass (non-res) 0.089 0.104
CLIMATE ZONE 5
Roofs: insulation eniirely above deck 0.03¢ 0.032
Walls, above grade: mass (non-res) 0.086 0.090
CLIMATE ZONE &
Roofs: insulation entirely above deck 0.029 0.032
Walls, above. grade; mass {non-res) 0.076 0.080
-Full-Service Restaurant®- ' e
CLIMATE ZONE 4
Roofs: attic and other 0.020 0.021
Walls, above grade: steel framed {(non-res) 0.061 0.064
CLIMATE ZONE 5
Roofs: attic and other 0.020 0.021
Walls, above grade: steel framed {non-res} 0.052 0.055
CLIMATE ZONE &
Roofs: attic and other 0.019 0.021
Walls, above grade: steel framed {non-res} 0.047 0.049
Secondary School, Outpatient Healthcare
CLIMATE ZONE 4
Roofs: insulation entirely above deck 0.030 0.032
Walls, above grade: steel framed (non-res} 0.061 0.064
CLIMATE ZONE 5
Roofs: insulation entirely above deck 0.030 0.032
Walls, above grade: steel framed (non-res) (.052 0.055
CLIMATE ZONE &
Roofs: insulation entirely above deck 0.029 0.032
Walls, above grade: steel framed (non-res) 0.047 0.049

A-2

U-Factor for attic roof in the NYStretch model was revised to reflect updated draft requirements




OPAQUE THERMAL ENVELOPE NYStretch ASHRAE 90.1 -2016
(U-factor}
Large Hotel
CLIMATE ZONE 4
Roofs: insulation entirely above deck 0.030 0.032
Walls, above grade: mass (residential} 0.086 0.080
CLIMATE ZONE 5
Roofs: insulation entirely above deck 0.030 0.032
Walls, above grade: mass (residential) 0.076 0.080
CLIMATE ZONE 6
Roofs: insulation entirely above deck 0.029 0.032
Walls, ahove grade: mass {residential} 0.067 0.071
Warehouse * Lo e o
CLIMATE ZONE 4
Roofs: metal building 0.035 0.037
Walls, above grade: metal building 0.048 0.060
CLIMATE ZONE 5
Roofs: metal building 0.035 0.037
Walls, above grade: metal building 0.048 0.050
CLIMATE ZONE 6
Roofs: metal building 0.028 0.031
Walls, above grade; metal building (0.048 0.050
10-Story Apartment, 20-Story Apartment e
CLIMATE ZONE 4
Roofs: insulation entirely above deck 0.030 0.032
Walls, above grade: steel framed (residential) 0.081 0.064
CLIMATE ZONE 5
Roofs: insulation entirely above deck .030 0.032
Walls, above grade: steel framed {residential} 0.052 0.055
CLIMATE ZONE 6
‘Roofs: insulation entirely above deck 0.029 0.032
Walls, above grade: steel framed (residential) 0.044 0.049

4 U-lactor for metal building walls and roof in the NYStretch model were revised to reflect updated

2020 NYSiretch requirements.

A3




EEM 2 Enhanced Fenestration

This measure amends Table C402.2.4 with more stringent U-factors and SHGCs for building envelope
fenestration assemblies. The ASHRAE compliance path is required to comply with this revision per
section C401.2.1.b of NYStretch. Currently under the 2020 NYS ECCC, there is a proposed revision to
2018 IECC such that north-facing vertical fenestration will be required to meet the SHGC requirements
applicable to south, east and west facing fenestration. Consequently, this analysis assumes all orientations
will meet the SHGC requirements for the south, east, and west orientations. Window performance in the
energy models is based on weighting factors provided by PNNL for fixed, operable, and non-metal
framing for each of the building prototypes. This requirement applies to all the building prototypes.
Vidaris revised the U-factors in the PNNL NYStretch models to reflect the current NYStreich

requirements.

Cost data for this measure was developed based on the incremental costs between windows with respect

to decreased U.factor in PNNL’s national cost effectiveness analysis.

VERTICAL FENESTRATION NYStretch ASHRAE 90.1-2016
{U-Factor)
Large Office, Stand-alone Retail, Secondary School, Large Hotel, Full-Service Restaurant, Outpatient
Healthicare, Warehouse, 10-Story High-Rise Apartment, and 20-Story High-Rise Apartment :
CLIMATE ZONE 4
Fixed fenestration {metal) 0.36 0.38
Cperable fenestration (metal) 0.43 0.46
Non-metal 0.30 0.31
SHGC (.36 0.36
Skylight U 0.48 0.50
Skylight SHGC 0.38 0.40
CLIMATE ZONE 5
Fixed fenestration {metal} 0.36 0.38
Operable fenestration (metal) 0.43 0.46
Non-metal 0.27 0.31
SHGC 0,38 0.38
Skylight U 0.48 .50
Skylight SHGC 0.38 0.40
CLIMATE ZONE 6
Fixed fenestration {metal) 0.34 0.36
Operable fenestration (metal) 0.41 0.45
Non-metal 0.27 0.30
SHGC 0.40 0.40
Skylight U 0.48 0.50
Skylight SHGC 0.38 0.40

Ad



EEM 3 Air Leakage Testing for Mid-sized Buildings

This measure amends section 5.4.3.1.3 to add a requirement for buildings 25,000 to 50,000 square feet
and less than or equal to 75 feet in height to comply with whole building pressurization testing and air

barrier requirements. Previously, testing was not required.

For this analysis, the new testing requirement applied only to the Outpatient Healthcare and Warehouse

prototypes. The difference between 90.1-2016 and NYStretch are as follows:

AIR LEAKAGE [cfm/sf] NYStretch 90.1-2016
Outpatient Healthcare 0.40 1.00
© Warehouse - 0.40 1.00

Infiltration testing was assumed to be done once to confirm compliance. Any additional testing would
be optional since it would not necessarily be required for compliance but would be an aid during
construction. Costing for this measure was based on Vidaris experience with this work and feedback
from industry professionals. For CZ 5A and 6A the size of the Outpatient Healthcare allows for a cost of
$3,200, and 88,500 for climate CZ 4A due to complexity related testing in locations like New York City.

The Warehouse was considered more complex due to the volume and height of a typical warehouse with
greater cost of testing equipment and more cffort to do the work. Ultimately, the cost was judged to be

twice that of the Qutpatient Healthcare, or about $17,000 for CZ 4A and $6,400 for CZs 5A and 6A

EEM 4 Reduced LPD for Interior Lighting

This measure amends Tables C4035.3.2(1)and C405.3.2(2) with reduced lighting power densities
(LPD). The ASHRAE compliance path is required to comply with this revision per section C401.2.1.¢
of NYStretch. The ASHRAE compliance path is also directed to follow the requirements of section
C406—Additional Efficiency Package Options. Per direction from NYSERDA, the analysis is based
on Option 2—reduced lighting power in accordance with section C406.3, which specifies an additional

10% reduction in connected lighting power. This requirement applies to all the building prototypes.
Previous cost estimates from PNNL associate a lower first cost for buildings with lower LPD; based

on feedback from lighting design professionals, it is anticipated there will be no cost associated with

this measure. LPDs are bagcd on the space-by-space method unless indicated otherwise.

A-D




INTERIOR LIGHTING POWERDENSITY | ‘Nystretch - | NYStretchless |- o0 ong6
(wmz) B Et ) EE N R

LargeOffice | T .. — '_ - — — .
Office (bwldlng area method) 0.69 0.62 0.78
Stan_d-Alqna_Ibta!l — — _ T ST I e
BOH (area w eighted averags) 0.50 0.45
Sales Area 1.06 0.95 1.22
Lobby® 0.90 0.81 1.00
Dlsplay lighting - type 1 2 3 (area welghted average) 0.32 0.29
;Semndary Schoot o _ R L
Classroom 0.74 0.67 0.92
Corridor 0.58 0.52 066 .
Lobby® : 0.80 0.81 1.00
Mechanical® 0.39 0.35 0.43
Restroom 0.75 0.68 0.85
Office 085 0.77 0.93
Gymnasiumiexercise areas 0.50 0.45 0.5
KitchenfFood Preparation Area .92 0.83 1.06
Cafeteria/Dining .53 0.48 0.63
Library/reading area (Building Area Msthod) (.78 0.70 0.82
Audience seating area — auditorium® (.83 0.57 0.63
Large Hotel ' o L ' ' .
Cffice {Buiiding Area Method) 0.89 0.62 0.79
Retail (Building Area Method) (.91 0.82 1.08
Mechanical rooms® 0.38 0.35 0.43
Storage 0.43 0.39 .46
Laundry Room 043 0.39 043
Dining Area - family dining® 0.54 0.49 G.71
Lobby — hotel 0.68 0.61 1.06
Guest rcoms 0.75 0.68 Q.77
Corridor 0.58 0.52 0.66
Kitchen/Food Preparation Area 0.92 0.83 1.06
10-story Apartment ' _ L _ . : '
Office - enclosed® _ 0.85 0.77 0.93
Corridor _ 0.58 0.52 0.792
Stairw ell 0.50 0.45 0.58
Mechanical rooms® 0.39 0.35 0.43

5

LPDsin PNNL'sNYStretch model were revised to reflect current NY Stretch code requirements.
A-B



INTERIOR LIGHTING POWER DENSITY

 NYStretch fess

WiH2) NYStretch | 10% 90.1-2016
20-story Apartment . :
Office - enclosed® 0.85 0.77 0.93
Corridor .58 0.52 0.792
Stairw all 0.50 0.45 0.58
Mechanical rooms’ 0.39 0.35 043
Sales Area’ 1.06 0.854 1.22
Display lighting - refail type 37 {w eighted average) 1.05 0.945 1.05
Display lighting - retail type 27 {w eighted average) 0.45 0.405 0.45
Display lighting - retail type 17 (w eighted average) 0.45 0.405 0.45
Additional retail allow ance [Watts] ¥ 1,000 900 1,000
'.Outpai_le nt Hea!_th_care_ _' .

Conference/Meseting/Multipurpose .93 0.84 1.07
Corridor Q.58 0.62 0.792
Dining Area - cafeteriaffast food 0.53 0.48 0.63
Healthcare Facility - nurse station 0.75 0.68 0.81
Healthcare Facility - patient room 0.45 0.41 062
Healthcare Facility - physical therapy .84 0.78 0.84
Healthcare Facility - recovery room ©.89 0.80 1.03
Healthcare Facility - examftreatment 1.16 1.04 1.68
Healthcare Facility - imaging room 0.98 0.88 1.06
Healthcare Facility - operating room 1.87 1.68 217
Lobby - all other” 0.90 0.81 1.00
Lounge/breakroom — healthcare’ 0.53 0.48 0.78
Office - enclosed >250 sf? 0.85 0.77 0.93
Restroom’ 0.75 0.68 0.85
Storage room, 50-100 sf 0.43 0.39 0.46
Full-service Restaurant ' '

Dining Area - family dining 0.54 0.49 0.71
Kitchen/Food Preparation Area 0.92 0.83 1.06
Warehouse

Office (Building Area Methed) 0.69 0.62 €.79
Warehouse - storage- medium to bulky 0.27 0.24 0.35
Warehouse - storags - small hand carried items 0.65 0.59 0.69

A7

LPDsin PNNL’sNYStrelch model were revised to reflect current NY Stretch draft code requirements




EEM 7 ReducedFan Power Allowances

This measure found in Tables C403.8.1{1} and 6.5.3.1-1 limits the fan cnergy used by heating,
ventilation, and air-conditioning (HVAC) equipment. It requires that variable air volume (VAV)
systems use no more than 0.0010 bhp/cfin and constant air volume (CAYV) systems use no more
than (.00088 bhp/cfm for fan power. These limits only apply to fan motors larger than 5 nameplate
horsepower; smaller fan sizes are not regulated in either code. This requirement applies to the large
office, standalone retail, secondary school, large hotel, and outpatient healthcare building prototypes.
Vidaris revised the PNNL NYStretch models to reflect current N'YStretch code requirements for

these fan systems.

Costing for this measure was based on increased system capacities for larger air handling equipment

that would result in increased cross-sectional areas of the unit and compenents (e.g., coils, filters, ducts,
unit housings, etc.) that would reduce the static pressure, and thus the brake horsepower, for the affected
systems. For constant volume fans, this required an increased capacity of 3.2%; variable volume systems

required a 13.4% increase in capacity.

Fan Power Allowance o NYStretch 90.1-2016

Large Office, Standalone Retail, Secondary School, Large Hotel, and Outpatient Healthcare

. cvibhpicfm) 0.00088 0.00094

VAV (bhpicfm) - ' 0.00100 0.00130

EEM 10 High-efficiency Commercial Kitchen Equipment

EEM10 reduces plug load energy usage. This measure upgrades major commercial kitchen appliances

to ENERGY STAR®.

Costing for this measure was based on equipment lists from previous projects and the incremental
costs from the Savings Calculator for ENERGY STAR® Commercial Kitchen Equipment developed
by the U.S. EPA and DOE.” To account for the variation of kitchen sizes in the affected prototypes,

an incremental cost per square foot was used.

Affected prototypes: secondary school, full-service restaurant, and large hotel.

7 The Savings Calculator for Energy Commercial Kilehen Equipment is available at

https://www.energyslar.gov/siies/.. /commercial_kitchen_equipment_calculator xlsx
A-8



EEM 11 Thermal Bridging Reduction

EEM11 addresscs the mandatory provision in NYStretch to include a minimum R-3 thermal break at
penetrations, including parapet walls and balcony projections. None of the prototypes include balconies.
Each building with a flat roof is assumed to have a parapet that is 42 in. high and follows the perimeter

of the roof,

This analysis assumes that each prototype meets prescriptive requirements of the code. This measure
simply requires that elements of the envelope that are noncompliant have an R-value no less than R-3,
which is itsclf less than code compliant. Consequently, the remainder of the envelope systems would

have to be improved to reach overall code compliance.

Consequently, this measure does not result in any energy savings. Additional insulation is included in the
lifecycle cost analysis to address the additional cost of meeting the prescriptive requirements for opaque

envelope assemblies.

Costing for this measure was based on the assumption of additional mineral wool insulation at the parapet
to eliminate thermal bridging. It was assumed that this will require 12in at wall + 42in of parapet height +
12in wide parapet + 42in of parapet height to roof deck = 9 ft of total insulation of R-4.2/in for entire

perimeter of roof.

Affected prototypes: large office, standalone retail, secondary school, large hotel, outpatient healthcare,

10-story high-rise apartment, and 20-story high-rise apartment.

EEM 12 Exterior Lighting PowerReduction

This measure modifies Table C405.4.2(2) with reduced exterior lighting power allowances. As
allowances vary by lighting zone, the model uses an average of lighting zones for each protype
building; these averages were developed by PNNL for the national analysis of ASHRAE 90.1-2016.
Following the methodology used by PNNL’s analysis of NYStretch, it is assumed there are no parking
lots for prototypes in climate zone 4A. PNNL also excluded exterior lighting for 10-story and 20-story
apartment prototypes as the majority of these buildings are in climate zone 4A and have no or limited

exterior lighting,

At the time of this analysis, this measure is only included in the TECC overlay of the NYStretch draft.
Vidaris mcluded this measure in the analysis at NYSERDA’s direction as the final version of the code

is anticipated to include it in the ASHRAE path as well.

A-9




Based on an analysis of typical parking lot lighting, it was determined that standard metal halide lamps
could be used to achieve the LPD limits for NYStretch. As there is only a minimal reduction in fagade

and entryway lighting, it was assumed there is no incremental cost for this measure.

G Fagadew.’sﬂ "-"Dodrs[W!_l_f]_ Parkmg Iot[W!sﬂ*
- fLi'g:hﬁn'_g_". NYStretch 90 1-2016 NYStretch 2018 _' NYStretch 2016__
1 0.000 0,000 12.6 14.0 0.03 0.03
2 0.075 0.100 126 14.0 0.04 0.04
3 0.113 0.150 20.0 21.0 0.08 0.06
4 0.150 0.200 20.0 21.0 0.05 0.08

*Parkinglot lightingis only included in climate zones 5A and 6A

b e : Faqade\M'st] Doors[W.’lﬂ | Parkmg lot [Wlsl’j*
nghﬁng R S Y o |
‘Prototype . . : .
Pl e NYsu-etch 90 1- ; NYStretch 2016 NYStretch . 2015_ )
. R : o 2016 '
4 Large Office 0.150 0.200 200 21.0 - 0.050 0.080
23 Stand-alone Retail 0.094 0125 16.3 17.5 0.045 0.050
23 Secondary School 0.094 ¢.125 16.3 17.5 0.045 0.060
34 Large Hotal 0.132 0.175 20.0 21.0 0.050 ¢.070
234 Full-service Restaurant 0.113 0.150 17.5 18.7 0.050 0.060
23 Outpatient Healthcare 0.094 0.125 16.3 17.5 0.045 0.050
23 Warehouse 0.094 0.125 16.3 17.5 0.045 0.050
34 10 Story Mid-Rise Apt. n/a n/a n/a
34 20 Story High-Rise Apt. n/a n/a nia

* Parking lot lightingis only mcluded in climate zones SA and 6A




EEM 13 Efficient Elevator, Regenerative Drives

This measure requires regenerative drives for elevator motors with a rise of 75 feet or greater.

The PNNL NYStretch models included this as a 5% power reduction for the elevator motors.

Costing for this measure was based on data from previous projects.

" Prototype Building -~ | -7 S waeiel Lt sl
- FPrototype Bullding - = 1 " w,total] W, total]
LARGE OFFICE - {12) 30hp motors 232,222 244 444
10-STORY APARTMENT - (1) 30hp motor 19,3562 20,371
20-STORY APARTMENT -{2) 30hp motors 19,352 20,371




AppendixB

Differences in Energy Performance, and Annual
Energy Cost between 2020 NYStretch Energy
Code and ASHRAE 90.1-2016

by Climate Zone and Building Type
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AppendixC

EEM 9 High-efficiency SHW

Based on concerns over possible preemption of this measure, the requirement was subsequently removed

from NYStretch. The analysis of the impact of the measure is included to memortialize the findings.

This measure required a high-efficiency service water heating (SWH) system. A service water heating
system with large input size for either individual water heater or aggregate capacity of all water heaters
would be required to have minimurn thermal efficiency (Et) of 94%. This requirement only applied to
buildings with water heating equipment with an individual or aggregate input rating of 1,000,000 Btu/h

or greater.

PNNL’s analysis for this measure originally showed savings associated with the prototypes for large

hotel, full-service restaurant, outpatient healthcare, 10-story apartments and 20-story apartments.

Upon review, Vidaris found only 20-story apartment building prototype had a SHW system meeting
the 1,000,000 Biu/h threshold. Costing for this mcasure was based on the price differential for three
400 MBH boilers with the cfficiencies in the following table.

~ 2020NYStretch- | - ASHRAE90.1-2016
. - High efficiency hot water heaters w ith Hot w ater heaters with 90% &
o SR 94% E
© 20-Story Apartment
- 1,200 MBH total capacity 1,200 MBH total capacity

Based on Vidaris® analysis, savings and payback for this measure varies by climate zone as shown n
the following table. Annual energy cost savings are between $563 and $633, and payback is between
8.58 and 5.65 years for CZs 4A and 6A, respectively.

C-1



20 Story Highrise Apt 168,279 square feet
Annual Incremental Payback
Energy Usage Annual NYS Energy Cost Savings  FirstCost  Period
€Z  Description kWwh  therms Electricity Gas Total Total Total (Years)
A SHWSOOWERf. 1,152,400 40,777 S169,980 826,813 . S196,793{. o TSI et v L
4A  SHW 94% Eff. 1,152,409 39,432  §159,980 526,250 $196,230 $563 54,833 8.58
_5A. .SHWOO%EFf. ~ 1143504 ° 50,478 . $168,726 = $33603 - $202320| oo oo oo
BA  SHW 94% Eff. 1,143,904 49,577 5168726 533,003 $201,729 $600 $3,795 6.33
.6A SHWSO0%Eff.  1,138529 ' 50,857 $167,933 = 433,856  $201,789 e
6A  SHW 94% Eff. 1,138,529 49,907 $167,933 $33,223 5201,156 5633 53,572 5.65

Based on the limited savings for the measure and concems regarding potentiai federal preemption of

this section, NYSERDA elected not to include the SHW requirements in the final version of the 2020

NYStretch Energy Code.

c-2




AppendixD.

Cost Estimates
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2020 NYStratch
LARGE OQFFICE - 4A
EEM Incramental Cost Worksheat
Praparad by Vidaris [ne.
18-Jun-2019

Nunber of [
+ EEM Unite

daures of
ten Gost

Basérlplian - © Gost! Unlt | Total ftemr Cost | Total Incramenal Gost

Stgndard U-0.032, R-30 raof irsofation (fnawtation satieely aboug deck)
Stgndarg wall lnaelstion {ronraskisntiel mass wal)
4A; UL T, R-7.02
Enhanced maf frsulalion {nsulation enliraly abova dack)
4A U-0.000; R-22.2 [# R-2.2)

h o wall
A4 L-0.080; R-8.3¢  {+ R-0.45)

RSMeans OF 22 16,19

maza wall}

FSMeans 07 21 13,10 ¢

PHNL CE ANALYSIS

| dmss|  wete |$ - &[5 -
305,848 .

mn:luded In MY5S ame»dmenbs ln 0.1 2015

Staniare fevins: o008 proray

Standard | VAV faps: 6 0030 byt . ‘ L . : |

EEM GV fana: 0.00083 bhpictn RSMpany 2374 33,10 | Cags|  ms |5 1031)s 5197 | Casted as sncreated syslom
EEM  [vAV fans: 000400 bhaicim ASMpans DM 124 | T e e . size hrr:'?;lllju"? in stalic

- alraady ineluded v 40 42046
na - alJeady Induﬂad In 8012015

- doesml'qqu!y fea MMMHQ !y;pa
Ll - does neA i)

+Siandard wa insulaticg
i Addlfanal Barapel Insulaion: Agsyrma 12in M wall + 42in of parapat haight + 12in wide parepat + 421n of
arap-ﬂ fih ht Lo rogk dack. 9 A of lnlal Inaulahon ol R-4. 2nin for sntlre parimatar af roal.

RSbleans 07 22 16.40

Nocost: parking b1 c.a ba
ik wilh KH

[REMeana 26 51 13.55
RSh#ans 26 51 13,55

Walorconled chifer, 701 tors REMopns 23 84 13,10 | . i CooMaeT
Cooling fower, 1662 lans R&Mesrs 23 65 1340 | 184 5ag
Walsrcoolad chllrer 676 tona RAMesna 23 6d 13.1¢ L .. 308,688
Rhieans 23 86 13,10 177,744

Stardard PMwaierWstM&&??MBH N o ) O RsMaana DIGIB 130 1 - y 18 261867
EEM  [Fatcaler boller gas fed, 8419 Mah SMaans D3020 130

ronand VAV with Rafiwal, 274886 cfm ) j T REHeans DIM0 134
EEM | VAV wilh Rebial 261451 o RSMaans D3040 134

1 05 itleling o
nta - dogs ad appky [0 Ims Bl

Srann‘am' 1Mo c.bargMg atations, 325, Dsﬁslmdd'ng Tat, :m.sr,..er padnng- spclt b
20812409 40 s gulats {zonss Sh and B ori

No Cosl

$ 104,894

Total

MY Zlrelch_Cost_worksheotd Largo ORice 44 127 printed; SH18020H3  10:55 FM




2020 NYStredch
LARGE OFFICE - 5A
EEM Incremental Cost Workshael
Praparad by Vidarls Inc.
18-Jun-1%

I—— v
- Dascriplian © e Cost’
! L1332, R an (ivsulation anbimly abavs dockt
i ! meas well

5A- L0058 R-2.31 . - . B

Enhanged roaf Insulatizn (Insulatian antealy above deck) o7 23 16.10 | - . naEEll%

A U-0030: R-IZZ - FHR22) i - . 1I
. mass wall) Ipsmws 07 21 13,10 |. : _ obtes|s

FHNL GE AMALYEIS

o T 392,898 | wets |5 BIE
HeL o aUB8E | wals -

Standare |CVfans: 60009 bipitm !
1
Standard VAV fans; 0.00130 bhndim o ) . |
EEM CV fans: 0.0008A bhpcim REMeans 21 74 3210 Coslad a5 increased systom
aiza for raduction In atatie
VAW tang: ©.00H &0 bhplafm RSM#aans 03040 134 7 preasure

fy inclasdid in 90,1-2015

8z ol appdy to thiz uATn'u'ng' s

n/a - does ot apply be this building
T "

o .
Stendard | Slendard wal ingutation
Addilional PArapst Insulatken: Agsumé 12in alwall » 42m of parapet helght + 12In wida parapsl + 450 of RSM: 7 21610
Je. 5 1t of Lot insllation of Fd.2in for onira parimster of ract Shieans -
Standard  |Lighting par ASHRAE 90.1-2515 RSheang 28 51 18.55 i
REMaans 26 51 13.35
ndard etavator mofara, 30hp
layalar motors wilh regeneralive dives, 30

Stawdard  nfa
EEM Ina - appiea fo [ECC pelh anly
A o H iy

Gtandord  [Woalrcooled chiller, 843 dons REMaans 23 64 12.10 I i ANl R 622,504
Standard !(:oouhg towar, 1560 tong REMamnz 2365 1310 - . i . 179,680 | & 364,360 |
EEM \Watarcosted chiller, 575 1ona RShoans 23641390 © . . 08,303 ; § H18,805
EEM |Gong pwar, 1542 toans RSMoans 23 65 13.10 . - . 355,112

Sfandard  1Hof water baiter, gae fra, 3863 MBH Roheans D026 130 - - i - 292,309 | #
EEM “Hol water hoitar, gas frag, 5386 WBH RShMaang gk 130, 5

AV wilh Rafesl, 276750 cfm . RShaans 330 134
(A1 with Rafeal, 266752 ofm REkeans (FH40 134

Standard /s - dioes wel appiy o this bullding tupe
EEM i+t 1o 3l 1o INis Building typs:

! i i F e RREES
Standard Mo chenglng sltations, S25 tMtel periiag lof, 300sf per perking spot
EEM 20BN 481 amp oullate (#ones 54 and G4 anly)

$ 222,002

Ay Streich_Coal_worksheotd Lasgo Office 54 2o 27 printed: §M1BE019 10:55 PM



2020 NYBlratch
LARGE {OFF[GE - 64
EEM Ingremental Cost Waorkahaal
Prapared hy Yidarls Inz.
f8-Jun-1%

. e - — — . . . .
::::::::: g;:“m:( . S Lakal Inegemental Casl . ... Wolss ! Semiments

et A3 saaf insulaiicn finewatian anflvely sbowe deck]
| Stardard well insulehion (roaresidanhial mazs walk
44 -G080, R- 1.7
Enhancad raof stulatian {nddlallon anfieely above deek}
BA U-0.025; R-334 i+ R-3.8) REMeana 07 22 18.10
wall insutahan idanlial mass wall] Rdbtaana 07 21 13.10

) m.met ree
PNL CE AMALYSIS apbes | Ame

e « doas fiaf appiy fo s buldng lipe
ly |o this bulding fy

oy fame: 000058 bhpeim RSMears 2374 33,40 ¢ © . A § - 1 107 | Costed as increassd systam siza for
H : seduclion in statis pressure

RL fans 0.0H00 hl‘vo‘cl!n FLSMaans 03040 134

.m’a m@mmﬂ 9{11-\2018
inta = almad l\:luwed i 90.1-2015

Srandarn‘ wnw msulwlwr
Additional Parapel Irslation: Atsurna 12in 2 wall + AZin of parapa bhight + 12in wide parapat + 42inof paragat balghl i Rstaans 07 22 18,18

roaf deck 8 1o todal Insulation ol F-4.21n fod enlira pafimabar af ool

RSMoans 20 51 13.5%
RSMeans 28 51 13.55

sraodarn‘ m maymmmmmv.zam
Na akasd Mclun‘ld I 0. 1- 2015

[REMaans 23 B4 13,10 . L

. . Raheans 23565 13.10 | . L 1p8448 1 2

[Walsrconded chiller, D7 toha X FSManna 23 64 43,10 | | IS
g bowed, 1382 tone. FSMeans 23 65 13,40 | y .

|RSMeans 03020 130 ;. - 289,852
‘RMeans 03020130 b . . i 275.084

EMrans D3040 134
REMeans D3040 134
e - deaa ol apaty fa (s BUAGING dpps v o
‘- doas nel 2

149,368

WySiralch_Cos{_worksheetd Largn QOico 64 3 of 27 printad: Gf9i2049  10:53 FM




2020 NYGiratch
STANDALONE RETAIL - 4A
EEM Incremental Cost Worksheet
Propared by Vidasis Inc.
18-Jun-2018
Sourceof -, Mumberof * 0 Total lom

i f e M
ten€ost | EEMUnlts | ) GastfUnk .. Caat Tottllinuremant.allfost Notes { Comments

St wal Mauferlm fnanrazidantisl meas well
[eroa s 1ro.104; Re7.82
\Enhanced roof insUlalin (Insulation enlirly sbove decky

18,
A 0030 R322 {+R-22) Resihteans 07 22 16.10

mags waldl) REMaans D7 24 12.10

Coel assumad 1o e
proparignal 1 [nereased
orﬁ:icrmy

Costed 85 increasad yslam
siza far reduckion in siebe

RSMeans 23 74 33.1¢ praasura

avasgly inciudad (1 90, 1-2016
nfa- alraady Included in A0 1-2016

J'..vhfmg parASHHAEQO I 20 18 i REMeans 26 51 13.55
Reduced LPCa, —11% mors efficiant |R5Maars 25 51 13,55

|nged SingEsTong NG, 56 tang o o " |RSMaans 23 74 33 10
Pacl:sged alngte.gane AL, 53 tona [R&heans 23 74 3313

chargebub.coem

i
i

MYSlretch Coul, workshectd Standalose Retall 44 4 of IF oriniad: 819249 10:55 PM



2020 NYSfretch
STANDALCNE RETAIL - 5A
EEM Incremantal Cost Worksheat
Prepared by Vidaris Inc.
19-Jun-201%

- Seuremel. - - o Nikmbor of Lo Toal tom

Daacrlpion e Eout " EEM Units.

Toidl frcremental Cuat ©  Halos FEammenty

wal Bstraton i8] thasa wali)
Standard D 095 RE.3
o insuletian {i ian antirely above deck)
{5A: LO.020; R 822 {r R.2Y
& wall ingulalion Mtanlial mass wal)
&4 LI-006G; F-8.83  (+ R-0.62)

Ataad |srandwuoaa2.momrmswarm [insulation erlimiy above dack) S ] | ]
1
1

‘REMeana 67 22 16.10

|REMgans 07 21 13.10

Srsnd.wd windows, U637
Enhanced windoe J5

rb‘h dnag nm spp.ly o fhig bu#dmg ype
py to lhla bulldmg Eypa

Lngng WASH’RAE 0.1-2076 . i k X ; ] 244,565 : 1 Coat sesumad 10 be
) ) ! - H pmpomunal @ increagad
Reducad LR, ~20% maore afficlent k : A : 301,083

Inu"a rECC omy ]

. dassnutamymﬂsnuufa\hgiypa
[ duesnulswl 12 b3 Luilding byp

nia - m:las nad apgy ta iz bullding !ype
infa - does not apply to this buBding ype

\1via - g ot agply to thia belding tyee
Dly to tis buifding byge

i Lighting per ASHIRAE 50 1-2076 : T |RSMaanz 26 51 15,55
| @adlused LPOS, - 11% mora sdficant |R$hsans 20 51 12,55

nr’& doas ol qpply fe rm bu#dmgwe

a - ahsady inledad /n ﬂ.\‘-ZOfﬁ
n'a - alraedy Includad in 80,1-3016

Pachaged single-zome AC, 53t ] | R&Mesns 23 74 33.18
F'ackaqad 5ing Ia -20na M 45 lons (RSMeans 23 74 33,10
‘nth.UCEo WiPACKAGED DNITS N ACA 1} ]
[INCLUCED WmscHAGER un.lr WAGA 1)

8 - doea mol appiy fo s Aoitding fepa

nfa - daas nol Aj

i
2087240 40 amp cullats {(zones 54 and 64 only] chargehub com

Total | 8 71,701
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EEM

-Standard wall inzufattan (ronresidantial masa war]
GA! L-2.008; R-10.70
Enhancad raof Ingifailon {insutation silraly above deek}
BAUADOR9; R-334 [+ R4
Enhanced wall insulalion {nontéaidantial mass wall)
8]

Stsndard

EEM

Srandard vl - dosg norqnp.ﬂ«' T thig buwdhg typa
EEM |m‘a ana!nnlappﬂyiulhlahulldln lypa

Standsd Ll’ghhﬂgnsr»‘lSHRAEﬂﬁ'ﬂ 2098

EEM  |Feducad LPOS, ~20% mor aficiwnl

Sfandard | g - (ECC omly
[EEM n'a - IECC onl

Standard e

EEM 11/ = [ECT oaly; alreag! Inu\n‘ed In NYS amendmenﬁ 1o 4.1

Sisndem‘ OV fan: (1O0UE4 M\g&:fm
EEA GV fans;  0.0{I088 hhpfcim

- : N | -
e « dtaag nat apply da thiz budding iypa
n/a - dnae not apply o this bullding hp

Sfa\nrr.f | - aiready includad fit M 4-2616
|nfa - alraedy Inchuded In 0, 1-2HE

s b | EEC pathn
Kiged singla-znng AL, 56 fan
1 aclmqedslngl AL, 48 fane

Standard {JNCLUCED WIPACKAGELD LNITS I ACA 1)
EEM :

Sl'amierd {WCLUCED W;"PAC-K&GED LIRITS i AGA T}
£

S‘.randa.’d - dasumr apply to this bulding e
EM nia - does nal Apply Lo s buidag typa
dard
“20ALHOV 411

Stancard
EEM

Bosetiplion

Stendard ' Stancard U-0.052, R-30 rood insulailon finsulation sriirely above k,r

2020 NYStiatch

STANDALOMNE RETAIL - 6A
EEM Incremantal Cost Worksheet
Frapared by \idaris Inc.

18- Jun-231%

) | Souree o
an Lost

'REMaans 07 32 1810

'ASMaana 0T 21 1210

MNL CE ANALYSIS

"RSMenns 23 74 35,10

“RShesns 26 51 11.55
' RSteans 26 51 12.55

CiRSMenns 23 74 33,90 .
RSMeana 23 74 33,10

argehub.oant

Nusiser b |-
EEM Untts

24,692
11,708

‘Ra692

11,768

35787
20,570

3453,
i

Toth ltermn

Afgn

5 i s |

aea | § - is -
| h

Ares 5 0.5608 | § 14,8t i
H i1 i

241565
301,082 1

walls

| Yot ncromentsl Gost 1 Notos { Gommants

Coal aszsumed ta be
propotional L increasad
afficienty

LIILT S nsraased sislam
siza for reduclion in siatic

N Strebh_Cogl_workaheatd Standalons Ratall 64
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S{mdam‘
EEM

srandard
Standard
EEM
EEM

Slandard

ﬂ!ﬁnﬂpliun

Standard L2 032. /30 n:lr.lfmsu.fsﬁun {Fraufation emﬁ'rs.ly abm dac#)
veall insuladion | ) steal-fr watl]

44 U-0.054; F-13.4
Enhancad rgaf insulalion {naualan aniraly aboys deck)
[44: LA0.030; R-32.2  [* R-2.2)}

wall insulation idential staal-frama wall)

4A; 1143061 R-14.2 [+ R-0.77)

s - fECCom‘y
t/a - [EGE anl:

na
r\i‘a |ECC anly; nllenu Iocluued In Y5 amendmanis L 80,1-2018

Gvrans 05,0004 .bnm’amr
|veave sans: 0.60130 bt
|cv fans:  OOO0BS bpicim
WAV fans: 900K Bhpisim

vefa - alraady Inckdad in &0.1-2016
.n.’a - alr\asd im:ludad In 90,1-2016

I.svandsrd ifich ,ﬂ-yers, 3 avens anu‘mb\'ng cabmors

EEM

|Enag)‘ Star fryers, dishwaszhers, avens, snd hafding cahinate

‘Standard wall laslaion

Addillonal Parapsat hnsulgtian: Asdwra 12i0 alwaill + 42in of parapst haighl + 12in wide parapel +42in af
ight lo«m‘du:k 9 M &f folal ingulation u(R4 2|il fior anlir parimater of roof.

Standand | Air-cantan chiller, 308 lons

EEM

| Alr-coglad chiller. 300 Lans

2020 NYSiretch
SECONDARY SCHOOQL - 44
EEM Incremsntal Cosi Warksheat
Preparad by Vidarnis Ing,
18-Jun-2019

Fowreo af ' Number of
! N “ERM . Unit

| .

!
wsMeansoFTziE0 . dzeaiT
; i 8112}
;

{RSMaans 07 24 1340

RSMaens 23 74 2210
Rabarns DAGAG 154

|Er|e|gy Sler Savings
Caleulator

R&Means 07 22 18.10

REMeans 28 57 13.55
REMeEne 26 51 12.55

REMaans 23 64 1810
A8Maane 23 £4 1810

REMueans DI020 130
RS Maans k3020 120

REbaang DA 134
[REMeans DACA0 134

hargehub.cam

+. Tatal Incresontal Gaat

0.308% (5 48,7148

ooads (s aae

100 |8 2032 |
(BE6E|S Al

03,770 |
101,458

B4E51D |

625,945 |

. Notes { Gamments. .|

i Coatad 29 incraadad ayaianm
gird COr veduclin in slalic

Total . ¥

95,564

MYSiretch_Cogl worksheetd Secoadary Scloo 44
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(U-0,032, R0 rooFtnsuiation (insulation enlirely atove dack}

Slandfard walf ingufatien ronraskisnlial stoel-frams wal)
SA: L-(h055; A-14.0
[Enhaneed rad Ingulation (insulation endirely shove deck}
50030 R22.2 fHR-22)

[Enhanced wall Insuletion (renrasfidantlal steet-frame wally

5.4 L0,062; R-17,1  {+ R.1.05

| Stan ardmnn‘uwa L339
[Enhanced windows, L0306

w3 - doms ot apple o this building typa
inia - dos tulapply 1 1nis building lyp

ighting par ASHRAE 86 1-2016
Feducad LPOs, ~20% more efficlant

000094 ﬂm\:ﬂﬂ
VAV fans: {60130 bhpiefm
o9 fans; 0.0008E bhplefm
WAY fana: 0.00100 bhpicim

|nia - alaady nctract In 403 3-2016

nia - alraady lneludad in 30_4 2016

ard srandam‘eﬂicw "TGP& HENNGESAArS, avans, arm‘holdmg cahihals

Stand:
EEM

Addltienal Psrspm Anaufatlon: Aasume 12In et wall + 42In of parapat height + 12in wide parapat + 42in aof
ighl Lo roaf dack, 9l af telal msulalmn an-A Hin fnremlm pemnam nr roal.

Mol waler boler, gas frad, 5420 MEH
[Hit watar bedler, gas nred ::-ﬂ:! MEBH

2020 NYStretch
SECONDARY SCHODL - 5A
EEM Inzremental Gost Wrerkshest
Prepared by Vidaria Inc.

18-Jun-2019

Watibor of !
EEM Un|ia

Seitea af -
.. hem Gost

T 126,112 |
- &1,755 |
RESMaana OF 22 1810 ﬂ&l‘lz_! Araa ‘4

REMaane 07 21 §3.10 - : | 5

‘RSMaana 23 74 33.10
“R3hsans B3nd0 134

{Energy Sier Savings
‘Galeulatar

‘REMsans 07 22 16,10

RSMoans 2551 13,55
REMeans 26 51 13.55

' Rithiaans 23 64 1510
(RSMeans 23 &4 1910

Shaens [3020 130
iASMaana DIG20 430

{REMeans DI040 134
|REMaans B3g40 134

83,748
§38,122 [ &

Hotaa | Eammeiis

o cosl assumod lof this
buidling iypa

Coeted a8 Inorepeed ayataim
gize for raduglion in atatio
prasaurs

108878

535,46

638,122

MY Sirotch_Coat_workenael? Seoendary Schod 54
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2020 NYStratch
SECONDARY SCHOOL - 6A
EEM Incramental Cost Warkshest
Praparad by Vidarls Inc.

18-Jun-2019

[Siandard | Slandaed L0032, R-33 roof rsufafion [ins:iation endrely ebove dack] | 125,112 Ared g - 13 -

Standard wall msulation frammosidentis! staet-freme wal i ! I _
SO | 5p: 10 040; RAZ.S azss|  aea s . cfs

Enhancad roaf Inswiation finaulation antireby atave deck) . ) ) . H
EEM BAs L-0L028; R334 {+ R-5.4) R&tgans 07 22 18.10 . f;E.i ‘IZ__ Araa S_ 05388 | 5 FEH36

vrall Insulativn idantial stesl-I wall] . . 1
EEM BA: U047 R-19.1 + R-1.55 RSMeans OF 21 12.1¢ 41,755 i Araa 5 . Dmﬁ_ H 20711
Standard | Standaed windows, Uha 57 | | | 22dm4 Arag $ B E .
EEM Evhancad windows, U-0.34 ‘PHNL CE ANALYSIE 22484 Arwa $ A 18,1149
Standard |z - does not apply da Miz buliding typs ! H - [] | % - |8 | '
EEM ‘nfa - goss not Bpply to this bultding lype i . L= ] | § 4 i i
Slandard i Liphling per ASHRAE 90.1-2016 ! | T8, 760 walls H 3 | P4 T Mo cost assurmed bt tis
EERA | Reducsd LPDs, -20% mure efficiant HBL 127,288 walls 1§ i § - | Euidling
Standard | - FECC only |- - [ B R -
EEM nfa - IECE L. o 5 - |3 -
Standard |na . ] 5. % -
EEM nia - |ECC anly; alraedy Included In NYS amandmants o B0,1-2018 - a 5 5
Stedard  |CVdang  DOODA bhyiofm | | . E s -
Stendard | VAW favs: 000 130 Bhpdakn ! | . | . R ] -
! r .
EEM |GV tans: 0.00088 bhpicim RSMesis 25743300 149 {onz 3 1031 | & 2,054 | Coslad e Increasad system
{ - . L | alza far raductlon in 2fatic
EEM VAW fans: 0.60100 bhpicdn iRSMeana D040 134 H (9T ofm 3 566 (& 34,810 | prassurs
Etaniard |l - olrady meludod b 90.1-2618 | H Lo o $ i 1 |
EEM Infa - alrcady incheded in 90.1-2018 i - 14 1% - 1% | |
Standard na - doeg ket apaly e thiz udlng e . 1 - i i ¥ i3 i
(=37 infa - dogs nt apply b this bulld i i - 1] [ K] - |
Siandard | Sfandsed efficlancy fyerm, dlshwashars, ovans, swd holding cadtrels - a [ - s - i
i i Energy Blar Savings . L !

EEM Enagy 3lar [ryers, dishwashars, ovans, and holding cabinals calaulatar L FE1L] A3 §. 818|535 14,280 ¢
Slenderd | Slandard wall insulstion S [ 3 - E -

Additional Paraped Inzulsfion: Assuma 12in at wal + 42In of parapat halght + 12in wide parapsl + 4&inof | : H . A :
EEM paraped height b raof deck, 9 1L of fatal Ingulalion of R-4. 2in for enlite parimoler of roof, jeshdeans 07 22 1610 | 21'.@“ ! Area ¥ .. I_}M_OO ¥ 734
Stenderd  (Lighting per ASHRAE §0.1-1616 IREMoans 28 51 1355 F 1. -] waits 5 - E -
EEM Reducad LPBa, ~16% moeda sfilcent REMeans 26 51 1355 e - % - - £ H !
Standand  |nfz - doss nol apply o his beilding dipe 1 N EOES - i ) 1
EEM e - doas not Bpply bo his buildi B i . - @ach 1% - 1% -
Stanciard  |avx - dlready ncluded it 90, 1-2618 H - ] " $ D 1 !
EEM Infa - aiveady Incheded In 9.1-2016 . - ] | § .oy -
Sfandard  lw | . - [1] ] - | 5 - H
EER Inta - appiles to IECE path cal . - a § - 3 -
[ Sfandard | Alrcomad chdller, 230 tong . : |REMaens 23 £4 19,00 BREY unita -5 159985 | & 154,805
EEM 1Alr-canlad chiler, 224 tong [RESMEeans 23 84 46.10 i anilta 5 ieede | & 156,478
Stenderd  |Hof waler boiter, gas firad, 2438 MBH jREheans D3020 130 ST wmils I3 B1387 | & o157
EEM Hed waler Baoiler, pas fired, 2333 MBH REMeans 03020 130 [ 1 unila 3 78423 | B 74,423
Standard | VAV wilt Rehes) 65328 ofim  Réhaana Da0d0 134 i o Lits 1% opl6se | § £51,558 |
EEM VAL with Rehaat, 63101 efm ‘REMaans DI040 134 H .1 unils 1$ - BIE4 | $ a24,514 |
Standerd | - doss nol agely i his buitding iype i iR - [ i e B !
EEM T - it ok Apply b dhis builde L) i . i}y -8 ! 3 -
Standard | i - a HE] RE -
EEM [ZOBM:Y 40 arrp ouBRIS (26N 54 A GA, o0 chargahub.com L outlalz 1§ 1,36 | 5 12,896
Sfandare | | - 0 3 - | f - ;
[EEM H | -1 a ‘5 - 5

Total | 8 137,013

MYSiratch_Coat_workshaetd Secondary School 4 9ol 2 puinfed; BIS2019 $0055 PM




. DEs'cletIon

Standard [ Stendsed U-0.032, R-30 roaf irawetion (nawaiior andirely above deck)
! Stendard well inaulefion fresidaniel mass wallp

(Franded - ga: 110,080 o211

roof Ingidatlan Jnaulatken antiely sbove deck)

44 U050, R-32.2 [+ R-2.2)

Enhanced wall Insulallon {residential mass wally

dA: L-0.0BE; A-9.63 [+ R-0.52

EEX

EE8A

Sfandard | Standard witdews, Lh0.39
Enhanitsd windgws, U-0,37

Raduced LPDS, <20% rres ilicienl
! ¥ >

Standsrd | e - JECE oy

Iready includad in NY3 amandmans bo 90.1-2018
VAY Jans; 000730 i ] ]
VAl fang: 0401410 Bhpicim
Stendard |1 - Alvaady Mcludod b 30, 12078
EER{ 1Va - almady induded in S0.1-208

1 - class At spplyu hiz ul'fm'ng iypa
Va - does nat pgHy to this dulldin

Standara vt insuation

Additienal Parapal Insulation: Assume 12in alwall + 42in of parapst helght + 12in wida parapst + 42in of
height i roof deck. § | of tiel inaulatan of R-1.2n for antie parimader of ool

Lighling par ASHRAE 8012618 A

|Reduged LPDE, ~24% mara affiiant

s - daee nal apy to thiz bullding lype
' - divas not Bpply to this Balldl

' - afraady included in B0 1-2016

Alrcooied chiller, 285 fons
Alr-cocted ehlller, 248 lona

Ibiat water tailer fired, 2187 MBH
ot wrmte holler. gas fird, 2101 MBH

1y wirsheot, 47897 cim
|VAV wiaheal, 39793

- doey pof appty fo thiz Bwlading fypa
ia - doaa nol apply 19 1hla bulkding type

2020 NYStraich
LARGE HOTEL - 4A

EEM Incramantal Cost Worksheat
Fraparsd by Vidaris Inc.
18-Jun-2012

- Hirmbetef 10
BEM Unila !

REMpans §F 22 18,10

RSMeans OT 21 12.1¢

FHML CE AMALYSIS

“Totnd ltcin -
L

21,300
0.265

|
1,300 Aea
0.205

s
| ¥
0,288 | 5

00‘_155 &

25014

74,550

REMeans 0DIHT 134

Enorgy Slar Savings
Calculalar

REMeans OF 22 1610

RSMasnsz 26 51 1358

KSfpans 26 51 13.55

FSMaans 23 54 19,10

R&tdaans 23 54 12.10

| RS Masns B5076 140
A5Missns DIOZ0 130

R&aans DG 134
R3Marng O340 154

175,142
171,463

0R1ad &3 INcraaead ayaiar
gizg for reduclion in 3latio

Total §

160,341

WY Sirglch_Cost_warksheetd Large Hotgl dh

10 of 27
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Srandard £-0.032, R-30 raaf insuiion {insufution coficely abovo dockt
Standard wal Ingelaton fresidentlaf nrags wal)

BA; L-0.080; R-10.70

Enhanced reof insulation {lnwlallun endiraly ahove dack]

sA-UL0.030; R-32.2 [+ R-2.2)

Enhanced wall fnaulailon tre!la‘emlal mads wall]

Stanelard windows, Li-0. 3
Enhenced wjndm. L0265

Ehis hrrilding
n.’a doas nel apply 1o Lhis bulldlng Iy

‘Lighling por ASHRAE 50, 1-2018
i Redyesd LPDs, ~20% inre olficien!

fa - [ECC anfy

nr'.q awmymcmn‘ad |r| o, 12018
already Inciudsd in 90, 1 2015

' - doas notapp.lyto thig buJIn’mglype
n.’a doee nat apply o this bulldlng J-

S‘imn‘aru‘a]ﬁnsncy fryars, d\shwas.fms avens, andbula.lng canlners )
Enagy Slar[ry\els dizhwashees, guens, and holdwng cabingts

Sfawdau'd wal A'rsufai.lnn

Addilional Parapet Insulatian: Assume 12in atwall + 426 of perapat halght « 12i0 wigs parapet + 42in of

parapat halght to raad deck. 9 A of to1al lnsulatlnn of R-4. 2 fol' enllra anmebw ul mul

Liphting perﬁ.SHH')'lE 90.1-2075
Reducad LPDs, —11% more afficien

] ) a-daesno:wyr sumﬂgiyp
i = doss not apy

| Ar-cocled chilar, 248 fans
| Alr-cacted chiller, 243 fane

(Hot waler boitor, gas fired, 2484 MEH
Hot walcr boilcr, gas fired, 2373 MBH

ilv wivaitesl, 42685 tiot
VAV wirahaal, 40789 oo

fva - doag ned app'yrarms buliing type
'n.'e doas nat appl In thla bulleti

|zc|aa24ov 40 amp outlpts (zanas 54 and G4 anly}
o

2020 NYSiretch
LARGE HOTEL - 5A

EEM Incremental Cosi Warkshast

Praparad by Vidarls Ing,
19-Jun-2019

R3kesns OF 22 1510

JREMeans 87 21 13.10

PHNL CE ANALYSIS

3
s,
5
5

] 1'4 wal .. .E_,?S f , z
74,550 walta L] - 779,481

RAkzana D30 134

'Energy Siar Savings
alculator

\REMaans 0T 22 18.10

RIMaans 25 51 13.55
R5Maans 26 51 13.55

REMaana 23 64 1330 % iTl.BN 171,884
|RSkfaans 23 64 13.10 C _ & 188175 ! 168,128 ©

R5Mgans D020 130
S Means DF020 130

" |RSMeens troas 138

(REhieans 03040 134

Qullats

‘otal ingréraantal Gas éa | Cotnmants

MYStratch_Cost_warksheatd Larga Hotel 54
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Deslpltan

Stendard -0, 032. =17 murmsufauon fmurarkm snmeay .ebmre dem
Stondoed wall lnsialion fresitental rass wall
ga L dF I R-12.3

d reof insulalion {i ion entiraly sbave deck)

BA: L-028; R334 [+ R-2.4)
Enhangge) wall lnsulallon {razldendlal mazs wallp
U-GOBT, R [* R.n.a-u

0.00130 bm:w\:m
0.00100 bhatcfm

s atraady includad fr 80 1-2018

s - Blraady Indudad ir| DD 1-2016

Sranu'am‘ ahigricy ﬁ?\‘?r‘s. ishwashors, ovans, and hatding cabinats
fryers, disruashers, gvans, and holding cablnata

‘Standard wall inserlation

#ddltisnal Perapat Inaulation: Aseuma 12In ai wall + A2In of parepet helght + 12in wide parapst + 42in of
parwﬂ helahl lo it deck. 9 rtofmlal msulanon aof R-d.2fin lbr antlre anlnBLernf roof.

L ﬁhgparASHRAEQD 20

nr'b atraady l'm.\k.\iadh BO.1-2015
'l\fa - Blrapdy included In 2012046

"Aicontad chilar, 230 fons

Air-coalod chiter, 224 fons
|

"Hal water bafar, gaz frad, 2438 MAN
"Hat wabar ballgr, gas firad, 2333 MBH

IVAY wirahesl, 42018 cfm
TV»wmmar 38064 chm

-msnuroppwommmgupe
i3« €on3 vl Apply bo his biing

2020 NY Steatch
LARGE HOTEL - 8A
EEM Incramental Cost Workshest
Prepared by Widatls Ine.
19-Jun-2319

" Bouwrcn of.

RS5Maans 07 22 16.10

RaMaans 07 21 13.10

‘BN CE ANALYSIS

BEOM | walts
T4 L

RsMeana OF 22 16.10

[RSMeans 26 51 13,56
[RSMgans 28 51 3.55

f
'Seanz 23 64 19.44
|REMeans 23 64 1340

[RSMeang DHED 130
RSMosos 3020 130
REMeans DHHE 134
[R5Meany DI04 134

159,995
156, 476

- |
Total ' §

182,994 |

M Siratch_Coal_warkshaol? Larga Hatel 64
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prifted: BMS2019 1355 PM




Standard
Stamdard

EEM

[EEM

SJanu‘w

Hlandamt
EEM

Stamdard
EEM

Srenn'am‘
EER

Stntord

EEM

Deseriplion

Standasd U-6.6029, R-48 raof nsulakion fatlic med)

i wal lental staaidi
A G064 B-T3.4

Enhariced mof Insulalion (allic roofy

-M. U-0.020; R-514 {+ R-2.35)

wall insu 1) wall)
|44 0061, R 142 + R-0.TT)

]

Stemdand windows, L-0.37
Enhanced wmduws. U-0.35

“afa - [ECC umy
infa - [ECC anl

IECCon alruad md‘udad in NY'S smendmenisin !?B 1 20\5

- o fot angy in mfs aumimg Mw
na - deas ngl apl b Ehig: Buikfing

. dovs nolavnty to this building lype

i - atrgacy inelesdsd in 99.12016
inta - already Included in 90.1-2015

infa - appllas ba IECE paih ooty
Psnksged sMgfe zme}iC. 262 tons

|Pad:kaged alngla-zana AL, 26 fong

NCHLLICED WPACKAGED UNITS IN AGA 1)

2082400 40 emp pullela {zones 5A and 8 anly)

2020 NYStralch
FULL-SERVICE RESTAURANT - 24,
EEM Incramental Cost Warksheat
Preparad by Vidarls Inc,
16-Jun-2018

. Hourcwaf .~
- M Gant:

feghigans OF 22 1610 i

R&Means 07 24 13.10

[PHHL GE ANALYSIS

gy Slar Savings Caloulater

 RSMasns 26 41 12,58
\HSHasns 55 51 13,55

' REMesne 23 74 35,90

|R§Madrts 27 74 33, 10

' ehaigaliub,com

2400 |

S
6130 |

Aen 1§ 0AME'S 254

Total | 3

23788 |

NvSbretch_Cosl_woikghedd Fullsendce Restaurant 44
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i
H
:

 Dosciption”

[N - |
Standard L0524, R-4% roof Inawtalion {atil reod)

weall teelframa wal)
S L3055 R-18.0
gk Ing (MG raar
5n: U-0.020;R51.4 [+ Ra235)
d wall inswlati i
0,852, R-1T.1 [+ R-1.05)

Stamdard

EEM

Standard windows, U037
Enhancad wirdows, LI035

(- divas ot spoly ta iz mmm_g e
i - doss nol Bpply B

Liating per ASHRAE 90.1-2046
Haducad LPDs, —20% mara sfigenl

| - fEGE oty
e - [EGC on

ki

nfa - [ECC anfy; alrseuy includad in NYS amandmmis bo 80, I -G

nfe - daas nur qr.\n])f to iy buLl'd\ny(yp@

Etandsrd v - alraady ol it 90, 12516
includad In 0.1-2018

Sran s - does nof spply (o il‘:.ls bl.u]'d ing pﬂ
EEH n'a - does nol apphy ba this buil

vl v - alhaan}r oot in 90.1-2016
e - alroady ivcluded in $0.1-2018
i K

Ins

nfa - appllas io IECC path anly
|Fackagvad sMgfe—zr.lne A, 363 donz
|Packsged alngla-zona AT, 26.1 tone

|{NCLUCED WPACKAGED UNITS IN ACA 1)
|

MCLLOED WPACKAGED UMTS IN ACA 1)
|

ina - doas nof spply (o diis buﬂ‘mng Iype
inva - does nolapp i

2020 NYStretch
FULE SERVICE RESTAURANT - 54
EEM Incrementa) Cost Worksheat
Frapared by Vidaria [nc,
18-Jun-2018

kb

Bowres of ., | - Numbr of
Mt Cost -~ .0t EEMUuis

|
_! .
\RSMaans 07 22 16.10 B, Ama

REMeans 07 21 ¥3.10

PHNL CE AMALYSIS

whlty

walls

R§ldaans 25 51 13.55
REMaans I8 51 1555

| RShiaana 23 74 2210
| afpanns 23 74 32 10

oates 3

DB s

alal Incmmq]‘llal Cast |

- Halna f Gommunis

Total

$ 20,234 ;

RYSiretch_ Cosl_wirksheeld Full-gervice FRestaurant 54
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2020 NY3Stretch
FULL SERVICE RESTAURANT - 6A
EEM Incremantal Cast Workshant
Prepared by Vidariz nc.
19-Jun-201%
-Nuthbar. oF.
EEM Unlts

faindan well ing
CRAC L0 M3 R-TF.S
Enhanrcad ool insulatian jatlic roof)
BA-U-0.010; R-53.8  {+ R-4.05)
wall Ingulallon

RS#laana 07 22 1649

R o7 21 13,19

PHML CE ANALYSIS

i - does nat epniy fo dhie buiding Bpa
nia - d¢oas not apply to thia building typa

\Energy Slar Savings

1497 | Araa

ighiing psr.ﬂ.sHRAE TR i i ReMaans 26 51 11.55
Reiceaio ~a% more afficlent RSMaans 26 51 11,56

[Packagad singlo-aong 4G, 6.3 tms . RSMeana 23 74 3210
Packanad singl AC, 25,1 ) R$Maans 23 74 33 10

Total § 73,083

MYSirdch Cosl_worksheetd Fulbservice Raslavrard 84 15 of 27 prined: B15:2HS 10:55 Fid




Standard ‘Sfandam’ L0032, R-19 runfmswaf}an {msr.ﬂa!lw! sn!lrsbf sbove deck)
srmm' walt wallp
Stamard | ga: 0,064 7126
Enhanced reef insulabion {insulgtien snliraly above deck)
A% U-0030; R332 [+ R22
wall i o i I -4 wall
B1; R- * R-O 77

EEM

srmnm' |m’s n‘r.lsa ndappbfio this bulm'hg fype
EEM 'a - doBs nd apply to this bulldi

Mehumal Psrapat Ingulation: Assurse 120n a1 wall + 42 of parapsl nalght + 12In wide parapet + 42in of
parapat height be lonf dack. 3 #t of infal insulation of R~ 2{in for anllra perimatar ol ool

Slandard | Lighiing por ASHRAE 20.1-2016
‘Reduced |LBDs, ~3% mare eflclant

S‘Ianderu' m’a = alrpady inciuded In #0.1-2018
- afready included in $0.1-2045

2020 NY5trelch
OUTPATIENT HEALTHCARE - 4A
EEM Incremental Cosi Workshaat

Prepared by Vidaris Inc.
18-Jun-2019

. S
Item Caat

14782

13402
RSMaans 07 22 16,10 B L &+ H 4. 3831 ] 3

RSMasns 07 21 15,10 13,402 k3 nnm]s

lRSMaans OF 22 16.10

RSMaans 26 51 13,55
RSMeana 26 51 13 5!

R&Means DI020 120
REMeans DI020 130

RSMeEns DICD 138 298376 | §

338376

s
REMbans DIC4D 134 |8 223421 |8 323421
- e
| £
%
! 5
Standard | ] - o [E - | $ z
EEM | ! - 1] 1] $

$

94,127 |

MY Strateh_Cosl_werksheetd Cwlpallem Haallhgare dA
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2020 NYStratch

QUTPATIENT HEALTHCARE - 54
EEM Incramental Cost Workshaat
Prepared by Vidaris Inc.
18-Jun-2019

. Solrcnef 1 W atal Irigrenrental Cost 1 Motes | Camimants -

Dascrpiton

: sk fisme wall : L
Stenderd | o 10,085, R 160 : ooo® L
Enmanced reof Insulalon finsulalion enlirely abava dech) .
EEM 5A: U0000; R222 (+R23} Feshtenns 07 22 18.10 . MrEz| e |5 03| 5737
eslimma wal} - Rehesns 07 21 12.90 | § 0.0338]
$

|PNNL CE ANALYSIS

|BET, LLG

Means D3040 124

e - atready inciuded i 96.1-2016
/e - alread Includsd |r| o, {- mlﬁ

Additlanal Parapst Insulalion: Assume 12in at wall + 42in of parepst halghl + 12in wide parapet « 42|n of
st helght to mnl' dack. i H of tatal Inulatlan of R 4.20n far anl|m psimsler of roof FAkisana 07 22 18,10

,ugm‘ngnsrASHRAEﬂﬂ 20ta ] FSMaans 28 51 13.55 I o
Reduced LPOS, - 100 mota sffitlant ) " " R3Means 20 61 15.65 |
i

infa - doas not Bpphy

|Fot weter beiter, gas firad, 364 MEH ] ] ] REMaEns 3020 130
jHot watber badler, gas fied, 358 MBH . ] |RSteans D020 130

VAV AL, 34983 cit T i iRSMeans 134 - E i R 350,023
VAV AL 33300 afm ~ ] ‘RSMeans DI040 134 1 ) i i 334,335

Im’a dosg m:lt applyfo hig bm}a'hg lypa o
thl

Total : § 104,489

NYSttotch_Cosi_workshast? Oulpatient Heslthcars 54 17 of 27 prinled: GIS201%  10:55 PM




2020 NYSireich
QUTPATIENT HEALTHCARE - 6A
EEM Incromental Cost Warkshest

Praparad by Vidaris Inc.
15-Jun-2019

“Hotes ! Cominents

©  'Saurce of- Number of |
llém test’ EEM Linils .|

Skardard U-0.032, R-30 roof insulation finsuietion eniiraly abows deck]
Siamdard wa i i idantial stoal-fr wall)

gLy -0 5; R-17.5

Enhancad rosf insulation (insulalien enlimly abéwe decky
Bk L0025 R-32.4  {+ R-1.4}

Enhaneed wall i i iderlial stoefh weall)
BA: U-0.047: R=19.1 [+ R-1.65!

RSMsans 07 22 16,10 1 - 14782 Aree ; £ 05588

[E I I P P
=
]
&
@

0.0496

RAMsans 67 21 13.10 l

i
FNHL CE ANALYSIS

: gt ta thiz buiding tyee
rt apply 1o thia building typs

Ty
size for raduction In static

REMeans 03040 124 | |

ni5 - alveay included in $0.1-2016
nfaa - already included in 80.1-2018

LAl gty Ko this buitding g
e - doe8 not apply 1o s buildi

i - clans mol anply [a this Buitding fyee
|ria - dgas Nol apphy 10 N3 building byp

Israna _ .
i Addigonal Parapel Insulalion: Assumes 12in at wall + 42In of perapet helghl + 12in wide perepal + 42in of
parapel helght o reof deck. @ It of bolal inguletign of R-4.2fin fos entira perimaler of med.

R&Maans 07 22 16.10

Standard |[iNCLUDED WITH AHL I ACA 3

R3Means 03040 138
RaMeans 03040 131

A - doas not apoly to this bulding lvoe
[ to it

3240 40 amp gutlets (zones 5A and 84 onfy)

111,298

NYS&irelch_Coal_workshestd Cubpatienl Healthcare BA 18 of 27 prinfad: 8192014 10:55 PM



Storidard U-0.032, R-30 reof inswledion fmedal buildisgh
AA: G037 R-352  fR2.2)
Standard wal insefadion faatal Buddmgt
44; L2000 B-15. .
Enhancad fouf insulation (insufalion antiraly abova dack)
[4A: LLD.035; R-122 {+R-2.2}
wall inauletian
45 U-0.048 R85 (v R-a.25)

Standare

[ Fhandard

EEM

a3 wallp

Stanttard . Standard windone, U-0.38
Enhanced windows, 1-0.35

Not Reguived
Tasling requirst!

Standard s - dogs not aprly fo this buliding fype
EEM lhfa-dassnut pp |nlh|!iudldlngrye

Standand __Lng.l‘.!l\’nq ‘per ABHRAE 90.1-2HE
deuusd LPDs —ﬂ% mara sﬁmm

'rid - dlags el Apply 1o this burlding typs

n.fa-s:rsanyrnuwadm 2.1-2006
i « aiready [neluded I1 90,1-2015

UNGLUGED WTH AHU INACA

\P5Z AHW, GAV, 3380 cfm
[PSZAHY. CAV. 2543 cim

 Standard Inda - doeenuls,npwrarhrsbun‘d\ngbw
|nra deey nntappﬂ Io|h|sbu|

2020 NY Stratch
WAREHOUSE - 44
EEM Incremsntal Cost Warkzsheat
Praparad by Vidaris lne.
18-Jun-2019

Sauree bl
Item Caost "

RMeans 07 23 1610

iF{SMeans 07 214340

|PNNL CE ANALYSIS

REMasns 26 51 f3.55
[Ra3Masne 26 51 13.55

R&Means 23 74 3210
-R5Maans 23 74 33.10

icnargenuh.cnm

HNitindar of

o381 |$ 19,208
i

naET g 3,685 |

i5E |
13,692 |

Notest. Giomwnehis *

[

My Slreteh_Cost_worksheedd Warchouse 44
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Sfandard

[ Standard

DBeserlpttin -

P ) | :

isfm‘lﬂﬂrﬂ Y032, R-3t rad inzwhation fmatal bullding)

(A LLOONT: R322 (+R2.2)

|S!snr.fard sl irsuifohice frmetnf o)

(A Y-.080; R-18E

JEnhanced raof Insulation (inaulation antirely above deck)
W03, P32 (PR Z)

!Enhanced wall insulalion (nanresldantlal masa wall)

154- LL0.048; R=19.5 ¢+ R-0.95

pratfard windows, U434
rhanced windows, 113

already includd in NYS amendments fo 20,1-2015
V jans: 000024 Bhfelm T o

1WAV fans: 0.80130 bhpicim

: : 0L.DODBA bipicim

incleded In #.1-2016

- ey ot saply b thly bullaing tyna
'a - dties not apply o his bullding

igiing pac ASHRAE 00.1.2615
Feducad | POs, ~4% mara afficlani

i
v - doss not apply ta this budding tyme
!n.'a - doea nol Bp|

P2 AHL, DAY, 2735 ofm
RS2 AR, GAY. 2394 st

2320 NYSiretch
WAREHOUSE - 5A
EEM Incremental Cost Worksheet
Prapared by Yidaris Inc.
18-Jun-201%

Goursn el -

RStAeans 0T 22 18.10

RAtdarne OF 29 13186

unlls
ity

(R&Mesns 26 51 13.55
[RStduans 26 51 18,55

Ritaans 23 74 23 40
|RSaans 28 74 32,10

aullgts

| Mo cost assurmed for this
| Buidting lyps

29,586

MY S&treleh_Coat_workshastd Werahauas 4

ol 27
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Staadord L0032, R-30 roof asulalion freatal bullding)

'Dnﬂlp'ﬂnis.'

B U-0.048; R-10.5  {+ R.0.95

I
| Lighting par ASHRAE 90.1-2015
{Reduced LPDS, ~20% mare e[fcent

ip - aitusdly inctuded i 90.1-2518
Inra - iready Includod In 2012016

Standard Inie - dossnu!ep;:b'hmtsbawdmgrypa
EEM Infa - doea nat 3

Slamdard ‘m‘a does Aot apaty o thie duifdlieg e
ply o thia hulldlng Iype

mg‘pBrARA.E 012018
uced LPDE, ~B% mo £lfitionl

'z - does not apaly to this Auildlng tpe
' - dees not 8pply Le tia bullding bypa

Standerd
EEM M40 40 amp oullals {zones S and 64

SIS a0 00, RETA [+ RAAL
Standar wail ingustation {matel Buldingt
Standaid ea; . 0050 RIGE
EEM maof antiraly sbova fack)
i |BA; UD02E R4+ RA4)
EEM waill lnsulal il reang wal)

2020 NYStratch
WAREHOUSE - 6A
EEM Incremental Cost Worksheet
Prapared by Vidarls Ing.
19-Jun-2018

L Mimleer of

T Beurdeef
Ci

i R

RSMeany 07 22 18,10 | 49498  Area ofeedis 20695

H .
[REMeans OF 21 42.10 26,887 Bred 0.0204 | 3 a1

PHNL CE ANMALY SIS

RSMaans 2 31 13.55
A5hlaans 25 51 13 55

1488108 tdaail
12887 ° & 12,867

hargehub.cam

| Mo cost mazumed far Mz
buidling lypn

Total

3

|
38,315 | i

MYStreich_Cost_werkshocold Warshousa 68
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|
1

Standard |

Standard

EEM

st eatinely above deck
Lt Wl

4A; L-6.004; R-13.4
Enhanced roaf Inaulatlon (insulation sniiraly above dack}
4 L0230 K- 32 2 [(+R-2H

o gr waily

‘n - doeg not appty io Ibis building !ypo
‘5 - doas not apply b Ihls buikdi

Lighling por ASHRAE 80, 1'—20115
sduoed LPOs, "’ZU% e eN'Idsnl

- IEGE only

‘nia - [ECL o

L]
‘nla - [ECC orhy: already intludad in N'I’s amenumcnls I 90, 1-2013

rb‘h d\:as [ qnplylu ihis BUTATNG fype
L ARRIy b Ehid Buildl 3

v - afraady nolkeded v 20.1-2016

13 - alraawlnnluded In #0.1-2MBE

ot waler besfor with 036 thormal oPloncy |
Haot waler bailar with B4% thsrmal affician

- dos ol aRply to dA1s Suld

i11fa = doks ol Appl!

Standard wsl insufation

- addilanal Perapel lneulation: Aszuma 12in at wall + 42in of paraped heighl + 12in wife parapal + 42in of
parapst height to roof dack, 3 el atal Inzulalaa of R-4.2fn for anlire parimaiar of reof.

nfa - not madatad for thiz building tye
naf mgdafad for this building

andard elevator mafers, 3
|awalor mokses with cegaeneralive drives, JI

= alrgady chedad i 90.1-2616
i3 - slready included In 0.1-2016

ia - appliss io [ECG path onl

TAG, 105 fons

2020 NYStratch
10 STORY HIGH-RISE APARTMENT - 4A
EEM Incremantal Cogt Worksheat
Proparad by Vidaris Inc.
12-Jun-2019

| gowrkgart Nty of . coi ot e . Tokl Inersteintal
Ibem Lost EEM Uiiits . - : Cogt o Goal

R5Maans 07 22 16,10

‘RSMaana 07 24 13.40

PNNL GE ANALYSIS

RSMeans 0T 22 16.1¢

(REMeans 26 51 10.55

R&hdsans DIVED 255
258 aans D050 255

|m8Means DF020 tat
[RSMaans 23020 13¢

RSMpans 07 21 13,10

bhatos f Comments

Total § 26,775

NYStreich_Coel_workaheetd 10 Stery High-Risa Apl. 48

22 of 27 printad: 812/2018 1055 PM




2020 NYStretch
10 STORY HIGH-RISE APARTMENT - 5A
EEM Incremantal Cost Worksheet
Frepared by vidaris Inc.
18-Jun-2019

— " . -
SBanreeof . Humbesof .o 0 i Tal e

Tiaka Gust EEM Un LB T Cost - Totalincremantal Goat - Notts / Gommenbs "

-Doserption -

Fandard L-0.072, B-30 rpof lngulalion firsuiaton snfimiy abmo dack]
Stangard wall insatatfon freslidentlal shael-feare wan)
BA: LMR.065; R-16.49
Enhancad roofinsulalien [insulation antirely abova dack)
SAC L0030 R-322  (+R2.2}
Ent d weall Inaulatlan I-f wally
L0952 R-17,1  (+ K-1.05}

RSMeans 07 22 1810

[RSMazans OF 21 1310

ard | Standard windows, U-0.99 :
Enteroauinane u.0e _[PNNL GE AMALYSIS

6080 | walts i ) - ] Mo a5t assumad For thia
* BFBd LAl buldling type

n»b awsdyl’nnn.ldso‘m XECTH
nfa - al Indlld‘ed In t1,1-201 6

Standarc wal insulslion

Adgilional Paraped Inaulation: Assurs 12in af wall + 420 of parapst height + 12in wida parapat + 42in of i‘RSM 07 22 16.40

parapel baighL Lo oot deck. B oftotal inculalion of Rud. 2 for anie parimetae o roct aana -

i - ot rodaleid for this bulding u'pe' o RSMBans 26 & 11.55
HEMaany 35 51 1355
S.I'rd's}amom i - ;
[Elevator mobars with regeneratlve drivas, 30 hp

|3 - alrmady invlitad in 90.5-2016

In/e - alraady mcludad In 36.4-2016

|PTAG, 108 tons o i o “RSMasns DAES0 255
PTAC. 1032 fons |RSH8ans DIOHN 258

Ho:waeerbo#wgaem \‘BTS mEH |REMaans DAtk0 o
] Hnl water hnlle« gag ﬂred 1045 MEH REMeang 23020 130

Gpequs wal‘fmi.l‘lUOOSZ .
[Opaqua wull ‘with L0036, R-28.1 {+R- {RSMaans 07 21 1310

IZUGFZA‘UV‘W armp sullats [zones §A and BA oy}

NYSirtch_Gaosl worksheetd 10 Stary High-Rlse Apr. 54 23 of 27 prinied: 8192049 10:55 PM




|
i
|
!

Beseription

Standard U032, - 30 mnfhsm‘ﬂfm finsulmbiser r.-nme\'y am ded‘)
Wl frlSutatoe P t-fr Wil
Standerd |po. ynois; R-17.5
EEM -Enhancad roofl Inaulelion (inutafion endirely sbove dack}
'gprUan0ze; R334 {+R-34)
Lot
EEM ! wall Ineulatan wall)

-0.044; R=-19.1  {+ F=1.66)

Siancurd windows, U538
{Enhanced windowa, U-0.35

Standard | Lighting por ASHRAE 80 1.2016
~20% mara efficlant

Slnnn'arn' nfa - doos nat r:lpplyru ihia buvMﬂg fyoo
EEM nfa - duas not appky IU this building

Additlonsl Parapst ineufatlon: Assurme 12in alwall + 42in af parapat haight + 12in wide parapat + 42in ef
parapal hslght 1o roof dack. 8 1t of teal inzulatlon of R-d.2/n for anilra pedmatar of roof.

st\nn‘sm‘ |nv‘s swssnyfndudsn‘h afkd-2016
Inciuded In 90.1-2016

Lgp4d
Opauue wdll wilh U-0,027, R-36,57 (+R-11.9]

" 2081240V 40 amp aulats (zonea $A and &A anly’

Sranidard
EEM -

2020 NY5tretch
1¢ STORY HIGH-RISE APARTMENT - 84
EEM Ineramanta| Casi Worksheat
Prepared by Yidarls Ing.

19-Jun-2019
. : . “Souree of ol .I;I;mhl.'.-'r".;f 1
: Heam Ganl I, EES Unlia

8435
Bz

L )

REMaans 0# 22 16.10 8,435 & Hres

RSMeans 07 21 13.10 w2l Aes

PHL CE ANALYEIS

RSMaans 07 22 16,10
RSMeans 25 51 10,55
REhleans 26 51 13.55 .

Pravicus grojecls

" |R8Maans G305 255
REMaans O305m 255

RSMaans 03020 1340
FSMaans D020 130

Kakeans 07 21 13.10

oullals

" Motan | Gamipents

Total

'3

35,508 |
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2020 NYSireich
20 STORY HIGH-RISE APARTMENT - 44
EEM Incremental Cost Worksheat
Prepared by Vidarls Ine.
18-Jun-2019

. . . Sourcaa! " MNumber of . X e - N
Descriptian. [ e S e Casl  EEMUnNs | . Gogl By - -Nolas  Commenls

) .‘hsnn‘am‘ LH !J 032, R—.‘jﬂ rnr.lfmau M:m ﬂnsufamn sﬂil‘ral)' abova a‘eck}

wallir foal-fr wa]

[44; L0.054 R-13.4 .

Enhanted roof isulation finsulation enlirely above dack) H

A UQ0I RAZZ [+ A2 ) _ _ REMsans 07 221818 |
wall i i adantial tesl-I wall)

bage -9 061; R-14,2 [+ RO FF RSMeana 07 24 12.10

FHHL CE ANALYSIS

i ng\»Mﬂgper.ﬂ.Sh\ﬁ}lEDD.l?UlE i ] I ; ; s ] 63,208 |
) Redueed LPD; 20% mare smdent . " T ] 108,015,568

| Slandard  |nfa - (EGT only
EEM nfa - IECC only
I '

ddilianal Parapal ingulafion: Assurive 121n &l wall + 42 of parapet height + 12in wids parape] » 420 of
parspst neight 5 1ot deck. 9 of olal ssulyicd af Pt 21 for antita parimstar of root. RilMaans 07 22 16,10

of madelad for fhis bullding fype ) T |RStAeAns 28 51 1555
- pl madeled for Nt NG (e ] ) |RShisans 26 51 13,55

RSMeans DI0ED 240
RSMaena 23 B5 13310
RSMeaane DAOSH 240+
R3Maans 23 65 133,10

doaa ral apply 0 ihiz buliding e
:nia - doaa ned apply bo this budding fype

ehRrgehub,cars

Total | § 58,379
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20 STORY HIGH-RISE APARTMENT - 5A
EEM Incremental Cost Worksheel
Prapared by Vidaris Inc.
19-Jun-2018

; S T
i+ Shitreae of - Number of
' Ttem Cost

N _L}useri‘pliun Hotes f Comments

dalal Goat i

Standord L-0.032, B-38 roof insidation frsutalion onfirely atovo dock)
Standdrd wel itrsulation frasidantial steat-frmme war)

A L0088, R-16.0

Enhencad roof Insulatien {insvlalion entiraly atova dack)

Sh: LW0G30; R-322 (+ R-2.%)
E d wall Inaulat

Stawdard

RSMesns 07 22 18.10 A

Eal.f wiall)

RSMeana &7 21 13.10

1 {rRe1.05

Standard wirdows, U-0.3¢
Ennhanced windows, LI-0.26

a - doas el apply to RIS building tyﬁo
i - s nod apply Lo his heifding lyae

Lighling par ASHRAE 00.1.2016
Retluced LPDS, ~20% mors sfficiant

Cnat fer ratail area anly

Standard | - E0C anly
EEM i - [ECC anly

Y - ey u‘rlcfumsm 90.1-2018
iy - atrgady helugad in Q0. 1-2018

ina - doa Aot apply o s bodding yme
(nia - daaa not Bpply 1o thls huIIdI pe

Irm?!I dms mot spp.lyin Fhia buiding I)',Ds
ml’a ducsrm anl to this. bulldl

,srandm' wal ipsealion
| Addiflgnal Parapel Insulation; Assurnn | in at wall + 42in of parapat haighl + 12in wide parapet + 42In of RSMaanz 07 22 16,16
|parapst haight In mnf dack. 8 1t of btal |r|su|a||un ulR-4 2 for snho snmalar ulmo(

Standard [a/a - aat madalad for this buding Jype ] -~ 'RShaana 28 51 13,55
EEM n'a nodmoo‘efodfurmusbm cfin, _ - I _ RiMeans 20 51 13.58

| Sfandard Srandam' a.rswiror mufw&. SU.PJ,D
EEM Elwatn( molors with pralive drivae, 3 hp Pravicus projects

S!anam‘ W . amadym:mdoﬂm 90 FZ{JIG
EEM (e - altoady incleded in 90.1-2018
|
- appllas to IECC path onl

Standard |WSHF' 172 bonz REMeane D305 240 i 488,699 | § 486,657 |
Stendard | cfosed cheet eooling towar, 158 fans RSMEane 23 6513310 L i . 108,382 | § 08,392 |
[WSHP, 1628 tans RéMarna D305 230 h : 451,756 | 3 481,756 |
{Cloned clroult cogling Lowar, 138.5 lany RSMeang 23 85 133510 | 10734113 1p7an

" AHCLUDED WRACKAGED UNITE i ACA 1)

{NCLUGED WePACKAGED UNITS N ACA 1) )

e - does mat apply lo his Building typa
2 « 4323 nal apply 1o (bl building [ypa

[Stamaard
EEM  20Br240Y.40 smp aullals {z0nas S4 and 6A anly chargahub.cam

J'andam'
EEM

Total § 64,030 |
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2020 N¥Skratch
20 STORY HIGH-RISE APARTMENT - 5A
EEM Incramantal Coxt Workshest
Preparad by Vidars Ing,
18-Jun-200

- Soorceal ...

lNem Cost | Coatdifnb ¢ T Tolal eromadnial Cosl Hiilex f Gomimeats

Doseriptian

Standged | Srandand LHL.OSZ R-30 mwnswarm {msmhrm enlirely 6bale dack]
wad inguletinn wal |
Standard | 115,049 R17.5
Enhancaed reof insulation (insulalian antiraly sbove dack)
6 L0020 R334 [+ R-3.4)
wall ingulatl ialgti 4 wall)

!
IRSMeans 07 22 16.10

:ERSMeans 0721 13.10

JFMHNL CE AMALYSIS

Slandprd Ll'ghfﬁ?gper»‘lSHRAEW.i-Zﬂiﬁ fS,ﬂ? waild c : [ ot i
JEENE Reducad LPOs, ~20% more afflclant 1478 wats o ’ sl for relail arme onty
¥
il

~ doez not sym s heoing fypa
- dnas not Bnply m thiz hulldhg

- rJr.lss nu! apaiy to thia huiding fupe
ly b thia building by

| Additional Parapet Insulation: Assuma 12in alwall + 42in of parape! heighl + 12inwide parepet + 42in af
ht toa rm(ded& 3 ft af tatal |Mu|amn of R—i 2 for enlira perimater of raaf.

Stocidard | - ot motiatad for iy bulging fyps " i - " IRSMaans 26 51 1355
{EEM _|n/a - nat maialed for this bulding Rateans 26 51 1355
iSlendard | Standard efevelor malors, 30kp |
eet |gievstor molars wit regeneralivs drives, 301 Praviaus orojstls

S!endsm' |ﬂr'b s#aaofyhcfunhdhﬂﬂ.
Infa alraad |ncludsd|nm

Standard | WSHF, 166 fans ASMazna 03050 248 - ) 471,719 471,772
RAMaane 236513300 ;- A 5,068

EEM : 163 RSMeansD30SD2a0 1 0 7 its t 48 | 453,857 !

EEM . RE#aans 23 65 133.10 " i |5 ' 103,282 1

TUiEL = Ll nnl appty 1a Ihis building bvps

cuilats

3 67,531
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NYSERDA, a public benefit corporation, offers chjective
information and analysis, innovative programs,
technical expertise, and support to help New Yorkers
increase energy efficiency, save money, use renewable
energy, and reduce reliance on fossil fuels. NYSERDA
professionals work to protect the environment

and create clean-energy jobs. NYSERDA has been
developing partnerships to advance innovative energy
solutions in New York State since 1975.

To learn more about NYSERDA's programs and funding opportunities,
visit nyserda.ny.gov or follow us on Twitter, Facebook, YouTube, or

Instagram.

New York State toll free: 866-NYSERDA
Energy Research and tocal: 518-862-1090
Development Authority fax: 518-862-1091
17 Columbia Clrcle info@nyserda.ny.gov

Albany, NY 12203-6399 nyserda.ny.gov
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