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INTRODUCTION

The Commission is committed to using the best possible information in the estimation of savings
from measures installed through ratepayer funded energy efficiency programs. Information
contained within this manual supersedes information contained in earlier versions and is
effective as of the issue date.

HISTORY
In a series of Commission orders related to approving the portfolio of programs associated with
the Energy Efficiency Portfolio Standard (EEPS), the Commission approved technical manuals
designed to provide a standardized, fair, and transparent approach for measuring program energy
savings. The five technical manuals approved between December 2008 and December 2009
covered a variety of measures applicable to the single-family, multi-family, and
commercial/industrial sectors. They were consolidated into one manual entitled, New York
Standard Approach for Estimating Energy Savings from Energy Efficiency Programs-
Residential, Multi-family, and Commercial/Industrial Measures (“the Consolidated Technical
Resource Manual”) dated October 15, 2010 with an effective date of January 1, 2011,

Each measure now includes a section titled “Record of Revision.” If the measure was not
revised between its original publication (in 2008-2009) and its publication in the Consolidated
Technical Resource Manual, the Revision Number is 0. If the measure was added/revised
between its original publication (in 2008-2009) and its publication in the Consolidated Technical
Manual, the Revision Number will correspond to the number of changes/additions of that
measure (ex. 1 or 2). Since the publication of the Consolidated Technical Resource Manual,
dated October 15, 2010, Staff has worked with the E* Working Group® and the Technical
Resource Manual/Measure Classification Lists Subcommittee to review and approve proposed
revisions utilizing the process established by Commission Order’. These revisions have been
documented through the issuance of the Record of Revisions®. All revisions made subsequent to
the release of the Consolidated Technical Resource Manual are listed using the DPS Staft-
generated Revision Number, as stated in the approved Record of Revisions.

' For purposes of tracking Technical Resource Manual updates, the October 15, 2010 Consolidated
Technical Resource Manual will also be referred to as Version 1, with the protocol of all subsequent
Consolidated Updates being released with sequential Version numbers.

* The E* Working Group was formed on February 28, 2014 per the December 26, 2013 Commission
Order in Case 07-M-0548 which directed the merger of the functions of the former Implementation
Advisory Group (IAG) and the Evaluation Advisory Group (EAG) and directed Staff to work with
NYSERDA and the utilities to form an E* Working Group.

’ Case 07-M-0548, Order Approving Modifications to the Energy Efficiency Portfolio Standard (EEPS)
Program to Streamline and Increase Flexibility in Administration (issued June 20, 2011).

YA summary of all Records of Revisions® issued between October 15, 2010 and September 30, 2014 is
provided at the end of this documentas an easy reference describing the content of the revisions. Actual
Record of Revisions can be located at:
www3.dps.ny.gov/W/PSCWeb.nsf/ArticlesByTitle/06F2FEE55575BD8A852576 E4006F9AF7?0OpenDoc
ument (page down to Technical Manuals).



http://www3.dps.ny.gov/W/PSCWeb.nsf/ArticlesByTitle/06F2FEE55575BD8A852576E4006F9AF7?OpenDocument
http://www3.dps.ny.gov/W/PSCWeb.nsf/ArticlesByTitle/06F2FEE55575BD8A852576E4006F9AF7?OpenDocument

The release of this New York Standard Approach for Estimating Energy Savings from Energy
Efficiency Program — Single and Multi-Family Residential & Commercial and Industrial
Measures, Version 2, incorporates all Records of Revision issued through September 30, 2014.

SYSTEM PEAK DEMAND DEFINITION
System peak demand typically refers to the highest amount of electricity being consumed at any
one point in time across the entire system network. In most cases, the system network referred to
is the New York Control Area, managed by the New York Independent System Operator. It is
the maximum level of hourly demand during a specific period. The peak periods most
commonly identified are annual and seasonal (summer and winter.) > Peak coincident demand is
the demand of a measure that occurs at the same time as the system peak.

The Tech Manual equations are developed to estimate peak electricity savings (kW) along with
electricity consumption and gas consumption savings. The definition of the peak demand period
for conducting engineering simulations and estimating coincidence factors are as follows:

Electricity

According to the NYISO, system peaks generally occur during the hour ending at 5 pm on the
hottest non-holiday weekday. The peak day can occur in June, July, or August, depending on the
weather. Program Administrators (PAs) should calculate coincident peak demand savings based
on the hottest summer non-holiday weekday during the hour ending at Spm.

Building energy simulation programs or other calculation techniques using the Typical
Meteorological Year version 3 (TMY3) data from the National Renewable Energy Laboratory
(NREL) shall use the calendar year definition and day of the year as shown below:

City Date Temperature Calendar year
Albany July 21 96 1995
Buffalo July 21 89 1995
Massena August 15 94 1997
NYC (LGA) July 13 98 1990
Syracuse July 4 97 2003
Binghamton August 14 93 1998
Poughkeepsie June 10 92 2005

Note: For peak demand simulations, the calendar year is defined so that the days above fall on a
non-holiday Friday. For Syracuse, this requires redefining the July 4" holiday.

Building energy simulation programs or other calculation techniques using different weather data
sets shall choose a coincident peak demand hour consistent with the NY ISO definition above.

> Glossary of Terms, Version 2.1, Northeast Energy Efficiency Partnerships, A project of the Regional
Evaluation, Measurement and Verification Forum, Prepared by Paul Horowitz PAH Associates, p.25.




Natural Gas

The peak gas definition is based on the program-induced change in the average daily gas flow in
which the distribution system, on average, reaches its pumping/consumption capacity such that
as the temperature falls lower (or the heating degree days go higher) gas consumption does not
increase. Setting the peak gas definition for this condition means that the gas peak is calculated
to reflect the decreased cubic feet of natural gas expected to not flow through the distribution
system during the 24-hour period as a result of the impacts of the gas energy efficiency program.

NATURAL GAS PEAK SAVINGS DEFINITION
Up State: The number of therms saved during a day, a 24 hour period starting at 10:00AM, in
which the average temperature is minus nine -9°F (-22.8 °C).

Down State: The number of therms saved during a day, a 24 hour period starting at 10:00AM, in
which the average temperature is zeroF (-17.8°C).

COINCIDENCE FACTOR
For purposes used in this manual, the Coincidence Factor (CF) is expressed as a ratio with the
numerator being the simultaneous demand of a similar group of electrical appliances (measures)
within a specified period, to the sum of their individual maximum demands within the same
period.

ANCILLARY NON-GAS FoOsSIL FUEL IMPACTS
The measures in this Manual that provide non-gas fuel interactions shall use the therm impact
equations, with the following conversion factors.

Fuel Heating value Conversion Factor
Propane 71,000 Btu/gal 1.41 gal per therm
#2 Fuel Oil 115,000 Btu/gal 0.87 gal per therm
#6 Fuel Oil 124,000 Btu/gal 0.81 gal per therm

ANNUAL/LIFE-CYCLE SAVINGS
The energy savings methodologies presented in this Manual are designed to provide first year
annual gross energy savings. Life cycle energy savings are calculated by multiplying first year
gross energy savings by the EUL.

NET TO GROSS ADJUSTMENTS
The savings approaches presented in this Manual provide gross energy saving estimates and
specify the approaches for obtaining those estimates. The New York Department of Public
Service policy specifies that savings projections used for predicting energy savings will be net
savings. To arrive at net savings the gross estimates presented in this Manual must be adjusted
to account for free riders and spillover.

Free rider adjustments erode the gross savings estimate by subtracting out the savings that would
have occurred without the programs incentive or influence. Spillover adjustments increase
savings by counting the additional savings that occur as a result of two possible conditions.

First, participants can replicate that same action (participant spillover) outside of the program
participation process, providing additional savings. Second, the program can influence the way
non-participants make energy saving decisions that result in additional savings not associated




with a specific participation event. Together, the subtraction of savings for free riders, plus the
addition of savings for spillover tend to offset each other to a significant degree. As a result, for
the purposes of estimating program impacts, the savings estimates presented in this Manual, or
the savings produced using the calculation approaches described in this Manual, must be
multiplied by 0.90 to arrive at an estimated net energy savings for each measure.

As program evaluations are completed, this factor will be adjusted up or down as appropriate by
program, for each measure included in this Manual. Over time, the adjustment factor will evolve
to be more accurate and will be focused on specific types of programs and delivery approaches.
To continue to standardize the net impact estimation approach at this time, a net to gross
conversion factor of 0.90 will continue to be applied to the gross saving estimates.

EQUIVALENT FULL LOAD HOURS (EFLH), FOR HEATING OR COOLING
The equivalent hours that a measure would need to operate at its peak capacity in order to
consume its estimated annual kWh consumption (annual kWh/connected kW).® The ratio of the
annual building energy (cooling or heating) consumed to the peak energy required is used to
calculate EFLH. The listing of heating and cooling Equivalent Full Load Hours for seven cities
in New York State can be found in Appendix G. Accordingly, the ratio for EFLH cooling is
shown below:

Annual kthooling j

EFLHcooling = ( KWoeak cool
peak,cooling

Return to Table of Contents

6 Massachusetts Technical Reference Manual for Estimating Savings from Energy Efficiency Measures, 2013-2015
Program Years — Plan Version, October 2012



SINGLE AND MULTI-FAMILY RESIDENTIAL MEASURES

APPLIANCE

CLOTHES WASHER

Measure Description

Residential clothes washers meeting the minimum qualifying efficiency standards established
under the Energy Star Program. The washers are assumed to be located within the residential
unit, not a commercial washer in a common area laundry room. There is natural gas energy
savings associated with the thorough water removal from the clothes in the washer.

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

AkWh = units X AkWhyasher + AkWhyh + AkWhgryer

Peak Coincident Demand Savings

) AkWh
AKW = units X x CF
8,760

Annual Gas Energy Savings

Atherms = units x Atherm y;, + Atherm gryer

where:

AkWh = Annual electric energy savings

AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings

units = Number of measures installed under the program
dryer = Clothes dryer

washer = Clothes washer

wh = Water heater

CF = Coincidence factor

8,760 = Hours in one year

Summary of Variables and Data Sources

Variable Value Notes
kWh From table, based on water heater and dryer type
wh Water heater type | From application
dryer Clothes dryer type | From application
therm savings Based on water heater and dryer type




Coincidence Factor (CF)

The recommended value for the coincidence factor is, based on data from the Efficiency
Vermont TRM, CF = 0.06

Baseline Efficiencies from which Savings are Calculated

The table below shows the average savings in electricity and natural gas resulting from the
installation of energy efficient clothes washers that meet Energy Star standards, in comparison to
a minimum federal standard clothes washer. The electric savings are those associated with the
clothes washer itself, reductions in hot water requirements from an electric water heater and
reductions in electric dryer energy when the efficient washer removes more moisture from the
clothes at the end of the cycle. The gas savings are the associated with reductions in hot water
requirements from a gas-fired hot water heater and reductions in gas dryer energy when the
efficient washer removes more moisture from the clothes at the end of the cycle. The gas and
electric savings should be applied depending on the type of water heater and dryer associated
with the efficient washer. The savings presented are taken directly from the EPA savings
calculator. The number of wash cycles per year is assumed to be 392.

Efficiency Clothes Washer Hot Water Heater Dryer
Natural Natural
Electric Water Gas Electric Gas Electric

MEF’ (kWh) (Gallons) | (therm) | (kWh) | (therm) (kWh)
Base
Line 1.26 81 12,179 14.1 300 15.7 406
Energy
Star 1.80 57 5,637 8.0 173 12.8 333
Savings 24 6,542 6.1 127 2.9 73

Compliance Efficiency from which Incentives are Calculated

Operating Hours
Effective Useful Life (EUL), single-family residential

Years: 11

Source: DEER
Effective Useful Life (EUL), multi-family residential

Years: 14

Source: NWPPC

7 MEF=Modified Energy Factor, The MEF measures energy consumption of the total laundry cycle
(washing and drying). It indicates how many cubic feet of laundry can be washed and dried with one

kWh of electricity, the higher the number, the greater the efficiency.




Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Unit energy savings data from the Energy Star website: See
www.energystar.gov/ia/business/bulk purchasing/bpsavings calc/CalculatorConsumerCl
othesWasher.xls

2. Technical Reference User Manual (TRM) No. 4-19, Efficiency Vermont, 9/5/2003 TRM

Record of Revision

Record of Revision Number Issue Date

1 10/15/2010

Return to Table of Contents




DEHUMIDIFIER

Measure Description

Residential stand-alone or whole-house dehumidifiers meeting the minimum qualifying
efficiency standards established under the Energy Star® Program, Version 3.0°. Dehumidifiers
have more efficient refrigeration coils, compressors, and fans than conventional models using
lesser energy to remove moisture in residential buildings. Dehumidifiers originally qualified for
the ENERGY STAR label in January 2001. Dehumidifiers that have earned this label are
approximately 15% more efficient than non-qualified models.

Method for Calculating Annual Energy and Peak Coincident Demand Savings

Annual Electric Energy Savings
AkWh = units x (savings per unit as described below)

Electricity savings for capacities of typical Energy Star® Dehumidifiers are shown below.
Savings for capacities not listed should be determined using the Savings Calculator for Energy
Star® Qualified Appliances, (See reference 2). The Energy Star® Dehumidifier Calculator
(Version 3.0) is used to create the energy savings tables.

Energy Star Dehumidifier Savings
pints/day kWh savings
25 161
28 180
30 193
35 225
40 162
45 183
50 136
60 92
65 100
70 107
90 124
105 145
108 149
109 150
110 152
120 165
155 214
184 254

¥ Energy Star® Program Requirements Product Specification for Dehumidifiers, Eligibility Criteria
Version 3.0



Peak Coincident Demand Savings
AkW = units x 0.0098 x CF

Annual Gas Energy Savings

Atherms = N/A

where:

AkWh = Annual electric energy savings

AW = Peak coincident demand electric savings

Atherms = Annual gas energy savings

units = Number of units installed under the program

CF = Coincidence factor

0.0098 = Unit peak demand reduction’
Summary of Variables and Data Sources

Variable Value Notes

AkWh savings Lookup based on capacity (pints per day)
Capacity (pints/day) From application
AkW demand reduction 0.0098

Coincidence Factor (CF)
The recommended value for the coincidence factor is 1.0
Baseline Efficiencies from which Savings are Calculated

Energy Star® program requirements product specification for dehumidifiers Performance
Criteria'’, Version 3.0, are shown in the table below.

Efficiency Standard for Dehumidifiers
The Energy Star® Dehumidifier Calculator is used to create the energy savings tables.

Federal Standard ENERGY STAR YV 3.0
Product Capacity Minimum energy Product Capacity Minimum energy
(pints/day) factor (liters/kWh) (pints/day) factor (liters/kWh)
<35 1.35
>35 to <45 1.50
>45 to <54 1.60 <7 185
>54 to <75 1.70
>75 2.50 >75 to <185 2.80

’ Demand savings from Energy-Efficiency and DSM Rules for Pennsylvania“s Alternative Energy
Portfolio Standard Technical Reference Manual, September 7, 2005.

" ENERGY STAR® Program Requirements Product Specification for Dehumidifiers, Eligibility Criteria
Version 3.0.

www.energystar.gov/ia/partners/prod_development/revisions/downloads/dehumid/ES Dehumidifiers Fin
al V3.0 Eligibility Criteria.pdf?3cbf-7a48




Compliance Efficiency from which Incentives are Calculated
Operating Hours

Effective Useful Life (EUL)

Years: 12

Source: US EPA

Ancillary Fossil Fuel Savings Impacts

Ancillary Electric Savings Impacts

References

1. Federal Standard (L/kWh) for residential dehumidifiers,
www l.eere.energy.gov/buildings/appliance standards/product.aspx/productid/55#standar
ds

2. Savings Calculator for Energy Star® Qualified Appliances.
www.energystar.gov/ia/business/bulk purchasing/bpsavings calc/appliance calculator.xl
sX

Record of Revision

Record of Revision Number Issue Date
0 10/15/2010
11-13-1 11/26/2013

Return to Table of Contents




DISHWASHER

Measure Description

Residential dishwashers meeting the minimum qualifying efficiency standards established
under the Energy Star Program. The dishwashers are assumed to be located within a
residential unit and not in a commercial dishwasher foodservice application.

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

AkWh = units x (Deemed Annual Electric Energy Savings)

Peak Coincident Demand Savings

AkW = units x (Deemed Peak Coincident Demand Savings) x CF

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
CF = Coincidence factor

Summary of Variables and Data Sources

Variable Value Notes
KWhah gas 77 kWh Deemed Annual Electric Energy Savings for
gas water heater
KWhi ctesic 137 kKWh Deemed Annual Electric Energy Savings for
electric water heater
kW gw 0.0225 kW Deemed Peak Coincident Demand Savings

Coincidence Factor (CF)
The recommended value for the coincidence factor is 1.0

Baseline Efficiencies from which Savings are Calculated
Compliance Efficiency from which Incentives are Calculated
Operating Hours

Effective Useful Life (EUL)

Years: 11
Source: DEER




Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Unit savings taken from the Energy Star website,
www.energystar.gov/index.cfm?c=dishwash.pr crit dishwashers

Record of Revision

Record of Revision Number Issue Date

0 10/15/2010

Return to Table of Contents




REFRIGERATOR REPLACEMENT

Measure Description

Residential refrigerators and freezers include refrigerators, refrigerator-freezers, and freezers,
such as standard-size residential units. Known collectively as “refrigeration products,” these
appliances chill and preserve food and beverages, provide ice and chilled water, and freeze food.

Method for Calculating Annual Energy and Peak Coincident Demand Savings

Early Replacement Baseline Refrigerator Energy Consumption
For the nameplate option, the formula is:

kthaseline = kWhnameplate x Fage X Fseal

where:

kWhypaseline = Baseline kWh consumption

kWhpameplate: = Nameplate kWh consumption from DOE test procedure
Fage = Nameplate adjustment factor due to refrigerator age
Feal = Nameplate adjustment due to seal condition

Annual Electric Energy Savings

AkWh = units x (kWh, . -kWh_) x (1 + HVAC,) X Foce X Finarket

baseline
Peak Coincident Demand Savings

kWh baseline kWh ee
8,760 8,760

AKW = units x |: } X (1 + HVACd) x Fmarket x CF

Annual Gas Energy Savings

Atherm = AkWh x HVAC,

where:

AkWh = Annual electric energy savings

AW = Peak coincident demand electric savings

Atherm = Annual gas energy savings

units = Number of measures installed under the program

kKWhpog min = Annual energy consumption of DOE minimally-compliant model most closely
associated with the new refrigerator'’

"' The Energy Star website referenced here lists the energy consumption of the Energy Star model
compared with the energy consumption of the DOE minimally compliant model, which is the number,



kWhee = Annual energy consumption/nameplate rating for the new CEE Tier 2 or Tier 3

model
CF = Coincidence factor
HVAC, = HVAC interaction factor for annual electric energy consumption
HVAC, = HVAC interaction factor at utility summer peak hour
HVACg = HVAC interaction factor for annual natural gas consumption
8,760 = Hours in one year
Focc = Occupant adjustment factor
Fnarket = Market adjustment factor

Summary of Variables and Data Sources

Variable Value Notes

Age factor for refrigerators that are nine years
Fage 1.0

old or newer

Age factor for refrigerators between 9 and 14
Fage 1.1

years old

Age factor for refrigerators older than 14 years
Fage 1.15

old
Fcal 1.0 Seal factor for intact seals
Fseal 1.05 Seal factor for deteriorated seals
kWhpaseline 695 kWh/year for Con Edison and O&R territories
kWhypaseline 595 kWh/year All other service territories
Fnarket Market effects factor

The other options are likely to estimate higher consumption levels. The deemed values are for a
relatively small (15 cubic foot) and only ten-year-old refrigerator in a small household.

Occupant Adjustment Factor (Fo.)

The occupant adjustment factor'” is used to adjust the energy savings according to the number of
occupants in the apartment (if applicable), as shown in the following table:

Number of Occupants Foce
0 occupants 1.00
1 occupant 1.05
2 occupants 1.10
3 occupants 1.13
4 occupants 1.15
5 or more 1.16

used in this calculation. www.energystar.gov/productfinder/product/certified-residential-
refrigerators/results?scrollTo=2373&search_text=&sort by=less energy than us federal standard&bran
d name isopen=&page number=3&lastpage=1

"> The occupant adjustment factor is taken from National Energy Audit Tool (NEAT). Oak Ridge
National Laboratory, Oak Ridge, TN.



Market Effects Factor (Fuarket)

An adjustment factor must be applied to account for existing refrigerators that enter the used
appliance market when programs do not have a recycling or old refrigerator-disabling
component. The market effects factor is defined below.

Program Component Frarket
No recycling or disabling of existing refrigerators 0.8
Recycling or disabling of existing refrigerators can be demonstrated 1.0

Coincidence Factor (CF)

The recommended value for the coincidence factor is 1.0

Baseline Efficiencies from which Savings are Calculated

Normal Replacement Baseline Refrigerator Energy Consumption

Energy consumption for the normal replacement baseline refrigerator shall be determined from
the Federal Standard (NAECA) maximum consumption for the type and size of refrigerator
purchased. These data are available in the directory of Energy Star qualified refrigerators on the
Energy Star website'® according to the make and model of the new (replacement) refrigerator.

Efficient Refrigerator Energy Consumption

Annual energy consumption for the new (replacement) refrigerator shall be determined from the
DOE rating for the make and model number of the replacement unit. All new units shall be
Energy Star qualified. These data are available in the directory of Energy Star qualified
refrigerators on the Energy Star website according to the make and model of the replacement
refrigerator.

Compliance Efficiency from which Incentives are Calculated

This section pertains to the calculation of energy savings for refrigerator retail rebate programs.
The savings are calculated by taking the difference between the energy consumption of the Tier
2 or Tier 3'* model purchased and the consumption of the Department of Energy (DOE)
minimally compliant model most closely associated with the new refrigerator in features/design
(e.g., top freezer.) The energy savings are computed for the entire Effective Useful Life (EUL) of
the new refrigerator, which is currently set at 17 years.'® The calculations are shown below:

Through early replacement, annual savings ranging from a low of 300 kWh per unit, to a high of
about 700 kWh per unit are expected. Three options for estimating the annual consumption of a
refrigerator being replaced early are provided.'® The first is measuring/metering actual energy

1 See list of qualified refrigerators on the Energy Star website: www.energystar.gov

'* Tiers 2 and 3 are efficiency rating established by the Consortium for Energy Efficiency (CEE.) The
ratings are located at http:/library.ceel.org/content/qualifying-product-lists-residential-refrigerators

"> Order Approving Modifications to the Technical Manual, Issued July 18, 2011, Appendix, page two.

'® See Order Approving Modifications to the Technical Manual, Case 07-M-0548, July 18, 2011, pp. 18 —
20. In a unique provision to facilitate PA benefit cost analysis, the order provides a $75 default
incremental cost for normal replacement of multi-family refrigerators, allowing use of a lesser value, not



http://library.cee1.org/content/qualifying-product-lists-residential-refrigerators

usage of the refrigerator(s) to be replaced in place. The second option is a nameplate approach,
with adjustments for age and condition (where nameplate data are available). The third is use of
conservative deemed, default estimates of baseline (existing) refrigerator consumption.

The approach for estimating savings for normal replacements relies on Federal Appliance
(NAECA) Standards for establishing baseline energy consumption. The baseline consumption
for a normal replacement is a refrigerator or freezer that is minimally compliant with NAECA
Standards according to the size and features of the new (replacement) unit.

Eligibility and energy consumption measurement rules for refrigerator replacements are as
follows:

e Only replacement of refrigerators that are ten years old or older are eligible for savings
claims.

e Replacement of units from 10 to 16 years old will be treated as early replacements and
initially given full savings relative to the existing unit as calculated using one of the three
options.

e Replacement of older units will be considered normal replacements and will be given
incremental savings. Incremental savings are defined as the difference between the
annual kWh consumption of a new unit that is minimally compliant with Federal
appliance standards (NAECA) and the new Energy Star unit.

Operating Hours

The equations above assume the refrigerator is operating year-round. The cycling of the
compressor is considered in the annual energy consumption and compressor duty cycle run time.

Effective Useful Life (EUL):

Years: 17
Source: NYS DPS

Ancillary Fossil Fuel Savings Impacts

Efficient refrigerators reject less heat into the conditioned space, which must be made up by the
space heating system, resulting in HVAC interactions, which can also provide savings on cooling
loads. Calculations must include space heating interactions with efficient refrigerators. The
HVAC interaction factors calculated from the prototypical building DOE-2 models as a function
of the building and HVAC system type are shown in Appendix D.

Ancillary Electric Savings Impacts

References

1. The Energy Star website has a directory of Energy Star qualified refrigerators by make
and model number. The directory also lists the baseline energy consumption according to
NAECA standards for the size and type of refrigerator purchased. See
Www.energystar.gov.

2. The age, seal condition and occupant adjustment factors are taken from National Energy

less than $35, if documented. Although refrigerators in single-family homes tend to be larger than those
in multi-family housing, $75 may still be used as the incremental cost for normal replacement.


http://www.energystar.gov/

Audit Tool (NEAT). Oak Ridge National Laboratory, Oak Ridge, TN.
http://weatherization.ornl.gov/national energy audit.htm

3. Mean life for normal sized refrigerators is assumed to be 17 years. See Preliminary
Technical Support Document: Energy Efficiency Program for Consumer Products:

Refrigerators, Refrigerator-Freezers, and Freezers. U.S. Department of Energy,
November 2009.

Record of Revision

Record of Revision Number Issue Date
1 10/15/2010

7-13-3 7/31/2013

7-13-41 7/31/2013

9-13-1 9/27/2013
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APPLIANCE — CONTROL
(place-holder)
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APPLIANCE RECYCLING

AIR CONDITIONER — ROOM (RAC) RECYCLING

Measure Description

A consumer product, other than a “packaged terminal air conditioner,” which is powered by a
single-phase electric current and is an encased assembly designed as a unit for mounting in a
window or through the wall for the purpose of providing delivery of conditioned air to an
enclosed space. It includes a prime source of refrigeration and may include a means for
ventilating and heating.'’

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

AKkWh = units x tons/unit X [ _12 12

EER baseline - EER ee

xF replj x EFLHcooling

Peak Coincident Demand Savings

. ) 12 12
AkW = units X tons/unit x - X Frept | x CF
EER baseline EER ee
Annual Gas Energy Savings
Atherms = N/A
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
tons/unit = Tons of air conditioning per unit, based on nameplate data
EFLHcooling = Cooling equivalent full-load hours
EER = Seasonal average energy efficiency ratio over the cooling season BTU/watt-
hour, (used for a particular climate/building)
CF = Coincidence factor
Frepl = Fraction of the recycled units that are replaced with a new unit
ce = Energy efficient condition or measure
baseline = Baseline condition or measure

'” Energy Star® Program Requirements, Product Specification for Room Air Conditioners, Eligibility Criteria
Version 3.1



12 = kBTUh/ton of air conditioning capacity
Summary of Variables and Data Sources
Variable Value Notes
tons From application, use 0.7 as default.
EER — The EER is the DOE rated full-load efficiency of the unit, which is used
EER to estimate the both the seasonal and peak efficiency of the unit.
EER \ueeiine | 7-7 Typical for units replaced
EER . 9.8 Federal standard; consistent with 0.7 ton size
Cooling equivalent full-load hours based on region, see Operating Hours
EFLHcooling
below.
Replacement factor based on a study of room air conditioner recycling
Frepl 0.76 conducted in Connecticut by Nexus Market Research and RLW

Analytics.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8

Replacement factor (Fyepr)

The replacement factor is used to adjust the savings to account for the fraction of recycled units
that are replaced with a new unit. The recommended value for the replacement factor is 0.76.

Baseline Efficiencies from which Savings are Calculated

Only air conditioners that are 5 years old or older are eligible for savings claims. Units from 5 to
10 years old will be treated as early replacements and use the existing unit as the baseline.

Units greater than 10 years old will be considered normal replacements and use a unit minimally
compliant with Federal appliance standards (NAECA) as the baseline.

Compliance Efficiency from which Incentives are Calculated

Operating Hours

Residential room air conditioner cooling equivalent full load hours based on region.

City EFLH co0ling
Albany 181
Binghamton 120
Buffalo 151
Massena 143
NYC 382
Poughkeepsie 208
Syracuse 186

Effective Useful Life (EUL)

Years: 3




Source: DEER
Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References
1. EFLH taken from Coincidence Factor Study Residential Room Air Conditioners,

conducted by RLW Analytics, 2008.
a. neep.org/.../2008-6-23 Final Report Coincidence Factor Study Residential
_Room_Air Conditioners SPWG.pdf
2. Replacement factor taken from the Nexus Market Research. December 2005. Impact
Process and Market Study of the Connecticut Appliance Retirement Program: Overall
Report. Cambridge, Mass.: Nexus Market

Record of Revision

Record of Revision Number Issue Date
1 10/15/2010
7-13-37 7/31/2013
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REFRIGERATOR AND FREEZER RECYCLING

Measure Description

Existing, functional refrigerators or freezers replaced by homeowners often continue to be used
as a second refrigerator or freezer, or sold or donated for use elsewhere. Refrigerator and freezer
recycling programs (also called “bounty” programs) receive energy savings credit for
permanently removing existing, functional refrigerators, and freezers from the electric grid.

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

AkWh = units x (Deemed Annual Electric Energy Savings)

Peak Coincident Demand Savings

) Ak
AKW = units x

x TAF x LSAF
8,760 J

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
CF = Coincidence factor
TAF = Temperature Adjustment Factor
LSAF = Load Shape Adjustment Factor
8,760 = Hours in one year

Summary of Variables and Data Sources

There are several conditions that impact the estimated savings available from a refrigerator
and/or freezer-recycling program. Factors such as the average type, make, model, size, and age
of units recycled significantly impact the savings. Variances in these conditions have a
significant impact of the level of savings that can be achieved. In addition, the average number
of hours these units are plugged in and operating impact savings. Likewise, the use environment
and operational conditions also impact the energy savings. These variables make establishing a
projected engineering based calculation approach for per unit savings a complex task that is
prone to error because of the effects of the compounding uncertainty associated with the



potential variance within each of the key estimation variables.

These conditions, along with the lack of historic evaluation data on recycled units from New
York homes require that the savings estimates presented in this Tech Manual be based on
evaluations from other states. Once the evaluation efforts for the programs operated in New
York have been completed the savings projections in this Tech Manual will be updated to reflect
the findings from these new studies. At the current time, the savings from refrigerators and
freezers in New York are based on the most recent study of these same programs in California.
The California study employed on-site examinations and metering of units in addition to a
comprehensive battery of participant questions identifying how the units were used.

The following deemed energy impact estimates shall be used in New York for refrigerator and
freezer recycling programs'® until this Tech Manual is updated with values calibrated to the
programs operating in New York.

Variable Value Notes
TAF 1.22 | Temperature adjustment factor for upstate NY
TAF 1.26 | Temperature adjustment factor for downstate
LSF 1.06 | Load shape adjustment factor

kWh for Primary Refrigerator 670 | Deemed Annual Electric Energy Savings

kWh for Secondary Refrigerator | 1,655 | Deemed Annual Electric Energy Savings

kWh for Freezer 1,257 | Deemed Annual Electric Energy Savings

Coincidence Factor (CF)
The recommended value for the coincidence factor is 1.0

Baseline Efficiencies from which Savings are Calculated

The savings calculations apply to recycling of a functioning primary'® or secondary refrigerator
or freezer.

Compliance Efficiency from which Incentives are Calculated

The above listed deemed energy impact estimates shall be used in New York for refrigerator and
freezer recycling programszo.

Operating Hours

The operating hours for a secondary refrigerator or freezer are assumed to be a continuous 8,760
hours per year.

' See table 2-6 in the Evaluation Study of the 2004-2005 Statewide Residential Appliance Recycling
Program, April 2008, ADM Associates.

' Savings can be claimed for recycling a primary refrigerator as long as savings for that replacement
were not claimed by another energy efficiency program.

%0 See table 2-6 in the Evaluation Study of the 2004-2005 Statewide Residential Appliance Recycling
Program, April 2008, ADM Associates.




Effective Useful Life (EUL), for Refrigerator recycling
Years: 5

Source: DEER

Effective Useful Life (EUL), for Freezer recycling
Years: 4

Source: DEER

Ancillary Fossil Fuel Savings Impacts

Ancillary Electric Savings Impacts

References

1. Evaluation Study of the 2004-2005 Statewide Residential Appliance Recycling Program,
April 2008, ADM Associates.

2. TAF and LSAF taken from Blasnik, Michael, "Measurement and Verification of
Residential Refrigerator Energy Use, Final Report, 2003-2004 Metering Study", July 29,
2004. It assumes 58% of New York homes have central air conditioning.
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BUILDING SHELL

AIR LEAKAGE SEALING

Measure Description

Reduction in the natural infiltration rate of the home through sealing air leaks in the building
envelope. These algorithms are used for single-family and smaller multi-family buildings where
the use of a blower door is feasible. An alternate method for estimating savings that is based on
the building™s heated square footage is also provided for larger multi-family buildings.

Method for Calculating Annual Energy and Peak Coincident Demand Savings
(with blower door test)

Annual Electric Energy Savings

. ( ACFMso ) (AkWhj (SEERbasenne) —
AkWh = units x X X X | 7=
n — factor CFM SEER part MNaistpart ;
> cooling

Peak Coincident Demand Savings

AW — units x ( 'ACFMso. ) ) (AkWJ ) (EERbaseunej ) [ndim,pk,bagenm

p— — x CF
n — factor CFM EER pat Naistpk par Jmhng

Annual Gas Energy Savings

. ( ACFMso j (Athermj (AFUEbaselinej T_ldist,baseline
Atherms = units x X X X | ——
n — factor CFM AFUEar Maistpurt  peuing

Method for Calculating Annual Energy and Peak Coincident Demand Savings
(without blower door test)

Annual Electric Energy Savings

. 5 AkWh
AkWh = units x floor area (1,000 ft”) x

1000 ft



Peak Coincident Demand Savings

) 5 AkW
AKW = units x floor area (1,000 ft) x | ————— | X CF
1000 ft

Annual Gas Energy Savings

. 5 Atherm
Atherm = units x floor area (1,000 ft°) X | ————

1000 ft*
where:
AkWh = Annual electric energy savings
AW = Peak coincident demand electric savings
Atherm = Annual gas energy savings
units = Number of measures installed under the program
AFUE = Annual fuel utilization efficiency
CFM = Cubic feet per minute
SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-
hour, (used for average U.S. location/region)
EER = Energy efficiency ratio under peak conditions
EER = Seasonal average energy efficiency ratio over the cooling season BTU/watt-
hour, (used for a particular climate/building)
CF = Coincidence factor
n-factor = Correction factor
n = Energy efficiency (0 -100%)
n = Average energy efficiency (0 -100%)
part = Participant
) = Distribution
dist
pk = Peak
baseline = Baseline condition or measure
A = Change, difference, or savings
ft* = Square foot
floor area = Conditioned floor area

Summary of Variables and Data Sources

Variable Value Notes
Floor area From application
ACFMs5s change in infiltration rate (cfm) at measured 50 Pa

From prototype simulations, HVAC type weighted average by city.

AkWh/CFM Use actual CFM5, reduction from blower door test.

AKW/CEM From prototype simulations, HVAC type weighted average by city.
Use actual CFM5, reduction from blower door test.

Atherm/CEM From prototype simulations, HVAC type weighted average by city.

Use actual CFM5, reduction from blower door test.

n-factor 15 2 story home with normal wind exposure in NY climate




1,000’ft2 1,000 ft* of conditioned floor area

AKWH/1.000f2 From prototype simulations, Vintage and HVAC type weighted

average by city.
AKW/1,000£2 From prototype simulations, Vintage and HVAC type weighted
average by city.
A From prototype simulations, Vintage and HVAC type weighted
therm/1,0001t> average by city.
EERbaseline 11.1
EER Participant population average, defaults to EERpaseline
part (no adjustment)
SEERbaseline 13
SEER Participant population average, Defaults to SEERpaseline
part (no adjustment)
AFUEbaseline 78%
AFUE Participant population average, Defaults to AFUEpascline
part (no adjustment)
77 dist, baseline 0.956

Distribution system efficiency under peak conditions within
77 dist, part participant population, participant population average defaults to
77 dist, baseline -(N0 adjustment)

Distribution system efficiency under peak conditions used in

n dist, pk, baseline 0.956 simulation
Participant population average, defaults to 7; ~ (no
n di dist, pk, baseline
ist, pk, part .
adjustment)

Unit energy and demand savings calculated from the building prototype simulation models are
shown in Appendix E. The savings normalized to infiltration rate reduction are tabulated by
building type, location, and HVAC system type. The savings normalized per square foot of floor
area are tabulated by building type, vintage, and HVAC system type.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8

Baseline Efficiencies from which Savings are Calculated

Baseline natural infiltration rate is assumed be one air change per hour (ACH) for old vintage
homes, and 0.5 ACH for average vintage homes.

Compliance Efficiency from which Incentives are Calculated
See Appendix E.
Operating Hours

The energy savings for insulation are dependent on the HVAC system operating hours and
thermostat set points. See Appendix A for the modeling assumptions for each building
prototype.




Effective Useful Life (EUL)

Years: 15
Source: GDS

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Correction for blower door infiltration rate to natural air changes based on relationships
from Sherman, “Estimation of Infiltration for Leakage and Climate Indicators,” Energy
and Buildings, 10, 1987. Assumes a climate factor of 18.5 and a height correction factor

of 0.8.

2. Typical values for demand coincidence factors (CF) taken from Engineering Methods for
Estimating the Impacts of Demand-Side Management Programs. Volume 2:
Fundamental Equations for Residential and Commercial End-Uses. TR-100984S Vol. 2.
Electric Power Research Institute, Palo Alto, CA August, 1993.
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HOT WATER PIPE INSULATION

Measure Description

This section covers pipe insulation in space heating and domestic hot water (DHW) system
distribution system applications. The savings depend on the type and size of the pipe, insulation
type and thickness, hot water temperature and piping system ambient temperature.

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

UA/L),,....—(UA/L —
AkWh — units x L x [( )basehne ( )ee] « AT x hr
n, x 3,412
Peak Coincident Demand Savings
: [(UA/ L)baseline B (UA/ L)ee]
AKW = units x L x x AT « CF
n, x3,412
Annual Gas Energy Savings
UA/L). . —(UA/L —
Atherms — units x L x [( )basehne ( )ee] % AT x hr
n, x100,000

where:
AkWh = Annual electric energy savings
AW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
CF = Coincidence factor
L = Length
A = Change, difference, or savings
T_ = Temperature
AT = Average temperature difference
baseline = Baseline condition or baseline measure
ce = Energy efficient
h = Heater
UA/L = Heat loss coefficient (BTU/hr-°F)
3,412 = Conversion factor, one kW equals 3,412.14 BTU/h
8,760 = Hours in one year

100,000 = Conversion factor (BTU/therm), one therm equals 100,000 BTU"s



Summary of Variables and Data Sources

Variable Value Notes

L From application Length of insulation installed

difference between water within the pipe and air under peak conditions;

Temperature difference between the hot water
in the pipe and surrounding air temperature
(°F);

130°F hot water temp, 70°F room temp

160 °F hot water temp, 60°F room temp

190 °F steam temp, 60°F room temp

60°F (service hot water)
AT 100°F (hot water heat)
130°F (steam heat)

average temperature(°F) difference between water within the pipe and air temperature;

Average temperature difference between the
hot water in the pipe and surrounding air
temperature (°F);

130°F hot water temp, 70°F room temp

160 °F hot water temp, 60°F room temp

190 °F steam temp, 60°F room temp

60°F (service hot water)
AT 100°F (hot water heat)
130°F (steam heat)

Overall pipe heat loss coefficient per unit
UA/L | From table above length (BTU/hr-°F-ft), value based on pipe
size, insulation type and insulation thickness

0.97 (electric water heater)
0.75 (gas water heater)

" 0.80 (gas hot water heat)
0.75 (gas steam heat)

Service hot water: 8760hr
Space Heat: EFLHpcating (SF and
MF low-rise)

3240 (MF high-rise)

hr EFLHpeating from Appendix G.

Coincidence Factor (CF)

The recommended value for the coincidence factor for domestic water heating is 0.8.
The recommended value for the coincidence factor for hydronic space heating is 0.0.
Baseline Efficiencies from which Savings are Calculated

The UApaseline assumes uninsulated copper pipe for water heating applications, and uninsulated
copper or steel pipes for space heating applications.

The overall heat transfer coefficient per foot of pipe for the base and improved (insulated) piping
is shown 1n the tables below.




Baseline Uninsulated Pipe Heat Loss Coefficient (UA/L) in BTU/hr-°F-ft

Pipe Size Bare Copper Piping Bare Steel Piping
(nominal) Service Hot Hot water Steam heat Hot water heat Steam heat
(in.) Water heat
0.75 0.40 0.45 0.49 0.73 0.78
1 0.50 0.56 0.61 0.89 0.95
1.25 0.59 0.67 0.72 1.10 1.18
1.5 0.68 0.78 0.83 1.24 1.33
2 0.86 0.98 1.05 1.52 1.63
2.5 1.04 1.18 1.26 1.81 1.94
3 121 137 1.47 2.16 232
4 1.54 1.75 1.88 2.72 2.92
Insulated Copper Pipe Heat Loss Coefficient (UA/L) in BTU/hr-°F-ft
Pipe Size Fiberglass Rigid foam
(nominal) | 0.51in 1.0 in 1.51in 2.01in 0.51in 1.0 in 1.51n 2.0 in
(in.)
0.75 0.17 0.11 0.09 0.08 0.12 0.08 0.06 0.05
1 0.21 0.13 0.10 0.09 0.15 0.09 0.07 0.06
1.25 0.24 0.15 0.11 0.10 0.17 0.10 0.08 0.07
1.5 0.27 0.16 0.13 0.11 0.20 0.12 0.09 0.08
2 0.34 0.20 0.15 0.12 0.24 0.14 0.11 0.09
2.5 0.41 0.23 0.17 0.14 0.29 0.17 0.12 0.10
3 0.47 0.26 0.19 0.16 0.34 0.19 0.14 0.11
4 0.60 0.33 0.24 0.19 0.43 0.24 0.17 0.14
Insulated Steel Pipe Heat Loss Coefficient (UA/L) in BTU/hr-°F-ft
Pipe Size Fiberglass Rigid foam
(nominal) | 0.51in 1.0 in 1.51n 2.01in 0.51in 1.0 in 1.51in 2.0in
(in.)
0.75 0.20 0.12 0.10 0.08 0.14 0.09 0.07 0.06
1 0.23 0.14 0.11 0.09 0.17 0.10 0.08 0.07
1.25 0.28 0.17 0.13 0.11 0.20 0.12 0.09 0.08
1.5 0.31 0.18 0.14 0.12 0.22 0.13 0.10 0.08
2 0.37 0.21 0.16 0.13 0.27 0.15 0.12 0.10
2.5 0.44 0.25 0.18 0.15 0.32 0.18 0.13 0.11
3 0.52 0.29 0.21 0.17 0.38 0.21 0.15 0.12
4 0.65 0.36 0.26 0.21 0.47 0.26 0.18 0.15

The efficiency of an electric storage type water heater is assumed to be 0.97. The efficiency of a
non-condensing storage type water heater is assumed to be 0.75. For space heating applications,
the efficiency of a gas hot water boiler is assumed to be 0.80 and the efficiency of a gas steam

heating boiler is assumed to be 0.75.

The ambient temperature difference between the water temperature and the ambient room




temperature is used to calculate the pipe losses. Water heaters are generally located in
conditioned or partially conditioned spaces to avoid freezing. A room temperature of 70°F is the
default value. A water heater set point temperature of 130°F is the default value.

Similarly, space-heating boilers are generally located in conditioned or partially conditioned
spaces to avoid freezing. A room temperature of 60°F is the default value. An average water
temperature of 160°F is the default value for hot water boilers, and an average steam pipe
temperature of 190°F is the default value for steam boilers.

Compliance Efficiency from which Incentives are Calculated

The UA,. for insulated pipes was calculated for fiberglass and rigid foam pipe insulation of
various thicknesses. Service hot water pipe insulation for non-recirculating systems common in
single-family buildings is limited to the first 12 feet of hot water supply pipe leaving the water
heater. Recirculating systems common in multi-family buildings should use the full length of
installed pipe insulation to calculate savings. Space heating pipe insulation is limited to
insulation installed in unheated spaces only.

Insulated pipe losses were calculated using a k value of 0.25 BTU-in/SF-°F for fiberglass and
0.18 BTU-in/SF-°F for rigid foam insulation. Pipe wall resistance and exterior film resistance
were neglected.

Operating Hours

The water heater is assumed to be available during all hours. Single-family and multi-family
low-rise buildings should use the heating equivalent full-load hours as shown in Appendix G.
Systems in high-rise multi-family buildings should use 3240 operating hours per year.
Effective Useful Life (EUL)

Years: 13, Electric water heater
Years: 11, Natural gas water heater
Source: DEER

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. The uninsulated pipe losses were obtained from the 2001 ASHRAE Handbook of
Fundamentals, Chapter 25, Tables 11A and 12.
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OPAQUE SHELL INSULATION

Measure Description

This measure covers improvements to the thermal conductance of the opaque building shell,
which includes upgrading insulation in walls, ceilings, floors, etc. Energy and demand saving
are realized through reductions in the building heating and cooling loads.

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

. 2 AkWh SEER baseline T_]dist baseline
AkWh = units x ft* x > X X | ——
ft SEERpart ndist part i
’ cooling

Peak Coincident Demand Savings

AKW = units x ft* x (AKZVJ X (EERbaselinej x Maistpk baseline « CF
ft EER part M aistph par ooling

Annual Gas Energy Savings

Atherm AFUE)ase ine T]dis ,baseline
Atherms = units x ft* x ( ) X ( 1 J X {—t—}
heating

ft? AFUEvar Naist, part
where:
A kWh = Annual electricity energy savings
A kW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
ft* = Square foot
CF = Coincidence factor
AFUE = Annual fuel utilization efficiency
SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-
hour, (used for average U.S. location/region)
EER = Energy efficiency ratio under peak conditions
n = Average energy efficiency (0 -100%)
7 = Energy efficiency (0 -100%)
dist = Distribution
baseline = Baseline condition or measure

part = Participant



Summary of Variables and Data Sources

Variable Value Notes
ft* From application
AKWH / £ HVAC type weighted.avherage by city based on the
combination of the existing and installed R-value
AW / 2 HVAC type weighted.avherage by city based on the
combination of the existing and installed R-value
Atherm / £ HVAC type weighted.avherage by city based on the
combination of the existing and installed R-value
EERbaseline 11.1
Participant population average defaults to EERp,seline (N0
EERart )
adjustment)
SEERpaseline 13 SEER used in the simulations
SEER of cooling system within participant population
SEER part Participant population average defaults to SEERp,cline (N0
adjustment)
AFUE of heating system within participant population.
AFUEbascine 78% AFUE used in thge s}i,mulations b PETPOP
Participant population average. Defaults to AFUEp,scline (N0
AFUEart )
adjustment)
17 dist, bascline 0.956 Distribution system seasonal efficiency used in simulations
Distribution system seasonal efficiency within participant
77 dist, part population. Participant population average defaults to 77 gis,
baseline (N0 adjustment)
", _ 0.956 Distribution system efficiency under peak conditions used in
ist, pk, baseline .

simulation

n dist, pk, part

Distribution system efficiency under peak conditions within
participant population. Participant population average
defaults to

7 dist, pk, baseline (IlO adeStment)

Unit energy and demand savings calculated from the building prototype simulation models are

shown in Appendix E. The savings are tabulated by building type and HVAC system type across

a range of pre-existing (baseline) and upgraded insulation R-values.

These values can be adjusted to account for heating and cooling system efficiencies that vary
from the values used in the simulations. In the absence HVAC system or distribution system
efficiency data, no adjustment is made.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8




Baseline Efficiencies from which Savings are Calculated

Energy savings over a variety of baseline wall and ceiling insulation levels are listed in

Appendix E. The baseline R-value must be captured in the program application. Interpolation of
the data in Appendix E is permitted.

Compliance Efficiency from which Incentives are Calculated

Energy savings over a variety of measure wall and ceiling insulation levels are listed in
Appendix E. The installed R-value must be captured in the program application. Interpolation
of the data in Appendix E is permitted. Note: The data in Appendix E represent the total R-value
of the existing plus added insulation.

Operating Hours

The energy savings for insulation are dependent on the HVAC system operating hours and
thermostat set points. See Appendix A for the modeling assumptions for each building
prototype.

Effective Useful Life (EUL)

Years: 30
Source: Energy Trust of Oregon, Inc.

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Typical values for coincidence factors (CF) taken from Engineering Methods for
Estimating the Impacts of Demand-Side Management Programs. Volume 2:
Fundamental Equations for Residential and Commercial End-Uses. TR-100984S Vol. 2.
Electric Power Research Institute, Palo Alto, CA August, 1993.
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WINDOW AND THROUGH-THE-WALL AIR CONDITIONER COVER AND GAP SEALER

Measure Description

A rigid, insulated cover, installed on the inside of a window or through-the-wall room air
conditioning (RAC) unit, and the gap surrounding the unit. The cover is designed for RAC units
left in place throughout the heating season; covers must be installed and maintained by building
facility*s staff.

Method for Calculating Annual Energy and Peak Coincident Demand Savings
Annual Electric Energy Savings = N/A

Peak Coincident Demand Savings = N/A

Annual Gas Energy Savings

. 1.08 x CFM x HDD x 24 hrs/day
Atherms= units x /100,000
HPs
where:
A kWh = Annual electricity energy savings
A kW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
1.08 = Specific heat of air x density of inlet air @ 70°F x 60 min/hr
CFM = Cubic foot per minute
HDD = Heating degree day
HPs = Heating plant seasonal efficiency
100,000 = Conversion factor (BTU/therm), one therm equals 100,000 BTU*s
Summary of Variables and Data Sources
Variable Value Notes
Low-End Estimate at 5 Pa Indoor- 23 Annual Deemed Energy Savings Values
Outdoor Pressure Differential (therms), for New York City
High-End Estimate at 10 Pa Indoor- 37 Annual Deemed Energy Savings Values
Outdoor Pressure Differential (therms), for New York City
When indoor-outdoor pressure differential is
Indoor-Outdoor Pressure
. . 28 not known, use the rounded average of 28
Differential
therms.
Heating plant seasonal efficiency, This value used in Urban Green Building
0.70 . |
HPs Council study .
HDD 4,500 | NYC Climate




Variable Value Notes

CFM low end 13 F}eld tes‘Fed leakage at 5 Pa indoor-outdoor
differential pressure

Field tested leakage at 10 Pa indoor-outdoor

CEM high end 19 differential pressure

Note: Pa = Pascal, the standard unit of pressure or stress in the International system of units (SI)

Coincidence Factor (CF)

The recommended value for the coincidence factor is 0.
Baseline Efficiencies from which Savings are Calculated
Compliance Efficiency from which Incentives are Calculated
Operating Hours

Effective Useful Life (EUL)

Years: 5
Source: Window Sentry

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. There Are Holes in Our Walls; A Report Prepared for the Urban Green Building Council,
by Steven Winter Associates, April 2011.
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WINDOW REPLACEMENT

Measure Description

Energy Star® windows with reduced thermal conductance and solar heat gain coefficient are an
assembled unit consisting of a frame/sash component holding one or more pieces of glazing
functioning to admit light and/or air into an enclosure and designed for a vertical installation in
an external wall of a residential building.21

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

Ak EER aseline T_] ist,baseline
AKWh = units x area,/100ft" x ( WE) x (S - j x |
1 OOft SEER part n dist,part cooling

Peak Coincident Demand Savings

Ak EERbascline is aseline
AKW = units x areag/100ft* x ( Wj x ( e ) X {nd E—

x CF
100ft2 EERpa_n T]dist,]:)kali”lrt Jcoolil’lg

Annual Gas Energy Savings

Atherm AFUBsaseline Naist,baseline
Atherms = units x areag/ lOOft2 X ( © j X (— ! j X{_d tbasel }
heating

100ft* AFUEyu Naistpar
where:
A kWh = Annual electricity energy savings
A kW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
therm = Unit of heat
A = Change, difference, or savings
units = Number of measures installed under the program
area = Extent of space or surface
ft* = Square foot
EER = Energy efficiency ratio under peak conditions
SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-
hour, (used for average U.S. location/region)
AFUE = Annual fuel utilization efficiency
CF = Coincidence factor
cooling = Cooling
heating = Heating

*' ENERGY STAR Program Requirements for Residential Windows, Doors, and Skylights: Version 5.0
(April 7,2009)



g = Glazing

baseline = Baseline condition or baseline measure
part = Participant
dist = Distribution
n = Energy efficiency (0 -100%)
7 = Average energy efficiency (0 -100%)
Summary of Variables and Data Sources
Variable Value Notes
g Glazing area from application
HVAC type weighted average by city, use existing window
AkWh/100SF type or vintage default for baseline.
HVAC type weighted average by city, use existing window
AkW/100SF type or vintage default for baseline.
HVAC type weighted average by city, use existing window
Atherm/100SF type or vintage default for baseline.
EERpascline 11.1 | EER used in the simulations
EER of cooling systems within participant population,
EER part average defaults to EERy,s (no adjustment)
SEERpascline 13 SEER used in the simulations
SEER of cooling system within participant population,
SEER part average defaults to SEERy,s. (no adjustment)

AFUEpaseline 78% | AFUE used in the simulations
AFUE of heating system within participant population,

AFUE ¢ average defaults to AFUE, (no adjustment)
77 distbaseline 0.956 | Distribution system seasonal efficiency used in simulations
77 distpart Distribution system seasonal efficiency within participant

population, average defaults to 77 gistbaseline (N0 adjustment)

Distribution system efficiency under peak conditions used in
" dist,pk,baseline 0.956 | simulation

Distribution system efficiency under peak conditions within
participant population, average defaults to 77

dist,pk,baseline

7 dist,pk,part adjustment)

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8

Baseline Efficiencies from which Savings are Calculated

A variety of existing window combinations are shown in the unit savings tables, including single
pane clear glass with a solar heat gain coefficient of 0.87 and U-value of 0.93 BTU/hr-SF-°F ,
double pane clear glass with a solar heat gain coefficient of 0.62 and U-value of 0.55 BTU/hr-
SF-°F, and a minimally code compliant window with a solar heat gain coefficient of 0.34 and U-
value of 0.35 BTU/hr-SF-°F. Energy savings are estimated based on the characteristics of the
existing window. Single pane clear glass is the default for the old vintage, while double pane
clear glass is the default for the average vintage. The minimally code compliant window is



assumed to be the base case for new construction or window replacement projects.

A typical window meeting the current Energy Star specifications is assumed to be the installed
measure. The solar heat gain coefficient is assumed at 0.34 with a U-value of
0.30 BTU/hr-ft>- °F.

Unit energy and demand savings calculated from the building prototype simulation models are
shown in Appendix E. The savings are tabulated by location, building type, and HVAC system
type for a variety of combinations of existing window and improved window types.

Compliance Efficiency from which Incentives are Calculated

These measures must meet the product criteria as listed in the ENERGY STAR® Eligibility
Criteria for Residential Windows, Doors, and Skylights, version 5.0, effective date January 4,
2010.

Operating Hours

The energy savings for insulation are dependent on the HVAC system operating hours and
thermostat set points. See Appendix A for the modeling assumptions for each building
prototype.

Effective Useful Life (EUL)

Years: 20

Source: DEER

Ancillary Fossil Fuel Savings Impacts

Ancillary Electric Savings Impacts

References

1. Window properties, for baseline windows, taken from 2009 ASHRAE Handbook of
Fundamentals, Chapter 15.

2. Typical values for coincidence factors (CF) taken from Engineering Methods for
Estimating the Impacts of Demand-Side Management Programs. Volume 2:
Fundamental Equations for Residential and Commercial End-Uses. TR-100984S Vol. 2.
Electric Power Research Institute, Palo Alto, CA. August 1993.
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DoMESTIC HOT WATER

DOMESTIC HOT WATER TANK BLANKET

Measure Description

Insulation blankets installed around a domestic hot water storage-type water heater can reduce
the stand by heat losses of the tank.

Method for Calculating Annual Energy and Peak Coincident Demand Savings

Annual Electric Energy Savings

(UA UA_)xAT

AKWh = units x baseline _ x 8,760

3,412xn

elec

Peak Coincident Demand Savings

AKW = units x e

(UA, . — UA, )X AT
X

3,412xn,..

CF

Annual Gas Energy Savings

Atherm = units X

where:
A kWh
A kW
Atherms
units
UA
baseline

ce

AT

AT

CF
3,412
8,760
100,000

(UAbaseline B UAee) X E % 83760
M gas 100,000

= Annual electric energy savings

= Peak coincident demand electric savings

= Annual gas energy savings

= Number of measures installed under the program

= Overall heat transfer coefficient (BTU/hr-°F)

= Baseline condition or measure

= Energy efficient condition or measure

= Temperature difference between storage tank set point temperature and
surrounding air ambient temperature (°F)

= Average temperature difference between storage tank set point temperature and
surrounding air ambient temperature (°F)

= Coincidence factor

= Conversion factor, one kW equals 3,412.14 BTU/h

= Hours in one year

= Conversion factor, (BTU/therm), one therm equals 100,000 BTU*s



Summary of Variables and Data Sources

Variable Value Notes
Ubssctine Overall heat transfer coefficient for baseline measure, lookup
asen based on tank volume

Overall heat transfer coefficient for energy efficient measure,

UAe.
lookup based on tank volume

Tet 130 Set point temperature of storage tank (°F)

Tamb 67.5 Ambient temperature of surrounding air (°F)

AT T T Tempergture Qifference between the water inside the tank and

st Zamb | the ambient air (°F)

S Average temperature difference between the water inside the

AT Tset = Tamo tank and the ambient air (°F)

7 elec 0.97 Electric water heater efficiency

7 gas 0.67 Natural gas water heater efficiency

Tank volume 50 Electric (default for SF and single unit MF, use application for
central MF)

Tank volume 40 Gas (default for SF and single unit MF, use application for
central MF)

The overall heat transfer coefficient for the base and improved (insulated) water heater
assuming 1 inch of foam insulation in the existing water heater and an additional 2 inches of
fiberglass insulation for the tank wrap are shown below. The tank wrap is assumed to cover the
tank sides only. Water heater tank height and diameter in the table below were taken from a
survey of manufacturers® literature for typical water heaters. Note, the radius of the bare tank is
calculated from the radius of the finished tank (which is one-half of the diameter shown in the
table below) less the insulation thickness.

UA Values for Single-family Residential Water Heaters

Water (ljg iﬁ;er s1ze Height Diameter UAbpaseline UA..
30 60 16 4.35 1.91
40 61 16.5 4.58 2.00
50 53 18 4.49 1.96
66 58 20 5.51 2.39
80 58 22 6.18 2.67
UA Values for Larger Multi-Family Residential Water Heaters
Water heater L . . Upasetine (BTU/hr- )
size (gal) Height (in) Diameter (in) Bare tank FTberglas.s ‘Foam‘
lin [ 2in | 1in | 2in
120 61 24 40.6 100 | 5.1 | 79 | 4.1
140 76 24 47.9 120 | 62 | 9.6 | 49
200 72 30 60.9 147 | 7.6 [11.7] 6.0
250 84 30 68.1 16.8 | 8.6 |[13.3] 6.9
350 88 36 88.8 215 | 11.0 | 17.1 | 8.7




UAbaseline (BTU/ hr- OF)
Water heater . ) . . :
size (gal) Height (in) Diameter (in) Bare tank F ¥berglas's ‘F oam
lin | 2in | 1in | 2in
400 97 36 95.3 233 | 11.9 | 185| 9.5
500 74 48 115.9 263 | 13.3 209 | 10.6
750 106 48 146.9 349 | 17.7 | 27.7| 14.1
1,000 138 48 177.9 435 | 22.1 |346| 17.6
UA.. (BTU/hr-°F)
Water heater size . . ) ) with 2 in Fiberglass wra
(gal) Height (in) Diameter (in) Bare Fiberglas% Frc))arn
tank I in 2in | 1in | 2in
120 61 24 5.1 3.8 27 |34 | 24
140 76 24 6.2 4.6 33 | 41| 29
200 72 30 7.6 5.6 40 | 50| 3.5
250 84 30 8.6 6.3 46 |57 | 4.0
350 88 36 11.0 8.1 57 7.2 | 5.0
400 97 36 11.9 8.7 62 | 78 | 54
500 74 48 13.3 10.2 69 | 89 | 6.0
750 106 48 17.7 13.2 9.2 171' 8.0
1,000 138 48 22.1 16.1 | 11.5 1:' 10.0

The ambient temperature difference between the water heat set point and the ambient room

temperature is used to calculate the standby losses. Water heaters are generally located in
conditioned or partially conditioned spaces to avoid freezing. A room temperature of 70°F is the
default value. A water heater set point temperature of 130°F is the default value.

Water heater size Electric water heater - 50 gal Gas water heater — 40 gal
UAbaseline 4.49 4.58
UAece 1.96 2.00
AT, 60°F 60°F
AT 60°F 60°F
n 0.97 0.67
AkW 0.046 N/A
AkWh 402 N/A
Atherm N/A 18.1

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8




Baseline Efficiencies from which Savings are Calculated

The UAypaseline fOr existing water heaters were calculated assuming 1 inch of high-density
polyurethane foam insulation as the factory standard insulation level. For an electric storage
type water heater an efficiency of 0.97 is assumed. The combustion efficiency of 0.75 is
assumed for a non-condensing natural gas fired storage type water heater.

Compliance Efficiency from which Incentives are Calculated

The UA.. for wrapped water heaters were calculated assuming the tank wrap adds 2 inches of
fiberglass insulation to the existing tank.

Operating Hours

The water heater is assumed to be available during all hours.

Effective Useful Life (EUL)

Years: 10

Source: NYSERDA

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References
1. The thermal conductivity of various tank insulation materials is available in the ASHRAE
Handbook of Fundamentals (ASHRAE, 1989). The thermal conductivity of high-density
polyurethane foam insulation is assumed to be 0.0167 BTU/hr-ft-°F and the thermal
conductivity of fiberglass insulation is assumed to be 0.021 BTU/hr-ft-°F.
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HEAT PUMP WATER HEATER (HPWH) -AIR SOURCE

Measure Description

An electric heat pump water heater is a domestic water heater that uses heat pump technology to
move heat from the air (inside or outside the home) to the water storage tank.

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

AkWh = units x

GPDx365><8.33><A_TX 1 1
EF .

3,412 " EF

baseline

Peak Coincident Demand Savings

AKW = units % (Deemed Peak Coincident Demand Savings) x CF

Annual Gas Energy Savings

Atherms = N/A

where:

A kWh = Annual electric energy savings

A kW = Peak coincident demand electric savings

Atherms = Annual gas energy savings

units = Number of measures installed under the program

GPD = Average daily water consumption (gallons/day)

AT = Average difference between hot water delivery temperature and the supply main
temperature (°F)

EF = Energy factor

baseline = Baseline condition or measure

e = Energy efficient condition or measure

3,412 = Conversion factor, one kW equals 3,412.14 BTU/h

8.33 = Energy required (BTU"S), to heat one gallon of water by one degree Fahrenheit

365 = Days in one year

Summary of Variables and Data Sources

Variable Value Notes
AkW 0.17 Deemed peak coincident demand savings™
EF, ine Energy factor for baseline appliance

*? The reference for the deemed peak coincident savings value is "Field Testing of Pre-Production
Prototype Heat Pump Water Heaters” Federal Energy Management Program, DOE/EE-0317, May 2007.



EF Energy factor for energy efficient appliance
GPD 78 Based on family of 4
Average temperature difference between storage tank
AT T T set point temperature and supply water temperature in
set” omaim -l water main (°F)
EFaseline Calculate from tank volume
EF.. 2.2
tank volume From application
Tet 130 Temperature set point for water in tank
Tmain Temperature of water in supply water in main

The water temperature difference between the water heat set point and cold water mains
temperature is used to calculate the hot water load. If the water heater has sufficient capacity to
meet the load, hot water will be delivered at the water heater set point temperature. Water heater
set point for residential buildings is usually in the range of 120°F to 140°F. The water heater set
point should be consistent with temperature assumed in the water use data.

Supply water main temperatures vary according to climate, and are approximately equal to the
annual average outdoor temperature plus 6°F. Water temperature is usually monitored by the
water utility, and is available on request. Supply main temperatures based on the annual outdoor
temperature are shown below.

City Annual average (Egégloor temperature T main C°F)
Albany 48.2 54.2
Binghamton 46.9 52.9
Buffalo 48.3 54.3
Massena 44.7 50.7
Syracuse 48.6 54.6
Upstate Average 47.3 53.3
Long Island 56.5 62.5
NYC 56.5 55.0

Hot water use varies by family size. Estimates of hot water use per person as a function of
number of people in the home is shown below.

Number of
people in Gallons/person-day Gallons/day-household
household
1 29.4 29
2 22.8 46
3 20.6 62
4 19.5 78
5 18.9 94
6 18.5 111




The energy factor is used to calculate seasonal water heater efficiency. The energy factor is
reported by manufacturers according to a standard test procedure. The energy factor takes into
account the efficiency of the heat source (electricity or gas) and the effectiveness of the tank
insulation in reducing standby losses. The energy factor for heat pump water heaters also takes
into account the interactions between the heat pump water heater and the heating and cooling
consumption in the home. The EF is developed for an average US home in an average US
climate. Programs should use the manufacturers®rated EF until data can be developed that is
more appropriate for NY climates.

Baseline Efficiencies from which Savings are Calculated

The heat pump is similar to a standard air conditioner, but instead of exhausting the heat to the
outside of the home and putting the cooled air into the home, the heat pump water heater places
the heat from the air into the water that is then stored in the hot water tank. The cooled air is
exhausted into the home (for interior installed units) or can be vented outside of the home. If the
cooled air is exhausted into the home, it can affect the energy consumption of the home*s heating
and cooling system. A water heat pump can lower the amount of air conditioning required.
During cooler months, additional heating is required for the home to offset the cold air from the
water heater unless the chilled air is vented to the outside of the home. Savings calculation
approaches need to consider the energy impacts to both the domestic water heating system and to
the home in which the units are installed to estimate the energy impacts on the home (rather than
just the hot water supply). Impacts for both electric and non-electric energy consumption need to
be reported for programs that include systems that vent cooled air into the home.

The baseline energy factor (EFpaseiine) 1S as follows:

New construction and replace on failure: The efficient water heater is assumed to replace a
standard efficiency tank-type water heater. Energy Factors (EF) according to NAECA for
storage water heaters are calculated as a function of storage volume:

Electric water heaters:
EF=0.97-0.00132 xv

Gas water heaters:
EF=0.67-0.0019 x v

where:
v = tank volume in gallons

Coincidence Factor (CF)
The peak demand savings are included in the deemed savings values presented.

Compliance Efficiency from which Incentives are Calculated
Average energy factor for heat pump water heaters is 2.2.
Operating Hours

Water heater assumed to be available at all hours.



Effective Useful Life (EUL)

Years: 10
Source: DEER

Ancillary Fossil Fuel Savings Impacts
Heat pump water heaters installed in heated spaces will impact the space heating load.

Ancillary Electric Savings Impacts
References

1. Average hot water use per person taken from: Lutz, James D., Liu, Xiaomin, McMahon,
James E., Dunham, Camilla, Shown, Leslie J. McCure, Quandra T; “Modeling patterns of
hot water use in households;” LBL-37805 Rev. Lawrence Berkeley Laboratory, 1996

2. Average annual outdoor temperature taken from the National Renewable Energy
Laboratory TMY 3 long-term average weather data sets, processed with the DOE-2.2
weather data statistics package. www.nrel.gov

3. Water mains temperatures estimated from annual average temperature taken from: Burch,
Jay and Craig Christensen; “Towards Development of an Algorithm for Mains Water
Temperature.” National Renewable Energy Laboratory.
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INDIRECT WATER HEATER

Measure Description

Indirect water heaters are tank-type water heaters that are indirectly heated by hot water from a
boiler rather than direct input from electric elements or gas burners. A heat exchanger separates
the potable water in the water heater from the boiler water.

Method for Calculating Annual Energy and Peak Coincident Demand Savings

Annual Electric Energy Savings
AkWh =N/A

Peak Coincident Demand Savings
AkW =N/A

Annual Gas Energy Savings

_ (GPDx365x8.33xAT) ! 1
Atherms = units X X — +
100,000 Efft, baseline Efft, ee

Uhse| _(UA« )| (AT ) oo
Et, base Efft, ee 100,000

when:
1
UAbpascline = EFbascine REbaselin;
67.5x | 0.000584 —
RE vaseline X Cap baseline
and:

EFbaseline =0.67-0.0019 x Vbaseline

where:

A kWh = Annual electric energy savings

A kW = Peak coincident demand electric savings

Atherms = Annual gas energy savings

units = Number of measures installed under the program

GPD = Gallons per day

AT = Average temperature difference between the cold inlet temperature and the hot

water delivery temperature (°F)



AT = Temperature difference between the cold inlet temperature and the hot water
delivery temperature (°F)
EF = Energy factor
= Baseline condition or measure

baseline
e = Energy efficient condition or measure
UA, ciine = Overall heat loss coefficient of base tank type water heater (BTU/hr-°F)
UA,. = QOverall heat loss coefficient of indirect water heater storage tank (BTU/hr-°F)
GPD = Average daily water consumption (gallons/day).
baseline = Baseline storage water heater energy factor
Eff; . = Energy efficient indirect water heater boiler thermal efficiency
Efftyascline = Baseline water heater efficiency (= REpaseline 1f tank type baseline; Ex, paseline 1f
indirect baseline)
REascline = Tank type water heater recovery efficiency
Cappaseline = Tank type water heater capacity (BTU/hr)
Viaseline = Tank type water heater capacity (gallons)
8.33 = Energy required (BTU"S), to heat one gallon of water by one degree Fahrenheit
100,000 = Conversion factor, (BTU/therm), one therm equals 100,000 BTU*s
365 = Days in one year
8,760 = Hours in one year
0.000584 = Conversion factor used in DOE testing procedure
0.0019 = Natural gas efficient storage type water heater replacing standard storage tank

water heater. NAECA referenced as function of storage volume

Summary of Variables and Data Sources

Variable Value Notes

UAbaseline Calculation from baseline water heater EF or standby loss.

UA Calculation from lookup table based on tank volume and
e insulation thickness, use 1 inch if insulation thickness not known.

Temperature difference in degrees Fahrenheit, between the stored
AT Tset - Tamp | hot water and the surrounding air.

Default to 78 for single-family. Use GPD based on number of

GPD units for multi-family; otherwise from application

Average difference between the cold inlet temperature and the hot
AT water delivery temperature (°F)

Temperature difference between tank set point and water main
AT Tset - Tmain | temperature (°F)
Eff} baseline 0.75 (gas) | Thermal efficiency of baseline unit
Eff; e Thermal efficiency of energy efficient measure, from application
v Volume from application
Tset 130 Temperature set point of water in tank (°F)
Tamb 67.5 Ambient temperature of air surrounding tank (°F)
T main Average Th,ain based on upstate or downstate (°F)

Capacity (Q) 40,000 See table for storage type gas water heaters




Variable Value Notes
EFpascline Energy factor of baseline unit, calculate from tank volume
REvascline Recovery efficiency of baseline unit, 0.75
Vibaseline Volume of baseline unit, from application
380
SLbaseline BTU/hr | Standby heat loss, based on 120 gal tank with 2 in foam insulation

The ambient temperature difference between the water heat set point and the ambient room
temperature is used to calculate the standby losses. Water heaters are generally located in
conditioned or partially conditioned spaces to avoid freezing. A room temperature of 67.5°F* is
the nominal default value.

The water temperature difference between the water heat set point and cold water main
temperature is used to calculate the hot water load. If the water heater has sufficient capacity to
meet the load, hot water will be delivered at the water heater set point temperature. Water heater
set point for residential buildings is usually in the range of 120°F to 140°F. The water heater set
point should be consistent with temperature assumed in the water use data.

Cold water entering temperatures vary according to climate, and are approximately equal to the
annual average outdoor temperature plus 6°F. Water temperature is usually monitored by the
water utility, and is available on request. Cold water entering temperatures based on the annual
outdoor temperature are shown below.

. Annual average outdoor . o
City temperature (°F) T main (CF)
Albany 48.2 54.2
Binghamton 46.9 52.9
Buffalo 48.3 54.3
Massena 44.7 50.7
Syracuse 48.6 54.6
Upstate Average 47.3 53.3
Long Island 56.5 62.5
NYC 56.5 55.0

Gallons per day. Hot water use varies by family size. Estimates of hot water use per person as a
function of number of people in the home is shown below.

Number of people Gal/person-day Gal/day-household
1 29.4 29
2 22.8 46
3 20.6 62

» Energy Conservation Program for Consumer Products: test procedure for water heaters, 10 CFR Part
430, nominal value, Federal Register Vol. 63, n0.90/May 11, 1998, page 26014




Number of people Gal/person-day Gal/day-household
4 19.5 78
5 18.9 94
6 18.5 111

The energy factor is used to calculate seasonal water heater efficiency. The energy factor is
reported by manufacturers according to a standard test procedure. The energy factor takes into
account the efficiency of the heat source (electricity or gas) and the effectiveness of the tank
insulation in reducing standby losses.

Standard assumptions for recovery efficiency and input capacity for small non-condensing
natural gas water heaters, values applicable to non-condensing water heaters with EF< 0.68:

Water Heater Type Recovery efficiency Capacity (BTU/hr)

Gas 0.75 40,000

Tank overall heat loss coefficient (UA) is used to calculate the summer peak savings, which are
assumed to be caused by reductions in standby losses. The UA is calculated from the energy
factor, recovery efficiency, and heater electric element or gas burner capacity:

1
EFb aseline REb aseline

UAbascline =

67.5x (0.000584 - ! J
RE bvaseline X Cap baseline

where:

RE = Recovery Efficiency

Cap = Water Heater Capacity

EF = Energy Factor

67.5 = Room air temperature during DOE testing procedure

0.000584 = Conversion factor used in DOE testing procedure

UA values for typical natural gas water heaters:

Water Heater Size (Gals) Gas Water Heater Tank UA

40 13.6
80 21.6
120 32.8

Tank overall heat loss coefficient (UA) for larger multi-family water heaters is calculated from
the standby loss specification.

UA =SL / (70 BTU/hr — °F)°

where:




UA = Tank overall heat loss coefficient
SL = Standby loss (BTU/hr)
70 =Temperature difference associated with standby loss specification (°F)

UA values for indirect water heater tanks are estimated from the tank physical size and insulation
type and thickness.

2 X 7t X Kside X ht)} N |:(TC><I'12 Xkbot)} N {(TCXT]Z thop):|

UAbaseline = |:(

11'1(1'2/1'1) thyot thjop
where:
UAbpaseline = Baseline tank overall heat loss coefficient
Kgide = Thermal conductivity of tank sidewall insulation (BTU/hr-ft-°F)
Kpot = Thermal conductivity of tank bottom insulation (BTU/hr-{t-°F)
Kiop = Thermal conductivity of tank top insulation (BTU/hr-ft-°F)
Kwrap = Thermal conductivity of tank wrap (BTU/hr-{t-°F)
I = Radius of bare tank (ft)
1) = Radius of tank plus existing insulation (ft)
13 = Radius of tank plus existing insulation plus additional insulation (ft)
ht = Height of tank (ft)
Thyot = Thickness of insulation on tank bottom (ft)
Thyop = Thickness of insulation on tank top (ft)
Thyrap = Thickness of tank wrap (ft)

UA values for typical single-family residential indirect water heater tanks:

Volume (gal) Eflf)hltn(f}fer: Dtﬁ‘r?f(‘;tf;c%’;re Insulation UA (BTU/hr-°F)
40 44 17 T foan i
80 44 24 T foan o
I ——"

UA values for typical multi-family residential indirect water heater tanks:

UA (BTU/hr-°F)
Water heater | Height Diameter Fiberglass Foam
size (gal) (in) (in) Bare tank 1in 2in 1in 2in
140 76 24 47.9 12.0 6.2 9.6 4.9
200 72 30 60.9 14.7 7.6 11.7 6.0
250 84 30 68.1 16.8 8.6 13.3 6.9
350 88 36 88.8 21.5 11.0 17.1 8.7
400 97 36 95.3 23.3 11.9 18.5 9.5
500 74 48 115.9 26.3 13.3 20.9 10.6




750 106 48 146.9 34.9 17.7 27.7 14.1

1,000 138 48 177.9 43.5 22.1 34.6 17.6

For multi-family units, baseline thermal efficiency for gas water heaters is assumed to be 0.75.
Baseline thermal efficiency for existing boilers is 0.75. Note: combustion efficiency (E.) may be
substituted for thermal efficiency if thermal efficiency is not known.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8.

Baseline Efficiencies from which Incentives are Calculated

The baseline assumption for indirect water heaters is a standard efficiency tank type water heater
or an indirect system with a baseline efficiency boiler. The baseline energy factor (EFp,scline) 1S
as follows: For new construction and replace on failure, the efficient water heater is assumed to
replace a standard efficiency tank-type water heater. Energy Factors (EF) according to NAECA
for storage water heaters are calculated as a function of storage volume:

FElectric water heaters: EF =0.97 - 0.00132v
Gas water heaters: EF = 0.67 - 0.0019v

where:

EFpascline = Energy factor of baseline measure

v = Volume

0.67 = Natural gas water heater Energy Factor

0.0019 = Natural gas efficient storage type water heater replacing standard storage tank

water heater. NAECA referenced as function of storage volume.
Compliance Efficiency from which Incentives are Calculated

Operating Hours
Water heater assumed to be available at all hours.

Effective Useful Life (EUL)

Years: 13
Source: DEER

Ancillary Fossil Fuel Savings Impacts

Reduction in standby heat losses will have a small impact on space heating and cooling when the
water heater is located in conditioned space and not included in these calculations.

Ancillary Electric Savings Impacts

References

1. DOE test procedure for measure is from 10 CFR Part 430, Energy Conservation Program
for Consumer Products: Test Procedures for Water Heaters Final Rule, Federal Register
63 (90): 25995-26016. 11 May 1998. Retrieved March 26, 2013.
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STORAGE TANK AND INSTANTANEOUS DOMESTIC WATER HEATER

Measure Description24

Storage tank-type water heater, are units designed to heat and store water at a thermostatically
controlled temperature of less than 180 °F, including: gas storage water heaters with a nominal
input of 75,000 British thermal units (BTU) per hour or less and having a rated storage capacity
of not less than 20 gallons nor more than 100 gallons; electric heat pump type units with a
maximum current rating of 24 amperes at an input voltage of 250 or less, and, if the tank is
supplied, having a manufacturer's rated storage capacity of 120 gallons or less.

Instantaneous water heater, tankless, are units which initiate heating based on sensing water flow
and deliver water at a controlled temperature of less than 180 °F, heat water but contain no more
than one gallon of water per 4,000 BTU per hour of input, including: gas instantaneous water
heaters with an input between 50,000 BTU/h but less than 200,000 BTU per hour and has a
manufacturer's specified storage capacity of less than 2 gallons.

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

. GPDx365x8.33x AT 1 1

AkWh = units X x -
374 1 2 EFbaseline EFee
Peak Coincident Demand Savings
AKW it (UAbaseline B UAee) x AT CF
= units X X
Y 3.412
Annual Gas Energy Savings
. GPDx365x8.33x AT 1 1
Atherms = units X X -
100,000 EF, cine EF..

where:
A kWh = Annual electric energy savings
A kW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
UA = Overall heat transfer coefficient (BTU/hr-°F)

** Based on definition found in Federal Register 10 CFR 430, subpart B, Appendix E — Uniform Test
Method for Measuring the Energy Consumption of Water.



baseline

€e

AT

AT

CF

EF
GPD
3,412
8.33
100,000
365

= Baseline condition or measure

= Energy efficient condition or measure

= Temperature difference between storage tank set point temperature and
surrounding air ambient temperature (°F )

= Average temperature difference between storage tank set point temperature and
surrounding air ambient temperature (°F)

= Coincidence factor

= Energy factor

= Gallons per day

= Conversion factor (BTU/kWh), one kWh equals 3,412 BTU"s

= Energy required (BTU"S), to heat one gallon of water by one degree Fahrenheit

= Conversion factor, (BTU/therm), one therm equals 100,000 BTU"'s

= Days in one year

Summary of Variables and Data Sources

Varelabl Value Notes

Overall heat transfer coefficient for baseline measure, lookup based on
UAbaseline

tank volume

Overall heat transfer coefficient for energy efficient measure, lookup
UAee

based on tank volume

Temperature difference between the water inside the tank and the
AT Tset - Tamb : .

ambient air

Default for single-family, use GPD based on number of units for multi-
GPD 78 !

family.
AT T T . Temperature difference between the water inside the tank and the

set Tman | temperature in the supply main (°F)

— T T.. Average temperature difference between the water inside the tank and
AT set Tman | the temperature in the supply main (°F)
EFpascline Energy factor for baseline unit, calculate from tank volume and fuel type
EF.. Energy factor of energy efficient measure, from application
v Water tank volume from application
Tset 130 Set point temperature of storage tank
Tamb 67.5 Ambient temperature of surrounding air
T main Average Tp,ain based on upstate or downstate

Electric (Default for SF and single unit MF, use application for central

. 15,400
Capacity MF)
40,000 | Gas (Default for SF and single unit MF, use application for central MF)

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8.




Baseline Efficiencies from which Savings are Calculated

The ambient temperature difference between the water heat set point and the ambient room
temperature is used to calculate the standby losses. Water heaters are generally located in
conditioned or partially conditioned spaces to avoid freezing. A room temperature of 70°F is the
default value.

The water temperature difference between the water heat set point and cold water main
temperature is used to calculate the hot water load. If the water heater has sufficient capacity to
meet the load, hot water will be delivered at the water heater set point temperature. Water heater
set point for residential buildings is usually in the range of 120°F to 140°F. The water heater set
point should be consistent with temperature assumed in the water use data.

Cold water entering temperatures vary according to climate, and are approximately equal to the
annual average outdoor temperature plus 6°F. Water temperature is usually monitored by the
water utility, and is available on request. Cold water entering temperatures based on the annual
outdoor temperature are shown below.

. Annual average outdoor . o
City temperature (°F) T main (CF)
Albany 48.2 54.2
Binghamton 46.9 52.9
Buffalo 48.3 54.3
Massena 44.7 50.7
Syracuse 48.6 54.6
Upstate Average 47.3 53.3
Long Island 56.5 62.5
NYC 56.5 55.0
Gallons per day

Hot water use varies by family size. Estimates of hot water use per person as a function of
number of people in the home is shown below.

Number of people Gal/person-day Gal/day-household
1 294 29
2 22.8 46
3 20.6 62
4 19.5 78
5 18.9 94
6 18.5 111




Standard assumptions for recovery efficiency and input capacity for non-condensing water
heaters® are:

Water Heater Type Recovery efficiency Capacity (BTU/hr)
Electric 0.97 15,400
Gas 0.75 40,000

Tank overall heat loss coefficient (UA®) is used to calculate the summer peak savings, which are
assumed to be caused by reductions in standby losses. The UA is calculated from the energy
factor, recovery efficiency, and heater electric element or gas burner capacity:

1 1
U Abaseline _ EFbaselme REbaselm;
67.5x% (0.000584 - j
REbascline X Cap baseline
where:
RE = Recovery Efficiency
Cap = Water Heater Capacity
EF = Energy Factor
baseline = Baseline condition or measure
67.5 = Room air temperature during DOE testing procedure
0.000584 = Conversion factor used in DOE testing procedure

UA values for typical natural gas water heaters:

Water Heater Size (Gals) Gas Water Heater Tank UA
40 13.6
80 21.6
120 32.8

Tankless water heaters have no standby losses, thus the tank UA.. for a tankless water heater
should be set to 0.0.

The energy factor is used to calculate seasonal water heater efficiency. The energy factor is
reported by manufacturers according to a standard test procedure. The energy factor takes into
account the efficiency of the heat source (electricity or gas) and the effectiveness of the tank
insulation in reducing standby losses.

The baseline energy factor (EFp,sciine) for new construction and replace on failure: efficient water
heater is assumed to replace a standard efficiency tank-type water heater. Energy Factors (EF)
according to NAECA for storage water heaters are calculated as a function of storage volume:

* Values applicable to non-condensing water heaters with EF < 0.68.
6 U-value is a commonly used term for the overall heat loss coefficient, in BTU/hr-SF-°F. UA
incorporates surface area, and has the units of BTU/hr-°F.



Baseline energy factor (EFpaseline)
Electric water heaters:
EF=0.97-0.00132v

Natural gas water heaters:
EF =0.67 - 0.0019v

where:

EF = Energy factor

\% = Tank volume in gallons

0.00132 = Electric efficient storage type water heater replacing standard storage tank water
heater. NAECA referenced as function of storage volume.

0.97 = Energy factor for electric water heater

0.67 = Energy factor for gas water heater

0.0019 = Natural gas efficient storage type water heater replacing standard storage tank

water heater. NAECA referenced as function of storage volume.

Compliance Efficiency from which Incentives are Calculated

Compliance efficiency for a natural gas storage tank water heater, EF = 0.67
Compliance efficiency for a electric resistance storage tank water heater, EF = 0.97
Compliance efficiency for an instantaneous natural gas water heater, EF = 0.82

Operating Hours

Water heater assumed to be available at all hours.

Effective Useful Life (EUL)

Years: 15 — Storage tank type
Years: 20 - Instantaneous
Source: DEER

Ancillary Fossil Fuel Savings Impacts

Reduction in standby heat losses will have some impact on space heating and cooling when
water heater located in conditioned space. These are considered small and not included in these
calculations.

Ancillary Electric Savings Impacts

References

1. Average hot water use per person taken from: Lutz, James D., Liu, Xiaomin, McMahon,
James E., Dunham, Camilla, Shown, Leslie J.McCure, Quandra T; “Modeling patterns of
hot water use in households;” LBL-37805 Rev. Lawrence Berkeley Laboratory, 1996.

2. Average annual outdoor temperature taken from the National Renewable Energy
Laboratory TMY 3 long-term average weather data sets, processed with the DOE-2.2
weather data statistics package. www.nrel.gov

3. Water mains temperatures estimated from annual average temperature taken from; Burch,
Jay and Craig Christensen, “Towards Development of an Algorithm for Mains Water
Temperature.” National Renewable Energy Laboratory.
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DoMESTIC HOT WATER — CONTROL

FAUCET — LOW FLOW AERATOR

Measure Description

A faucet aerator is a water saving device that, by federal guidelines that went into effect in 1994,
enables no more than 2.2 gallons per minute (gpm) to pass through the faucet. A low flow faucet
aerator can reduce water flow to 1.5 gpm while maintaining appropriate water pressure and flow.

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

8.33
AkWh = units x [(H2Osavings X (Tfaucet_ Twh) x (m} ] /EFelec

Peak Coincident Demand Savings

AKW =N/A

Annual Gas Energy Savings

8.33
Ath = it H)Oxsavings Ttaucet — Tw / EF as
erms = units x [(H, gs X (Traucet— Twn) ¥ (100’000j g

note: to estimate the annual gallons of water saved from installation of measure

H>Ogavings = [(GPMpascline — GPMee) X Flow, X (minutes/use) x (uses/day) x 365

where:

AkWh = Annual electric energy savings

AW = Peak coincident demand electric savings

Atherms = Annual gas energy savings

units = Number of measures installed under the program

EF = Energy factor

H>Ogavings = Water savings

GPM = Gallon per minute

baseline = Baseline condition or measure

ce = Energy efficient condition or measure

Flow, = Flow rate restricted

T = Temperature (°F)

8.33 = Energy required (BTU"S), to heat one gallon of water by one degree Fahrenheit
365 = Days in one year

100,000 = Conversion factor, (BTU/therm), one therm equals 100,000 BTU"s

3,412 = Conversion factor, one kW equals 3,412.14 BTU/h



Summary of Variables and Data Sources

Variable Value Notes

Gallons per minute for energy efficient measure, from
GPM,, 1.5 application
GPMpaseline 2.2 Gallons per minute for baseline measure
Flow, 0.75 Flow restriction factor of faucet aerator
minutes/use 0.5 Assumed duration of use
uses/day 30 Assumed number of uses per day
365 365 Days per year of use

Calculated gallons of water saved per year based on installation
H>Ogavings 3,830 | of energy efficient measure
T faucet 80 The typical water temperature leaving the faucet in °F
T main Average inlet water temperature (see appending table) (°F)
EFciectric Electric water heater efficiency, per Energy Conservation

0.97 | Construction Code of NYS

Natural gas water heater efficiency, per Energy Conservation
EF g5 0.67 Code of NYS
Inlet water temperature from main, by location is shown below.

] Annual average outdoor A
City temperature (°F) T main (°F)

Albany 48.2 54.2
Binghamton 46.9 52.9
Buffalo 48.3 54.3
Massena 44.7 50.7
Syracuse 48.6 54.6
Upstate Average 47.3 53.3
Long Island 56.5 62.5
NYC 56.5 55.0

Coincidence Factor (CF)
The recommended value for the coincidence factor is — N/A

Baseline Efficiencies from which Savings are Calculated

The Summary of Variables and Data Sources provides the baseline (standard) and low flow
aerator water flows, related input assumptions, and the resulting water savings. Assumptions
regarding average duration of use and number of uses per day are also presented. This is based
on the CL&P and UT savings document, which itself relied on FEMP assumptions.”’

Compliance Efficiency from which Incentives are Calculated

%7 Federal Energy Management Program “Domestic Water Conservation Technologies™ at
www 1.eere.energy.gov/femp/pdfs/22799.pdf and other sources.




Operating Hours
Operating hours are assumed at 365 days per year

Effective Useful Life (EUL)

Years: 10
Source: DEER

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Methodology derived from CL&P and UI Program Savings Documentation for 2008
Program Year, pp. 157-158.

2. See Federal Energy Management Program “Domestic Water Conservation Technologies”
for water savings data. www l.eere.energy.gov/femp/pdfs/22799.pdf

3. Average annual outdoor temperature taken from the National Renewable Energy
Laboratory TMY 3 long-term average weather data sets, processed with the DOE-2.2
weather data statistics package. www.nrel.gov

4. Water mains temperatures estimated from annual average temperature taken from: Burch,
Jay and Craig Christensen; “Towards Development of an Algorithm for Mains Water
Temperature.” National Renewable Energy Laboratory.
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THERMOSTATIC SHOWER RESTRICTION VALVE

Measure Description

A thermostatic valve attached to a showerhead supply for reduction of domestic hot water flow
and associated energy usage. The device restricts hot water flow through the showerhead by
activating the trickle or stop flow mode when water reaches a temperature set point of 95°F, or
slightly lower, depending on manufacturer.

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

AkWh = units x (Deemed Annual Electric Energy Savings)

Peak Coincident Demand Savings

AkW = N/A

Annual Gas Energy Savings

Atherms = units x (Deemed Annual Gas Energy Savings)

where:

AkWh = Annual electric energy savings

AW = Peak coincident demand electric savings
Atherms = Annual gas energy savings

units = Number of measures installed under the program
CF = Coincidence factor

Summary of Variables and Data Sources

Variable Value Notes

therm savings as described in appending deemed annual gas energy savings for natural
table gas storage tank water heater

flow rate 1.5 gpm 1.75 gpm 2.0 gpm 2.25 gpm 2.5 gpm
Albany 6.2 7.3 8.3 9.3 10.4
Binghamton 6.4 7.4 8.5 9.6 10.6
Buffalo 6.2 7.2 8.3 9.3 10.3
Massena 6.6 7.8 8.9 10.0 11.1
Syracuse 6.2 7.2 8.2 9.3 10.3
Upstate
average 6.3 7.4 8.4 9.5 10.5
Long Island 5.2 6.1 6.9 7.8 8.7
NYC 5.2 6.1 6.9 7.8 8.7




Variable Value Notes
KkWh savings as described in appending deem@d anpual electric energy savings for
table electric resistance storage tank water heater
flow rate 1.5 gpm 1.75 gpm 2.0 gpm 2.25 gpm 2.5 gpm
Albany 141 164 188 211 235
Binghamton 144 169 193 217 241
Buffalo 141 164 187 211 234
Massena 151 176 201 226 251
Syracuse 140 163 186 210 233
Upstate
average 143 167 191 215 239
Long Island 118 137 157 177 196
NYC 118 137 157 177 196
Summary of Variables and Data Sources
(for informational purposes)
Variable Value Notes
kyn savings deemed Look up based on location and water usage rate (table above)
Therm savings deemed Look up based on location and water usage rate (table above)
Gallons per minute for energy efficient measure, from
GPM,. application
GPMyascline Gallons per minute for baseline in New York City, per 2012
(NYC) 2.0% update to NYC Plumbing Code (table 604.4)
GPMpaseline Gallons per minute for baseline for all other New York State
(NYS) 2.5 areas, per NYS Energy Conservation Law, subsection 15-0314
Flow, 0.75 Restricted flow rate in %
Behavioral 1.67 Average value calculated from total water waste percentage of
Waste Time 30%, from abstract of reference listed below. (1 min., 40 secs.)
Showers/day 2
Electric water heater efficiency, per Energy Conservation
EF clectric 0.97 Construction Code of NYS
Natural gas water heater efficiency, per Energy Conservation
EF 455 0.67 Code of NYS
Tshower 105 The typical water temperature leaving the shower in °F
T main Average inlet water temperature (see appending table)

28 Use the default values unless other showerhead flow rate is known.




Inlet Water Temperature (Same table used for all DHW measures.)

. Annual average outdoor o
City temperature (°F) Train °F)

Albany 48.2 54.2
Binghamton 46.9 52.9
Buffalo 48.3 54.3
Massena 44.7 50.7
Syracuse 48.6 54.6
Upstate Average 47.3 53.3
Long Island 56.5 62.5
NYC 56.5 55.0

Coincidence Factor (CF)
The recommended value for the coincidence factor is N/A

Baseline Efficiencies from which Savings are Calculated
Compliance Efficiency from which Incentives are Calculated
Operating Hours

Effective Useful Life (EUL)

Years: 10
Source: UPC

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Water and Energy Wasted During Residential Shower Events: Findings from a Pilot Field
Study of Hot Water Distribution Systems, Jim Lutz, Lawrence Berkeley National
Laboratory, September 2011; LBNL-5115E
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SHOWERHEAD — Low FLOW

Measure Description

A low flow showerhead is a water saving showerhead rated at 2.5 gallons per minute (gpm) - the
federal statutory standard for showerheads — or less. It reduces the amount of water flowing
through the showerhead, compared with a standard showerhead, while maintaining similar water
pressure.

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

AkWh = units x [(H2Osavings X (Tshower_ Twh) X (

3
PN /EFeecric
3,412) 1/ EF et

Peak Coincident Demand Savings

AKW =N/A

Annual Gas Energy Savings

8.33
100,000

Atherms = units X [(Hzosavings X (Tshower — Twh) % [ j ] /EFgaS

note: to estimate the annual gallons of water saved from installation of measure

H1O4avings = [(GPMpascline — GPMe.) % Flow; x (minutes/shower) x (showers/day) x 365

where:

AkWh = Annual electric energy savings

AW = Peak coincident demand electric savings

Atherms = Annual gas energy savings

units = Number of measures installed under the program

EF = Energy factor

H>Ogavings = Water savings

GPM = Gallons per minute

baseline = Baseline condition or measure

ce = Energy efficient condition or measure

Flow, = Flow rate restricted

T = Temperature

8.33 = Energy required (BTU"S), to heat one gallon of water by one degree Fahrenheit
365 = Days in one year

100,000 = Conversion factor, (BTU/therm), one therm equals 100,000 BTU*s

3,412 = Conversion factor, one kW equals 3,412.14 BTU/h



Summary of Variables and Data Sources

Variable Value Notes

Gallons per minute for energy efficient measure. Program
GPM,. tracking data on rebated showerhead flow rate
GPMpaseline 3.25 Gallons per minute, baseline from LBNL study

Flow restriction factor of shower head. Used in LBNL study to
F, 0.75 adjust for occupant reduction in full flow rate
minutes/shower 8 Assumed duration of shower from LBNL study
showers/day 2 Assumed number of showers per day
Tshower 105 The typical water temperature leaving the shower in °F
T main Average inlet water temperature (see appending table)
EF clectric 0.97 Standard assumption for electric water heater efficiency
EF g5 0.67 Standard assumption for gas water heater efficiency

Inlet water temperature from main, by location is shown below.

. Annual average outdoor . o
City temperature (°F) T main (CF)
Albany 48.2 54.2
Binghamton 46.9 52.9
Buffalo 48.3 54.3
Massena 44.7 50.7
Syracuse 48.6 54.6
Upstate Average 47.3 53.3
Long Island 56.5 62.5
NYC 56.5 55.0

Coincidence Factor (CF)
The recommended value for the coincidence factor is — N/A

Baseline Efficiencies from which Savings are Calculated

Compliance Efficiency from which Incentives are Calculated

Operating Hours

Effective Useful Life (EUL)

Years: 10
Source: DEER

Ancillary Fossil Fuel Savings Impacts

Ancillary Electric Savings Impacts




References

1. Average hot water use per person taken from: Lutz, James D., Liu, Xiaomin, McMahon,
James E., Dunham, Camilla, Shown, Leslie J. McCure, Quandra T; “Modeling patterns of
hot water use in households;” LBL-37805 Rev. Lawrence Berkeley Laboratory, 1996.

2. Average annual outdoor temperature taken from the National Renewable Energy
Laboratory TMY 3 long-term average weather data sets, processed with the DOE-2.2
weather data statistics package. www.nrel.gov

3. Water mains temperatures estimated from annual average temperature taken from:

Burch, Jay and Craig Christensen; “Towards Development of an Algorithm for Mains
Water Temperature.” National Renewable Energy Laboratory.
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HEATING, VENTILATION AND AIR CONDITIONING (HVAC)

AIR CONDITIONER - CENTRAL (CAQC)

Measure Description

A central air conditioner model consists of one or more factory-made assemblies which normally
include an evaporator or cooling coil(s), compressor(s), and condenser(s). Central air
conditioners provide the function of air-cooling, and may include the functions of air-circulation,
air-cleaning, dehumidifying or humidifying.”

Method for Calculating Annual Energy and Peak Coincident Demand Savings

Annual Electric Energy Savings

12 3 12
SEERbaseline SEER ce

AKWh = units x tons/unit x ( ] X EFLH ooling

Peak Coincident Demand Savings

AW = units X tons/unit X 12 — 12 x CF
EER EER _

baseline

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = The number of measures installed under the program
tons/unit = Tons of air conditioning per unit, based on nameplate data
SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-
hour, (used for average U.S. location/region)
EFLH = Equivalent full-load hours
EER = Energy efficiency ratio under peak conditions
CF = Coincidence factor
ce = Energy efficient condition or measure
cooling = COOling
baseline = Baseline condition or measure

** Energy Star® Program Requirements, Product Specification for Air Source Heat Pump and Central Air
Conditioner Equipment, Eligibility Criteria Version 4.1



12 = kBTUh/ton of air conditioning capacity

Summary of Variables and Data Sources

Variable Value Notes
From application, default to average system size from
tons . .
applications if unknown
11.09 Normal replacement
EER pascine 9.20 Early replacement
EER. Lookup from table below, based on unit SEER
13.00 Normal replacement
SEERbasctine 10.00 Early replacement
SEER. From application
Lookup by vintage and city. Variability exceeds 10% across
EFLH,..; upstate (Albany, Binghamton, Buffalo, Massena and
cootmg Syracuse) and NGRID (Albany, Massena and Syracuse)
cities. City specific lookup must be used.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8

Baseline Efficiencies from which Savings are Calculated

The SEER is an estimate of the average efficiency of the air conditioner over the cooling season,
based on an average U.S. city. Programs should use the manufacturers™rated SEER until data
can be developed that is more appropriate for NY climates.

The EER is the ARI rated full-load efficiency of the unit, which is used to estimate the unit
efficiency under peak conditions.

The baseline efficiency for new construction and replace on failure is SEER 13. Baseline for
early replacement is SEER 10. Early replacement units are assumed to be no more than 10 years
old, with no less than 5 years of remaining life. According to the 2004-5 DEER update study,
equipment of this vintage is generally SEER 10.

Svstem Tvoe Blz\l/[s;l‘lsl:lerzr Seasonal Efficiency Peak Efficiency
y yp . (SEER) (EER)*
Assumption
Early reple}cement SEER 10 920
) baseline
Central Air Replace on failure
conditioner p . SEER 13 11.09
baseline
Measure SEER 14 11.99
SEER 14.5 12.00°

%% Peak EER by SEER Class taken from 2004-2005 DEER Update Study, with exceptions noted below.
' Compliant with Energy Star specifications.




Baseline or Seasonal Efficiency Peak Efficiency
System Type Measure (SEER) (EER)™
Assumption
SEER 15 12.72
SEER 16 13.00°°
SEER 17 13.00”°
Early replacement SEER 10 900
baseline :
Replace on failure SEER 13 1107
baseline :
Central Heat Pump S?EI?E]?{RITS 1121.(-)70234
Measure SEER 15 12-5032
SEER 16 12.50
SEER 17 12.52
SEER 18 12.80

Compliance Efficiency from which Incentives are Calculated

Central air conditioning systems with rated efficiency of 14 SEER or higher in single-family and
multi-family residential applications. This section also covers cooling season impacts of central
air source heat pumps.

Operating Hours

EFLH data by location, building type and vintage are tabulated in Appendix G.

Effective Useful Life (EUL)

Years: 15

Source: DEER

Ancillary Fossil Fuel Savings Impacts

Minor heating interactions are expected with efficient furnace fans utilized in most high
efficiency air conditioners. These have not been quantified at this time.

Ancillary Electric Savings Impacts

References

1. Unit seasonal and peak efficiency data taken from the California DEER update study:
2004-2005 Database for Energy Efficiency Resources (DEER) Update Study, Final
Report, Itron, Inc. Vancouver, WA. December, 2005. Available at

% Set to 13.0 in compliance with CEE Tier 3 Standard for SEER 16 and higher split system air

conditioners

> Tbid.

** Compliant with Energy Star specifications

22 Set to 12.5 in compliance with CEE Tier 2 Standard on SEER 15 and higher heat pumps.
Ibid.



www.calmac.org/publications/2004-05 DEER Update Final Report-Wo.pdf

2. Typical values for coincidence factors (CF) taken from Engineering Methods for
Estimating the Impacts of Demand-Side Management Programs. Volume 2:
Fundamental Equations for Residential and Commercial End-Uses. TR-100984S Vol. 2.
Electric Power Research Institute, Palo Alto, CA August, 1993.

3. SEER rated in accordance with AHRI Standard 210/240-2008. Available from the Air
Conditioning Heating and Refrigeration Institute. See www.ahrinet.org
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AIR CONDITIONER - ROOM (RAC)

Measure Description

A consumer product, other than a “packaged terminal air conditioner,” which is powered by a
single phase electric current and is an encased assembly designed as a unit for mounting in a
window or through the wall for the purpose of providing delivery of conditioned air to an
enclosed space. It includes a prime source of refrigeration and may include a means for
ventilation and heating.®’

Method for Calculating Annual Energy and Peak Coincident Demand Savings
Annual Electric Energy Savings
12 12

AKkWh = units X tons/unit X [ — —
EER baseline EER ee

j X EFLHcooling

Peak Coincident Demand Savings

AKW = units X tons/unit x ( 12 - 12 j x CF
EER baseline EER ee
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
units = Number of measures installed under the program
tons/unit = Tons of air conditioning per unit, based on nameplate data
EFLH = Equivalent full-load hours
EER = Energy efficiency ratio under peak conditions
CF = Coincidence factor
ce = Energy efficient condition or measure
baseline = Baseline condition or measure
12 = kBTUh/ton of air conditioning capacity

Summary of Variables and Data Sources

Variable Value Notes
tons From application
EERpaseline Lookup from table
EER.. From application
EER EER..
Cooling equivalent full-load hours based on region see Operating
EFLHcooling
Hours below.

37 Energy Star® Program Requirements, Product Specification for Room Air Conditioners, Eligibility Criteria
Version 3.1




Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8

Baseline Efficiencies from which Savings are Calculated

Baseline efficiency assumptions for normal replacement are shown below.

Room Air Conditioners with Louvered Sides

Product Class

Seasonal average efficiency

Efficiency under Peak Conditions

(BTU/hr) (EER) (EER)
< 6,000 9.7 9.7
6,000 - 8,000 9.7 9.7
8,000 — 13,999 9.8 9.8
14,000 — 19,999 9.7 9.7
> 20,000 8.5 8.5

Room Air Conditioners without Louvered Sides

Product Class

Seasonal average efficiency

Efficiency under Peak Conditions

(BTU/hr) (EER) (EER)
< 8,000 9.0 9.0
8,000 — 19,999 8.5 8.5
> 20,000 8.5 8.5

Room Air Conditioners - Casement Only

Product Class
(BTU/hr)

Seasonal average efficiency
(EER)

Efficiency under Peak Conditions
(EER )

All sizes

8.7

8.7

Room Air Conditioners - Casement — slider

Product Class
(BTU/hr)

Seasonal average efficiency

(EER)

Efficiency under Peak Conditions
(EER)

All sizes

9.5

9.5

Room Air Conditioner Heat Pumps with Louvered Sides

Product Class

Seasonal average efficiency

Efficiency under Peak Conditions

(BTU/hr) (EER) (EERpk)
< 20,000 9.0 9.0
> 20,000 8.5 8.5

Room Air Conditioner Heat Pumps without Louvered S

ides

Product Class Seasonal average efficiency Efficiency under Peak Conditions
(BTU/hr) (EER) (EER,)
< 14,000 8.5 8.5
> 14,000 8.0 8.0




Compliance Efficiency from which Incentives are Calculated

Room Air Conditioners with Louvered Sides

Pr?]g%% /Ei‘;ss Energy Star CEE Tier 1 CEE Tier 2
EER | EER, | FER | EERx | BER EER,;
<6,000 10.7 10.7 11.2 112 | 116 11.6
6,000 - 8,000 10.7 10.7 112 112 | 116 11.6
8,000 — 13,099 10.8 10.8 113 113 | 118 11.8
14,000 — 19,999 10.7 10.7 112 112 | 116 11.6
> 20,000 9.4 9.4 9.8 9.8 10.2 10.2

Room Air Conditioners

without Louvered Sides

Product Class

Energy Star Seasonal average

Energy Star Efficiency under Peak

efficiency .
(BTU/hr) (ﬁ) Conditions (EERy)
< 8,000 9.9 9.9
8,000 — 19,999 9.4 9.4
> 20,000 9.4 9.4

Room Air Conditioners

- Casement only

Product Class

Energy Star Seasonal average

Energy Star Efficiency under Peak

efficiency "
(BTU/hr) (ﬁ) Conditions (EERy
All sizes 9.6 9.6

Room Air Conditioners

- Casement — slider

Product Class

Energy Star Seasonal average

Energy Star Efficiency under Peak

(BTU/hr) efficiency Conditions (EERy
(EER)
All sizes 10.5 10.5

Room Air Conditioner Heat Pumps with Louvered Sides

Product Class

Energy Star Seasonal average

Energy Star Efficiency under Peak

efficiency ..
(BTU/hr) (ﬁ) Conditions (EERy
< 20,000 9.9 9.9
> 20,000 9.4 9.4

Room Air Conditioner Heat Pumps without Louvered Sides

Product Class

Energy Star Seasonal average

Energy Star Efficiency under Peak

efficiency C.
(BTU'hr) (ﬁ) Conditions (EER
< 14,000 9.4 9.4
> 14,000 8.8 8.8




Operating Hours

Residential room air conditioner cooling equivalent full load hours based on region.

City EFLH 4oling
Albany 181
Binghamton 120
Buffalo 151
Massena 143
NYC 382
Poughkeepsie 208
Syracuse 186

Effective Useful Life (EUL)

Years: 9
Source: DEER

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. EFLH taken from Coincidence Factor Study Residential Room Air Conditioners,

conducted by RLW Analytics, 2008.
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AIR CONDITIONER AND HEAT PUMP - REFRIGERANT CHARGE CORRECTION

Measure Description

Correcting refrigerant charge on air conditioners and heat pumps in single-family and multi-
family residential applications.

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

2 12
SEER SEER

uncortr

AkWh = units x tons/unit x ( j X EFLHcooling

Peak Coincident Demand Savings

AKW = units x tons/unit X 12 12 x CF
EER

pk,uncorr

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
tons/unit = Tons of air conditioning per unit, based on nameplate data
EFLH = Equivalent full-load hours
EER = Energy efficiency ratio under peak conditions
SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-
hour, (used for average U.S. location/region)
CF = Coincidence factor
uncorr = Uncorrected
corrected = Corrected
pk = Peak
12 = kBTUh/ton of air conditioning capacity
Summary of Variables and Data Sources
Variable Value Notes
tons From application | From application or use 3 as default.
SEER o From application | Unit nameplate SEER or default to 10 if unknown
EER cor From application | Unit EER or 9.2 as default
o Use 0.9 adjustment factor or figure above if charge
SEERucon From application adjustment data available




Variable Value Notes

Use 0.9 adjustment factor or figure above if charge

EER uncorr i i : :
plo From application adjustment data available

EFLH.ooling Vintage weighted average by city.

Coincidence Factor (CF)

The recommended value for the coincidence factor is 0.8

Baseline Efficiencies from which Savings are Calculated

The SEER is an estimate of the average efficiency of the air conditioner over the cooling season,
based on an average U.S. city. Programs should use the manufacturers*rated SEER until data
can be developed that is more appropriate for NY climates. The EER is the ARI rated full-load
efficiency of the unit, which is used to estimate the unit efficiency under peak conditions.

The efficiency improvement resulting from refrigerant charge adjustment depends on how far off
the unit was before the adjustment was done, and whether the adjustment was done correctly.
The DEER study lists two levels of charge adjustment, with a corresponding efficiency
improvement: efficiency gains of 7% for refrigerant charge adjustments less than 20%, and
efficiency gains of 16% for refrigerant charge adjustments greater than 20%. The magnitude of
the charge adjustments expected are not known at this time, so a default value of 10%
improvement in unit efficiency is recommended, the efficiency of an uncorrected unit is 10%
below that of a corrected unit.

Parameter Recommended Values
EERpk, uncorr 0.9 x EERpk, corr
SEERUHCOI‘T 0'9 X SEERCOI‘I'

If the actual charge adjustment is recorded by the program, the efficiency adjustment factor as a
function of charge adjustment is taken from the Figure below™". Note the efficiency change
depends on the type of expansion valve. Use the curve labeled TXV for units with thermal
expansion valves; otherwise use the curve labeled short orifice.

rrrrrrrrrrrr

Use uncorrected efficiency adjustment factor listed above if charge adjustment is not known, or

*¥ Efficiency as a function of charge adjustment from Small HVAC System Design Guide, New Buildings
Institute, 2003.




base on actual charge adjustment and figure above.
Compliance Efficiency from which Incentives are Calculated

Operating Hours
EFLH data by location, building type and vintage are tabulated in Appendix G.

Effective Useful Life (EUL)

Years: 10

Source: DEER

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Typical efficiency change with charge adjustment taken from the California DEER
update study: 2004-2005 Database for Energy Efficiency Resources (DEER) Update
Study, Final Report, Itron, Inc. Vancouver, WA. December 2005. Available at

2. www.calmac.org/publications/2004-05 DEER Update Final Report-Wo.pdf

3. Efficiency change as a function of charge adjustment curve taken from Small HVAC
System Design Guide, New Buildings Institute, White Salmon, WA for the California
Energy Commission.
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AIR CONDITIONER AND HEAT PUMP - RIGHT-SIZING

Measure Description

This section covers right sizing of residential central air conditioners and heat pumps. Right-
sizing is a set of activities used to estimate building peak cooling load and correct system over-
sizing when replacing air conditioners or heat pumps in single-family and multi-family
residential applications. Equation below estimates savings from correcting over-sizing only;
efficiency improvements from unit replacement are covered under the central air conditioner
section.

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

| [ n
AKkWh = units X tons/unit x [SET} X EFLHcooling % PSF consumption

Peak Coincident Demand Savings
. . 12
AKW = units x tons/unit x ﬁ X PSFconsumption X CF

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
tons/unit = Tons of air conditioning per unit, based on nameplate data
EFLH = Equivalent full-load hours
EER = Energy efficiency ratio under peak conditions
SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-
hour, (used for average U.S. location/region)
CF = Coincidence factor
PSF = Proper sizing factor
cooling = Cooling
consumption = Consumption

12 = kBTUh/ton of air conditioning capacity



Summary of Variables and Data Sources

Variable Value Notes
tons From application
EER 11.09 Normal replacement
SEER 13 Normal replacement
EFLH. ooling Lookup by vintage and city.
PSF4 0.10 Proctor, 2009
PSF, 0.03 Proctor, 2009

Proper Sizing factor (PSF)

PSF is used to estimate the energy and demand savings from right-sizing. This factor accounts
for energy savings from improved part-load performance due to reductions in unit on/off cycling;
and demand savings from a lower unit connected load.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8

Baseline Efficiencies from which Savings are Calculated

The SEER is an estimate of the average efficiency of the air conditioner over the cooling season,
based on an average U.S. city. Programs should use the manufacturers™rated SEER until data
can be developed that is more appropriate for NY climates.

The EER is the Air-Conditioning & Refrigeration Institute (ARI), rated full-load efficiency of
the unit, which is used to estimate the unit efficiency under peak conditions.

Compliance Efficiency from which Incentives are Calculated

Operating Hours

Cooling EFLH data by location, building type and vintage are tabulated in Appendix G.
Effective Useful Life (EUL)

Years: 15
Source: DEER

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Proper sizing factors are taken from Proctor, J. AC Sizing, Electrical Peak, and Energy
Savings. Proctor Engineering Group. 2009.
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BLOWER FAN — WITH ELECTRONICALLY COMMUTATED (EC) MOTOR, FOR FURNACE
DISTRIBUTION

Measure Description

This section covers the electricity savings associated with electronically commutated (EC)
motors used on gas furnace distribution system supply fans. Energy and demand saving are
realized through reductions in fan power due to improved motor efficiency. and variable flow
operation.

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

AkWh = units x (Deemed Annual Electric Energy Savings)

Peak Coincident Demand Savings

AkW = N/A

Annual Gas Energy savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = The number of measures installed under the program

Summary of Variables and Data Sources

Variable Value Notes
AKWHh 733 Deemeq annual electric energy savings for ECM, PA
Consulting
AW 0 Peak savings during cooling mode not considered

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.0

Baseline Efficiencies from which Savings are Calculated

Baseline efficiency calculated from existing baseline furnace with split-capacitor blower motor
on distribution system.

Compliance Efficiency from which Incentives are Calculated




Operating Hours

Effective Useful Life (EUL)

Years: 15
Source: DEER

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Deemed kWh savings reference Focus on Energy Evaluation, ECM Furnace Impact
Assessment Report. Prepared by PA Consulting for the State of Wisconsin Public Service
Commission of Wisconsin, January 12, 2009.
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BOILER

Measure Description

High efficiency condensing and non-condensing natural gas-fired hot water and steam boilers in
single-family and multi-family residential buildings.

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

AkWh =N/A
Peak Coincident Demand Savings
AkW = N/A

Annual Gas Energy Savings

_ (kBTUhmj [ﬁ J [EFLHheaﬁng)
Atherms =units x | ————— | X | =—=——1 | X | —/———

unit Noscatine 100
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = The number of measures installed under the program
unit = Measure
kBTUh = Annual gas input rating per unit in kBTU/hr
EFLH = Equivalent full-load hours
in = Input capacity
heating = Heating
7 = Average energy efficiency (0 -100%)
" = Energy efficient condition or measure
baseline = Baseline condition or measure
100 = Conversion factor kBTUh/therm

Summary of Variables and Data Sources

Variable Value Notes
kBTUh;,/unit From application
Mouse Sizlf\l;le Defined by NYS ECCC by boiler type and size
M. From application, in units consistent with baseline efficiency

Lookup by vintage and city. Variability exceeds 5% across
upstate (Albany, Binghamton, Buffalo, Massena and
Syracuse) and NGRID (Albany, Massena and Syracuse)
cities. City specific lookup must be used.

EFLHheating




The seasonal average efficiency of the boiler is the ratio of the heating output to the fuel input
over a heating season. This factor accounts for combustion efficiency, standby losses, cycling
losses, and other sources of inefficiency within the boiler. The AFUE is an estimate of the
seasonal heating energy efficiency for boilers less than 300 kBTU/hr input capacity. The AFUE
is calculated for an average US city according to a standard US DOE method and reported by the
boiler manufacturer. Programs should use the manufacturers™rated AFUE until data can be
developed that are more appropriate for NY climates.

Boilers 300 kBTU/hr and larger are rated in terms of thermal efficiency (E;) or combustion
efficiency (E.). Boilers 300 kBTU/hr and larger should use E; as a proxy for the seasonal
average boiler efficiency E. may be used if E; is not available.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.0

Baseline Efficiencies from which Savings are Calculated

The baseline efficiency (7,,.,) is defined by the 2010 Energy Conservation Construction Code
of New York State (ECCNYYS) as follows:

Equipment Type Size Range Minimum Efficiency
Hot Water Boilers <300 kBTU/hr 80% AFUE
> 300 — 2500 kBTU/hr 75% Et and 80%Ec
> 2500 kBTU/hr 80% Ec
<300 kBTU/hr 75% AFUE
Steam Boilers > 300 — 2500 kBTU/hr 75% Et and 80% Ec
> 2500 kBTU/hr 80% Ec

Compliance Efficiency from which Incentives are Calculated

Efficient boiler efficiency (7;66) is the manufacturers nameplate efficiency for the installed
boiler. The recommended minimum boiler efficiency for incentives is defined as follows:

Boiler Type Size Range Recommended Minimum
Efficiency
. <300 kBTU/hr 85% AFUE

non-Condensing Fot Water 5360 ~2500 kBTU/hr 85% Et or 88% Ec
> 2500 kBTU/hr 88% Ec
<300 kBTU/hr 90% AFUE

Condensing Hot Water Boilers >300 — 2500 kBTU/hr 90% Et or 93% Ec
> 2500 kBTU/hr 93% Ec
<300 kBTU/hr 82% AFUE

Steam Boilers > 300 — 2500 kBTU/hr 80% Et or 83% Ec
> 2500 kBTU/hr 83% Ec




Operating Hours

Heating equivalent full-load hours (EFLHjeqiing) for single-family and multi-family residential
buildings were calculated from DOE-2.2 simulations of prototypical buildings. See Appendix G.
EFLHheaiing assume a 3-degree thermostat setback.

Effective Useful Life (EUL)

Years: 25
Source: Efficiency VT

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts
References
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CIRCULATOR PUMP — WITH ELECTRONICALLY COMMUTATED (EC) MOTOR, FOR
HYDRONIC DISTRIBUTION

Measure Description

This section covers electronically commutated (EC) motors in hydronic distribution circulators.
A circulator pump is a specific type of pump used to circulate liquids in a closed distribution
system. They are commonly found circulating water in a hydronic heating or cooling system.
Because they only circulate liquid within a closed circuit, they only need to overcome the friction
of a piping system (as opposed to lifting a fluid from a point of lower potential energy to a point
of higher potential energy).

Circulator pumps as used in hydronic systems are usually electrically powered centrifugal
pumps. As used in homes, they are often small, sealed, and rated at a fraction of a horsepower,
but in commercial applications they range in size up to many horsepower and the electric motor
is usually separated from the pump body by some form of mechanical coupling. The sealed units
used in home applications often have the motor rotor, pump impeller, and support bearings
combined and sealed within the water circuit. This avoids one of the principal challenges faced
by the larger, two-part pumps: maintaining a water-tight seal at the point where the pump drive
shaft enters the pump body.

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

1 1
AKkWh =units x hp x | — | - x 0.746 x hrs
P (Effbaselinej [ Effee J

Peak Coincident Demand Savings

AkW = N/A

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = The number of measures installed under the program
hp = Horsepower
Eff = Efficiency
baseline = Baseline condition or measure
ce = Energy efficient condition or measure
0.746 = Conversion factor (kW/hp), 746 watts equals one electric horsepower

hrs = Hours



Summary of Variables and Data Sources

Variable Value Notes
hp Circulator motor horsepower, from application
Effbascline 50% Efficiency of baseline motor
Eff.. 80% Efficiency of energy efficient motor
Circulator pump operating hours, National
hrs 3,240 Grid estimate

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.0
Baseline Efficiencies from which Savings are Calculated

The baseline efficiency of a standard permanent split-capacitor (PSC) motor is estimated to be
50%. The measure efficiency of a fractional horsepower EC motor is estimated to be 80%. High
efficiency circulators may include better impeller design that will increase kWh savings, but may
have a negative impact on gas consumption. These effects are ignored.

Compliance Efficiency from which Incentives are Calculated

Operating Hours

Annual heating hours are based on a continuously running circulator. Savings will be less if the
circulator cycles on and off with a call for heat.

Effective Useful Life (EUL)

Years: 15
Source: DEER

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts
References
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DUCT SEALING AND INSULATION

Measure Description

Sealing and insulation of the space heating and air conditioning duct distribution system in
single-family and multi-family homes. This measure reduces leakage into unconditioned and
outdoor space improving system efficiency. This measure is to be installed with the assistance of
a duct-blaster test on the distribution system.

A duct blaster test, similar in concept to a whole-house blower door test, is turned on to
pressurize the duct system to 25 Pascal“s (apressure which represents typical operating pressures
for forced-air systems). The airflow through the duct blaster fan (which is displayed in cfm on
the duct blaster's manometer) equals the flow escaping through leaks in the duct system. The
results are reported as “cfm @ 25 Pascal“s”.

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

. . 1 2 1T]dist,baseline kBTUhOut
AkWh = units x tons/unit X | ——— | X EFLHceoling X |1-—="— + | —— | x
SEER !
cooling

ndist,ee unlt
EFLHheating 1 ﬁdist baseline
—_— | X -
HSPF -
eating

T] dist,ee

Peak Coincident Demand Savings

12 . A
AKW = units X tons/unit x X |1~ Naistpipaseine | CF
EER ndist,pk,ee

Annual Gas Energy Savings

 (KBTUhn) [ EFLHheaine Meistbaseine
Atherms =units X | ——— | x | —— | x || -—————

unit 1 OO T] dist,ee heating
where:
A kWh = Annual electric energy savings
A kW = Peak coincident demand electric savings
Atherm = Annual gas energy savings
units = Number of measures installed under the program
unit = Measure
in = Input capacity

out = Output capacity



dist = Distribution

cooling = Cooling

heating = Heating

dist = Distribution

ce = Energy efficient condition or measure

baseline = Baseline condition or measure

pk = Peak

kBTUh = Annual gas input rating per unit in kBTU/hr

ton/unit = The nominal rating of the cooling capacity of the air conditioner or heat pump
in tons

SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-
hour, (used for average U.S. location/region)

EER = Energy efficiency ratio under peak conditions

HSPF = Heating season performance factor

7 = Average energy efficiency (0 -100%)

n = Energy efficiency (0 -100%)

EFLH = Equivalent full-load hours

CF = Coincidence factor

12 = kBTUh/ton of air conditioning capacity

100 = Conversion factor, kBTUh/therm

Summary of Variables and Data Sources

Variable Value Notes
AC measure
tons From application
10 Existing unit
SEER 13 New construction
77 dist, baseline 7_7 dist, baseline
77 dist, ee 7_7 dist, ee
- ' 0.956 Statewide cooling average for uninsulated duct with
77 dist, baseline 20% leakage. Use measured leakage if available
B Use statewide average; specs based on new vs. existing
77 dist, ee construction. Measured leakage OK if available. Use
appropriate R-value if duct insulation is also included.
EFLH ooling Vintage weighted average by city.
9.2 Existing unit
EERpaseine 11.1 new unit
Heat pump measure
KBTUh/unit,, The nominal output r'atm'g of the heating capacity of the
heat pump from application
6.8 Existing unit
HSPF 8.1 New unit

Furnace measure




Variable Value Notes

The nominal input rating of the heating capacity of the

kBTUh;,/unit furnace from application, from nameplate rated input in
kBTU/hr.
— , Statewide average based on uninsulated duct with 20%
77 dist, baseline 0.934 leakage. Measured leakage OK if available.
Statewide average; specs based on new vs. existing
7 dist, ce construction. Measured leakage OK if available. Use
appropriate R-value if duct insulation is also included.
EFLHheating Vintage weighted average by city.

The SEER is an estimate of the average efficiency of the air conditioner over the cooling season.
Most air conditioning equipment installed in residences has a SEER efficiency rating, which is
an estimate of the seasonal energy efficiency for an average US city. Programs should use the
manufacturers™rated SEER until data can be developed that is more appropriate for NY climates.

The EER is the ARI rated full-load efficiency of the unit, which is used to estimate the unit
efficiency under peak conditions.

The HSPF is an estimate of the seasonal heating energy efficiency for an average US city.
Programs should use the manufacturers® rated HSPF until data can be developed that are more
appropriate for NY climates. See heat pump section for more information.

The cooling and heating season average distribution efficiencies for duct systems in residential
buildings across seven New York cities are summarized in Appendix H. Ducts in single-family
buildings are assumed to run in an unconditioned basement. Duct systems in low-rise multi-
family buildings are assumed to run in an unconditioned space above an insulated ceiling in the
top floor units, and through an unconditioned plenum space in the bottom floor units. High-rise
buildings generally have hydronic systems.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8

Baseline Efficiencies from which Savings are Calculated

Duct systems are assumed to be located in an unconditioned plenum space between insulated
finished ceiling and roof surface. The baseline HSPF for heat pumps should be set according to
the method described in the sections on heat pump efficiency. The baseline efficiency (7,,.,) for
furnaces should be set according to the method described in the sections on furnace efficiency.
Distribution system efficiency ( 77 distbaseline) Should be set to the unsealed and uninsulated values

from the duct leakage sealing section for the appropriate building type. Use measured data when
available. If measured leakage not available use 20% as the default leakage rate. Uninsulated
ducts are considered to be the baseline condition.




Compliance Efficiency from which Incentives are Calculated

The measure HSPF for heat pumps should be set according to the section on efficient heat
pumps. The measure efficiency (7 ¢) for furnaces should be set according to the section on
efficient furnaces. Distribution system efficiency (77 gistee) Should be based on measured duct

leakage if available. If measured leakage not available, use the Air Conditioning Contractors of
America (ACCA) Quality Installation (QI) Standard specifications as a default:

Construction type Duct location Total Leakage (%)
New Inside thermal 10%
envelope
New Outside thermal 6%
envelope
Existing All 20% or 50% reduction (whichever is greater)
Operating Hours

Heating equivalent full-load hours calculated from building energy simulation models described
in Appendix A. Nameplate capacity for heat pumps should include the full heating capacity of
the heat pump system, including backup electric resistance heaters.

Effective Useful Life (EUL)

Years: 18
Source: DEER

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. ACCA QI specs can be found in: ANSI/ACCA Standard 5 QI-2007. HVAC Quality
Installation Specification. Air Conditioning Contractors of America, Arlington, VA.
WWW.acca.org

2. An alternative source of distribution system efficiency calculation methods is included in
ANSI/ASHRAE Standard 152 — 2004 Method of Test for Determining the Design and
Seasonal Efficiencies of Residential Thermal Distribution Systems, American Society of
Heating, Refrigeration and Air Conditioning Engineers, Atlanta, GA. www.ashrae.org

3. The US EPA estimates total duct leakage for typical residential construction at 20% of
system airflow.
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FURNACE

Measure Description

This section covers high efficiency condensing gas furnaces with an AFUE > 92% in single-
family and multi-family applications.

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

AkWh =N/A
Peak Coincident Demand Savings

AKW =N/A

Annual Gas Energy Savings

. kBTUhm AFUEf:e EFLHheating
Atherms = unitsx | ————— [ X | ——— =1 | X | ———

unit AFUEbaseline 1 00
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = The number of measures installed under the program
unit = Measure
kBTUh = Annual gas input rating per unit in kBTU/hr
baseline = Baseline condition or measure
ce = Energy efficient condition or measure
in = Input capacity
heating = Heating
AFUE = Annual fuel utilization efficiency
EFLH = Equivalent full-load hours
100 = Conversion factor, kKBTUh/therm

Summary of Variable and Data Sources

Variable Value Notes

The heating input capacity is the nameplate rated input

KBTUhin in kBTU/hr, from application
AFUE pascline 0.80 Hot water boiler

AFUE pascline 0.75 Steam boiler

AFUE yascline 0.78 Furnace

AFUE From application




Variable Value Notes

Heating equivalent full-load hours, lookup by vintage
and city.

EFLHheating

Coincidence Factor (CF)

The recommended value for the coincidence factor is 0.0

Baseline Efficiencies from which Savings are Calculated

The baseline efficiency AFUEp,scline for new construction and replace on failure: The baseline
efficiency (7 »as.) 18 defined by the 2010 Energy Conservation Construction Code of New York
State (ECCNYYS) as follows:

Equipment Size Range Minimum Efficiency
Type
Furnace <225 kBTU/hr 78% AFUE or 80% E;
> 225 kBTU/hr 80% E;

Compliance Efficiency from which Incentives are Calculated

Operating Hours

Heating equivalent full-load hours for single-family and multi-family residential buildings were
calculated from DOE-2.2 simulations of prototypical buildings. See Appendix G. The average
seasonal efficiency of the furnace is the ratio of the heating output to the fuel input (in consistent
units) over a heating season. This factor accounts for combustion efficiency, standby losses,
cycling losses, and other sources of inefficiency within the furnace itself. The AFUE is an
estimate of the seasonal heating energy efficiency for an average US city calculated according to
a standard US DOE method and reported by the furnace manufacturer. Programs should use the
manufacturers”rated AFUE until data can be developed that are more appropriate for NY
climates.

Effective Useful Life (EUL)

Years: 20

Source: DEER

Ancillary Fossil Fuel Savings Impacts

Ancillary Electric Savings Impacts

EC blower motors included with high efficiency gas furnaces may provide electricity savings
benefits. However, studies in Wisconsin indicate that homeowners are more likely to operate
their furnace fans continuously after installing a furnace with an EC motor, potentially reducing
or eliminating these savings.




References

1. For more information on EC motor savings and occupant behavior see: Pigg, Scot.
“Variable Speed Furnaces Come of Age”, Wisconsin Perspective, November/December
2004. Energy Center of Wisconsin, Madison, W1
www.ecw.org/download.php?producturl=/prod/articles/art] furn.pdf
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FURNACE TUNE UP

Measure Description

This section covers tune-ups of residential natural gas furnaces to improve the seasonal heating
efficiency; the tune-up affects the heating performance only.

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

AkWh =N/A
Peak Coincident Demand Savings
AkW = N/A

Annual Gas Energy Savings

. ( kBTUhlIl j [ EFLHheatingj
Atherms =units x | ————— | x | ——— | x ESF
unit 100

where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherm = Annual gas energy savings
units = Number of measures installed under the program
kBTUh = Annual gas input rating per unit in kBTU/hr
EFLH = Equivalent full-load hours
B = Input capacity
heating = Heating
ESF = Energy savings factor
100 = Conversion factor, KBTUh/therm

Summary of Variables and Data Sources

Variable Value Notes
Annual gas input rating per unit in kBTU/hr of the
kBTUh furnace. Input capacity is taken from the furnace
nameplate.

Heating equivalent full-load hours, relative to nameplate,

EFLHpeating lookup based on vintage and location

The energy savings factor for furnace tune-ups is used to
ESF 0.05 estimate the annual heating energy savings. A value of
0.05 1s recommended.

Coincidence Factor (CF)
The recommended value for the coincidence factor is: N/A




Baseline Efficiencies from which Savings are Calculated
Compliance Efficiency from which Incentives are Calculated

Operating Hours

Heating equivalent full-load hours for single-family and multi-family residential buildings were
calculated from DOE-2.2 simulations of prototypical buildings. See Appendix G.

Effective Useful Life (EUL)

Years: 5
Source: Reduced from DEER value of 10 years

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Energy savings on the order of 2% - 5% were realized from a boiler tune-up program in
the Pacific Northwest. See Dethman and Kunkle, Building Tune-Up and Operations
Program Evaluation. Energy Trust of Oregon, 2007.
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HEAT PUMP - AIR SOURCE (ASHP)

Measure Description

An air-source unitary heat pump model consists of one or more factory-made assemblies which
normally include an indoor conditioning coil(s), compressor(s), and outdoor coil(s), including
means to provide a heating function. ASHPs shall provide the function of air heating with
controlled temperature, and may include the functions of air-cooling, air-circulation, air-
cleaning, dehumidifying or humidifying.*® Cooling mode savings outlined in this measure follow
the residential Central Air Conditioner measure.

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

 (kBTUhou . |
Ak\thheating mode = UNItS X | ————— [X

. - X EFLHheating
unit HSPF HSPF_

baseline

2 12
SEER SEER

AkWh,ooling mode = Units X tons/unit x ( j X EFLHcooling

baseline

Peak Coincident Demand Electric Savings

Ak\theating mode = N/A

' ‘ 12 12
AKW cooling mode = UNItS X tons/unit x [ EER B EER j “CF

baseline

Annual Gas Energy Savings

Athernlsheating mode — N/A
Atherrnscooling mode = N/A

where:

AkWh = Annual electric energy savings

AKW = Peak coincident demand electric savings
Atherms = Annual gas energy savings

units = Number of units installed under the program

* ENERGY STAR® Program Requirements Product Specification for Air Source Heat Pump and
Central Air Conditioner Equipment Eligibility Criteria
Version 4.1



tons/unit = Tons of air conditioning per unit, based on nameplate data
kBTUhgupu = The nominal rating of the heating output capacity of the heat pump in kBTU/hr
(including supplemental heaters)

HSPF = Heating seasonal performance factor

SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-
hour, (used for average U.S. location/region)

EER = Energy efficiency ratio under peak conditions

EFLH = Equivalent full-load hours

CF = Coincidence factor

out = Output capacity

heating = Heating

ce = Energy efficient condition or measure

cooling = COOling

baseline = Baseline condition or measure

12 = kBTUh/ton of air conditioning capacity

Summary of Variables and Data Sources

Variable Value Notes
kBTUhgyput / unit From application
HSPFyoie 8.1 Normal replacement
6.8 Early replacement
HSPF.. From application

Lookup by vintage and city. Variability exceeds 5%
across upstate (Albany, Binghamton, Buftalo,
EFLHpeating Massena and Syracuse) and NGRID (Albany,
Massena and Syracuse) cities. City specific lookup
must be used.

Lookup by vintage and city. Variability exceeds
10% across upstate (Albany, Binghamton, Buffalo,
EFLHcooling Massena and Syracuse) and NGRID (Albany,
Massena and Syracuse) cities. City specific lookup
must be used.

From application, default to average system size

tons from applications if unknown
EFRpine 11.09 Normal replacement
9.20 Early replacement
EERe Lookup from table below, based on unit SEER
SEERpsuine 13.00 Normal replacement
10.00 Early replacement

SEER.. From application




The output capacity of the heat pump is the heating capacity of the heat pump plus backup
electric resistance strip heaters at design conditions, expressed in kBTU/hrouput.

The HSPF is an estimate of the seasonal heating energy efficiency for an average US city. The
average COP in the equation above is equal to the HSPF/3.412. Programs should use the
manufacturers™ rated HSPF until data can be developed that are more appropriate for NY
climates. Efficiency assumptions for heat pumps of different SEER classes are shown below.

Cooling Seasonal Efficiency (SEER) | 1¢3tng S(‘:I‘;‘;)“Fa)ﬂffﬁc‘e“cy
Early. replacement SEER 10 6.3
baseline
Repla‘lce on failure SEER 13 g1
baseline
SEER 14 8.6
SEER 14.5 8.5"
Measure SEER 15 8.8
SEER 16 8.5%
SEER 17 8.6
SEER 18 9.2

Early replacement units are assumed to be no more than 15 years old, with no less than 5 years of
remaining life. According to the 2004-5 DEER update study, equipment of this vintage is
generally SEER 10.

Coincidence Factor (CF)

The recommended value for the coincidence factor for the heating mode is 0.0
The recommended value for the coincidence factor for the cooling mode is 0.8

Baseline Efficiencies from which Savings are Calculated

New construction and replace on failure baseline efficiency should be consistent with a SEER 13
heat pump (HSPF = 8.1). Early replacement efficiency is assumed to be consistent with a SEER
10 heat pump (HSPF = 6.8).

The SEER is an estimate of the average efficiency of the air conditioner over the cooling season,
based on an average U.S. city. Programs should use the manufacturers*rated SEER until data
can be developed that is more appropriate for NY climates.

“" Average HSPF by SEER class taken from 2004 - 2005 DEER Update Study, with exceptions noted
below.

! Average HSPF of SEER 14.5 Energy Star qualifying units listed in ARI/CEE directory

2 Set at CEE Tier 2 minimum.



The EER is the ARI rated full-load efficiency of the unit, which is used to estimate the unit
efficiency under peak conditions.

The baseline efficiency for new construction and replace on failure is SEER 13. Baseline for

early replacement is SEER 10. Early replacement units are assumed to be no more than 10 years

old, with no less than 5 years of remaining life. According to the 2004-5 DEER update study,

equipment of this vintage is generally SEER 10.

System Type B;;::ll;:lerzr Seasonal Efficiency Peak EfﬁcLency
) (SEER) (EER)
Assumption
Early replgcement SEER 10 9.20
baseline
‘ Replace 01.1 failure SEER 13 11.09
Central Air baseline
conditioner SEER 14 11.99
SEER 14.5 12.00%
Measure SEER 15 12.72
SEER 16 13.00%
SEER 17 13.00%
Early replgcement SEER 10 9.00
baseline
Replace 01.1 failure SEER 13 11.07
baseline
SEER 14 11.72
Central Heat Pump SEER 145 2007
Measure SEER 15 12.502‘2
SEER 16 12.50
SEER 17 12.52
SEER 18 12.80

* Peak EER by SEER Class taken from 2004-2005 DEER Update Study, with exceptions noted below.
* Compliant with Energy Star specifications.
* Set to 13.0 in compliance with CEE Tier 3 Standard for SEER 16 and higher split system air

conditioners
¥ Ibid.

*7 Compliant with Energy Star specifications
* Set to 12.5 in compliance with CEE Tier 2 Standard on SEER 15 and higher heat pumps.

¥ Ibid.




Compliance Efficiency from which Incentives are Calculated

Heat pump and air conditioning efficiency must be greater than or equal to SEER 14, for single-
family and multi-family residential applications

Operating Hours
EFLH data by location, building type and vintage are tabulated in Appendix G.

Effective Useful Life (EUL)

Years: 15
Source: DEER

Ancillary Fossil Fuel Savings Impacts

Minor heating interactions are expected with efficient furnace fans utilized in most high
efficiency air conditioners. These have not been quantified at this time.

Ancillary Electric Savings Impacts

References

1. Unit seasonal and peak efficiency data taken from the California DEER update study: 2004-
2005 Database for Energy Efficiency Resources (DEER) Update Study, Final Report, Itron,
Inc. Vancouver, WA. December, 2005. Available at www.calmac.org/publications/2004-
05 _DEER Update Final Report-Wo.pdf

2. Typical values for rated load factor (RLF) taken from Engineering Methods for Estimating
the Impacts of Demand-Side Management Programs. Volume 2: Fundamental Equations for
Residential and Commercial End-Uses. TR-100984S Vol. 2. Electric Power Research
Institute, Palo Alto, CA August, 1993.

3. Typical values for coincidence factor (CF) for cooling mode, taken from Engineering
Methods for Estimating the Impacts of Demand-Side Management Programs. Volume 2:
Fundamental Equations for Residential and Commercial End-Uses. TR-100984S Vol. 2.
Electric Power Research Institute, Palo Alto, CA August, 1993.

4. SEER rated in accordance with AHRI Standard 210/240-2008. Available from the Air
Conditioning Heating and Refrigeration Institute. See www.ahrinet.org
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HEAT PUMP - GROUND SOURCE (GSHP)

Measure Description

A high-efficiency ground source heat pump with a closed loop vertical heat exchanger field is
evaluated for single-family and multi-family applications. In single-family applications, the heat
pump system utilizes a water to air heat pump with a standard forced air distribution system.
The single-family system is compared to a standard efficiency air conditioner with electric
resistance heat or an air-source heat pump.

In Multi-family applications, the heat pump system utilizes a water to water heat pump, two pipe
distribution system, fan coils located in each zone of the apartment, and a circulation pumps
between the heat pump and the fan coils and between the heat pump and the ground loop. The
baseline system is a packaged terminal air conditioner (PTAC) with electric resistance heat or a
packaged terminal heat pump (PTHP) with an electric resistance supplemental heating system.

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

) . 12 kBT Uhout
AkWh = units x tons/unit X | —— - X EFLHcooling + | ——— | %
EER pascine  EER e unit
( 1 1 j ( EF LHheatingj
J— X —_—mm
COPbasline COPee 3412

Peak Coincident Demand Savings

AKW = units x tons/unit x 12 __ 12 x CF

EER baseline,pk EER ee,pk

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AKW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
tons/unit = Tons of air conditioning per unit, based on nameplate data
kBTUh,yt = Annual gas output rating
EER = Seasonal average energy efficiency ratio over the cooling season BTU/watt-

hour, (used for a particular climate/building)



ce = Energy efficient baseline or condition
= Baseline condition or measure

baseline

ok = Peak

COP = Average coefficient of performance

EFLH = Equivalent full-load hours

out = Output capacity

cooling = COOlng

heating = Heating

CF = Coincidence factor

12 = kBTUh/ton of air conditioning capacity

3.412 = Conversion factor, one watt/h equals 3.412142 BTU

Summary of Variables and Data Sources

Variable Value Notes
kBTUhgy From application Annual gas output rating
EFLH.ooling Cooling equivalent full-load hours
EFLHheating Heating equivalent full hours

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8

Baseline Efficiencies from which Savings are Calculated

New construction and replace on failure baseline efficiency should be consistent with a SEER 13
heat pump (HSPF = 8.1). Early replacement efficiency is assumed to be consistent with a SEER
10 heat pump (HSPF = 6.8). The seasonal Baseline systems with electric resistance heat should
use a COP of 1.0. Average COP = HSPF/3.412

Compliance Efficiency from which Incentives are Calculated
Ground source heat pumps are rating at full-load and standard operating conditions.

Equipment Size Heat.lng Sub-Catggory Minimum Test
type Categor Section or Rating Efficienc Procedure
yp gory Type Condition y
<17,000 o
BTU/hr All 86°F EWT 11.2 EER | ISO-13256-1
>17,000
Water-Source BTU/hr and All 86°F EWT 12.0 EER | ISO-13256-1
(Cooling Mode) <65,0000
>65,000
BTU/hr and All 86°F EWT 12.0 EER | ISO-13256-1
<135,0000
GroundwaterT <135.,000
Source (Cooling All 59°F EWT 16.2 EER | ISO-13256-1
BTU/hr
Mode)
Ground Source <135,000 o
(Cooling Mode) BTU/hr All 77°F EWT 13.4 EER | ISO-13256-1
Water-Source <135,000 o
(Heating Mode) BTU/hr - 68°F EWT 4.2 COP | ISO-13256-1




. . Heating | Sub-Category -
et | S | Secon | orating | e | A
yp gory Type Condition y
(Cooling
Capacity)
Groundwater- <P1%%?}(1)r0
Source (Heating . - 50°F EWT 3.6 COP | ISO-13256-1
(Cooling
Mode) .
Capacity)
<135,000
Ground Source BTU/hr o
(Heating Mode) (Cooling - 32°F EWT 3.1 COP | ISO-13256-1
Capacity)

The efficiency specifications account for the compressor only (water to water heat pump) or the
compressor and supply fans (water to air heat pump). In order to present a valid comparison to a
standard HVAC system, the energy required to run all system auxiliaries (fans, building
circulating pumps, and ground loop pumps) must also be included in the full-load and seasonal
average efficiencies.

These full-load and average efficiencies were developed from a simulation of a low-rise
apartment retrofit to a water-to-water system with zone level fan coils, seasonal change over
from heating to cooling mode, and closed-loop vertical ground loop system. System design
assumptions are as follows:

Equipment Efficiency Notes
Slz":;el))ump (cooling 17 EER 44°F chilled water, 85°F ground loop temp
Heat pump (heating 4.1 COP 95°F hot water, 32°F ground loop temp
mode)
Fan coil 0.067 kW/ton 0.178 W/cfm and 375 cfm/ton
Building pump 0.041 kW/ton 10°F loop design delta T

10°F loop design delta T; ground loop sized at

Ground loop pump 0.11 kW/ton 300 LF per ton

Single-family buildings should use the manufacturers™ rated EER until better data can be
developed to account for system auxiliary energy use. Suggested values for the water to water
system used in the multi-family application are shown below.



. . Cool av Cook pk Heat av Heat pk

City Vintage EER EER COP - coP
Albany Existing 5.8 13.8 2.7 3.2
Binghamton Existing 53 13.6 2.8 3.2
Buffalo Existing 53 13.9 2.8 3.0
Massena Existing 8.0 13.6 2.6 3.5
NYC Existing 5.9 13.7 2.7 3.1
Poughkeepsie Existing 5.9 13.8 2.7 3.2
Syracuse Existing 4.8 13.9 2.8 3.1
Albany New 6.8 14.1 2.8 3.2
Binghamton New 6.1 13.9 2.9 3.2
Buffalo New 6.2 14.1 2.8 3.1
Massena New 9.1 14.1 2.7 3.5
NYC New 6.8 14.0 2.8 3.2
Poughkeepsie New 6.8 14.1 2.8 3.2
Syracuse New 5.6 14.1 2.8 3.1
Albany Old 4.8 13.4 2.8 3.2
Binghamton Old 4.2 13.0 2.9 3.2
Buffalo Old 4.4 13.5 2.8 3.1
Massena Old 6.9 13.3 2.8 3.5
NYC Old 4.8 13.2 2.8 3.2
Poughkeepsie Old 4.8 13.3 2.8 3.2
Syracuse Old 3.7 13.5 2.8 3.0

Operating Hours

EFLH data by location, building type and vintage are tabulated in Appendix G.

Effective Useful Life (EUL)

Years: 20
Source: US DOE

Ancillary Fuel Savings Impacts
Ancillary Electric Savings Impacts
References
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HEATING, VENTILATION AND AIR CONDITIONING (HVAC) — CONTROL

OUTDOOR RESET CONTROL, FOR HYDRONIC BOILER

Measure Description

Reset of hot water set point in single and multi-family residential buildings with zone thermostat
control. The measure is assumed to be applied to existing non-condensing boiler systems.

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

AkWh =N/A

Peak Coincident Demand Savings

AKW =N/A

Annual Gas Energy Savings

. kBTUhm EFLHheating
Atherms = units x X X Fsavings

unit 100
where:
AkWh = Annual electric energy savings
AW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
EFLH = Equivalent full-load hours
B = Input capacity
heating = Heating
CF = Coincidence factor
KBTUh = Annual gas input rating per unit in kBTU/hr
Fiavings = Savings factor
100 = Conversion factor, (kBTUh/therm)

Summary of Variables and Data Sources

Variable Value Notes
From application. Use deemed value of 110 kBTU/hr for
residential buildings, or table above for multi-family

KBTUhy/unit buildings if data not available. If vintage not known, use
vintage weighted values.
EFLHpcating Lookup by vintage and city. If vintage not known, use

vintage weighted values.




Variable Value Notes

Recommended Energy Factor for boiler reset controllers in
Fsavings 0.05 . . . .
residential applications

The input capacity (in 1,000 BTU/hr) of the boiler should be taken from the application. If the
input capacity is not know, then use the following default values:
1. Single-family residential buildings, 110 kBTU/hr
2. Multi-family buildings, input capacity can be estimated from the building type (low-rise
or high-rise) and the building heated floor area using the data in the table below.

Boiler Size (BTU/hr-SF)
City and Vintage High-rise Low-rise
(more than 3 stories) (3 stories or less)

Albany old vintage 20.2 26.0
Albany average vintage 15.4 17.0
Albany new vintage 9.9 10.0
Buffalo old vintage 18.0 23.5
Buffalo average vintage 13.8 14.9
Buffalo new vintage 8.8 9.1

Massena old vintage 22.7 28.8
Massena average vintage 17.7 18.8
Massena new vintage 11.3 11.2
NYC old vintage 13.7 19.2
NYC average vintage 10.6 11.8
NYC new vintage 6.8 7.6

Syracuse old vintage 18.6 24.6
Syracuse average vintage 14.3 15.8
Syracuse new vintage 9.1 9.5

Binghamton old vintage 19.0 24.6
Binghamton average vintage 14.6 15.9
Binghamton new vintage 9.3 9.5

Poughkeepsie old vintage 17.1 22.6
Poughkeepsie average vintage 13.2 14.4
Poughkeepsie new vintage 8.4 8.8

Coincidence Factor (CF)

The recommended value for the coincidence factor is: N/A
Baseline Efficiencies from which Savings are Calculated
Constant hot water set point temperature of 180F°.

Compliance Efficiency from which Incentives are Calculated

Reset hot water temperature to 160F°.
Energy Factor (Fsavings) of 0.05 shall be used.



Operating Hours

Heating equivalent full-load hours for residential buildings were calculated from DOE-2.2
simulations of prototypical single-family buildings. See Appendix G.

Effective Useful Life (EUL)

Years: 15

Source: ACEEE

Ancillary Fossil Fuel Savings Impacts

Ancillary Electric Savings Impacts

Lower set point temperature may cause hot water circulator to run longer cycles. Minor impact
not accounted for in this procedure.

References

1. Energy savings factor for residential applications taken from an article published by the
Energy Solutions Center, a consortium of natural gas utilities, equipment manufacturers
and vendors.
www.energysolutionscenter.org/BoilerBurner/Eff Improve/Efficiency/Boiler Reset Con
trol.asp
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SUB-METERING
Sub-metering of apartments in multi-family buildings, where tenants pay for their own electricity
consumption according to their metered usage.

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

kWh = units x kWh/SF x SF x ESF

Peak Coincident Demand Savings

AKW =N/A

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
CF = Coincidence factor
kWh/SF = Annual electricity consumption per SF of conditioned floor area
SF = Conditioned floor area per apartment subject to sub-metering
ESF = Energy savings factor from sub-metering

Summary of Variables and Data Sources

Variable Value Notes

Default value, annual energy consumption per square
foot of conditioned floor area should come from utility
data specific to the multi-family housing stock in their
service territory.

ESF 0.08

Coincidence Factor (CF)
The recommended value for the coincidence factor is N/A

Baseline Efficiencies from which Savings are Calculated

There is a significant research literature substantiating the belief that sub-metering of master-
metered multi-family buildings can result in significant energy savings (see Munley et al, 1990
and Hackett & Lutzenheiser, 1991). However, rigorous estimates of the percentage of savings to
be expected are scarce. A rigorous study of water sub-metering commissioned by the EPA
(Aquacraft 2004) found savings of approximately 15%. While water is not electricity, arguably
the same behavioral impulses can be expected to be at work. Recent NYSERDA program
submittals suggested an 8% savings in total energy consumption. 8% seems to be a reasonable,



albeit relatively conservative, default assumption. However, given the scarcity of recent, reliable
studies, it is particularly important that savings claims from sub-metering be rigorously evaluated
through ex-post studies.

Compliance Efficiency from which Incentives are Calculated
Operating Hours

Effective Useful Life (EUL)

Years:
Source:

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Electricity Demand in Multi-Family, Renter-Occupied Residences.” Munley, Vincent
G.; Taylor, Larry W; Formby, John P. Southern Economic Journal. July 1990, pp. 178-
194.

2. Social Structures and Economic Conduct: Interpreting Variations in Household Energy
Consumption.” Hackett, Bruce, and Loren Lutzenheiser. Sociological Forum, Vol. 6,
No.3 (September 1991) pp. 449-470.

3. National Multiple Family Sub-metering and Allocation Billing Program Study. Prepared
by Aquacraft for the UP EPA. August 2004.
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THERMOSTAT — PROGRAMMABLE SETBACK

Measure Description

Programmable setback thermostats applied to single-family and multi-family residential air
conditioners, heat pumps, boilers, furnaces and electric resistance baseboard heating systems.

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

, . ( 12 j (kBTUhmj
AkWh = units x tons/unit X [ | =———— | X EFLHcooling X Feooling + | ———— | X
SEER unit
EFLH, .0,
[ HSPF J x Fheatlng ]

Peak Coincident Demand Savings

AkW = N/A
Annual Gas Energy Savings

Atherms = units x (kBT[_jhi“ j X (EFLHheatmgj X Fheating

unit 100
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = The number of air conditioning units installed under the program
tons/unit = Tons of air conditioning per unit, based on nameplate data
SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-
hour, (used for average U.S. location/region)seasonal average energy efficiency
ratio (BTU/watt-hour)

12 = kBTUh/ton of air conditioning capacity
100 = Conversion factor, kKBTUh/therm
Fheating = Energy factor for heating
Feooling = Energy factor for cooling
kBTUhgy = Annual gas output rating
kBTUh;, = Annual gas input rating
HSPF = Heating seasonal performance factor
EFLH = Equivalent full-load hours
heating = Heating

Cooling = COOlil’lg



Summary of Variables & Data Sources

Variable Value Notes
From application or use 3 as default. Use 0 if no
tons central cooling
SEERbaseline 10
EFLH ooling Vintage weighted average by city.
Feooling 0.09 Energy factor for cooling
EFLHheating Vintage weighted average by city.
Fheating 0.068 Energy factor for heating
If heat pump:
kBTUh/unitqy From application or use 70 kBTU/hr as default

Heating seasonal performance factor, total heating

output (supply heat) in BTU (including electric heat)

during the heating season / total electric energy heat
HSPFpaseline 6.8 pump consumed (in watt/hr)

if furnace

From application or use 90 kBTU/hr as a default.
Use wt average of furnace and boiler if system type
kBTUh;,/unit unknown.

if boiler

From application or use 110 kBTU/hr as default. Use
wt average of furnace and boiler if system type
kBTUh;,/unit unknown.

If resistance heater

From application or use 12 kBTU/hr (3.5 kW) as
kBTUh;,/unit default
HSPFpascline 3412 Equivalent to COP =1

The nominal rating of the cooling capacity of the air conditioner or heat pump should set equal to
the rated capacity of all cooling equipment controlled by a setback thermostat in the home. The
energy savings should be calculated per residence rather than per thermostat.

The nominal rating of the heating capacity of the heat pump should set equal to the rated
capacity of all heating equipment controlled by a setback thermostat in the home. The energy
savings should be calculated per residence rather than per thermostat.

Coincidence Factor (CF)
The recommended value for the coincidence factor is: N/A
Operating Hours

Nameplate capacity for heat pumps should include the full heating capacity of the heat pump
system, including backup electric resistance heaters. Cooling and heating EFLH data by
location, building type and vintage are tabulated in Appendix G.



Baseline Efficiencies from which Savings are Calculated

The baseline efficiency for air conditioners and heat pumps should be set according to the
sections on air conditioner and heat pump efficiency above. Electric resistance heating systems
should use an HSPF = 3.412, which is equivalent to a coefficient of performance of 1.0.

Studies of residential heating thermostat set point behavior indicate some amount of manual
setback adjustment in homes without programmable thermostats. This behavior is accounted for
in the prototypical building simulation model used to calculate heating equivalent full-load
hours, as described in Appendix A. An assumption of 3°F of night time setback behavior is
embedded in the models.

Compliance Efficiency from which Incentives are Calculated

The energy savings factor for heating (Fheating) 15 the ratio of the energy savings resulting from
installation of a programmable setback thermostat to the annual heating energy. The heating
energy savings factor assumption is taken from a study of programmable thermostat savings in
Massachusetts conducted by RLW Analytics. The study estimated an energy savings of 6.8% of
the annual heating energy consumption for programmable setback thermostats in residential
applications.

The cooling energy savings factor (Fcooling) 1S the ratio of the energy savings resulting from
installation of a programmable setback thermostat to the annual cooling energy. The cooling
energy savings factor assumption is taken from the Energy Star website. The Energy Star
calculator estimates an energy savings of 3% of the annual cooling energy consumption per
degree of setback for programmable setback thermostats in residential applications. Assuming
an average of 3 degrees of setback, the recommended value for the cooling energy savings factor
is 9%.

Operating Hours

Cooling and heating equivalent full-load hours calculated from building energy simulation
models are described in Appendix A and summarized in Appendix G.

Effective Useful Life (EUL)

Years: 11
Source: DEER

Ancillary Fossil Fuel Savings Impacts

Ancillary Electric Savings Impacts



References

1.

For examples of studies on residential thermostat set point behavior, see the literature
review conducted for the California Energy Commission project “Residential
Thermostats: Comfort Controls in California Homes,” CEC-500-03-026, available at
http://comfortcontrols.Ibl.gov/pdf/tstats-lit-review.pdf.

Baseline thermostat setback assumptions taken from: Conner, C.C. and Lucas, R.L. 1990.
Thermostat Related Behavior and Internal Temperatures Based on Measured Data in
Residences. PNL-7465, Pacific Northwest Laboratory. Richland, WA.

The RLW study on thermostat energy savings can be found at
www.ceel.org/eval/db_pdf/933.pdf

Programmable thermostat savings for the cooling season taken from the Energy Star
website: www.energystar.gov

Electric resistance systems generally require line voltage thermostats capable of
controlling the rated current of the baseboard unit. Programmable line voltage
thermostats are not common, but are available. Thermostats controlling heat pumps
should have a heat pump recovery mode to minimize operation of electric resistance
heaters during the temperature recovery period.
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LIGHTING

COMPACT FLUORESCENT LLAMP (CFL), AND OTHER LIGHTING TECHNOLOGIES

Measure Description

This section covers energy-efficient lighting equipment, such as energy-efficiency lamps,
energy-efficiency ballasts, compact fluorescent lamps, LED lamps, and improved lighting
fixtures. Energy-efficient lamps may include fluorescent lamps, LED lamps, HID lamps, and
incandescent lamps. Improved lighting fixtures may include reflectors and other optical
improvements to lighting fixtures. These technologies, taken separately or combined into an
energy-efficient lighting fixture, provide the required illumination at reduced input power.

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

AkWh = (units x leakage) x AW/1,000 x hrsg,y x 365 % (1 + HVAC,)
Peak Coincident Demand Savings

AkW = (units x leakage) x AW x (1 + HVACy) X CF
Annual Gas Energy Savings

Atherms = (units x leakage) x (AkWh x 3.412) x HVAC,

where:

AkWh = Annual electric energy savings

AkW = Peak coincident demand electric savings

Atherms = Annual gas energy savings

units = Number of measures installed under the program

1,000 = Conversion factor, one kW equals 1,000 watts

leakage = Estimate of percent of units not installed in service territory
A = Change, difference, or savings

\ = Watts

CF = Coincidence factor

hrs = Hours

3.412 = Conversion factor, one watt/h equals 3.412142 BTU

365 = Days in one year

HVAC, = HVAC interaction factor for annual electric energy consumption
HVACy = HVAC interaction factor at utility summer peak hour
HVAC, = HVAC interaction factor for annual natural gas consumption

Summary of Variables and Data Sources

Variable Value Notes

From application, invoices or other

units documentation. Equal to number of lamps




Variable Value Notes
installed and operating.

watts CFL watts from application

AW = Awatts 2.53 x CFL watts | For incandescent lamp replacement
AW = Awatts 1.55 x CFL watts | For halogen lamp replacement
hrsgay ;g ESIEII:)ﬁX ture) Operating hours

365 Days in one year

Coincidence factor 0.08 Use average summer value

HVAC interaction factor for annual electric
HVAC, energy consumption. Vintage and HVAC type
weighted average by city (see Appendix D)

HVAC interaction factor at utility summer peak
HVACy hour. Vintage and HVAC type weighted
average by city (see Appendix D)

HVAC interaction factor for annual natural gas
HVAC, consumption. Vintage and HVAC type
weighted average by city (see Appendix D)

1) units - The units term is equal to the number of lamps that are in service. This number must
include leakage outside of the service territory and lamps purchased but placed in storage.
Leakage occurs primarily in upstream programs, where the PA does not have control over who
purchases the lamps. Some of the purchased lamps may be installed outside of the service
territory. Also, some of the lamps may be placed into storage and not installed in a socket.

2) A watts (delta watts) — The difference between the lamp that is installed or would have been
installed, and the higher efficiency CFL. Because the lamps are purchased from many product
sources (drug stores, supermarkets, hardware stores, discount stores, etc.), and by many people, it
1s not practical to obtain information directly from consumers about the wattage of the baseline
lamp (what is being replaced or what would have been used instead of the CFL). The alternative
approach is to use a method that avoids the need to determine the baseline for each recorded CFL
by assuming that the CFL purchased is the equivalent of the lamp being replaced in terms of
light output equivalency. The method is to assume that the baseline is either an incandescent
lamp or a halogen lamp as appropriate.

For an incandescent lamp assume that the wattage is 3.53 times higher than the wattage of the
equivalent CFL. For dimmable or three-way CFL, assume the highest wattage/setting when
calculating the baseline equivalent.

A Watts = 2.53 x CFL wattage. Based on an incandescent lamp to CFL wattage ratio of 3.53 to
1. The incandescent lamp equivalency ratio is based on the 2008 DEER update study.

For halogen, assume that the wattage is 2.55 times higher than the wattage of the equivalent
CFL. For dimmable or three-way CFL, assume the highest wattage/setting when calculating the
baseline equivalent.



A Watts = 1.55 x CFL wattage. Based on a halogen lamp to CFL wattage ratio or 2.55 to 1.
3) Hours of lamp use per day

Screw in CFL

Hours = 3.2 hours per day - The 3.2 hours of use per day is a value derived from an extended
(nine month — May through February) logger study conducted during 2003 in Massachusetts,
Rhode Island, and Vermont.*® The Connecticut 2008 Program Savings Documentation uses 2.6
hours per day, based on a 2003 Connecticut-based study. A study of the 2005-2006 residential
lighting program for Efficiency Maine reports daily hours of use at 4.8 hours from the markdown
program component and 3.2 from the coupon program component.’’ This value represents a
trade-off among factors that may affect the extent to which any out-of New York State value is
applicable to NY. These include such factors as differences between the study area and NY,
related to maturity of the CFL markets, program comparability, consumer knowledge of CFLs,
and mix of locations within the house (which affects average hours of use). On balance, in
considering the data and reports reviewed to date, 3.2 appears to be the most reasonable prior to
New York-specific impact studies. This value is appropriate for interior applications only.

CFL Fixtures

Hours = 2.5 Hours per day - The 2.5 hours of use per day is a value derived from an extended
(nine month — May through February) logger study conducted during 2003 in Massachusetts,
Rhode Island, and Vermont.”® The Connecticut 2008 Program Savings Documentation uses 2.6
hours per day, based on a 2003 Connecticut-based study. A study of the 2005-2006 residential
lighting program for Efficiency Maine reports daily hours of use at 2.4 for interior fixtures.” The
proposed value represents a trade-off among factors that may affect the extent to which any
value from outside of New York State is applicable to NY. These include such factors as
differences between the study area and NY related to maturity of the CFL markets, program
comparability, consumer knowledge of CFLs, and mix of locations within the house (which
affects average hours of use). On balance, in considering the data and reports reviewed to date,
2.5 appears to be the most reasonable prior to New York specific impact studies.

4) Days per year the lamp is on - Without any indication to the contrary, it is assumed that the
lamp is used 365 days per year.

5) In-service rate - The equations are used to estimate savings per lamp, and must be multiplied
by the number of lamps installed and operating. For some programs, such as upstream programs,
an adjustment to the unit count must be made for lamps that may have been placed in inventory

%0 “Extended residential logging results” by Tom Ledyard, RLW Analytics Inc. and Lynn Heofgen,
Nexus Market Research Inc., May 2, 2005, p.1.

> Process and Impact Evaluation of the Efficiency Maine Lighting Program, RLW Analytics, Inc, and
Nexus Market Research Inc., April 10, 2007, Table 1-2, p. 12.

> “Extended residential logging results” by Tom Ledyard, RLW Analytics Inc. and Lynn Heofgen,
Nexus Market Research Inc., May 2, 2005, p.1.

53 Process and Impact Evaluation of the Efficiency Maine Lighting Program, RLW Analytics, Inc, and
Nexus Market Research Inc., April 10, 2007, Table 1-2, p. 12.




and not sold, sold to customers living outside New York State, or placed into storage and not

used.

Coincidence Factor (CF)

The coincidence factors were derived from an examination of studies throughout New England
that calculated coincident factors based on the definition of system peak period at the time, as
specified by the New England Power Pool and later, ISO-New England.

Lighting Summer On-Peak Hours

Coincidence Factor

(1PM-5PM)
June 0.07
July 0.09
August 0.09
Average Summer 0.08

Lighting Winter On-Peak Hours Coincidence Factor

(Spm — 7pm)
December 0.28
January 0.32
Average Winter 0.30

Baseline Efficiencies from which Savings are Calculated

Watts baseline is defined as the fixture wattage of the baseline lighting fixture. The baseline
condition is assumed to be the existing and operational lighting fixture in all applications other
than new construction or extensive renovations that trigger the building code. See table of
standard fixture wattages in Appendix C. New construction, space renovations, or remodels may
require a building permit that includes compliance with local or state energy codes. In these
instances, the applicable energy code defines the baseline. The energy consumption of the
efficient and baseline lighting systems are defined in terms of the lighting power density (LPD)
in watts per square foot.

Compliance Efficiency from which Incentives are Calculated

Operating Hours
CFL, single-family, 3.2 hrs/day
CFL-fixture, single-family, 2.5 hrs/day

Effective Useful Life (EUL)

Measure Sector Years Source
Coupon — 5 GDS
Residential Direct Install — 7 GDS
Fl L FL
Compact Fluorescent Lamp (CFL) Markdown -7 GDS
Multi-family 9,000 hrs/ annual C&lI Lighting
Common area operating hrs Table
— R
Light Fixture Linear Fluorescent | Multi-family p & s, or DEER
yrs (whichever is
Common area Jess)




Measure Sector Years Source

22,000 hrs / annual
operating hrs, or 20
yrs (whichever is
less)

Residential /
CFL Multi-family
Common area

US EPA

Ancillary Fossil Fuel Savings Impacts

Ancillary Electric Savings Impacts

References

1.

2.

This method is based on the documentation provided in the CL&P and UI Program

Savings Documentation for 2008 Program Year.

Other similar reports under review include the Efficiency Vermont and Efficiency Maine

Technical Reference User Manuals.

Impact evaluations of residential lighting programs in several New England states

reviewed in preparing the proposed hours-of-use values and coincidence factors include:

a. Impact Evaluation of the Massachusetts, Rhode Island, and Vermont 2003

Residential Lighting Programs, prepared for Cape Light Compact, Vermont
Public Service Department, National Grid Massachusetts and Rhode Island,
Western Massachusetts Electric Company, NSTAR Electric, Fitchburg G&E by
Nexus Market Research Inc., and RLW Analytics Inc., Oct 1, 200;

“Extended residential logging results” memo to Angela Li, National Grid, by Tom

Ledyard, RLW Analytics Inc., and Lynn Hoefgen, Nexus Market Research Inc., May 2,

2005;

Market Progress and Evaluation Report for the 2005 Massachusetts ENERGY STAR

Lighting Program, prepared for Cape Light Compact, National Grid — Massachusetts,

NSTAR, Western Massachusetts Electric Company by Nexus Market Research Inc, RLW

Analytics, Inc., Shel Feldman Management Company, Dorothy Conant. September 29,

2006;

Process and Impact Evaluation of the Efficiency Maine Lighting Program, prepared for

Efficiency Maine by Nexus Market Research Inc. and RLW Analytics Inc., April 10,

2007,

Coincidence Factor Study Residential and Commercial & Industrial Lighting Measures -

For use as an Energy Efficiency Measures/Programs Reference Document for the ISO

Forward Capacity Market (FCM), prepared for the New England State Program Working

Group by RLW Analytics Inc., Spring 2007.

CFL to incandescent lamp wattage equivalency ratios taken from the 2008 Database for

Energy Efficiency Resources (DEER) update. See www.deeresources.com for more

information.
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AGRICULTURAL EQUIPMENT — CONTROL

ENGINE BLOCK HEATER TIMER

Measure Description

This section covers timers used to control engine block heaters on farm equipment engines such
as tractors, skid steers, truck, generators, and so on. The timers are used to control existing
engine block heaters.

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

AkWh = units < unit/application X Wheaier/ 1,000 X hrs/daypaseline - hrs/dayiimer % daySoperating

Peak Coincident Demand Savings
AkW =N/A

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
A therms = Annual gas energy savings
units = Number of measures installed under the program
timers/app = Timers installed per application
1,000 = Conversion factor, one kW equals 1,000 watts
w = Watts
heater = Heater
hr/daypaseiine = Average hours per day heater plugged in
hr/dayiimer = Average hours per day timer turns the heater on
daySoperating = Days per year operating

Summary of Variables and Data Sources

Variable Value Notes

units from application

Wattage of engine block heater; is defined as the wattage of
the engine block heater under control. This value is recorded
Wheater from application | by the customer on the application.

hr/daypaseline, 15 defined as the average number of hours the
engine block heater is plugged in and was active before the
installation of the timer. This value is recorded by the
hr/daypaseiine | from application | customer on the application.

hr/dayiimer 2.0 Deemed value for timer operation hr/dayiimer i1s defined as the




Variable Value Notes

number of hours the engine block heater is controlled on by
the timer. The on time and off time are set by the user. The
number of hours required to sufficiently warm the engine
depends on the size (mass) of the engine, the heating capacity
of the heater and the environmental temperature. Estimates of
1 to 4 hours of block heater operation are common in the
literature.

daysgperating 1S the number of days per year the engine block
heater is operating. This value is calculated from the customer
daysoperating | from application | reported heater use start and end date on the application.

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

Baseline Efficiencies from which Savings are Calculated

The baseline condition is assumed to be the existing engine block heater plugged in and
operational during the hours reported by the customer.

Compliance Efficiency from which Incentives are Calculated

The measure is defined as the existing block heater controlled by the timer. Timer on hours are
set by the customer. A deemed value of 2.0 hours per day shall be used.

Operating Hours
Deemed value for timer operation is 2.0 hours per day

Effective Useful Life (EUL)

Years: 8
Source: Based on EULSs of similar control technology

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References

1. Deemed value for timer operation taken from Wisconsin Public Service calculator for
tractor heater timers. www.wisconsinpublicservice.com/business/farm_tractor.aspx
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APPLIANCE

REFRIGERATOR REPLACEMENT

Measure Description

Energy Star rated (or qualified) commercial, reach-in refrigerators used in commercial
foodservice applications, with an integral compressor and condenser.

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

AkWh = units X (KWhpaseline — kWhee) % (1 + HVAC,) XFoce XFmarket

Peak Coincident Demand Savings

. kWh baseline kWh ee
AKW = units x -
8,760 8,760

} XCF x (1 + HVAC)) *Fmarket

Annual Gas Energy Savings

Atherms = AkWh x HVAC,

where:

AkWh = Annual electric energy savings

AkW = Peak coincident demand electric savings

Atherms = Annual gas energy savings

units = Number of measures installed under the program

Focc = Occupant factor

Frnarket = Market factor

CF = Coincidence factor

baseline = Baseline condition or measure

consumption = Consumption

d = Demand

g = Gas

8,760 = Hours in one year

HVAC. = HVAC interaction factor for annual electric energy consumption
HVAC, = HVAC interaction factor at utility summer peak hour
HVAC, = HVAC interaction factor for annual natural gas consumption

Summary of Variables and Data Sources

Variable Value Notes

v Volume from application

Annual energy consumption for the baseline appliance,
kWhpaseline calculated from volume and type using equations above




Variable

Value

Notes

kWhee

Annual energy consumption for the energy efficient
appliance, calculated from volume and type using
equations above

HVAC,

HVAC interaction factor for annual electric energy
consumption, lookup by building type with weighted
average across HVAC types. Average upstate values or
NYC.

HVAC,

HVAC interaction factor at utility summer peak hour,
lookup by building type with weighted average across
HVAC types. Average upstate values or NYC.

HVACg

HVAC interaction factor for annual natural gas
consumption, lookup by building type with weighted
average across HVAC types. Average upstate values or
NYC.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 1.0

The HVAC system interaction factor is defined as the ratio of the cooling energy reduction per
unit of lighting energy reduction. Most of the input energy for standalone refrigeration systems
is converted to heat which must be removed by the HVAC system. Reductions in refrigerator
heat gains due to efficient refrigerators decrease the need for space cooling and increase the need
for space heating. HVAC interaction factors vary by climate, HVAC system type and building
type. Recommended values for HVAC interaction factors for refrigerator energy and peak
demand savings are shown in Appendix D.

Baseline Efficiencies from which Savings are Calculated

The Foodservice Technology Center has estimated the energy consumption of baseline
commercial refrigerators based on data compiled by the California Energy Commission.
Baseline daily kWh for solid door and glass door commercial reach-in refrigerators are
calculated as shown in the Table below. Multiply by 365 to get annual kWh.

Type Refrigerator Freezer
Solid Door 0.10 V+2.04 040V +1.38
Glass Door 0.12V+3.34 0.75V +4.10

V= AHAM volume

Compliance Efficiency from which Incentives are Calculated

Commercial refrigerator and freezer energy consumption. Energy Star rated refrigerators must
meet the specifications in the table below for maximum daily energy consumption (kWh/day).
Multiply by 365 to get annual energy consumption.




Table 1: Maximum Daily Energy Consumption (MDEC) Requirements (kWh/day)
| for ENERGY STAR Qualified Commercial Food-grade Refrigerators and Freezers

Product Volume (in cubic feet : Refrigerator Freezer '
Vertical Configuration

Solid Door Cabinets | |
0<V<15 5 0.089V + 1.411 < 0.250V + 1.250
155V <30 ’ < 0.037V + 2.200 . s 0.400V - 1.000
30sV <50 < 0.056V + 1.635 =0.163V +6.125
50V <0.060V + 1.416 =0.158V + 6.333

Glass Door Cabinets

D<V<15 5 0.118V + 1.382 = 0.607V + 0.893
155V <30 < 0.140V + 1.050 50.733V - 1.000
0=V <50 =0.088V + 2625 . < 0.250V + 13.500
50sV <0.110V + 1.500 = 0.450V + 3.500

Chest Configuration
Solid or Giass Door Cabinets | s 0.125V + 0475 —| s 0.270V + 0.130
Note: V = AHAM volume, as defined in Section 1, in cubic feet (ft").
Operating Hours

The measure is assumed to operate 24hrs/7days per week, (8,760 hours annual operating hours)

Effective Useful Life (EUL)

Years: 12
Source: DEER

Ancillary Fossil Fuel Savings Impacts

Efficient refrigerators reject less heat into the conditioned space, which must be made up by the
space heating system. Calculations must include space heating interactions with efficient
refrigerators.

Ancillary Electric Savings Impacts

References

1. US EPA energy consumption for Energy Star commercial refrigerators obtained from the
Energy Star website:
www.energystar.gov/index.cfm?c=commer_refrig.pr commercial refrigerators

2. Energy consumption for baseline refrigerators taken from the life cycle cost calculators
for commercial refrigerators on the Foodservice Technology Center website:
www.fishnick.com/saveenergy/tools/calculators/
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APPLIANCE — CONTROL

VENDING MACHINE AND NOVELTY COOLER TIME CLOCK

Measure Description

This measure is essentially an approach for controlling the operations of novelty coolers so that
they are only operating when needed. The controls are a time-control system that allows the
machines to be turned on and reach desired temperatures during the hours of business operations,
but turned off during other times.

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

AkWh = units X kW yending X [(0.45 X hrseg X 91) 4 (0.50 x hrsege X 274)]
Peak Coincident Demand savings
AkW = N/A

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
Units = Number of measures installed under the program
kW = Based on nameplate Volts and Amps, Phase, and Power Factor.
vending = Vending machine
0.45 = Duty cycle during winter month nights
0.50 = Duty cycle during non-winter month nights
hrssr = Potential off hours per night
91 = Days in winter months
274 = Days in non-winter months.

Summary of Variables and Data Sources

Variable Value Notes

0.45 Duty cycle during winter month nights, based on vendor
) estimates

Duty cycle during non-winter month nights, based on

0.50 vendor estimates




Variable Value Notes

Potential off hours per night. Calculated as, number of
hrsgr hours store closed per day minus one (controller turns unit
back on one hour before store opens).

Coincidence Factor (CF)
The recommended value for the coincidence factor is N/A

Baseline Efficiencies from which Incentives are Calculated
Compliance Efficiency from which Incentives are Calculated
Operating Hours

Effective Useful Life (EUL)

Years: 5
Source: DEER

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts
References
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BUILDING SHELL

CooL ROOF

Measure Description

Roofing material with reduced solar absorptance. The cool roof is assumed to have a solar
absorptance of 0.3 compared to a standard roof with solar absorptance of 0.8. Due to negative
impacts on space heating, this measure is applicable to buildings with air conditioning and gas
heat only.

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

AKWh = units X k(SFcool roof) x <All::;lh>

Peak Coincident Demand Savings

AKW = units X K(SFcool roof) X (%) *CF

Annual Gas Energy Savings

Atherms = units X K(SF ool roof) X (Atherm>

KSF
where:
AkWh = Annual electric energy savings
AW = Peak coincident demand electric savings
Atherms =Annual gas energy savings
units = Number of measures installed under the program
k = Thermal conductivity
SF = Square feet
cool roof = Cool roof
CF = Coincidence factor

Summary of Variables and Data Sources

Variable Value Notes
area sq ft of roof | From application
Calculated from thousand square feet of cool roof installed
kSF over a cooled space.
AkW/kSF Lookup by building type and city, see Appendix I.




Variable Value Notes
Building type From application
Electricity demand savings per thousand square foot of cool
AkW/kSF roof
AkWh/kSF Electricity consumption savings per square foot of cool roof
Natural gas consumption impact per thousand square foot of
Atherm/kSF cool roof installed over a heated space.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8.

Baseline Efficiencies from which Savings are Calculated

Unit energy and demand savings were calculated from a DOE-2.2 simulation of a series of
prototypical small commercial buildings. The prototype building characteristics are described in
Appendix A. The unit energy and demand savings for eight building types across seven different
cities in NY are shown in Appendix I.

The baseline condition for roofing material is assumed to have a solar absorptance of 0.8.

Compliance Efficiency from which Incentives are Calculated
The cool roof is assumed to have a solar absorptance of 0.3

Operating Hours
The HVAC system operating hours vary by building type. See Appendix A.

Effective Useful Life (EUL):

Years: 15

Source: DEER

Ancillary Fossil Fuel Savings Impacts

Reducing roofing material solar absorptance increases space-heating requirements. The therm
impacts are detailed above.

Ancillary Electric Savings Impacts

References

1. Roof absorptivity assumptions taken from California Title 24 Standards for conventional
and cool roofs.
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WINDOW — FILM

Measure Description

Window films with reduced solar heat gain coefficient applied to single pane clear glass in
commercial buildings. Due to negative impacts on space heating, this measure is applicable to
buildings with electric AC and gas heat only.

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

AkWh = units x Glazing area (100 SF) x (AkWh/ 100 SF)

Peak Coincident Demand Savings

AkW = units x Glazing area (100 SF) x (AkW/100 SF) x CF

Annual Gas Energy Savings

Atherms = units % Glazing area (100SF) x (Atherm/ 100 SF)

where:

AkWh = Annual electric energy savings

AKW = Peak coincident demand electric savings
Atherms = Annual gas energy savings

units = Number of measures installed under the program
CF = Coincidence factor

Glazing area = Aperture area of windows treated by window films in 100 SF

Summary of Variables and Data Sources

Variable Value Notes

Area From application

Electricity consumption savings per 100 SF of glazing area ,
AkWh/100SF lookup by building type and city

Electricity demand savings per 100 SF of glazing area, lookup
AkW/100SF by building type and city

Gas consumption impact per 100 square foot of glazing,
Atherm/100SF lookup by building type and city
Building type From application; use cross reference table as needed
HVAC type Weighted average for built up systems as applicable

Unit energy and demand savings were calculated from a DOE-2.2 simulation of a series of
prototypical small commercial buildings. The prototype building characteristics are described in
Appendix A. The unit energy and demand savings for commercial and industrial building types
across seven different cities in NY are shown in Appendix F.




Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8.

Baseline Efficiencies from which Savings are Calculated

The baseline condition is assumed to be single pane clear glass with a solar heat gain coefficient
0f 0.87 and U-value of 1.2 BTU/hr-SF-°F.

Compliance Efficiency from which Incentives are Calculated
The window film is assumed to provide a solar heat gain coefficient of 0.40 or less.

Operating Hours
The HVAC system operating hours vary by building type. See Appendix A.

Effective Useful Life (EUL)

Years: 10
Source: DEER

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts

References
1. Window film properties taken from ASHRAE Handbook of Fundamentals.
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WINDOW — GLAZING

Measure Description

Energy Star windows with reduced thermal conductance and solar heat gain coefficient.
Method for Calculating Annual Energy and Peak Coincident Demand Savings
Annual Electric Energy Savings

SEER i M ist,baseline
AkWh = units x Glazing area (100SF) x (AkWh/ 100SF) x basetine | Mo
SEER . Nyist
a Ist,part cooling
Peak Coincident Demand Savings
: : EER baseline
AkW = units x Glazing area (100 SF) x (AkW/100SF) x ————== x
EER .
T]dist,pk,baseline % CF
T]dist,pk,pan cooling
Annual Gas Energy Savings
) . AFUE ; ﬁ ist,baseline
Atherms = units x Glazing area (100SF) x (Atherm/ 100SF) x baseline | _distbase
AFUE Myist
a Ist,part heating
where:
AkWh = Annual electric energy savings
AkW =Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
CF = Coincidence factor
EER = Energy efficiency ratio under peak conditions
SEER = Seasonal average energy efficiency ratio over the cooling season, BTU/watt-
hour, (used for average U.S. location/region)
AFUE = Annual fuel utilization efficiency, seasonal energy efficiency for fuel heating
equipment
baseline = Baseline condition or measure
part = Participant
dist = Distribution
heating = Heating
cooling = COOlil’lg
pk = Peak
n = Average energy efficiency (0 -100%)
n = Energy efficiency (0 -100%)

Glazing area = Aperture area of glazing



Summary of Variables and Data Sources

Variable Value Notes
Glazing area (100 SF) From application
Building type From application; use cross reference table as needed
HVAC type Weighted average for built up systems as applicable

Electricity consumption savings per 100 SF of glazing area ,
lookup by building type and city, use existing window type or
AkWh/100SF vintage default for baseline.

Electricity demand savings per 100 SF of glazing area, lookup
by building type and city, use existing window type or vintage
AkW/100SF default for baseline.

Gas consumption impact per 100 square foot of glazing,
lookup by building type and city, use existing window type or

Atherm/100SF vintage default for baseline.
EERbascline 11.1 EER used in the simulations
EER of cooling systems within participant population, defaults
EER part to EERpaseline (n0 adjustment)
SEERpascline 13 SEER used in the simulations
SEER of cooling system within participant population, defaults
SEER part to SEERpaseline (n0 adjustment)
AFUEaccline 78% AFUE used in the simulations
AFUE of heating system within participant population,
AFUE ot defaults to AFUEp,scline (n0 adjustment)
177 dist, baseline 0.956 Distribution system seasonal efficiency used in simulations
Distribution system seasonal efficiency within participant
77 dist, part population, defaults to 7 gist, baseline (N0 adjustment)

Distribution system efficiency under peak conditions used in
77 dist, pk, baseline 0.956 simulation

Distribution system efficiency under peak conditions within

participant population defaults to n dist, pk, baseline (NO
7 dist, pk, part adjustment)

Unit energy and demand savings calculated from the building prototype simulation models are
shown in Appendix E. The savings are tabulated by location, building type, and HVAC system
type for a variety of combinations of existing window and improved window types.

Coincidence Factor (CF)
The recommended value for the coincidence factor is 0.8.

Baseline Efficiencies from which Savings are Calculated

A variety of existing window combinations are shown in the unit savings tables, including single
pane clear glass with a solar heat gain coefficient of 0.87 and U-value of 0.93 BTU/hr-SF-°F,
double pane clear glass with a solar heat gain coefficient of 0.62 and U-value of 0.55 BTU/hr-
SF-°F, and a minimally code compliant window with a solar heat gain coefficient of 0.34 and U-
value of 0.35 BTU/hr-SF-°F. Energy savings are estimated based on the characteristics of the




existing window. Single pane clear glass is the default for the old vintage, while double pane
clear glass is the default for the average vintage. The minimally code compliant window as
assumed to be the base case for new construction or window replacement projects.

Compliance Efficiency from which Incentives are Calculated

A typical window meeting the current Energy Star specifications is assumed to be the installed
measure. The solar heat gain coefficient is assumed to be 0.34 with a U-value of 0.30 BTU/hr-
SF-°F.

Operating Hours

The energy savings for insulation are dependent on the HVAC system operating hours and
thermostat set points. See Appendix A for the modeling assumptions for each building
prototype.

Effective Useful Life (EUL)

Years: 20

Source: DEER

Ancillary Fossil Fuel Savings Impacts

Ancillary Electric Savings Impacts

References

1. Window properties for baseline windows taken from 2009 ASHRAE Handbook of
Fundamentals Chapter 15.

2. Typical values for coincidence factors (CF) taken from Engineering Methods for
Estimating the Impacts of Demand-Side Management Programs. Volume 2:
Fundamental Equations for Residential and Commercial End-Uses. TR-100984S Vol. 2.
Electric Power Research Institute, Palo Alto, CA. August, 1993.
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COMPRESSED AIR

AIR COMPRESSOR

Measure Description

This section covers compressor upgrades in commercial and industrial compressed air systems.
Method for Calculating Annual Energy and Peak Coincident Demand Savings
Annual Electric Energy Savings

AKWh = hpeomp ¥ (AkW/hp) x hr

Peak Coincident Demand Savings

AKkW= hpcomp * (AkW/hp)x CF

Annual Gas Energy Savings

Atherms = N/A
where:
AkWh = Annual electric energy savings
AkW = Peak coincident demand electric savings
Atherms = Annual gas energy savings
units = Number of measures installed under the program
hpeomp = Air compressor horsepower
hr = Annual operating hours of air compressor
CF = Coincidence factor

Summary of Variables and Data Sources

Variable Value Notes
hpcomp Compressor horsepower from application
AkW/hp Lookup based on compressor size and load control strategy
hours From application

Compressor Measure

Control type Compressor hp AkW/hp
Load/No Load > 15 and <25 0.102
Load/No Load > 25 and <75 0.102
VSD > 15 and <25 0.207
VSD >25 and <75 0.206
Variable displacement > 50 and < 75 0.116




Coincidence Factor (CF):
The recommended value for the coincidence factor is 0.8

Baseline Efficiencies from which Savings are Calculated
Typical modulating compressor with blow down.

Compliance Efficiency from which Incentives are Calculated

Oil flooded, rotary screw compressor with Load/No Load, variable speed drive, or variable
displacement capacity control and properly sized receiver. Flow controller must be used to
maintain 5-10 psi pressure difference between receiver and distribution system.

Operating Hours
Varies by application.

Effective Useful Life (EUL):

Years: 15
Source: Ohio TRM

Ancillary Fossil Fuel Savings Impacts
Ancillary Electric Savings Impacts
References
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AIR DRYER - REFRIGERATED

Measure Description

High efficiency air dryers utilizing a refrigeration system to condense and remove moisture from
a compressed air system.

Method for Calculating Annual Energy and Peak Coincident Demand Savings

Annual Electric