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12231 R 1/5/2024 | 1/1/2025 |  Water Heater 154; method moditied to Pg. 136
(HPWH) — Air Source . __Include PPH variable;
Compliance Efficiency updated
to reflect new ENERGY STAR®
standard
Method modified to include PPH
12-23-2 R 1/5/2024 1/1/2025 R/MF Indirect Water |  variable; adjl_Jstment factor Pg. 149
Heater added for heating season only
operation
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and Instantaneous |variable; Compliance Efficiency
12-23-3 R 1/5/2024 | 1/1/2025 Domestic Water  |updated to reflect new ENERGY Pg. 155
Heater STAR® standard
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19-23-4 R 1/5/2024 1/1/2025 _Furpace - _ Method modifie_d to include PPH Pg. 211
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12-23-6 | R 1/5/2024 | 1/1/2025 | R/MF Thermostatic | eo e ew method establishes|  Pg. 347
Radiator Valve (TRV) . .
base case consumption, applies
ESF based on implementation of
hydronic system balancing, and
adjust savings based on
proportion of radiators modified
Method modified to include
aboveground pools; low-speed
12-23-7 R 1/5/2024 1/1/2025 R/MF P0(_)I Circulator| and high-speed hours dgfat_;lts Pg. 377
Timer and approach for establishing
revised; modified language in
Operating Hours section
Method for DPPP motor
replacement added; WEF
12-238 | R 1/5/2024 | 1/1/2025 | RIMF Pool Pump | definition added; Baseline Pg. 382

Efficiencies section modified to
reflect DPPP and motor
replacement standards
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12-23-9

1/5/2024

1/1/2025

C/1 Indirect Water
Heater

Method modified to distinguish
water heater setpoint and outlet
temperature; adjustment factor
added for heating season only
operation; GPD assumptions for
multifamily aligned with
residential measures

Pg. 618

12-23-10

1/5/2024

1/1/2025

C/I Instantaneous
Water Heater

Method modified to distinguish
water heater setpoint and outlet
temperature; GPD assumptions
for multifamily aligned with
residential measures

Pg. 628

12-23-11

1/5/2024

1/1/2025

Cl/I Storage Tank
Water Heater

Method modified to distinguish
water heater setpoint and outlet
temperature; GPD assumptions
for multifamily aligned with
residential measures

Pg. 636

12-23-12

1/5/2024

1/1/2025

C/1 Central Domestic
Hot Water (DHW)
Control

Method modified to distinguish
water heater setpoint and outlet
temperature; GPD assumptions
for multifamily aligned with
residential measures; default
Operating Hours options added

Pg. 644

12-23-13

1/5/2024

1/1/2025

C/1 Drain Water Heat
Recovery (DWHR)

Method modified to distinguish
water heater setpoint and outlet
temperature; GPD assumptions
for multifamily aligned with
residential measures; gas system
default efficiency removed

Pg. 657

12-23-14

1/5/2024

1/1/2025

C/1 Boiler and
Furnace -
Combination (Combi)
Boiler and Furnace

Method modified to distinguish
water heater setpoint and outlet
temperature; GPD assumptions
for multifamily aligned with
residential measures

Pg. 704

12-23-15

1/5/2024

1/1/2025

C/I Heat Pump —
Water-to-Air Ground
Source (GSHP) in
Systems with Central
Pumping

Clarification added regarding
system sizing in Measure
Description; WWHP method
modified to specify outlet
temperature; GPD assumptions
for multifamily aligned with
residential measures; WWHP
example calculation added

Pg. 791

12-23-16

1/5/2024

1/1/2025

C/l Advanced RTU
Control

Method substantially modified to
present savings for different
control scenarios and rely on

alternative source for savings;
language regarding control
scenarios added to Measure
Description; CF, Baseline
Efficiency, Compliance
Efficiency, Operating Hours, and
Example Calculation modified to

reflect new method

Pg. 853
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12-23-17

1/5/2024

1/1/2025

C/1 Thermostatic
Radiator Valve (TRV)

Method substantially modified to
include hydronic systems,

savings with and without system
balancing, reliance on alternative
source of savings; new method

establishes base case
consumption, applies ESF based
on implementation of hydronic
system balancing, and adjust
savings based on proportion of
radiators modified

Pg. 892

12-23-18

1/5/2024

1/1/2025

C/l Notched and
Synchronous Belt

Measure Description and term
definitions modified for clarity;
Operating Hours section
modified to reflect default hours
consistent with established
facility type run hours

Pg. 939

12-23-19

1/5/2024

1/1/2025

C/1 Pool Pump

Method for DPPP motor
replacement added; WEF
definition added; Baseline

Efficiencies section modified to
reflect DPPP and motor
replacement standards

Pg. 951

12-23-20

1/5/2024

1/1/2025

Appendix P

R/MF Lighting section modified
to address table formatting issue;
C/l Compressed Air — Low
Pressure Drop Filters EUL and
source modified; C/I Advanced
RTU Control EUL and source

modified;

Pg.1389

Note: Revisions to the measures listed above were undertaken by the Joint Utilities Technical
Resource Manual (TRM) Management Committee between October 23, 2023 — January 5, 2024.



DoMESTIC HOT WATER

HeEAT PumpP WATER HEATER (HPWH) — AIR SOURCE

Measure Description

This measure covers the installation of electric storage tank water heaters that use heat pump tech-
nology to move heat from the air (in conditioned or unconditioned spaces) to the water storage
tank and are designed to heat and store potable water at a thermostatically controlled temperature
of less than 180°F. It is not intended for equipment delivering process or space heating hot water.
It applies to electric heat pump water heaters with a maximum current rating of 24 amperes at an
input voltage 250 volts or less, and with a rated storage tank capacity of 120 gallons or less.!2

This measure applies to new construction/major renovation projects and replacement of existing
water heaters. Baseline equipment in new construction/major renovation shall be a minimally
code compliant, gas-fired storage type water heater where gas service is available and a mini-
mally code compliant, electric storage type water heater elsewhere. Baseline efficiency for re-
placement of equipment shall be a minimally code compliant system of the same type as the ex-
isting equipment. New construction projects in NYC must comply with the provisions of LL154
and reflect an electric baseline beginning in January 2024 in accordance with the LL154 Effectu-
ation Schedule presented in the "New Construction Baselines - NYC Local Low 154 of 2021"
section of this TRM’s Introduction.

This measure applies to residential applications as well as residential-duty water heaters installed
in commercial settings. In the latter case, this methodology shall be employed utilizing typical
GPD values as defined in the “Gallons per Day (GPD)” section of the Commercial Storage Tank
Water Heater measure detailed in this document.

Method for Calculating Annual Energy and Peak Coincident Demand Savings
Annual Electric Energy Savings

X PPH X 365 X 8.33 X ATynain ( Fopuw 1 )

AkWh = units X —
3;4‘12 UEFbaseline UEFee X Fderate
+ AkVthooling - AkVthealting

GPD X PPH X 365 X 8.33 X ATpgin, 1

AkWh ooiing = units X 3412 X UEFE,, X Froc

% FCool
SEER/3.412

LENERGY STAR® Program Requirements Product Specification for Residential Water Heaters, Eligibility Criteria
Version 5.0, July 2022.
210 CFR 430.2.



AkWhpeating = units X

GPD X PPH X 365 X 8.33 X AT 4in 1
3,412 . UEF,, X Froc X Flecheat

x FHeat
HSPF /3.412

Peak Coincident Demand Savings

AkW = units x (AkW /unit)

Annual Fossil Fuel Energy Savings

AMMBtu = units X

where:
DkWh
DkwW
DMMBtu
Akthooling

AkWhheating
units

GPD

PPH
DTmain
Feprw
FrroHwW
FBoileroHW

baseline

ee
UEF
Fderate

F Loc

FCooI

GPD x PPH X 365 X 8.33 X AT,,4in

1,000,000
Frrpaw Fpoiterpaw ( 1 Fheat )]
- X F_  XF x —Heat,
UEF, gseline T AFUE UEE,, =~ 'oc ™ "FuelHeat = ppyE

= Annual electric energy savings
= Peak coincident demand electric savings
Annual fossil fuel energy savings
= Annual electric cooling energy savings as a result of interactivity with the
building’s HVAC system (electric cooling bonus)
Annual electric heating energy savings as a result of interactivity with the
building’s HVAC system (electric heating penalty)
Number of households addressed by the program
= Gallons per day of delivered hot water per person
= Persons per household served by DHW system
= Average temperature difference between water heater set point temperature and
the supply water temperature in water main (°F)
= Electric water heating factor, used to exclude baseline electric water heating
consumption if no baseline electric water heating is present
= Fossil fuel water heating factor, used to exclude baseline fossil fuel water heating
consumption if no baseline fossil fuel fired direct water heating is present
= Fossil fuel water heating factor, used to exclude baseline fossil fuel water heating
consumption if no baseline fossil fuel fired boiler-driven indirect water heating
is present
= Characteristic of baseline condition
= Characteristic of energy efficient condition
Uniform energy factor
Efficiency derating factor used to account for the degradation of heat pump
performance present in systems installed in unconditioned spaces
Installation location factor, used to exclude interactive HVAC impacts for
systems installed in unconditioned spaces
Cooling factor, used to account for the percentage of heat extracted from ambient
air by the heat pump water heater that reduces space cooling load



FHeat = Heating factor, used to account for the percentage of heat extracted from ambient
air by the heat pump water heater that increases space heating load

FElecHeat = Electric heating factor, used to exclude electric heating penalty if no electric
heating is present

FruelHeat = Fossil fuel heating factor, used to exclude fossil fuel heating penalty if no fossil
fuel heating is present

SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watthour,

(used for average U.S. location/region)

HSPF = Heating seasonal performance factor, BTU/watt-hour, total heating output
(supply heat) in BTU (including electric heat) during the heating season / total
electric energy heat pump consumed (in watt-hour)

AFUE = Annual fuel utilization efficiency, seasonal energy efficiency for fuel heating
equipment

(AkW/unit) = Deemed peak coincident demand savings per measure

365 = Days in one year

8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by

one degree Fahrenheit [BTU/(gal-F)]

3,412 = Conversion factor, one kWh equals 3,412 BTU

3.412 = Conversion factor, one watt-hour equals 3.412 BTU

1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

Summary of Variables and Data Sources

Variable Value Notes
GPD 17.2 Average daily hot water usage per person.®
From application. If unknown, use a value of 2.8 for
single-family homes* and 2.0 for multifamily homes.®
For sites with multiple water heating systems, PPH
shall be allocated proportional to the input heating ca-
pacity of each water heater relative to the total input
heating capacity of all water heaters.®
Average temperature difference between water heater
D Tmain Tset = Tmain set point temperature and the supply water temperature
in water main (°F).
Toet 125 Water heater set point temperature (°F).’
Supply water temperature in water main (°F). Lookup
Tmain in Cold Water Inlet Temperature table below based on
nearest city.

PPH

3 Water Research Foundation: Residential End Uses of Water, Version 2, April 2016, pg. 5; 17.2 GPD equated from
the report findings indicating an average 2.65 people per household and 45.5 GPD per household.

4 Residential Statewide Baseline Study of New York State, July 2015. Volume 1: Single-Family Report, Table 9.

® Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.

8 For example, if a home with 6 occupants contains two water heaters with 40 MBH and 50 MBH input capacities
and the 40 MBH unit is being replaced with an equivalent capacity unit, the PPH value applied shall be PPH = 6
(occupants) x 40 (MBH) / (40 + 50) (MBH) = 2.7.

710 CFR 430 Appendix E to Subpart B of Part 430 Uniform Test Method for Measuring the Energy Consumption
of Water Heaters, Section 2. Test Conditions, 2.5 Set Point Temperature.



Variable

Value

Notes

Feprw

Use a value of 1.0 if the water was previously heated
with electricity or if it is a new construction home with
no gas access. Otherwise, use 0.0.

FrrDHW

Use a value of 1.0 if the water was previously heated
directly with fossil fuels or if it is a new construction
home with gas access. Otherwise, use 0.0.

FBgoilerbHwW

Use a value of 1.0 if the water was previously heated
indirectly with fossil fuels through the boiler system.
Otherwise, use 0.0.

UEFbaseIine

Uniform Energy Factor of the baseline condition. See
Baseline Efficiencies... section below for details re-
garding derivation of this input.

UEFee

Uniform Energy Factor of the energy efficient measure,
from application.

Fderate

For equipment installed in unconditioned spaces,
lookup in Derate Factor table below based on installa-
tion location and nearest city. For equipment installed
in conditioned spaces, a value of 1.0 shall be used.

FLoc

Use a value of 1.0 if the water heater is installed in a
conditioned space. Otherwise, use 0.0.

FCooI

Lookup in HVAC Interactivity table below based on
nearest City.

FHeat

Lookup in HVAC Interactivity table below based on
nearest City.

FEIecHeat

Use a value of 1.0 if the building is electrically heated.
Otherwise, use 0.0.

FFueIHeat

Use a value of 1.0 if the building is fossil fuel heated.
Otherwise, use 0.0.

SEER

13

Assumed efficiency of existing air conditioning system,
based on a minimally code compliant, 3-ton, split sys-
tem AC.8

HSPF

Heat Pump: 8.2

Electric Resistance:

3.412

Assumed efficiency of electric heating system, based on
a COP of 1.0 for electric resistance heating and a mini-
mally code compliant, 3-ton split system HP for heat
pumps.®

AFUE

From application. If unknown, lookup from Baseline
Efficiencies section based on existing equipment type.
For new construction/gut rehab or if equipment type is
unknown, assume an 80 MBH gas furnace.

8 ECCCNYS 2020, Table C403.3.2(1).
9 ECCCNYS 2020, Table C403.3.2(2).




Variable Value Notes

Deemed Summer Peak Coincident Demand Savings.
Use a value of 0.17 if the water was previously heated
with electricity in replacement scenarios and if there is
no gas service available in new construction/gut rehab
scenarios.'® Otherwise, use -0.17 for an electric pen-
alty. !

(AKW/unit)

Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate and are approximately equal to the
annual average outdoor temperature plus 6°F.%? Supply main temperatures based on the annual
outdoor temperature are shown below.

City Annual avertigri 1(;u('gclj:c;or tempera Trmain (°F)
Albany 49.4 55.4
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Derate Factor

Standard testing conditions for rating of heat pump water heaters require a dry bulb temperature
of 67.5°F + 1°F and a relative humidity of 50% +2%.* The reported efficiency of heat pump wa-
ter heaters is established at these conditions; however, heat pump efficiency degrades at lower
ambient temperatures. The Derate Factor is established to adjust the published efficiency of the
qualifying heat pump water heater when the system is installed in semi-conditioned or uncondi-
tioned spaces, namely, garages and basements. The values shown below were derived from Ta-
ble 10 of Residential Heat Pump Water Heater Evaluation: Lab Testing & Energy Use Estimates
published by Bonneville Power Administration in 2011 and verified via comparison with re-
sults from the 2013 NEEA Heat Pump Water Heater Field Study Report.'® Average values from
northwest heating zones 1 (<6,000 HDD), 2 (6,000 — 7,500 HDD) and 3 (>7,500 HDD)*/ from
this analysis and comparison were then mapped to representative NY climate regions as shown

10 "Field Testing of Pre-Production Prototype Heat Pump Water Heaters” Federal Energy Management Program,
DOE/EE-0317, May 2007.

11 «CT HVAC and Water Heater Process and Impact Evaluation and CT Heat Pump Water Heater Impact
Evaluation”, West Hill Energy and Computing, Final Report R1614/R1613, July 19, 2018.

12 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.

13 Average annual outdoor temperatures taken from NCDC 1991-2020 climate normals.

1410 CFR 430 Subpart B Appendix E.

15 Residential Heat Pump Water Heater Evaluation: Lab Testing & Energy Use Estimates, Bonneville Power
Administration, November 2011.

16 NEEA Heat Pump Water Heater Field Study Report, Fluid Market Strategies, October 2013.

1 NW Council Heating/Cooling zone maps.



below.

Fderate F
City (Unconditioned Basement derate
Installation) (Garage Installation)
Albany 0.80 0.78
Binghamton 0.80 0.78
Buffalo 0.80 0.78
Massena 0.75 0.69
NYC 0.86 0.83
Poughkeepsie 0.80 0.78
Syracuse 0.80 0.78

HVAC Interactivity

Because heat pump water heaters operate via the transfer of heat from the ambient air to the water
in the storage tank, systems installed in conditioned spaces will interact with the building’s HVAC
system. The values shown in the table below reflect the percentage of heat extracted from the
ambient air by the heat pump that either decreases the building’s cooling load (Fcool) OF increases
the building’s heating load (Fheat). These values were derived from Table 12 of Residential Heat
Pump Water Heater Evaluation: Lab Testing & Energy Use Estimates published by Bonneville
Power Administration in 20118 and key operating assumptions specified therein. Average values
from northwest heating zones 1 (<6,000 HDD), 2 (6,000 — 7,500 HDD) and 3 (>7,500 HDD)?
were then mapped to representative NY climate regions and scaled linearly based on regional HDD
and CDD. The HDD and CDD values are based on 30-year averages of U.S annual climate normals
between 1981 and 2010 using base 65° F.2°

City CDD Fcool HDD FHeat
Albany 721 0.26 6,391 0.70
Binghamton 383 0.17 7,200 0.76
Buffalo 607 0.24 6,502 0.70
Massena 406 0.16 8,030 0.84
Poughkeepsie 1017 0.29 4,900 0.65
NYC 745 0.51 6,026 0.49
Syracuse 618 0.25 6,625 0.70

Coincidence Factor (CF)

The recommended value for the coincidence factor is N/A. Deemed demand savings values incor-
porate system peak coincidence considerations.

18 Residential Heat Pump Water Heater Evaluation: Lab Testing & Energy Use Estimates, Bonneville Power
Administration, November 2011.

19 NW Council Heating/Cooling zone maps.

20 HDD/CDD taken from NCEI 1991-2020 climate normals.



Baseline Efficiencies from which Savings are Calculated

The baseline for a non-fuel switching normal replacement at end of the appliance effective useful
life (EUL), in new construction, or substantial renovation scenarios is the minimally-compliant
state or municipal energy code or federal standard, that is applicable to the measure or system
being installed.

The baseline for a fuel switching installation at the end of the appliance effective useful life is the
minimally-compliant, state or municipal energy code or federal standard, that is applicable to the
measure or system, similar to the existing measure or system, that the consumer would have had
installed without the influence of the energy efficiency program. New construction projects in New
York City (NYC) are required to adhere to the regulations outlined in Local Law 154 (LL154) and
must apply an electric baseline in accordance with the phased effectuation of that legislation.. The
LL154 Effectuation Schedule, as detailed in the "New Construction Baselines - NYC Local Law
154 of 2021" section of this TRM’s Introduction, provides guidance for compliance.

The baseline for a system being installed prior to the end of useful life of the existing on-site
equipment may be considered as an Early Replacement; consistent with methods described in Ap-
pendix M, Guidelines for Early Replacement of this TRM. The non-fuel switching and fuel switch-
ing baselines detailed above shall be considered where applicable when calculating Remaining
Useful Life (RUL).

For LMI applications, existing condition baseline shall be established based on nameplate effi-
ciency or efficiency measured through combustion analysis.

UEFnaseiine Shall be calculated as a function of qualifying equipment tank volume (vt) per federal
standards? as shown in the table below, using the qualifying equipment capacity and draw pattern.
Draw pattern can be established based on the proposed equipment First Hour Rating (FHR), rated
in gallons. See First Hour Rating vs. Draw Pattern table below. If FHR is unknown, a Medium
draw pattern should be assumed for equipment with rated storage capacity <50 gallons and a High
draw pattern should be assumed otherwise.??

Rated Storage Volume Draw Pat- _
Product Class and Input Rating tern UEFbaseline

Very Small 0.8808 - (0.0008 x vi)
Low 0.9254 - (0.0003 x vy)
=20 gal and <55 gal Medium | 0.9307 - (0.0002 X vy)
Electric Storage Wa- High 0.9349 - (0.0001 x vt)
ter Heater Very Small 1.9236 - (0.0011 x vy)
Low 2.0440 - (0.0011 x vy
> 55 gal and < 120 gal Medium | 2.1171 - (0.0011 x vy)
High 2.2418 - (0.0011 x vy)

2110 CFR 430.32(d).
22 Based on review of typical usage bins for AHRI certified residential water heating equipment.
(https://www.ahridirectory.org/ahridirectory/pages/home.aspx)



https://www.ahridirectory.org/ahridirectory/pages/home.aspx

Rated Storage Volume Draw Pat- _

Product Class and Input Rating tern UEFbaseline
Very Small 0.3456 — (0.0020 X v)
Low 0.5982 — (0.0019 x vy
220 galand < 55 gal Medium | 0.6483— (0.0017 X vy)
Gas-Fired Storage High 0.6920 — (0.0013 x wy)
Water Heater Very Small 0.6470 — (0.0006 X vy)
Low 0.7689 — (0.0005 X vi)
> 55 gal and < 100 gal Medium | 0.7897 — (0.0004 X vy)
High 0.8072 — (0.0003 x v1)
Very Small 0.2509 — (0.0012 x vi)
Oil-Fired Storage <50 gal Low 0.5330 — (0.0016 x Vi)
Water Heater - Medium 0.6078 — (0.0016 x vi)
High 0.6815 — (0.0014 x v

*vi = tank volume in gallons

First Hour Rating vs. Draw Pattern®

First Hour Rating Draw Pattern
<18 gallons Very Small

>18 and <51 gallons Low

>51 and <75 gallons Medium
>75 gallons High

The baseline efficiency for fossil fuel fired heating systems serving single-family homes and indi-
vidual units is defined by the Code of Federal Regulations as shown in the table below.

Fossil Fuel Fired Heating System Baseline Efficiencies: Systems Serving Single Units?*

ECCCNYS Minimum Effi-
Equipment Type Size Range ciency for Climate Zones 4, 5
and 6
Warm Air Furnace, Gas Fired All Capacities 0.80 AFUE
Warm Air Furnace, Oil Fired All Capacities 0.83 AFUE
Boiler, Hot Water, Gas Fired All Capacities 0.82 AFUE
Boiler, Hot Water, Oil Fired All Capacities 0.84 AFUE
Boiler, Steam, Gas Fired All Capacities 0.80 AFUE
Boiler, Steam, Oil Fired All Capacities 0.82 AFUE

The baseline efficiency for heating systems serving multiple dwelling units is defined by Interna-
tional Energy Conservation Code® and subsequently adopted by the Energy Conservation Con-
struction Code of New York State (ECCCNY'S) as shown in the table below.

2310 CFR 429.17.
2410 CFR 430.32(e).
25 ECCCNYS 2020, Table C403.3.2(4) & Table C403.3.2(5).



Fossil Fuel Fired Heating System Baseline Efficiencies: Systems Serving Multiple Dwelling Units

Equipment Type

Size Range

ECCCNYS Minimum
Efficiency for Climate
Zones 4,5and 6

Warm Air Furnace, Gas < 225 kBTU/h 0.80 AFUE
Fired > 225 kBTU/h 0.80 Et

Warm Air Furnace, Oil < 225 kBTU/h 0.83 AFUE
Fired > 225 kBTU/h 0.81 Et

Warm Air Unit Heaters, .
Gas Fired All Capacities 0.80 Ec
Warm Air Unit Heaters, .

Oil Eired All Capacities 0.80 Ec

) < 300 kBTU/h 0.82 AFUE
Eﬁ;'g r, Hot Water, Gas >300 kBTU/h and < 2,500 kBTU/h 0.80 Et
> 2,500 kBTU/h 0.82 Ec

] ) < 300 kBTU/h 0.84 AFUE
Eﬁ:e'g ", Hot Water, Oil >300 kBTU/h and < 2,500 kBTU/h 0.82 Et
> 2,500 kBTU/h 0.84 Ec

Boiler, Steam, Gas Fired < 300 KBTUM 0.80 AFUE
All Ex’ce t Na{tural Draft, >300 kBTU/h and < 2,500 kBTU/h 0.79 Et
P > 2,500 kBTU/h 0.79 Et

) . < 300 kBTU/h 0.80 AFUE
ﬁgﬁglséerg;? Gas Fired, =360 BTU/M and < 2,500 KBTU/h 0.77 Et
> 2,500 kBTU/h 0.77 Et

< 300 kBTU/h 0.82 AFUE
Boiler, Steam, Oil Fired > 300 kBTU/h and < 2,500 kBTU/h 0.81 Et
> 2,500 kBTU/h 0.81 Et

Compliance Efficiency from which Incentives are Calculated

The compliance condition is a heat pump water heater meeting minimum performance require-
ments specified in ENERGY STAR® Program Requirements Product Specification for Residential
Water Heaters, Eligibility Criteria Version 5.0.28 The table below presents minimum UEF ratings
for heat pump water heaters required by that standard.

Product Type UEF
Integrated HPWH >3.30
Integrated HPWH, 120 Volt / 15 Amp Circuit >2.20
Split-System HPWH >2.20

Operating Hours

Water heater run hours are not utilized in the estimation of energy or demand savings, but water

% ENERGY STAR® Program Requirements Product Specification for Residential Water Heaters, Eligibility

Criteria Version 5.0, July 2022.



heater is assumed to be available for operation 8,760 hours per year.

Example Calculation (Not to be used as default)

A 40-gallon heat pump water heater replaces an existing gas-fired storage water heater in a
single family detached home located near Albany with 3 residents. The heat pump water
heater has a UEF of 3.5 and a first hour rating of 60 gallons per hour. The water heater is in-
stalled in the home’s conditioned utility closet, and the home’s gas heating system has an
AFUE of 80%. Annual Electric Energy Savings, Summer Peak Coincident Demand Savings
and Annual Fossil Fuel Energy Savings are calculated as below.

GPD X PPH X 365 X 8.33 X AT\,4in

AkWh = units X 3412

( Fepuw _
UEFpaseiine UEFee X Faerate

) + Akm/hcooling - AkWhheating

GPD X PPH X 365 X 833 X ATyuan 1

AkWheooiing = units X 3412 UEE,, X Froc
x FCool
SEER/3.412
 GPD X PPH X 365 X833 X AT, i, 1
Akl/l/hheating = units X 3412 X UEF,, X Froc X Fgrecheat
FHeat
>< —_—
HSPF /3.412
AkW = units X (AkW /unit)
M MB ot — wnivs x PP X PPH X 365 X 833 X AT,
U= umies 1,000,000
Feppaw Fpoiterpuw ( 1 Freat )]
— X Fpr X F, X —
UEFyqsetine ~ AFUE UEF,, = "loc ~ "FuelHeat ™ ppyE

units = 1, from application

GPD = 17.2 from Summary of Variables and Data Source table

PPH = 3, from application

ATmain = Tset — Tmain =125-55.4=69.6
Tset from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature lookup table based on location from applica-
tion

Feonw = 0, from Summary of Variable and Data Sources table based on baseline DHW fuel
source from application

UEFee = 3.5, from application

Faerate = 1, from Summary of Variable and Data Sources table based on location from applica-
tion

FLoc = 1, from Summary of Variable and Data Sources based on location from application




Feool = 0.26, from HVAC Interactivity section based on location from application
SEER = 13, from Summary of Variable and Data Sources table
FelecHeat = 0, from Summary of Variable and Data Sources table based on location from appli-
cation
HSPF = N/A, from application
(AkW/unit) = -0.17, from Summary of Variables and Data Sources table based on existing wa
ter heating system fuel from application
Feronw = 1, from Summary of Variables and Data Sources table based on existing water heat-
ing system from application
UEFpaseline = 0.6483 — (0.0017 x v¢) = 0.6483 — (0.0017 x 40) = 0.5803
UEFuaseline equation lookup from Baseline Efficiencies section based on Product Class
from baseline application and Rated Storage VVolume and Draw Pattern from
compliance equipment from application, where Draw Pattern is determined by
the First Hour Rating based on application
vt from application of compliance equipment
Fgoileronw = 0, from Summary of Variables and Data Sources table based on existing water
heating system from application
Freat = 0.70, from HVAC Interactivity section based on location from application
AFUE = 0.80, from application

17.2 x 3 X 365 X 8.33 X 69.6 1

A =1 X—X1X—— =624
W heooling 3,412 3.5 13/3.412 62.40 kWh
AkVtheating =0
AkWh—1><17'2X3X365><8'33X69'6x<0 >+6240 )
B 3,412 3.5x 1 '
= —851.97 kWh
AKW =1x (—=0.17) = —0.17 kW
AMMBw — 1 17.2><3><365><8.33><69.6X[ 1 o (1 ><1><1><0'7)]
= X | —— —_
u 1,000,000 0.5803 3.5 0.8
= 16.1 MMBtu

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Heat pump water heaters installed in conditioned spaces will result in an increase in space heating
load due to the extraction of heat from the ambient air. This interactivity is addressed in the pre-
scribed methodology.



Ancillary Electric Savings Impacts

Heat pump water heaters installed in conditioned spaces will result in an increase in space heating
load and a decrease in cooling load due to the extraction of heat from the ambient air. This inter-
activity is addressed in the prescribed methodology.
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INDIRECT WATER HEATER

Measure Description

This measure covers the installation of a fossil fuel indirect-fired storage water heating system in
which the stored water is heated via hot water produced by a fossil fuel boiler rather than direct
input from electric elements or fossil fuel burners. In such a system, a heat exchanger separates
the potable water in the water heater from the boiler water. This measure applies to indirect-fired
systems comprising a boiler with input heating capacity less than 300,000 BTU/h and a storage
tank with a capacity of 20 to 120 gallons installed in residential applications. Larger equipment
installed in whole building or multi-unit multifamily settings shall use the Commercial and Indus-
trial Indirect Water Heater measure detailed in this document.

This measure estimates savings associated with the delivery of potable hot water only and assumes
the installation of zone priority controls to interrupt demand for space heating hot water until do-
mestic hot water demand is met.

This measure assumes baseline to be a minimally code compliant fossil fuel storage type water
heater with storage capacity equivalent to the efficient water heater.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings

AkWh = N/A

Summer Peak Coincident Demand Savings
AkW = N/A

Annual Fossil Fuel Energy Savings

AMMBtu = units
[GPD X PPH X 365 X 8.33 X ATy4in o ( 1 1 )
X

110001000 Effbaseline Effee

UA ) UA AT,
N ( baseline ee) % amb__ . 8,760] X Fys
Effbaseline Eff;?e

1,000,000
where:
DkWh = Annual electric energy savings
DkW = Peak coincident demand electric savings
DMMBtu = Annual fossil fuel energy savings
units = Number of households addressed by the program
GPD = Gallons per day of delivered hot water per person
PPH = Persons per household served by DHW system
DT main = Average temperature difference between water heater set point temperature and

the supply water temperature in water main (°F)
DTamb = Average temperature difference between water heater set point temperature and



the surrounding ambient air temperature (°F)

baseline = Characteristic of baseline condition

ee = Characteristic of rnergy efficient condition

Eff = Efficiency

UA = Overall heat loss coefficient (BTU/h-°F)

Fus = Factor to adjust savings for equipment providing domestic hot water during the
heating season only365 = Days in one year

8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by
one degree Fahrenheit [BTU/(gal-F)]

1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

8,760 = Hours in one year

Summary of Variables and Data Sources

Variable Value Notes
GPD 17.2 Average daily hot water usage per person.?’
From application. If unknown, use a value of 2.8 for sin-
gle-family homes?® and 2.0 for multifamily homes.?® For
sites with multiple water heating systems, PPH shall be al-
located proportional to the input heating capacity of each
water heater relative to the total input heating capacity of
all water heaters.*
Average temperature difference between water heater set
DT main Tset - Tmain point temperature and the supply water temperature in wa-
ter main (°F)
Average temperature difference between water heater set

PPH

D Tamb -T S?T point temperature and the surrounding ambient air
set 7 Lamb temperature (°F)
Teet 125 Water heater set point temperature (°F).3!
Supply water temperature in water main (°F). Lookup in
Tmain Cold Water Inlet Temperature table below based on near-
est city.
Tamb 70 Surrounding ambient air temperature (°F).*
Effbaseline 0.75 Efficiency of the baseline condition.®

27 Water Research Foundation: Residential End Uses of Water, Version 2, April 2016, pg. 5; 17.2 GPD equated from
the report findings indicating an average 2.65 people per household and 45.5 GPD per household.

28 Residential Statewide Baseline Study of New York State, July 2015. Volume 1: Single-Family Report, Table 9.
2 Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.

30 For example, if a home with 6 occupants contains two water heaters with 40 MBH and 50 MBH input capacities
and the 40 MBH unit is being replaced with an equivalent capacity unit, the PPH value applied shall be PPH = 6
(occupants) x 40 (MBH) / (40 + 50) (MBH) =2.7.

3110 CFR 430 Appendix E to Subpart B of Part 430 Uniform Test Method for Measuring the Energy Consumption
of Water Heaters, Section 2. Test Conditions, 2.5 Set Point Temperature.

32 \Water heaters are generally located in conditioned or partially conditioned spaces with a typical average
temperature of 65°F to 70°F to avoid freezing. A value of 70°F is used for the purposes of estimating tank/ambient
air temperature differential, which aligns with standby loss specification testing standards.

33 Per 10 CFR 430, typical recovery efficiency of a gas water heater, which is used for the purposes of this measure
as a proxy for thermal efficiency, is 0.75. See for example, 10 CFR 430 Subpart B Appendix C1, 5.6.1.1.



Variable Value Notes

Eff Efficiency of energy efficient indirect-system boiler
* (AFUE), from application.

Overall heat loss coefficient of the baseline condition
(BTU/h-°F).%*
Overall heat loss coefficient of the energy efficient meas-
ure (BTU/h-°F). Calculate per Qualifying Heat Loss Coef-
UAee ficient section below, based on qualifying equipment
standby loss specification, rated in °F/hr. If unknown, as-
sume UAee = 5.4.%°
Use a value of 0.67 for systems that provide DHW during
Fus the heating season only and a value of 1.0 for systems
providing DHW year round.®

UAbaseIine 7.85

Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate, and are approximately equal to the
annual average outdoor temperature plus 6°F.3" Supply main temperatures based on the annual
outdoor temperature are shown below.

City Annual avertigri 3%u(£clj:c;or tempera Trmain (°F)
Albany 49.4 55.4
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 451 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Qualifying Heat L oss Coefficient (UAee)
Indirect-fired water heater storage tanks are tested and rated for standby losses (in °F/hr) at stand-
ard testing conditions in accordance with testing standards.3® The qualifying equipment standby

34 Based on computation of heat loss coefficients via conversion equations found in 10 CFR 429, 430, and 431
Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer Products and Certain
Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water Heaters. Heat 10ss
coefficient was equated for two minimally code compliant gas storage water heaters found to be the most typical in
terms of storage and input capacity, representing storage type water heaters of between 20 and 55 gallon capacity
(40 gallon, 40,000 BTU/h assumed) and between 55 and 120 gallon capacity (75 gallon, 76,000 BTU/h assumed).
Results of heat loss coefficient evaluation at these two data points agreed to within 0.3%, so the lower of the two
was selected to represent the UApaseline term.

3% Based on the average standby loss specification (in °F/hr) of AHRI-certified Indirect Water Heater storage tanks,
per the AHRI Directory.

% 0.67 value based on duration of heating season (8 months: October — May) relative to one year (12 months)

37 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.

3 Average annual outdoor temperatures taken from NCEI 1991-2020 climate normals.

3% GAMA Testing Standard: Performance of Indirect-Fired Water Heaters, March 2003.



loss specification (SLee), Where available, shall be used in the formula below, along with tank
volume (Vee) to establish the qualifying equipment heat loss coefficient (UAee).

SL

Ud,e = 7—89 X Vpe X 8.33
where:
UAee = Overall heat loss coefficient (BTU/h-°F) of the energy efficient condition
Slee = Standby loss specification (°F/hr) of the energy efficient condition
Vee = Rated storage capacity (gallons) of the energy efficient condition
70 = Temperature differential (°F) utilized in standby loss testing procedure
8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by

one degree Fahrenheit [BTU/(gal-F)]

Coincidence Factor (CF)

The prescribed value for the coincidence factor is N/A. This measure is not anticipated to have
electric impacts.

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition is a minimally code compliant fossil fuel storage type water heater with a
recovery efficiency of 75%, tank volume equal to the energy efficient condition and heat loss co-
efficient as indicated above.

Compliance Efficiency from which Incentives are Calculated

The compliance condition is an indirect fossil fuel-fired water heating system with efficiency meet-
ing or exceeding 0.85 AFUE.

Operating Hours

Water heater run hours are not utilized in the estimation of energy or demand savings, but water
heater is assumed to be available for operation for the duration of the operating period (year round
or heating season only). Additionally, it is assumed standby losses are incurred over the duration
of the operating period.

Example Calculation (Not to be used as default)

An existing residential customer located near Albany installs an indirect water heater with an
AFUE of 90%, stand by loss of 1°hr, and a 60 gallon storage tank. The system serves a single-
family, detached home with 5 residents and provides hot water year round. Annual Electric
Energy Savings and Summer Peak Coincident Demand Savings are not applicable. Annual
Fossil Fuel Energy Savings are calculated as below.




AMMBtu = units
y [GPD X PPH X 365 X 8.33 X AT,,,4in 9 ( 1 1 )

1,000,000 Ef frasetine Effoe

UAbaseline UAee ATamb
+ ( - ) X X 8,760] X F
Effbaseline Effee 1,000,000 HS

units = 1, from application
GPD = 17.2, from Summary of Variables and Data Source table
PPH =5, from application
AT main = Tset — Tmain =125-55.4=69.6
Tset from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature lookup table based on location from applica-
tion
Effoasetine = 0.75, from Summary of Variables and Data Sources table
Effee = 0.90, from application
UAbaseline = 7.85, from Summary of Variables and Data Sources table
UAee = (SLee / 70) X Vee X 8.33 =(1/70) x 60 x 8.33 =7.14
UAe equation from Qualifying Heat Loss Coefficient section
SLee from application
Vee from application
ATamb = 55, from Summary of Variables and Data Sources table
Fus = 1.0, from Summary of Variables and Data Sources table

AMMBtu = 1
><[17.2><5><365><8.33><69.6x<1 1)
1,000,000 0.75 0.90
+ <7'85 7'44> X 55 X 8 760] x 1.0 = 5.10 MMBt
0.75  0.90) ~ 1,000,000 YT u

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Reduction in standby heat losses will have a negligible impact on space heating when the water
heater is located in a conditioned space. Consideration of these effects are not included in this
methodology.

Ancillary Electric Savings Impacts

Reduction in standby heat losses will have a negligible impact on space heating and cooling when
the water heater is located in a conditioned space. Consideration of these effects are not included
in this methodology.
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STORAGE TANK AND INSTANTANEOUS DOMESTIC WATER HEATER

Measure Description

This measure covers the installation of storage tank water heaters designed to heat and store water
at a thermostatically controlled temperature, as well as instantaneous type water heaters, which
heat water but contain no more than one gallon of water per 4,000 BTU per hour of input. This
measure applies to potable hot water delivery only; it is not applicable to hot water heaters used
for process loads or space heating. Additionally, qualifying equipment must be designed to heat
water to a temperature no greater than 180°F and, if electric power is required for operation, must
use a single-phase external power supply.

Storage type units include residential fossil fuel storage water heaters with a nominal input of
75,000 BTU per hour or less and a rated storage capacity between 20 and 100 gallons, residential-
duty commercial fossil fuel storage water heaters with a nominal input of greater than 75,000 BTU
per hour and less than or equal to 105,000 BTU per hour and a rated storage capacity between 20
and 120 gallons and electric storage water heaters with an input of 12 kilowatts or less and a rated
storage capacity between 20 and 120 gallons.

Instantaneous type units include fossil fuel instantaneous water heaters with a rated input capacity
of greater than or equal to 50,000 and less than 200,000 BTU per hour and a manufacturer’s spec-
ified storage capacity of less than 2 gallons, residential electric instantaneous water heaters with
an input of 12 kilowatts or less and a manufacturer’s specified storage capacity of less than 2
gallons and residential-duty commercial electric instantaneous water heaters with an input of
greater than 12 kilowatts and less than or equal to 56.8 kilowatts and a manufacturer’s specified
storage capacity of 2 gallons or less.*°

This measure applies to replacement of existing storage type and instantaneous water heaters using
the same heating fuel (fossil fuel or electric) as the efficient case and assumes baseline to be a
minimally code compliant water heater (as described in greater detail below) of the same type and
heating fuel as the existing case. For new construction, this measure assumes baseline to be a
minimally code compliant storage-type water heater using the same heating fuel (fossil fuel or
electric) as the efficient case.

This measure applies to residential applications as well as residential-duty water heaters installed
in commercial settings. In the latter case, this methodology shall be employed utilizing typical
GPD values as defined in the “Gallons per Day (GPD)” section of the Commercial Storage Tank
Water Heater measure detailed in this document.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings (Electric Water Heating Only)

GPD X PPH %X 365 X 8.33 X AT,4in

1 1
AkWh = units x X( - )
units 3;4'12 UEFbaseline UEFee

40 Definitions of qualifying system types and specifications per 10 CFR 430.2 and revised in accordance with the
limitations imposed by 10 CFR 430.32(d) and 10 CFR 431.110(b).



Summer Peak Coincident Demand Savings (Electric Water Heating Only)

UA ine — UAgp) X AT,
AW = units X ( baseline 5 41253) amb X CF

Annual Fossil Fuel Energy Savings (Fossil Fuel Water Heating Only)

AMMB ) GPD X PPH x 365 X 8.33 X AT,4in 1 1

fu = units X 1,000,000 % (UEFbaseline UEFee>

where:

AkWh = Annual electric energy savings

AkW = Peak coincident demand electric savings

AMMBtu = Annual fossil fuel energy savings

units = Number of households addressed by the program

GPD = Gallons per day of delivered hot water per person

PPH = Persons per household served by DHW system

ATmain = Average temperature difference between water heater set point temperature and
the supply water temperature in water main (°F)

ATamb = Average temperature difference between water heater set point temperature and
the surrounding ambient air temperature (°F)

baseline = Characteristic of baseline condition

ee = Characteristic of energy efficient condition

UEF = Uniform energy factor

UA = Overall heat loss coefficient (BTU/h-°F)

CF = Coincidence factor

365 = Days in one year

8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by
one degree Fahrenheit [BTU/(gal-F)]

3,412 = Conversion factor, one kWh equals 3,412 BTU

1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU



Summary of Variables and Data Sources

Variable

Value

Notes

GPD

17.2

Average daily hot water usage per person.*! For residen-
tial-duty commercial water heaters, refer to GPD table in
the commercial version of this measure.

PPH

From application. If unknown, use a value of 2.8 for sin-
gle-family homes*? and 2.0 for multifamily homes.*® For
sites with multiple water heating systems, PPH shall be
allocated proportional to the input heating capacity of
each water heater relative to the total input heating capac-
ity of all water heaters.**

DTmain

Tset - Tmain

Average temperature difference between water heater set
point temperature and the supply water temperature in
water main (°F).

DTamb

55

Average temperature difference between water heater set
point temperature and the surrounding ambient air

= Tset - Tamb
Tset 125

temperature (°F).

Water heater set point temperature (°F).*

Supply water temperature in water main (°F). Lookup in
Tmain Cold Water Inlet Temperature table below based on near-
est city.

Surrounding ambient air temperature (°F).*°

Uniform Energy Factor of the baseline condition. See
Baseline Efficiencies... section below for details regard-
ing derivation of this input.

Uniform Energy Factor of the energy efficient measure,
from application.

Overall heat loss coefficient of the baseline condition
(BTU/h-°F).*" For Instantaneous water heaters, set UA-
baseline = 0. FOr storage type water heaters, set UApaseline =
7.85.

Tamb 70

UEFbaseIine

UEFee

UAbaseIine

41 Water Research Foundation: Residential End Uses of Water, Version 2, April 2016, pg. 5; 17.2 GPD equated from
the report findings indicating an average 2.65 people per household and 45.5 GPD per household.

42 Residential Statewide Baseline Study of New York State, July 2015. Volume 1: Single-Family Report, Table 9.
43 Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.

44 For example, if a home with 6 occupants contains two water heaters with 40 MBH and 50 MBH input capacities
and the 40 MBH unit is being replaced with an equivalent capacity unit, the PPH value applied shall be PPH = 6
(occupants) x 40 (MBH) / (40 + 50) (MBH) =2.7.

4510 CFR 430 Appendix E to Subpart B of Part 430 Uniform Test Method for Measuring the Energy Consumption
of Water Heaters, Section 2. Test Conditions, 2.5 Set Point Temperature.

46 \Water heaters are generally located in conditioned or partially conditioned spaces with a typical average
temperature of 65°F to 70°F to avoid freezing. A value of 70°F is used for the purposes of estimating tank/ambient
air temperature differential, which aligns with standby loss specification testing standards.

47 Based on computation of heat loss coefficients via conversion equations found in 10 CFR 429, 430, and 431
Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer Products and Certain
Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water Heaters. Heat loss



Variable Value Notes

Overall heat loss coefficient of the energy efficient meas-
ure (BTU/h-°F). For instantaneous water heaters, set
UAies = 0. For storage type water heaters, set UAee =

5.4.

UAee

CF 0.8

Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate, and are approximately equal to the
annual average outdoor temperature plus 6°F.*° Supply main temperatures based on the annual
outdoor temperature are shown below.

City Annual avertigrtz S(gu(E(iI:c))or tempera Tmain (°F)
Albany 49.4 55.4
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Coincidence Factor (CF)
The prescribed value for the coincidence factor is 0.8.%*

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition is a minimally code compliant water heater of type (storage-type or instan-
taneous) equivalent to the existing water heater and with tank volume (where applicable), input
capacity and draw pattern equivalent to the efficient water heater. For new construction, the base-
line condition is a minimally code compliant storage-type water heater with tank volume, input
capacity and draw pattern equivalent to the efficient water heater. For all instantaneous water heat-
ers with a storage type baseline, a 40-gallon storage type water heater with input capacity and draw
pattern equivalent to the efficient water heater shall be assumed.

coefficient was equated for two minimally code compliant gas storage water heaters found to be the most typical in
terms of storage and input capacity, representing storage type water heaters of between 20 and 55 gallon capacity
(40 gallon, 40,000 BTU/h assumed) and between 55 and 120 gallon capacity (75 gallon, 76,000 BTU/h assumed).
Results of heat loss coefficient evaluation at these two data points agreed to within 0.3%, so the lower of the two
was selected to represent the UApaseline term.

48 Based on the average standby loss specification (in °F/hr) of AHRI-certified Indirect Water Heater storage tanks,
per the AHRI Directory.

9 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.

%0 Average annual outdoor temperatures taken from NCEI 1991-2020 climate normals.

51 No source specified — update pending availability and review of applicable references.



For LMI applications, existing condition baseline shall be established based on nameplate effi-
ciency or efficiency measured through combustion analysis.

UEFnaseiine Shall be calculated as a function of qualifying equipment tank volume (vt) for storage
type water heaters or looked up for instantaneous water heaters per federal standards from the
appropriate table (Residential Water Heaters or Residential-Duty Commercial Water Heaters) be-
low, using the baseline equipment type and efficient case capacity and draw pattern. Draw pattern
can be established based on the efficient equipment First Hour Rating (FHR), rated in gallons, for
storage type water heaters or Max Gallons per Minute (GPM), rated in gallons/minute, for instan-
taneous water heaters. See the First Hour Rating vs. Draw Pattern and Max GPM vs. Draw Pattern
tables below for storage type and instantaneous water heaters, respectively. If FHR or Max GPM
is unknown, a Medium draw pattern should be assumed for storage type water heaters with rated

storage capacity < 50 gallons and a High draw pattern should be assumed otherwise.

Residential Water Heaters®®

52

Product Class Ra;i% ﬁ;;og&g&;{g%me Dratuévrrli’at- UEFoaseline
Very Small 0.3456 - (0.0020 x vi")
Low 0.5982 - (0.0019 X i)
220 gal and <55 gal Medium 0.6483 - (0.0017 X Vi)
Gas-Fired Storage High 0.6920 - (0.0013 x wt)
Water Heater Very Small 0.6470 - (0.0006 x wt)
Low 0.7689 - (0.0005 x vy)
> 55 gal and < 100 gal Medium 0.7897 - (0.0004 x Vi)
High 0.8072 - (0.0003 x vy)
Very Small 0.2509 - (0.0012 x vi)
Oil-Fired Storage <50 gal Low 0.5330 — (0.0016 X vr)
Water Heater - Medium 0.6078 — (0.0016 x wt)
High 0.6815 - (0.0014 X i)
Very Small 0.8808 - (0.0008 x v)
Low 0.9254 - (0.0003 X Vi)
220 gal and <55 gal Medium 0.9307 - (0.0002 X Vi)
Electric Storage Wa- High 0.9349 - (0.0001 x wy)
ter Heater Very Small 1.9236 - (0.0011 X vy)
Low 2.0440 - (0.0011 x vt
> 55 gal and < 120 gal Medium 21171 - Eo.oo11 X vt;
High 2.2418 - (0.0011 X vy
Very Small 0.80
Instantaneous Gas- < 2 gal and > 50,000 Low 0.81
Fired Water Heater BTU/h Medium 0.81
High 0.81

52 Based on review of typical usage bins for AHRI certified residential water heating equipment.

(https://www.ahridirectory.org/ahridirectory/pages/home.aspx)

5310 CFR 430.32(d).



https://www.ahridirectory.org/ahridirectory/pages/home.aspx

Rated Storage Volume

Draw Pat-

Product Class and Input Rating tern UEFbaseline

Very Small 0.91

Instantaneous Elec- <2 qal Low 0.91

tric Water Heater g Medium 0.91

High 0.92

*v¢= Rated storage volume (in gallons)
Residential-Duty Commercial Water Heaters>*
Rated Storage Volume Draw Pat- _
Product Class and Input Rating tern UEFbaseline

_ > 75,000 BTU/h and Very Small 0.2674 - (0.0009 x vt )
Gas-Fired Storage < 105.000 BTU/h and Low 0.5362 - (0.0012 X vy)
Water Heater B 120 oal Medium 0.6002 - (0.0011 x wy)
=78 High 0.6597 - (0.0009 x Vi)
o 5105,000 BTU/h and Very Small 0.2932 — (0.0015 x wy)
Oil-Fired Storage <140.000 BTU/h and < Low 0.5596 - (0.0018 X V)
Water Heater - 120 qal - Medium 0.6194 — (0.0016 x vi)
g High 0.6740 — (0.0013 X Vy)

Very Small 0.80

Instantaneous Elec- Low 0.80

tric Water Heater > 12 kW gal and <55 gal Medium 0.80

High 0.80

*vi = tank volume in gallons

First Hour Rating vs. Draw Pattern (Storage Type Only)®

First Hour Rating

Draw Pattern

< 18 gallons Very Small
> 18 and < 51 gallons Low
> 51 and < 75 gallons Medium
> 75 gallons High

Max GPM vs. Draw Pattern (Instanta

neous Only)®°®

Max GPM

Draw Pattern

< 1.7 gallons/minute Very Small
> 1.7 and < 2.8 gallons/minute Low
> 2.8 and < 4.0 gallons/minute Medium
> 4.0 gallons/minute High

Compliance Efficiency from which Incentives are Calculated

5410 CFR 431.110(b).
5510 CFR 429.17.
5 10 CFR 429.17.




The compliance condition is an ENERGY STAR® rated fossil fuel or electric storage or instanta-
neous type water heater as directed by the measure description. Efficient fossil fuel and electric
storage tank and instantaneous type water heaters must be eligible under ENERGY STAR® Pro-
gram Requirements for Residential Water Heaters, Eligibility Criteria Version 5.0, effective July
2022.%" Minimum UEF qualification for ENERGY STAR® equipment are shown in the table be-
low.

Residential Water Heaters

Product Class Rated Storage Vqlume Draw Pattern UEF
and Input Rating
Medium >0.81
. >2 | < 1 - =
Gas-Fired Storage 0galand <35 ga High >0.86
Water Heater > 55 qal Medium >0.86
g High > 0.80
Instantaneous Gas-
Fired Water Heater N/A All 20.95
Product Class®® UEF
Integrated HPWH >3.30
Integrated HPWH, 120 Volt/ 15 Amp Circuit >2.20
Split-System HPWH >2.20
Residential-Duty Commercial Water Heaters
Product Class Rated Storage V(_Jlume Draw Pattern UEF
and Input Rating
. > 75,000 BTU/h and
Gas-Fired Storage | _ 5 00 BTU/h and All >0.86
Water Heater
<120 gal

Operating Hours

Water heater run hours are not utilized in the estimation of energy or demand savings, but water
heater is assumed to be available for operation 8,760 hours per year. Additionally, it is assumed
standby losses are incurred 8,760 hours per year.

Example Calculation (Not to be used as default)

An existing residential customer located near Albany replaces their existing storage tank gas-
fired water heater with a high efficiency storage tank gas-fired water heater. The system serves
a single-family, detached home with 5 residents. The high efficiency water heater has a tank
capacity of 50 gallons and is rated for a medium draw pattern with a UEF of 0.85. Annual

S ENERGY STAR® Program Requirements Product Specification for Residential Water Heaters, Eligibility
Criteria, Version 5.0, July 18, 2022.

% NOTE: Heat pump water heaters shall use the method prescribed for Residential Heat Pump Water Heaters
(HPWH) — Air Source in this TRM where feasible.



Electric Energy Savings and Summer Peak Coincident Demand Savings are not applicable.
Annual Fossil Fuel Energy Savings are calculated as below.

AMMBtu = units X

GPD x PPH X 365 X 833 X ATynqin ( 1 1 )
1,000,000 UEF,gseiime  UEF.e

units = 1, from application

GPD =17.2, from Summary of Variables and Data Source table

PPH =5, from application

AT main = Tset — Tmain =125-55.4=69.6
Tset from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature lookup table based on location from applica-
tion

UEFpaseline = 0.6483 — (0.0017 x v¢) = 0.6483 — (0.0017 x 50) = 0.5633
UEFuaseline equation from Residential Water Heaters table based on product class and
draw pattern from application
vt from application

UEF¢ = 0.85, from application

MM B — 1 1725 X 365 X833 % (69.6) ( 1 1 ) 1090 MMBe
w= 1,000,000 (0.5633) 085/ ~ “

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Reduction in standby heat losses will have a negligible impact on space heating when the water
heater is located in conditioned space. Consideration of these effects is not included in this meth-
odology.

Ancillary Electric Savings Impacts

Reduction in standby heat losses will have a negligible impact on space heating and cooling when
the water heater is located in conditioned space. Consideration of these effects is not included in
this methodology.

Gas water heaters with draft inducer fans may introduce additional electric load. Consideration of
this effect is not included in this methodology.
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HEATING, VENTILATION AND AIR CONDITIONING (HVAC)

BOILER AND FURNACE - COMBINATION (“CoMBI1”) BOILER AND FURNACE

Measure Description

This measure covers the installation of residential fossil fuel-fired combination or “combi” boilers
and furnaces, which are defined as high-efficiency, instantaneous water heaters with a heating
designation. Combi-boilers are all-in-one high-efficiency space heating systems with integrated
capability for providing instantaneous domestic hot water, while combi-furnaces supply both do-
mestic tankless hot water and forced air heating. These units realize energy savings through in-
creased thermal efficiency and by taking cold water straight from the main supply and heating it
as needed, which eliminates the need for a separate hot water storage tank and avoids standby
losses. Qualifying equipment must be in accordance with ASHRAE Standard 124-2007 (RA
2016).° This measure only applies to systems with modulating/staging capability and no water
storage tank.

This measure only captures the fossil fuel savings impacts of combi-boilers and combi-furnaces.

While electric combi-boilers exist, more investigation and research are required before an ap-
proach for estimating associated energy savings can be developed.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings

AkWh = N/A
Summer Peak Coincident Demand Savings
AkW = N/A
Annual Fossil Fuel Energy Savings

AMMBtu = AMMBtugy + AMMBtupyy

kBTU /h;, y ( AFUE,, ) o EFLHpeating

AMMBtugy = units X
Ugy = units AFUEpgsetine 1,000

unit

AMMBtuDHW = units
GPD X PPH X 365 X 8.33 X AT, i ( 1 1 )
X X

1,000,000 REpusetine AFUE,,
UAbaseline ATamb
REpgseiine 1,000,000

X 8,760]

% ASHRAE Standard 124-2007 (RA 2016) — Methods of Testing for Rating Combination Space-Heating and
Water-Heating Appliances (ANSI Approved).



where:

AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
AMMBtu = Annual fossil fuel energy savings

AMMBtupnw = Annual domestic hot water savings associated with installation of a high-effi-
ciency combi-boiler or combi-furnace

AMMBtusy = Annual space heating savings associated with installation of a high-efficiency
combi-boiler or combi-furnace

units = Number of households addressed by the program

kBTU/hin = Space heating fuel input rating

= Characteristic of baseline condition

= Characteristic of energy efficient condition

baseline

ee

AFUE = Annual fuel utilization efficiency, seasonal energy efficiency for fossil fuel
heating equipment

EFLHneating = Heating equivalent full-load hours

GPD = Gallons per day of delivered hot water per person

PPH = Persons per household served by DHW system

ATmain = Average difference between the cold inlet temperature and the hot water deliv-
ery temperature (°F)

RE = Recovery efficiency

UA = Overall heat loss coefficient (BTU/h-°F)

ATamb = Average temperature difference between water heater set point temperature and
the surrounding ambient air temperature (°F)

8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by
one degree Fahrenheit [BTU/(gal-F)]

365 = Days in one year

1,000 = Conversion factor, one MMBtu equals 1,000 kBTU

8,760 = Hours in one year

1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

Summary of Variables & Data Sources

Variable Value Notes/References
KBTU/hin Nomin_al heating in_pu_t capacity is the name_pla?e in-
put rating of the unit in KBTU/h, from application.
AFUEpaseline See Baseline Efficiencies section below.
AFUEe From application.
EFL Hreati Look_up based on building type and location in Ap-
X pendix G.
GPD 17.2 Average daily hot water usage per person.®®

80 Water Research Foundation: Residential End Uses of Water, Version 2, April 2016, pg. 5; 17.2 GPD equated from
the report findings indicating an average 2.65 people per household and 45.5 GPD per household.



Variable Value Notes/References

From application. If unknown, use a value of 2.8 for
single-family homes®! and 2.0 for multifamily
homes.%? For sites with multiple water heating sys-
tems, PPH shall be allocated proportional to the input
heating capacity of each water heater relative to the
total input heating capacity of all water heaters.®?

PPH

Average temperature difference between water heater
D Tmain Tset - Tmain set point temperature and the supply water tempera-
ture in water main (°F).

Average temperature difference between water heater

DTamb _T 55_31. set point temperature and the surrounding ambient air
T st famb temperature (°F).

Tet 125 Water heater set point temperature (°F).%*
Supply water temperature in water main (°F). Lookup

Tmain in Cold Water Inlet Temperature table below based
on nearest city.

Tamb 70 Surrounding ambient air temperature (°F).%°

REbaseline 0.75 Gas recovery efficiency.®®

UArcrt Overall heat loss coefficient of the baseline condition

baseline 7.85

(BTU/h-°F).¢

Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate and are approximately equal to the
annual average outdoor temperature plus 6°F.%8 Supply main temperatures based on the annual
outdoor temperature are shown below.

61 Residential Statewide Baseline Study of New York State, July 2015. Volume 1: Single-Family Report, Table 9.

62 Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.

8 For example, if a home with 6 occupants contains two water heaters with 40 MBH and 50 MBH input capacities
and the 40 MBH unit is being replaced with an equivalent capacity unit, the PPH value applied shall be PPH = 6
(occupants) x 40 (MBH) / (40 + 50) (MBH) = 2.7.

6410 CFR 430 Appendix E to Subpart B of Part 430 Uniform Test Method for Measuring the Energy Consumption of
Water Heaters, Section 2. Test Conditions, 2.5 Set Point Temperature.

8 Water heaters are generally located in conditioned or partially conditioned spaces with a typical average temperature
of 65°F to 70°F to avoid freezing. A value of 70°F is used for the purposes of estimating tank/ambient air temperature
differential, which aligns with standby loss specification testing standards.

% per 10 CFR 430, typical recovery efficiency of a fuel water heater, which is used for the purposes of this measure
as a proxy for thermal efficiency, is 0.75. See for example, 10 CFR 430 Subpart B Appendix C1, 5.6.1.1.

57 Based on computation of heat loss coefficients via conversion equations found in 10 CFR 429, 430, and 431 Docket
No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer Products and Certain Commercial and
Industrial Equipment: Test Procedures for Consumer and Commercial Water Heaters. Heat loss coefficient was
calculated for a minimally code compliant fuel storage water heater found to be the most typical in terms of storage
and input capacity, representing storage type water heaters of between 20 and 55 gallon capacity (40 gallon, 40,000
BTU/h assumed). Results of heat loss coefficient evaluation for this assumed baseline is used to represent the UApaseline
term.

8 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.



. Annual average outdoor o
City temperaturge69 (°F) Tmain (°F)

Albany 49.4 55.4
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Coincidence Factor (CF)

The prescribed value for the coincidence factor is N/A. This measure is not anticipated to have

electric impacts.

Baseline Efficiencies from which Energy Savings are Calculated

Space Heating Component

The baseline efficiency for the space heating component of residential combi-boilers and combi-
furnaces is defined by the Code of Federal Regulations and subsequently adopted by the Energy
Conservation Code of New York State, as shown below.

For LMI applications, existing condition baseline shall be established based on nameplate effi-
ciency or efficiency measured through combustion analysis.

The baseline efficiency for fossil fuel fired heating systems serving single-family homes and indi-
vidual units is defined by the Code of Federal Regulations as shown in the table below.

Fossil Fuel Fired Heating System Baseline Efficiencies: Systems Serving Single Units™

ECCCNYS Minimum Effi-
Equipment Type Size Range ciency for Climate Zones 4, 5
and 6
Warm Air Furnace, Gas Fired All Capacities 0.80 AFUE
Warm Air Furnace, Oil Fired All Capacities 0.83 AFUE
Boiler, Hot Water, Gas Fired All Capacities 0.82 AFUE
Boiler, Hot Water, Oil Fired All Capacities 0.84 AFUE
Boiler, Steam, Gas Fired All Capacities 0.80 AFUE
Boiler, Steam, Oil Fired All Capacities 0.82 AFUE

The baseline efficiency for heating systems serving multiple dwelling units is defined by Interna-
tional Energy Conservation Code’* and subsequently adopted by the Energy Conservation Con-
struction Code of New York State (ECCCNY'S) as shown in the table below.

8 Average annual outdoor temperatures taken from NCEI 1991-2020 climate normals.

70 10 CFR 430.32(e).

7L ECCCNYS 2020, Table C403.3.2(4) & Table C403.3.2(5).




Fossil Fuel Fired Heating System Baseline Efficiencies: Systems Serving Multiple Dwelling Units

ECCCNYS Minimum
Equipment Type Size Range Efficiency for Climate
Zones 4,5 and 6

Warm Air Furnace, Gas < 225 kBTU/h 0.80 AFUE
Fired > 225 kBTU/h 0.80 Et

Warm Air Furnace, Oil <225 kBTU/h 0.83 AFUE
Fired > 225 kBTU/h 0.81 Et
\évairgr':‘ér Unit Heaters, All Capacities 0.80 Ec
\(’)Vi"l”FTrQ” Unit Heaters, All Capacities 0.80 Ec

. < 300 kBTU/h 0.82 AFUE
Eﬁ;'gr’ Hot Water, Gas > 300 kBTU/h and < 2,500 kBTU/h 0.80 Et
> 2,500 kBTU/h 0.82 Ec

. . <300 kBTU/h 0.84 AFUE
Eﬁ'e'gr’ Hot Water, Oil > 300 kBTU/h and < 2,500 kBTU/h 0.82 Et
> 2,500 kBTU/h 0.84 Ec

Boiler, Steam, Gas Fired < 300 kBTU/ 0.80 AFUE
All Ex’cept Na{tural Draft, > 300 kBTU/h and < 2,500 kBTU/h 0.79 Et
> 2,500 kBTU/h 0.79 Et

Boiler, Steam, Gas Fired < 300 KBTU/ 0.80 AFUE
Natura,l Draft, ’ >300 kBTU/h and < 2,500 kBTU/h 0.77 Et
> 2,500 kBTU/h 0.77 Et

< 300 kBTU/h 0.82 AFUE
Boiler, Steam, Oil Fired > 300 kBTU/h and < 2,500 kBTU/h 0.81 Et
> 2,500 kBTU/h 0.81 Et

Domestic Hot Water Component

The baseline condition is a standard efficiency 40-gallon storage type water heater with a recovery
efficiency of 75%72 and heat loss coefficient of 7.85 BTU/h-°F."®

For LMI applications, existing condition baseline shall be established based on nameplate effi-
ciency or efficiency measured through combustion analysis.

2 per 10 CFR 430, typical recovery efficiency of a fuel water heater, which is used for the purposes of this measure
as a proxy for thermal efficiency, is 0.75. See for example, 10 CFR 430 Subpart B Appendix C1, 5.6.1.1.

3 Per 10 CFR 430, typical recovery efficiency of a fuel water heater, which is used for the purposes of this measure
as a proxy for thermal efficiency, is 0.75. See for example, 10 CFR 430 Subpart B Appendix C1, 5.6.1.1.

3 Based on computation of heat loss coefficients via conversion equations found in 10 CFR 429, 430, and 431
Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer Products and Certain
Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water Heaters. Heat loss
coefficient was calculated for a minimally code compliant fuel storage water heater found to be the most typical in
terms of storage and input capacity, representing storage type water heaters of between 20 and 55 gallon capacity
(40 gallon, 40,000 BTU/h assumed). Results of heat loss coefficient evaluation for this assumed baseline is used to
represent the UAupaseline term.



Compliance Efficiency from which Incentives are Calculated

The compliance condition is a combi-boiler unit with a heating designation efficiency of 90%
AFUE or greater or a combi-furnace unit with a heating designation efficiency of 92% AFUE.
Qualifying systems must be equipped with modulating/staging capability and no water storage
tank. Units shall be in accordance with ASHRAE Standard 124-2007 (RA 2016).”

Operating Hours

Heating equivalent full-load hours were calculated from a DOE-2.2 simulation of prototypical
single and multi-family residential buildings. Operating hour assumptions for the prototypical
building models are described in Appendix A. The heating EFLH for residential buildings in NY
are shown in Appendix G.

Domestic hot water heaters are assumed to be available for operation 8,760 hours per year, and it
is assumed standby losses in the baseline case are incurred 8,760 hours per year.

Example Calculation (Not to be used as default)

A “combi” boiler with 199 kBTU/h and 90% AFUE is installed in a single - family, detached
home with 5 residents located near Albany constructed in 1995. The conditions prior to instal-
lation include a gas-fired warm air furnace and gas storage tank water heater. Annual Electric
Energy Savings and Summer Peak Coincident Demand Savings are not applicable. Annual Fos-
sil Fuel Energy Savings are calculated as below.

AMMBtu = AMMBtugy + AMMBtupgy,

AMMBtugy = units X

kBTU/th< AFUE,, ) EFLHpeating

X
unit AFUEp3sotine 1,000

AMMBtuDHW = units
GPD X PPH X 365 X 8.33 X ATy qi ( 1 1 )

1,000,000 REpusetine AFUE,,
UAbaseline ATamb
REpgsetine 1,000,000

X

X 8,760]

units = 1, from application

(kBTU/hin)/unit = 199, from application

AFUEg = 0.9, from application

AFUEpaseiine = 0.80, from Baseline Efficiencies section based on equipment type and size from
application

EFLHheating = 978, from Appendix G based on housing type, building vintage, and location
from application

GPD = 17.2, from Summary of Variables and Data Source table

4 ASHRAE Standard 124-2007 (RA 2016) — Methods of Testing for Rating Combination Space-Heating and
Water-Heating Appliances (ANSI Approved).



PPH =5, from application

AT main = Tset — Tmain =125-55.4=69.6
Tset from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature lookup table based on location from applica-
tion

REbpaseline = 0.75, from Summary of Variables and Data Sources table

UAubaseline = 7.85, from Summary of Variables and Data Sources table

ATamb = 55, from Summary of Variables and Data Sources table

AMMBtuc,; = 1 X 199 X (0'90 1) X
Ush = 0.80

978
1,000

= 24.33 MMBtu

AMMBtuDHW = 1
><[17.2><5><365><8.33><69.6X<1 1)

1,000,000 0.8 0.9

0.8 09
+ 785 X 55 X 8 760] = 7.57 MMBt
0.75 1,000,000 = >/°°| T u

AMMBtu = 24.33 + 7.57 = 31.90 MMBtu

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

High efficiency furnaces may be packaged with high efficiency cooling equipment and/or
electronically commutated blower motors, which may provide electricity savings. Draft fans, when
present, will increase electricity consumption.
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HEAT PumpP — WATER-TO-AIR GROUND SOURCE (GSHP)

Measure Description

This measure covers the installation of an ENERGY STAR® certified Ground Source Heat Pump
(GSHP) system with a closed loop heat exchanger field or an open loop ground water system as
permissible by local environmental review.” The GSHP system provides heating and cooling for
space conditioning by a water-to-air heat pump via a typical air-duct distribution system in a resi-
dential home.’® These systems can optionally have an integrated desuperheater or a dedicated Do-
mestic Hot Water (DHW) water-to-water heat pump (WWHP) that supplements domestic hot wa-
ter heating in conjunction with space conditioning. Methods for calculating annual DHW energy
savings are presented separately below.

This measure applies to GSHPs in residential applications, and where each GSHP unit has its own
dedicated loop pump. It does not apply to large GSHP systems with multiple heat pump units with
centralized ground loop pumping.

The GSHP analysis associated with this measure is based on several assumptions consistent with
best practice design for a quality GSHP installation:

e Current Residential code and Federal standard (Code of Federal Regulations 10 CFR
430.32, ECCCNYSS 2020 or local legislation) applicable to the installation should be ref-
erenced for correct baseline system and efficiency values.

e Systems shall be sized in accordance with ACCA Manual S based on building loads cal-
culated in accordance with ACCA Manual J.7""®

e The building peak heating load in New York typically exceeds the peak cooling load, there-
fore it is assumed that the GSHP runs at part-load during peak cooling hours.

e The ground loop heat exchanger is adequately sized and installed properly to allow the
GSHP to meet the peak heating load without electric resistance auxiliary heat.

e The GSHP is equipped with either a two stage or variable-speed compressor system, a
variable speed or constant speed ground loop circulator pump, and a variable-speed blower
distribution fan.

75 This measure section does not apply to a subset of open loop systems known as standing column wells, since

operating temperatures are much different in these applications.

76 “Residential homes” means detached one- and two-family dwellings and townhouses not more than three stories
above-grade in height with a separate means of egress and their accessory structures, and one-family dwellings
converted to bed and breakfast dwellings.

"TECCCNYS 2020, Section R403.7.

8 ECCNYS 2020 requires that systems serving multiple dwelling units follow Sections C403 and C404.



e The GSHP efficiency is rated in accordance with I1SO 13256-1, and AHRI-certified perfor-
mance ratings are provided by the manufacturer showing the efficiency and capacity of the
unit under full and part load conditions.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings

Note: The algorithms below address energy impacts associated with space conditioning load only.
See the Methods for Calculating Annual Domestic Hot Water Energy Savings from an Integrated
Desuperheater or Dedicated Water-to-Water Heat Pump section of this measure for estimating
DHW savings associated with these systems.

Annual Electric Energy Savings

AkWh l BCL ( 1 1 ) BEFLH ]
= X _ % '
1,000 EEReasonbaseline EERseason,ee cooling

+ BHL x FElecHeat
3,412

X BEFLHpeqy; l
COPseason,baseline COPseason,ee) eating

Summer Peak Coincident Demand Savings

AW =

Bel X ( 1 ) X CF
1'000 EERpeak,baseline EERGSHP,full,ee

Annual Fossil Fuel Energy Savings

BHL FFuelHeat
AMMBtu = 1000000 = 4 FUE, X BEFLHpeqting

where:

AkWh = Annual electric energy savings

AkW = Peak coincident demand electric savings

AMMBtu = Annual fossil fuel energy savings

BCL = Building Cooling Load at design conditions (BTU/h)

BHL = Building Heating Load at design conditions (BTU/h)

FElecHeat = Electric heating factor; used to account for the presence or absence of an elec-
tric heating system

FruelHeat = Fossil fuel heating factor; used to account for the presence or absence of a fossil
fuel heating system

baseline = Characteristic of baseline condition

ee = Characteristic of energy efficient condition

EERseason = Energy efficiency ratio (BTU/watt-hour) at part-load seasonally adjusted for fan

and pump power
EERpeak = Full load energy efficiency ratio (BTU/watt-hour)



EERGshrsun - = Full load energy efficiency ratio (BTU/watt-hour). Refers to Ground Loop Heat
Pump (GLHP)-rated condition for closed loop GSHP systems or Ground Water
Heat Pump (GWHP)-rated conditions for open loop systems.

COPseason = Coefficient of performance, seasonally adjusted for fan and pump power.

AFUE = Annual fuel utilization efficiency, seasonal efficiency for fossil fuel-fired heat-
ing equipment

BEFLHcooiing = Cooling equivalent full-load hours based on building design load

BEFLHheating = Heating equivalent full-load hours based on building design load

CF = Coincidence Factor

3,412 = Conversion factor, one kWh equals 3,412 BTU
1,000 = Conversion factor, one kW equals 1,000 Watts
1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

Summary of Variables and Data Sources

Variable Value Notes

Building cooling load at design conditions calculated in accordance

BCL with ACCA Manual J, from application.

BHL Byilding heating load at design cpnd_itions calculated in accordance
with ACCA Manual J, from application.

Fetectieat If the bgseline heating system is an electric system, set equal to 1.
Otherwise, set equal to 0.

Frueltieat If the bgseline heating system is a fossil fuel system, set equal to 1.
Otherwise, set equal to 0.
Seasonal electric cooling energy efficiency rating of baseline

EERseason baseline equipment. See SEER values in Baseline Efficiency section below

for details.

Electric cooling energy efficiency rating of baseline equipment. See

EERpeak baseine EER values in Baseline Efficiency section below for details.

Energy efficiency ratio from the manufacturer’s catalog data ad-
EERseason,ee justed to account for applied fan and pump power. See Compliance
Efficiency section below for details.

Full load energy efficiency ratio at AHRI rated conditions. Corre-
sponds to GLHP-rated condition with fluid temperature of 77°F for
closed loop systems, or GWHP-rated condition with fluid tempera-
ture of 59°F for open loop systems.

EERGSHP,fuII,ee

Electric heating energy efficiency rating of baseline equipment. See

COPseason paseline Baseline Efficiency section below for details.

Coefficient of performance from the manufacturer’s catalog data
COPseason,ee adjusted to account for applied fan and pump power. See Compli-
ance Efficiency section below for details.

Seasonal fuel energy efficiency of the baseline equipment. See

AFUEbaseine Baseline Efficiency section below for details.

Lookup based on building type, vintage and location from the ap-
propriate table in the Operating Hours section below.

BEFLHcooIing




Variable Value Notes
BEFL Hron Lookup based on building type, vintage and location from the ap-
heating propriate table in the Operating Hours section below.
CF 0.69

Coincidence Factor (CF)
The prescribed value for the coincidence factor is 0.69.7°

Baseline Efficiencies from which Energy Savings are Calculated

The baselines used in this measure are determined by the type of equipment that would have been
installed without the influence of the program supporting the installation of this measure. This
allows for an analysis that does not depend on a typical ‘like-for-like’ replacement scenario.

For LMI applications, existing condition baseline shall be established based on nameplate or meas-
ured efficiency.

A GSHP system can be considered a normal replacement scenario for electric resistance heating
(with or without a central electric cooling system), an ASHP system (that provides space heating
and cooling), or a fossil fuel fired heating system (with or without a central electric cooling sys-
tem). The tables below provide baseline efficiencies for electric cooling and heating and fossil fuel
fired heating systems.

For scenarios where there is new construction or substantial renovation, the baseline is assumed to
be a fossil fuel fired warm air furnace of the fuel type most likely to be installed at the project site
without the influence of the program with a central air conditioning system.

The baseline efficiency for electric cooling and heating systems is defined by the Code of Federal
Regulations as shown in the table below. Baseline efficiency ratings (SEER/SEER2, EER/EER2,
HSPF/HSPF2) shall align with the efficiency rating of the efficient equipment.

Electric Cooling and Heating System Baseline Efficiencies (SEER, EER, HSPF)

Seasonal Enerav Effi- Energy Heating Seasonal
Product Class . -Nergy 80 Efficiency Ratio Performance Fac-
ciency Ratio (SEER) (EER) tor (HSPF)®!
Split System — Air
Conditioner (<45 13.0 11.2 N/A
kBTU/h)

" Based on BG&E ‘Development of Residential Load Profile for Central Air Conditioners and Heat Pumps’
research, the Maryland Peak Definition coincidence factor is 0.69. This study is not publicly available, but is
referenced by M. M. Straub, Using Available Information for Efficient Evaluation of Demand-Side Management
Programs, Electricity Journal, September 2011 and supported by research conducted by Cadmus on behalf of the
RM Management Committee.

8010 CFR 430.32(c)(1).

8110 CFR 430.32(c)(1).



KBTU/h)

Seasonal Energy Effi- _ I_Energy _ Heating Seasonal
Product Class ciency Ratio (SEER)® Efficiency Ratio Performance Fac-
(EER) tor (HSPF)&
Split System — Air
Conditioner (>45 13.0 11.2 N/A
and <65 kBTU/h)
Single Package — Air 14.0 11.8 N/A
Conditioner
Split System — Heat
Pump (<45 kBTU/h) 14.0 11.8 8.2
Split System — Heat
Pump (>45 and < 65 14.0 11.8 8.2
kBTU/h)
Single Package —
Heat Pump (<65 14.0 11.8 8.0

Electric Cooling and Heating System Baseline Eff

iciencies (SEER2, EER2, HSPF2)

KBTU/h)

Seasonal Energy Effi- Energy Heating Seasonal
Product Class ciency Ratio 2 Efficiency Ratio 2 | Performance Fac-
(SEER2)® (EER2) tor 2 (HSPF2)%
Split System — Air
Conditioner (<45 13.4 11.4 N/A
kBTU/h)
Split System — Air
Conditioner (>45 134 114 N/A
and <65 kBTU/h)
Single Package — Air 13.4 11.4 N/A
Conditioner
Split System — Heat
Pump (<45 KBTU/h) 14.3 119 75
Split System — Heat
Pump (>45 and < 65 14.3 11.9 7.5
kBTU/h)
Single Package —
Heat Pump (<65 134 114 6.7

GSHP System Baseline Efficiencies

8210 CFR 430.32(c)(5).
8310 CFR 430.32(c)(5).




Adjusted Adjusted Cool-
Product Applica- | Full-Load Rated | Full-Load Rated | Heating Effi- inJ Efficienc
tion Heating COP Cooling EER ciency (COPs. g y
(EERseason,base)
eason,base)
Closed Loop,
GLHP-rating 3.2 14.1 2.95 12.99
Open Loop,
GWHP-rating 3.7 18.0 3.05 14.71

*Equipment < 135 kBTU/h cooling capacity rated by ISO/ANSI/ASHRAE 13256-1: Baseline
system is assumed to be single stage.

**Adjusted values use corrections below for pumping and distribution losses assuming a pump-
ing power of 90 Watts per ton for closed loop and 120 Watts per ton open loop.

The baseline efficiency for fossil fuel fired heating systems serving single-family homes and indi-
vidual units is defined by the Code of Federal Regulations as shown in the table below.

Fossil Fuel Fired Heating System Baseline Efficiencies: Systems Serving Single Units®

ECCCNYS Minimum Effi-
Equipment Type Size Range ciency for Climate Zones 4, 5
and 6
Warm Air Furnace, Gas Fired All Capacities 0.80 AFUE
Warm Air Furnace, Oil Fired All Capacities 0.83 AFUE
Boiler, Hot Water, Gas Fired All Capacities 0.82 AFUE
Boiler, Hot Water, Oil Fired All Capacities 0.84 AFUE
Boiler, Steam, Gas Fired All Capacities 0.80 AFUE
Boiler, Steam, Oil Fired All Capacities 0.82 AFUE

The baseline efficiency for heating systems serving multiple dwelling units is defined by Interna-
tional Energy Conservation Code®® and subsequently adopted by the Energy Conservation Con-
struction Code of New York State (ECCCNY'S) as shown in the table below.

Fossil Fuel Fired Heating System Baseline Efficiencies: Systems Serving Multiple Dwelling Units

ECCCNYS Minimum
Equipment Type Size Range Efficiency for Climate
Zones 4,5 and 6
Warm Air Furnace, Gas <225 kBTU/h 0.80 AFUE
Fired > 225 kBTU/h 0.80 Et
Warm Air Furnace, Oil <225 kBTU/h 0.83 AFUE
Fired > 225 kBTU/h 0.81 Et
Warm Air Unit Heaters, .
Gas Fired All Capacities 0.80 Ec
Warm Air Unit Heaters, .
Oil Fired All Capacities 0.80 Ec
8 10 CFR 430.32(e).

8 ECCCNYS 2020, Table C403.3.2(4) & Table C403.3.2(5).



ECCCNYS Minimum
Equipment Type Size Range Efficiency for Climate
Zones 4,5 and 6
. < 300 kBTU/h 0.82 AFUE
Eﬁ'e'gr’ Hot Water, Gas > 300 kBTU/h and < 2,500 kBTU/h 0.80 Et
> 2,500 kBTU/h 0.82 Ec
. ) < 300 kBTU/h 0.84 AFUE
Eﬁgjr’ Hot Water, Oil > 300 kBTU/h and < 2,500 kBTU/h 0.82 Et
> 2,500 kBTU/h 0.84 Ec
Boiler, Steam, Gas Fired < 300 kBTU/h 0.80 AFUE
All Ex’cept Na{tural Draft, > 300 kBTU/h and < 2,500 kBTU/h 0.79 Et
> 2,500 kBTU/h 0.79 Et
Boiler, Steam, Gas Fired < 300 KBTU/ 0.80 AFUE
Natura’l Draft, ’ >300 kBTU/h and < 2,500 kBTU/h 0.77 Et
> 2,500 kBTU/h 0.77 Et
< 300 kBTU/h 0.82 AFUE
Boiler, Steam, Oil Fired > 300 kBTU/h and < 2,500 kBTU/h 0.81 Et
> 2,500 kBTU/h 0.81 Et

For scenarios where the baseline heating system is electric resistance heat or an electric furnace,
the baseline efficiency is assumed to be a COP of 1.0.

For scenarios where the baseline heating system is a conventional ASHP, additional consideration
is given to account for the significant difference between the rating conditions for HSPF and the
typical operating conditions in New York State, as shown below:

The HSPF is the AHRI-rated heating seasonal average efficiency expressed in terms of BTU/watt-
hour. A seasonally adjusted COPhaseline Of @ conventional air-source heat pump is used in the above
equations. This adjusted baseline COP shall be calculated as:

HSPF X Fyspr

COPseason,baseline =

3.412

where:

HSPF = Heating seasonal performance factor of the baseline system

FHspr = HSPF Climate Adjustment Factor, from table below

3.412 = Conversion factor, one watt-hour equals 3.412 BTU

HSPF Climate Adjustment Factor (Fuser) for Conventional ASHP Used as a Baseline
City HSPF < 8.5 HSPF > 8.5
Albany 0.70 0.67
Binghamton 0.68 0.65
Buffalo 0.73 0.70
Massena 0.59 0.56
NYC 0.80 0.78
Poughkeepsie 0.62 0.59




City HSPF < 8.5 HSPF > 8.5
Syracuse 0.69 0.66

For scenarios where the baseline cooling system is a conventional ASHP, no additional consider-
ation is given to account for the difference between the rating conditions for SEER and the typical
operating conditions in New York State, because the differences between the rating conditions and
the typical operating conditions are small.

For scenarios where the baseline heating and cooling system is an existing GSHP, the seasonal
heating and cooling efficiencies of the baseline equipment code minimum efficiencies that have
been adjusted consistent with the methodology provided for efficient equipment described in the
Compliance Efficiency from Which Incentives are Calculated section below.

Compliance Efficiency from which Incentives are Calculated

The compliance condition is an ENERGY STAR® certified GSHP system as defined in the Meas-
ure Description section above. If the GSHP system is closed loop, use the following formulas with
the COP and EER values from the GLHP ratings. If the GSHP system is an open loop system, use
the following formulas with the COP and EER values from the GWHP ratings. The formulas adjust
performance for closed loop systems to an average entering water temperature of approximately
40°F for heating and 77°F for cooling. The open loop formulas adjust performance to an average
entering water temperature of 50°F for both heating and cooling®.

The formulas determine the average seasonal cooling efficiency (EERseason,ce) and the average sea-
sonal heating efficiency (COPseasonee) for a GSHP system with a two-stage or variable speed com-
pressor.
Closed Loop Systems (using GLHP ratings):

EERseason,ee = ((Ffull X EERGLHP,full x 1.09 x Fpump,full)

+ (Fpart X EERGLHP,part X Fpump,part)) X Fdist,c

COPseason,ee = ((Ffull X COPGLHP,full x 1.08 X Fpump,full)

+ (Fpart X COPGLHP,part X Fpump,part)) X Fdist,h

Open Loop Systems (using GWHP ratings):

EERseason,ee = ((Ffull X EERGWHP,full X Fpump,full)

+ (Fpart X EERGWHP,part X Fpump,part)) x 1.09 X Fdist,c

8 These entering temperatures were selected based on measured data from GSHP sites presented in NYSERDA
Report 18-03.



COPseason,ee = ((Ffull X COPGWHP,full X Fpump,full)

+ (Fpart X COPGWHP,part X Fpump,part)) X Fdist,h

where:

COPgLHrfun - = Rated COP of the unit at GLHP full load heating conditions

COPcLHppart = Rated COP of the unit at GLHP part load heating conditions

EERGLHrfun = Rated EER of the unit at GLHP full load cooling conditions

EERGLHPpat = Rated EER of the unit at GLHP part load cooling conditions
COPcewhpsun = Rated COP of the unit at GWHP full load heating conditions
COPowHppat = Rated COP of the unit at GWHP part load heating conditions
EERewrpfun = Rated EER of the unit at GWHP full load cooling conditions
EERewHrpat = Rated EER of the unit at GWHP part load cooling conditions

Faist,c = Factor to adjust the cooling efficiency to account for additional fan power
Faist,h = Factor to adjust the heating efficiency to account for additional fan power
Frun = Seasonal weighting factor for full load efficiency
Fpart = Seasonal weighting factor for part load efficiency
Fpump,part = Factor to adjust part load efficiency to account for additional pumping power
Fpump,full = Factor to adjust full load efficiency to account for additional pumping power
1.09 = Correction for change in EER®’
1.08 = Correction for change in COP®8
Summary of Variables and Data Sources
Variable Value Source
The rated COP of the unit at GLHP full load (or standard) heating con-
COPaLipul ditio_ns fro_m ASHRAE/ISO 132_56-1. This value is certified by AH_RI
' and is available in the product directory. It corresponds to an entering
loop temperature of 32°F.
The rated COP of the unit at GLHP part load heating conditions from
COP ASHRAE/ISO 132&_36-1. This value is certified by AHRI and is availa-
GLHP.part ble in the product directory. It corresponds to an entering loop tempera-
ture of 41°F.
The rated EER of the unit at GLHP full load (or standard) cooling con-
EERGLup ful ditio_ns fro_m AS!—IRAE/ISO 132_56-1. This value is certified by AH_RI
' and is available in the product directory. It corresponds to an entering
loop temperature of 77°F.
The rated EER of the unit at GLHP part load cooling conditions from
EER ASHRAE/ISO 132&_36-1. This value is certified by AH_RI and is availa-
GLHP part ble in the product directory. It corresponds to an entering loop tempera-
ture of 68°F.

87 Correction for 9% change in EER as the entering fluid temperature decreases from 77°F to 68°F. The 1% per °F
was observed from published performance data as well as in the IGSHPA Design Manual. This factor also applies
to the GWHP adjustment from 50°F to 59°F.

8 Correction for 8% change in COP as the entering fluid temperature increases from 32°F to 40°F. The 1% per °F
was observed from published performance data as well as in the IGSHPA Design Manual.




Variable

Value

Source

COPGwHp full

The rated COP of the unit at GWHP full load (or standard) heating
conditions from ASHRAE/ISO 13256-1. This value is certified by
AHRI and is available in the product directory. It corresponds to an en-
tering water temperature of 50°F.

COPGWHP,part

The rated COP of the unit at GWHP part load heating conditions from
ASHRAE/ISO 13256-1. This value is certified by AHRI and is availa-
ble in the product directory. It corresponds to an entering water temper-
ature of 50°F.

EERGwHP full

The rated EER of the unit at GWHP full load (or standard) cooling
conditions from ASHRAE/ISO 13256-1. This value is certified by
AHRI and is available in the product directory. It corresponds to an en-
tering water temperature of 59°F.

EERGwWHP,part

The rated EER of the unit at GWHP part load cooling conditions from
ASHRAE/ISO 13256-1. This value is certified by AHRI and is availa-
ble in the product directory. It corresponds to an entering water temper-
ature of 59°F.

Fdist,c

Factor to adjust the cooling efficiency to account for additional fan
power that would be required, beyond the fan power corresponding to
zero static in rated COP. Choose the appropriate factor from the Distri-
bution Correction Factors table below.

Fdisth

Factor to adjust the heating efficiency to account for additional fan
power that would be required, beyond the fan power corresponding to
zero static in rated COP. Choose the appropriate factor from the Distri-
bution Correction Factors table below.

Frun

0.25

Seasonal weighting factor for full load efficiency = 0.25. Based in part
on observed mix of low and high stage operation from field testing.%°

Fpart

0.75

Seasonal weighting factor for part load efficiency = 0.75. Based in part
on observed mix of low and high stage operation from field testing.%

Fpump.full

Factor to adjust the full load efficiency to account for additional pump-
ing power used by the system. Choose the appropriate factor from
Pumping Power Adjustment Factor table below.

Fpump,part

Factor to adjust the part load efficiency to account for additional pump-
ing power used by the system. Choose the appropriate factor from

Pumping Power Adjustment Factor table below.

Loop Pumping Power Correction Factor (Fpump,ful and Fpump,part)

A correction factor for pumps (Fpump,fun @nd Foumppart) 1S required because the rated efficiency val-
ues only include the pumping energy associated with the water-side pressure drop through the heat
pump unit (typically about 5-10 Watts per nominal ton). Actual pumping power is much higher.

8 New York State Energy Research and Development Authority (NYSERDA) 2017. “Analysis of Water Furnace
Geothermal Heat Pump Sites in New York State with Symphony Monitoring System,” NYSERDA Report
Number 18-03. Prepared by CDH Energy Corp., Cazenovia, NY. nyserda.ny.gov/publications.

% 1bid.




The ASHRAE GSHP Design Guide (Kavanaugh and Rafferty 2015) developed a grading system
that assigns scores based on the amount of pumping power per installed ton. For instance, it gives
a grade of “A” to system that uses 45 Watts per nominal ton and a grade of “B” to a system that
uses 60 Watts per nominal ton.

Analysis of observed pumping power from 45 to 120 Watts/ton was performed to determine the
impact of loop pumping power on efficiency. Results are shown in the Pumping Factors table
below.%!

Pumping Power Adjustment Factors

Different factors are required for different loop pumping power levels and loop pump control strat-
egies. For part load performance there are multiple ways to control the pump at low stage:

e the pump can maintain constant flow regardless of compressor stage.

« the pump stages flow in proportion to the compressor capacity.

« the pump can be variable speed and modulate with the variable speed compressor.

A constant speed loop pump results in poor performance since the pump power becomes a rela-
tively larger portion of total power at low stage. Variable speed pumping with a variable speed
compressor results in the best performance. The penalty for constant speed pumping is highest for
units with variable speed compressors. The last consideration is the low-to-high capacity ratio
(CR), which can be calculated as follows:

CR = Q CGLHP,part

QCsrup,fun

where:

CR = Capacity ratio of part-load cooling capacity to full-load heating capacity.
QCoLHrpart = Part-load cooling capacity rating from AHRI certificate.

QCoLhrfun = Full-load heating capacity rating from AHRI certificate.

The values of QC are the rated full and part load performance values from AHRI. Units with two
stage compressors typically have a value of CR of approximately 0.75. Units with variable speed
compressors typically have a CR of approximately 0.40.

The table below presents the values of Fpump fun @nd Foump,part that correspond to each loop pump
arrangement (e.g. pumping control strategy, CR, and pumping power). The full load pumping fac-
tors are typically 0.86 to 0.94. Part load factors can range from 0.62 to 0.95 depending on the
pumping control strategy, the capacity ratio of the heat pump, and the pumping power. The factor
closest to the actual situation should be used.

91 Henderson, H.I., 2020. White Paper: Savings Calculations for Residential Ground Source Heat Pumps: The Basis
for Equivalent Full Load Hours (EFLH) and Seasonal Efficiency Factors. Prepared for the New York State
Energy Research and Development Authority (NYSERDA) and the New York State Department of Public
Service. Revised in June.



Pumping Factors (Fpump.full @nd Fpump.part)

Pumping Power

Pumping

Control Capacity 45 60 75 90 105 120

Ratio Watts/ton | Watts/ton | Watts/ton | Watts/ton Watt/ton Watts/ton

Strategy Clg [Htg | Clg [Htg | Clg [ Htg | Clg [ Htg | CIg | Htg | Clg | Htg

Full load

094 1094|093 |1092|091 |09 |089]|0.89 088|087 |0.86 | 0.86
(Fpump,full)

Part load —
constant flow
pumping

(Fpump,part)

0.75 0.89 | 091|086 | 089|083 | 086 |080]| 084|078 |082|0.75 | 0.80

Part load —
constant flow
pumping

(Fpump,part)

0.40 081 |085]| 077081072077 |069| 074 | 065|071 | 0.62 | 0.68

Part load —
staged pump- 0.75 092 | 094 | 0.89 | 0.91 | 0.87 | 0.89 | 0.84 | 0.87 | 0.82 | 0.86 | 0.80 | 0.84

ing (Foump part)

Part load —
staged pump- 0.40 092094 | 089 | 091|087 |089|084]|0.87|082]|0.86]| 080 | 0.84

ing (Foump part)

Part load —
variable
pumping

(Fpump,part)

0.40 094 1095|092 093 |09 |092|088|09 | 086|089 | 084 | 0.87

Distribution Power Correction

For GSHP systems with an air-duct distribution system, the fan power included in the rated effi-
ciencies corresponds to zero external static pressure and therefore is smaller than would be ex-
pected for an actual application. The indoor fan power included in the ISO 13256-1 test procedure
is estimated to be approximately 0.15 Watts/cfm for permanent split-capacitor fan motors and 0.11
Watts/cfm for electrically commutated fan motors.%

The purpose of the distribution (i.e., fan or pump) correction factor, Fgisthand Faistc iS to determine
the equivalent amount of distribution power for the baseline system, such as a fossil fuel fired
furnace or boiler, or a heat pump. The correction factor considers the differential distribution power
between the GSHP and the baseline system. The Distribution Correction Factors to correct GSHP
Seasonal Efficiency for typical baseline scenarios summarized in the table below:

Distribution Correction Factors (Fdisth and Faist.c)

If baseline system is a Fur- | If baseline systemis a | If baseline system is
nace with conventional air |Boiler with conventional| a Central air source

conditioning air conditioning heat pump
Heating (Faisth) 0.96 0.96 0.97
Cooling (Fdistc) 0.95 0.95 0.95

Note: Based on furnace and boiler ancillary power of 137 Watts

%2 1bid.



Operating Hours

The Building Equivalent Full Load Hours for heating (BEFLH neating) and for cooling (BEFLH
cooling) N the tables below represent equivalent full load operating hours for HVAC equipment
based on 1% design temperature, TMY 3 weather data, and the design heating load. For heating,
hours from the summer period (June through September) were excluded. For Cooling, the values
of EFLH from Appendix G were multiplied by a factor of 1.25 to convert to BEFLH. All values
have been adjusted to reflect 30-year NCEI climate normal from 1991 — 2020.

Single-Family Detached Cooling BEFLHcooling by Vintage and City

City Old Average New
Albany 465 448 403
Binghamton 254 251 202
Buffalo 508 490 419
Massena 353 342 287
NYC 778 752 731
Poughkeepsie 758 718 709
Syracuse 431 411 373

Multi-Family Low-Rise Cooling BEFLH cooling by Vintage and City
From 1979 Through | From 2007 Through

City Prior to 1979 2006 Present
Albany 413 426 403
Binghamton 277 280 269
Buffalo 411 417 389
Massena 314 311 298
NYC 588 638 652
Poughkeepsie 606 646 643
Syracuse 368 395 413

Single-Family Detached Heating BEFLH neating by Vintage and City

City Old Average New
Albany 1,791 1,681 1,567
Binghamton 2,072 1,947 1,815
Buffalo 2,016 1,892 1,763
Massena 1,957 1,852 1,746
NYC 1,595 1,448 1,296
Poughkeepsie 2,047 1,915 1,778
Syracuse 1,938 1,821 1,701

Multi-Family Low-Rise Heating BEFLH heating by Vintage and City
. From 2007
. Pre-war uninsu- . From 1979
City lated brick Prior to 1979 Through 2006 Throslé?]r; pre-

Albany 1,802 1,670 1,640 1,182
Binghamton 2,389 2,257 2,130 1,537




Cit Pre-war uninsu- Prior to 1979 From 1979 TE:'(;T ﬁ00r7e-
y lated brick Through 2006 se?]t P
Buffalo 2,111 2,008 2,002 1,455
Massena 2,400 2,187 2,221 1,615
NYC 1,656 1,255 1,199 834
Spizughkeep' 1,459 1,522 1,478 1,048
Syracuse 2,345 1,976 2,027 1,421

Example Calculation (Not to be used as default)

A closed loop water-to-air GSHP is installed in a single - family, detached home located near
Albany and constructed in 1995. The heat pump has variable speed pump controls and a rated
heating capacity of 60 kBTUh, with a full load EER of 19, part load EER of 25, full load COP
of 3.5 and part load COP of 4.1. The GSHP has 60 watts/ton system pumping power. The
home has a building cooling load of 36 kBTUh and the building heating load of 58 kBTUh,
and existing HVAC equipment are a split system air conditioner and a gas fired furnace. An-
nual Electric Energy Savings, Summer Peak Coincident Demand Savings and Annual Fossil
Fuel Energy Savings are calculated as below.

AKWh l BCL < 1 )
= X —

11000 EERseason,baseline EERseason,ee
BHL ( FElecHeat

X
3,412

X BEFLHcoolingl

+

COPseason,baseline COR%ason,ee)

X BEFLHheaa-ngl

AKW BCL < 1 1 ) CF
= X —_ X
1,000 EERpeak,baseline EERGSHP,full,ee
BHL F
AMMBtu = x FuelHeat x BEFLHheating

1,000,000 AFUEbaseline

BCL = 36,000, from application

EERseason,baseline = 13.0, from Baseline Efficiencies section based on equipment type and size
from application

EERseasonee = ((Frun X EERGLHp funt X 1.09 X Fpump fult) + (Fpart X EERGLHP part X Fpump,part)) X Faist.c
=((0.25x19x1.09 x 0.93) + (0.75 x 25 x 0.92)) x 0.95 = 20.96
EERseason.ce €quation from Compliance Efficiency section based on GSHP type
Frun from Compliance Efficiency section’s Summary of Variables and Data Sources ta-
ble
EERGLHp,sun from application
Foump.fun from Pumping Power Adjustment Factors table based on application
Fpart from Compliance Efficiency section’s Summary of Variables and Data Sources
table




EERGLHpP,part from application
Foump,part from Pumping Power Adjustment Factors table based on application
Faistc from Distribution Correction Factors based on application

BEFLHcooling = 448, from Operating Hours section tables based on housing type, city, and vin-
tage from application

BHL = 58,000, from application

FetecHeat = 0, from Summary of Variables and Data Sources table based on existing HVAC
from application

COPseaseason,baseIine =N/A

COPseason,ee = ((Frunt X COPgLHpfuil X 1.08 X Fpump,full) + (Fpart X COPGLHp,part X Fpump,part)) X Fdisth
=((0.25x 3.5x1.08x0.92) + (0.75 x 4.1 x 0.93)) x 0.96 = 3.58
COPseason ee €quation from Compliance Efficiency section based on GSHP type
COPgLHp full from application
Foump,fun from Pumping Power Adjustment Factors table based on application
COPGLHp,part from application
Foump,part from Pumping Power Adjustment Factors table based on application
Faisth from Distribution Correction Factors based on application

BEFLHheating = 1,681, from Operating Hours section tables based on housing type, city, and
vintage from application

EERpeak basetine = 11.2, from Baseline Efficiencies section based on equipment type and size
from application

EERGsHr fulee = 19, from application

CF =0.69, from Summary of Variables and Data Sources table

Frueteat = 1, from Summary of Variables and Data Sources table based on existing HVAC
from application

AFUEnpaseiine = 0.8, from Baseline Efficiencies section based on equipment type and size from

application

ARWH = [36,000 ( 1 ) 44 ] [58 ,000 ( 1 ) ‘1 681]

11,000 13  20.96 3,412 3.58 ’

= —7,51 kWh
AkW—36’000><( ! 1)><O69—091kW
~ 1,000 11.2 19 DO

AMMBtu = >8,000 ! x 1,681 = 121.87 MMBt

¥ =71000000 08 = U

Methods for Calculating Annual Domestic Hot Water Energy Savings from an Integrated Desu-
perheater or Dedicated Water-to-Water Heat Pump

GSHP systems can reduce DHW energy consumption by two optional methods: 1) using a GSHP
unit with an optional desuperheater or 2) installing an additional water-to-water heat pump
(WWHP) dedicated to meeting the DHW load.



When a desuperheater is installed with a GSHP system, the energy consumed by a typical DHW
appliance can be reduced. The waste heat from the compressor of the GSHP system is transferred
through a heat exchanger to heat or preheat water that is delivered to a storage tank-type water
heater. The benefit of the desuperheater varies throughout the year and depends on whether the
system is operating in heating mode or cooling mode, and the duration of compressor operation.
In the cooling mode, waste heat from the compressor is transferred to heat domestic hot water
instead of the closed loop heat exchanger field. In the heating mode water heating is supplied at
the heating COP of the heat pump. A desuperheater only heats DHW when the GSHP unit runs to
meet the space heating or cooling load.

When a WWHP that is dedicated to DHW is added to the ground loop, the dedicated DHW-
WWHP operates in response to the DHW loads, independent of GSHP unit operation to meet space
loads. Therefore, the energy savings are more consistent across the year.

In this analysis, installation of a desuperheater is assumed to displace a percentage of the total
DHW load, depending on the size of the DHW load. The dedicated WWHP more consistently
displaces a larger portion of the DHW load. Electric demand impacts are not considered at this
time.

QGsup-pHwW Ferpuw
AMMBt - =
UGsHp-pHW 1,000,000  UEFygseiine

_ QGSHP—DHW

AkWhgsup-paw = 3412 X (

Fepuw _ 1 )
UEFbaseline COPGSHP—DHW

Qcsup—piw = Fesup—paw X GPD X PPH X 365 X 8.33 X ATmain

For a desuperheater:

Fesup—paw = F, desup

COPdesup

COPgspp—paw = F
desup,htg mode

For a dedicated DHW-WWHP:
When DHW tank has resistance elements,

Fesup—prw = 0.95

OR, when DHW tank is over 80 gallons and has no resistance elements®®

% Based on feedback from NY-GEO on current field practices, if a DHW-WWHP is installed with a large pre-
heating tank (e.g., over 80 gallons) it does not need an electric resistance element and can therefore meet 100% of
the DHW load.



Fespp—prw = 1.0

COPGSHP—DHW = COPAHRI,GLHP x0.9

where:

AMMBtucsHp-ohw = Fossil fuel energy displaced by a desuperheater or dedicated DHW-
WWHP

AkWhasHp-DHW = Electricity displaced by desuperheater or dedicated DHW-WWHP opera-
tion, considering that desuperheater operation in the heating mode in-
creases energy use

COPAHRIGLHP = Rated COP for a per 1ISO13256-2 at GLHP conditions (32°F source,
104°F load)

COPdesup = Overall COP of desuperheater (same as space heating efficiency, use
COPseason e as calculated in Compliance Efficiency section above)

COPGsHp-DHW = Overall annual COP of desuperheater or dedicated DHW-WWHP

Faesup = Fraction of annual DHW load served by a desuperheater

Fdesup htg mode = Fraction of desuperheater operation that occurs in heating mode

Febrw = Factor indicating that baseline DHW system is electric

FrrOHW = Factor indicating that baseline DHW system is fossil fuel fired

FGsHp-DHW = Fraction of annual DHW load served by a desuperheater or dedicated
DHW-WWHP

GPD = Gallons per day of delivered hot water per person

PPH = Persons per household served by DHW system

QGSsHpP-DHW = Annual DHW load served by desuperheater or dedicated DHW-WWHP,
BTU

UEFbaseline = Uniform energy factor of baseline DHW appliance (fossil fuel or electric)

ATmain = Average temperature difference between water heater set point tempera-
ture and the supply water temperature in water main (°F)

0.9 = Correction factor from AHRI rated conditions to 40°F source, 115°F load.

0.95 = Fraction of annual DHW load served by dedicated DHW-WWHP

8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water
by one degree Fahrenheit [BTU/(gal-F)]

365 = Days in one year

3,412 = Conversion factor, one kWh equals 3,412 BTU

1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

Summary of Variables and Data Sources

Variable Value Notes
COPdesup From application.

Choose annual desuperheater fraction from table as
function of water use (GPD). Fraction of total DHW

Faesup load met by desuperheater. If no desuperheater is pre-
sent, set equal to 0.
0.72 for NYC Fraction of desuperheater operation that occurs in the
Fdesup,htg mode

0.86 for other cities | heating mode.

Feprw 1 for electric DHW | Factor indicating baseline DHW is electric.




Variable Value Notes
1 for fossil fuel-fired S . . i .

FrrDHW DHW Factor indicating baseline DHW is fossil fuel-fired.

GPD 17.2 Average daily hot water usage per person.®*

PPH From application. If unknown, use a value of 2.8 for
single-family homes®® and 2.0 for multifamily homes.%
Supply water temperature in water main (°F). Lookup in

Tmain Cold Water Inlet Temperature table below based on
nearest city.

Teet 130 Water heater set point temperature (°F).%’
Uniform Energy Factor of the baseline condition. See

UEFpaseline Baseline Efficiencies section for details regarding
derivation of this input.
Average temperature difference between water heater

ATmain Tset = Trmain set point temperature and the supply water temperature
in water main (°F).

Desuperheater Annual Load Fraction

GPD Fraction of DHW Load met by Desuperheater (Fdesup, %)%
35 36%
45 30%
55 26%
65 22%

Note: Based on DHW set point of 130°F.

Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate and are approximately equal to the
annual average outdoor temperature plus 6°F.%° Supply main temperatures based on the annual
outdoor temperature are shown below.

. Annual average outdoor o

City temperaturgeloo (°F) Tmain (°F)
Albany 49.4 55.4
Binghamton 46.8 52.8

% Water Research Foundation: Residential End Uses of Water, Version 2, April 2016, pg. 5; 17.2 GPD equated from

the report findings indicating an average 2.65 people per household and 45.5 GPD per household.

% Residential Statewide Baseline Study of New York State, July 2015. Volume 1: Single-Family Report, Table 9.

% Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.

9710 CFR 430 Appendix E to Subpart B of Part 430 Uniform Test Method for Measuring the Energy Consumption

of Water Heaters, Section 2. Test Conditions, 2.5 Set Point Temperature.

% Based on an analysis using results from Carlson (1997) combined with bin data for NY cities, as shown in
Appendix E of the GSHP White Paper (Henderson 2020). These factors consider the net impact on DHW system,
after distribution losses from desuperheater piping. A Geolink report for Albany implied a fraction of 50% with
usage of 54 gal/day, ignoring distribution losses.

% Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.

100 Average annual outdoor temperatures taken from NCEI 1991-2020 climate normals.



. Annual average outdoor o

City temperaturge100 (°F) Tmain (°F)
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition is a minimally code compliant water heater of type (storage-type or instan-
taneous) equivalent to the existing water heater and with tank volume (where applicable), input
capacity and draw pattern equivalent to the efficient water heater. For new construction, the base-
line condition is a minimally code compliant storage-type water heater with tank volume, input
capacity and draw pattern equivalent to the efficient water heater. UEFpaseiine Shall be calculated as

a function of qualifying equipment tank volume (v) for storage type water heaters. A Medium

draw pattern should be assumed for storage type water heaters with rated storage capacity < 50

gallons and a High draw pattern should be assumed otherwise. 10t

Residential Water Heaters!?

Rated Storage Volume Draw Pat- _

Product Class and Input Rating tern UEFbaseline
Very Small 0.8808 - (0.0008 x vi)
Low 0.9254 - (0.0003 x vy)
=20 gal and <55 gal Medium | 0.9307 - (0.0002 X v¢)
Electric Storage Wa- High 0.9349 - (0.0001 X vy)
ter Heater Very Small 1.9236 - (0.0011 x wvy)
Low 2.0440 - (0.0011 x vy
> 55 galand < 120 gal Medium | 2.1171 - (0.0011 x vy)
High 2.2418 - (0.0011 x vy
Very Small 0.3456 — (0.0020 x vy)
Low 0.5982 — (0.0019 x vy)
220 gal and < 35 gal Medium | 0.6483— (0.0017 x V)
Gas-Fired Storage High 0.6920 — (0.0013 x Vi)
Water Heater Very Small 0.6470 — (0.0006 x vy)
Low 0.7689 — (0.0005 x vy)
> 55 gal and < 100 gal Medium | 0.7897 — (0.0004 x i)
High 0.8072 — (0.0003 x vi)
- Very Small 0.2509 — (0.0012 x i)
O'\',;,Z'tfrdHS;;tgge <50 gal Low 0.5330 — (0.0016 x V)
Medium 0.6078 — (0.0016 X wy)

101 Based on review of typical usage bins for AHRI certified residential water heating equipment.

(https://www.ahridirectory.org/ahridirectory/pages/home.aspx).

102 10 CFR 430.32(d).




Rated Storage Volume Draw Pat- _
Product Class and Input Rating tern UEFbaseline
High 0.6815 — (0.0014 x vt
*Vv¢ = tank volume in gallons
First Hour Rating vs. Draw Pattern (Storage Type Only)!®
First Hour Rating Draw Pattern
< 18 gallons Very Small
> 18 and <51 gallons Low
> 51 and < 75 gallons Medium
> 75 gallons High

Example Calculation (Not to be used as default)

A desuperheater is installed with a GSHP system with a seasonal COP of 3.58 in a single-fam-
ily home in Albany serving 4 residents. The existing gas DHW system has a 50-gallon storage
capacity and High draw pattern. Annual Fossil Fuel Energy Savings are calculated as below.

COP, desup

COPgspp—puw = F
desup,htg mode

Fesup—prw = Fdesup
Qcsup-paw = Fesup—puw X GPD X PPH X 365 X 8.33 X ATpin

QGsup—pHW Feppaw
AMMBt - =
UGSHP-DHW 1,000,000 UEFpasetine

_ QGSHP—DHW

AkWhgsyp-paw = 3412 X (

Fepuw 1 )
UEFpasetine  COPgsup—puw

COPgesup = 3.58, from application
Fdesup,htg mode = 0.86, from Summary of Variables and Data Sources table
Faesup = 0.22, from Desuperheater Annual Load Fraction table based on GPD (17.2, from Sum-
mary of Variables and Data Sources table) x PPH (4, from application) = 68.8
ATmain = Tset - Tmain =130-55.4=746 °F
Tset from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature lookup table based on location from applica-
tion
Frronw = 1, from Summary of Variables and Data Sources table
UEFbaseline = 0.6920 - (0.0013 x V%) = 0.6920 - (0.0013 x 50) = 0.6270
UEFnaseiine equation from Residential Water Heaters table based on product class and
draw pattern from application

10310 CFR 429.17.



vt from application
Feonw = 0, from Summary of Variables and Data Sources table

3.58
COPGSHP—DHW = W = 416

Fesup-puw = 0.22
Qcsup—paw = 0.22 X 17.2 X 4 X 365 X 8.33 X 74.6 = 3,433,111

3,433,111 1

AkWh _ 3433111 X ( 0 ! ) = —241.87 kWh
GSHP=DHW = 3 412 0.6270 4.16) '

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

Ancillary electric savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.
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HEATING, VENTILATION AND AIR CONDITIONING (HVAC) — CONTROL

THERMOSTATIC RADIATOR VALVE (TRV)

Measure Description

This measure covers the installation of thermostatic radiator valves (TRVS) on one and two pipe
steam and hydronic system radiators in multifamily tenant units. TRVs are self-contained, self-
operated valves that do not require ancillary power. They provide local control of room tempera-
ture by controlling the flow of hot water or steam into the radiator. On a one-pipe steam system
the TRVs are installed on the air vent and limit the amount of air escaping the radiator, which in
turn limits the amount of steam filling the radiator. On hydronic and two-pipe steam systems, as
the room temperature rises the valve head expands, blocking the flow of hot water or steam into
the radiator. TRVs are available for a variety of installation conditions utilizing either remote-
mounted sensors or integral-mounted sensors by means of remote or integral set point adjustment.

TRVs demonstrate the greatest potential for energy savings and financial viability when overheat-
ing is exhibited in zones throughout the system and when combined with other hydronic and steam
system best practice improvements. Therefore, prioritization of this measure is recommended in
zones where significant overheating is observed and when installed as part of system inspection,
balancing and commissioning including, but not limited to: burner tuning, boiler cleaning, recali-
bration of boiler control set points, inspection and repair/replacement of leaking inlets and air
vents, installation of properly sized air vents, main line steam trap repair/replacement, recalibration
of system operating pressure, insulation of bare steam lines and installation of radiator orifice
plates in two-pipe systems.'% Separate energy savings factors are prescribed for TRV installation
with and without hydronic system balancing. Savings shall be calculated per apartment unit using
the method prescribed below.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings

AkWh = N/A

Summer Peak Coincident Demand Savings
AKkW = N/A

Annual Fossil Fuel Energy Savings

HEI X SF X HDD X ESF

AMMBtu = units x
W WS X diators % 1,000,000

where:

104 Us DOE, Thermostatic Radiator Valve Evaluation, January 2015, pg. 25-26.



AkWh = Annual electric energy savings

AKW = Peak coincident demand electric savings

AMMBtu = Annual fossil fuel energy savings

units = Number of TRVs installed

HEI = Building Heating Energy Intensity (BTU/SF/HDD)

SF = Square footage of apartment with TRVs installed

HDD = Heating Degree Days - The number of degrees that a day's average tem-

perature is below some baseline temperature, which represents the tem-
perature below which buildings need to be heated. The baseline temper-
ature is typically 65°F but may vary based on application.

ESF = TRV Energy Savings Factor
radiators = Number of radiators in the apartment with TRVs installed
1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

Summary of Variables and Data Sources

Variable Value

Notes

HEI 10.0

Building Heating Energy Intensity is the heating energy
consumed in one year (in BTU) divided by total condi-
tioned square footage of the building divided by local an-
nual heating degree days. Default HEI was calculated by
multiplying a weighted average of New York City residen-
tial building fossil fuel EUI values'® for steam systems by
0.72 to establish space heating HEI'%, and dividing by
New York City HDD.

SF

From application. If unknown, assume 922 square feet
based on EIA Residential Energy Consumption Survey
(RECS) 2020 for Middle Atlantic States.'%’

HDD

Look up in Heating Degree Days section below based on
location.

TRVs w/o hydronic
balancing: 0.095
ESF
TRVs w/ hydronic
balancing: 0.191

Values based on results of field study of TRV impact in
residential buildings implemented with and without hy-
dronic balancing, 108109

radiators

From application.

Heating Deqgree Days

105 |_ocal Law 84 data via Urban Green Council, Demystifying Steam, February 2019, Table 2: Total Building Floor
Area by Heating System Type and Building Size, and Table 3: Baseline Fuel Use and Estimated Savings from

Boiler and Distribution Improvements.

106 |_ocal Law 84 and Local Law 87 as cited in Urban Green Council, Demystifying Steam, February 2019, page 22.
107 EIA Residential Energy Consumption Survey (RECS) 2020 for Middle Atlantic States, Table HC10.15
108 ESF for TRVs w/o hydronic balancing taken from lowest % savings from Group A in T. Cholewa, A. Siuta-

Olcha, C.A. Balaras

109 ESF for TRVs w/ hydronic balancing taken from lowest % savings from Group C in T. Cholewa, A. Siuta-Olcha,

C.A. Balaras



For the purposes of this measure, Heating Degree Days are defined as the number of degrees that
a day's average temperature is below some baseline temperature, which represents the temperature
below which buildings need to be heated. The HDD values listed in the table below are based on
30-year averages of U.S annual climate normals for the period of 1991 to 2020 using base 65° F.110

City HDD
Albany 6,391
Binghamton 7,200
Buffalo 6,502
Massena 8,030
NYC 4,900
Poughkeepsie 6,026
Syracuse 6,625

Coincidence Factor (CF)

The prescribed value for the coincidence factor is N/A. This measure is not anticipated to have
electric impacts.

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition is an existing space heating system with manual control valves at freestand-
ing radiators, convectors, or baseboard heating units.

Compliance Efficiency from which Incentives are Calculated

The measure is defined as the existing radiator, convector, or baseboard heater unit controlled by
the thermostatic radiator valve.

Operating Hours

Evaluation of savings associated with installation of TRVs is dependent upon typical heating de-
gree days as specified in the Summary of Variables and Data Sources above.

Example Calculation (Not to be used as default)

Thermostatic radiator valves are installed on all 4 radiators in a 900 square foot apartment
served by a one-pipe steam system in a multifamily building located near Albany. As part of
this upgrade, the system undergoes hydronic balancing to improve performance and occupant
comfort. Annual Electric Energy Savings and Summer Peak Coincident Demand Savings are
not applicable. Annual Fossil Fuel Energy Savings are calculated as below.

HEI X SF X HDD X ESF

AMMBtu = units x
U s X diators x 1,000,000

110 HPD taken from NCEI 1991-2020 climate normals.



units = 4, from application

HEI = 10.0, from Summary of Variables and Data Sources table

SF =900, from application

HDD = 6,391, from Heating Degree Days table based on location from application
ESF =0.191, from Summary of Variables and Data Sources table

radiators = 4, from application

10.0 x 900 x 6,391 x 0.191

= X = .
AMMBtu = 4 2% 1,000,000 10.99 MMBtu

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

Ancillary electric savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.
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MOTORS AND DRIVES

PooL CIRCULATOR TIMER

Measure Description

This measure covers the installation of multi-speed timer control on pool water circulation pumps
in residential inground and aboveground swimming pools. Pool circulator timers, also known as
pool pump controls, adjust the operating speed of pool pumps automatically based on a set oper-
ating schedule. This measure is only applicable to pool pump control systems that have the ability
to operate a pool pump at two or more speeds based on user presets, a default filtration speed that
(when no auxiliary pool loads are operating) is no more than one-half of the motor’s maximum
rotation speed, and a default setting that returns the pool pump to the lowest user preset speed
within one cycle or 24 hours.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings

AW = units x S0 44
= units 1,000
x GPMHS X (hrsbaseline,HS - hrsee,HS)
EFys
GPMLS X (hrsbaseline,LS - hrSee,LS)
+
EFis

Summer Peak Coincident Demand Savings

AKW = units X

1 (GPMHS GPM,

X X CF
1,000 EFys EFis )

Annual Fossil Fuel Energy Savings

AMMBtu = N/A

where:

AkWh = Annual electricity energy savings

AkW = Peak coincident demand electric savings
AMMBtu = Annual fossil fuel energy savings

units = Number of measures installed under the program
days = Number of operating days per year

HS = High speed operation

LS = Low speed operation

GPM = Pump flow rate in gallons per minute

11 Consortium for Energy Efficiency, High Efficiency Residential Swimming Pool Initiative; Pool Pump Control
Specification via 81 FR 64580.



baseline
ee

hrs
EF
CF
60
1,000

= Characteristic of baseline condition

= Characteristic of energy efficient condition
= Hours of operation per day

= Pool Pump Energy Factor (Gal/Wh)

= Coincidence factor
= Minutes in one hour

= Conversion factor, one kW equals 1,000 watts

Summary of Variables and Data Sources

Variable Value Notes
GPMus From application or look up in Gallons per Minute and
Energy Factor table below.
GPMLs From application or look up in Gallons per Minute and

Energy Factor table below.

NrSbaseline,Hs

From application. If unknown, calculate as:

Vpool X Nturnover

hrsbaseline,HS = GPMHS X 60
where:
Vpoot =  Volume of pool, in gallons. From application.

If unknown, assume 22,000 for inground
poolsi!2 and 10,364 for aboveground pools.

Ntwrmover = Number of turnovers per day, where a turnover
is a full cycling of pool water through the pool
filter. From application. If unknown, use 2 per
day.““

113

hrShaseline,Ls

From application. If unknown, use 0 as default.!*

hrSee Hs

From application. If unknown, use 2 as default.**®

112 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023)
113 Based on a circular 21' diameter pool with 4' water depth, based on market research.
114 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023). Assumed

number of turnovers per day in cool climates.

115 California Energy Commission, Technical Support Document - Energy Efficiency Program for Dedicated-
Purpose Pool Pumps, February 20, 2020: Table 7.3.8 Daily Operating Hour Calculation for Self-Priming and Non-
Self-Priming Pool Filter Pumps

118 1bid




Variable Value

Notes
From application. If unknown, calculate as:

Vpool X Nturnover - (2 X GPMHS X 60)

h =
TSeels GPM,5 X 60

where:

hrSeeLs Vool =

Volume of pool, in gallons. From application.

If unknown, assume 22,000 for inground

pools'!” and 10,364 for aboveground pools.

Niwmover = Number of turnovers per day, where a turnover
is a full cycling of pool water through the pool
filter. From application. If unknown, use 2 per
day.llg

From application or look up in Gallons per Minute and

Energy Factor Table below based on nameplate pump

horsepower.

From application or look up in Gallons per Minute and

Energy Factor Table below based on nameplate pump

horsepower.

From application. If unknown, use 122 as default, based

on 4 months of operation per year.'?°

118

EFns

EF.s

days
CF 0.362

Gallons per Minute and Energy Factor

Default values for EF and GPM are found in the table below, based on nameplate horsepower.?
Pump Performance Curve C is assumed for ENERGY STAR pumps. The pump curve compares
the total head in feet of water to the flow rate of the water for a given pump at a given motor speed.

. Nameplate Horsepower at High Speed
Pump Type and Varia- —ee i h T 125 hhp | 118 hhp | 0.95hhp | 0.72 hhp
¢ (3HP) (2.5 HP) (2 HP) (1L.65HP) | (1-1.4 HP)
EFns 2.0 2.2 2.3 2.3 2.5
GPMes 102 93 89 78 76
EFLs 6.1 6.0 6.5 6.7 6.8
GPM_s 51.0 45.7 44.8 41.8 40.3

117 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023)

118 Based on a circular 21' diameter pool with 4' water depth, based on market research.
119 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023). Assumed
number of turnovers in cool climates.

120 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023). Assumed pool

operation in cool climates.

121 savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023). Single speed
conventional pump Energy Factor and Flow rate used as a proxy for high speed. Variable-speed pump Low Energy
Factor and Low Flow used as a proxy for low speed.




Coincidence Factor (CF)
The prescribed value for the coincidence factor is 0.362.1%2

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition for this measure is a multi or variable speed pool pump without a pool
circulator timer as defined in the Measure Description.

Compliance Efficiency from which Incentives are Calculated

The compliance condition is a multi or variable speed pool pump equipped with a pool circulator
timer as defined in the Measure Description.

Operating Hours

Daily hours of operation shall be taken from application or use defaults recommended in the Sum-
mary of Variables and Data Sources above. Annual operating days shall be taken from application
or use 122 days per year. It is assumed that a pool is in use for 4 months per year given New York’s
average climate.?®

Example Calculation (Not to be used as default)

An existing residential customer installs a pool circulator timer on a 2 hp inground pool pump
at their home near NYC. Prior to installation, the pump operated at high speed for 8 hours per
day to achieve 2 turnovers. Following installation, the pump operates on high speed for 2
hours per day and low speed for 10 hours per day to achieve the desired number of turnovers.
The pool is in use 124 days per year. Annual Fossil Fuel Energy Savings are not applicable.
Annual Electric Energy Savings and Summer Peak Coincident Demand Savings are calculated
as below.

ARWh = units x 60 X days
= units 1000
% GPMHS X (hrsbaseline,HS - hrsee,HS)
EFys
GPMLS X (hrsbaseline,LS - hrsee,LS)
+
EFvs

1 GPM GPM
AW = units X ( HS _ LS) X CF

X
1,000 EFHS EFLS

units = 1, from application
GPMus = 89, from Gallons per minute and Energy Factor table

122 Standards Driven Market Transformation; 20 Year Multifaceted Intervention Leads to DOE Pool Pump Standard,
ACEEE, pg. 5-6.

123 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023). Assumed pool
operation in cool climates.



GPMLs = 44.8, from Gallons per minute and Energy Factor table
hrSbaseline,Hs = 8, from application

hrSpaseline,Ls = 0, from application

hrsee,Hs = 2, from application

hrsee,Ls = 10, from application

EFns = 2.3, from Gallons per minute and Energy Factor table
EFLs = 6.5, from Gallons per minute and Energy Factor table
days = 124, from application

CF =0.362, from Summary of Variables and Data sources table

60 X 124 9><(8 2) 448><(O—10)
AkWh =1 x X =1,214.59 kWh
1,000
AKW =1 X - (89 448) 0.362 = 0.012 kW
B 1,000~ \2.3 6.5 ' o

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

Ancillary electric savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

References

1. DOE 81 FR 64580, Energy Conservation Program: Test Procedure for Dedicated-
Purpose Pool Pumps
Available from: https://www.federalregister.gov/documents/2016/09/20/2016-
21310/energy-conservation-program-test-procedure-for-dedicated-purpose-pool-

umps

2. Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps, April
2020.
Available from: https://www.energystar.qov/productfinder/product/certified-pool-
pumps/results#

3. California Energy Commission, Technical Support Document - Energy Efficiency
Program for Dedicated-Purpose Pool Pumps, February 20, 2020
Available from: https://efiling.energy.ca.gov/GetDocument.aspx?tn=232152




4. Standards Driven Market Transformation; 20 Year Multifaceted Intervention Leads to
DOE Pool Pump Standard, ACEEE, pg. 5-6.
Available from: https://www.aceee.org/files/proceedings/2016/data/papers/5 761.pdf
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PooL Pump

Measure Description

This measure covers the installation of ENERGY STAR® qualified residential inground and
aboveground pool pumps and dedicated-purpose pool pump motor replacements. Pool pump
speeds vary based on the pump's operation. Filtration, for example, only requires half the flow rate
of running a pool cleaner. Conventional pool pumps, with only one speed, are set to run at the
higher speeds required of the pool cleaner and waste energy during filtration operation by running
faster than necessary. An ENERGY STAR® certified pool pump can run at different speeds and
be programmed to match the pool operation with its appropriate pool pump speed. The energy
saved is considerable; reducing pump speed by one-half allows the pump to use just one-eighth as
much energy.'?* After January 1, 2019, all pool pumps must be rated according to Weighted En-
ergy Factor (WEF).

This measure is applicable to single-phase self-priming (inground) and non-self-priming (above-
ground) pool pumps with a Rated Hydraulic Horsepower (hhp) rating of >0 and <2.5 hhp. While
pressure cleanser booster pumps are eligible under ENERGY STAR® qualified product criteria,
there was a critical lack of information regarding ENERGY STAR® calculations and assumptions
pertaining to this equipment available at the time of publication of this measure. The measure
scope will be expanded as more information becomes available. This measure is not applicable to
community pools in multifamily housing complexes.

This measure is also applicable to Dedicated Purpose Pool Pump motor replacement for motors
with rated horsepower up to 5 hp.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings for Pool Pump Installation

Voot 1 1
1,000 ¢ Newrnover X [WEF ~ WEF,
’ baseline ee

AkWh = units X days X

Annual Electric Energy Savings for Dedicated-Purpose Pool Pump Motor Replacement

v, 1
pOOl X Nturnover X
1,000 WEFpasetime

AkWh = units X days X

X

1 1 l
Effbaseline,DPPP Effee,DPPP

Summer Peak Coincident Demand Savings
AkW = N/A

Annual Fuel Energy Savings

124 ENERGY STAR® Pool Pumps Product Page



AMMBtu = N/A

Note: Although pump hp is not applied directly within algorithms, it must be known to establish
baseline and compliance efficiency values.

where:

AkWh = Annual electric energy savings

AkW = Peak coincident demand electric savings

AMMBtu = Annual fuel energy savings

units = Number of measures installed under the program

days = Number of operating days per year

baseline = Baseline condition or measure

ee = Energy efficient condition or measure

WEF = Pool Pump Weighted Energy Factor (kgal/kWh)

V pool = Volume of pool, in gallons

Nturnover = Number of turnovers per day, where a turnover is a full cycling of pool water
through the pool filter

DPPP = Specification of the Dedicated-Purpose Pool Pump motor

Eff = Motor efficiency

hhp = Rated Hydraulic Horsepower (hhp) of qualifying pump motor

1,000 = Conversion factor, one kgal equals 1,000 gallons

Summary of Variables and Data Sources

Variable Value Notes

From application. If unknown, assume 22,000 for inground

Vpoo pools'? and 10,364 for aboveground pools.*?
Ntumover From application. If unknown, use 2 per day.*?’
From application, or look up and/or calculate based on Compli-
WEFee ance Efficiency section below, based on Rated Hydraulic Horse-
power (hhp).
hhp From application.
WEErcr Look up and/or calculate based on Baseline Efficiencies section
baseline

below, based on Rated Hydraulic Horsepower (hhp)

Look up in Baseline Efficiencies section below based on hp of re-

Effhaseli
baseline, DPPP placement motor.

Effee pprp From application.

days From application. If unknown, use 122,12

125 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023).

126 Based on a circular 21' diameter pool with 4' water depth, based on market research.

127 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023). Assumed
number of turnovers per day in cool climates.

128 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023). Assumed pool
operation in cool climates.



Weighted Energy Factor (WEF) (kgal/kWh) is a measurement of pump efficiency based on per-
formance at one or two operating points, which are uniquely defined for each Dedicated Purpose
Pool Pump (DPPP) variety and speed configuration. The performance measurements at different
operating points are weighted to represent real world use. WEF is measured in thousand gallons
per kilowatt hour (kgal/kWh). See the DOE Test Procedure for Dedicated Purpose Pool Pumps for
additional calculation details.*?°

Coincidence Factor (CF)

The prescribed value for the coincidence factor is N/A. This measure is not anticipated to have
peak kW impacts.

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition for pool pump installations is a non-ENERGY STAR® qualified pool
pump. The values for baseline WEF shall be calculated per the table below, based on pump type
and Rated Hydraulic Horsepower (hhp).*® Pump Performance Curve C is assumed for pool
pumps. The pump curve compares the total head in feet of water to the flow rate of the water for a
given pump at a given motor speed.

Pump Type Size Baseline WEF
Self-Priming (Inground) hhp <0.13 5.55
Self-Priming (Inground) 0.13<hhp<0.711 -1.30 x In (hhp) + 2.90
Self-Priming (Inground) 0.711 <hhp<2.5 -2.30 X In (hhp) + 6.59
Non-Self-Priming (Aboveground) hhp <0.13 4.60
Non-Self-Priming (Aboveground) 0.13<hhp<25 -0.85 x In (hhp) + 2.87

The baseline efficiency for Dedicated Purpose Pool Pump motor replacements is established
based on the rated horsepower of the replacement motor per the table below.*3!

DPPP Motor HP Baseline Efficiency
<05 0.66
>0.5and < 1.0 0.72
>1.0and <5.0 0.80

Compliance Efficiency from which Incentives are Calculated

The compliance condition for pool pump installations is an ENERGY STAR® qualified single-
phase, self-priming (inground) or non-self-priming (aboveground) pool pump with a Rated Hy-
draulic Horsepower (hhp) rating of >0 and <2.5 hhp. Pumps must have a WEF (in kgal/kwh) equal

12910 CFR 431.464(b)

130 Table G-3: Standards for Dedicated-Purpose Pool Pumps, Replacement Pool Pump Motors, California Title 20
via NYS Appliance Standards.

131 Table G-4: Standards for Replacement Dedicated-Purpose Pool Pump Motors Manufactured on or After July 19,
2021, California Title 20 via NYS Appliance Standards.



to or greater than the WEF equations in the table below based on pump type and Rated Hydraulic
Horsepower (hhp).132 Pump Performance Curve C is assumed for ENERGY STAR® pumps. The
pump curve compares the total head in feet of water to the flow rate of the water for a given pump
at a given motor speed.

Pump Type Size Compliance WEF
Self-Priming (Inground) hhp <0.13 13.40
Self-Priming (Inground) 0.13<hhp<0.711 -2.45 x In (hhp) + 8.40
Self-Priming (Inground) 0.711 <hhp<2.5 -2.45 x In (hhp) + 8.40
Non-Self-Priming (Aboveground) hhp <0.13 4.92
Non-Self-Priming (Aboveground) 0.13<hhp<25 -1.00 x In (hhp) + 3.85

The compliance condition for Dedicated Purpose Pool Pump motor replacements is a motor with
rated horsepower less than or equal to 5 hp with rated efficiency exceeding the baseline efficiency
prescribed in the Baseline Efficiencies section above.

Operating Hours

Annual operating days shall be taken from application or use 122 days per year. It is assumed that
a pool is in use for 4 months per year given New York’s average climate.'*®

Example Calculation (Not to be used as default)

An ENERGY STAR® qualified self-priming variable frequency drive (VFD) inground pool
pump with a Rated Hydraulic Horsepower of 2 hhp is installed at a single-family home near
Albany. The pump has a WEF of 9.3 and conducts two turnovers per day. The pool is 21,000
gallons and operational for 122 days per year. Summer Peak Coincident Demand Savings and
Annual Fossil Fuel Energy Savings are not applicable. Annual Electric Energy Savings are cal-
culated as below.

Vpool
X Nturnover X [ - ]
11000 WEFbaseline WEFee

AkWh = units X days X

units = 1, from application

days = 122, from application

Vpool = 21,000, from application

WEFe = 9.3, from application

Nturnover = 2, from application

WEFnaseline = 5.0, from Baseline Efficiency from which Incentives are Calculated

21, 000
AkWh =1 x 122 X — ——| =473.83 kWh

50 9.3

132 ENERGY STAR® Program Requirements Product Specification for Pool Pumps, Eligibility Criteria Version 3.1,
July 2021.

133 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/01/2023). Assumed pool
operation in cool climates.



Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

Ancillary electric savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.
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DoMESTIC HOT WATER

INDIRECT WATER HEATER

Measure Description

This measure covers the installation of a fossil fuel fired indirect water heater in which the stored
water is heated via hot water or steam produced by a fossil fuel boiler rather than direct input from
electric elements or fossil fuel burners. In such a system, a heat exchanger separates the potable
water in the water heater from the boiler water. This measure applies to small commercial indirect
systems comprising a boiler with input heating capacity less than 300,000 BTU/h and greater than
or equal to 4,000 BTU/h per gallon of stored water.34

This measure estimates savings associated with the delivery of potable hot water only and assumes
the installation of zone priority controls to interrupt demand for space heating until domestic hot
water demand is met. Larger equipment as well as equipment where zone priority control is not
feasible shall be treated under a custom application.

The baseline assumption for indirect water heaters is a minimally code compliant tank type water

heater or an indirect system with a minimally code compliant boiler, based on actual existing con-
ditions. For new construction, a tank type baseline shall be assumed.

Method for Calculating Annual Energy and Peak Coincidence Demand Savings
Annual Electric Energy Savings

AkWh = N/A

Summer Peak Coincident Demand Savings
AkW = N/A

Annual Fossil Fuel Energy Savings

AMMBtu = units
[GPD/unit X 365 X 8.33 X AT, 4in o ( 1 1 )
X

1;000;000 Effbaseline Effee

UA ) UA AT,
" ( baseline ee) % amb__ . 8'760] X Fys
Effbaseline Effee

1,000,000
where:
AkWh = Annual electric energy savings
AKW = Peak coincident demand electric savings
AMMBtu = Annual fossil fuel energy savings
units = Number of measures installed under the program

13410 CFR 431.102.



GPD/unit = Gallons per day of delivered hot water per water heater

D Tmain = Average temperature difference between delivered hot water temperature and
the supply water temperature in water main (°F)

DTamb = Average temperature difference between water heater set point temperature and
the surrounding ambient air temperature (°F)

baseline = Characteristic of baseline condition

ee = Characteristic of energy efficient condition

Eff = Efficiency

UA = Overall heat loss coefficient (BTU/h-°F)

Fus = Factor to adjust savings for equipment providing domestic hot water during the
heating season only

365 = Days in one year

8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by
one degree Fahrenheit [BTU/(gal-F)]

1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

8,760 = Hours in one year

Summary of Variables and Data Sources

Variable Value Notes

From application, or lookup/calculate based on
building type, square footage, and occupancy from
GPD table below. If based on values per the table
below, divide result by number of units installed.

GPD/unit

Average temperature difference between delivered
D Tmain Tdet — Tmain hot water temperature and the supply water tem-
perature in water main (°F).

Average temperature difference between water

DTamb Tset — Tamb heater set point temperature and the surrounding
ambient air temperature (°F).
Tael 125 Delivered hot water temperature (°F).**°

Water heater set point temperature (°F), per appli-

Tee cation or use 140°F as a default.®®
Supply water temperature in water main (°F).
Tmain Lookup in Cold Water Inlet Temperature table be-
low based on nearest city. (°F).
Tamb 70 Surrounding ambient air temperature (°F).t%
Efficiency of baseline condition. Lookup in Base-
Effbaseline

line Efficiencies section below.

135 Aligned with residential measure set point temperature to normalize default GPD across sectors.

136 per OSHA recommendations for prevention of Legionella bacterial growth.
(https://www.osha.gov/SLTC/legionnairesdisease/control_prevention.html)

137 Water heaters are generally located in conditioned or partially conditioned spaces with a typical average
temperature of 65°F to 70°F to avoid freezing. A value of 70°F is used for the purposes of estimating tank/ambient
air temperature differential, which aligns with standby loss specification testing standards.



https://www.osha.gov/SLTC/legionnairesdisease/control_prevention.html

Variable Value Notes

Efficiency of energy efficient indirect-system

Effee boiler (AFUE) from application.

Overall heat loss coefficient of the baseline condi-
tion (BTU/h-°F). Calculate based on baseline
standby loss per the Baseline Heat Loss Coeffi-
cient section below.

UAbaseIine

Overall heat loss coefficient of the energy efficient
measure (BTU/h-°F). Calculate based on energy
efficient standby loss per the Qualifying Heat Loss
Coefficient section below.

UAee

Use a value of 0.67 for systems that provide DHW
Fhs during the heating season only and a value of 1.0
for systems providing DHW year round.*3®

Gallons per Day (GPD)

The average daily hot water usage, expressed in gallons per day, for several commercial facility
types is tabulated below. Daily hot water usage can be calculated based on the GPD and site-spe-
cific metric in the Rate column, or default values can be referenced directly from the GPD col-

umn.

Building Type GPD Rate Notes/Assumptions Source
7.02 GPD per 1,000 | Assumes 10% hot water, 139. .
Assembly 239 SE 34,000 SF EIA: Public Assembly
. 4.89 GPD per 1,000 | Assumes 10% hot water, .
Auto Repair 25 SE 5,150 SF EIA: Other
. . 3.43 GPD per 1,000 | Assumes 10% hot water, ) .
Big Box Retail 448 SE 130,500 SF EIA: Mercantile
i - 140. P
Community Col 1,520 | 1.9 GPD per person | Assumes 800 students NREL ™. School with
lege Showers
Dormitory 8,600 éant GPD perresi- | Assumes 500 residents }[/i\(/)?]tﬁrl Research Founda-
Elementary School 250 0.5 GPD per student | Assumes 500 students NREL: School
Fast Food Restau- 500 500 GPD per restau- FSTCM2: Quick Service
rant rant
Full-Service Res- 2,500 2,500 GPD per res- ESTC: Full Service
taurant taurant
3.43 GPD per 1,000 | Assumes 10% hot water, . .
Grocery 172 SE 50,000 SF EIA: Mercantile
High School 1,520 | 1.9 GPD per person | Assumes 800 students lglrl]?ol\ENI;:rSSchool with

138 0.67 value based on duration of heating season (8 months: October — May) relative to one year (12 months)
139 U.S. Energy Information Administration, 2012 Commercial Buildings Energy Consumption Survey: Water
Consumption in Large Buildings, Table WD1. Daily water consumption in large commercial buildings, 2012.
140 National Renewable Energy Laboratory, Saving Energy in Commercial Buildings: Domestic Hot Water

Assessment Guidelines, Table 1. Hot Water Use By Building Type, June 2011.

141 Water Research Foundation: Residential End Uses of Water, Version 2, April 2016.

142 Improving Commercial Kitchen Hot Water System Performance, Design Guide — Energy Efficient Heating,

Delivery and Use, Table 1. Typical hot water system cost for restaurants, March 2010.




Building Type GPD Rate Notes/Assumptions Source
. 54.42 GPD per Assumes 40% hot water, EIA: Health Care, Inpa-
Hospital 16,938 | 1 000 SF 250,000 SF tient
45.52 GPD per Assumes 40% hot water, i .
Hotel 9,104 1,000 SF 200,000 SF EIA: Lodging
Large Office 550 1.1 GPD per person | Assumes 500 people NREL: Office
. 3.43 GPD per 1,000 | Assumes 10% hot water, . .
Large Retail 446 SE 130,000 SF EIA: Mercantile
. . 4.89 GPD per 1,000 | Assumes 10% hot water, .
Light Industrial 489 SE 100,000 SF EIA: Other
45.52 GPD per Assumes 40% hot water, ) .
Motel 1,366 1,000 SF 30,000 SF EIA: Lodging
Multlfamlly High- 3,440 | 34.4 GPD per unit Assum_es 100 units, 2 people Multlflilgmly Baseline
Rise per unit Study
Multlfamlly Low- 413 34.4 GPD per unit Assum_es 12 units, 2 people Multifamily Baseline
Rise per unit Study
Refrigerated Ware- 86 0.93 GPD per 1,000 | Assumes 10% hot water, EIA: Warehouse and
house SF 92,000 SF Storage
.. 7.02 GPD per 1,000 | Assumes 10% hot water, . .
Religious 77 SE 11,000 SF EIA: Public Assembly
Small Office 110 1.1 GPD per person | Assumes 100 people NREL: Office
. 3.43 GPD per 1,000 | Assumes 10% hot water, . .
Small Retail 27 SE 8,000 SF EIA: Mercantile
University 1,000 | 0.5 GPD per student | Assumes 2,000 students NREL: School
Warehouse 465 0.93 GPD per 1,000 | Assumes 10% hot water, EIA: Warehouse and
SF 500,000 SF Storage
Other C?a:feu' g,?g GPD per 1,000 | Acsiimes 10% hot water EIA: Other

Cold Water Inlet Temperature (T main)

Supply water main temperatures vary according to climate and are approximately equal to the
annual average outdoor temperature plus 6°F.1** Supply main temperatures based on the annual
outdoor temperature are shown below.

. Annual average outdoor o
City temperaturge145 (°F) Tmain (°F)

Albany 49.4 55.4
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Baseline Heat Loss Coefficient (UAbaseline)

143 Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.
144 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.

145 Average annual outdoor temperatures taken from NCEI 1991-2020 climate normals.




UAbaseline is calculated from the assumed equipment standby loss specification (SLpaseline), Which
is determined per minimum effective federal standards for commercial gas storage type water
heaters (see Baseline Standby Losses section below).145

SL ;
UApaseline = %

where:

SLbaseline = Standby heat loss (BTU/h) specification. For the baseline condition (SLpaseline),
use the intermediate standby loss equation from the Baseline Standby Losses
section below.

70 = Temperature difference associated with standby loss specification (°F)*4

Baseline Standby Losses (SLbaseline)
Standby losses (SLsaseline) for commercial gas storage type water heaters:4®

_ Qbaseline

SLbaseline - W + 110 VUbaseline

where:

Vbaseline = Baseline tank volume (gal), equal to the storage capacity of the efficient equip-
ment

Qbaseline = Baseline input capacity (BTU/h), equal to the input capacity of the efficient
equipment

Qualifying Heat Loss Coefficient (UAee)
Indirect water heater storage tanks are tested and rated for standby losses (in °F/hr or BTU/h) at
standard testing conditions in accordance with testing standards.4°

For equipment with standby losses rated in °F/hr, the qualifying equipment standby loss specifi-
cation (SLee) shall be used in the formula below, along with tank volume (vee) to establish the
qualifying equipment heat loss coefficient (UAee).

SLee
UAee = W X Vg X 8.33
where:
UAee = Overall heat loss coefficient (BTU/h-°F) of the energy efficient condition
Slee = Standby loss specification (°F/hr) of the energy efficient condition
Vee = Rated storage capacity (gallons) of the energy efficient condition

146 10 CFR 429, 430, and 431 Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer
Products and Certain Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water
Heaters.

147 1bid.

148 1bid.

1499 GAMA Testing Standard: Performance of Indirect-Fired Water Heaters, March 2003.



70 = Temperature difference associated with standby loss specification (°F)*°
8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by
one degree Fahrenheit [BTU/(gal-F)]

For equipment with standby losses rated in BTU/h, the qualifying equipment standby loss specifi-
cation (SLee) shall be used in the formula below to establish the qualifying equipment heat loss
coefficient (UAee)

SL
Ulee = 786
where:
UAee = Overall heat loss coefficient (BTU/h-°F) of the energy efficient condition
Slee = Standby loss specification (BTU/h) of the energy efficient condition
70 = Temperature difference associated with standby loss specification (°F)!

Coincidence Factor (CF)

The prescribed value for the coincidence factor is N/A. This measure is not anticipated to have
electric impacts.

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition is a minimally code compliant fossil fuel storage type or indirect water
heater (based on actual existing conditions) with efficiency per the Energy Conservation Construc-
tion Code of New York State'® as shown in the table below. Heat loss coefficient of the baseline
condition shall be established as indicated in the Baseline Heat Loss Coefficient section above.
Measure is only applicable to small commercial (<300,000 BTU/h) equipment in applications with
zone priority control. Baseline tank volume and input capacity shall be set equal to the energy
efficient condition. For new construction, a tank type baseline shall be assumed.

Equipment Type/Size Efficiency
Tank Type: All Sizes 0.80 E¢
Gas-Fired Hot Water Boiler: < 300,000 BTU/h 0.82 AFUE
Qil-Fired Hot Water Boiler: < 300,000 BTU/h 0.84 AFUE
Gas-Fired Steam Boiler, All Except Natural Draft: < 300,000 BTU/h 0.80 AFUE
Gas-Fired Steam Boiler, Natural Draft: < 300,000 BTU/h 0.80 AFUE
Qil-Fired Steam Boiler: < 300,000 BTU/h 0.82 AFUE

Compliance Efficiency from which Incentives are Calculated
The compliance condition is a small commercial (<300,000 BTU/h) fossil fuel-fired indirect water

150 10 CFR 429, 430, and 431 Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer
Products and Certain Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water
Heaters.

151 1bid.

152 ECCCNYS 2020, Table C403.3.3(5) and Table C404.2.



heater as defined in the Measure Description section. The efficiency of the compliant equipment
must exceed the efficiency of the baseline equipment.

Operating Hours

Water heater run hours are not utilized in the estimation of energy or demand savings, but water
heater is assumed to be available for operation for the duration of the operating period (year-round
or heating season only). Additionally, it is assumed standby losses are incurred over the duration
of the operating period.

Example Calculation (Not to be used as default)

A gas-fired storage type water heater is replaced with an indirect water heater tank with an in-
put capacity of 150 kBtu/h and storage capacity of 60 gallons in a commercial facility located
near Albany. The building’s hot water demand is 200 gallons per day and water heater set
point temperature is 145°F. The boiler has a 90% energy efficiency rating and a standby loss
rating of 0.56 °F/hr and provides service hot water year-round. Annual Electric Energy Sav-
ings and Summer Peak Coincident Demand Savings are not applicable. Annual Fossil Fuel En-
ergy Savings are calculated as below.

AMMBtu = units
y [GPD/unit X 365 X 8.33 X ATy4in o ( 1 1 )

1,000,000 Effbaseline Effee

UA i UA AT,
+ ( pasene ee) X amb_ o 8,760] X Fyg
Effbaseline Effee 1;000;000

units =1
GPD/unit = 200, from application
DTmain = Tdel — Tmain =125-55.4=69.6
Tgel from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature table based on location from application
DTamb = Tset — Tamb =145-70=75
Tset from application
Tamp from Summary of Variables and Data Sources table
Effnaseline = 0.82, from Baseline Efficiency section based on application
Effee = 0.9, from application
UAbaseIine = SLbaseIine [/70=962/70=13.74
UAuaseline equation from Baseline Heat Loss Coefficient section
SLbaseIine = Qbaseline /800 + 100 x (Vbas(-}lin(—:x)]'/2 = 150,000 /800 + 100 x (60)1/2 =962
SLbaseline €quation from Baseline Standby Losses section
Quasetine from application based on efficient equipment
Vhaseline from application based on efficient equipment
UAege = SLee / 70 X Vee X 8.33 =0.56 / 70 x 60 x 8.33 = 4.00
UAe equation from Qualifying Heat Loss Coefficient section
SLee from application
Vee from application
Fus = 1.0, from Summary of Variables and Data Sources table




AMME = 1 x [200 X365 X833 X696 ( 1 1 )
w= 1,000,000 082 09

(13'74 4'00) 75 8,760| x 1.0 = 12.68 MMBt
082 09/ 1000000 % ]x vE e u

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Reduction in standby heat losses will have a negligible impact on space heating when the water
heater is located in a conditioned space. Consideration of these effects is not included in this meth-
odology.

Ancillary Electric Savings Impacts

Reduction in standby heat losses will have a negligible impact on space heating when the water
heater is located in a conditioned space. Consideration of these effects is not included in this meth-
odology.
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INSTANTANEOUS WATER HEATER

Measure Description

This measure covers the installation of high-efficiency fossil fuel and electric instantaneous water
heaters, which heat water but contain no more than one gallon of water per 4,000 BTU/h of input.
It is applicable to fossil fuel-fired instantaneous water heaters with a rated input greater than
200,000 BTU/h and electric instantaneous water heaters with a rated input greater than 12 kw.%3
This measure applies to potable hot water delivery only; it is not applicable to hot water heaters
used for process loads or space heating.

This measure applies to the replacement of existing storage type water heaters using the same
heating fuel (fossil fuel or electric) as the efficient case. The replacement of existing instantaneous
water heaters is ineligible due to limited savings. For new construction, this measure assumes
baseline to be a standard efficiency water heater using the same heating fuel (fossil fuel or electric)
as the efficient case.

This measure applies to commercial grade water heaters only. For residential-duty water heaters
installed in commercial settings, the Residential Storage Tank and Instantaneous Domestic Water
Heater methodology detailed in this document shall be employed utilizing typical GPD values as
defined in the “Gallons per Day (GPD)” section below.

Method for Calculating Annual Energy and Peak Coincidence Demand Savings
Annual Electric Energy Savings

AkWh = units
o GPD /unit X 365 %X 8.33 X ATy,4in o < 1 1 )

3,412
UApasetine X ATgmp X 8'7601
Et.baseline X 3,412

Et,baseline Et,ee

Summer Peak Coincident Demand Savings

UAbaseline X ATolmb
AKW = units X X CF
units 3‘412

Annual Fossil Fuel Energy Savings

AMMBtu = units
» GPD /unit X 365 X 8.33 X ATy4in ( 1 1 )
X

1,000,000
UAbaseline X ATamb X 8760]

Et,baseline X 1,000,000

Et,baseline Et,ee

15310 CFR 431.102.



where:

AkWh = Annual electric energy savings

AkW = Peak coincident demand electric savings

AMMBtu = Annual fossil fuel energy savings

units = Number of measures installed under the program

GPD = Gallons per day of delivered hot water per water heater

ATmain = Average temperature difference between delivered hot water temperature and the
supply water temperature in water main (°F)

ATamb = Average temperature difference between water heater set point temperature and
the surrounding ambient air temperature (°F)

baseline = Characteristic of baseline condition

ee = Characteristic of energy efficient condition

Et = Thermal efficiency

UA = Overall heat loss coefficient (BTU/h-°F)

CF = Coincidence factor

365 = Days in one year

8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by
one degree Fahrenheit [BTU/(gal-F)]

3,412 = Conversion factor, one kWh equals 3,412 BTU

1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

8,760 = Hours in one year

Summary of Variables and Data Sources

Variable Value Notes
From application, or lookup based on building type
GPD/unit in GPD table below. If based on values per the table

below, divide result by number of units installed.
Average temperature difference between delivered

D Tmain Tdel = Tmain hot water temperature and the supply water tempera-
ture in water main (°F).

Average temperature difference between water heater

DTamb Teet - Tamb set point temperature and the surrounding ambient air
temperature (°F).
Tael 125 Delivered hot water temperature (°F).***

Water heater set point temperature (°F). From appli-
cation, or use 140°F.**®

Supply water temperature in water main (°F). Lookup
Tmain in Cold Water Inlet Temperature table below based
on nearest city.

Tset

154 Aligned with residential measure set point temperature to normalize default GPD across sectors.
155 per OSHA recommendations for prevention of Legionella bacterial growth.
(https://www.osha.qov/SLTC/legionnairesdisease/control_prevention.html)
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Variable Value Notes
Tamb 70 Surrounding ambient air temperature (°F).*°
Et baseline Fg;?tliljél?'g%o Thermal efficiency of the baseline condition.>"1%8
Eree Thermal efficiency for energy efficient measure,
’ from application.
Overall heat loss coefficient of the baseline condi-
U Abaseline tion, calculate based on baseline standby loss per the
Overall Heat Loss Coefficient section below.
CF 0.8

Gallons per Day (GPD)

The average daily hot water usage, expressed in gallons per day, for several commercial facility
types is tabulated below. Daily hot water usage can be calculated based on the GPD and site-
specific metric in the Rate column, or default values can be referenced directly from the GPD

column.

Building Type | GPD Rate Notes/Assumptions Source
Assembl 239 | 7-02 GPD per Assumes 10% hot water, | EIA™: Public As-
y 1,000 SF 34,000 SF sembly
. 4.89 GPD per Assumes 10% hot water, )
Auto Repair 25 1,000 SF 5,150 SF EIA: Other
. . 3.43 GPD per Assumes 10% hot water, ) .
Big Box Retail 448 1,000 SF 130,500 SF EIA: Mercantile
i - 160-
Community 1,520 1.9 GPD per per Assumes 800 students NREL : School
College son with Showers
Dormitory 8,600 17'.2 GPD per Assumes 500 residents Water R_ese%rlch
resident Foundation
Elementary 250 0.5 GPD per stu- Assumes 500 students NREL.: School
School dent
Fast Food Res- | ., | 500 GPD per FSTC2: Quick Ser-
taurant restaurant vice
Full-Service 2500 | 2200 GPD per FSTC: Full Service
Restaurant restaurant

156 Water heaters are generally located in conditioned or partially conditioned spaces with a typical average
temperature of 65°F to 70°F to avoid freezing. A value of 70°F is used for the purposes of estimating tank/ambient

air temperature differential, which aligns with standby loss specification testing standards.

157 Fuel: 10 CFR 431.110 (a).

138 Electric: Per 10 CFR 430 Subpart B Appendix E — Uniform Test Method for Measuring the Energy Consumption
of Water Heaters: 6.3.2 Recovery Efficiency.
159 U.S. Energy Information Administration, 2012 Commercial Buildings Energy Consumption Survey: Water
Consumption in Large Buildings, Table WD1. Daily water consumption in large commercial buildings, 2012.
160 National Renewable Energy Laboratory, Saving Energy in Commercial Buildings: Domestic Hot Water
Assessment Guidelines, Table 1. Hot Water Use By Building Type, June 2011.

161 Water Research Foundation: Residential End Uses of Water, Version 2, April 2016.
162 Food Service Technology Center, Design Guide — Energy Efficient Heating, Delivery and Use, Table 1. Typical
hot water system cost for restaurants, March 2010.




3.43 GPD per Assumes 10% hot water, ) .
Grocery 172 1,000 SF 50,000 SF EIA: Mercantile
High School 1,520 1.9 GPD per per- Assumes 800 students NREL: School with
son Showers
. 54.42 GPD per | Assumes 40% hot water, | EIA: Health Care,
Hospital 16938 1 1 hoo sF 250,000 SF Inpatient
45.52 GPD per | Assumes 40% hot water, ) .
Hotel 9,104 1,000 SF 200,000 SF EIA: Lodging
Large Office 550 goi GPD per per- Assumes 500 people NREL.: Office
. 3.43 GPD per Assumes 10% hot water, . .
Large Retail 446 1,000 SF 130,000 SF EIA: Mercantile
. . 4.89 GPD per Assumes 10% hot water, )
Light Industrial 489 1,000 SF 100,000 SF EIA: Other
45.52 GPD per Assumes 40% hot water, ) .
Motel 1,366 1,000 SF 30,000 SF EIA: Lodging
Multifamily 3.440 34.4 GPD per Assumes 100 units, 2 Multifamily Base-
High-Rise : unit people per unit line Study*®
Multifamily 34.4 GPD per Assumes 12 units, 2 Multifamily Base-
. 413 : . .
Low-Rise unit people per unit line Study
Refrigerated 86 0.93 GPD per Assumes 10% hot water, | EIA: Warehouse and
Warehouse 1,000 SF 92,000 SF Storage
Religious 77 7.02 GPD per Assumes 10% hot water, | EIA: Public Assem-
g 1,000 SF 11,000 SF bly
Small Office 110 Slc')%]GPD PETPEr 1 Assumes 100 people NREL: Office
. 3.43 GPD per Assumes 10% hot water, ] .
Small Retail 27 1,000 SF 8,000 SF EIA: Mercantile
University 1,000 géSntGPD per stu- Assumes 2,000 students | NREL: School
Warehouse 465 0.93 GPD per Assumes 10% hot water, | EIA: Warehouse and
1,000 SF 500,000 SF Storage
Calcu- | 4.89 GPD per 0 _
Other late | 1.000 SF Assumes 10% hot water | EIA: Other

Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate, and are approximately equal to the
annual average outdoor temperature plus 6°F.1%* Supply main temperatures based on the annual
outdoor temperature are shown below.

163 Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.
164 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.




City Annual ave:sgglgsu:filg)or tempera Tmain (°F)
Albany 49.4 55.4
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Overall Heat Loss Coefficient (UAbaseline)

Tank overall heat loss coefficient is calculated from the equipment standby loss specification. To
calculate UAwaseiine, USe the appropriate intermediate standby loss equation from the Baseline
Standby Losses section below.

UA = SL
~ 70
where:
SL = Standby heat loss (BTU/h). For the baseline condition (SLpaseline), USe the appropriate
intermediate standby loss equation from the Baseline Standby Losses section below.
70 = Temperature difference associated with standby loss specification (°F)*6®

Baseline Standby Losses (SLbaseline)
Standby losses (SLaseline) for large electric storage type water heaters (> 12kW and > 20 gal-
lons):167

(030 +- 27,
SLpasetine = 108aselme X 70 X Vpgsetine X 8.33
where:
Vhaseline = Baseline tank volume (gal). If unknown, assume 150 gallons.
70 = Temperature difference associated with standby loss specification (°F)*68
8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by one de-

gree Fahrenheit [BTU/(gal-F)]

Standby losses (SLbaseline) for large oil and gas storage type water heaters (> 75,000 BTU/h input

185 Average annual outdoor temperatures taken from NCEI 1991-2020 climate normals.

166 10 CFR 429, 430, and 431 Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer
Products and Certain Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water
Heaters.

187 1bid.

168 10 CFR 429, 430, and 431 Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer
Products and Certain Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water
Heaters.




capacity (Q) and storage size > 1 gallon per 4000 BTU/h):1%°

Qpaseti
SLpaseline = % + 110\/ VUpaseline

where:
Vbaseline = Baseline tank volume (gal). If unknown, assume 150 gallons.
Quaseline = Baseline input capacity (BTU/h). If unknown, assume 200,000 BTU/h.

Coincidence Factor (CF)
The prescribed value for the coincidence factor is 0.8.17

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition is a standard efficiency fossil fuel or electric storage type water heater (fuel
type equivalent to the efficient case) with tank volume and input capacity equivalent to those of
the existing equipment, UA value calculated as prescribed above and a thermal efficiency of 0.80
(fossil fuel) or 0.98 (electric). For new construction, assume the baseline condition consists of a
100-gallon storage type water heater with an input capacity of 200,000 BTU/h.1"

Compliance Efficiency from which Incentives are Calculated

The compliance condition is a fossil fuel or electric instantaneous water heater as defined in the
Measure Description section above. Fossil fuel tankless water heaters must meet the minimum
qualifying efficiency for ENERGY STAR® certification of a thermal efficiency greater than or
equal to 0.94.17? Electric tankless water heaters must meet or exceed the efficiency of the baseline
condition with a thermal efficiency greater than or equal to 0.98.

Effective Useful Life (EUL)
See Appendix P.

Operating Hours

Water heater run hours are not utilized in the estimation of energy or demand savings, but water
heater is assumed to be available for operation 8,760 hours per year. Additionally, it is assumed
standby losses are incurred 8,760 hours per year in the baseline case.

Example Calculation (Not to be used as default)

A 250 kBTU/h, 150 gallon gas-fired storage tank water heater in a commercial facility located
near Albany is replaced with a 380 kBTU/h gas-fired instantaneous water heater with a 95%

169 | bid.

170 No source specified — update pending availability and review of applicable references.

171 Based on the average storage size and capacity of AHRI-certified commercial storage type water heaters per the
ARHI Directory. (https://www.ahridirectory.org/Search/SearchHome)

12 ENERGY STAR® Commercial Water Heater Key Product Criteria.
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rated thermal efficiency. The facility has a hot water demand of 1,000 gallons per day and a
hot water set point temperature of 145°F. Annual Electric Energy Savings and Summer Peak
Coincident Demand Savings are not applicable. Annual Fossil Fuel Energy Savings are calcu-
lated as below.

AMMBtu = units
o GPD /unit X 365 X 8.33 X AT,,4in N < 1 1 )

1,000,000
UAbaseline X ATamb X 8’76()]

Et,baseline % 1,000,000

Et,baseline Et,ee

GPD/unit = 1,000, from application
DTmain = Tdel — Tmain = 125 —55.4 = 69.6
Tgel from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature table based on location from application
Etbaseline = 0.8, from Summary of Variables and Data Sources table based on type from appli-
cation
Etee = 0.95, from application
UAbaseIine = SLbaseIine /70 = 1,537 /70 =21.96
UAubasetine equation from Overall Heat Loss Coefficient section
SLbaseline = Qbaseline /800 + 100 x (Vbaseline)ll2 = 250,000/800 + 100 x (150)1/2 =1,537
SLaseline €quation from Baseline Standby Losses section based on equipment
type from application
Quaseline from application
Vhbaseline from application
DTamb = Tset — Tamb =145-70=75
Tset from application
Tamb from Summary of Variables and Data Sources table

1,000 x 365 x 8.33 X 69.6 o ( 1 1 ) 21.96 x 75 x 8,760

AMMBtu =1 x 1,000,000 0.8 095/ " 0.8 x 1,000,000
= 59.80 MMBtu

Ancillary Fossil Fuel Savings Impacts

Reduction in standby heat losses will have a negligible impact on space heating when the water
heater is located in a conditioned space. Consideration of these effects is not included in this meth-
odology.

Ancillary Electric Savings Impacts

Reduction in standby heat losses will have a negligible impact on space heating and cooling when
the water heater is located in a conditioned space. Consideration of these effects is not included in
this methodology.
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STORAGE TANK WATER HEATER

Measure Description

This measure covers the installation of fossil fuel and electric storage tank water heaters designed
to heat and store water at a thermostatically controlled temperature. This measure applies to pota-
ble hot water delivery only; it is not applicable to hot water heaters used for process loads or space
heating.

Storage type units include commercial fossil fuel storage water heaters with a nominal input of
greater than 75,000 BTU/h and less than 4,000 BTU/h per gallon of stored water and commercial
electric storage water heaters with a nominal input of greater than 12 kilowatts and less than 4,000
BTU/h per gallon of stored water.1"3

This measure applies to replacement of existing storage type water heaters using the same heating
fuel (fossil fuel or electric) as the efficient case. For new construction, this measure assumes base-
line to be a standard efficiency water heater using the same heating fuel (fossil fuel or electric) as
the efficient equipment.

This measure applies to commercial grade water heaters only. For residential-duty water heaters
installed in commercial settings, the Residential Storage Tank and Instantaneous Domestic Water
Heater methodology detailed in this document shall be employed utilizing typical GPD values as
defined in the “Gallons per Day (GPD)” section below.

Method for Calculating Annual Energy and Peak Coincidence Demand Savings
Annual Electric Energy Savings (Electric Equipment Only)
GPD Junit X 365 X 8.33 X ATy,4in

1 1
AkWh = units X X -
3,412 <Et,baseline Et,ee>

Summer Peak Coincident Demand Savings (Electric Equipment Only)

UA ine — UA X AT
AW = units X ( baseline 5 41266) amb X CF

Annual Fossil Fuel Energy Savings (Fossil Fuel Equipment Only)

) GPD /unit x 365 X 8.33 X ATy,4in 1 1
AMMBtu = units X X —
1»000»000 Et,baseline Et,ee
where:
DkWh = Annual electric energy savings
Dkw = Peak coincident demand electric savings

17310 CFR 431.102.



DMMBtu
units
GPD/unit
ATmain

ATamb

baseline
ee

Et
UA
CF
365
8.33

3,412
1,000,000

Summary of Variables and Data Sources

= Annual fossil fuel energy savings

= Number of measures installed under the program

= Gallons per day of delivered hot water per water heater

= Average temperature difference between delivered hot water temperature and
the supply water temperature in water main (°F)

= Average temperature difference between water heater set point temperature and
the surrounding ambient air temperature (°F)

= Characteristic of baseline condition

= Characteristic of energy efficient condition

= Thermal efficiency

= Overall heat loss coefficient (BTU/h-°F)

= Coincidence factor
= Days in one year

= Specific heat of water; energy required (BTU), to heat one gallon of water by
one degree Fahrenheit [BTU/(gal-F)]

= Conversion factor, one kWh equals 3,412 BTU

= Conversion factor, one MMBtu equals 1,000,000 BTU

Variable Value Notes
From application, or lookup/calculate based on
building type, square footage, and occupancy
GPD/unit from GPD table below. If based on values per the
table below, divide result by number of units in-
stalled.
Average temperature difference between deliv-
DT main Tdel = Trmain ered hot water temperature and the supply water
temperature in water main (°F).
Average temperature difference between water
DTamb Tset - Tamb heater set point temperature and the surrounding
ambient air temperature (°F).
Tdel 125 Delivered hot water temperature (°F).1"*
T Water heater set point temperature (°F), per appli-
ot cation or use 140°F as a default.r”
Supply water temperature in water main (°F).
Tmain Lookup in Cold Water Inlet Temperature table
below based on nearest city.
Tamb 70 Surrounding ambient air temperature (°F).1"®
Et baseline Electric: 0.98 Thermal efficiency of the baseline

174 Aligned with residential measure set point temperature to normalize default GPD across sectors.
175 per OSHA recommendations for prevention of Legionella bacterial growth.
(https://www.osha.gov/SLTC/legionnairesdisease/control_prevention.html)

176 Water heaters are generally located in conditioned or partially conditioned spaces with a typical average
temperature of 65°F to 70°F to avoid freezing. A value of 70°F is used for the purposes of estimating tank/ambient
air temperature differential, which aligns with standby loss specification testing standards.



https://www.osha.gov/SLTC/legionnairesdisease/control_prevention.html

Variable Value Notes
Fossil Fuel: 0.80 condition.t’"178
E Thermal efficiency for energy efficient measure,
bee from application.
Overall heat loss coefficient of the baseline con-
UAbsceline dition (BTU/h-°F). Calculate based on baselipe
standby loss per the Overall Heat Loss Coeffi-
cient section below.
Overall heat loss coefficient of the energy effi-
UAee cient measure (BTU/h-°F). Calculate based on
energy efficient standby loss per the Overall Heat
Loss Coefficient section below.
CF 0.8

Gallons per Day (GPD)

The average daily hot water usage, expressed in gallons per day, for several commercial facility
types is tabulated below. Daily hot water usage can be calculated based on the GPD and site-
specific metric in the Rate column, or default values can be referenced directly from the GPD
column.

Building Type | GPD Rate Notes/Assumptions Source
Assembl 939 | 7-02 GPD per Assumes 10% hot water, | EIA'®: Public As-
y 1,000 SF 34,000 SF sembly
. 4.89 GPD per Assumes 10% hot water, .
Auto Repair 25 1,000 SF 5,150 SF EIA: Other
3.43 GPD per Assumes 10% hot water,

Big Box Retail 448 EIA: Mercantile

1,000 SF 130,500 SF
i - 180.
Community 1,520 1.9 GPD per per Assumes 800 students N_REL : School
College son with Showers
Dormitory 8,600 17'.2 GPD per Assumes 500 residents Water R_ese&rlch
resident Foundation
Elementary 250 0.5 GPD per stu- Assumes 500 students NREL.: School
School dent
Fast Food Res- 500 | 500 GPD per FSTC!82: Quick Ser-
taurant restaurant vice

177 Fyel: 10 CFR 431.110 (a).

178 Electric: Per 10 CFR 430 Subpart B Appendix E — Uniform Test Method for Measuring the Energy Consumption
of Water Heaters: 6.3.2 Recovery Efficiency.

179 U.S. Energy Information Administration, 2012 Commercial Buildings Energy Consumption Survey: Water
Consumption in Large Buildings, Table WD1. Daily water consumption in large commercial buildings, 2012.

180 National Renewable Energy Laboratory, Saving Energy in Commercial Buildings: Domestic Hot Water
Assessment Guidelines, Table 1. Hot Water Use By Building Type, June 2011.

181 Water Research Foundation: Residential End Uses of Water, Version 2, April 2016.

182 Food Service Technology Center, Design Guide — Energy Efficient Heating, Delivery and Use, Table 1. Typical
hot water system cost for restaurants, March 2010.



Building Type | GPD Rate Notes/Assumptions Source
Full-Service 2500 | 2200 GPD per FSTC: Full Service
Restaurant restaurant
3.43 GPD per Assumes 10% hot water, ) .
Grocery 172 1,000 SF 50,000 SF EIA: Mercantile
High School 1,520 1.9 GPD perper- | »cqimes 800 students | NREL: School with
son Showers
. 54.42 GPD per | Assumes 40% hot water, | EIA: Health Care,
Hospital 16,938 | 1 500 sF 250,000 SF Inpatient
45.52 GPD per Assumes 40% hot water, ) .
Hotel 9,104 1,000 SF 200,000 SF EIA: Lodging
Large Office 550 :0%] GPD per per- Assumes 500 people NREL.: Office
. 3.43 GPD per Assumes 10% hot water, ] .
Large Retail 446 1,000 SF 130,000 SF EIA: Mercantile
. . 4.89 GPD per Assumes 10% hot water, .
Light Industrial 489 1,000 SF 100,000 SF EIA: Other
45.52 GPD per Assumes 40% hot water, ] .
Motel 1,366 1,000 SF 30,000 SF EIA: Lodging
Multifamily 3.440 34.4 GPD per Assumes 100 units, 2 Multifamily Base-
High-Rise ’ unit people per unit line Study*
Multifamily 34.4 GPD per Assumes 12 units, 2 Multifamily Base-
. 413 : ) )
Low-Rise unit people per unit line Study
Refrigerated 86 0.93 GPD per Assumes 10% hot water, | EIA: Warehouse and
Warehouse 1,000 SF 92,000 SF Storage
Religious o 7.02 GPD per Assumes 10% hot water, | EIA: Public Assem-
g 1,000 SF 11,000 SF bly
Small Office 110 i(‘)%]GPD PETPEr™ | Assumes 100 people NREL.: Office
. 3.43 GPD per Assumes 10% hot water, ] )
Small Retail 27 1,000 SF 8.000 SF EIA: Mercantile
University 1,000 (cj)esntG PD per stu- Assumes 2,000 students | NREL: School
Warehouse 465 0.93 GPD per Assumes 10% hot water, | EIA: Warehouse and
1,000 SF 500,000 SF Storage
Calcu- | 4.89 GPD per 0 ]
Other late | 1,000 SF Assumes 10% hot water | EIA: Other

Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate, and are approximately equal to the
annual average outdoor temperature plus 6°F.*®* Supply main temperatures based on the annual
outdoor temperature are shown below.

183 Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.
184 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.




City Annual ave:sgeelgsu(t?:)or tempera Tmain (°F)
Albany 49.4 55.4
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Overall Heat Loss Coefficient (UAbaseline and UAee)

Tank overall heat loss coefficient is calculated from the equipment standby loss specification. For
UAee, the manufacturer specified standby loss shall be applied directly to the UA formula below.
To calculate UAbaseline, USe the appropriate intermediate standby loss equation from the Baseline
Standby Losses section below.

_SL

UA=—
70

where:

SL = Standby heat loss (BTU/h), from application for the energy efficient measure (SLee). For
the baseline condition (SLbaseline), USe the appropriate intermediate standby loss equation
from the Baseline Standby Losses section below.

70 = Temperature difference associated with standby loss specification (°F).18®

Baseline Standby Losses (SLbaseline)
Standby losses (SLaseline) for commercial electric storage type water heaters: 8’

(0.30 + L)

VUpaseline

SLpasetine = 100 X 70 X Vpgsetine X 8.33
where:
Vhaseline = Baseline tank volume (gal), equal to the storage capacity of the efficient equipment
70 = Temperature difference associated with standby loss specification (°F)*e8

185 Average annual outdoor temperatures taken from NCEI 1991-2020 climate normals.

186 10 CFR 429, 430, and 431 Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer
Products and Certain Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water
Heaters.

187 1bid.

188 10 CFR 429, 430, and 431 Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer
Products and Certain Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water
Heaters.




8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by one de-
gree Fahrenheit [BTU/(gal-F)]

Standby losses (SLaseline) for commercial gas storage type water heaters:8°

_ Qbaseline

SLbaseline - W + 110 Ubpaseline

where:
Vhaseline = Baseline tank volume (gal), equal to the storage capacity of the efficient equipment
Quaseline = Baseline input capacity (BTU/h), equal to the input capacity of the efficient equipment

Coincidence Factor (CF)
The prescribed value for the coincidence factor is 0.8.1%

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition for replacement measures is a standard efficiency fossil fuel or electric
storage type water heater (based on proposed conditions) with tank volume and input capacity
equivalent to the efficient case, UA value calculated as prescribed above and a thermal efficiency
of 0.80 (fossil fuel) or 0.98 (electric).

For LMI applications, existing condition baseline shall be established based on nameplate effi-
ciency or efficiency measured through combustion analysis.

Compliance Efficiency from which Incentives are Calculated

The compliance condition is a fossil fuel or electric storage type water heater as defined in the
Measure Description section above, which exceeds the efficiency of the baseline equipment.

Operating Hours

Water heater run hours are not utilized in the estimation of energy or demand savings, but water
heater is assumed to be available for operation 8,760 hours per year. Additionally, it is assumed
standby losses are incurred 8,760 hours per year.

Example Calculation (Not to be used as default)

A gas storage tank water heater is installed in a commercial facility located near Albany. The
facility has a hot water demand of 500 gallons per day. The storage tank water heater has a
storage capacity of 100 gallons, an input capacity of 200 KBTU/h and an efficiency rating of

189 10 CFR 429, 430, and 431 Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer
Products and Certain Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water
Heaters.

190 No source specified — update pending availability and review of applicable references.



97%. Annual Electric Energy Savings and Summer Peak Coincident Demand Savings are not
applicable. Annual Fossil Fuel Energy Savings are calculated as below.

AMMEBS g 5 GPD/unit X 365 X 8.33 X ATrnain ( 1 1 )
U = units -
1,000,000 Et pasetine  Etee

units =1
GPD/unit = 500, from application
DTmain = Tdel — Tmain =125-55.4 =69.6
Tger from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature table based on location from application
Etbaseline = 0.8, from Summary of Variables and Data Sources table based on type from appli-
cation
Etee = 0.97, from application

AMMBtu =1 X

500 x 365 x 8.33 x 69.6 ( 1 1

1,000,000 *\og ™ ﬁ) = 23.18 MMBtu

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Reduction in standby heat losses will have a negligible impact on space heating when the water
heater is located in conditioned space. Consideration of these effects is not included in this meth-
odology.

Ancillary Electric Savings Impacts

High-efficiency water heaters may incorporate a draft fan, which increases electricity consump-
tion. Additionally, reduction in standby heat losses will have a negligible impact on space heating
and cooling when the water heater is located in conditioned space. Consideration of these effects
is not included in this methodology.
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DomMEsTIC HOT WATER (DHW) — CONTROL

CENTRAL DoMESTIC HOT WATER (DHW) CONTROL

Measure Description

This measure is applicable to the installation of temperature modulation and demand controls on
central domestic hot water (DHW) systems with recirculation. Temperature modulation controls
reduce circulator pump energy and recirculation heat losses by modulating DHW system supply
temperatures according to a set schedule, activating recirculation when supply water drops below
the set point. Demand controls limit energy consumption by activating recirculation loops based
on demand. DHW demand controls must monitor calls for hot water and return water temperature,
activating recirculation when demand is detected or return water has dropped below a prescribed
temperature. Temperature modulation and demand controls achieve savings without significant
interruptions to instantaneous hot water availability.

This measure is not applicable to new construction or gut rehab installations.'®* This measure is
not applicable in facilities where twenty-four-hour recirculation and delivered hot water tempera-
ture is required by code. DHW demand control systems shall be installed by a qualified contractor
complying with all relevant construction and safety codes and standards.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings

AKWh = AW hoyypny + AKW hygyy

hp x 0.746
AkVVhpump = T X LF X hrsrecirc,baseline X ESFpump
pump
GPD x 365 X 8.33 X ATmolin FDHW elec hrsrecirc baseline
AkWhyy = X : X : X ESF,
HW 3,412 E¢ erec 8,760 HW
Summer Peak Coincident Demand Savings
AkWh
AW = X CF
hrsrecirc,baseline
Annual Fossil Fuel Energy Savings
GPD X 365 X 8.33 X ATmain FDHquel hrsrecirc baseline
AMMBtu = . : X ESF,
u 1,000,000 E;r ruel 8,760 HW
f
where:

191 ECCCNYS 2020 C404.7 and NYSPC 607.2.



AkWh = Annual electricity energy savings

AKW = Peak coincident demand electric savings

AMMBtu = Annual fossil fuel energy savings

hp = Total recirculation system pump horsepower

Eff = Efficiency

pump = Property of circulator pump

LF = Load Factor

hrsrecirc baseline = Annual hours of operation of recirculation system in the baseline condition

ESF = Energy savings factor

GPD = Gallons per day

ATmain = Average temperature difference between delivered hot water temperature and the
supply water temperature in water main (°F)

Et = Thermal efficiency

elec = Property of electrical central DHW system

fuel = Property of fossil fuel central DHW system

HW = Hot water

FDHW elec = Electric water heating factor

FDHW fuel = Fossil fuel water heating factor

CF = Coincidence Factor

0.746 = Conversion factor (kW/hp), 746 watts equals one electric horsepower

8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by
one degree Fahrenheit [BTU/(gal-F)]

8,760 = Hours in one year

365 = Days in one year

3,412 = Conversion factor, one kWh equals 3,412 BTU

1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

Summary of Variables and Data Sources

Variable Value Notes
hp From application.
_ PSC pump efficiency.?
Effpump ggl?/l TDTJTnp%%% ECM pump efficiency.®
p-v. If unknown, use a value of 0.80.
LE 0.9 Assumed value to reflect that motors do not typically run

at 100% of rated power.

From application. If unknown, see Operating Hours sec-
tion below.

From application, or lookup/calculate based on building
GPD type, square footage, and occupancy from GPD table be-
low.

NISrecirc,baseline

192 Us DOE, Energy Savings Potential and Opportunities for High-Efficiency Electric Motors in Residential and
Commercial Equipment, Table 2.1 Summary of Single-Phase AC Induction Motor Characteristics - Efficiency of the
baseline condition is taken as the average full load efficiency rating range for a PSC motor.

193 ACHR News, Comparing Motor Technologies, December 2009.



Variable Value Notes

Average temperature difference between delivered hot

AT main Tdel — Tmain water temperature and the supply water temperature in
water main (°F).
Tdel 125 Delivered hot water temperature (°F).1%
Supply water temperature in water main (°F). Lookup in
Tmain Cold Water Inlet Temperature table below based on near-
est city.
Etelec 0.98 Thermal efficiency of electric water heater.'*®
Et.fuel 0.80 Thermal efficiency of fossil fuel water heater.!%
ESFpump 0.87 Minnesota Department of Commerce.*%’
Lookup based on control type in the Energy Savings Fac-
ESFhw :
tor section below.
Fom elec Use a value _of 1.0 if the affected DHW system is elec-
' tric. Otherwise, use 0.0.
Fomw el Use a_value of l.O_if the affected DHW system is fossil
' fuel-fired. Otherwise, use 0.0.
CF 0.8

Gallons per Day (GPD)

The average daily hot water usage, expressed in gallons per day, for several commercial facility
types is tabulated below. Daily hot water usage can be calculated based on the GPD and site-spe-
cific metric in the Rate column, or default values can be referenced directly from the GPD col-
umn.

Building Type GPD Rate Notes/Assumptions Source
7.02 GPD per 1,000 | Assumes 10% hot water, 198. .
Assembly 239 SE 34,000 SF EIA™®: Public Assembly
. 4.89 GPD per 1,000 | Assumes 10% hot water, .

Auto Repair 25 SE 5,150 SF EIA: Other

. . 3.43 GPD per 1,000 | Assumes 10% hot water, ) .
Big Box Retail 448 SE 130,500 SF EIA: Mercantile

i - 199. f

Community Col 1,520 | 1.9 GPD per person | Assumes 800 students NREL ™. School with
lege Showers
Dormitory 8,600 cljZ:nzt GPD perresi- | Acsumes 500 residents :’i\é?]tg)g Research Founda-
Elementary School 250 0.5 GPD per student | Assumes 500 students NREL: School

194 Aligned with residential measure set point temperature to normalize default GPD across sectors.

195 per 10 CFR 430 Subpart B Appendix E — Uniform Test Method for Measuring the Energy Consumption of Water
Heaters: 6.3.2 Recovery Efficiency.

19 per 10 CFR 431.110(a).

197 Center for Energy and Environment, Evaluation of New DHW System Controls in Hospitality and Commercial
Buildings, Prepared for Minnesota Department of Commerce, Division of Energy Resources, June 30, 2018, pg. 12.
198 U.S. Energy Information Administration, 2012 Commercial Buildings Energy Consumption Survey: Water
Consumption in Large Buildings, Table WD1. Daily water consumption in large commercial buildings, 2012.

199 National Renewable Energy Laboratory, Saving Energy in Commercial Buildings: Domestic Hot Water
Assessment Guidelines, Table 1. Hot Water Use By Building Type, June 2011.

200 Water Research Foundation: Residential End Uses of Water, Version 2, April 2016.



Building Type GPD Rate Notes/Assumptions Source
Fast Food Restau- 500 500 GPD per restau- FSTC?: Quick Service
rant rant
Full-Service Res- 2,500 2,500 GPD per res- ESTC: Full Service
taurant taurant
3.43 GPD per 1,000 | Assumes 10% hot water, i .
Grocery 172 SE 50,000 SF EIA: Mercantile
High School 1,520 | 1.9 GPD per person | Assumes 800 students gﬁ) EVI;:rSSchool with
. 54.42 GPD per Assumes 40% hot water, EIA: Health Care, Inpa-
Hospital 16,938 | 1 ooo sF 250,000 SF tient
45.52 GPD per Assumes 40% hot water, ) .
Hotel 9,104 1,000 SF 200,000 SF EIA: Lodging
Large Office 550 1.1 GPD per person | Assumes 500 people NREL.: Office
. 3.43 GPD per 1,000 | Assumes 10% hot water, . .
Large Retail 446 SE 130,000 SF EIA: Mercantile
. . 4.89 GPD per 1,000 | Assumes 10% hot water, .
Light Industrial 489 SE 100,000 SF EIA: Other
45.52 GPD per Assumes 40% hot water, ) .
Motel 1,366 1,000 SF 30,000 SF EIA: Lodging
Multlfamlly High- 3.440 | 34.4 GPD per unit Assumes 100 units, 2 people |\/|u|tlf2’%1£nl|y Baseline
Rise per unit Study
Multlfamlly Low- 413 34.4 GPD per unit Assum_es 12 units, 2 people Multifamily Baseline
Rise per unit Study
Refrigerated Ware- 86 0.93 GPD per 1,000 | Assumes 10% hot water, EIA: Warehouse and
house SF 92,000 SF Storage
- 7.02 GPD per 1,000 | Assumes 10% hot water, . .
Religious 77 SE 11,000 SF EIA: Public Assembly
Small Office 110 1.1 GPD per person | Assumes 100 people NREL: Office
. 3.43 GPD per 1,000 | Assumes 10% hot water, . .
Small Retail 27 SE 8,000 SF EIA: Mercantile
University 1,000 | 0.5 GPD per student | Assumes 2,000 students NREL: School
Warehouse 465 0.93 GPD per 1,000 | Assumes 10% hot water, EIA: Warehouse and
SF 500,000 SF Storage
Other C?;feu' ggg GPD per 1,000 Assumes 10% hot water EIA: Other

Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate, and are approximately equal to the
annual average outdoor temperature plus 6°F.2% Supply main temperatures based on the annual
outdoor temperature are shown below.

City

Annual average outdoor tempera-
ture?®* (°F)

Tmain (°F)

Albany

49.4

55.4

201 Food Service Technology Center, Design Guide — Energy Efficient Heating, Delivery and Use, Table 1. Typical
hot water system cost for restaurants, March 2010.
202 Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.
203 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”

National Renewable Energy Laboratory.

204 Average annual outdoor temperatures taken from NCEI 1991-2020 climate normals.




City Annual ave:sgszgf;[?l:o)or tempera Trmain (°F)
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Energy Savings Factor
The hot water energy savings factor (ESFnw) is dependent on the installed control type.

Control Type ESFHw Notes
Demand Control 0.07 NREL 2%
Temperature Modulation 0.02 NREL ¢

Demand Control and

207
Temperature Modulation 0.15 NREL

Coincidence Factor (CF)
The prescribed value for the coincidence factor is 0.8.2%

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition for this measure is a central DHW recirculation system running in contin-
uous operation.

Compliance Efficiency from which Incentives are Calculated

The compliance condition is a central DHW recirculation system with a control system that regu-
lates circulator pump operation based on demand, temperature or both. Recirculation system con-
trols must be installed by a qualified contractor complying with all relevant construction and safety
codes and standards.

Operating Hours
Operating hours for continuous recirculation hours will be 8,760.

For systems with heating season recirculation only, hours based on location per the table below
shall be used. Hours values below were developed from NOAA hourly normals?®® by assuming a
65°F balance point temperature and summing dry bulb hours below the balance point.

205 NREL, Control Strategies to Reduce the Energy Consumption of Central Domestic Hot Water Systems, June
2016.

208 | bid.

207 | bid.

208 No source specified — update pending availability and review of applicable references.

209 NOAA National Centers for Environmental Information — NCEI 1991 - 2020 Hourly Normals.



City hrs
Albany 6,587
Binghamton 7,214
Buffalo 6,727
Massena 7,138
NYC 5,920
Poughkeepsie 6,481
Syracuse 6,671

For systems with recirculation coincident with facility operation, the values found in the table
below may be used based on facility type.

Operating Operating
Facility Type Hours Facility Type Hours
(hrslyr) (hrslyr)
Auto Related” 2,810 Manufacturing Facility 2,857
Automotive / Transportation Ser- . .
vice or Repair Fa(F:)iIity (2417) 8,760 Medical Offices 3,748
Bakery 2,854 Motion Picture Theatre 1,954
Banks 3,748 Multi-Family (Common Areas) 7,665
Church 1,955 Museum 3,748
College— Cafeteria™ 2,713 Nursing Homes 5,840
College — Classes 2,586 Office (General Office 3,013
Types)
College - Dormitory 3,066 Parking Garages 4,368
Commercial Condos™ 3,100 Parking Garages (24/7) 7,717
Convenience Stores 6,376 Parking Lots 4,100
Convention Center 1,954 Penitentiary 5,477
Court House 3,748 Performing Arts Theatre 2,586
Dining: Bar Lounge/Leisure 4,182 Police / Fire Stations (24 Hr) 7,665
Dining: Cafeteria / Fast Food 6,456 Post Office 3,748
Dining: Family 4,182 Pump Stations 1,949
Entertainment 1,952 Refrigerated Warehouse 2,602
Exercise Center 5,836 Religious Building 1,955
Fast Food Restaurants 6,376 Restaurants 4,182
Fire Station (Unmanned) 1,953 Retail 3,463
Food Stores 4,055 School / University 2,187
Gymnasium 2,586 Schools (Jr./Sr. High) 2,187
: Schools
Hospitals 7,674 (Preschool/ Elementary) 2,187
Hospitals / Health Care 7,666 (Techni Scools tional) 2,187
Industrial - 1 Shift 2,857 Small Services 3,750
Industrial - 2 Shift 4,730 Sports Arena 1,954




Operating Operating

Facility Type Hours Facility Type Hours

(hrslyr) (hrslyr)
Industrial - 3 Shift 6,631 Town Hall 3,748
Laundromats 4,056 Transportation 6,456
Library 3,748 Warehouse (Not Refrigerated) 2,602
Light Manufacturers”™ 2,613 Waste Water Treatment Plant 6,631
Lodging (Hotels/Motels) 3,064 Workshop 3,750

Mall Concourse 4,833

Example Calculation (Not to be used as default)

Temperature modulation and demand controls are installed on a gas fired, central domestic hot
water system with recirculation in a commercial facility located near Albany. The recirculation
pump is run by a 1/4 horsepower EC motor and is in continuous operation year round. The fa-
cility has a demand of 750 gallons of water per day and a hot water set point temperature of
145°F. Annual Electric Energy Savings, Summer Peak Coincident Demand Savings and An-
nual Fossil Fuel Energy Savings are calculated as below.

ARWh = AW By + AKW By,

hp % 0.746
Akl/l/hpump = T X LF X hrsrecirc,baseline X ESFpump
pump
GPD X 365 X 8.33 X ATpnqin 1 hTSyecire,paseline
AkWhyy = X X - X ESF,
HW 3,412 Et eec 8,760 Hw
AkWh
AW = X CF
hrsrecirc,baseline
AMMBty — GPD X 365 X 8.33 X ATpnqin 1 htSyecire,paseline « ESFyy

X X
1,000,000 Ey fuel 8,760

hp = 0.25, from application

Effoump =0.8, from Summary of Variables and Data Sources table based on pump type from
application

LF =0.9, from Summary of Variables and Data Sources table

hrSrecirc,baseline = 8,760, from app|lcatI0ﬂ

ESFpump = 0.87, from Summary of Variables and Data Sources table

GPD = 750, from application

DTmain = Tdel — Tmain =125-554=69.6
Tgel from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature table based on location from application

Etfuet = 0.80, from Summary of Variables and Data Sources table based on equipment from ap-
plication




ESFrw = 0.15, based on Energy Savings Factor table based on application
CF=0.8

0.25 x 0.746
ARWhyymp = o8 X 0.9 x 8,760 x 0.87 = 1,637.60 kWh

AkWh = AkWhpymp + 0 = 1,637.60 + 0 = 1,637.60 kWh

arw = 222790 08 = 0.149 1w
-~ 8760 T T T
750 X 365 X 8.33 X 69.6 8,760
AMMBtu = X — X x 0.15 = 29.76 MMBtu

1,000,000 0.8 8,760

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

Ancillary electric savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.
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DRAIN WATER HEAT RECOVERY (DWHR)

Measure Description

This measure covers the installation of drain water heat recovery systems on a main waste drain
in commercial applications. Drain water heat recovery (DWHR) systems are drainage heat ex-
changers that recover heat from drain greywater to preheat cold water entering the water heater.
By preheating cold water entering the storage tank, the water heater consumes less energy to heat
the water to the desired temperature.

This measure is only applicable to buildings with storage type water heaters.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings (Electric Water Heating Only)
GPD X 365 X 8.33 X ATy4in 1

AkWh = its X X X ESF
units 3412 Er otoc

Summer Peak Coincident Demand Savings (Electric Water Heating Only)

) UA X AT ymp 1
AW = units X X X ESF X CF
3,412 Et elec

Annual Fossil Fuel Energy Savings (Fossil Fuel Water Heating Only)

GPD X 365 X 8.33 X ATpain 1

AMMBtu = units X 000,000 X E, e X ESF

where:

AkWh = Annual electric energy savings

AkW = Peak coincident demand electric savings

AMMBtu = Annual fossil fuel energy savings

units = Number of measures installed under the program

GPD = Gallons per day

DT main = Average temperature difference between delivered hot water temperature and the
supply water temperature in water main (°F)

DTamb = Average temperature difference between water heater set point temperature and
the surrounding ambient air temperature (°F)

UA = Overall heat loss coefficient (BTU/h-°F)

ESF = Energy savings factor

Et = Water heater thermal efficiency

elec = Property of electrical central DHW system

fuel = Property of fossil fuel central DHW system

CF = Coincidence factor

365 = Days in one year



8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by
one degree Fahrenheit [BTU/(gal-F)]

3,412 = Conversion factor, one kWh equals 3,412 BTU

1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

Summary of Variables and Data Sources

Variable Value Notes
From application, or lookup/calculate based on
GPD building type, square footage and occupancy from

GPD table below.

Average temperature difference between delivered
D Tmain Tdel = Trmain hot water temperature and the supply water temper-
ature in water main (°F).

Average temperature difference between water

DTamb Tset - Tamb heater set point temperature and the surrounding am-
bient air temperature (°F).
Tdel 125 Delivered hot water temperature (°F).?%
Tset From application.
Supply water temperature in water main (°F).
Tmain Lookup in Cold Water Inlet Temperature table be-
low based on nearest city.
Tamb 70 Surrounding ambient air temperature (°F).?!*
From application. If unknown, use default thermal
Etelec 0.98 efficiency of typical electric storage type water
heater provided.?!?
Et.fuel From application.
Overall heat loss coefficient of the baseline condi-
uA 785 tion (BTU/h-°F) 23
ESF 0.25 Oak Ridge National Laboratory.?*

210 Aligned with residential measure set point temperature to normalize default GPD across sectors.

211 Water heaters are generally located in conditioned or partially conditioned spaces with a typical average
temperature of 65°F to 70°F to avoid freezing. A value of 70°F is used for the purposes of estimating tank/ambient
air temperature differential, which aligns with standby loss specification testing standards.

212 per 10 CFR 431 Subpart G, Appendix B 5.7.1.

213 Based on computation of heat loss coefficients via conversion equations found in 10 CFR 429, 430, and 431
Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer Products and Certain
Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water Heaters. Heat loss
coefficient was equated for two minimally code compliant gas storage water heaters found to be the most typical in
terms of storage and input capacity, representing storage type water heaters of between 20 and 55 gallon capacity
(40 gallon, 40,000 BTU/h assumed) and between 55 and 120 gallon capacity (75 gallon, 76,000 BTU/h assumed).
Results of heat loss coefficient evaluation at these two data points agreed to within 0.3%, so the lower of the two
was selected to represent the UAupaseline term.

214 GFX Evaluation, Oak Ridge National Laboratory, August 2000, lower end of the energy savings range (25-30%).
Savings are assumed to be comparable to residential application.



Variable Value Notes

CF 0.8

Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate and are approximately equal to the
annual average outdoor temperature plus 6°F.?%® Supply main temperatures based on the annual
outdoor temperature are shown below.

City Annual ave:sgeez?su(tglg)or tempera Tmain (°F)
Albany 49.4 55.4
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Gallons per Day (GPD)

The average daily hot water usage, expressed in gallons per day, for several commercial facility
types is tabulated below. Daily hot water usage can be calculated based on the GPD and site-spe-
cific metric in the Rate column, or default values can be referenced directly from the GPD col-
umn.

Building Type | GPD Rate Notes/Assumptions Source
Assermbl 239 | 7-02 GPD per Assumes 10% hot water, | EIA?Y": Public As-
y 1,000 SF 34,000 SF sembly
. 4.89 GPD per Assumes 10% hot water, ]
Auto Repair 25 1,000 SF 5,150 SF EIA: Other
. . 3.43 GPD per Assumes 10% hot water, ) .
Big Box Retail 448 1,000 SF 130,500 SF EIA: Mercantile
i - 218.
Community 1,520 1.9 GPD per per Assumes 800 students NREL : School
College son with Showers
Dormitory 8,600 17'.2 GPD per Assumes 500 residents Water R?Seg'lfh
resident Foundation
Elementary 250 0.5 GPD per stu- Assumes 500 students NREL: School
School dent

215 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.

216 Average annual outdoor temperatures taken from NCEI 1991-2020 climate normals.

27 U.S. Energy Information Administration, 2012 Commercial Buildings Energy Consumption Survey: Water
Consumption in Large Buildings, Table WD1. Daily water consumption in large commercial buildings, 2012.
218 National Renewable Energy Laboratory, Saving Energy in Commercial Buildings: Domestic Hot Water
Assessment Guidelines, Table 1. Hot Water Use By Building Type, June 2011.

219 Water Research Foundation: Residential End Uses of Water, Version 2, April 2016.



Building Type | GPD Rate Notes/Assumptions Source
Fast Food Res- 500 | 900 GPD per FSTC?2: Quick Ser-
taurant restaurant vice
Full-Service | 5 5 | 2,500 GPD per FSTC: Full Service
Restaurant restaurant
3.43 GPD per Assumes 10% hot water, ) .
Grocery 172 1,000 SF 50,000 SF EIA: Mercantile
High School 1,520 1.9 GPD per per- | »cqimes 800 students | NREL: School with
son Showers
. 54.42 GPD per | Assumes 40% hot water, | EIA: Health Care,
Hospital 16,938 | 1 hoo sF 250,000 SF Inpatient
45.52 GPD per Assumes 40% hot water, ) .
Hotel 9,104 1,000 SF 200,000 SF EIA: Lodging
Large Office 550 31011 GPD per per- Assumes 500 people NREL.: Office
. 3.43 GPD per Assumes 10% hot water, ] .
Large Retail 446 1,000 SF 130,000 SF EIA: Mercantile
. . 4.89 GPD per Assumes 10% hot water, ]
Light Industrial 489 1,000 SF 100,000 SF EIA: Other
45.52 GPD per | Assumes 40% hot water, ) .
Motel 1,366 1,000 SF 30,000 SF EIA: Lodging
Multifamily 3.440 34.4 GPD per Assumes 100 units, 2 Multifamily Base-
High-Rise ’ unit people per unit line Study??!
Multifamily 34.4 GPD per Assumes 12 units, 2 Multifamily Base-
. 413 : : .
Low-Rise unit people per unit line Study
Refrigerated 86 0.93 GPD per Assumes 10% hot water, | EIA: Warehouse and
Warehouse 1,000 SF 92,000 SF Storage
Religious 77 7.02 GPD per Assumes 10% hot water, | EIA: Public Assem-
g 1,000 SF 11,000 SF bly
Small Office 110 Sl;}GPD PETPEr™ | Assumes 100 people NREL: Office
. 3.43 GPD per Assumes 10% hot water, ) .
Small Retail 27 1,000 SF 8,000 SF EIA: Mercantile
University 1,000 8e5ntG PD per stu- Assumes 2,000 students | NREL: School
Warehouse 465 0.93 GPD per Assumes 10% hot water, | EIA: Warehouse and
1,000 SF 500,000 SF Storage
Calcu- | 4.89 GPD per 0 ]
Other late | 1.000 SF Assumes 10% hot water | EIA: Other

Coincidence Factor (CF)

220 Food Service Technology Center, Design Guide — Energy Efficient Heating, Delivery and Use, Table 1. Typical
hot water system cost for restaurants, March 2010.
221 Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.




The prescribed value for the coincidence factor is 0.8.2%

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition is a storage type water heater without a DWHR system in a commercial
application.

Compliance Efficiency from which Incentives are Calculated

The compliance condition is a storage type water heater equipped with DWHR on the main waste
drainage line in a commercial application. DWHR units shall comply with CSA B55.2 and shall
be tested in accordance with CSA B55.1. Potable water-side pressure loss of DWHR units shall be
less than 3 psi.??3

Operating Hours

Water heater run hours are not utilized in the estimation of energy or demand savings, but water
heater is assumed to be available for operation 8,760 hours per year. Additionally, it is assumed
standby losses are incurred 8,760 hours per year.

Example Calculation (Not to be used as default)

A drain water heat recovery system is installed in a small commercial facility located near Al-
bany. The facility has an electric water heater with a demand of 300 gallons of water per day
and a set point temperature of 140°F. Annual Fossil Fuel Energy Savings are not applicable.
Annual Electric Energy Savings and Summer Peak Coincident Demand Savings are calculated
as below.

GPD % 365 X 8.33 X AT,,4in 1
AkWh = units X X X ESF
3,412 Et elec

UA X AT gmp 1
AKW = units X X X ESF X CF
3,412 Et elec

units = 1, from application
GPD = 300, from application
DTmain = Tdel — Tmain = 125 —55.4 = 69.6
Tger from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature table based on location from application
Etelec = 0.98, from Summary of Variables and Data Sources table
ESF = 0.25, from Summary of Variables and Data Sources table
UA = 7.85, from Summary of Variables and Data Sources table
DTamb = Tset — Tamb =140-70=70
Tset from application

222 No source specified — update pending availability and review of applicable references.
223 ECCCNYS 2020, Section R403.5.4 Drain Water Recovery Units.



Tamb from Summary of Variables and Data Sources table
CF = 0.8, from Summary of Variables and Data Sources table

300 x 365 x 8.33 X 69.6 1

AkWh =1 X 3412 X 558 X 0.25 = 4,746.50 kWh
AKW = 1><7'85X70>< ! x 0.25 X 0.8 = 0.0329 kW
N 3,412 098 R

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

Ancillary electric savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.
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HEATING, VENTILATION AND AIR CONDITIONING (HVAC)

BOILER AND FURNACE - COMBINATION (“CoMBI1”) BOILER AND FURNACE

Measure Description

This measure covers the installation of fossil fuel combination (or “combi”) boilers and furnaces,
which are defined as high-efficiency, instantaneous water heaters with a heating designation.
Combi-boilers are all-in-one high-efficiency space heating systems with integrated capability for
providing instantaneous domestic hot water, while combi-furnaces supply both domestic tankless
hot water and forced air heating. These units realize energy savings through increased thermal
efficiency and by taking cold water straight from the main supply and heating it as needed,
which eliminates the need for a separate hot water storage tank and avoids standby losses. Quali-
fying equipment must be in accordance with ASHRAE Standard 124-2007 (RA 2016).22* This
measure only applies to systems with modulating/staging capability and no water storage tank.

This measure only captures the fossil fuel savings impacts of combi-boilers and combi-furnaces.

While electric combi-boilers exist, more investigation and research is required before an ap-
proach for estimating associated energy savings can be developed.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings

AkWh =N/A

Summer Peak Coincident Demand Savings
AkW = N/A

Annual Fossil Fuel Energy Savings

AMMBtu = AMMBtugy + AMMBtupy,

kBTU/hin ( Eff;ze _ ) x EFLHheating

AMMBt = its X
Hon = WIES 2 T it Ef foasetine 1,000

AMMBtuDHW = units
GPD /unit X 365 X 8.33 X AT, qin ( 1 1 )
X

1;000,000 Et,baseline Effee
UAbaseline x ATamb

Et,baseline 1;000,000

X 8,760]

where:

224 ASHRAE Standard 124-2007 (RA 2016) — Methods of Testing for Rating Combination Space-Heating and
Water-Heating Appliances (ANSI Approved).



AkWh = Annual electric energy savings

AKW = Peak coincident demand electric savings

AMMBtu = Annual fossil fuel energy savings

AMMBtusy = Annual space heating savings associated with installation of a high-efficiency
combi-boiler or combi-furnace

AMMBtupnw = Annual domestic hot water savings associated with installation of a high-effi-
ciency combi-boiler or combi-furnace

units = Number of measures installed under the program

kBTU/hin = Space heating fuel input rating

baseline = Characteristic of baseline condition

ce = Characteristic of energy efficient condition

Eff = Energy efficiency (0-100%)

EFLHneating = Heating equivalent full-load hours

GPD/unit = Gallons per day of delivered hot water per “combi” unit

ATmain = Average temperature difference between delivered hot water temperature and
the supply water temperature in water main (°F)

Et = Water heating designation thermal efficiency

UA = Overall heat loss coefficient (BTU/h-°F)

ATamb = Average temperature difference between water heater set point temperature and
the surrounding ambient air temperature (°F)

8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water by
one degree Fahrenheit [BTU/(gal-F)]

365 = Days in one year

1,000 = Conversion factor, one MMBtu equals 1,000 kBTU

8,760 = Hours in one year

1,000,000 = Conversion factor, one MMBtu equals 1,000,000 BTU

Summary of Variables & Data Sources

Variable Value Notes/References

KBTUh:, Nominal _hgating input capacity is_the_nameplate input rating
of the unit in kBTU/hr, from application.

Effpaseline See Baseline Efficiencies section below.

Effee From application.

EFL Hheating Lookup based on building type and location in Appendix G.
From application, or lookup/calculate based on building

GPD/unit type, square footage and occupancy from C_SPD table below.
If based on values per the table below, divide result by num-
ber of units installed.
Average temperature difference between delivered hot water

DT main Tdel = Trmain temperature and the supply water temperature in water main
(°F).
Average temperature difference between water heater set

DTamb Tset - Tamb point temperature and the surrounding ambient air
temperature (°F).




Variable Value Notes/References
Tdel 125 Delivered hot water temperature (°F).?%
T Water heater set point temperature (°F). From application. If
st unknown use 140°F.??
Supply water temperature in water main (°F). Lookup in
Tmain Cold Water Inlet Temperature table below based on nearest
city.
Tamb 70 Surrounding ambient air temperature (°F).??
Et baseline 0.80 Wate'r'heating designation thermal efficiency of the baseline
‘ condition.??
UAbsceline 785 %Vﬁ[?}rlm.qia)t_zlz%ss coefficient of the baseline condition

Gallons per Day (GPD)

The average daily hot water usage, expressed in gallons per day, for several commercial facility
types is tabulated below. Daily hot water usage can be calculated based on the GPD and site-spe-
cific metric in the Rate column, or default values can be referenced directly from the GPD col-
umn.

Building Type | GPD Rate Notes/Assumptions Source
Assembl 239 | 7-02 GPD per Assumes 10% hot water, | EIAZ: Public As-
y 1,000 SF 34,000 SF sembly
. 4.89 GPD per Assumes 10% hot water, )
Auto Repair 25 1,000 SF 5,150 SF EIA: Other
. . 3.43 GPD per Assumes 10% hot water, ) .
Big Box Retail 448 1,000 SF 130 500 SF EIA: Mercantile
i - 231.
Community 1,520 1.9 GPD per per Assumes 800 students NREL : School
College son with Showers
Dormitory 8,600 17'.2 GPD per Assumes 500 residents Water R?Seg';Ch
resident Foundation

225 Aligned with residential measure set point temperature to normalize default GPD across sectors.

226 per OSHA recommendations for prevention of Legionella bacterial growth.
(https://www.osha.gov/SLTC/etools/hospital/hazards/leg/leg.html)

227 \Water heaters are generally located in conditioned or partially conditioned spaces with a typical average
temperature of 65°F to 70°F to avoid freezing. A value of 70°F is used for the purposes of estimating tank/ambient
air temperature differential, which aligns with standby loss specification testing standards.

228 10 CFR 431.110 (a).

229 Based on computation of heat loss coefficients via conversion equations found in 10 CFR 429, 430, and 431
Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer Products and Certain
Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water Heaters. Heat loss
coefficient was calculated for a minimally code compliant fuel storage water heater found to be the most typical in
terms of storage and input capacity, representing storage type water heaters of between 20 and 55 gallon capacity
(40 gallon, 40,000 Btu/h assumed). Results of heat loss coefficient evaluation for this assumed baseline is used to
represent the UAupaseline term.

230 U.S. Energy Information Administration, 2012 Commercial Buildings Energy Consumption Survey: Water
Consumption in Large Buildings, Table WD1. Daily water consumption in large commercial buildings, 2012

231 National Renewable Energy Laboratory, Saving Energy in Commercial Buildings: Domestic Hot Water
Assessment Guidelines, Table 1. Hot Water Use By Building Type, June 2011.

232 \Water Research Foundation: Residential End Uses of Water, Version 2, April 2016.



https://www.osha.gov/SLTC/etools/hospital/hazards/leg/leg.html

Building Type | GPD Rate Notes/Assumptions Source
Elementary o50 | 0-5 GPDperstu- | A ccimes 500 students | NREL: School
School dent
Fast Food Res- 500 | 900 GPD per FSTC23: Quick Ser-
taurant restaurant vice
Full-Service |, 5 | 2,500 GPD per FSTC: Full Service
Restaurant restaurant

3.43 GPD per Assumes 10% hot water, ) .
Grocery 172 1,000 SF 50,000 SF EIA: Mercantile
High School 1,520 1.9 GPD per per- | »cqimes 800 students | NREL: School with
son Showers
. 54.42 GPD per | Assumes 40% hot water, | EIA: Health Care,
Hospital 16938 1 1 hoo SF 250,000 SF Inpatient
45.52 GPD per Assumes 40% hot water, ] .
Hotel 9,104 1,000 SF 200,000 SF EIA: Lodging
Large Office 550 31011 GPD per per- Assumes 500 people NREL.: Office
. 3.43 GPD per Assumes 10% hot water, ] .
Large Retail 446 1,000 SF 130,000 SF EIA: Mercantile
. . 4.89 GPD per Assumes 10% hot water, .
Light Industrial 489 1,000 SF 100,000 SF EIA: Other
45.52 GPD per | Assumes 40% hot water, ) .

Motel 1,366 1,000 SF 30,000 SF EIA: Lodging
Multifamily 3.440 34.4 GPD per Assumes 100 units, 2 Multifamily Base-
High-Rise ’ unit people per unit line Study?%*
Multifamily 34.4 GPD per Assumes 12 units, 2 Multifamily Base-

. 413 : , .

Low-Rise unit people per unit line Study
Refrigerated 86 0.93 GPD per Assumes 10% hot water, | EIA: Warehouse and
Warehouse 1,000 SF 92,000 SF Storage
Religious 77 7.02 GPD per Assumes 10% hot water, | EIA: Public Assem-

g 1,000 SF 11,000 SF bly

Small Office 110 Slc')%]GPD PETPEr 1 Assumes 100 people NREL: Office

. 3.43 GPD per Assumes 10% hot water, ) .
Small Retail 27 1,000 SF 8,000 SF EIA: Mercantile
University 1,000 8e5ntG PD perstu- | Assumes 2,000 students | NREL: School
Warehouse 465 0.93 GPD per Assumes 10% hot water, | EIA: Warehouse and

1,000 SF 500,000 SF Storage
Calcu- | 4.89 GPD per 0 _

Other late | 1,000 SF Assumes 10% hot water | EIA: Other

233 Food Service Technology Center, Design Guide — Energy Efficient Heating, Delivery and Use, Table 1. Typical
hot water system cost for restaurants, March 2010.
234 Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.




Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate and are approximately equal to the
annual average outdoor temperature plus 6°F.?% Supply main temperatures based on the annual
outdoor temperature are shown below.

City N emperatures (6 Trin (°F)
Albany 49.4 55.4
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Coincidence Factor (CF)

The prescribed value for the coincidence factor is N/A. This measure is not anticipated to have
electric impacts.

Baseline Efficiencies from which Energy Savings are Calculated

Space Heating Component

The baseline condition for the space heating component of combi-boilers and combi-furnaces
shall be consistent with code requirements for commercial fossil fuel-fired furnaces and boilers
defined by the Code of Federal Regulations (CFR) and subsequently adopted by the Energy Con-
servation Construction Code of New York State. The table below establishes the prescribed base-
line efficiency values for combi-furnaces and combi-boilers by input capacity. For combi-fur-
naces < 225 kBTU/h, selection of efficiency rating (AFUE or Ey) should align with the rating
specification of the qualifying equipment.

For LMI applications, existing condition baseline shall be established based on nameplate effi-
ciency or efficiency measured through combustion analysis.

ECCCNYS Minimum
Equipment Type Size Range Efficiency for Climate
Zones 4,5 and 6

Warm Air Furnace, Gas <225 kBTU/h 0.80 AFUE or 0.80 E:
Fired > 225 kBTU/h 0.80 Et

Warm Air Furnace, Oil <225 kBTU/h 0.83 AFUE or 0.80 E;
Fired > 225 kBTU/h 0.81 Et
\évairgr':‘ér Unit Heaters, All Capacities 0.80 Ec

235 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.
23 Average annual outdoor temperatures taken from NCDC 1991-2020 climate normals.




ECCCNYS Minimum
Equipment Type Size Range Efficiency for Climate
Zones 4,5 and 6
Warm Air Unit Heaters, .

Oil Eired All Capacities 0.80 Ec

) < 300 kBTU/h 0.82 AFUE
Eﬁ'e'gr’ Hot Water, Gas >300 kBTU/h and < 2,500 kBTU/h 0.80 Et
> 2,500 kBTU/h 0.82 Ec

] ] < 300 kBTU/h 0.84 AFUE
Eﬁ'e'gr’ Hot Water, Oil =300 KBTU/h and < 2,500 kKBTU/h 0.82 Et
> 2,500 kBTU/h 0.84 Ec

] ) < 300 kBTU/h 0.80 AFUE
ifl' Ilg;’citialilna{tuerzsl E'rraefot' >300 kBTU/h and < 2,500 kBTU/h 0.79 Et
P > 2.500 kKBTU/h 0.79 Et

Boiler, Steam, Gas Fired < 300 KBTUM 0.80 AFUE
Natura{I Draft’ ' >300 kBTU/h and < 2,500 kBTU/h 0.77 Et
> 2,500 kBTU/h 0.77 Et

) ) < 300 kBTU/h 0.82 AFUE
Eﬁ;'gr’ Hot Water, Oil =300 KBTU/h and < 2,500 kBTU/h 0.81 Et
> 2,500 kBTU/h 0.81 Et

< 300 kBTU/h 0.82 AFUE
Boiler, Steam, Oil Fired > 300 kBTU/h and < 2,500 kBTU/h 0.81 Et
> 2,500 kBTU/h 0.81 Et

Domestic Hot Water Component
The baseline condition is a standard efficiency storage type water heater with a thermal effi-
ciency of 80%2% and heat loss coefficient of 7.85 BTU/hr-°F.23%

Compliance Efficiency from which Incentives are Calculated

The compliance condition is a combi-boiler unit with a heating designation efficiency of 90%
AFUE, E; or E¢ or greater or a combi-furnace unit with a heating designation efficiency of 92%
AFUE or E; or greater. Qualifying systems must be equipped with modulating/staging capability
and nozggater storage tank. Units shall be in accordance with ASHRAE Standard 124-2007 (RA
2016).

23710 CFR 431.110 (a).

238 Based on computation of heat loss coefficients via conversion equations found in 10 CFR 429, 430, and 431
Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer Products and Certain
Commercial and Industrial Equipment: Test Procedures for Consumer and Commercial Water Heaters. Heat loss
coefficient was calculated for a minimally code compliant gas storage water heater found to be the most typical in
terms of storage and input capacity, representing storage type water heaters of between 20 and 55 gallon capacity
(40 gallon, 40,000 Btu/h assumed). Results of heat loss coefficient evaluation for this assumed baseline is used to
represent the UAupaseline term.

239 ASHRAE Standard 124-2007 (RA 2016) — Methods of Testing for Rating Combination Space-Heating and
Water-Heating Appliances (ANSI Approved).



Operating Hours

Heating equivalent full-load hours were calculated from a DOE-2.2 simulation of prototypical
commercial buildings. Operating hour assumptions for the prototypical building models are de-
scribed in Appendix A. The heating EFLH for commercial buildings in NY are shown in Appen-
dix G.

Domestic hot water heaters are assumed to be available for operation 8,760 hours per year, and it
is assumed standby losses in the baseline case are incurred 8,760 hours per year.

Example Calculation (Not to be used as default)

A “combi” boiler with 199 kBTU/h and 95% AFUE is installed in a small office building located
near Albany. The conditions prior to installation include a gas-fired warm air furnace and gas-
fired storage type water heater. Annual Electric Energy Savings and Summer Peak Coincident
Demand Savings are not applicable. Annual Fossil Fuel Energy Savings are calculated as below.

AMMBtu = AMMBtugy + AMMBtupgy,

kBTU/h; E EFLHypqi
AMMBtuSH = units X / n % ( ffee _ > % heating

unit Effbaseline 1,000

AMMBtupyy = units
o GPD /unit X 365 X 8.33 X ATy4in o ( 1 1 )

1,000;000 Et,baseline Effee

UAbaseline ATamb
Et,baseline 1;000,000

X 8,760]

units = 1, from application

(kBTU/hin)/unit = 199, from application

Effee = 0.9, from application

Effnaseline = 0.80, from Baseline Efficiencies section based on equipment type and size from ap-

plication
EFLHhneating = 747, from Appendix G based on HVAC system, building type, and location from
application

GPD/unit = 110, from Gallons per Day table based on building type from application
ATmain = Tdel — Tmain = 125 —55.4 = 69.6
Tger from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature lookup table based on location from applica-
tion
UAbaseline = 7.85, from Summary of Variables and Data Sources table
Et paseline = 0.8, from Summary of Variables and Data Sources table
ATamb = Tset — Tamb =140-70=70
Tset from Summary of Variables and Data Sources table
Tamb from Summary of Variables and Data Sources table




= 27.87 MMBtu

AMMBtuc,; = 1 X 199 X (0'95 1) X 747
Ush = 0.80 1,000

AMMBtuDHW = 1
[110x365x8.33x69.6x( 1 1 )

1,000,000 0.8 0.95
7.85 70

+ 08 X 1000,000 X 8,760] =10.61 MMBtu

AMMBtu = 27.87 + 10.61 = 38.48 MMBtu

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

High efficiency furnaces may be packaged with high efficiency cooling equipment and/or
electronically commutated blower motors, which may provide electricity savings. Draft fans,
when present, will increase electricity consumption.
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HEAT PumpP — WATER-TO-AIR GROUND SOURCE (GSHPS) IN SYSTEMS WITH CENTRAL
PUMPING

Measure Description

This measure covers the installation of multiple ENERGY STAR® certified Ground Source Heat
Pump (GSHP) units combined into a system with a closed loop ground heat exchanger field and
with central pumping. The GSHP units are water-to-air heat pumps with ducting to provide space
heating and cooling to individual zones within a commercial building, including multifamily. The
system can optionally include water-to-water heat pumps for domestic water heating. Methods for
calculating annual DHW energy savings are presented separately below.

This measure applies to GSHPs in building applications with multiple heat pump units served by
centralized ground loop pumping. The calculations only consider simple baseline conditions with
separate zone-by-zone space heating and cooling equipment. They do not consider baseline con-
ditions with centralized air handlers serving multiple zones, with terminal reheat, or with other
forms of variable air volume terminals. Further, this measure only applies to single-owner facilities
with closely-grouped buildings and does not consider multi-owner district, community, or shared
loop systems with multiple levels of pumping and loop flow control.

The GSHP analysis associated with this measure is based on several assumptions consistent with
best practice design for a quality GSHP installation:

e Building heating and cooling loads shall be calculated, and systems shall be sized in ac-
cordance with applicable federal, state, local and municipal codes and standards.

e GSHP units shall be sized in accordance with zone loads calculated with appropriate com-
mercial load calculations, such as from the 2017 ASHRAE Fundamentals.?

e The ground loop heat exchanger is adequately sized and installed properly to allow the
GSHP to meet the peak heating and peak cooling loads. The peak heating and cooling loads
pertain to the total of zone loads established above.

e The design loop pumping power must be less than 60 Watts per nominal installed ton?*,
or 7.5 HP per 100 tons, which corresponds to a grade of “B” according to the ASHRAE
GSHP Design Guide (Kavanaugh and Rafferty 2015).

e The GSHP efficiency is rated in accordance with ISO 13256-1, and AHRI-certified perfor-
mance ratings are provided by the manufacturer showing the efficiency and capacity of the
unit under full and part load conditions.

This measure applies for the following types of GSHP central pumping options:

240 2017 ASHRAE Fundamentals Handbook, Chapter 18. Non-residential heating and cooling loads.
241 The nominal tons are based on the rated cooling capacity at full load GLHP conditions as per 1SO Standard
13256-1.



e Traditional variable speed control that varies pump speed to maintain differential pressure
based on a sensor installed at a remotely located GSHP unit,

e Staged (two-speed) pumping control,

e “Sensorless” variable speed control where internal pump controls are used to approxi-
mately maintain constant pressure across the pump, or

e Hybrid options that combine central loop variable speed pumping with individual car-
tridge®*? circulators on each heat pump unit.

For the first 3 options, only the central pumping energy is calculated with no pumping adjustment
to the heat pump efficiency (Fpump,fun & Fpumppart Should be set to 1.0). For the hybrid option, both
central pumping energy as well as an adjustment to heat pump efficiency are required (Fpump,fu &
Foump,part cCOMe from the table below).

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings

Note: The algorithms below address energy impacts associated with space conditioning load only.
See the Methods for Calculating Annual Domestic Hot Water Energy Savings from a Dedicated
Water-to-Water Heat Pump section of this measure for estimating DHW savings associated with

these systems.

Annual Electric Energy Savings

AKWH = [ BCL ( FElecCool

1
000 - > X BEFLHcoolmgl

EERseason,baseline EERseason,ee

BHL F
+ < ElecHeat

X BEFLHpeq4i
COPseason,baseline CORseason,ee> eating

X
3,412

- [Fpump.avg X kWpump,design % 8760]]

Summer Peak Coincident Demand Savings

AKW = BCL % ( FElecCool 1

1.000 ) X CF — kWpump,design

EERpeak,baseline EERGSHP,full,,ee

Annual Fossil Fuel Energy Savings

BHL FFuelHeat
AMMBtu = X X BEFLHypq¢i
%= 1,000,000~ AFUE,qeopma heating
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings

242 Cartridge circulators are inline, self-contained pumps or circulators.



AMMBtu = Annual fossil fuel energy savings

AFUE = Annual fuel utilization efficiency, seasonal efficiency for fuel heat equipment
baseline = Characteristic of baseline condition
BCL = Building Cooling “Block™ Load at design conditions (BTU/h)

BEFLHcooiing = Cooling equivalent full-load hours based on building design load
BEFLHheating = Heating equivalent full-load hours based on building design load

BHL = Building Heating “Block” Load at design conditions (BTU/h)

CF = Coincidence Factor

COP = Coefficient of performance, ratio of output energy/input energy

COPseason = Coefficient of performance on a seasonal basis. Adjusted to account for fan and
pump power.

ee = Characteristic of energy efficient condition

EER = Energy efficiency ratio (BTU/watt-hour)

EERGsHefun = Full load energy efficiency ratio (BTU/watt-hours). Refers to GLHP-rated con-
dition for closed loop GSHP systems.

EERGseason = Energy efficiency ratio (BTU/watt-hour) at part-load seasonally-adjusted for fan
and pump power, for baseline conditions or for energy efficient case,
BTU/watt-hour

FEleccool = Electric cooling factor; used to account for the presence or absence of an elec-
tric cooling system

FElecHeat = Electric heating factor; used to account for the presence or absence of an elec-
tric heating system

FruelHeat = Fossil fuel heating; used to account for the presence or absence of a fossil fuel
heating system

peak = Peak rating condition

SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-

hour, (used for average U.S. location/region)
KWoump, design = Pumping power at the design or full speed loop flowrate, kW

Fpump, avg = Average pumping power percentage over the year, % or fraction

8760 = Number of hours in a year

3,412 = Conversion factor, one kWh equals 3,412 BTU

1,000 = Conversion factor, one kW equals 1,000 Watts

1,000,000 = Conversion factor, (BTU/MMBtu), one MMBtu equals 1,000,000 BTU

Summary of Variables and Data Sources

Variable Value Notes

Building cooling block load at design conditions determined by ap-
propriate commercial load estimating method. Block load is the
simultaneous or coincident peak load of all thermal zones (2017
ASHRAE Fundamentals, Chapter 18).

BCL

Building heating load at design conditions determined by appropri-
ate commercial load estimating method. Block load is the simulta-
neous or coincident peak load of all zones (2017 ASHRAE Funda-
mentals, Chapter 18).

BHL

If an electric cooling system is present, set equal to 1. Otherwise,
set equal to 0.

FEIecCooI




Variable

Value

Notes

FEIecHeat

If an electric heating system is present, set equal to 1. Otherwise,
set equal to 0.

FFueIHeat

If a fossil fuel-fired heating system is present, set equal to 1. Other-
wise, set equal to 0.

EERseason,baseline

Seasonal electric cooling energy efficiency rating of baseline
equipment. See Baseline Efficiency section below for details.

EERpeak,baseIine

Electric cooling energy efficiency rating of baseline equipment.
See Baseline Efficiency section below for details.

Energy efficiency ratio from the manufacturer’s catalog data AHRI

EERseason,ee ratings adjusted to account for applied fan and pump power. See
Compliance Efficiency section below for details.
Full load energy efficiency ratio at AHRI rated conditions. Corre-
EERGsHp full sponds to GLHP-rated condition with fluid temperature of 77°F for

closed loop systems.

AFU Ebaseline

Annual fuel utilization efficiency, seasonal energy efficiency for
fuel heating equipment. See Baseline Efficiency section below for
details.

CO Pseason,baseline

Electric heating energy efficiency rating of baseline equipment.
See Baseline Efficiency section below for details.

CO Pseason,ee

Coefficient of performance (ratio of heat delivered to energy input
to the heat pump unit) from the manufacturer’s catalog data ad-
justed to account for applied fan and pump power. See Compliance
Efficiency section below for details.

BEFLHcooling

Lookup based on building type, vintage and location from table be-
low.

Lookup based on building type, vintage and location from table be-

BEFLHheating low

The power consumption of the pump motor (and variable speed
KW pump,design drive) when the central loop pump provides the design or full

speed flowrate, KW.

The average pumping power across the year, lookup based on di-
Fpump,avg

versity and bypass flow from table below.

Coincidence Factor (CF)
The prescribed value for the coincidence factor is 0.69 in multifamily applications?*® and 0.8 in

commercial and industrial applications.

244

Baseline Efficiencies from which Energy Savings are Calculated

243 Based on BG&E ‘Development of Residential Load Profile for Central Air Conditioners and Heat Pumps’
research, the Maryland Peak Definition coincidence factor is 0.69. This study is not publicly available, but is
referenced by M. M. Straub, Using Available Information for Efficient Evaluation of Demand-Side Management
Programs, Electricity Journal, September 2011 and supported by research conducted by Cadmus on behalf of the
RM Management Committee.
244 No source specified — update pending availability and review of applicable references.




The baselines used in this measure are determined by the type of equipment that would have been
installed without the influence of the program supporting the installation of this measure. This
allows for an analysis that does not depend on a typical ‘like-for-like’ replacement scenario.

For LMI applications, existing condition baseline shall be established based on nameplate or meas-
ured efficiency.

Tables are provided below to show the baseline efficiencies for appropriate Electric Heating and
Cooling System Baseline Efficiencies, and appropriate Fossil Fuel Fired Heating System Baseline
Efficiencies.

Federal energy conservation standards?*® effective January 1, 2018 for small, large and very large
package air conditioning and heating equipment are more stringent than NYS and NYC codes.

These cases are denoted with footnotes in the table below.

Electric Cooling System Baseline Efficiencies

Unitary Air Conditioners
. Size Category Heating i . .
FUPTENt | (Cooling Capc- | Saion | SbeatEonor et | Baseine 1T
11.2 EER
) 13.0 SEER
Split System 11.4 EER?
Air conditioners | < 65,000 BTU/h All 13.4 SEER2
(air cooled) (single phase) 11.8 EER
. 14.0 SEER
Single Package 11.4 EER?
13.4 SEER?2
) 10.6 EER
Thmv‘flgn'the' < 30,000 BTU/h Al Split System 12.0 SEER
. (single phase) . 10.6 EER
(air cooled) Single Package 12 0 SEER
Small-duct
; ; < 65,000 BTU/h . 9.9 EER
hlg_h-velomty (single phase) All Split System 11.0 SEER
(air cooled)

24510 CFR 431.97 (Table 3).




Unitary Air Conditioners

. Size Category Heating ] . .
SOt | (Coning Capac- | Sacion | SUBCAony o Rt | Besine 1
Electric Re- . .
> 65,000 BTU/h . Split System and Sin- 11.2 EER
sistance (or
and gle Package 12.9 IEER
< 135,000 None)
BTU/’h246 All Other Split System and Sin- 11.0 EER
gle Package 12.7 IEER
Electric Re- . .
. Split System and Sin- 11.0 EER
> 135,000 BTU/h | sistance (or gle Package 12 4 |EER
and None)
< 240,000 BTU/h All Other Split System and Sin- 10.8 EER
Air conditioners gle Package 12.2 IEER
(air cooled) Electric Re- . .
. Split System and Sin- 10.0 EER
> 240,000 BTU/h | sistance (or gle Package 116 IEER
and None)
< 760,000 BTU/h Split System and Sin- 9.8 EER
All Other gle Package 11.4 IEER
Electric Re- Split System and Sin- 9.7 EER
sistance (or le Package 11.2 IEER
> 760,000 BTU/h | None) g g '
Split System and Sin- 9.5EER
All Other gle Package 11.0 IEER

Electric Cooling and Heating System Baseline Efficiencies for Package Terminal Equipment

standard Size?*®

Size Cate- | Subcategory Minimum Efficienc
Equipment Type gory (In- or Rating ECCCNY S y
put) Condition
PTAC (Cooling . o )
Mode) All Capaci- | 95°F db Out- | e _ 44 _ (0,300 x Cap/1,000)
. ties door Air
Standard Size
PTAC (Cooling
Mode) All Capaci- | 95°F db Out- _ i
Replacements/ Non- ties door Air EER =10.9 - (0.213 x Cap/1,000)

248 For equipment with >65,000 BTU/h and <135,000 BTU/h cooling capacity, IEER values are taken from 10 CFR

431.97 (Table 3).

247 «“Cap” = The rated cooling capacity of the project in BTU/h. If the unit’s capacity is less than 7,000 BTU/h, use
7,000 BTU/h in the calculation. If the unit’s capacity is greater than 15,000 BTU/h, use 15,000 BTU/h in the

calculations.”

248 Replacement/Nonstandard size units must be factory labeled as follows: “MANUFACTURED FOR
REPLACEMENT APPLICATIONS ONLY; NOT TO BE INSTALLED IN NEW CONSTRUCTION PROJECTS.”
Replacement/Nonstandard size efficiencies apply only to units being installed in existing sleeves having an external
wall opening of less than 16 in. high or less than 42 in. wide and having a cross-sectional area less than 670 in.




standard Size

Size Cate- | Subcategory Minimumm Efficienc
Equipment Type gory (In- or Rating ECCCNYS247 y
put) Condition
PTHP (Cooling All Capaci- | 95°F db Out- _
Mode) Standard Size ties door Air EER =14.0 - (0.300 x Cap/1,000)
PTHP (Cooling
Mode) All Capaci- | 95°F db Out- _ i
Replacements/ Non- ties door Air EER =10.8 - (0.213 x Cap/1,000)
standard Size
: NYS:
PTH,\PA(()Z'S)""“”Q All Capaci- B COP = 3.2 — (0.026 x Cap/1,000)
Standard Size ties NYC:
COP = 3.7 — (0.052 x Cap/1,000)
PTHP (Heating
Mode) All Capaci- —00o.
Replacements/ Non- ties o COP =2.9 - (0.026 x Cap/1,000)

Fossil Fuel Fired Heating System Baseline Efficiencies: Systems Serving Single Units 24°

ECCCNYS and NYCECC
Equipment Type Size Range Minimum Efficiency for

Climate Zones 4, 5, and 6

Warm Air Furnace, Gas Fired All Capacities 0.80 AFUE

Warm Air Furnace, Oil Fired All Capacities 0.83 AFUE

Boiler, Hot Water, Gas Fired All Capacities 0.82 AFUE

Boiler, Steam, Gas Fired All Capacities 0.80 AFUE

Boiler, Hot Water, Oil Fired All Capacities 0.84 AFUE

Boiler, Steam, Oil Fired All Capacities 0.82 AFUE

Fossil Fuel Fired Heating System Baseline Efficiencies: Systems Serving Multiple Dwelling Units

ECCCNYS Minimum
Equipment Type Size Range Efficiency for Climate
Zones 4,5 and 6
Warm Air Furnace, Gas <225 kBTU/h 0.80 AFUE
Fired > 225 kBTU/h 0.80 Et
Warm Air Furnace, Oil <225 kBTU/h 0.83 AFUE
Fired > 225 kBTU/h 0.81 Et
Warm Air Unit Heaters, ..
Gas Fired All Capacities 0.80 Ec
Warm Air Unit Heaters, ..
0il Fired All Capacities 0.80 Ec

249 10 CFR 430.32(e).




ECCCNYS Minimum
Equipment Type Size Range Efficiency for Climate
Zones 4,5 and 6
. <300 kBTU/h 0.82 AFUE
E’Slelgr’ Hot Water, Gas =300 KBTU/h and < 2,500 kKBTU/h 0.80 Et
> 2.500 kBTU/h 0.82 Ec
. . <300 kBTU/h 0.84 AFUE
1]:3 0 lelgr’ Hot Water, Oil > 300 KBTU/h and < 2,500 kBTU/h 0.82 Et
> 2,500 kBTU/h 0.84 Ec
. . <300 kBTU/h 0.80 AFUE
iﬁlggcitia;n; tgrfl grfg > 300 kBTU/h and < 2,500 kBTU/h 0.79 Et
p > 2.500 kBTU/h 0.79 Et
. . <300 KBTU/h 0.80 AFUE
Egg;;lsgerirfrtl Gas Fired, =360 kBTU/h and < 2,500 KBTU/h 0.77 Et
> 2.500 kBTU/h 0.77 Et
<300 kBTU/h 0.82 AFUE
Boiler, Steam, Oil Fired >300 kBTU/h and < 2,500 kBTU/h 0.81 Et
> 2,500 kBTU/h 0.81 Et

For scenarios where the baseline heating system is electric resistance heat, the baseline seasonal
efficiency is assumed to be a COP of 1.0. For scenarios with PTHPs as the baseline heating system,
we assume the rated heating efficiency is derated?° to account for mix of electric resistance and
PTHP operation:

COPseason baseline = COPrated X FpTHP
Where Fprrp = 0.55 for NYC and 0.45 for upstate locations

For cooling, the seasonal average efficiency (EERseasonbase), Should be set to the values of SEER
for residential equipment or IEER for commercial packaged equipment, as appropriate. For PTAC
or PTHP systems use rated EER times a factor of 1.15.2%*

For scenarios where there is new construction or substantial renovation, the baseline is assumed to
be a gas fired warm air furnace with a central air conditioning system when natural gas service is
available at the project site.

Replacement of room air conditioners is not addressed in this analysis. To capture savings associ-
ated with removal of room air conditioners, refer to the Air Conditioner — Room (RAC) Recycling
measure in the Single and Multi-Family Residential Measures section of this TRM.

250 A5 per Tables 11 and 12 from NYSERDA report “High-Performance Packaged Terminal Heat Pump Market and
Development Research”, Report 18-27, October 2018 completed by Taitem Engineering. Effective annual COP
with resistance heat backup are 1.76 in NYC and 1.32 in Syracuse with a change-over temperature of 35°F. This
equates to derating factors of 0.55 for NYC and 0.45 for Upstate NY assuming a rated COP of 3.2 in NYC and 3.0
upstate.

51 1.15 is the typical ratio of SEER and EER (or IEER and EER) given in the tables above.



Central Loop Pumping Energy Use for GSHP Systems

In larger GSHP systems with centralized pumping, the loop flow is modulated in response to the
building load (or the number of GSHP units operating). Each GSHP unit typically has a two-way
(or ON/OFF) valve that restricts loop flow through the unit when it is off.?%? As a result, less loop
flow is required at lightly-load conditions when fewer GSHP units are operating, SO pumping
power is significantly reduced.

The factor Foump,avg indicates the average fraction of the design or full power across the year. The
design power is defined as the electric power required to provide the design or maximum loop
flow rate (KWpump,design). The table below provides values of Foump,avg based on climate cities as
well as various design and operating factors. The operating factors include the type of pumping
system, the amount of load diversity and the amount of bypass flow in the loop. This table was
developed using a bin analysis as described in a White Paper.2>® These design and operating factors
are discussed below:

e The type of loop flow modulation can include: 1) Traditional variable speed drive (VSD)
driven pump controlled to maintain the differential pressure difference at a remote location
in the system, 2) a staged pumping system, or 3) a sensorless VSD pump that maintains a
constant pressure difference across the pump without using a pressure sensor (see the White
Paper).

e Variable speed loops may require that some bypass flow be provided so that the loop pumps
can continue to operate even when all the heat pumps are off. Bypass flow can be provided
by leaving off two-way valves on some heat pump units or by providing fixed bypass
plumbing from the supply to the return side of the loop. The % of bypass flow affects the
minimum allowable flow (and therefore the minimum pumping power). The table includes
bypass flows ranging from 30 to 60%.

e The load diversity in the system also affects the pumping energy use. Since each heat pump
is sized to meet the local zone loads, it is unlikely that every heat pump unit will be oper-
ating at the same time, even at design conditions. The table considers the case with modest
diversity (e.g., 80/90% of the maximum loop flow at cooling / heating design conditions)
as well as the case with more diversity (e.g., 60/70% of the maximum loop flow at cooling
/ heating design conditions). The design loop flow can often be less than the theoretical
maximum flow with every heat pump operating, which effects the diversity factor. We
recommend that modest diversity (80/90%) be used when the design loop flow is less than
the maximum theoretical flow. Otherwise use 60/70% diversity. The White Paper provides
further guidance on situations where load diversity is likely to occur.

252 |f the GSHP unit is dual-stage or variable speed, then a modulating valve should be used to maintain a constant
loop temperature difference across the unit.

253 Henderson, H. 2020. White Paper Savings Calculations for Large Ground Source Heat Pumps with Central
Pumping, For application in Multi-Family Buildings and Other Commercial Applications. Prepared for the New
York State Energy Research and Development Authority (NYSERDA) and the New York State Department of
Public Service. November.



Tables for Foump.avg Based on Location and Other Factors

Bing- New Pough-
hamton Buffalo | Massena quk keepsie
Cit
y
Bypass Flow = 30% (10% min Power) & Diversity = 80%/90%
Traditional VSD | 18.1% | 19.5% | 19.5% 18.6% | 19.2% | 20.7% 19.1%
Two-Stage 42.6% | 42.9% | 43.1% 41.6% | 40.9% | 44.5% 43.0%
Sensorless VSD | 19.0% | 20.5% | 20.5% 195% | 20.1% | 21.7% 20.0%
Bypass Flow = 40% (13% min Power) & Diversity = 80%/90%
Traditional VSD | 19.7% | 21.1% | 21.1% 204% | 20.7% | 22.4% 20.6%
Two-Stage 42.6% | 42.9% | 43.1% 41.6% | 40.9% | 44.5% 43.0%
Sensorless VSD | 20.7% | 22.2% | 22.1% 21.4% | 21.8% | 23.5% 21.7%
Bypass Flow = 50% (22% min Power) & Diversity = 80%/90%
Traditional VSD | 25.6% | 26.8% | 26.7% 26.3% | 26.2% | 28.0% 26.2%
Two-Stage 42.6% | 42.9% | 43.1% 41.6% | 40.9% | 44.5% 43.0%
Sensorless VSD | 26.8% | 28.1% | 28.0% 27.6% | 27.5% | 29.4% 27.5%
Bypass Flow = 60% (33% min Power) & Diversity = 80%/90%
Traditional VSD | 34.3% | 354% | 35.2% 35.0% | 34.7% | 36.5% 34.8%
Two-Stage 42.6% | 42.9% | 43.1% 41.6% | 40.9% | 44.5% 43.0%
Sensorless VSD | 36.1% | 37.2% | 37.0% 36.8% | 36.4% | 38.3% 36.5%
Bypass Flow = 30% (10% min Power) & Diversity = 60%/70%
Traditional VSD | 13.0% | 13.7% | 13.7% 13.4% | 13.4% | 14.7% 13.4%
Two-Stage 34.0% | 35.1% | 35.1% 35.0% | 34.2% | 36.6% 33.8%
Sensorless VSD | 13.7% | 14.4% | 14.4% 141% | 14.1% | 15.4% 14.1%
Bypass Flow = 40% (13% min Power) & Diversity = 60%/70%
Traditional VSD | 15.2% | 15.9% | 15.8% 15.6% | 15.5% | 16.8% 15.5%
Two-Stage 34.0% | 35.1% | 35.1% 35.0% | 34.2% | 36.6% 33.8%
Sensorless VSD 16.0% 16.7% 16.6% 16.4% 16.2% | 17.6% 16.3%
Bypass Flow = 50% (22% min Power) & Diversity = 60%/70%
Traditional VSD | 22.4% | 22.9% | 22.8% 22.8% | 22.6% | 23.7% 22.6%
Two-Stage 340% | 35.1% | 35.1% 35.0% | 34.2% | 36.6% 33.8%
Sensorless VSD | 235% | 24.1% | 23.9% 23.9% | 23.7% | 24.9% 23.7%
Bypass Flow = 60% (33% min Power) & Diversity = 60%/70%
Traditional VSD | 32.6% | 32.8% | 32.7% 328% | 32.7% | 33.5% 32.7%
Two-Stage 34.0% | 351% | 35.1% 35.0% | 34.2% | 36.6% 33.8%
Sensorless VSD | 34.3% | 345% | 34.3% 345% | 34.4% | 35.2% 34.3%

Albany Syracuse

Compliance Efficiency from which Incentives are Calculated

The compliance condition is an ENERGY STAR® certified GSHP heat pump system as defined
in the Measure Description section above. The formulas adjust performance for closed loop sys-
tems to an average entering water temperature for both heating and for cooling. For small residen-
tial systems the average entering temperatures are approximately 40°F for heating and 77°F for



cooling. For large GSHP systems, the user must specify the average entering water temperature
for heating (EWTavg,n) as well as for cooling (EWTavg,c). Temperatures for large buildings are typ-
ically 5 to 15°F higher than the residential / small systems averages in heating and 10 to 20°F
higher than the residential / small systems averages in cooling. Some loop sizing software can
provide the average values. If only the design temperatures from the ground loop sizing calcula-
tions are known (EWTmax and EWTnmin), then an approximate assumption would be:

EWTavg,h = EWTmin + 10°F
EWTavg,c = EWTmaX - 10°F

The formulas determine the average seasonal cooling efficiency (EERseason,ce) and the average sea-
sonal heating efficiency (COPseason,ee) for a GSHP system with a two-stage or variable speed com-
pressor. For single-stage units the part load values are omitted and Frun =1 & Fpart=0

EERseason,ee = [(Ffull X EERGLHP,full X (1 + 0.01 % (77 - EWTavg,c)) X Fpump,full)

+ (Fpare X EERguppare X (14 0.01 X (68 = EWTeyg,6)) X Foumppare) |
X Fdist,c

COPseason,ee = [(Ffull X COPGLHP,full X (1 +0.01 x (EWTavg,h - 32)) X Fpump,full)
+ (Fpare X COPsyuppare X (1 +0.01 X (EWTapgn — 41)) X Fyump,pare)]

X Faisth

where:

COPcLrpfun = Rated COP of the unit at GLHP full load heating conditions
COPgLHPpat = Rated COP of the unit at GLHP part load heating conditions
EERcLHrfun = Rated EER of the unit at GLHP full load cooling conditions
EERGLHPpat = Rated EER of the unit at GLHP part load cooling conditions

EWTavgh = The average entering loop temperature in the heating season

EWTavgc = The average entering loop temperature in the cooling season

Faist,c = Factor to adjust the cooling efficiency to account for additional fan power

Fdisth = Factor to adjust the heating efficiency to account for additional fan power

Frun = Seasonal weighting factor for full load efficiency

Fpart = Seasonal weighting factor for part load efficiency

Fpump, part = Factor to adjust part load efficiency to account for additional pumping power

Fpump,full = Factor to adjust full load efficiency to account for additional pumping power

0.01 = Correction for fractional change in EER or COP per each 1°F in entering loop
temperature*

254 Correction for % change in EER or COP as the entering fluid temperature changes by 1°F. Observed from
published performance data as well as in the IGSHPA Design Manual.



Summary of Variables and Data Sources

Variable

Value

Source

COPGLHP full

The rated COP of the unit at GLHP full load (or standard) heating con-
ditions from ASHRAE/ISO 13256-1. This value is certified by AHRI
and is available in the product directory. It corresponds to an entering
loop temperature of 32°F.

COPGLHP part

The rated COP of the unit at GLHP part load heating conditions from
ASHRAE/ISO 13256-1. This value is certified by AHRI and is availa-
ble in the product directory. It corresponds to an entering loop tempera-
ture of 41°F.

EERGLHP full

The rated EER of the unit at GLHP full load (or standard) cooling con-
ditions from ASHRAE/ISO 13256-1. This value is certified by AHRI
and is available in the product directory. It corresponds to an entering
loop temperature of 77°F.

EERGLHP part

The rated EER of the unit at GLHP part load cooling conditions from
ASHRAE/ISO 13256-1. This value is certified by AHRI and is availa-
ble in the product directory. It corresponds to an entering loop tempera-
ture of 68°F.

EWTavg h

The average entering loop temperature in the heating season, typically
between 45 and 55°F for larger GSHP systems.

EWTavg c

The average entering loop temperature in the cooling season, typically
between 60 and 80°F for larger GSHP systems.

EWTmin

The minimum expected entering loop temperature in the heating sea-
son, from the ground loop sizing calculations.

EW T max

The maximum expected entering loop temperature in the cooling sea-
son, from the ground loop sizing calculations.

Fdist,c

Factor to adjust the cooling efficiency to account for additional fan
power that would be required, beyond the fan power corresponding to
zero static in rated COP. Choose the appropriate factor from the Distri-
bution Correction Factors table below.

Fdisth

Factor to adjust the heating efficiency to account for additional fan
power that would be required, beyond the fan power corresponding to
zero static in rated COP. Choose the appropriate factor from the Distri-
bution Correction Factors table below.

Fsun

0.25

Seasonal weighting factor for full load efficiency = 0.25, for two-stage
and variable speed GSHP units. Based in part on observed mix of low
and high stage operation from field testing.?%® For single stage use 1.0.

Fpart

0.75

Seasonal weighting factor for part load efficiency = 0.75, for two-stage
and variable speed GSHP units. Based in part on observed mix of low

and high stage operation from field testing.?*® For single stage use 0.

25 New York State Energy Research and Development Authority (NYSERDA) 2017. “Analysis of Water Furnace
Geothermal Heat Pump Sites in New York State with Symphony Monitoring System,” NYSERDA Report
Number 18-03. Prepared by CDH Energy Corp., Cazenovia, NY. nyserda.ny.gov/publications.

26 1hid.




Variable Value Source

Factor to adjust the full load efficiency to account for additional pump-
Fpump,full ing power used by the system. Choose the appropriate factor from
Pumping Power Adjustment Factor table below.

Factor to adjust the part load efficiency to account for additional pump-

Fpump,part ing power used by the system. Choose the appropriate factor from
Pumping Power Adjustment Factor table below.

Loop Pumping Power Correction Factor (Fpump,ful @nd Fpump,part)
These correction factors are not required when centralized pumping is used with two-way valves
on each heat pump. In that case set Fpump,ful and Foump,part t0 1.0.

If the GSHP system includes central loop pumps AND also uses cartridge circulators on each
GSHP unit (instead of two-way valves), then these correction factors must be applied. The dis-
cussion of pumping Watts below only applies to the cartridge circulator/pump and NOT to the

central pumps.

A correction factor for cartridge pumps (Fpump.ful and Fpump part) is required because the rated effi-
ciency values only include the pumping energy associated with the water-side pressure drop
through the heat pump unit (typically about 5-10 Watts per nominal ton). Actual pumping power
is much higher. The ASHRAE GSHP Design Guide (Kavanaugh and Rafferty 2015) developed a
grading system that assigns scores based on the amount of pumping power per installed ton. For
instance, it gives a grade of “A” to system that uses 45 Watts per nominal ton and a grade of “B”
to a system that uses 60 Watts per nominal ton.

Analysis of observed pumping power from 45 to 75 Watts/ton was performed to determine the
impact of loop pumping power on efficiency. Results are shown in the Pumping Factors table
below.

Pumping Power Adjustment Factors for Cartridge Pumps on each GSHP unit

Different factors are required for different loop pumping power levels and loop pump control strat-
egies. For part load performance there are multiple ways to control the pump at low stage:

e the pump can maintain constant flow regardless of compressor stage.

e the pump stages flow in proportion to the compressor capacity.
e the pump can be variable speed and modulate with the variable speed compressor.

A constant speed loop pump with a staged or variable speed GSHP unit results in poor performance
since the pump power becomes a relatively larger portion of total power at low stage. Variable
speed pumping with a variable speed compressor results in the best performance. The penalty for
constant speed pumping is highest for units with variable speed compressors. The last considera-
tion is the low-to-high capacity ratio (CR), which can be calculated as follows:

CR = Q CGLHP,part

QCsrup,fun



where:

CR = Capacity ratio of part-load cooling capacity to full-load heating capacity.
QCoLHrpat = Part-load cooling capacity rating from AHRI certificate.
QC eLrpfun = Full-load heating capacity rating from AHRI certificate.

The values of QC are the rated full and part load performance values from AHRI. Units with two
stage compressors typically have a value of CR of approximately 0.75. Units with variable speed
compressors typically have a CR of approximately 0.40.

The table below presents the values of Fpump,fun and Fpump,part that correspond to each loop pump
arrangement (e.g. pumping control strategy, CR, and pumping power). Single stage GSHP units
only require the full load factor, while staged and variable speed GSHP units require both full and
part load factors. The full load pumping factors are typically 0.86 to 0.94. Part load factors can
range from 0.77 to 0.94 depending on the pumping control strategy, the capacity ratio of the heat
pump, and the pumping power. The factor closest to the actual situation should be used.

Pumping Factors (Fpumpful and Fpump,part)

Pumping Control | C2P3¢-
g tragte ity Ra- 45 Watts/ton 60 Watts/ton 75 Watts/ton
gy tio Clg Htg Clg Htg Clg Htg
Full load (Fpump,full) 0.94 0.94 0.93 0.92 0.91 0.90
Part load — constant
flow pumping 0.75 0.89 0.91 0.86 0.89 0.83 0.86
(Fpump,part)
Part load — constant
flow pumping 040 | 081 | 085 | 077 | 081 | 072 | 077
(Fpump,part)
Part load — staged 0.75 0.92 0.94 0.89 0.91 0.87 0.89
pumping (Fpump.part)
Partload ~staged | o 40 | 002 | 094 | 089 | 091 | 087 | 089
pumping (Fpump.part)
Partload = variable | 46 | g94 | 095 | 092 | 093 | 090 | 092
pumping (Fpump.part)

Distribution Power Correction

For GSHP systems with an air-duct distribution system, the fan power included in the rated effi-
ciencies corresponds to zero external static pressure and therefore is smaller than would be ex-
pected for an actual application. The indoor fan power included in the ISO 13256-1 test procedure
is estimated to be approximately 0.15 Watts/cfm for permanent split-capacitor fan motors and 0.11
Watts/cfm for electrically commutated fan motors.?%’

The purpose of the distribution (i.e., fan or pump) correction factor, Fgisthand Faistc iS to determine
the equivalent amount of distribution power for the baseline system, such as a fuel fired furnace

27 bid.



or boiler. The correction factor considers the differential distribution power between the GSHP
and the baseline system. The Distribution Correction Factors to correct GSHP Seasonal Efficiency
for typical baseline scenarios summarized in the table below:

Distribution Correction Factors (Fgisth and Faist.c)
If baseline system is a Fur-
nace with conventional air

If baseline system is
a Central air source

If baseline system is a
Boiler with conventional

conditioning air conditioning heat pump
Heating (Fuisth) 0.96 0.96 0.97
Cooling (Fuist.) 0.95 0.95 0.95

Note: Based on furnace and boiler ancillary power of 137 Watts

Operating Hours

The Building Equivalent Full Load Hours for heating (BEFLHheating) and for cooling
(BEFLHcooling) in the tables below represent building equivalent full load operating hours for
HVAC equipment based on the design heating and cooling loads (i.e., “Block Loads”). The table
includes BEFLH values for small commercial buildings as well as low and high-rise multifamily
buildings. These values were developed in a White Paper based on EnergyPlus simulation runs
from a NYSERDA simulation project focused on commercial and multifamily buildings (Hender-
son 2021b). BEFLH values are given by climate zone and by building vintage for each building
type. Large commercial buildings have been excluded from the table since baseline HVAC sys-
tems in those buildings (e.g., VAV systems) are not adequately considered in this measure. For
facility types not listed, central-pumped GSHP measures shall be addressed via custom analysis.

Facility Type Cz* BEFLH Heatin BEFLH Coolin
Pre-1980 | Post-1980 | NC | Pre-1980 | Post-1980 | NC
Office — Low.Ri 4A 351 537 285 1,000 1,186 984
'(C;‘ﬂo‘z)"rvs') ¢ '5A 545 793 505 634 778 786
= 6A 599 790 521 495 641 672
4A | 1,029 1,055 | 1,269 609 622 656
Grocery 5A 1,206 1,204 1,447 358 343 506
6A | 1,130 1,130 | 1,344 277 263 355
N} 4A 386 916 649 1,956 2,141 | 2,056
otel —Small =5 19 1127 | 893 | 1,916 | 1058 | 1,818

(<4 floors)

6A 502 942 919 1,650 1,760 1,625




- « BEFLH Heatin BEFLH Cooling
Facility Type | CZ* 15080 [ Post-1980 | NC | Pre-1980 | Post-1980 | NG
4A | 1153 1236 | 778 767 788 | 1,141
Restaurant 5A | 1,481 1508 | 1.183 | 545 547 808
6A | 1,413 1386 | 1,142 | 381 417 663
4A 760 779 579 705 705 941
Stand Alone Retail | 5A 987 983 858 466 440 662
6A 969 970 838 362 363 617
4A 550 558 178 552 632 | 1,160
School 5A 688 729 394 362 394 885
6A 690 709 275 327 323 818
4A 875 876 637 243 230 498
Warehouse 5A | 1,161 1159 | 915 97 93 276
6A | 1,049 1047 | 972 82 77 247
Multifamily 4A | 1,332 1324 | 1,100 | 900 935 987
5A | 1,713 1668 | 1,320 | 631 666 497

(<7 floors)

6A | 1,449 1393 | 1,450 | 453 470 542
N 4A | 1,242 1216 | 1,144 | 965 1,007 | 1,192
7 ';"n‘jltlg(;“t'lg’ors) 5A | 1,625 1563 | 1,391 | 693 738 638
= 6A | 1,375 1,301 | 1,406 | 494 523 697
Multifamily - Brick 22| 1431 1317 | 1,198 | 1141 1074 | 1.212
(7 and 220 floors) |_BA_|_L793 1668 | 1,430 | 752 777 639
= 6A | 1,606 1382 | 1478 | 573 572 699

* Climate Zones (CZ) shall be mapped to standard weather stations/cities as follows:
e 4A:NYC
e 5A: Albany, Buffalo, Poughkeepsie, Syracuse
e 6A: Binghamton, Massena

Example Calculation (Not to be used as default)

Several GSHP units are installed at a low-rise office building located near Albany (climate
zone 5A) constructed in 1975. The units are combined into a system with a closed loop ground
heat exchanger field with centralized pumping. The system is of hybrid design, combining tra-
ditional central loop variable speed pumping with individual cartridge circulators on each heat
pump unit. Each heat pump has a full load EER of 19, part load EER of 25, full load COP of
3.5 and part load COP of 4.1. The GSHPs have 45 watts/ton system pumping power. The
building has a total cooling load of 720 kBTUh and total heating load of 1,000 kBTUh. The
baseline HVAC equipment comprise 20-ton packaged gas furnace/RTU AC units. The mini-
mum expected temperature entering the loop in the heating season is 60°F and the maximum
expected temperature entering the loop in the cooling season is 60°F. At full speed flowrate,
the pump motor and variable speed drive draw 0.5 kW. The design loop flow is less than maxi-
mum theoretical flow, and when heat pumps are in off position, bypass flow is configured to
60% of design flowrate. Annual Electric Energy Savings, Summer Peak Coincident Demand
Savings and Annual Fossil Fuel Energy Savings are calculated as below.




EERseason,baseline EERseason,ee)

BHL % FElecHeat
3,412

_ BCL FElecCool
AkWh = ll,OOO X (

X BEFLHCOO[ingl

+

1
- X BEFLHpeqr;
COPseason,baseline COPseason,ee) eating

~ [Foump,avg X KWpump,design X 8760]]

BCL FElecCool 1 >
ARW = X — X CF — kW, ,
1,000 <EERpeak,baseline EERGsup,full,ee pump,design
BHL F
AMMBtu = w — FuelHeat BEFLHnsating

1;000;000 AFUEbaseline

BCL = 720,000, from application

FEteccool = 1, from Summary of Variables and Data Sources table based on baseline HVAC
from application

EERseason baseline = 11.4, from Baseline Efficiencies section based on equipment type and size
from application

EERseason,ee = ((Ffull X EERGLHP,full X (1 +0.01 x (77 - EWTavg,c)) X Fpump,full) + (Fpan X
EERGLHP,pan (1 +0.01 x (68 — EWTavg,c)) X Fpump,part)) X Fdist,c
=((0.25x19x (1 +0.01 x (77 -50)) x 0.93) + (0.75 x 25 x (1 + 0.01 x (68- 50) x
0.92)) x 0.95 =24.67
EERseasonee €quation from Compliance Efficiency section based on GSHP type
Frun from Compliance Efficiency section’s Summary of Variables and Data Sources ta-
ble
EERGLupfunl from application
EWTave,c = EWTmin - 10°F =60 - 10 = 50°F

EWTaygc equation from compliance efficiency section
EWThmin from application

Fpump,funl from Pumping Power Adjustment Factors table based on application
Fpart from Compliance Efficiency section’s Summary of Variables and Data Sources ta-
ble
EERGLHPpart from application
Fpump,part from Pumping Factors table based on application
Fist,c from Distribution Correction Factors based on application

BEFLHcooling = 634, from Operating Hours section based on location, Facility Type and con-
struction year from application

BHL = 1,000,000, from application

FElecHeat = 0, from Summary of Variables and Data Sources table based on existing HVAC from
application

COPseaseason,baseline = N/ A

COPseason,ce = ((Funt X COPgLupfull X (1 +0.01 X (EWTavgh — 32) ) X Fpump,full) + (Fpart x COP-
GLHP,part X (1 +0.01 x (EWTavg,h - 41)) X Fpump,pan)) X Fdist,h




=((0.25x3.5x (1 +0.01 x (70-32))x 0.92) + (0.75 x 4.1 x (1 + 0.01 x (70 - 41)) x
0.93)) x 0.96 =4.61
COPseasonce €quation from Compliance Efficiency section based on GSHP type
COPGLupfull from application
EWTavgh = EWTmin + 10°F = 60 + 10 = 70°F
EWTaven equation from compliance efficiency section
EWTmin from application
Fpump,fuit from Pumping Power Adjustment Factors table based on application
COPGLHPpart from application
Fpump,part from Pumping Power Adjustment Factors table based on application
Faistn from Distribution Correction Factors based on application
BEFLHheating = 545, from Operating Hours section based on location, Facility Type and con-
struction year from application
Fpump,avg = 0.343, from Central Loop Pumping Energy Use for GSHP Systems section based on
Bypass Flow, Diversity, type of loop flow modulation, and location from application
KW pump.desien = 0.5, from application
EER peak,paseline = 9.8, from Baseline Efficiencies section based on equipment type and size from
application
EERGsHP full,ee = 19, from application
CF = 0.8, from Summary of Variables and Data Sources table based on application
FruelHeat = 1, from Summary of Variables and Data Sources table based on existing HVAC from

application
AFUEpaseiine = 0.8, from Baseline Efficiencies section based on equipment type and size from
application
AkWh = [720’000 X ( - ! ) X 634]
~ 1 1,000 114 24.67
1,009,000 X (O ! ) X 545 —[0.343 x 0.5 x 8760]
3,412 4.61 ' '
= —14,612.35 kWh
—720'000x<1 1)><08 0.5 =27.96 kW
~ 1,000 " \9.8 19/ R
1,000,000 1
AMMBtu = — X 545 = 681.25 MMBtu

—X
1,000,000 0.8

Methods for Calculating Annual Domestic Hot Water Energy Savings from a Dedicated Wa-
ter-to-Water Heat Pump

GSHP systems can meet DHW loads by installing a water-to-water heat pump (WWHP) dedicated
to meeting the DHW load.



When a WWHP that is dedicated to DHW is added to the ground loop, the DHW-WWHP operates
in response to the DHW loads, independently of GSHP units’ operation to meet space loads.
Therefore, the energy savings are more consistent across the year.

In this analysis the DHW-WWHP displaces nearly all the DHW load. Electric demand impacts
are not considered at this time.

QDHW—WWHP FFFDHW
AMMBt - =
UpHW-WWHP 1,000,000 UEFyasetine

QDHW—WWHP FEDHW 1
AW Ry = ( )
DHW-WWHP 3,412 UEFpaseiine  COPprw-wwhp

Qprw-wwip = 1.1 X GPD Junit x 365 X 8.33 X ATpmain
COPpyw-wwrp = COPpyprirup X 0.95
where:

AMMBtupnw-wwHp = Fossil fuel energy displaced by dedicated DHW-WWHP
AkWhpuw-wwhp = Electricity savings from dedicated DHW-WWHP operation

COPAHRI,GLHP = Rated COP per 1SO13256-2 at GLHP conditions (32°F source-side, 104°F
load-side)

COPpHw-wwHP = Overall annual COP of dedicated DHW-WWHP

Feprw = Factor indicating that baseline DHW system is electric

FrrDHW = Factor indicating that baseline DHW system is fossil fuel fired

GPD/unit = Gallons per day consumption, for DHW system per installed unit

QDHW-wwHP = Annual DHW load served by dedicated DHW-WWHP, BTU

UEFoaseline = Uniform energy factor of baseline DHW appliance (gas or electric). For
commercial systems use AFUE or Et in place of UEF, as appropriate.

ATmain = Average temperature difference between delivered hot water temperature
and the supply water temperature in water main (°F)

0.95 = Correction factor from AHRI rated conditions to 50-60°F source-side,
120-130°F load-side.

1.1 = Factor to increase DHW load served by DHW-WWHP to account for 10%
tank losses (that are embedded in UEF).

8.33 = Specific heat of water; energy required (BTU), to heat one gallon of water
by one degree Fahrenheit [BTU/(gal-F)]

365 = Days in one year

3,412 = Conversion factor, one kWh equals 3,412 BTU

1,000,000 = Conversion factor (BTU/MMBtu), one therm equals 1,000,000 BTU

Summary of Variables and Data Sources



Variable Value Notes
Feorw ! fo[r)ills\(;trlc Factor indicating baseline DHW is electric
FrrDHW ! fongHaf/-\;" ired Factor indicating baseline DHW is fossil fuel-fired
From application, or lookup/calculate based on building
GPD/unit type, square footage, and occupancy from GPD _ta_ble
below. If based on values per the table below, divide re-
sult by number of units installed.
Supply water temperature in water main (°F). Lookup in
Tmain Cold Water Inlet Temperature table below based on
nearest city.
Tdel 125 Delivered hot water temperature (°F).%®
Uniform Energy Factor of the baseline condition. See
UEFpaseline Baseline Efficiencies section for details regarding
derivation of this input.
Average temperature difference between delivered hot
ATmain Tdel - Tmain water temperature and the supply water temperature in

water main (°F).

COPAHRI,GLHP

From application.

Hot Water Consumption for Commercial and Multifamily Building Applications

Building Type | GPD Rate Notes/Assumptions Source
Assembl 939 | 7-02 GPD per Assumes 10% hot water, | EIAZ®: Public As-
y 1,000 SF 34,000 SF sembly
. 4.89 GPD per Assumes 10% hot water, .
Auto Repair 25 1,000 SF 5.150 SF EIA: Other
. . 3.43 GPD per Assumes 10% hot water, ) .
Big Box Retail 448 1,000 SF 130 500 SF EIA: Mercantile
i - 260.
Community 1,520 1.9 GPD per per Assumes 800 students NREL : School
College son with Showers
Dormitory 8,600 17'.2 GPD per Assumes 500 residents Water R_e segGrlc h
resident Foundation
Elementary 250 | 0-5 GPDperstu- | A ccimes 500 students | NREL: School
School dent
Fast Food Res- 500 | 500 GPD per FSTC?52: Quick Ser-
taurant restaurant vice

28 Aligned with residential measure set point temperature to normalize default GPD across sectors.

29 U.S. Energy Information Administration, 2012 Commercial Buildings Energy Consumption Survey: Water
Consumption in Large Buildings, Table WD1. Daily water consumption in large commercial buildings, 2012.
260 National Renewable Energy Laboratory, Saving Energy in Commercial Buildings: Domestic Hot Water
Assessment Guidelines, Table 1. Hot Water Use by Building Type, June 2011.

261 Water Research Foundation: Residential End Uses of Water, Version 2, April 2016.
262 |mproving Commercial Kitchen Hot Water System Performance, Design Guide — Energy Efficient Heating,
Delivery and Use, Table 1. Typical hot water system cost for restaurants, March 2010.




Building Type | GPD Rate Notes/Assumptions Source
Full-Service ) 5 5 | 2,500 GPD per FSTC: Full Service
Restaurant restaurant
3.43 GPD per Assumes 10% hot water, ) .
Grocery 172 1,000 SF 50,000 SF EIA: Mercantile
High School 1,520 1.9 GPD per per- | »cqimes 800 students | NREL: School with
son Showers
. 54.42 GPD per | Assumes 40% hot water, | EIA: Health Care,
Hospital 16,938 | 1 hoo sF 250,000 SF Inpatient
45.52 GPD per Assumes 40% hot water, ) .
Hotel 9,104 1,000 SF 200,000 SF EIA: Lodging
Large Office 550 31011 GPD per per- Assumes 500 people NREL.: Office
. 3.43 GPD per Assumes 10% hot water, ] .
Large Retail 446 1,000 SF 130,000 SF EIA: Mercantile
. . 4.89 GPD per Assumes 10% hot water, ]
Light Industrial 489 1,000 SF 100,000 SF EIA: Other
45.52 GPD per Assumes 40% hot water, ] .
Motel 1,366 1,000 SF 30,000 SF EIA: Lodging
Multifamily 3.440 34.4 GPD per Assumes 100 units, 2 Multifamily Base-
High-Rise ’ unit people per unit line Study?®3
Multifamily 34.4 GPD per Assumes 12 units, 2 Multifamily Base-
. 413 : : .
Low-Rise unit people per unit line Study
Refrigerated 86 0.93 GPD per Assumes 10% hot water, | EIA: Warehouse and
Warehouse 1,000 SF 92,000 SF Storage
Religious 77 7.02 GPD per Assumes 10% hot water, | EIA: Public Assem-
g 1,000 SF 11,000 SF bly
Small Office 110 Sl;}GPD PETPEr™ | Assumes 100 people NREL: Office
. 3.43 GPD per Assumes 10% hot water, ) .
Small Retail 27 1,000 SF 8.000 SF EIA: Mercantile
University 1,000 8e5ntG PD per stu- Assumes 2,000 students | NREL: School
Warehouse 465 0.93 GPD per Assumes 10% hot water, | EIA: Warehouse and
1,000 SF 500,000 SF Storage
Calcu- | 4.89 GPD per 0 )
Other late | 1.000 SF Assumes 10% hot water | EIA: Other

Cold Water Inlet Temperature (Tmain)

Supply water main temperatures vary according to climate and are approximately equal to the
annual average outdoor temperature plus 6°F.?%* Supply main temperatures based on the annual
outdoor temperature are shown below.

263 Residential Statewide Baseline Study of New York State, July 2015. Volume 2: Multifamily Report, Table 8.
264 Burch, Jay and Christensen, Craig, “Towards Development of an Algorithm for Mains Water Temperature.”
National Renewable Energy Laboratory.




City N emperature (F) Train (°F)
Albany 49.4 55.4
Binghamton 46.8 52.8
Buffalo 49.1 55.1
Massena 45.1 51.1
NYC 54.7 60.7
Poughkeepsie 50.9 56.9
Syracuse 49.0 55.0

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition is a minimally code compliant water heater of type (storage-type or instan-
taneous) equivalent to the existing water heater and with tank volume (where applicable), input
capacity and draw pattern equivalent to the efficient water heater. For new construction, the base-
line condition is a minimally code compliant storage-type water heater with tank volume, input
capacity and draw pattern equivalent to the efficient water heater. UEFyaseline Shall be calculated as
a function of qualifying equipment tank volume (vt) for storage type water heaters. A Medium
draw pattern should be assumed for storage type water heaters with rated storage capacity < 50
gallons and a High draw pattern should be assumed otherwise.

Residential Water Heaters?®’

Product Rated Storage Volume .
Class and Input Rating Draw Pattern Uniform Energy Factor
Very Small 0.3456 - (0.0020 x vt*)
Low 0.5982 - (0.0019 x vt)
> <
Gas-Fired | =20galand<sSeal o o 0.6483 - (0.0017 x vt)
Storage High 0.6920 - (0.0013 x vt)
Water Very Small 0.6470 - (0.0006 x vt)
Heater Low 0.7689 - (0.0005 x vt)
<
>33 galand <100 gal 7o e 0.7897 - (0.0004 x vt)
High 0.8072 - (0.0003 x vt)

265 Average annual outdoor temperatures taken from NCEI 1991-2020 climate normals.
266 Based on review of typical usage bins for AHRI certified residential water heating equipment.
(https://www.ahridirectory.org/ahridirectory/pages/home.aspx).

267 10 CFR 430.32(d).




Pg)lg:s“ Ra:lf:i ?::;)rlilf;;(;:lugme Draw Pattern Uniform Energy Factor
Oil-fired Very Small 0.2509 — (0.0012 x vt)
Storage <50 gal Low 0.5330 — (0.0016 x vt)
Water - Medium 0.6078 — (0.0016 x vt)
Heater High 0.6815 — (0.0014 x vt)
Very Small 0.8808 - (0.0008 x vt)
Low 0.9254 - (0.0003 x vt)
Electric 220 galand =55 gal - "o 4 0.9307 - (0.0002 x vt)
Storage High 0.9349 - (0.0001 x vt)
Water Very Small 1.9236 - (0.0011 x vt)
Heater Low 2.0440 - (0.0011 x vt)
735 galand < 120 gal 1m0 - 2.1171 - (0.0011 x vi)
High 2.2418 - (0.0011 x vt)

*Vv¢ = tank volume in gallons

Commercial Water Heaters for Central Systems

Commercial Equipment Type Efficiency Level
Tank Type: All Sizes 0.80 Et

Gas-Fired Hot Water Boiler: < 300,000 BTU/h 0.82 AFUE
Oil-Fired Hot Water Boiler: < 300,000 BTU/h 0.84 AFUE
Gas-Fired Steam Boiler, All Except Natural Draft: < 300,000 BTU/h 0.80 AFUE
Gas-Fired Steam Boiler, Natural Draft: < 300,000 BTU/h 0.80 AFUE
Oil-Fired Steam Boiler: < 300,000 BTU/h 0.82 AFUE

First Hour Rating vs. Draw Pattern (Storage Type Only)?%8

First Hour Rating Draw Pattern
< 18 gallons Very Small
> 18 and < 51 gallons Low
> 51 and <75 gallons Medium
> 75 gallons High

Example Calculation (Not to be used as default)

A water-to-water heat pump is being installed with a GSHP with GLHP COP of 3.5 at a low-
rise office building located near Albany (climate zone 5A). The existing DHW system is a gas-
fired storage water heater that has a 50-gallon capacity and Medium draw pattern. Annual
Electric Energy Savings, Summer Peak Coincident Demand Savings and Annual Fossil Fuel
Energy Savings are calculated as below.

COPpyw-wwrp = COPaygigLup X 0.95

26810 CFR 429.17.



QDHW—WWHP FFFDHW
1;000,000 UEFbaseline

AMMBtupyw-wwup =

QpHw-wwhp Fepuw 1
ARWhppw -wwhp = ( )

3,412 UEFbaseline COPDHW—WWHP
COPanriGLEp = 3.5, from application
COPpuw-wwnp = 3.325
vt = 50, from application
Fepuw = 0, from Summary of Variable and Data Sources table based on baseline DHW fuel
source from application
Frrpuw = 1, from Summary of Variable and Data Sources table based on baseline DHW fuel
source from application
GPD/unit = 110, GPD/unit equation based on Hot Water Consumption for Commercial and
Multifamily Building Applications table
ATmain = Tdel - Tmain =125-55.4=69.6 °F
Tger from Summary of Variables and Data Sources table
Tmain from Cold Water Inlet Temperature lookup table based on location from  appli-
cation
UEFobaseline = 0.6483 - (0.0017 x vt) = 0.6483 - (0.0017 x 50) = 0.5633
UEFuaseline equation lookup from Baseline Efficiencies section based on Product Class
from baseline application and Rated Storage Volume
vi =50, from application

Opiw—wwip = 1.1 X 110 X 365 X 8.33 X 69.6 = 25,605,454

25,605,454 1

AkWh _ 25,605,454 X ( 0 ! ) = —2,257.00 kWh
DHW-WWHP — 3 412 0.5633 3.325/ e

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts



Ancillary electric savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.
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HEATING, VENTILATION AND AIR CONDITIONING (HVAC) — CONTROL

ADVANCED RTU CONTROL

Measure Description

This measure covers the installation of Advanced Rooftop Unit (RTU) Control on a single-zone,
constant volume, rooftop HVAC unit with a single-speed supply fan and functioning economizer.
Advanced RTU Control consists of integrated demand-controlled ventilation (DCV) and optional
two or three-speed supply fan control enabled via variable frequency drive. DCV systems deter-
mine occupancy using a CO2 sensor and reduce heating and cooling loads by modulating outdoor
air intake to meet ventilation requirements. Variable-speed fan motors reduce the fan speed for
first stage cooling and ventilation. This measure is only eligible in retrofit applications or where
DCV and variable speed fan control are not required by code.

This measure applies to one of three control scenarios:
e Scenario 1: DCV
e Scenario 2: DCV and two-speed supply fan control (40% in ventilation mode, 90% in heat-
ing and cooling modes) — applicable for multi-speed fan control scenarios.
e Scenario 3: DCV and three-speed supply fan control (40% in ventilation mode, 75% in first
stage heating and cooling modes, 90% in second stage heating and cooling modes) — ap-
plicable for VFD control scenarios.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings

AKWh = AkWheooring + AKW hpeating
AkWh oo1ing = tons X (AKWh/ton)cooling
AkW hpeating = tons X (AkWh/ton) peating X Friecreat
Summer Peak Coincident Demand Savings
AkW = tons x (AkW /ton) x CF
Annual Fossil Fuel Energy Savings

AMMBtu = kBTUhyy,; X (AMMBtu/kBTUR) X Fryeneat

where:

AkWh = Annual electricity energy savings

AkW = Peak coincident demand electric savings
AMMBtu = Annual fossil fuel energy savings

AkWheooling = Annual electricity cooling energy savings



AkWhheating = Annual electricity heating energy savings

tons = Tons of air conditioning supplied by RTU, based on nameplate data

kBTUhout = Output capacity of RTU furnace (kBTU/h)

(AkWh/ton)cooling = Annual electricity cooling energy savings per ton of air conditioning

(AkWh/ton)neating = Annual electricity heating energy savings per ton of air conditioning

(AkW/ton) = Peak coincident demand electric savings per ton of air conditioning

(AMMBtw/kBTUh) = Annual fossil fuel energy savings per KBTUh output heating capacity

FElecHeat = Electric heating factor, used to account for the presence or absence of an
electric heating system

FruelHeat = Fuel heating factor, used to account for the presence or absence of a fossil
fuel heating system

CF = Coincidence Factor

Summary of Variables and Data Sources

Variable Value Notes
tons From application.
Lookup from Electric Cooling Savings
(AkWh/ton)cooling (AkWh/ton)cooling table below based on location
and control scenario.
Lookup from Electric Heating Savings
(AkWh/ton)neating (AKWh/ton)neating table below based on location
and control scenario.
Lookup from Peak Demand Electric Savings
(AkW/ton) (AkW/ton) table below based on location and
control scenario.
Lookup from Fuel Savings (AMMBtu/kBTUh)
(AMMBtuw/kBTUh) table below based on location and control sce-
nario.
Fetecticat Use a_value of 1:0 if the_heating se_ction of the
retrofitted RTU is electric. Otherwise, use 0.0.
Use a value of 1.0 if the heating section of the
FruelHeat retrofitted RTU is fossil fuel fired. Otherwise,
use 0.0.
CF 0.8
Electric Cooling Savings (AkWh/ton)cooling®®®
City-> Albany Binghamton Buffalo Massena
ControlSce-1 | 5 | 3 | 1| 2 | 3 |12 |3 |1]| 2] 3
nario->
Assembly 44,0 11324 |150.3|23.4| 70.3 | 79.8 |37.1|1115|1265|24.8| 745 | 84.6
Assisted Living | 7.5 | 497.1 | 5185 | 4.0 | 264.1 | 2754 | 6.3 | 418.5|436.5| 4.2 | 279.9 | 292.0
College 46.3 | 351.4 | 378.5 | 24.6 | 186.7 | 201.1 | 39.0 | 295.9 | 318.6 | 26.1 | 197.9 | 213.1

269 Deemed savings calculated based on IL TRM V11 (4.4.41 Advanced Rooftop Controls (ARC), pg. 466) values
for Chicago, adjusted by the ratio of Cooling Degree Days for each listed NY city and Chicago, based on NCEI
1991 — 2020 Climate Normals using base 65° balance point as detailed in “Advanced RTU Control — Weather
Normalized DCV Savings.xlsx”




City-> Albany Binghamton Buffalo Massena
Control Sce-| 4| » | 5 | 1 | 2 | 3 |1 3 > | 3
nario->
g&?g'gtéone" 3.0 |304.1|346.4 | 1.6 | 161.5|184.0 | 2.5 | 256.0 | 291.6 | 1.7 | 171.2 | 195.0
(S:t%r:‘efe”'ence 42.7 | 788.6 | 836.6 | 22.7 | 418.9 | 444.4 | 36.0 | 664.0 | 704.3 | 24.1 | 444.1 | 471.1
Garage 16.4 | 4135 | 491.2 | 8.7 | 219.7 | 260.9 | 13.8 | 348.1 | 413.5 | 9.3 | 232.8 | 276.6
Grocery 37.6 | 416.6 | 434.7 | 20.0 | 221.3 | 230.9 | 31.6 | 350.7 | 365.9 | 21.2 | 234.6 | 244.8
gi?ﬁ{jcw“”g 7.7 1652.0 | 691.1 | 4.1 | 3463 |367.1| 6.5 |548.9|581.8 | 4.3 | 367.1 | 389.2
Office Low Rise | 14.7 | 912.6 | 969.2 | 7.8 | 484.8 | 514.8 | 12.4 | 768.3 | 815.9 | 8.3 | 513.9 | 545.7
iF;eg"g'O“SB“"d' 5.4 | 766.0 | 881.6 | 2.9 | 406.9 | 468.3 | 45 |644.9 | 7422 | 3.0 | 4314 | 496.5
Restaurant 12.8 | 491.7 | 523.0 | 6.8 | 261.2 | 277.8 | 10.7 | 413.9 | 440.3 | 7.2 | 276.9 | 294.5
Retail Depart- | 5q 5| 597 4 | 641.4 | 15.6 | 317.4 | 340.7 | 24.8 | 503.0 | 540.0 | 16.6 | 336.4 | 361.2
ment Store
Be;ﬁnsmp 28.2 | 628.6 | 659.8 | 15.0 | 333.9 | 350.5 | 23.7 | 529.2 | 555.5 | 15.9 | 354.0 | 3715
City-> NYC Poughkeepsie Syracuse
Control Sce-
nario->| 1 2 3 1 2 3 1 2 3
Assembly 62.1 | 186.7 | 2120 | 455 | 136.8 | 155.3 | 37.7 | 1135 | 128.8
Assisted Living | 10.6 | 7012 | 7313 | 7.8 | 513.6 | 535.7 | 6.5 | 426.1 | 444.4
College 65.3 | 495.7 | 5339 | 47.9 | 363.1 | 391.1 | 39.7 | 301.2 | 324.4
Conditioned
Storage 42 | 4289 | 4886 | 3.1 | 3142 | 357.9 | 2.6 | 260.6 | 296.9
Convenience
Store 60.3 | 1,112.4 | 1,180.1 | 44.2 | 814.9 | 864.4 | 36.6 | 676.0 | 717.1
Garage 232 | 5833 | 692.8 | 17.0 | 427.3 | 507.5 | 14.1 | 354.4 | 4210
Grocery 53.0 | 587.6 | 613.1 | 38.8 | 430.5 | 449.1 | 32.2 | 357.1 | 372.6
Manufacturing
Facility 10.9 | 9196 | 9748 | 80 | 673.7 | 7141 | 6.6 | 558.8 | 592.4
Office Low Rise | 20.8 | 1,287.3 | 1,367.0 | 15.2 | 943.0 | 1,001.4 | 12.6 | 782.3 | 830.7
Religious Build-
ing 7.6 | 1,080.5 | 1,243.6 | 56 | 7915 | 911.0 | 4.6 | 656.6 | 755.7
Restaurant 180 | 6935 | 737.7 | 13.2 | 508.1 | 540.4 | 10.9 | 4214 | 4483
Retail Depart-
ment Store 415 | 8427 | 9047 | 304 |617.3 | 662.7 | 252 | 512.1 | 549.7
Retail Strip Mall | 39.7 | 886.7 | 930.6 | 29.1 | 649.5 | 681.7 | 24.1 | 538.8 | 565.5




Electric Heating Savings (AkWh/ton)heating?'°

270 Deemed savings calculated based on IL TRM V11 (4.4.41 Advanced Rooftop Controls (ARC), pg. 466) values
for Chicago, adjusted by the ratio of Heating Degree Days for each listed NY city and Chicago, based on NCEI
1991 — 2020 Climate Normals using base 65° balance point as detailed in “Advanced RTU Control — Weather

Normalized DCV Savings.xlsx”

City-> Albany Binghamton Buffalo
Control Scenario-> 1 2 3 1 2 3 1
Assembly 875.6 | 900.3 | 900.3 | 986.4 | 1,014.2 | 1,014.2 | 890.8 | 915.9 | 915.9 | 1,100.1
Assisted Living 96.2 | 48.1 | 12.0 | 108.3| 54.2 135 | 978 | 489 | 12.2 | 120.8
College 776.9 | 739.9 | 715.3 | 875.2 | 833.6 | 805.9 |790.4 |752.8|727.7 | 976.1
Conditioned Storage 271,31 135.7 | 111.0 | 305.6 | 1529 | 125.0 | 276.0 | 138.0 | 112.9 | 340.8
Convenience Store 530.3 | 406.9 | 382.3 | 597.5 | 4585 | 430.6 |539.5|414.0|388.9 | 666.3
Garage 48.1 | 36.1 | 36.1 | 54.2 | 40.7 40.7 | 48.9 | 36.7 | 36.7 | 60.4
Grocery 805.6 | 745.4 | 733.5 | 907.6 | 839.8 | 826.3 | 819.6 | 758.4 | 746.2 | 1,012.2
Manufacturing Facility | 48.1 | 36.1 | 36.1 | 54.2 | 40.7 40.7 | 489 | 36.7 | 36.7 | 60.4
Office Low Rise 300.6 | 108.3 | 84.2 | 338.6 | 122.0 948 |305.8]|110.1| 85.6 | 377.7
Religious Building 96.2 |108.3 | 132.3|108.3 | 122.0 | 149.0 | 97.8 | 110.1 | 134.6 | 120.8
Restaurant 300.6 | 216.4 | 192.3 | 338.6 | 243.8 | 216.7 | 305.8 | 220.2 | 195.7 | 377.7
Retail Department Store | 276.5 | 156.3 | 132.3 | 311.5| 176.1 | 149.0 | 281.3 | 159.1 | 134.6 | 347.4
Retail Strip Mall 2525 (192.3|180.3|284.5| 216.7 | 203.2 | 256.9 | 195.7 | 183.5 | 317.3
City-> NYC Poughkeepsie Syracuse
Control Sce-
nario-> 1 2 3 1 2 3 1 2 3
Assembly 671.3 | 690.3 | 690.3 | 825.6 | 848.9 | 848.9 | 907.6 | 933.2 | 933.2
Assisted Living 73.7 | 36.9 9.2 90.7 | 453 | 11.3 | 99.7 | 498 | 124
College 595.7 | 567.3 | 548.4 | 732.5 | 697.6 | 674.5 | 805.3 | 767.0 | 741.5
Conditioned Stor-
age 208.0 | 104.0 | 85.1 | 255.8 | 127.9 | 104.6 | 281.2 | 140.7 | 115.0
Convenience
Store 406.6 | 312.0 | 293.1 | 500.0 | 383.7 | 360.4 | 549.7 | 421.8 | 396.2
Garage 36.9 | 277 | 27.7 | 453 | 340 | 34.0 | 498 | 374 | 374
Grocery 617.7 | 571.5 | 562.3 | 759.6 | 702.9 | 691.6 | 835.1 | 772.7 | 760.3
Manufacturing
Facility 369 | 27.7 | 27.7 | 453 | 340 | 340 | 498 | 374 | 374
Office Low Rise | 230.5 | 83.0 | 645 | 283.4 | 102.1 | 79.4 | 311.6 | 112.2 | 87.3
Religious Build-
ing 73.7 | 83.0 | 1014 | 90.7 | 102.1 | 124.7 | 99.7 | 112.2 | 137.1
Restaurant 230.5 | 165.9 | 1475 | 283.4 | 204.1 | 181.4 | 311.6 | 224.4 | 199.4
Retail Depart-
ment Store 212.0 | 119.9 | 101.4 | 260.7 | 147.4 | 124.7 | 286.6 | 162.1 | 137.1
Retail Strip Mall | 193.6 | 1475 | 138.3 | 238.1 | 181.4 | 170.0 | 261.8 | 199.4 | 186.9




Peak Demand Electric Savings (AkW/ton)?"*

City-> Albany Binghamton Buffalo Massena
Control Sce-

nario->| 1 2 3 1 2 3 1 2 3 1 2 3
Assembly 0.074 1 0.108 | 0.108 | 0.039 | 0.057 | 0.057 | 0.062 | 0.091 | 0.091 | 0.041 | 0.061 | 0.061
Assisted Living | 0.018 | 0.064 | 0.064 | 0.010 | 0.034 | 0.034 | 0.015 | 0.054 | 0.054 | 0.010 | 0.036 | 0.036
College 0.006 | 0.077 | 0.077 | 0.003 | 0.041 | 0.041 | 0.005 | 0.065 | 0.065 | 0.003 | 0.043 | 0.043
Conditioned
Storage 0.005 | 0.071 | 0.071 | 0.003 | 0.038 | 0.038 | 0.004 | 0.060 | 0.060 | 0.003 | 0.040 | 0.040
Convenience
Store 0.045 | 0.337 | 0.337 | 0.024 | 0.179 | 0.179 | 0.038 | 0.284 | 0.284 | 0.026 | 0.190 | 0.190
Garage 0.009 | 0.045 | 0.045 | 0.005 | 0.024 | 0.024 | 0.008 | 0.038 | 0.038 | 0.005 | 0.026 | 0.026
Grocery 0.029 | 0.069 | 0.069 | 0.015 | 0.036 | 0.036 | 0.025 | 0.058 | 0.058 | 0.016 | 0.039 | 0.039
Manufacturing
Facility 0.005 | 0.253 | 0.253 | 0.003 | 0.135 | 0.135 | 0.004 | 0.213 | 0.213 | 0.003 | 0.143 | 0.143
Office Low Rise | 0.008 | 0.296 | 0.296 | 0.004 | 0.157 | 0.157 | 0.006 | 0.249 | 0.249 | 0.004 | 0.167 | 0.167
Religious Build-
ing 0.000 | 0.348 | 0.348 | 0.000 | 0.185 | 0.185 | 0.000 | 0.293 | 0.293 | 0.000 | 0.196 | 0.196
Restaurant 0.029 | 0.139 | 0.139 | 0.015 | 0.074 | 0.074 | 0.025 | 0.117 | 0.117 | 0.016 | 0.078 | 0.078
Retail Depart-
ment Store 0.036 | 0.103 | 0.103 | 0.019 | 0.055 | 0.055 | 0.030 | 0.087 | 0.087 | 0.020 | 0.058 | 0.058
Retail Strip
Mall 0.039 | 0.164 | 0.164 | 0.021 | 0.087 | 0.087 | 0.033 | 0.138 | 0.138 | 0.022 | 0.092 | 0.092

City-> NYC Poughkeepsie Syracuse

Control Sce-

nario-> 1 2 3 1 2 3 1 2 3
Assembly 0.104 | 0.152 | 0.152 | 0.076 | 0.111 | 0.111 | 0.063 | 0.092 | 0.092
Assisted Living 0.025 | 0.091 | 0.091 | 0.019 | 0.066 | 0.066 | 0.015 | 0.055 | 0.055
College 0.008 | 0.109 | 0.109 | 0.006 | 0.080 | 0.080 | 0.005 | 0.066 | 0.066
Conditioned Stor-
age 0.007 | 0.100 | 0.100 | 0.005 | 0.073 | 0.073 | 0.004 | 0.061 | 0.061
Convenience
Store 0.064 | 0.476 | 0.476 | 0.047 | 0.349 | 0.349 | 0.039 | 0.289 | 0.289
Garage 0.013 | 0.064 | 0.064 | 0.010 | 0.047 | 0.047 | 0.008 | 0.039 | 0.039
Grocery 0.041 | 0.097 | 0.097 | 0.030 | 0.071 | 0.071 | 0.025 | 0.059 | 0.059
Manufacturing
Facility 0.007 | 0.358 | 0.358 | 0.005 | 0.262 | 0.262 | 0.004 | 0.217 | 0.217

271 Deemed savings calculated based on IL TRM V11 (4.4.41 Advanced Rooftop Controls (ARC), pg. 466) values
for Chicago, adjusted by the ratio of Cooling Degree Days for each listed NY city and Chicago, based on NCEI
1991 — 2020 Climate Normals using base 65° balance point as detailed in “Advanced RTU Control — Weather
Normalized DCV Savings.xlsx”



City-> NYC Poughkeepsie Syracuse
Control Sce-
nario-> 1 2 3 1 2 3 1 2 3

Office Low Rise | 0.011 | 0.418 | 0.418 | 0.008 | 0.306 | 0.306 | 0.007 | 0.254 | 0.254
Religious Build-

ing 0.000 | 0.490 | 0.490 | 0.000 | 0.359 | 0.359 | 0.000 | 0.298 | 0.298
Restaurant 0.041 | 0.196 | 0.196 | 0.030 | 0.143 | 0.143 | 0.025 | 0.119 | 0.119
Retail Depart-

ment Store 0.051 | 0.145 | 0.145 | 0.037 | 0.106 | 0.106 | 0.031 | 0.088 | 0.088
Retail Strip Mall | 0.056 | 0.231 | 0.231 | 0.041 | 0.169 | 0.169 | 0.034 | 0.140 | 0.140

Fuel Savings (AMMBtw/kBTUh)>?"?

City-> Albany Binghamton Buffalo Massena
Control Sce-
nario->| 1 2 3 1 2 3 1 2 3 1 2 3
Assembly 0.7210.7410.7410.81 | 0.83]0.83 | 0.73]0.75|0.75 | 0.90 | 0.92 | 0.92
Assisted Living | 0.08 | 0.04 | 0.01 | 0.09 | 0.05 | 0.01 | 0.08 | 0.04 | 0.01 | 0.10 | 0.05 | 0.01
College 0.64 1 0.60 | 0.58 | 0.72 | 0.68 | 0.66 | 0.65 | 0.62 | 0.59 | 0.80 | 0.76 | 0.73
Conditioned
Storage 0.2210.11]0.09]0.25(0.12|0.10/0.230.11]0.09 | 0.28|0.14 | 0.11
Convenience
Store 0.43/0.33]0.31/0.49|0.37]0.35/0.44 0.34|0.32 | 0.54 | 0.42 | 0.39
Garage 0.04 | 0.03 ] 0.03|0.05|0.03|{0.03|0.04]0.03]|0.03/0.05|0.04|0.04
Grocery 0.68 | 0.62 | 0.61]0.76 | 0.70 | 0.69 | 0.69 | 0.64 | 0.63 | 0.85 | 0.79 | 0.77
Manufacturing
Facility 0.04 | 0.03 ] 0.03 | 0.05|0.03|{0.03|0.04]0.03]|0.03/0.05|0.04|0.04
Office Low Rise | 0.25 | 0.09 | 0.07 | 0.28 | 0.10 | 0.08 | 0.26 | 0.09 | 0.07 | 0.32 | 0.11 | 0.09
Religious Build-
ing 0.08/10.09]0.11]0.09/0.10{0.12/0.080.09]0.11 | 0.10|0.11 | 0.14
Restaurant 0.25/0.180.16 | 0.28 | 0.20 | 0.18 | 0.26 | 0.18 | 0.16 | 0.32 | 0.23 | 0.20
Retail Depart-
ment Store 0.23/0.13]0.11]0.26 | 0.15{0.12/0.24]0.13]0.11 /| 0.29|0.16 | 0.14
Retail Strip
Mall 0.21/0.16 ] 0.15]0.24|0.18|0.17 | 0.22 | 0.16 | 0.15 | 0.27 | 0.20 | 0.19
City-> NYC Poughkeepsie Syracuse

Control Scenario-> 1 2 3 1 2 3 1 2 3
Assembly 055 | 056 | 0.56 | 0.67 | 0.69 | 0.69 | 0.74 | 0.76 | 0.76
Assisted Living 0.06 | 0.03 | 0.01 | 0.08 | 0.04 | 0.01 | 0.08 | 0.04 | 0.01
College 049 | 046 | 045 | 0.60 | 0.57 | 055 | 0.66 | 0.63 | 0.61
Conditioned Storage | 0.17 | 0.09 | 0.07 | 0.21 | 0.10 | 0.09 | 0.23 | 0.11 | 0.09

272 Deemed savings calculated based on IL TRM V11 (4.4.41 Advanced Rooftop Controls (ARC), pg. 466) values
for Chicago, adjusted by the ratio of Heating Degree Days for each listed NY city and Chicago, based on NCEI
1991 — 2020 Climate Normals using base 65° balance point as detailed in “Advanced RTU Control — Weather
Normalized DCV Savings.xlsx”



City-> NYC Poughkeepsie Syracuse

Control Scenario-> 1 2 3 1 2 3 1 2 3
Convenience Store 033 | 026 | 0.24 | 041 | 0.31 | 0.29 | 045 | 0.34 | 0.32
Garage 0.03 | 0.02 | 0.02 | 0.04 | 0.03 | 0.03 | 0.04 | 0.03 | 0.03
Grocery 052 | 048 | 047 | 064 | 059 | 058 | 0.70 | 0.65 | 0.64
Manufacturing Fa-

cility 0.03 | 0.02 | 0.02 | 0.04 | 0.03 | 0.03 | 0.04 | 0.03 | 0.03
Office Low Rise 0.19 | 0.07 | 0.05 | 0.24 | 0.09 | 0.07 | 0.26 | 0.09 | 0.07
Religious Building 0.06 | 0.07 | 0.09 | 0.08 | 0.09 | 0.10 | 0.08 | 0.09 | 0.11
Restaurant 019 | 0.14 | 012 | 0.24 | 0.17 | 0.15 | 0.26 | 0.19 | 0.17
Retail Department

Store 0.18 | 0.10 | 0.09 | 0.22 | 0.12 | 0.10 | 0.24 | 0.14 | 0.11
Retail Strip Mall 0.16 | 0.12 | 012 | 0.20 | 0.15 | 0.14 | 0.22 | 0.17 | 0.16

Coincidence Factor (CF)
The prescribed coincidence factor for this measure is 0.8.2"

Baseline Efficiencies from which Energy Savings are Calculated

The baseline case for this measure is a single-zone, constant volume, rooftop HVAC unit with a
single-speed supply fan and functioning economizer with no occupancy-based ventilation controls.

Compliance Efficiency from which Incentives are Calculated

The compliance case for this measure is the installation of Advanced RTU Controls, as defined in
the Measure Description, on a single-zone, constant volume, rooftop HVAC unit with a single-
speed supply fan and functioning economizer.

The efficient condition must comply with all applicable provisions of federal, state, local and mu-
nicipal mechanical/ventilation, and construction code, including but not limited to section
C403.2.6.1 of ECCCNYS and section 402 of NYS Mechanical Code.

Operating Hours

HVAC system operating hours are embedded into the deemed savings shown in the savings tables
above.

Example Calculation (Not to be used as default)

Advanced RTU Control comprising demand control ventilation and two-speed supply fan con-
trol (Scenario 2) is installed on a 10 ton constant volume, rooftop HVAC unit with a single-
speed supply fan at a small office building located near Albany. The RTU is equipped with a
gas furnace with 140 kBTU/h output capacity. Annual Electric Energy Savings, Summer Peak
Coincident Demand Savings and Annual Fossil Fuel Energy Savings are calculated as below.

273 No source specified — update pending availability and review of applicable references.



AkWh = AkWhoo1ing + AkW hpeqting

AkWh oo1ing = tons X (AKWh/ton)cooling

Ak]/l/hheating = tons X (AkWh/ton)heating X FElecHeat

AkW = tons X (AkW /ton) x CF

AMMBtu = kBTUh,,,; X (AMMBtu/kBTUh) X Fryeimeat
tons = 10, from application
(AkWh/ton)cooling = 912.6, from Electric Cooling Savings (AkWh/ton)cooling table
(AkWh/ton)neating = 108.3, from Electric Heating Savings (AkWh/ton)heating table
(AkW/ton) = 0.296, from Peak Demand Electric Savings (AkW/ton) table
kBTUhout = 140, from application
(AMMBtu/kBTUh) = 0.09 from Fuel Savings (AMMBtu/kBTUh) table
Felecteat = 0, from Summary of Variables and Data Sources table based on application
FruelHeat = 1, from Summary of Variables and Data Sources table based on application
CF = 0.8, from Summary of Variables and Data Sources table

AW hooiing = 10 X 912.6 = 9,126.00 kWh
AW hpegring = 10 X 108.3 X 0 = 0 kWh
AkWh = 9,126.00 + 0 = 9,126.00 kWh
AKW = 10 x .296 X 0.8 = 2.368 kW

AMMBtu = 140 x 0.09 x 1 = 12.6 MMBtu

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

Ancillary electric savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.
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THERMOSTATIC RADIATOR VALVE (TRV)

Measure Description

This measure covers the installation of thermostatic radiator valves (TRVSs) on one and two pipe
steam and hydronic system radiators in commercial facilities. TRVs are self-contained, self-oper-
ated valves that do not require ancillary power. They provide local control of room temperature by
controlling the flow of hot water or steam into the radiator. On a one-pipe steam system the TRVs
are installed on the air vent and limit the amount of air escaping the radiator, which in turn limits
the amount of steam filling the radiator. On hydronic and two-pipe steam systems, as the room
temperature rises the valve head expands, blocking the flow of hot water or steam into the radiator.
TRVs are available for a variety of installation conditions utilizing either remote-mounted sensors
or integral-mounted sensors by means of remote or integral set point adjustment. This measure is
not applicable to district or municipal steam systems.

TRVs demonstrate the greatest potential for energy savings and financial viability when overheat-
ing is exhibited in zones throughout the system and when combined with other hydronic and steam
system best practice improvements. Therefore, prioritization of this measure is recommended in
zones that are overheated by 3°F or greater?’* and when installed as part of system inspection,
balancing and commissioning including, but not limited to: burner tuning, boiler cleaning, recali-
bration of boiler control set points, inspection and repair/replacement of leaking inlets and air
vents, installation of properly sized air vents, main line steam trap repair/replacement, recalibration
of system operating pressure, insulation of bare steam lines and installation of radiator orifice
plates in two-pipe systems.?”® Separate energy savings factors are prescribed for TRV installation
with and without hydronic system balancing.

Method for Calculating Annual Energy Savings and Summer Peak Coincident Demand
Savings

Annual Electric Energy Savings
AkWh = N/A

Summer Peak Coincident Demand Savings
AkW = N/A

Annual Fossil Fuel Energy Savings

kBTU /hip, X EFLHpeqping X ESF

AMMBtu = its X
u = umts radiators X 1,000

where:
AkWh = Annual electric energy savings

274 NYSERDA, Thermostatic Radiator Valve (TRV) Demonstration Project, Report No. 95-14, September 1995, pg.
5-1.
275 US DOE, Thermostatic Radiator VValve Evaluation, January 2015, pg. 25 — 26.



AkW = Peak coincident demand electric savings

AMMBtu = Annual fossil fuel energy savings

units = Number of TRVs installed

kBTU/hin = Total nameplate capacity fuel input rating (kBTU/h) of boiler system
EFL Hheating = Heating equivalent full-load hours

ESF = TRV Energy Savings Factor

radiators = Total number of radiators in the space heating system

1,000 = Conversion factor, one MMBTtu equals 1,000 kBTU

Summary of Variables and Data Source

Variable Value Notes
kBTU/hin From application.
EFL Hueatin Frc_)m_ application. If un_knoyvn, look up based on
9 building type and location in Appendix G.
TRVs w/o hydronic bal-
ancing: 0.095 Values based on results of field study of TRV
ESF impact in residential buildings implemented with
TRVs w/ hydronic bal- | and without hydronic balancing.?’¢2"
ancing: 0.191
radiators From application.

Coincidence Factor (CF)

The prescribed value for the coincidence factor is N/A. Thismeasure is not anticipated to have
electric impacts.

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition is an existing space heating system with manual control valves at freestand-
ing radiators, convectors, or baseboard heating units.

Compliance Efficiency from which Savings are Calculated

The measure is defined as the existing radiator, convector, or baseboard heater unit controlled by
the thermostatic radiator valve.

Operating Hours

Equipment heating and cooling equivalent full load hours shall be taken from the application. If
unknown, default EFLH by facility type and location can be found in Appendix G.

Example Calculation (Not to be used as default)

276 Results of multifamily impact evaluation used as a proxy to estimate commercial facility savings — ESF for TRVs
w/o hydronic balancing taken from lowest % savings from Group A in T. Cholewa, A. Siuta-Olcha, C.A. Balaras

277 Results of multifamily impact evaluation used as a proxy to estimate commercial facility savings — ESF for TRVs
w/ hydronic balancing taken from lowest % savings from Group C in T. Cholewa, A. Siuta-Olcha, C.A. Balaras



Thermostatic radiator valves are installed on 20 of the 40 one-pipe steam radiators in a pri-
mary school building located near Albany served by a steam boiler with 1,500 kBTU/h input
capacity. As part of this upgrade, the system undergoes hydronic balancing to improve perfor-
mance and occupant comfort. Annual Electric Energy Savings and Summer Peak Coincident
Demand Savings are not applicable. Annual Fossil Fuel Energy Savings are calculated as be-
low.

kBTU /hip, X EFLHpeqing X ESF

AMMBtu = units X
u = units radiators x 1,000

units = 20, from application

kBTU/hin = 1,500, from application

EFLHhneating = 1,240, based on building type and location from Appendix G.
ESF =0.191, from Summary of Variables and Data Sources table

radiators = 40, from application

AMMBt 20 1,500 x 1,240 x 0.191 177.63 MMBt
= X = .
u 40 x 1,000 u

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

Ancillary electric savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

References

1. NYSERDA, Thermostatic Radiator Valve (TRV) Demonstration Project, Report No. 95-
14, September 1995.
Available from: https://digital.li-
brary.unt.edu/ark:/67531/metadc620708/m2/1/high_res d/119941.pdf

2. US DOE, Thermostatic Radiator Valve Evaluation, January 2015.
Available from: https://www.nrel.gov/docs/fy150sti/63388.pdf

3. T.Cholewa, A. Siuta-Olcha, C.A. Balaras, Actual Energy Savings from the Use of Ther-
mostatic Radiator Valves in Residential Buildings—Long Term Field Evaluation, Energy
and Buildings, July 2017.
Available from: https://www.sciencedirect.com/science/arti-
cle/pii/S0378778817305820?viewFull Text=true#bib0100
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MOTORS AND DRIVES

NOTCHED AND SYNCHRONOUS BELT

Measure Description

This measure covers the replacement of smooth V-belts in electric HVAC fan motors with notched
or synchronous belts. V-belts between the motor and the supply air fan and/or return air fan are
typical in larger packaged and split HVAC systems to provide flexibility in the placement of the
motor relative to the load. A notched belt has grooves or notches that run perpendicular to the
belt’s length, which reduces the bending resistance of the belt. Notched belts can use the same
pulleys as cross-section standard V-belts. They run cooler, last longer, and are about 2% more
efficient than standard V-belts. Synchronous belts (also called cogged, timing, positive-drive, or
high-torque drive belts) are toothed and require the installation of mating grooved sprockets. These
belts operate with a consistent efficiency of 98% and maintain their efficiency over a wide load
range.?’

Estimated savings are based upon the improved transfer of the motor shaft energy to the fan by
replacing a smooth V-belt with a notched belt or synchronous belt in a belt drive system. Savings
assume equivalent fan motor specifications and operating hours between the baseline and efficient
case and are expressed per converted fan motor.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings

1

hp x 0.746 1
Effbaseline Effee

AkKkWh = units X —— X RLF X (
EfmetOT

Summer Peak Coincident Demand Savings

)xhrs

1

hp x 0.746 1
Effbaseline Effee

AW = units X —— X RLF X (
EfmetOT

Annual Fossil Fuel Energy Savings

)xCF

AMMBt it xhpxo'746><RLF><< ! ! >><h

U = units — - rs
Effmotor Effbaseline Effee

where:

AkWh = Annual electric energy savings

AkW = Peak coincident demand electric savings

AMMBtu = Annual fossil fuel energy savings

units = Number of fan motors converted to notched or synchronous belts

278 U.S. DOE, Motor Tip Sheet #5, Replace V-Belts with Notched or Synchronous Belt Drives, DOE/GO-102012-
3740, November 2012.



hp = Horsepower per converted fan motor

RLF = Rated load factor

Effoaseline = Mechanical energy transfer efficiency of smooth V-belts

Effee = Mechanical energy transfer efficiency of notched or synchronous belts

Effmotor = Efficiency of fan motor in converted system (assumed equivalent between base-
line and efficient case)

hrs = Annual fan motor run hours

CF = Coincidence factor

0.746 = Conversion factor (kW/hp), 746 watts equals one horsepower

Summary of Variables and Data Sources

Variable Value Notes

hp Rated horsepower of the converted fan motor, from application.
Full-load efficiency of the converted fan motor, from applica-

Effooior tion. If unknown look up from Appendix L based on motor type
(open or enclosed), number of poles (2, 4 or 6) and horsepower.
If motor characteristics are unknown, assume 0.93.27°

RLF Percent of rated motor load at normal operation. (RLF =
hpavg/NPrated), from application. If unknown, assume 0.75.28°

hrs Annual fan motor run hours, from application. If unknown, look
up based on facility type in the Operating Hours section below.

Effbaseline 0.93 us DOE.281

Effu I;I;;%T]?gngu? Use default value based upon efficient be:lt type from application

0.08 for notched?? and synchronous?®® belt drives.
CF 0.8

Coincidence Factor (CF)
The prescribed value for the coincidence factor is 0.8.284

Baseline Efficiencies from which Energy Savings are Calculated
The baseline condition is an electric HVAC fan motor equipped with a smooth V-belt drive system.

279 Table 2 of Premium-Efficiency Motors, Energy Innovators Initiative Technical Fact Sheet, Office of Energy
Efficiency of Natural Resources Canada. Average efficiency of 75% load premium motors 5-50 hp.

280 U.S. DOE, Determining Electric Motor Load and Efficiency, p. 1; assumes system is designed to maximize
efficiency.

281 U.S. DOE, Motor Tip Sheet #5, Replace V-Belts with Notched or Synchronous Belt Drives, DOE/GO-102012-
3740, November 2012.

282 1hid. 2% better than standard V-belt.

283 | bid.

284No source specified — update pending availability and review of applicable references.



Compliance Efficiency from which Incentives are Calculated

The energy efficient condition is an electric HVAC fan motor equipped with a notched or synchro-
nous belt drive system.

Operating Hours

Annual fan motor run hours shall come from application. If unknown, look up operating hours by
facility type from the table below, aligned with facility operating hours as defined in the Commer-
cial and Industrial Interior and Exterior Lamps and Fixtures measure.

- Hours . Hours

Facility Type (hrs/yr) Facility Type (hrsiyr)
Auto Related” 2,810 Manufacturing Facility 2,857

Automotive / Transportation Service . .
or Repair Fac[i)li ty (24/7) 8,760 Medical Offices 3,748
Bakery 2,854 Motion Picture Theatre 1,954
Banks 3,748 Multi-Family (Common Areas) 7,665
Church 1,955 Museum 3,748
College — Cafeteria™ 2,713 Nursing Homes 5,840
College — Classes 2,586 Office (General Office Types)™ 3,013
College - Dormitory 3,066 Parking Garages 4,368
Commercial Condos™ 3,100 Parking Garages (24/7) 7,717
Convenience Stores 6,376 Parking Lots 4,100
Convention Center 1,954 Penitentiary 5,477
Court House 3,748 Performing Arts Theatre 2,586
Dining: Bar Lounge/Leisure 4,182 Police / Fire Stations (24 Hr) 7,665
Dining: Cafeteria / Fast Food 6,456 Post Office 3,748
Dining: Family 4,182 Pump Stations 1,949
Entertainment 1,952 Refrigerated Warehouse 2,602
Exercise Center 5,836 Religious Building 1,955
Fast Food Restaurants 6,376 Restaurants 4,182
Fire Station (Unmanned) 1,953 Retail 3,463
Food Stores 4,055 School / University 2,187
Gymnasium 2,586 Schools (Jr./Sr. High) 2,187
. Schools

Hospitals 7,674 (Preschool/Elementary) 2,187
Hospitals / Health Care 7,666 (Techniiglt}zi)lzational) 2,187
Industrial - 1 Shift 2,857 Small Services 3,750
Industrial - 2 Shift 4,730 Sports Arena 1,954
Industrial - 3 Shift 6,631 Town Hall 3,748
Laundromats 4,056 Transportation 6,456
Library 3,748 Warehouse (Not Refrigerated) 2,602
Light Manufacturers™ 2,613 Waste Water Treatment Plant 6,631
Lodging (Hotels/Motels) 3,064 Workshop 3,750




- Hours . Hours
Facility Type (hrs/yr) Facility Type (hrsiyr)
Mall Concourse 4,833

“ New car showrooms and Big Box retail stores with evening and/or weekend hours should use
the Facility Type "Retail” for lighting operating hours.

* Lighting operating hours data from the 2008 California DEER Update study

“ Lighting operating hours data for offices used

Example Calculation (Not to be used as default)

A smooth V-belt driving a 92% efficient 10 hp HVAC fan motor that operates 4,000 hours
hours per year is replaced with a notched belt in an assembly building near Albany. The build-
ing is equipped with central air conditioning with electric heat. Annual Fossil Fuel Energy
Savings are not applicable. Annual Electric Energy Savings and Summer Peak Coincident De-
mand Savings are calculated as below.

AkWh it xhpxo'746><RLF><( ! ! )xh
=units X ——— — rs
Effmotor Effbaseline Effee
AkW it th><0.746 ><RLF><( ! ! )XCF
=UuUnits X ———— —
Effmotor Effbaseline Effee

units = 1, from application

hp = 10, from application

Effmotor= 0.92, from application

RLF = 0.75, default from Summary of Variables and Data Sources

hrs = 4,000 hours, from application

Effvasetine = 0.92, default from Summary of Variables and Data Sources
Effee = 0.95, from Summary of Variables and Data Sources

CF=0.8
AkWh =1 10> 0.746 0.75 ( 1 1 ) 4,000 = 834.99 kWh
= X ————X . X|—————| X = .
0.92 092 0.95 ’
AkW—1x10X0'746><075x(1 1)><08—017kW
N 0.92 ' 092 0.95 D

Effective Useful Life (EUL)
See Appendix P.

Ancillary Fossil Fuel Savings Impacts

High efficiency belt drive systems reject less heat into the conditioned space increasing space
heating requirements. The HVAC interaction factors as a function of the location and HVAC sys-
tem type are shown in Appendix D.



Ancillary Electric Savings Impacts

High efficiency belt drive systems reject less heat into the conditioned space increasing space
heating requirements while decreasing cooling load. The HVAC interaction factors as a function

of the location and HVAC system type are shown in Appendix D.
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1. U.S. DOE, Motor Tip Sheet #5, Replace V-Belts with Notched or Synchronous Belt

Drives, DOE/G0O-102012-3740, November 2012.
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PooL Pump

Measure Description

This measure covers the installation of ENERGY STAR® qualified commercial inground pool
pumps and dedicated-purpose pool pump motor replacements. Pool pump speeds vary based on
the pump's operation. Filtration, for example, only requires half the flow rate of running a pool
cleaner. Conventional pool pumps, with only one speed, are set to run at the higher speeds required
of the pool cleaner and waste energy during filtration operation by running faster than necessary.
An ENERGY STAR® certified pool pump can run at different speeds and be programmed to match
the pool operation with its appropriate pool pump speed. The energy saved is considerable; reduc-
ing pump speed by one-half allows the pump to use just one-eighth as much energy.?® After Jan-
uary 1, 2019, all pool pumps must be rated according to Weighted Energy Factor (WEF).

This measure is applicable to single-phase self-priming pool pumps with a Rated Hydraulic Horse-
power (hhp) rating of >0 and <2.5 hhp. While pressure cleanser booster pumps are eligible under
ENERGY STAR® qualified product criteria, there was a critical lack of information regarding EN-
ERGY STAR® calculations and assumptions pertaining to this equipment available at the time of
publication of this measure. The measure scope will be expanded as more information becomes
available. This measure is applicable to all pool facilities except those that fall under the NY health
codezssgbpart 6-1: a single-family swimming pool, or other bathing facility, a spa pool or a floating
tank.

This measure is also applicable to Dedicated Purpose Pool Pump motor replacement for motors
with rated horsepower up to 5 hp.

Method for Calculating Annual Energy and Summer Peak Coincident Demand Savings
Annual Electric Energy Savings for Pool Pump Installation
ays

NeWh = units x 225 sy
= X —
units 1000 %V

1 1
x N, X [ - ]
ool turnover WEFpasetine WEF,.

Annual Electric Energy Savings for Dedicated-Purpose Pool Pump Motor Replacement

AkWh = units X days X Vool X N X ;
y 1’000 turnover WEFbaseline
1 1 l
x —_
Effbaseline,DPPP Effee,DPPP

Summer Peak Coincident Demand Savings

AKW = N/A

285 ENERGY STAR® Pool Pumps Product Page
286 SubPart6-1.3, Swimming pools, New York Codes, Rules, and Regulations.



Annual Fossil Fuel Energy Savings
AMMBtu = N/A

Note- Although pump hp is not applied directly within algorithms, it must be known to establish
baseline and compliance efficiency values.

where:

AkWh = Annual electric energy savings

AKW = Peak coincident demand electric savings

AMMBtu = Annual fossil fuel energy savings

units = Number of measures installed under the program

days = Number of operating days per year

baseline = Characteristic of baseline condition

ee = Characteristic of energy efficient condition

WEF = Pool Pump Weighted Energy Factor (kgal/kWh)

Vool = Volume of pool, in gallons

Nturnover = Number of turnovers per day, where a turnover is a full cycling of pool water
through the pool filter

DPPP = Specification of the Dedicated-Purpose Pool Pump motor

Eff = Motor efficiency

hhp = Rated Hydraulic Horsepower (hhp) of qualifying pump motor

1,000 = Conversion factor, one kgal equals 1,000 gallons

Summary of Variables and Data Sources

Variable Value Notes
Vool From application. If unknown, assume 22,000.%’
Ntumover From application. If unknown, use 4 per day.®
From application or look up and/or calculate based on Compli-
WEFee ance Efficiency section below, based on Rated Hydraulic Horse-
power (hhp).
hhp From application.

Look up and/or calculate based on Baseline Efficiencies section
below, based on Rated Hydraulic Horsepower (hhp).

Look up in Baseline Efficiencies section below based on hp of re-
placement motor.

Effee pprp From application.

days From application.

WEFbaseIine

Effbaseline,DPPP

Weighted Energy Factor (WEF) (kgal/kWh) is a measurement of pump efficiency based on per-
formance at one or two operating points, which are uniquely defined for each Dedicated Purpose
Pool Pump (DPPP) variety and speed configuration. The performance measurements at different

287 Savings Calculator for ENERGY STAR® Certified Inground Pool Pumps (accessed 11/1/2023).
288 SubPart6-1.11 Treatment, Swimming pools, New York Codes, Rules, and Regulations.



operating points are weighted to represent real world use. WEF is measured in thousand gallons
per kilowatt hour (kgal/kWh). See the DOE Test Procedure for Dedicated Purpose Pool Pumps for
additional calculation details.?°

Coincidence Factor (CF)

The prescribed value for the coincidence factor is N/A. This measure is not anticipated to have
peak KW impacts.

Baseline Efficiencies from which Energy Savings are Calculated

The baseline condition for pool pump installations is a non-ENERGY STAR® qualified pool
pump. The values for baseline WEF shall be calculated per the table below, based on pump type
and Rated Hydraulic Horsepower (hhp).?®® Pump Performance Curve C is assumed for pool
pumps. The pump curve compares the total head in feet of water to the flow rate of the water for a
given pump at a given motor speed.

Pump Type Size Baseline WEF
Self-Priming (Inground) hhp <0.13 5.55
Self-Priming (Inground) 0.13<hhp<0.711 -1.30 x In (hhp) + 2.90
Self-Priming (Inground) 0.711 <hhp<2.5 -2.30 x In (hhp) + 6.59

The baseline efficiency for Dedicated Purpose Pool Pump motor replacements is established
based on the rated horsepower of the replacement motor per the table below.?%*

DPPP Motor HP Baseline Efficiency
<05 0.66
>0.5and < 1.0 0.72
>1.0and <5.0 0.80

Compliance Efficiency from which Incentives are Calculated

The compliance condition for pool pump installations is an ENERGY STAR® qualified single-
phase self-priming pool pump with a Rated Hydraulic Horsepower (hhp) rating of >0 and <2.5
hhp. Pumps must have a WEF (in kgal/kWh) equal to or greater than the WEF equations in the
table below based on pump type and Rated Hydraulic Horsepower (hhp).2%2 Pump Performance
Curve C is assumed for ENERGY STAR® pumps. The pump curve compares the total head in feet
of water to the flow rate of the water for a given pump at a given motor speed.

28910 CFR 431.464(b)

290 Table G-3: Standards for Dedicated-Purpose Pool Pumps, Replacement Pool Pump Motors, California Title 20
via NYS Appliance Standards.

291 Table G-4: Standards for Replacement Dedicated-Purpose Pool Pump Motors Manufactured on or After July 19,
2021, California Title 20 via NYS Appliance Standards.

22 ENERGY STAR® Program Requirements Product Specification for Pool Pumps, Eligibility Criteria Version 3.1,
July 2021.



Pump Type Size Compliance WEF
Self-Priming (Inground) hhp <0.13 13.40
Self-Priming (Inground) 0.13<hhp<0.711 -2.45 x In (hhp) + 8.40
Self-Priming (Inground) 0.711 <hhp<2.5 -2.45 x In (hhp) + 8.40

The compliance condition for Dedicated Purpose Pool Pump motor replacements is a motor with
rated horsepower less than or equal to 5 hp with rated efficiency exceeding the baseline efficiency
prescribed in the Baseline Efficiencies section above.

Operating Hours

The annual operating days shall be taken from application. While in use, the energy efficient
pump cycles through pool water at a default rate of 6 hours per turnover as mandated by the NY
Codes and Regulations.?®

Example Calculation (Not to be used as default)

An ENERGY STAR® qualified self-priming multi-speed inground pool pump with a Rated
Hydraulic Horsepower of 1.65 hhp and 9.0 WEF is replacing a single-speed unit at a commu-
nity college near Albany. The pump remains in operation for 90 days during the swimming
season and conducts 4 turnovers per day. The volume of the swimming pool is 22,000 gallons.
Summer Peak Coincident Demand Savings and Annual Fossil Fuel Energy Savings are not ap-
plicable. Annual Electric Energy Savings are calculated as below.

Vs ool 1
AkWh = units X days X —=—~x N -
units ays 1,000 turnover X WEF,gsetine WEF,,

units = 1, from application

Vpool = 22,000, from application

Ntwrmover = 4, from application

WEF¢ = 9.0, from application

hhp = 1.65, from application.

WEPFuaseline = 5.4, from Baseline Efficiency from which Incentives are Calculated
days = 90, from application

OOO

— ——| = 586.67 kWh

AkWh =1 x 90 x 1790

Effective Useful Life (EUL)
See Appendix P.

2% Subpart 6-1.11 Treatment, Swimming pools, New York Codes, Rules and Regulations.



Ancillary Fossil Fuel Savings Impacts

Ancillary fossil fuel savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.

Ancillary Electric Savings Impacts

Ancillary electric savings impacts, if appropriate, will be researched and incorporated into this
measure algorithm in future revisions to the TRM.
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APPENDIX P

EFFECTIVE USEFUL LIFE (EUL)
SINGLE AND MULTI-FAMILY RESIDENTIAL MEASURES

Category Smgle;;ﬁg{';ﬁ::ggg Resi- Sector EUL (years) Source
Air Purifier Residential 9 STI;:XI\II{%RC(;EM
ENERGY
Clothes Dryer (incl. Heat . STAR® M&I
Pump Clot}}lles g)ryer) Residential 14 Scoping Re-
port™®
DEER 2014
Clothes Washer Residential 11 EUL ID: Appl-
EffCW
Dehumidifier Residential 12 ST]::AI\{{%RC(iEZ%
Appliance DEER 2014
Dishwasher Residential 11 EUL ID: Appl-
EffDW
Fireplace Residential 15 DOE®’
DEER 2014
Induction Cooktop Residential 16 EUL ID: Appl-
Elec Cooking
DEER 2014
Refrigerator and Freezer Residential 14 EUL ID: Appl-
ESRefg
Soundbar Residential 7 R:Eagggggt
Appliance Con- . . . DEER 2014
trol Advanced Power Strip (APS) Residential 8 EUL ID: Plug-
OccSens
. . DEER 2014
. Air Conditioner - Room Residential 3 EUL ID: HV-
Appliance Re- | (RAC) Recycling RAC-RUL
cycling o . . . Assumes same
Dehumidifier Recycling Residential 3 RUL as RAC

2% 3avings Calculator for ENERGY STAR® Qualified Appliances (last updated October 2016).
https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/save-energy/purchase-
energy-saving-products

2% ENERGY STAR® Market & Industry Scoping Report: Residential Clothes Dryer, November 2011.

2%6 ENERGY STAR® Dehumidifier Calculator.
https://www.energystar.gov/ia/partners/promotions/cool_change/downloads/CalculatorConsumerDehumidifier.xls
297 Technical Support Document: Energy Conservation Program for Consumer Products: Energy Conservation
Standards for Hearth Products. Chapters 7 and 8. Department of Energy (DOE). January 30, 2015, pg. 2-12.
https://www.requlations.gov/document?D=EERE-2014-BT-STD-0036-0002

2% Retail Products Platform Product Analysis, Last Updated May 25, 2016.
https://www.energystar.gov/sites/default/files/asset/document/ESPPM Increasing%20the%20Volume%200n%20So
und%20Bars_L.ittlehales.pdf
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https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/save-energy/purchase-energy-saving-products
https://www.energystar.gov/ia/partners/promotions/cool_change/downloads/CalculatorConsumerDehumidifier.xls
https://www.regulations.gov/document?D=EERE-2014-BT-STD-0036-0002
https://www.energystar.gov/sites/default/files/asset/document/ESPPM_Increasing%20the%20Volume%20on%20Sound%20Bars_Littlehales.pdf
https://www.energystar.gov/sites/default/files/asset/document/ESPPM_Increasing%20the%20Volume%20on%20Sound%20Bars_Littlehales.pdf

Single and Multi-family Resi-

Category dential Measures Sector EUL (years) Source
DEER 2014
Refrigerator Recycling Residential 5 EUL ID: Appl-

RecRef




Single and Multi-family Resi-

Category dential Measures Sector EUL (years) Source
Appliance Re- . . ) DEER 2014
. Freezer Recycling Residential 4 EUL ID: Appl-
cycling
RecFrzr
é{i&%;%;gg?i;a gzgn;ealer Residential 3 See note below?*°
Air Leakage Sealing Residential 15 GDS?*®
Attlg Access Insulation & Residential 15 GDS®!
Sealing
Insulathn — Hot Water and Residential 15 GDS?
Steam Pipe
Building Shell | Insulation — Opaque Shell Residential 25 GDS®%3
Plastic Window Insulation Residential 1 See Note*
Storm Window Residential 20 DOE?%
Window Residential 20 EU]?JEIEDRég}éVm
DEER 2014
Window - Film Residential 10 EUL ID: Glaz-
Daylt-WinFilm
DEER 2014
Heat Pump Water Heater Residential 10 EUL ID: WirHt-
(HPWH)
HtPmp
DEER 2014
Indirect Water Heater Residential 11 EUL ID: WtrHt-
Domestic Hot Res-Gas
Water Storage Water Heater - Gas Residential 15 PA Group®®
(DHW) DEER 2014
Storage Water Heater - Electric | Residential 13 EUL ID: WtrHt-
Res-Elec
DEER 2014
Instantaneous Water Heater Residential 20 EUL ID: WtrHt-
Instant-Res
DEER 2014
Low-Flow — Faucet Aerator Residential 10 EUL ID: WtrHt-
WH-Aertr
DHW - Control DEER 2014
Low-Flow — Showerhead Residential 10 EUL ID: WtrHt-
WH-Shrhd

299 Average/typical manufacturer warranty period for AC covers.
300 GDS Associates, Inc., Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC
Measures, June 2007, Table 1 — Residential Measures.

301 1hid.
302 1hid.
303 hid.

304 1 year is assumed to be the EUL since plastic window insulation comes in the form of single-use kits that are
disposed of when the heating season ends.

305 hitps://www.pnnl.gov/main/publications/external/technical reports/PNNL-22864rev2.pdf

308 pA Consulting Group Inc., Focus on Energy Evaluation Business Programs: Measure Life Study, final report
dated August 25, 2009. https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal _evaluationreport.pdf



https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-22864rev2.pdf
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf

Single and Multi-family Resi-
Category dential Measures Sector EUL (years) Source
Thermostatic Shower Valve Residential 10 UPC3Y

307 UPC certification under the International Association of Plumbing and Mechanical Officials standard IGC 244-
2007a. A standard that includes a lifecycle test consisting of 10,000 cycles without fail. 10,000 cycles is the
equivalent of three users showering daily for more than nine years.



Single and Multi-family Resi-

Category dential Measures Sector EUL (years) Source
. .. DEER 2014
?Clg(é‘)’ndlt‘oner ~ Central Residential 15 EUL ID: HV-
ResAC
&%‘)’ndmoner —Room Residential 12 GDS®
DEER 2014
Air Conditioner — PTAC Residential 15 EUL ID: HVAC-
PTAC
Boiler, Hot Water — Steel Wa- Residential 24 ASHRAE Hand-
ter Tube book, 2015
Boiler, Hot Water — Steel Fire Residential 25 ASHRAE Hand-
Tube book, 2015
Boiler, Hot Water — Cast Iron Residential 35 ASHRAE Hand-
book, 2015
Boiler, Steam — Steel Water Residential 30 ASHRAE Hand-
Heating, Venti- | Tube book, 2015
lation and Air | Boiler, Steam — Steel Fire Residential 25 ASHRAE Hand-
Conditioning | Tube book, 2015
(HVAC) Boiler, Steam — Cast Iron Residential 30 ASHRAE Hand-
book, 2015
gg;liﬁ gganb;f)ng::ﬂ;rcombma' Residential 22 DOE3®
. . DEER 201430
Boiler and Furnace - Combina- | p o) 20 EUL ID: HVAC-
tion (“Combi”) Furnace
Frnc
DEER 2014
Duct Sealing and Insulation Residential 18 EUL ID: HV-
DuctSeal
Electronically Commutated DEER 2014
(EC) Motor — HVAC Blower Residential 15 EUL ID: Motors-
Fan fan
Electronically Commutated DEER 2014
(EC) Motor — Hydronic Circu- | Residential 15 EUL ID: Motors-
lator Pump pump

308 GDS Associates, Inc., Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC
Measures, June 2007, Table 1 — Residential Measures.
309 Technical Support Document: Energy Efficiency Program for Consumer Products and Commercial and Industrial
Equipment: Residential Furnaces, February 10, 2015, Table 8.2.17. Product definition of furnaces includes electric

boilers with firing rates of less than 300,000 BTU/h.
https://energy.mo.gov/sites/energy/files/technical-support-document---residential-furances_doe.pdf

310 Based on DEER value for high efficiency boiler and instantaneous water heater.



https://energy.mo.gov/sites/energy/files/technical-support-document---residential-furances_doe.pdf

Single and Multi-family Resi-

Category dential Measures Sector EUL (years) Source
Elr;ﬁ}ég;d Heat Recovery Residential 14 PA (gir(())rllli)g}tlmg
Furnace, Gas Fired Residential 22 DOE?3!2313
DEER 2014
Gas Heat Pump Residential 15 EUL ID: HV-Res
HP
Heat Pump - Air Source DEER 2014
(ASHP) and Air-to-Water Residential 15 EUL ID: HV-Res
(AWHP) HP
. ?ggg;,‘;mp ~ Ground Source | p o dential 25 ASHRAE®
atin i-
l:tion ianji]e::ll' . . DEER 2014
Conditioni Heat Pump — PTHP Residential 15 EUL ID: HVAC-
onditioning
(HVAC) PTHP
Refrigerant Charge Correction DEER 2014
& Tune-Up — Air Conditioner | Residential 10 EUL ID: HV-
and Heat Pump RefChrg
DEER 2014
Tune-Up - Boiler Residential 5 EUL ID:
BlrTuneup
DEER 2014
Tune-Up - Furnace Residential 5 EUL ID:
BlrTuneup
. . . . ASHRAE Hand-
Unit Heater, Gas Fired Residential 13 book, 2015
EUL = Retro-
fitted motor
RUL = Ret-
rofitted mo- DEER 2014
Adaptive Photonic Control Residential tor EUL — EUL ID: Motors-
HVAC - Con- (Current fan
trol Year — Mfr.
Year) De-
fault =5
EUL = Boiler
Advanced Boiler Control Residential | RUL = Boiler N/A
EUL —

311 PA Consulting Group Inc., Focus on Energy Evaluation Business Programs: Measure Life Study, final report
dated August 25, 2009. https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf
312 U.S. DOE. “Technical Support Document: Energy Efficiency Program for Consumer Products and Commercial
and Industrial Equipment: Residential Furnaces” and “Technical Support Document: Energy Efficiency Program for
Consumer Products and Commercial and Industrial Equipment: Commercial Warm Air Furnaces.” August 30, 2016.
https://www.regulations.gov/document?D=EERE-2014-BT-STD-0031-0217

33 U.S. DOE. “Technical Support Document: Energy Efficiency Program for Consumer Products and Commercial
and Industrial Equipment: Commercial Warm Air Furnaces.” December 30, 2015.
https://www.regulations.gov/document?D=EERE-2013-BT-STD-0021-0050

314 ASHRAE: Owning and Operating Cost Database, Equipment Life/Maintenance Cost Survey:
https://xp20.ashrae.org/publicdatabase/system_service life.asp?selected system type=1



https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf
https://www.regulations.gov/document?D=EERE-2014-BT-STD-0031-0217
https://www.regulations.gov/document?D=EERE-2013-BT-STD-0021-0050
https://xp20.ashrae.org/publicdatabase/system_service_life.asp?selected_system_type=1

Category

Single and Multi-family Resi-
dential Measures

Sector

EUL (years)

Source

(Current
Year — Mfr.
Year)
Default =5




Category Single ;:n(iiz/flll\l/ltzjgﬂlelsy Resi- Sector EUL (years) Source
EUL = Boiler
RUL = Boiler
Outdoor Temperature Setback . . EUL — (Cur-
Control for Hydronic Boiler Residential rent Year — N/A
Mfr. Year)
Default =5
DEER 2014
Steam Trap — Low Pressure Residential 6 EUL ID: HVAC-
Space Heating StmTrp
HVAC - Con- Multifam-
trol Submetering ily 10 NYSERDAS3®
DEER 2014
Thermostat — All Types Residential 11 EUL ID: HVAC-
ProgT Stats
Thermostatic Radiator Valve — | Multifam- 15 DOE316
One Pipe Steam Radiator ily
. . DEER 2014
Smart Thermostatic Radiator Residential 15 EUL ID: Motors-
Enclosure P
Rated Life
listed by EN-
ERGY
STAR® or
default to
15,000 hrs/
Lighting®® | LED Lamp Residential | 2nual light- | ENERGY STAR™
Ing operating Lamps
hrs or 15 yrs
if rated life-
time or an-
nual operat-
ing hours are
not known

315 NYSERDA Residential Electric Submetering Manual.
316 U.S. DOE, “Thermostatic Radiator Valve Evaluation”, January 2015, Table 4. pg. 16.
317 Based on assumed EUL of integrated fan, which is expected to be the first component to fail.
318 In response to codification of a 45 Im/W backstop requirement for general service lamps (GSLs), EULSs for select
lighting measures are currently under review by the TRM Management Committee. Revisions will take effect
concurrent with other action taken in response to the imposed GSL standard in the V10 NY TRM filing.

https://www1.eere.energy.gov/buildings/appliance standards/standards.aspx?productid=4

319 ENERGY STAR® Program Requirements Product Specification for Lamps (Light Bulbs) V2.1, June 2017, pg.
19 (Capped at 20 years).
https://www.energystar.gov/sites/default/filessENERGY %20STAR%20Lamps%20V2.1%20Final%20Specification.

pdf



https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=4
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V2.1%20Final%20Specification.pdf
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V2.1%20Final%20Specification.pdf

Category

Single and Multi-family Resi-
dential Measures

Sector

EUL (years)

Source

Lighting®?

Light Fixture

LED (Interior)

Residential

Rated Life
listed by
DLC or de-
fault to
50,000 hrs/
annual light-
ing operating
hrs or 15 yrs
if rated life-
time or an-
nual operat-
ing hours are
not known

DLc3Zl

Rated Life
listed by EN-
ERGY STAR

or default to

25,000 hrs/
annual light-
ing operating
hrs or 15 yrs

if rated life-

time or an-
nual operat-
ing hours are

not known

ENERGY
STAR® Fix-
tures®?

320 In response to codification of a 45 Im/W backstop requirement for general service lamps (GSLs), EULSs for select

lighting measures are currently under review by the TRM Management Committee. Revisions will take effect
concurrent with other action taken in response to the imposed GSL standard in the V10 NY TRM filing.
https://www1.eere.energy.gov/buildings/appliance standards/standards.aspx?productid=4

321 Placed on the Qualified Products List by the Design Light Consortium (DLC) 50,000 hours, according to the
appropriate Application Category as specified in the DLC’s Product Qualification Criteria, Technical Requirement
Table version 4.4 or higher.
32 ENERGY STAR® Program Requirements Product Specification for Luminaires (Light Fixtures) V2.2, August
2019, pg. 18 (Capped at 20 years).
https://www.energystar.gov/sites/default/files/Luminaires%20V2.2%20Final%20Specification.pdf



https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=4
https://www.energystar.gov/sites/default/files/Luminaires%20V2.2%20Final%20Specification.pdf

Category Single ;;igf‘ll\l/lt;::ﬂlelg Resi- Sector EUL (years) Source
Rated Life
listed by EN-
ERGY STAR
or default to
35,000 hrs/
annual light- ENERGY
Light Fixture L.ED (Exte- Residential | ing operating STAR® Fix-
rior) h 323
rs or 15 yrs tures
if rated life-
time or an-
nual operat-
ing hours are
not known
Rated Life
listed by EN-
ERGY STAR
or default to
50,000 hrs/
annual light-
Lighting®** Light Fixture ;Ii]é)(lnsepa- Residential | ing operating ST/EIl;Ig llii?(;ires
hrs or 15 yrs
if rated life-
time or an-
nual operat-
ing hours are
not known
Multifam-
Lighting Con- Bi-Level Lighting ily Com- 15 ComEd®*®
trol mon Area _
Connected Lighting Residential 3 %%:E;ggg:
DEER 2014
Pool Pump Residential 10 EUL ID: OutD-
Motors and PoolPump
Drives DEER 2014
Pool Circulator Timer Residential 10 EUL ID: OutD-
PoolPump
323 | bid.

324 In response to codification of a 45 Im/W backstop requirement for general service lamps (GSLs), EULSs for select

lighting measures are currently under review by the TRM Management Committee. Revisions will take effect

concurrent with other action taken in response to the imposed GSL standard in the V10 NY TRM filing.

https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=4

325 ComEd Luminaire Level Lighting Control IPA Program Impact Evaluation Report prepared by Navigant.

https://www.ilsag.info/wp-

content/uploads/SAG_files/Evaluation_Documents/ComEd/ComEd _EPY9_ Evaluation_Reports Final/ComEd PY9
LLLC IPA_Program_Impact Evaluation Report _2018-06-05_Final.pdf

326 Cync by General Electric Limited Warranty for Smart Bulbs and Light Strips. https://www.gelighting.com/smart-

home/warranty and Philips End of Support Policy: End of Support Policy | Philips Hue (philips-hue.com)



https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=4
https://www.ilsag.info/wp-content/uploads/SAG_files/Evaluation_Documents/ComEd/ComEd_EPY9_Evaluation_Reports_Final/ComEd_PY9_LLLC_IPA_Program_Impact_Evaluation_Report_2018-06-05_Final.pdf
https://www.ilsag.info/wp-content/uploads/SAG_files/Evaluation_Documents/ComEd/ComEd_EPY9_Evaluation_Reports_Final/ComEd_PY9_LLLC_IPA_Program_Impact_Evaluation_Report_2018-06-05_Final.pdf
https://www.ilsag.info/wp-content/uploads/SAG_files/Evaluation_Documents/ComEd/ComEd_EPY9_Evaluation_Reports_Final/ComEd_PY9_LLLC_IPA_Program_Impact_Evaluation_Report_2018-06-05_Final.pdf
https://www.gelighting.com/smart-home/warranty
https://www.gelighting.com/smart-home/warranty
https://www.philips-hue.com/en-us/support/legal/end-of-support-policy

Single and Multi-family Resi-

Category dential Measures Sector EUL (years) Source
DEER 2014
Heat Pump Pool Heater Residential 15 EUL ID: HV-Res
Other HP
Pool Heater Residential 8 DOE**’
Solar Pool Heater Residential 15 DOE??®

327 DOE, Chapter 8, Life-Cycle Cost and Payback Period Analyses, Table 8.75.

https://www.requlations.gov/document?D=EERE-2006-STD-0129-0170

328 hitps://www.energy.gov/energysaver/solar-swimming-pool-heaters



https://www.regulations.gov/document?D=EERE-2006-STD-0129-0170
https://www.energy.gov/energysaver/solar-swimming-pool-heaters

COMMERCIAL AND INDUSTRIAL MEEASURES

Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
High Speed Fans C&l 10 PG&E?%
. PA Consulting
Livestock Waterer C&l 10 330
Group
. Milk Pre-Cooler Heat Ex- C&l 15 Ibid
Agricul- | changer
tural . . DEER 2014
Equipment Sef“geramn Heat Recov- | g 14 EUL ID: HVAC-
Yy ChlrComp-Ag
DEER 2014
Scroll Compressor C&l 12 EUL ID: RefgWrhs-
ScrollComp
. Engine Block Heater C&l 8 See note below>3!
Agricul- | Timer
tural Variable Speed Drive C&l 15 PA Consulting
Equipment | Milk Pump Plate Cooler Group>*?
- Control | Variable Speed Drive PA Consulting
Vacuum Pump Group
®
Air Purifier C&l 9 ENERGY STAR
Calc
ENERGY
Clothes Dryer C&l 14 STAR®M&I Report™®®
. DEER 2014
Appliance | Clothes Washer C&l 11 EUL ID: Appl-EffCW
. . 336 DEER 2014
Cooking Equipment C&l 12 EUL IDs: Various
®
Dehumidifier C&l 12 ENER&?E%T AR

329 PG&E Work Paper PGE3PAGR117, October 12, 2017.

330 pA Consulting Group Inc., Focus on Energy Evaluation Business Programs: Measure Life Study, final report
dated August 25, 2009. https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal _evaluationreport.pdf
331 Based on EUL’s for Advanced Power Strips.

332 PA Consulting Group Inc., Focus on Energy Evaluation Business Programs: Measure Life Study, final report
dated August 25, 2009. https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal _evaluationreport.pdf
333 PA Consulting Group Inc., Focus on Energy Evaluation Business Programs: Measure Life Study, final report
dated August 25, 2009. https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf
334 savings Calculator for ENERGY STAR® Qualified Appliances (last updated October 2016).
https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/save-energy/purchase-
energy-saving-products

3% ENERGY STAR® Market & Industry Scoping Report: Residential Clothes Dryer, November 2011.

336 Applicable to all kitchen cooking equipment not otherwise listed.

37 ENERGY STAR® Dehumidifier Calculator.
https://www.energystar.gov/ia/partners/promotions/cool_change/downloads/CalculatorConsumerDehumidifier.xls



https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf
https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/save-energy/purchase-energy-saving-products
https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/save-energy/purchase-energy-saving-products
https://www.energystar.gov/ia/partners/promotions/cool_change/downloads/CalculatorConsumerDehumidifier.xls

Commercial & Indus- Sec-

Category trial Measures tor

EUL (years) Source

10 — Under
Counter
15 — Single Door
Dishwasher C&I | 20— Conveyor
Type
10 — Pots, Pans
& Utensils

ENERGY
STAR®Calc®%®

338 ENERGY STAR® Savings Calculator for ENERGY STAR® Certified Commercial Kitchen Equipment.
www.energystar.gov/buildings/sites/default/uploads/files/commercial _kitchen equipment_calculator.xlsx?5da4-
3d90&5da4-3d90



http://www.energystar.gov/buildings/sites/default/uploads/files/commercial_kitchen_equipment_calculator.xlsx?5da4-3d90&5da4-3d90
http://www.energystar.gov/buildings/sites/default/uploads/files/commercial_kitchen_equipment_calculator.xlsx?5da4-3d90&5da4-3d90

Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
Fireplace C&l 15 DOE®*°
DEER 2014
Ice Maker C&l 10 EUL ID: Cook-
IceMach
Appliance DEER 2014
Induction Cooktop C&l 16 EUL ID: Appl-
Elec_Cooking
. DEER 2014
Refrigerator and Freezer C&l 12 EUL ID: Cook-SDRef
. DEER 2014
Advanced Power Strip C&l 2 EUL ID: Plug-Oc-
. (APS)
Appliance - cSens
Control . . DEER 2014
Nodmadeinend a5 | s P
Y VendCtrler
. . . DEER 2014
ARpplu;;lnce égx CC?())ndltloner —Room Cc&l 3 EUL ID: HV-RAC-
ecycling RUL
. . DEER 2014
Air Curtains C&l 15 EUL ID: Motors-fan
Air Leakage Sealing C&l 15 GDS340
Insulathn - Hot Water and C&l 15 GDS!
Buildin Steam Pipe
Shell & [ Insulation - Opaque Shell | C&I 30 ET & CEC3*
DEER 2014
Window - Film C&l 10 EUL ID: GlazDaylt-
WinFilm
. . DEER 2014
Window - Glazing C&l 20 EUL ID: BS-Win
Com- Air Compressor C&l 13 Other State TRMs**®
pressed Air | Engineered Air Nozzle C&l 15 Wisconsin PSC3#

339 Technical Support Document: Energy Conservation Program for Consumer Products: Energy Conservation
Standards for Hearth Products. Chapters 7 and 8. Department of Energy (DOE). January 30, 2015, pg. 2-12.
https://www.regulations.gov/document?D=EERE-2014-BT-STD-0036-0002

340 GDS Associates, Inc., Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC
Measures, June 2007, Table 1 — Residential Measures.

341 GDS Associates, Inc., Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC
Measures, June 2007, Table 1 — Residential Measures.

342 Energy Trust uses 30 years for commercial applications. CEC uses 30 years for insulation in Title 24 analysis.
343 Based on a review of TRM assumptions from Ohio (August 2010), Massachusetts (October 2015), Illinois
(February 2017) and Vermont (December 2018). Estimates range from 10 to 15 years. Cited TRMs are reviewed
annually for updates and potential to replace TRM citations with primary reference material.

344 PA Consulting Group (2009). Business Programs: Measure Life Study. Prepared for State of Wisconsin Public
Service Commission.



https://www.regulations.gov/document?D=EERE-2014-BT-STD-0036-0002
https://dis.puc.state.oh.us/ViewImage.aspx?CMID=A1001001A19K29B53307G04631
https://ma-eeac.org/wp-content/uploads/TRM_PLAN_2013-15.pdf
https://www.ilsag.info/il_trm_version_6/
https://www.ilsag.info/il_trm_version_6/
https://puc.vermont.gov/sites/psbnew/files/doc_library/Vermont%20TRM%20Savings%20Verification%202018%20Version_FINAL.pdf

Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
No Air Loss Water Drain C&l 13 MA Meas‘éﬁi Life
Study

Refrigerated Air Dryer C&l 13 Other State TRMs 40
Compressed Air Heat Re- C&l 13 Other State TRMs 3*'
covery

Flow Controller C&l 13 Other State TRMs *#8

345 Measure Life Study prepared for The Massachusetts Joint Utilities, Energy & Resource Solutions, 2005.
http://www.ers-inc.com/wp-content/uploads/2018/04/Measure-L ife-Study MA-Joint-Utilities ERS.pdf

346 Based on a review of TRM assumptions from Ohio (August 2010), Massachusetts (October 2015), Illinois

(February 2017) and Vermont (December 2018). Estimates range from 10 to 15 years. Cited TRMs are reviewed
annually for updates and potential to replace TRM citations with primary reference material.

37 1bid.
348 1bid.



http://www.ers-inc.com/wp-content/uploads/2018/04/Measure-Life-Study_MA-Joint-Utilities_ERS.pdf
https://dis.puc.state.oh.us/ViewImage.aspx?CMID=A1001001A19K29B53307G04631
https://ma-eeac.org/wp-content/uploads/TRM_PLAN_2013-15.pdf
https://www.ilsag.info/il_trm_version_6/
https://www.ilsag.info/il_trm_version_6/
https://puc.vermont.gov/sites/psbnew/files/doc_library/Vermont%20TRM%20Savings%20Verification%202018%20Version_FINAL.pdf

Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
Com- .| Low Pressure Drop Filter C&l 10 Navigant 3E4E,JL Report
pressed Air
Heat Pump Water Heater C&l 15 DEER 2014
(HPWH) EUL ID: WtrHt-Com
Domestic Indirect Water Heater C&l 15 EUL]?I]i]:E\I}Vtzr(;IItZ-‘Com
Hot Water Instantaneous Water DEER 2014
(DHW) C&l 20 EUL ID: WtrHt-In-
Heater
stant-Com
Storage Tank Water C&I 15 DEER 2014
Heater EUL ID: WtrHt-Com
RUL of DHW
dDO}VIV\Z Temperature Turn- Cc&l System N/A
Default =5
Drain Water Heat Recov- .
ery (DWHR) C&l 30 2019 Title 243
DEER 2014
Low-Flow —Faucet Aera- | gy 10 EUL ID: WitrHt-WH-
tor Aertr
DHW - Low-Flow — Pre-Rinse
Control Spray Valve (PRSV) C&l 5 GDS
DEER 2014
Low-Flow — Salon Valve C&l 10 EUL ID: WtrHt-WH-
Shrhd
DEER 2014
Low-Flow — Showerhead C&l 10 EUL ID: WtrHt-WH-
Shrhd
Central DHW Control C&l 15 NREL%*!
Heating, DEER 2014
Ventilation | Air Conditioner — PTAC C&l 15 EUL ID: HVAC-
and Air PTAC
Condition- DEER 2014
ing Air Conditioner — Unitary | C&lI 15 EUL ID: HVAC-
(HVAC) airAC

349 Navigant ComEd Effective Useful Life Research Report. https://www.icc.illinois.gov/docket/P2017-
0312/documents/287811/files/501915.pdf

302019 Title 24, Part 6 CASE Report. “Drain Water Heat Recovery — Final Report.”

http://title24stakeholders.com/wp-content/uploads/2017/09/2019-T24-CASE-Report DWHR_Final September-

2017.pdf

351 hitps://www.nrel.gov/docs/fy160sti/64541.pdf



https://www.icc.illinois.gov/docket/P2017-0312/documents/287811/files/501915.pdf
https://www.icc.illinois.gov/docket/P2017-0312/documents/287811/files/501915.pdf
http://title24stakeholders.com/wp-content/uploads/2017/09/2019-T24-CASE-Report_DWHR_Final_September-2017.pdf
http://title24stakeholders.com/wp-content/uploads/2017/09/2019-T24-CASE-Report_DWHR_Final_September-2017.pdf
https://www.nrel.gov/docs/fy16osti/64541.pdf

Commercial & Indus- Sec-

Category trial Measures tor EUL (years) Source
Boiler and Furnace -
Combination (“Combi”) C&l 22 DOE®*?
Boiler
bimation (-Combiy P | a1 20 DEER 2014
oo Y EUL ID: HVAC-Fmne
Boiler, Hot Water — Steel C&l 24 ASHRAE Handbook,
Water Tube 2015
Boiler, Hot Water — Steel C&l 75 ASHRAE Handbook,
Fire Tube 2015
Boiler, Hot Water — Cast C&l 35 ASHRAE Handbook,
Iron 2015

352 Technical Support Document: Energy Efficiency Program for Consumer Products and Commercial and Industrial
Equipment: Residential Furnaces, February 10, 2015, Table 8.2.17.
https://energy.mo.gov/sites/energy/files/technical-support-document---residential-furances_doe.pdf

353 Based on DEER value for high efficiency boiler and instantaneous water heater.



https://energy.mo.gov/sites/energy/files/technical-support-document---residential-furances_doe.pdf

Commercial & Indus-

Sec-

Category trial Measures tor EUL (years) Source
Boiler, Steam — Steel Wa- C&I 30 ASHRAE Handbook,
ter Tube 2015
Boiler, Steam — Steel Fire ASHRAE Handbook,
Tube cad 25 2015
Boiler, Steam — Cast Iron | C&I 30 ASHRAfolfgndbo"k’
Chiller — Air & Water C&l 20 DEER 2014
Cooled EUL ID: HVAC-Chlr
DEER 2014
Chiller — Cooling Tower C&l 15 EUL ID: HVAC- CIT-
wrPkgSys
Condensing Unit Heater C&l 18 Ecotope®**
) DEER 2014
. Duct Sealing and Insula- C&l 13 EUL ID: HVAC-
Heating, | tion
Ventilation DuctSeal
and Air Economizer —Dual En- DEER 2014
Cpe T C&l 10 EUL ID: HVAC-
Condition- | thalpy Air Side JdE
ing Electronically Commu ———
(HVAC) DEER 2014
tated (EC) Motor - HVAC | C&l 15 EUL ID: Motors-Fan
Blower Fan
Electronically Commu- DEER 2014
tated (EC) Motor — Hy- C&l 15 EUL ID: Motors-
dronic Circulator Pump pump
Energy and Heat Recov- C&l 14 PA Consulting
ery Ventilator Group®®
Furnace, Gas Fired C&l 23 DOE?%6:3%7
DEER 2014
Gas Heat Pump C&l 15 EUL ID: HV-Res HP
. DEER 2014
Izg;‘)tl Pump — Unitary & | ca 15 EUL ID: HVAC-
airHP
Heat Pump — PTHP C&l 15 DEER 2014

354 Ecotope Natural Gas Efficiency and Conservation Measure Resource Assessment (2003).

3% PA Consulting Group Inc., Focus on Energy Evaluation Business Programs: Measure Life Study, final report
dated August 25, 2009. https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf
3% U.S. DOE. “Technical Support Document: Energy Efficiency Program for Consumer Products and Commercial
and Industrial Equipment: Residential Furnaces” and “Technical Support Document: Energy Efficiency Program for
Consumer Products and Commercial and Industrial Equipment: Commercial Warm Air Furnaces.” August 30, 2016.
https://www.regulations.gov/document?D=EERE-2014-BT-STD-0031-0217

357 U.S. DOE. “Technical Support Document: Energy Efficiency Program for Consumer Products and Commercial
and Industrial Equipment: Commercial Warm Air Furnaces.” December 30, 2015.
https://www.regulations.gov/document?D=EERE-2013-BT-STD-0021-0050



https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf
https://www.regulations.gov/document?D=EERE-2014-BT-STD-0031-0217
https://www.regulations.gov/document?D=EERE-2013-BT-STD-0021-0050

Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
EUL ID: HVAC-
PTHP

Heat Pump — Ground 358
Source (GSHP) C&l 25 ASHRAE
High Volume Low Speed C&I 15 PA Cons%étgmg
Fan Group
Infrared Heater C&l 17 GDS?30

358 ASHRAE Owning and Operating Cost Database.
https://xp20.ashrae.org/publicdatabase/system_service_life.asp?selected system_type=1

39 PA Consulting Group Inc., Focus on Energy Evaluation Business Programs: Measure Life Study, final report
dated August 25, 2009. https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf
360 GDS Associates, Inc. “Natural Gas Efficiency Potential Study.” DTE Energy. July 29, 2016.
https://www.michigan.gov/documents/mpsc/DTE_2016_NG_ee_potential study w_appendices VFINAL 554360

7.pdf


https://xp20.ashrae.org/publicdatabase/system_service_life.asp?selected_system_type=1
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf
https://www.michigan.gov/documents/mpsc/DTE_2016_NG_ee_potential_study_w_appendices_vFINAL_554360_7.pdf
https://www.michigan.gov/documents/mpsc/DTE_2016_NG_ee_potential_study_w_appendices_vFINAL_554360_7.pdf

Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
n p C&l 10 EUL ID: HVAC-Ref-
Conditioner and Heat
Chg
Pump
Heating, T R DEER 2014
Ventilation | | W1¢-UP — Boiler C&l > EUL ID: BlrTuneup
and Air | Tune-Up — Chiller System | C&I 5 WI EUL DB
Condition- DEER 2014
ing Tune-Up — Furnace C&l > EUL ID: BlrTuneup
(HVACQ) ) . DEER 2014
Xf‘g;t)’lg %fj:;geram Flow | &1 15 EUL ID: HVAC-
Y VSD-pump
Unit Heater, Gas Fired C&l 13 ASHRA]; 011{'521 ndbook,
EUL = Retrofit-
ted motor RUL =
Adaptive Photonic Con- Retrofitted motor DEER 2014
C&l | EUL — (Current
trol EUL ID: Motors-fan
Year — Mfr.
Year) Default =
5
;Arxc()ilvanced Rooftop Con- C&I 16 NYSERDA 2
Direct Digital Control DEER 2014
HVAC— | pDC) System cad 5 EUL ID: HVAC-EMS
Control
Demand Control Ventila- DEER 2014
tion (DCV) C&l 15 EUL ID: HVAC-
VSD-DCV
Energy Management Sys- Cc&l 15 DEER 2014
tem EUL ID: HVAC-EMS
Energy Management Sys- Cc&l 15 DEER 2014
tem — Guest Room EUL ID: HVAC-EMS
EUL = Boiler
Boiler Economizer C&l RUL = Boiler GDS?33
EUL — (Current

361 Wisconsin Public Service Commission: Equipment Useful Life Database, 2013.
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf

362 NYSERDA Methodology Appendix: Assessment of Energy Efficiency and Electrification Potential in New York
State Residential and Commercial Buildings study (revised April 2023), Table 3-11: HVAC Controls
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Publications/building-stock-potential-

studies/AppendixAMethodologyNY SEEandElectrificationPotential StudyApril2023-acc.pdf

363 Natural Gas Energy Efficiency Potential in Massachusetts, GDS Associates, 2009. https://ma-eeac.org/wp-
content/uploads/5_Natural-Gas-EE-Potenial-in-MA.pdf



https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Publications/building-stock-potential-studies/AppendixAMethodologyNYSEEandElectrificationPotentialStudyApril2023-acc.pdf
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Publications/building-stock-potential-studies/AppendixAMethodologyNYSEEandElectrificationPotentialStudyApril2023-acc.pdf
https://ma-eeac.org/wp-content/uploads/5_Natural-Gas-EE-Potenial-in-MA.pdf
https://ma-eeac.org/wp-content/uploads/5_Natural-Gas-EE-Potenial-in-MA.pdf

Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
Year — Mft.
Year)
Default =5
Kltchen Demand Ventila- C&I 15 PG &4
tion Control
EUL = Boiler
Outdoor Temperature Set- E%[I{L_z( ggrl:; ¢
back Control for Hydronic | C&lI N/A
. Year — Mfr.
Boiler
Year)
Default =5
DEER 2014
Sslif:rg‘ Tarcaepﬁelggrvlv'l)res' c&l 6 EUL ID: HVAC-
P & StmTrp

364 PG&E Work Paper WPSDGENRCCO0019, June 15, 2012.




Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
S TrpMotierie | T s
Y . EUL ID: HVAC-EMS
Space Heating
HVAC — glléermostat — Programma- DEER 2014
Control — C&l 11 EUL ID: HVAC-
Thermostat — Wi-Fi
. ProgTStats
(Communicating)
Thermostatic Radiator C&I 15 DOE365
Valve
50,000 hrs /an-
nual lighting op-
LED Fix- erating hrs or 15 367
ture (DLC) C&l yrs if annual op- DLC
erating hrs are
not known
Rated Life listed
<y Light Fix- by ENERGY
366
Lighting ture STAR or default
LED Fix- il Highting op-
ture (Inte- | C&I IBHNE OP7 | pNERGY STAR®%6
rior) erating hrs or 15
yrs if rated life-
time or annual
operating hrs are
not known

365 U.S. DOE. “Thermostatic Radiator Valve Evaluation.” January 2015.
https://www.nrel.gov/docs/fy150sti/63388.pdf

366 In response to codification of a 45 Im/W backstop requirement for general service lamps (GSLs), EULSs for select
lighting measures are currently under review by the TRM Management Committee. Revisions will take effect
concurrent with other action taken in response to the imposed GSL standard in the V10 NY TRM filing.
https://www1.eere.energy.gov/buildings/appliance standards/standards.aspx?productid=4

367 50,000 hours per L7o requirements prescribed by the DLC’s Product Qualification Criteria, Technical
Requirement Table version 4.4.

368 pPlaced on the Qualified Fixture List by ENERGY STAR®, according to the appropriate luminaire classification
as specified in the ENERGY STAR® Program with C&I redecoration and business type change patterns).



https://www.nrel.gov/docs/fy15osti/63388.pdf
https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=4

Category

Commercial & Indus-
trial Measures

Sec-
tor

EUL (years)

Source

LED Fix-
ture (Exte-
rior)

C&l

Rated Life listed
by ENERGY
STAR or default
to 35,000 hrs/an-
nual lighting op-
erating hrs or 15
yrs if rated life-
time or annual
operating hrs are
not known

ENERGY STAR®36°

LED Fix-
ture (Insep-
arable)

C&l

Rated Life listed
by ENERGY
STAR or default
to 50,000/annual
lighting operat-
ing hrs or 15 yrs
if rated lifetime
or annual operat-
ing hrs are not
known

ENERGY STAR®370

369 |bid. requirements for Luminaires, version 2.1. Divided by estimated annual use, but capped at 20 years

regardless (consistent
370 | bid.




Commercial & Indus- Sec-

Category trial Measures tor

EUL (years) Source

Rated Life listed
by ENERGY
STAR or default
to 25,000 hrs
LED Fix- /annual lighting
ture (Uncer- | C&I | operating hrs or Uncertified
tified) 15 yrs if rated
lifetime or an-
nual operating
hrs are not
known

Light Fix-
ture

50,000 hours DLC372

Rated Life listed
by ENERGY
Lighting®"* STAR or default

to 15,000 hrs
LED Lamp C&I /annugl lighting
operating hrs or ENERGY STAR®
15 yrs if rated
lifetime or an-
nual operating

hrs are not

known

LED Exit Signs & Open C&l 16 DEER 2014
Signs EUL ID: LED-sign

DEER 2014
Refrigerated Case LED C&l 16 EUL ID: GrocDisp-

FixtLtg-LED
Lighting Power Density 373
(LPD) C&l 15 GDS

Bi-Level Lighting C&l 15 ComEd*"

371 In response to codification of a 45 Im/W backstop requirement for general service lamps (GSLs), EULSs for select
lighting measures are currently under review by the TRM Management Committee. Revisions will take effect
concurrent with other action taken in response to the imposed GSL standard in the V10 NY TRM filing.
https://www1.eere.energy.gov/buildings/appliance standards/standards.aspx?productid=4

372 Placed on the Qualified Products List by the Design Light Consortium (DLC) 50,000 hours, according to the
appropriate Application Category as specified in the DLC’s Product Qualification Criteria, Technical Requirement
Table version 4.4 or higher.

373 Measure Life Report, Residential and Commercial/Industrial/Industrial Lighting and HVAC Measures, GDS
Associates, June 2007. As directed in the Interior and Exterior Lighting measure, new construction projects may be
evaluated based on LPD. This value is provided for use with new construction LPD projects only.
https://energy.mo.gov/sites/energy/files/measure-life-report-2007.pdf

374 ComEd Luminaire Level Lighting Control IPA Program Impact Evaluation Report prepared by Navigant.
https://www.ilsag.info/wp-



https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=4
https://energy.mo.gov/sites/energy/files/measure-life-report-2007.pdf
https://www.ilsag.info/wp-content/uploads/SAG_files/Evaluation_Documents/ComEd/ComEd_EPY9_Evaluation_Reports_Final/ComEd_PY9_LLLC_IPA_Program_Impact_Evaluation_Report_2018-06-05_Final.pdf

Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
Integrated Interior Control | C&I 15 ComEd®"®
Lighting - Non-Integrated Interior Cc&l 10 GDS378
Control
Control Plue-Load O
ug-Load Occupancy Cc&l ] DEER®"
Sensor
DEER 2014
Motor (incl. PEI Pumps) C&l 15 EUL ID: Motors-
Motors and HiEff
Drives DEER 2014
I];I;)I‘[tched & Synchronous C&I 5 EUL ID: HV-
CoggedBelt
DEER 2014
Pool Pump C&l 10 EUL ID: OutD-Pool-
Motors and Pump
Drives Variable Frequency Drive DEER 2014
(VFD) — Fan and Pum C&l 15 EUL ID: HVAC-
P VSDSupFan
Elevator Modernization C&l 15 DEER 2014378
Bu}ldmg Operator Certifi- C&l 13 ComEd®™
cation
DEER 2014
Heat Pump Pool Heater C&l 15 EUL ID: HV-Res HP
High Efficiency Trans- C&l 3 DOE®0
Other former
High Frequency Battery c&l 15 PG&E®!
Charger
ngh.Vlscosr[y Industrial C&I 10 ExxonMobil?®
Lubricant
Pool Heater C&l 8 DOE?%3

content/uploads/SAG _files/Evaluation Documents/ComEd/ComEd EPY9 Evaluation Reports Final/ComEd PY9
LLLC IPA Program Impact Evaluation Report 2018-06-05 Final.pdf

875 Ibid.

376 Measure Life Report, Residential and Commercial/Industrial/Industrial Lighting and HVAC Measures, GDS

Associates, June 2007.

https://energy.mo.qov/sites/energy/files/measure-life-report-2007.pdf

377 DEER value for lighting occupancy sensors.

378 Assumes same EUL as VFD measure.

379 Average measure life of capital measures from the ComEd CY2020 evaluation.

380 hitps://www.federalregister.gov/documents/2019/06/18/2019-12761/energy-conservation-program-energy-

conservation-standards-for-distribution-transformers

381 hitps://www.kannahconsulting.com/wp-content/uploads/2016/08/2010-10-

11 Battery Charger_Title 20 CASE_Report_v2-2-2.pdf, pg. 43.

382 Information presented in the ExxonMobil study is confidential.

383 DOE, Chapter 8, Life-Cycle Cost and Payback Period Analyses, Table 8.75.

https://www.regulations.gov/document?D=EERE-2006-STD-0129-0170



https://www.ilsag.info/wp-content/uploads/SAG_files/Evaluation_Documents/ComEd/ComEd_EPY9_Evaluation_Reports_Final/ComEd_PY9_LLLC_IPA_Program_Impact_Evaluation_Report_2018-06-05_Final.pdf
https://www.ilsag.info/wp-content/uploads/SAG_files/Evaluation_Documents/ComEd/ComEd_EPY9_Evaluation_Reports_Final/ComEd_PY9_LLLC_IPA_Program_Impact_Evaluation_Report_2018-06-05_Final.pdf
https://energy.mo.gov/sites/energy/files/measure-life-report-2007.pdf
https://www.federalregister.gov/documents/2019/06/18/2019-12761/energy-conservation-program-energy-conservation-standards-for-distribution-transformers
https://www.federalregister.gov/documents/2019/06/18/2019-12761/energy-conservation-program-energy-conservation-standards-for-distribution-transformers
https://www.kannahconsulting.com/wp-content/uploads/2016/08/2010-10-11_Battery_Charger_Title_20_CASE_Report_v2-2-2.pdf
https://www.kannahconsulting.com/wp-content/uploads/2016/08/2010-10-11_Battery_Charger_Title_20_CASE_Report_v2-2-2.pdf
https://www.regulations.gov/document?D=EERE-2006-STD-0129-0170

Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
Solar Pool Cover C&l 5 CALMAC34
DEER 2014
Steam Trap — Other Ap- | (¢ 6 EUL ID: HVAC-
plications
StmTrp
Process Steam Trap Monitoripg DEER 2014
Equipment tSiZZtsem — Other Applica- C&l 15 EUL ID: HVAC-EMS
Ozone Laundry C&l 10 PG&E®®®
Process Exhaust Filtration | C&l 15 CIBSE®®
Air-Cooled Refrigeration C&I 15 EUII? ]IEIERGZr (())::gys-
Condenser
Cndsr
Automatic Door Closer DEER 2014
for Walk-In C&l 8 EUL ID: GrocWIkIn-
Cooler/Freezer DrClsr
DEER 2014
Cooler and Freezer Door C&l 4 EUL ID: GrocWIkIn-
Refrigera- | Gasket StripCrtn, GrocWIlkIn-
tion WDrGask
DEER 2014
Cooler and Freezer Door C&l 4 EUL ID: GrocWIkIn-
Strip StripCrtn, GrocWlkIn-
WDrGask
EC Motor — Refriger:
Case or Walk—?n gerated DEER 2014.
Cooler/Freezer Evaporator C&l 15 EUL ID: GrocDisp-
FEvapFanMtr

Fan

384 hitp://www.calmac.org/publications/PoolCoverReport 2015 Final Report Appendices.pdf

385 PG&E Work Paper PGECOAPP123, August 22, 2017.
386 Chartered Institution of Building Services Engineers. “Probabilistic Estimation of Service Life.” An industrial
ventilation system consists of a fan and a set of filters; Fan and Filter EUL are 15 to 20 years depending on type.
https://www.cibse.org/knowledge-research/knowledge-portal/probabilistic-estimation-of-service-life



http://www.calmac.org/publications/PoolCoverReport_2015_Final_Report_Appendices.pdf
https://www.cibse.org/knowledge-research/knowledge-portal/probabilistic-estimation-of-service-life

Commercial & Indus- Sec-
Category trial Measures tor EUL (years) Source
Equipment (Condenser, DEER 2014
Compressor, and Sub- C&l 15 EUL ID: GrocSys-
cooling) MechSubcl
e
& C&l 15 EUL ID: GrocDisp-
Synchronous Motor FEvanFanMir
(PMSM) p
Refrigera- DEER 2014
tion Refrigerated Case Door C&l 12 EUL ID: GrocDisp-
FixtDoors
. . DEER 2014
Refrigerated Case Night C&I 5 EUL ID: GrocDisp-
Cover .
DispCvrs
Refrigeration Condenser Baseq On Measure
. . C&l 1 compliance require-
Coil Cleaning
ments
. ) DEER 2014
ég;[:{rg?ndensatlon Heater C&l 12 EUL ID: GrocDisp-
ASH
Condenser Pressure and DEER 2014
Refrigera- C&l 15 EUL ID: GrocSys-
. Temperature Control
tion - Con- Cndsr
trol DEER 2014
Evaporator Fan Control C&l 16 EUL ID: Groc-WIkIn-
WEvapFMtrCtrl
Floating Head Pressure C&I 10 PA Cons%lét;ng Group
Control

Common References

1. DEER 2014 EUL.
Available from: http://www.deeresources.com/filessDEER2013codeUpdate/down-
load/DEER2014-EUL -table-update 2014-02-05.xIsx

2. GDS Associates, Inc., Measure Life Report: Residential and Commercial/Industrial
Lighting and HVAC Measures, June 2007.

Available from: https://library.ceel.org/system/files/library/8842/CEE Eval Measure-
LifeStudyLights%2526HVACGDS 1Jun2007.pdf

387 PA Consulting Group Inc. “State of Wisconsin Public Service Commission of Wisconsin Focus on Energy

Evaluation Business Programs: Measure Life Study. Final Report.” August 25, 2009.

https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf



https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf

Record of Revision

Record of Revision Number Issue Date
EUL’s originally listed in July 18, 2011 Order 7/18/2011
Additional EUL’s posted on web site Subsequent to 7/18/2011 Order
7-13-28 7/31/2013
6-14-1 6/19/2014
6-14-2 6/19/2014
6-15-4 6/1/2015
6-16-2 6/30/2016
1-17-8 12/31/2016
6-17-16 6/30/2017
9-17-11 9/30/2017
12-17-17 12/31/2017
3-18-21 3/31/2018
6-18-23 6/30/2018
9-18-21 9/30/2018
12-18-17 12/28/2018
3-19-16 3/29/2019
6-19-14 6/30/2019
9-19-10 9/30/2019
12-19-17 12/23/2019
3-20-17 3/30/2020
7-20-20 7/31/2020
12-20-12 12/31/2020
3-21-18 3/31/2021
7-21-21 8/30/2021
12-21-25 1/28/2022
6-22-13 9/2/2022
3-23-21 3/31/2023
6-23-16 7/14/2023
9-23-5 10/31/2023
12-23-20 1/5/2024
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