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Volume 2: Commercial and Industrial Measures

4.1 Agricultural End Use
4.1.1 Engine Block Timer for Agricultural Equipment

DESCRIPTION

The measure is a plug-in timer that is activated below a specific outdoor temperature to control an engine block
heater in agricultural equipment. Engine block heaters are typically used during cold weather to pre-warm an engine
prior to start, for convenience, heaters are typically plugged in considerably longer than necessary to improve
startup performance. A timer allows a user to preset the heater to come on for only the amount of time necessary
to pre-warm the engine block, reducing unnecessary run time even if the baseline equipment has an engine block
temperature sensor.

This measure was developed to be applicable to the following program types: RF. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient measure is an engine block heater operated by an outdoor plug-in timer (15 amp or greater) that turns
on the heater only when the outdoor temperature is below 25 °F.

DEFINITION OF BASELINE EQUIPMENT

The baseline scenario is an engine block heater that is manually plugged in by the farmer to facilitate equipment
startup at a later time.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life if assumed to be 3 years.!

DEEMED MEASURE COST

The incremental cost per installed plug-in timer is $10.19.2

COINCIDENCE FACTOR

Engine block timers only operate in the winter, so the summer peak demand savings is zero.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = ISR * Use Season * %Days * HrSave/Day * kWheater - ParalLd
Where:

ISR = In Service Rate

1 Equipment life is expected to be longer, but measure life is more conservative to account for possible attrition in use over
time.
2 Based on bulk pricing reported by EnSave, which administers the rebate in Vermont
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= 78.39%°
Use Season = The number of days in the use season in which the temperature drops below
25°F in the state of lllinois
=75 days*
%Days = Propoortion of days timer is used with the Use Season
= 84.23%°
HrSave/Day = Hours of savings per day when timer is used

= 7.765 hours per day®

KWheater = Connected load of the engine block heater
= 1.5 kw’

ParalLd = Parasitic load
= 5.46 kwWh®

For example, using the default assumptions on the installation of a timer on an engine block with a 1.5 kW
heater:

AkWh  =78.39% * 75 days * 84.23% * 7.765 Hr/Day * 1.5 kW - 5.46 kWh
=571 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

3 Efficiency Vermont (EVT) Technical Reference Manual (TRM), Measure Savings Algorithms and Cost Assumptions, March 16,
2015. Based on field study conducted by Efficiency Vermont on 352 sites in Vermont and Minnesota.

4 The number of days in the use season in which the temperature drops below 25°F in the state of lllinois. The data is sourced as
an average from TMY3 weather data for five different weather zones within the state.

5 EVT TRM, March 16, 2015. Based on field study conducted by EVT on 352 sites in Vermont and Minnesota.

6 1bid. The hours per day saved is sourced as the difference between the baseline run hours per day without the timer, 10.66
hours, and the efficient run hours per day with the timer, 2.90 hours.

7 1bid. Based on an average sized engine block heater, which typically ranges in connected load from 0.20 kW and 2 kW, as
sourced from Efficiency Vermont program data.

8 |bid.
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MEASURE CODE: CI-AGE-EBLT-V02-190101

REVIEW DEADLINE: 1/1/2024
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4.1.2 High Volume Low Speed Fans

DESCRIPTION

The measure applies to 20-24 foot diameter horizontally mounted ceiling high volume low speed (HVLS) fans that
are replacing multiple non HVLS fans that have reached the end of useful life in agricultural applications.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be classified as HVLS and have a
VFD.®

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline condition is assumed to be multiple non HVLS existing fans
that have reached the end of useful life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years.'°

DEEMED MEASURE COST

The incremental capital cost for the fans are as follows:'!

Fan Diameter Size (feet) \ Incremental Cost |
20 $4150
22 $4180
24 $4225

LOADSHAPE
Loadshape C34 - Industrial Motor

COINCIDENCE FACTOR

The measure has deemed kW savings therefore, a coincidence factor is not applied.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS 12

The annual electric savings from this measure are deemed values depending on fan size and apply to all building

types:
Fan Diameter Size (feet) kWh Savings
20 6,577
22 8,543

9 Act on Energy Commercial Technical Reference Manual No. 2010-4
10 |bid.
11 1bid.
12 bid.
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Fan Diameter Size (feet) kWh Savings
24 10,018

SUMMER COINCIDENT PEAK DEMAND SAVINGS*®

The annual kW savings from this measure are deemed values depending on fan size and apply to all building types:

Fan Diameter Sixe (feet) kW Savings

20 2.4
22 3.1
24 3.7

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-AGE-HVSF-V02-190101

REVIEW DEADLINE: 1/1/2024

13 1bid.
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4.1.3 High Speed Fans

DESCRIPTION

The measure applies to high speed exhaust, ventilation and circulation fans that are replacing an existing unit that
reached the end of its useful life in agricultural applications.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be diffuser equipped and meet the
following minimum efficiency criteria.'*

Minimum Efficiency for Exhasut & Minimum Efficiency for

Diameter of Fan (inches)

Ventilation Fans Circulation Fans
24 through 35 14.0 cfm/W at 0.10 static pressure 12.5 Ibf/kW
36 through 47 17.1 cfm/W at 0.10 static pressure 18.2 Ibf/kW
48 through 71 20.3 cfm/W at 0.10 static pressure 23.0 Ibf/kW

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline condition is assumed to be an existing fan that reached the
end of its useful life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 7 years.'®

DEEMED MEASURE COST

The incremental capital cost for all fan sizes is $150.1°

LOADSHAPE

Loadshape C34 - Industrial Motor

COINCIDENCE FACTOR

The measure has deemed kW savings therefore, a coincidence factor is not applied.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS 17

The annual electric savings from this measure are deemed values depending on fan size and apply to all building
types:

Diameter of Fan (inches) kWh
24 through 35 372

14 Act on Energy Commercial Technical Reference Manual No. 2010-4
15 |bid.
16 |bid.
17 1bid.
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Diameter of Fan (inches) kWh
36 through 47 625
48 through 71 1,122

SUMMER COINCIDENT PEAK DEMAND SAVINGS'®

The annual kW savings from this measure are deemed values depending on fan size and apply to all building types:

‘ Diameter of Fan (inches) kW
24 through 35 0.118
36 through 47 0.198
48 through 71 0.356

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-AGE-HSF-V02-190101

REVIEW DEADLINE: 1/1/2024

18 bid.
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4.1.4 Livestock Waterer

DESCRIPTION

This measure applies to the replacement of electric open waterers with sinking or floating water heaters with
equivalent herd size watering capacity of the old unit. Livestock waterers utilize electric heating elements and are
used in cold climate locations in order to prevent water from freezing. Energy efficient livestock waterers, also called
no or low energy livestock waterers, are closed and insulated watering containers that use lower wattage heating
elements, thermostatically controlled, and water agitation (either in the form of air bubbles or floating balls), to
prevent water from freezing, using less energy.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to an electrically heated thermally
insulated waterer with minimum 2 inches of insulation. A thermostat is required on unit with heating element
greater than or equal to 250 watts.®

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be an electric open waterer with
sinking or floating water heaters that have reached the end of useful life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years.?°

DEEMED MEASURE COST

The incremental capital cost for the waterers are $787.50:%*

LOADSHAPE

Loadshape C04 - Non-Residential Electric Heating

COINCIDENCE FACTOR

Heated livestock waterers only operate in the winter in order to keep water from freezing so the summer peak
coincident demand savings is zero.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS 22

The annual electric savings from this measure is a deemed value and assumed to be 1,592.85 kWh.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

19 Act on Energy Commercial Technical Reference Manual No. 2010-4
20 bid.
21 1bid.
22 |bid.
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NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
MEASURE CODE: CI-AGE-LSW1-V03-190101

REVIEW DEADLINE: 1/1/2024
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4.1.5 Fan Thermostat Controller

DESCRIPTION

Incorporating a ventilation fan thermostat controller can reduce energy consumed where livestock is housed.
Livestock ventilation fans reduce heat stress during the warmer months of the year.

For the purposes of this measure characterization, the installed ventilation fan thermostat controllers are
temperature based on/off controls. While the complexity and intelligence of available controls can vary widely,
where integrated controls can automate multiple modes and stages of ventilation, this measure assumes the
control functionality is turning off the fan once the temperature falls to a certain point. It is recommended that
other intelligent control technologies and strategies be handled through a custom approach, as these control
installations require commissioning to optimize the functionality based on unique site and design considerations.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

This measure applies to the incorporation of thermostatic controller for ventilation fans used in the livestock
industry. To qualify, the ventilation fan must be used to modulate the temperature to reduce heat stress in a
livestock facility.

DEFINITION OF BASELINE EQUIPMENT

The baseline for this measure is a non-thermostatically controlled livestock ventilation fan that operates constantly
in their maximum capacity.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life expectancy of this measure is 15 years.?

DEEMED MEASURE COST

The incremental cost is estimated at $50 per fan.?*

LOADSHAPE

Loadshape C34 — Industrial Motor

COINCIDENCE FACTOR

The savings come from a reduction in nighttime operation, so a coincidence factor is not applicable for this measure.

Algorithm

CALCULATION OF ENERGY SAVINGS

The annual energy savings are generated by the fan being disabled at temperatures below 70°F. Typically the evening
hours are cooler, and the ventilation fans are not required at these lower temperatures. It is assumed, prior to
retrofit, that baseline ventilation fans are operating continuously from May 1st through October 31st, encapsulating
the entire portion of the year in which hot temperatures exist and the need for livestock housing ventilation is
prevalent. The efficient fan operation is derived from regional TMY3 data for the state of lllinois and represent, over

23 Focus on Energy Evaluation Business Programs Measure Life Study: Final Report August 25, 2009, Public Service Commission
of Wisconsin.
24 The measure incremental cost is sourced from the 2019 Michigan Energy Measures Database (MEMD).
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the same timeline that was used for the baseline, the number of hours in which the temperature is above 70°F.
Electric Energy Savings

AKWh/HP = HPzy,, X LF X Cyyp X AHours + Ef fr0t0r
Where:
HPean = Motor horsepower of the controlled fan

= Actual; if unknown, default to 1 horsepower®®

LF = Fan load factor
=0.75
CME = 0.746 kW to HP conversion factor
AHours = Reduction in fan run hours as a result of the thermostat controller, dependent on
location?®
Zone Hoursgase Hoursgs ‘ AHours
Rockford 4,416 1,559 2,857
Chicago 4,416 1,596 2,820
Springfield 4,416 2,054 2,362
Belleville 4,416 2,148 2,268
Marion 4,416 2,224 2,192
Effmotor = 82.5%%7, motor efficiency

For example, using the default assumptions on a 1 horsepower fan thermostat controller for a single fan on a
farm in Marion:

AkWh =1HP X 0.75 X 0.746 X 2,192 hours / 82.5% ef ficency
=1,487 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A — Assume fans will be in operation at maximum capacity during the coincident peak demand periods, resulting
in zero potential demand savings during the hottest periods of the summer.

NATURAL GAS SAVINGS
N/A

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

25 The default fan horsepower is based on a review of single- and three-phase fans listed on BESS Labs performance tested
exhaust fans between 36” and 47”. The Bioenvironmental and Structural Systems (BESS) Laboratory is a research and
agriculture fan product-testing lab at the University of lllinois. For more detail on the derivation of fan horsepower from BESS
Lab’s fan performance archive, please see “BESS Bin Data.xlIsx”.

26 The baseline run time assumes equipment continuous operation from May 15t through October 31st, Efficient run time is
based on regional TMY3 weather data and is the count of hours in which outdoor air temperature exceeds 70°F.

27 Table 1 with efficiency classes 60034-30 (2008), 4 Pole High Efficiency Motor, Technical note, IEC 600034-30 standard on
efficiency classes for low voltage AC motors, TM)25 EN RevC 01-2-12, ABB.
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DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-AGE-FNTC-V01-200101

REVIEW DEADLINE: 1/1/2024
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4,1.6 Low Pressure Sprinkler Nozzles

DESCRIPTION

Incorporating low pressure sprinkler nozzles can decrease the energy and water consumed by reducing required
water supply pressure to irrigate crop fields. Low pressure sprinkler nozzles can provide uniform water application
by using various orifice applications and configurations while operating at a lower pressure compared to standard,
impact driven sprinkler heads. Energy savings are achieved by the irrigation system operating at a lower water
pressure while maintaining the same water distribution.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Low Pressure Irrigation Nozzles operate at 35 psi or lower at rated/required flow. Annual Electric Savings obtained
will be based on the number of nozzles replaced. To qualify the nozzles must operate for more than 500 hours per
year and provide the equivalent flow at the reduced pressure. The maximum pump pressure must also be reduced
accordingly.

DEFINITION OF BASELINE EQUIPMENT

This measure applies to the replacement of high pressure irrigation nozzles that operate at 50 psi or greater at
rated/required flow.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life expectancy of this measure is 5 years.?®

DEEMED MEASURE COST

The incremental cost, including labor, is $1.74 per nozzle.?®

LOADSHAPE

Loadshape C59 — Agriculture and Well Pumping

COINCIDENCE FACTOR

Coincidence Factor = 0.793%°

Algorithm

CALCULATION OF ENERGY SAVINGS

The annual energy savings and coincidental electric demand savings is based on PG&E research on irrigation well

pumping systems and corrected based upon the type of crop, irrigated acres, and average acre-feet of water applied
31

per acre.

28 Measure life is sourced from DEER 2008 for permanent, solid-set low pressure sprinkler nozzles.

29 The incremental cost is sourced from SCE Workpaper, SCE13WP007, Low pressure Sprinkler Nozzles, January 2013.

30 lowa Energy Efficiency Statewide TRM, Version 3.0, effective January 1, 2019

31 For additional detail on the derivation of lllinois-specific savings values and how the original source material was modified
and normalized into single deemed values, please see the lllinois Workpaper for this measure,
“Illinois_Statewide_TRM_Workpaper_Low Pressure Sprinkler Nozzles_2019 4.1.7.docx”.
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ELECTRIC ENERGY SAVINGS

Annual kWh Savings = 4.06 kWh/yr/nozzle

SUMMER COINCIDENT PEAK DEMAND SAVINGS
Annual kW Savings = 0.0017 kW/yr/nozzle

NATURAL GAS SAVINGS
N/A

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-AGE-LPSN-V01-200101

REVIEW DEADLINE: 1/1/2024
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4.1.7 Milk Pre-Cooler

DESCRIPTION

There is energy savings for adding a plate heat exchanger (pre-cooler) ahead of the milk storage tank. This addresses
the electrical energy savings associated with the decreased milk cooling load. Installing a pre-cooler reduces milk
temperature from 100°F to 55-70°F before it enters the bulk tank.

It is important to determine if the site has an adequate supply of water, as milk plate coolers require 1 to 2 times
the amount of water as compared to processed milk, to be effective. However, sites leveraging plate coolers will
repurpose the warm, discharged water, either for watering cows, wash-down, or other purposes on the farm. As
there are indirect benefits associated with the warmer water,3? and because it is typically repurposed, it is assumed
that there are no negative water impacts for this measure. There are also no interactive domestic hot water savings
attributable to the installation of a pre-cooler as the discharged water is typically not re-directed to the existing hot
water heater.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The installation of the heat exchanger to decrease the cooling requirement of the primary milk bulk tank
refrigeration system. The heat exchanger fluid medium used for heat rejection is well or ground water as this
produces the largest temperature differential for energy savings. For water requirements, the water supply system
must have capacity to keep up with the existing farm water demands and additional demands of the pre-cooler. To
minimize the volume of water used for pre-cooling, a solenoid valve should be installed on the water supply line to
the pre-cooler and be actuated only when the milk pump is in operation. A bypass line around the solenoid valve or
a time delay relay can also be used to provide additional cooling of the residual milk in the pre-cooler between
pumping cycles. A storage tank will be necessary for used cooling water storage until it is re-used for watering cows,
cleanup or another purpose on the farm.

DEFINITION OF BASELINE EQUIPMENT

The baseline conditions assume that no previous pre-cooler heat exchanger was installed and the entire milk cooling
load is on the milk bulk tank.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life expectancy of this measure is 15 years.33

DEEMED MEASURE COST

The average equipment cost of a plate cooler is $2,950 with an installation cost of $494, for a total incremental
measure of $3,444.3*

32 |t is less stressful (metabolically) for cows to drink warmed water, and research has shown that cows will drink more water if
it is warmer, leading to increased milk production. “Massachusetts Farm Energy Best Management Practices for Dairy Farms”,
United States Department of Agriculture (USDA), Natural Resource Conservation Service (NRCS), 2012.

33 PA Consulting Group for the State of Wisconsin Public Service Commission, Focus on Energy Evaluation. Business Programs:
Measure Life Study. Page 45 of pdf file. August 25, 2009.

34 The equipment and labor costs are sourced from the PG&E Workpaper — Milk Pre Cooler (PGE3PAGR114), February 2013.
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LOADSHAPE

Loadshape C58 — Farm Plate Cooler / Heat Recovery Unit

COINCIDENCE FACTOR

Coincidence factor of 0.16%°

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

Milk Pre-Cooler Heat Exchanger — Chiller Savings
AT X Lbs of Milk X Cows X C,, , X Days

AkWh = EER X 1,000
Where:
AT = Change in milk temperature attributable to the pre-cooler
=30°F°
Lbs of Milk =The pounds of milk produced per day that needs to be cooled
= 68 Ibs of milk per cow®’
Cows = Number of milking cows per farm

= Actual; if unknown use 10138

Com = Specific heat of milk
= 0.93 Btu/Ib °F*°
Days = 365 days/yr
EER = Efficiency of the existing compressor

= 8.0 Btuh/watt*®
1,000 = 1,000 Watts to kW conversion factor

35 Efficiency Vermont (EVT) Technical Reference Manual (TRM), Measure Savings Algorithms and Cost Assumptions, March 16,
2015

36 The efficacy of a milk plate cooler is sourced from Sanford, Scott (University of Wisconsin—Madison). “Energy Efficiency for
Dairy Enterprises.” Presentation to Agricultural and Life Sciences Program staff. December 2014. It was assumed that there is a
25°F of milk temperature difference for a single pass plate cooler and a 35°F of temperature difference for a double/multi-pass
plate cooler. For the purposes of this measure, a straight average of 30°F between the two types was used. A plate cooler
reduces the overall load on the refrigeration compressors and the revised AT when accounting for a milk pre-cooler is 30°F less
37 “Ag Heat Recovery Tank Supplemental Data.” WI Dairy Statistics tab shows USDA reported annual data from: U.S.
Department of Agriculture. “Milk Production per Cow, Wisconsin.”

38 The default value for the average number of milking cows per farm is sourced from the 2017 U.S. Census of Agriculture,
Illinois State Summary Highlights, Full Report, Volume 1, Chapter 2, U.S. State Level. Average number of cows per farm = 93,341
cows / 924 farms.

39 Specific heat of whole milk, Table 3: Unfrozen Composition Data, Initial Freezing Point, and Specific Heat of Foods, 2014
ASHRAE Handbook - Refrigeration. Page 19.5.

40 Average efficiency of an existing compressor on a dairy farm, as sourced from, Massachusetts Farm Energy: Best
Management Practices for Dairy Farms, USDA NRCS, 2012 (page 19).
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

_ AkWh
" Hours

Where:
Hours =2920 hours*

CF =0.16

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-AGE-MLKP-V01-200101

REVIEW DEADLINE: 1/1/2024

41 Raw milk for pasturing must be cooled with 4 hours. Assuming 2 milking per day. Dairy Farm Energy Management Guide:
California, Ludington, Johnson, Kowalski, & Mage, Southern California Edison, 2004.
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4,1.8 VSD Milk Pump with Plate Cooler Heat Exchanger

DESCRIPTION

This technology incorporates adding a variable speed drive to a milk transfer pump. The VSD drive reduces the heat
transferred to milk during pumping operation as well increases the amount of time the milk is in the free cooling
heat exchanger. The VFD regulates the milk pump in order to increase the efficacy of the plate cooler heat exchanger
by slowing the flow of milk. This results in a maximum heat transfer between the warm milk and the cold water used
in the plate cooler.

Energy savings are realized by the reduced load on the primary milk cooling system. A milk transfer pump VSD is only
effective if paired with a plate cooler.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Installation of a new variable speed drive (VSD) on a new or existing milk transfer process pump.

DEFINITION OF BASELINE EQUIPMENT

Must have a constant speed milk transfer process pump with no existing VSD controls. A plate cooling heat exchanger
can already be a part of the system, or one installed in concert with the VSD.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life expectancy of this measure is 15 years.*?

DEEMED MEASURE COST

The average equipment cost of a milk vacuum pump variable speed drive is $3,871 with an installation cost of $1,177,
for a total incremental measure of $5,048.43

LOADSHAPE
Loadshape C57 — Milk Pump

COINCIDENCE FACTOR

There are no summer coincident peak savings for VFD dairy milk pumps. Through research of refrigeration
compressor power demands, no substantial evidence has arisen that any notable kW demand reduction is possible
in relation to using a VFD with a milk pre-cooler to pre-cool milk that would otherwise need to be chilled through
mechanical refrigeration means.

42 Focus on Energy Evaluation Business Programs Measure Life Study: Final Report August 25, 2009, Public Service Comission of
Wisconsin.

43 The equipment and labor costs are sourced from the PG&E Workpaper —Milk Vacuum Pump VSD, Dairy Farm Equipment
(PGE3PAGR116), February 2013.
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

1
AkWh = ZER X Cpm X AT X Lbs of Milk X Cows X Days /1,000

ER™ P
Where:
EER = Efficiency of the existing compressor
= 8.0 Btu/watt*
Com = Specific heat of milk
=0.93 Btu/Ib °F*®

AT = Change in milk temperature as a result of the milk transfer pump VSD. This value is the
additional benefits of a VSD on the milk pump over a standard plate cooler
=11.7 °F%®

Lbs of Milk =The pounds of milk produced per day that needs to be cooled

= 68 Ibs of milk per cow*’
Cows = Number of milking cows per farm
= Actual, if unknown use 10148
Days = 365 days of milking per year

1,000 = Watts to kW conversion factor

For example, using the default assumptions, the average kWh savings resulting from the installation of a milk
transfer pump VSD is:

AWh = ! % 0.93 x 11.7°F x 68 —25 % 101 % 365525 11 000
~ 8.0 Btu/Watt ' milk /cow cows yr /1

= 3,410 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

44 Average efficiency of an existing compressor on a dairy farm, as sourced from, Massachusetts Farm Energy: Best
Management Practices for Dairy Farms, USDA NRCS, 2012 (page 19)

45 Specific heat of whole milk, Table 3: Unfrozen Composition Data, Initial Freezing Point, and Specific Heat of Foods, 2014
ASHRAE Handbook - Refrigeration. Page 19.5.

46 Sanford, Scott (University of Wisconsin—Madison). “Well Water Precoolers.” Publication A37843. October 2003. It was
determined that a plate cooler alone can reduce milk temperature to 68 °F and a plate cooler paired with a milk transfer pump
VSD can reduce milk temperature to 56.3°F. The additional benefits of the milk transfer pump VSD over the plate cooler is
11.7°F.

47 “Ag Heat Recovery Tank Supplemental Data.” WI Dairy Statistics tab shows USDA reported annual data from: U.S.
Department of Agriculture. “Milk Production per Cow, Wisconsin.”

48 The default value for the average number of milking cows per farm is sourced from the 2017 U.S. Census of Agriculture,
Illinois State Summary Highlights, Full Report, Volume 1, Chapter 2, U.S. State Level. Average number of cows per farm = 93,341
cows / 924 farms.
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NATURAL GAS SAVINGS
N/A

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
MEASURE CoDE: CI-AGE-VSDM-V01-200101

REVIEW DEADLINE: 1/1/2024
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4.1.9 Scroll Compressor for Dairy Refrigeration

DESCRIPTION

Incorporating a more efficient compressor for process milk refrigeration can decrease the energy consumed at dairy
farms. This measure is for the installation of a scroll compressor to replace an existing reciprocating compressor on
a milk refrigeration bulk tank. The milk refrigeration system is used to cool milk for preservation and packaging. Milk
is extracted from the cow at 98°F and cooled to 38°F, resulting in a substantial load on the milk cooling equipment,
which is typically the largest energy use on a dairy farm. Scroll compressors can provide increased refrigeration
efficiencies with improved EERs over baseline reciprocating compressors.

The energy savings for this measure is dependent on if the site is utilizing pre-cooling equipment such as a milk plate
cooler. Plate coolers can reduce the incoming temperature of the milk into the refrigeration bulk tank, reducing the
overall load on the compressor and the potential savings benefits.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

For an efficient scroll compressor with or without a plate cooler heat exchanger, the proposed compressor must be
rated at 10.6 EER or greater on a process milk refrigeration system. The calculation assumes the cooling capacity of
the compressor remains the same.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a reciprocating compressor.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected life of this measure is 15 years.*®

DEEMED MEASURE COST

The incremental cost is $447 per compressor.>°

LOADSHAPE

Loadshape C56 — Dairy Farm Combined End Use

COINCIDENCE FACTOR

Coincidence factor of 0.345!

49 Focus on Energy Evaluation Business Programs Measure Life Study: Final Report August 25, 2009, Public Service Comission of
Wisconsin.

50 The incremental cost is sourced from the PG&E Workpaper — Scroll Compressor (PGE3PAGR113), February 2013. The
incremental cost is based on the difference in material and labor cost between a reciprocating compressor, $2,538, and a scroll
compressor, $2,985.

51 Efficiency Vermont (EVT) Technical Reference Manual (TRM), Measure Savings Algorithms and Cost Assumptions, March 16,
2015
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Algorithm
CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS
1 1
AW = (EERbase - EEReff> X Process Load
1,000
Where:
EERpase = Efficiency of the existing compressor
= 8.4 Btu/watt>?
EERes = Efficiency of the installed, scroll compressor
= 10.6 Btu/watt™>
Process Load = Cp yure X AT X Lbs of Milk X Cows X Days
Where:
Cp,milk = Specific heat of milk

=0.93 Btu/Ib °F**
AT = Change in milk temperature as result of the primary cooling system
= 60°F without a milk plate cooler®®
= 30°F with a milk plate cooler®®
Lbs of Milk =The pounds of milk produced per day that needs to be cooled
= 68 Ibs of milk per cow®’
Cows = Number of milking cows per farm

= Actual; if unknown use 10158

52 Average efficiency of a reciprocating compressor, as sourced from Wisconsin Focus on Energy TRM — Plate Heat Exchanger
and Well Water Pre-Cooler, 2017

53 Average efficiency of a scroll compressor, as sourced from Massachusetts Farm Energy: Best Management Practices for Dairy
Farms, USDA NRCS, 2012 (page 33)

54 Specific heat of whole milk, Table 3: Unfrozen Composition Data, Initial Freezing Point, and Specific Heat of Foods, 2014
ASHRAE Handbook - Refrigeration. Page 19.5.

55 Safe Handling of Milk & Dairy Products. March 8th, 2017 and Sanford, Scott (University of Wisconsin—Madison). “Well Water
Precoolers.” Publication A37843. October 2003. The temperature of the milk exiting the cow is considered to be 98°F and the
final, cooled temperature of the milk is assumed to be 38°F.

56 The efficacy of a milk plate cooler is sourced from Sanford, Scott (University of Wisconsin—-Madison). “Energy Efficiency for
Dairy Enterprises.” Presentation to Agricultural and Life Sciences Program staff. December 2014. It was assumed that there is a
25°F of milk temperature difference for a single pass plate cooler and a 35°F of temperature difference for a double/multi-pass
plate cooler. For the purposes of this measure, a straight average of 30°F between the two types was used. A plate cooler
reduces the overall load on the refrigeration compressors and the revised AT when accounting for a milk pre-cooler is 30°F less.
57 “Ag Heat Recovery Tank Supplemental Data.” WI Dairy Statistics tab shows USDA reported annual data from: U.S.
Department of Agriculture. “Milk Production per Cow, Wisconsin.”

58 The default value for the average number of milking cows per farm is sourced from the 2017 U.S. Census of Agriculture,
Illinois State Summary Highlights, Full Report, Volume 1, Chapter 2, U.S. State Level. Average number of cows per farm = 93,341
cows / 924 farms.
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Days = 365 days per year

1,000 = 1000 watts tokW conversion factor

For example, using the default assumptions, average kWh savings of an installed scroll compressor on the milk
refrigeration bulk tank with a dairy using an existing plate cooler is:

AkWh
( 1 1 ) 0.93 Btu

_ y lbs milk
84 EER 10.6 EER b of Milk

cow

% (98°F — 30°F — 38°F) X 68

1000 Watts/kW
AkWh = 1,728 kWh

X 101 cows X 365 Days

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Where:
Hours = 2,920 hours®®

CF =0.34

For example, using the default assumptions, average coincident peak demand savings of an installed scroll
compressor on the milk refrigeration bulk tank with a dairy using an existing plate cooler is:

_ 1,728kWh y
~ 2,920 Hours
AkW = 0.201 kW

AW 0.34

NATURAL GAS SAVINGS
N/A

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O& M COST ADJUSTMENT CALCULATION
MEASURE CODE: CI-AGE-SCRC-V01-200101

REVIEW DEADLINE: 1/1/2024

59 Raw milk for pasturing must be cooled with 4 hours. Assuming 2 milking per day. Dairy Farm Energy Management Guide:
California, Ludington, Johnson, Kowalski, & Mage, Southern California Edison, 2004.
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4.1.10 Dairy Refrigeration Heat Recovery

DESCRIPTION

Arefrigeration heat recovery (RHR) unit captures waste heat from the refrigeration system and uses a heat exchange
to transfer some of that heat into incoming well water. That captured waste heat is used to pre-heat ground water
before it enters the primary water heater and brought to the desired final temperature needed for cleaning farm
equipment. The hot compressed refrigerant is diverted and flows through the heat exchanger, attached to a
secondary water tank, on its way to the condenser unit. The heat from the refrigerant is transferred through the
tank into the water. Thermal buoyancy causes the warmest water to rise to the top of the tank. When hot water is
used, water flows from the RHR tank into the water heater, and well water flows into the heat recovery tank. These
units can assist in reducing water heating energy use by approximately 50%.5°

It is important to note that if a dairy farm installs an RHR unit and a milk plate cooler, (with or without the use of
milk pump VFD control), the plate cooler will impact the savings potential of the RHR unit. The use of a plate cooler
will reduce the total milk mechanical refrigeration load. Due to this refrigeration load reduction, the amount of heat
rejection possible to the RHR system is diminished.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient condition is farm refrigeration equipment where an RHR tank is installed and captures waste refrigerant
heat from the refrigeration system compressor and transfers that waste into an RHR tank, supplied with cool ground
water, through a heat exchanger before continuing through the refrigeration system condensing unit. The newly
preheated water in the RHR tank is supplied into the farm’s main water heater unit, which will have a smaller
temperature differential to overcome, compared to a direct ground water heater feed.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is an existing dairy farm with refrigeration equipment and a water heater unit without the
use of an RHR unit to feed preheated water to the water heater. Water heater is fed directly with ground water.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected useful life is 15 years.5!

DEEMED MEASURE COST

The incremental cost is $4,353.52

LOADSHAPE

Loadshape C58 — Farm Plate Cooler / Heat Recovery Unit

COINCIDENCE FACTOR

There are no summer coincident peak savings for RHR units. It is assumed that electric water heaters have a single
element and will still be used to heat water up to full temperature, and that the kW rating is unchanged when an
RHR unit is added in the water heating loop (resulting in no demand reduction).

60 U.S. Department of Agriculture, Natural Resources Conservation Service. “Energy Self-Assessment: Refrigeration Heat
Recovery.” Accessed December 8, 2015.

61 PA Consulting Group Inc. “State of Wisconsin Public Service Commission of Wisconsin Focus on Energy Evaluation Business
Programs: Measure Life Study Final Report.” August 25, 2009.

62 The incremental cost is sourced from Efficiency Vermont custom project data based on actual equipment installs between
2010 and 2017.
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = Btugecoverea X Days X ( )/ 3,412

E elec
Where:

BtuRecovered = BtuMilk potential OT BtuRHR Storage (lesser Of the tWO)

Where:
Btuyik potentiar = Lbs of Milk X Cows X Cp pripe X ATy X SF
and
Btustorage = Hot Water X Cpwater X Pwater X ATy ater
Days = Number of milking days per year
=365 days®®
3,412 = Btu to kWh electric conversion factor
EFelec = Energy factor for a standard electric water heater
= 90%%
Lbs of Milk =The pounds of milk produced per day per cow that needs to be cooled
=68 Ibs of milk per cow®®
Cows = Number of milking cows per farm
= Actual, if unknown use 101°6
Cp,milk = Specific heat of milk
=0.93 Btu/(lb-"F) &7
AT il = Change in milk temperature
= "Fin - "FrinaL
°Fin = Temperature of milk being supplied that needs to be cooled

63 Wisconsin Milk Marketing Board. “Did You Know? Website: Milking Every Day.” Accessed December 21, 2015

64 Talbot, Jacob (American Council for an Energy-Efficient Economy). ACEEE Report A121: Market Transformation Efforts for
Water Heating Efficiency. January 2012.

65 “Ag Heat Recovery Tank Supplemental Data.” WI Dairy Statistics tab shows USDA reported annual data from: U.S.
Department of Agriculture. “Milk Production per Cow, Wisconsin.”

%6 The default value for the average number of milking cows per farm is sourced from the 2017 U.S. Census of Agriculture,
Illinois State Summary Highlights, Full Report, Volume 1, Chapter 2, U.S. State Level. Average number of cows per farm = 93,341
cows / 924 farms.

67 Specific heat of whole milk, Table 3: Unfrozen Composition Data, Initial Freezing Point, and Specific Heat of Foods, 2014
ASHRAE Handbook - Refrigeration. Page 19.5.
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= 98°F if no pre-cooler is used in operation; 68°F if a milk pre-cooler is used;®®
56.3°F if a milk pre-cooler and VFD milk transfer pump are used.®®

“Fena = Final stored temperature of cooled milk
=38°F
SF = Savings factor for the percentage of energy able to be captured from the milk cooling
process
=55%"°

Hot Water = Amount of hot water per day in gallons that the site uses for washing and cleaning
purposes

=131.7 gallons’®

Cp,water = Specific heat of water
=1 Btu/Ib-°F
Pwater = Density of water

= 8.34 Ibs/gallon
ATwater = Temperature difference = Tempwarm water — T€MPcold water

Tempwarm water = 120°F, expected temperature a refrigeration heat recovery unit can
pre-heat well water up to.

Tempcold water =52.3°F, average well water temperature
SUMMER COINCIDENT PEAK DEMAND SAVINGS

NATURAL GAS SAVINGS

ATherms = BtuUggcoperea X Days X /100,000
EF,qs
100,000 =Btu to therms natural gas conversion factor
EFgas = Energy factor for a standard natural gas water heater

68 The efficacy of a milk plate cooler is sourced from Sanford, Scott (University of Wisconsin—Madison). “Energy Efficiency for
Dairy Enterprises.” Presentation to Agricultural and Life Sciences Program staff. December 2014. It was assumed that there is a
25°F of milk temperature difference for a single pass plate cooler and a 35°F of temperature difference for a double/multi-pass
plate cooler. For the purposes of this measure, a straight average of 30°F between the two types was used. A plate cooler
reduces the overall load on the refrigeration compressors and the revised AT when accounting for a milk pre-cooler is 30°F less.
69 Sanford, Scott (University of Wisconsin—Madison). “Well Water Precoolers.” Publication A37843. October 2003

70 Delaval. “Dairy Farm Energy Efficiency.” April 20, 2011. DeLaval estimates the heat recovery potential to be between 20 and
60%. Based on engineering judgement and further corroboration from the Wisconsin Focus on Energy TRM, opted to default to
a 55% savings factor.

71 The hot water use per day is based on the average hot water requirements per wash cycle multiplied by the number of wash
cycles per day. The average amount of hot water used per wash cycle, 47.9 gallons, is sourced from the National Resource
Conservation Service for Wash Water Requirements for Milking Systems, a calculator developed by University of Wisconsin,
August 2005, Milking Center Waste Volume, v12,05, The number of wash cycles per day account for the hot water rinse cycles
that are used to flush and clean the milk lines before and after milking. As sourced from the Regional Technical Forum (RTF) as
part of the Northwest Power & Conservation Council, Deemed Measures List; Agricultural: Variable Frequency Drives-Dairy,
FY2012, v1.2. Pre- and post-power meter data for five sites were used to establish RTF energy savings and the raw data used to
generate load profiles showed, on average, two milkings per day. As there will be one more wash cycle than milking, the default
average wash cycles per day is three.
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=59%

Other variables remain consistent with ‘Electric Energy Savings’ calculation method.

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-AGE-DRHR-V01-200101

REVIEW DEADLINE: 1/1/2024
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4.1.11 Commercial LED Grow Lights

DESCRIPTION

LED lamp technology offers reduced energy and maintenance costs when compared with conventional light
sources. LED technology has a significantly longer useful life lasting 30,000 hours or more and significantly reduces
maintenance costs. The savings and costs for this measure are evaluated with the replacement of HID grow lights
with LED fixtures. LED lamps offer a more robust lighting source, longer lifetime, and greater electrical efficiency
than conventional supplemental grow lights.

This measure is designed for other interior horticultural applications that use artificial light stimulation in an indoor
conditioned space.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

LED fixtures must have a reduced wattage, be listed on the Design Lights Consortium (DLC) qualified products list,”2
be UL Listed, have a power factor (PF) 20.90, a photosynthetic photon efficacy (PPE) of no less than 1.9 micromoles
per joule, a minimum rated lifetime of 50,000 hours, and a minimum warranty of 5 years. If DLC PPE requirements
for LED grow lighting exceeds the current requirements, the new PPE will become the efficient equipment standard.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is the industry established grow light based on the horticultural application, as detailed in
the table below. HID fixtures are assumed for flowering and vegetative crops. T5 high-output fixtures are assumed
for seedling and microgreen crops.

Baseli . . e
Crob Tvoe Te:::c:lr::e Baseline PPE Baseline Watts per Baseline Fixture
PTyp Type &y (rmol/J)”® Square Foot”* Wattage’®
Flowering Crops .
High P
(Tomatoes and '8 r.essure 1.7 68.8 1,100 W
Sodium
Peppers)
Vegetative Growth Metal Halide 1.257¢ 40 640 W
Microgreens’’ T5 HO Fixture 0.8478 22.4 358 W

72 Design Light Consortium — Horticultural Lighting, Testing and Reporting Requirements for LED-Based Horticultural Lighting,
version 1.1, effective March 6, 2019. To date, all horticultural lamps certified by the DLC specification are LEDs.

73 Erik Runkle and Bruce Bugbee “Plant Lighting Efficiency and Efficacy: umols per joule”. Accessed 4/21/2020.

74 Jesse Remillard and Nick Collins, “Trends and Observations of Energy Use in the Cannabis Industry,” ACEEE, accessed April 17,
2020. Baseline watts per square foot were taken by using typical fixture technology by crop type and dividing by 16 sqft per
fixture (a 4'x4’ area is a typical coverage amount for one grow light fixture).

75 Jesse Remillard and Nick Collins, “Trends and Observations of Energy Use in the Cannabis Industry,” ACEEE, accessed April 17,
2020. Baseline watts per square foot were taken by using typical fixture technology by crop type and dividing by 16 sqft per
fixture (a 4'x4’ area is a typical coverage amount for one grow light fixture).

76 Jacob A. Nelson, Bruce Bugbee, “Economic Analysis of Greenhouse Lighting: Light Emitting Diodes vs. High Intensity Discharge
Fixtures.” Utah State University. Accessed 5/6/2020.

77 Microgreens T5 fixture is based on a 6-lamp high output fixture, based on program experience.

78 Jacob A. Nelson, Bruce Bugbee, “Economic Analysis of Greenhouse Lighting: Light Emitting Diodes vs. High Intensity Discharge
Fixtures.” Utah State University. Accessed 5/6/2020.
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Crop Type

Baseline
Technology

Type

Baseline PPE

(kmol/y)’

Baseline Watts per

Square Foot”*

Baseline Fixture
Wattage”®

Propagation”® T5 HO Fixture 0.848° 14.6 234 W
Medical Fannabls— High Pr.essure 17 68.8 1,100 W
Flowering Stage Sodium
Recreational
Cannabis — Flowering | HID/LED/Other 2.28 36 576 W&
Stage

Cannabis cultivation facilities have a separate equipment definition due to Illinois legislation.®® See cannabis
cultivation code from “Cannabis Regulation and Tax Act, Illinois HB 1438:

“The Lighting Power Densities (LPD) for cultivation space commits to not exceed an average of 36 watts per gross
square foot of active and growing space canopy, or all installed lighting technology shall meet a photosynthetic
photon efficacy (PPE) of no less than 2.2 micromoles per joule fixture and shall be featured on the Design Lights
Consortium (DLC) Horticultural Specification Qualified Products List (QPL).”

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is 9.5 years (average rated life of 50,000 hours).8*

DEEMED MEASURE COST

LED Fixture Costs:®®
< 250 Watts = $ 325.87 per fixture
> 250 Watts = $ 535.04 per fixture

LOADSHAPE
Loadshape C65 — Non-Residential Indoor Agriculture Vegetative Room

Loadshape C66 — Non-Residential Indoor Agriculture Flowering Room

COINCIDENCE FACTOR
Summer coincidence factor for vegetative rooms = 0.95

Summer coincidence factor for flowering rooms = 0.76

Algorithm

79 Propagation T5 fixture is based on a 4-lamp high output fixture, based on program experience.

80 Jacob A. Nelson, Bruce Bugbee, “Economic Analysis of Greenhouse Lighting: Light Emitting Diodes vs. High Intensity Discharge
Fixtures.” Utah State University. Accessed 5/6/2020.

81 Recreational cannabis baseline PPE requirement is either 36 W/sqft or 2.2 umol/J and DLC listed. Per HB 1438.

82 Recreational cannabis baseline wattage was back calculated using 36 W/sqft and 16 sqft coverage area to get 576 W per
fixture.

83 |llinois legislation Public Act 101-0027 the Cannabis Regulation and Tax Act, Article 20: Adult Use Cultivation Centers, (Section
20-15 (a) (23) a commitment to a technology standard for resource efficiency of the cultivation center facility (B) Lighting)

84 Based on 50,000 hours lifetime and 5,250 hours per year of use (average hours of use per year using flowering and vegetative
rooms).

85 Focus on Energy Evaluation Business Programs: Measure Life Study Final Report: August 25, 2009
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CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
Grow Space Square Footage Method:
AkWh = (W /sqftgase — W/sqftg)/1000) X Area X Hours X WHE,
Per Fixture Method:
AkWh = ((Wattsgsr — Wattsgy)/1000) X Hours X WHE,

Where:
W/sqftease = Baseline wattage per square foot. If unknown, typical baseline watts per square feet by
crop type can be found in the baseline equipment definition.
W /sqftgasg = Wattsg,sp/Fixture Area
Wattsgase = Baseline fixture wattage, see typical baseline wattages by crop type in baseline
equipment definition.
W/sqftee = Efficient wattage per square foot
= Actual
W /sqftey = Wattsge/Area
Wattsee = Efficient fixture wattage.
Fixture Area = Square footage of grow canopy covered by one fixture.
= 16 sqft.%6
Area = Illuminated area in square feet of active and growing space canopy
= Actual.
Hours = Annual operating hours. See table below for typical hours of operation
breakdown by crop type.
Crop Types Hours of Operation per Annual H?urs of
Day®’ Operation®®
Flowering Crops (Tomatoes/Peppers) 12 4,200
Vegetative/Propagation Growth 18 6,300
Microgreens 18 6,300
Medical Cannabis — Flower Stage 12 4,200
Recreational C::angaebis — Flowering 12 4,200

86 Assumes a 4’ x 4’ canopy

87 Sole-Source Lighting of Plants. Technically Speaking by Erik Runkle. Michigan State University Extension. September 2017.
Accessed: 7/29/2019.

88 Annual hours of operation were found by multiplying hours per day by 350 operating days per year. Assuming 5 crop cycles
with 3 days of downtime between each cycle
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WHFe =1.218°

1000 = Watts to kW conversion factor
Heating Penalty
If electrically heated building:
Grow Space Square Footage Method

ARW hpear penaiey® = (W /sqftpase — W /sqftge)/1000) X Area X Hours X —IFkWh
Per Fixture Method:
AW hpear penaity = (Wattsgsp — Wattsgy)/1000) X Hours X —IFkWh

Where:

IFkWh = 0if gas heating, 0.284 if electric resistance heating, 0.124 if electric heat pump
heating; lighting-HVAC Interactive Factor for electric heating impacts; this factor
represents the increased electric space heating requirements due to the
reduction of waste heat rejected by the efficent lighting.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
Grow Space Square Footage Method:
AW = (W /sqftgase — W /sqftgg)/1000) X Area X CF X WHEF,
Per Fixture Method:
ARW = ((Wattsgusp — Wattsgg)/1000) X CF X WHF,

Where:

WHF4 = 1.22 if cooling or 1.00 if none; waste heat factor for demand to account for
cooling savings from efficient lighting in cooled buildings.

CF = 0.95 for vegetative crops or 0.76 for flowering crops

NATURAL GAS SAVINGS
Heating Penalty if fossil fuel heated building (or if heating fuel is unknown):
Grow Space Square Footage Method:
ATherms = (W /sqftgase — W/sqftgg)/1000) X Area X Hours X —IFTherms
Per Fixture Method:
ATherms = (Wattgasg — Wattgg)/1000) X Hours X —IFTherms

Where:

89 Waste heat factor for cooling savings calculation can be found in the Indoor Agriculture Loadshapes excel file.
90 Negative value because this is an increase in heating consumption due to the efficient lighting
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IFTherms =0.043 if gas heating, 0 if other heating; lighting-HVAC Interactive Factor for gas
heating impacts; this factor represents the increased gas space heating
requirements due to the reduction of waste heat rejected by the efficient.

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

Any costs associated with moving the LED lighting fixture to different heights throughout the different growing
phases should also be included as an O&M consideration.

MEASURE CoDE: CI-AGE-GROW-V02-210101

REVIEW DEADLINE: 1/1/2024
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4.1.12 Swine Heat Pads

DESCRIPTION

This measure applies to the large Commercial and Industrial sector, specifically for the agriculture industry. Swine
farmers will typically keep their newborn piglets alongside their mothers (sows) for up to three to four weeks until
they gain sufficient weight and can be moved to a nursery barn. During this farrowing stage, the piglets must be
kept at temperatures ranging from 32 to 35°C (90 to 95°F). A sow and her piglets are kept in private farrowing
crates, where the sow is kept in a separate and railed cage. This allows the piglets to still suckle from their mother
and keeps the sow from crushing her piglets. These farrowing crates can be arranged in single or double systems.
Typically, farmers will utilize a heat lamp as the primary heating source for these piglets, which can range from 125
W to 250 W and have an average measure life of 5,000 hours. More energy efficient technology has emerged in
the form of heated mats. These mats require significantly less energy than a traditional heat lamp and have no
known negative impacts on piglet health. Heating mats come in two options, single (typically rated at <100W) or
double (typically rated at <200W) mats. Single mats serve one litter, and double mats serve two litters.

DEFINITION OF EFFICIENT EQUIPMENT

The use of heat mats in swine farrowing will result in electrical savings for the customer. Research has also shown
that newborn piglets do not prefer mat heating over lamp heating, but as they grow, they tend to prefer mat
heating. Applied research in large industrial settings found no significant differences between lamp and mat
heating on the behavior and well-being of piglets. Therefore, the only difference to note between the two
methods is the energy saved in using heating mats.

DEFINITION OF BASELINE EQUIPMENT

The baseline measure for swine farrowing heating is heat lamps, typically ranging from 125 to 250 Watts. Most
studies conducted on swine farrowing heat lamps have used 125 watt or 175 watt lamps per litter.%1%2

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life of a farrowing heat mat is 5 years.

DEEMED MEASURE COST

Heat mat prices will vary somewhat with size but a typical single mat costs $125 and double mat costs $250.%*
Additional costs can be incurred if a thermostat controller is included, these vary widely depending on controller
complexity.

LOADSHAPE

Loadshape C04 - Non-Residential Electric Heating

COINCIDENCE FACTOR

The coincidence factor is assumed to be 0.018.%°

Algorithm

91Zhang, Q. and H. Xin, “Responses of Piglets to Creep heat Type and Location in Farrowing Crate,” Applied Engineering in
Agriculture (2001): Vol. 17(4) 515-519

92 “Research at Puratone Confirms Effectiveness and Extensive Energy Savings of Heat Pads,” Manitoba Hydro Power Smart
93 Professional judgement based on lowa Energy Efficiency Statewide Technical Reference Manual 2018 Volume 3:
Nonresidential Measures, Agriculture Equipment: 3.1.9 Heat Mat, Posted July 12th, 2017

94 Hog Slat. (2019). Heat Pad. Online pricing catalogue for agriculture and livestock equipment.

95 Coincidence factor is taken from the IL TRM loadshape C04 — Non-residential Electric Loadshape.
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CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
kthaved = kthase - kWhEE

Cratesiorq X Hours X Fixturec qre X LaMpfixryre X Wattagegmy

kWhyase = 1000 Watts
kW
Hours x (Matssingie X Wattagesingie + Matsaoupie X Wattageaoupie)
Whge = Watts
1000 W

Where:
CrateSiorq = (Cratess,-ng,e_mw + Cratesdoub,e_mw) X Rows X Rooms
Matsgingie = Cratesspgie—row X ROws X Rooms

Matspoupie = Cratesgoupie—row X ROWs X Rooms

Cratesiotal = Number of Farrowing Crates

CrateSsingle-row = Number of single crates in a row

CrateSdouble-row = Number of double crates in a row

Rows = Number of rows in a room

Rooms = Number of rooms in a farrowing barn

Matssingle = Number of single mats

MatSdouble = Number of double mats

Wattagesingle = Default 100W; Wattage of a single heat mat
Wattagedgouble = Default 200W; Wattage of a double heat mat
Hours = Default 5,105 hours;?® Annual hours of operation
Fixturecrate = Number of heat lamp fixtures per farrowing crate
Lampsixture = Number of heat lamps per fixture

Wattagemp = Default 125W or 175W; Heat lamp wattage

DEFAULT SAVINGS FOR SINGLE UNIT REPLACEMENT

96 While heat mat hours do vary from heat lamps slightly, the savings assumptions match heat lamp hours for consistency.
Calculation method from lowa State University farm manager (Ben Drescher): "At minimum I’d say they are on 24-7 from Oct-
March and March-May, and 12 hours a day June-September 8 hours a day. You'd also take off for power washing etc. so if you
had a 24 day turn in a farrowing room you’d run them for 21 days and turn the room subtract 3 days from x 15 turns a year -
resulting in 5120 hours." Cadmus did not round data and estimated 5,105 hours. Email sent 10/23/15. "FW: Heat lamp bulbs".
Itron benchmarked the HOU with their own analysis which resulted in 5,109 hours: 30.42 days/month; 3 months (summer) run
33% of time; 6 months run 50% of time; 3 months (winter) run full time.
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Baseline Heat

Replacement Type Annual kWh Savings

Lamp
Single Mat replacing one 1276
Heat Lamp
- 125W
Double Mat replacing two
255.3
Heat Lamps
Single Mat replacing one 382.9
Heat Lamp
. 175W
Double Mat replacing two
765.8
Heat Lamps
SUMMER COINCIDENT PEAK DEMAND SAVINGS
kWSaved = (kWhSaved/HouT‘S) X CF
Where:
kWhsaved = kWh savings, see above equation and table.
Hours = Operating hours, 5,105.
CF = Coincidence Factor, 0.018.%7
DEFAULT SAVINGS FOR SINGLE UNIT REPLACEMENT
Replacement Type Baseline Heat Peak kW Savings
Lamp
Single Mat replacing one 125W 0.0005
Heat Lamp
Double Mat replacing two 0.0009
Heat Lamps
Single Mat replacing one 175W 0.0014
Heat Lamp
Double Mat replacing two 0.0027
Heat Lamps

NATURAL GAS SAVINGS
N/A

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
Approximately 1% of mats are likely to be damaged by swine each year and require full replacement.

Additionally, depending on the flooring, some mats may become loose on steel slated floors. This can be prevented
by buying mats that have a channel or groove where it sits in the partition. Another option is to buy tie down clips
that cost approximately $24 per double mat.%®

97 Coincidence factor is taken from the IL TRM loadshape C04 — Non-residential Electric Loadshape.
98 Franklin Energy field experience
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The NPV for replacement heat lamps and annual levelized replacement costs using the societal real discount rate of
0.42% are presented below. The O&M cost adjustments are based on a 1-year measure life for heat lamps and a 5-
year analysis period for heat pads. The measure life assumptions indicate an annual lamp replacement cost for the
baseline equipment. The heat lamp replacement cost is assumed to be $5.50.%°

NPV of .
Levelized annual replacement
Replacement Type replacement .
. cost savings
costs for period

Single Mat replacing one $21.78 $4.41
Heat Lamp

Double Mat replacing two $43.56 $8.82
Heat Lamps

MEASURE CoDE: CI-AGE-HPAD-V01-210101

REVIEW DEADLINE: 1/1/2024

99 The cost of a replacement heat lamp bulb is sourced from an average of available products via online pricing for agriculture
equipment and heat lamps. For more information on the cost of a heat lamp and the derivation of O&M cost savings, please
see: “Swine Heat Pads_OM.xIsx”.
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4.2 Food Service Equipment End Use

4.2.1 Combination Oven

DESCRIPTION

This measure applies to both natural gas fired and electric high efficiency combination convection and steam ovens
installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS, RF. If applied to other program
types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the installed equipment must be a new natural gas or electric combination oven meeting
the ENERGY STAR idle rate and cooking efficiency requirements as specified below.®

ENERGY STAR Requirements (Version 2.1, Effective January 1, 2014)

- Idle Rate Cooking-Ener.
AT Operation (Btu/h for Gas, kW for Electric) Efficiergicy, (%g)y
Natural Gas Steam Mode < 200P+6,511 >41
Convection Mode < 150P+5,425 >56
Electric Steam Mode <0.133P+0.6400 > 55
Convection Mode < 0.080P+0.4989 >76

Note: P = Pan capacity as defined in Section 1.5, of the Commercial Ovens Program Requirements Version 2.11%!

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a natural gas or electric combination oven that is not ENERGY STAR certified.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.1%?

DEEMED MEASURE COST

The costs vary based on the efficiency and make of the equipment. Actual costs should be used.

LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type:%3

Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46

100 ENERGY STAR Commercial Ovens Key Product Criteria, version 2.2, effective October 7, 2015

101 |bid. Pan capacity is defined as the number of steam table pans the combination oven is able to accommodate as

per the ASTM F-1495-05 standard specification.

102 The measure life is sourced from the Food Service Technology Center’s energy savings calculator for combination ovens.
103Values taken from Minnesota Technical Reference Manual (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
II, Claar, et. al., May 1985
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Location CF

Full Service Limited Menu 0.51

Full Service Expanded Menu 0.36

Cafeteria 0.39
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

The algorithm below applies to electric combination ovens only.1%

AkWh = (ACookingEnergyconveiee + ACookingEnergysicameec + AldleEnergyconvelec +
AldleEnergysteameiec) ¥ Days / 1,000
Where:
ACookingEnergyconvelec = Change in total daily cooking energy consumed by electric oven in convection
mode
= I-BEIec * (EFOODConvEIec/ EIeCEFFCoanase - EFOODConvEIec / EleCEFFConvEE) * %Conv
ACookingEnergysteamelec = Change in total daily cooking energy consumed by electric oven in steam
mode
= I-BEIec * (EFOODSteamEIec/ EIeCEFFSteamBase_ EFOODSteamEIec / EleCEFFSteamEE) *
%Steam
AldleEnergyconvelec = Change in total daily idle energy consumed by electric oven in convection
mode
= [(EIECIDLECOHVBBSE * ((HOURS - LBEIec/EleCPCCoanase) * %Conv)) - (EleCIDLEConvEE *
((HOURS - LBE|ec/E|eCPCcOanE) * %Conv))]
AldleEnergysteamelec = Change in total daily idle energy consumed by electric oven in convection
mode
= [(EIECIDLESteamBase * ((HOURS - LBEIec/EleCPCSteamBase) * %Steam)) - (EledDLESteamEE
* ((HOURS - LBEIec/EleCPCSteamEE) * %Steam))]
Where:

LBejec = Estimated mass of food cooked per day for electric oven (Ibs/day)

= Custom, or if unknown, use 200 Ibs (If P <15) or 250 Ibs (If P >= 15)

EFOODconvElec = Energy absorbed by food product for electric oven in convection mode
= Custom or if unknown, use 73.2 Wh/lb

ElecEFF = Cooking energy efficiency of electric oven
= Custom or if unknown, use values from table below

Base 33 ]
ElecEFFconyv 72% 76%

104 Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings Calculator
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Base 33 |
ElecEFFsteam 49% 55%
Yocony = Percentage of time in convection mode

= Custom or if unknown, use 50%

EFOODsteamlec = Energy absorbed by food product for electric oven in steam mode
= Custom or if unknown, use 30.8 Wh/Ib
Yosteam = Percentage of time in steam mode

=1 - Y%conv

ElecIDLEgase

= |dle energy rate (W) of baseline electric oven

= Custom or if unknown, use values from table below

Pan Capacity Convection Mode Steam Mode
(ElecIDLE conyase) (ElecIDLEsteampase)
<15 1,320 5,260
>=15 2,280 8,710

HOURS

ElecPCgase

= Average daily hours of operation

= Custom or if unknown, use 12 hours

= Production capacity (lbs/hr) of baseline electric oven

= Custom of if unknown, use values from table below

S —— Convection Mode Steam Mode
(ElecPCconvBase) (ElecPCsteamease)
<15 79 126
>=15 166 295

Elecl DLEcOnvgg

E|ECPCEE

= Idle energy rate of ENERGY STAR electric oven in convection mode

= (0.08*P +0.4989)*1000

= Production capacity (lbs/hr) of ENERGY STAR electric oven

= Custom of if unknown, use values from table below

Pan Capacity Convection Mode Steam Mode
(EIecPCCOm,EE) (EIecPCSteamEE)
<15 119 177
>=15 201 349

E|EC|DLE5teamEE

Days

1,000

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL

= Idle energy rate of ENERGY STAR electric oven in steam mode

=(0.133* P+0.64)*1000
= Days of operation per year
= Custom or if unknown, use 365 days per year

= Wh to kWh conversion factor
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For example, a 10-pan capacity electric combination oven would save:

AkWh = (ACookingEnergyconveiec + ACoOKingENergysteameiec + AldleEnergyconveiec + AldleEnergysieameiec) *
Days / 1,000

ACookingEnergycomeiec = 200 * (73.2/0.72 —73.2 / 0.76) * 0.50
=535 Wh

ACookingEnergysiameice = 200 * (30.8 / 0.49 —30.8 / 0.55) * (1 —0.50)
= 686 Wh

AldleEnergyconviec = [(1,320 * (12 — 200/79) * 0.50)) - (1,299 *((12 - 200/119) * 0.50))]
= -453 Wh

AldleEnergysieameiec = [(5,260 * ((12 — 200/126) * (1 - 0.50))) - (1,970 * (12 - 200/177) * (1 -
0.50)))]

= 16,678 Wh
AkWh = (535 + 686 +-453 + 16,678) * 365 /1,000
= 6,368 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh / (HOURS * DAYS) *CF

Where:
CF = Summer peak coincidence factor is dependent on building type:'%®
| location CF |
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.39

All other variables as defined above.

For example, a 10-pan capacity electric combination oven in a Full Service Limited Menu restaurant would save:
AkW = AkWh / (HOURS * DAYS) *CF
=6,368/ (12 * 365) * 0.51
=0.74 kW

NATURAL GAS ENERGY SAVINGS

The algorithm below applies to natural gas combination ovens only.%

105Values taken from Minnesota Technical Reference Manual (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
11, Claar, et. al., May 1985

106 Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings Calculator
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Where:

Where:

ATherms = (ACookingEnergyconveas + ACookingEnergysieameas + AldleEnergyconvcas +
AldleEnergysteamaas) * Days / 100,000

ACookingEnergyconvaas = Change in total daily cooking energy consumed by gas oven in convection
mode

= LBgas * (EFOODconvGas / GasEFFconvase - EFOODconvGas / GaSEFFconvee) * %conv

ACookingEnergysteamcas = Change in total daily cooking energy consumed by gas oven in steam
mode

= LBgas * (EFOODsteamaas / GasEFFsteamsase — EFOODsteamaas /GaSEFFSteamEE) *

%Stea m

AldleEnergyconveas = Change in total daily idle energy consumed by gas oven in convection
mode

= [(GasIDLEconvgase * ((HOURS — LBGas/GaSPCCoanase) * %conv)) - (GasIDLEconvee *
((HOURS - LBGaS/GasPCCOanE) * %Conv))]

AldleEnergysteamacas = Change in total daily idle energy consumed by gas oven in convection
mode

= [(GasIDLEsteamsase * ((HOURS — LBgas/GasPCsteamsase) * %steam)) - (GasIDLEsteamee
* ((HOURS - LBgas/GasPCsteamee) * %steam))]

LBgas = Estimated mass of food cooked per day for gas oven (lbs/day)
= Custom, or if unknown, use 200 lbs (If P <15), 250 lbs (If 15 <= P 30), or 400
Ibs (If P =>30)

EFOODconvGas = Energy absorbed by food product for gas oven in convection mode

= Custom or if unknown, use 250 Btu/Ib
GasEFF = Cooking energy efficiency of gas oven

= Custom or if unknown, use values from table below

\ Base EE \
GasEFFcony 52% 56%
GasEFFsteam 39% 41%
EFOODsteamaas = Energy absorbed by food product for gas oven in steam mode

= Custom or if unknown, use 105 Btu/lb
GasIDLEgase = |dle energy rate (Btu/hr) of baseline gas oven

= Custom or if unknown, use values from table below

Pan Capacity Convection Mode Steam Mode
(GaSIDLECO"VBase) (GaSIDLESteamBase)
<15 8,747 18,656
15-30 10,788 24,562
>30 13,000 43,300
GasPCaxe = Production capacity (Ibs/hr) of baseline gas oven
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= Custom of if unknown, use values from table below

Pan Capacity Convection Mode Steam Mode
(GasPCeonvase) (GasPCsteamgase)
<15 125 195
15-30 176 211
>30 392 579

Gasl DLEConvEE

GasPCge

= |dle energy rate of ENERGY STAR gas oven in convection mode
=150*P + 5,425
= Production capacity (lbs/hr) of ENERGY STAR gas oven

= Custom of if unknown, use values from table below

Pan Capacity Convection Mode Steam Mode
(GaSPCConvEE) (GaSPcSteamEE)
<15 124 172
15-30 210 277
>30 394 640

GasIDLEsteamee

= Idle energy rate of ENERGY STAR gas oven in steam mode

=200 * P +6511
100,000 = Conversion factor from Btu to therms

All other variables as defined above.

For example, a 10-pan capacity gas combination oven would save:

ATherms = (ACookingEnergycomvcas + ACookingEnergysteamcas +
AldleEnergysteamacas) * Days / 100,000

=200 * (250 / 0.52-250/ 0.56) * 0.50
=3,434 therms

=200 * (105/0.39-105/0.41) * (1 -0.50)
=1,313 therms

ACookingEnergyconvcas

ACookingEnergysteamcas

AldleEnergyconveas
= 9,519 therms

AldleEnergysteamaas
0.50)))]

= 56,251 therms
=(3,434 +1,313 + 9,519 + 56,251) * 365 /100,000
=257 therms

ATherms

AldleEnergyconvcas

= [(8,747 * (12 — 200/125) * 0.50)) - (6,925 *((12 - 200/124) * 0.50))]

+

= [(18,658 * ((12 — 200/195) * (1 — 0.50))) - (8,511 * ((12 - 200/172) * (1 -

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
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MEASURE CODE: CI-FSE-CBOV-V02-160601

REVIEW DEADLINE: 1/1/2023

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 51 of 732



Illinois Statewide Technical Reference Manual — 4.2.2 Commercial Solid and Glass Door Refrigerators & Freezers

4.2.2 Commercial Solid and Glass Door Refrigerators & Freezers

DESCRIPTION

This measure relates to the installation of a new reach-in commercial refrigerator or freezer meeting ENERGY STAR
efficiency standards. ENERGY STAR labeled commercial refrigerators and freezers are more energy efficient because
they are designed with components such as ECM evaporator and condenser fan motors, hot gas anti-sweat heaters,
or high-efficiency compressors, which will significantly reduce energy consumption.

This measure was developed to be applicable to the following program types: TOS and NC. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a new ENERGY STAR certified
vertical closed solid or glass door refrigerator or freezer meeting energy consumptions requirements as determined
by door type (solid or glass) and refrigerated volume (V).

ENERGY STAR Requirements (Version 4.0, Effective March 27, 2017)

Maximum Daily Energy Consumption

Volume (ft3) (kWh/day)
Refrigerator Freezer

Vertical Closed

Solid Door

O0<V<15 <0.022V +0.97 <0.21V+0.9
15<V<30 <0.066V +0.31 <0.12V +2.248
30<V <50 <0.04V +1.09 <0.285V -2.703
V=50 <0.024V + 1.89 <0.142V + 4.445
Glass Door

O0<V<15 <0.095V + 0.445

15<V <30 <0.05V +1.12

30 <V <50 <0.076V + 0.34 <0.232V+2.36
V2>50 <0.105v-1.111

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be a new vertical closed solid or
glass door refrigerator or freezer that is not ENERGY STAR certified.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years. %’

DEEMED MEASURE COST

The incremental capital cost per cubic foot of chilled or frozen compartment volume for this measure is provided
below.1%8

Incremental Cost
per Cubic Foot (ft3)

Equipment Type

Solid Door

1072008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Effective/Remaining Useful Life Values”,
California Public Utilities Commission, December 16, 2008.

108 Incremental costs are based on the Northwest Regional Technical Forum, ENERGY STAR Version 4.0 Analysis. For cost
calculation details, see the CostData&Analysis tab within the file Commercial Refrigerators & Freezers_Costs_Nov 2017.xlsm.
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ERRiDEaITre Incremental Cost

per Cubic Foot (ft)
Refrigerator $24.21
Freezer $30.41
Glass Door
Refrigerator $24.77
Freezer $33.01

LOADSHAPE

Loadshape C23 - Commercial Refrigeration

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 0.937.10°

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = (kWhbase — kWhee) * 365.25
Where:
kWhbase = baseline maximum daily energy consumption in kWh

= calculated using actual chilled or frozen compartment volume (V) of the efficient unit as
shown in the table below.

Type kWhbase!*®

Solid Door Refrigerator 0.05*V+1.36
Glass Door Refrigerator 0.1*V+0.86
Solid Door Freezer 0.22*V +1.38
Glass Door Freezer 0.29 *V + 2.95
kWhee!!! = efficient maximum daily energy consumption in kWh

= calculated using actual chilled or frozen compartment volume (V) of the efficient unit as
shown in the table below.

g kWhee |
Volume (ft’) Refrigerator Freezer \
Vertical Closed
Solid Door
0<V<15 <0.022V +0.97 <0.21V+0.9
15<V<30 <0.066V +0.31 <0.12V +2.248
30<V<50 <0.04V +1.09 <0.285Vv -2.703
V250 <0.024V +1.89 <0.142V +4.445

109 The CF for Commercial Refrigeration was calculated based upon the Ameren provided eShapes

110Federal standards for equipment manufactured on or after March 27, 2017: 10 CFR §431.66 - Energy Conservation Standards
for Commercial Refrigerators, Freezers and Refrigerator-Freezers.

1I1ENERGY STAR Program Requirements for Commercial Refrigerators and Freezers Partner Commitments Version 4.0, effective
March 27, 2017
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g kWhee |
volume (ft’) Refrigerator Freezer \
Glass Door
0<V<15 <0.095V + 0.445
15<Vv<30 <0.05V+1.12
30<V<50 <0.076V +0.34 <0.232V +2.36
V=50 <0.105v-1.111
\Y = the chilled or frozen compartment volume (ft3) (as defined in the Association of Home

Appliance Manufacturers Standard HRF1-1979)
= Actual installed
365.25 = days per year
For example, a solid door refrigerator with a volume of 15 would save
AkWh =(2.11-1.30) * 365.25
=296 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh / HOURS * CF

Where:
HOURS = equipment is assumed to operate continuously, 24 hours per day, 365.25 days per year.
= 8766
CF = Summer Peak Coincidence Factor for measure
=0.937

For example, a solid door refrigerator with a volume of 15 would save
AkW =296/ 8766 * .937
=0.0316 kW

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O& M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-FSE-CSDO-V02-190101

REVIEW DEADLINE: 1/1/2024

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 54 of 732



Illinois Statewide Technical Reference Manual — 4.2.3 Commercial Steam Cooker

4.2.3 Commercial Steam Cooker

DESCRIPTION

To qualify for this measure the installed equipment must be an ENERGY STAR® steamer in place of a standard
steamer in a commercial kitchen. Savings are presented dependent on the pan capacity and corresponding idle rate
at heavy load cooking capacity and if the steamer is gas or electric.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be as follows:

ENERGY STAR® qualified with 38% minimum ENERGY STAR® qualified with 50% minimum
cooking energy efficiency at heavy load (potato) cooking energy efficiency at heavy load (potato)
cooking capacity for gas steam cookers. cooking capacity for electric steam cookers.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a non-ENERGY STAR® commercial steamer at end of life. It is assumed that
the efficient equipment and baseline equipment have the same number of pans.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.!*?

DEEMED MEASURE COST

The incremental capital cost for this measure is $998 for a natural gas steam cooker'® or $2490 for an electric steam
cooker. 114

LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type:'®

Location CF

Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36

112C3lifornia DEER 2008 which is also used by both the Food Service Technology Center and ENERGY STAR®.

113Source for incremental cost for efficient natural gas steamer is RSG Commercial Gas Steamer Workpaper, January 2012.
114Source for efficient electric steamer incremental cost is $2,490 per 2009 PG&E Workpaper - PGECOFST104.1 - Commercial
Steam Cooker - Electric and Gas as reference by KEMA in the ComEd C & | TRM.

115 yalues taken from Minnesota Technical Reference Manual (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
11, Claar, et. al., May 1985.Unknown is an average of other location types
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Location CF ‘
Cafeteria 0.39
Unknown 0.41
Algorithm

CALCULATION OF SAVINGS

Formulas below are applicable to both gas and electric steam cookers. Please use appropriate lookup values and
identified flags.

ENERGY SAVINGS
ASavings = (Aldle Energy + APreheat Energy + ACooking Energy) * Z
For a gas cooker: ASavings = ABtu * 1/100,000 * Z
For an electric steam cooker: ASavings = AkWh *Z
Where:

z = days/yr steamer operating (use 365.25 days/yr if heavy use restaurant and exact number
unknown)

Aldle Energy = ((((1- CSMygaseiine)* IDLEgase + CSMygaseline * PCsase * Eroop / EFFease) * (HOURSgay - (F /
PCgase) - ( PREnumber *0.25))) - (((1- CSMuyeneraystar) * IDLEenercystar  + CSMuyeneraysTar
PCeneray * Eroop / EFFeneravstar) * (HOURSpay - (F I/ PCeneray ) - (PREnumber * 0.25))))

Where:
CSMygaseline -Baseline Steamer Time in Manual Steam Mode (% of time)

= 90%?16

IDLEgase = Idle Energy Rate of Base Steamer!'’

Number of Pans IDLEgast - Gas, Btu/hr IDLEsase -

Electric, kw
3 11,000 1.0
4 14,667 1.33
5 18,333 1.67
6 22,000 2.0

PCpase = Production Capacity of Base Steamer!*®

Number of PCease, gas
Pans (Ibs/hr)
3 65 70
4 87 93
5 108 117

PCgase, electric (lbs/hr)

116Food Service Technology Center 2011 Savings Calculator

117Food Service Technology Center 2011 Savings Calculator

118production capacity per Food Service Technology Center 2011 Savings Calculator of 23.3333 Ib/hr per pan for electric
baseline steam cookers and 21.6667 Ib/hr per pan for natural gas baseline steam cookers. ENERGY STAR® savings calculator
uses 23.3 Ib/hr per pan for both electric and natural gas baseline steamers.
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Number of PCsase, 8as .
Pans (lbs/hr) PCgase, electric (lbs/hr)
6 130 140
Eroop= Amount of Energy Absorbed by the food during cooking known as ASTM Energy

to Food (Btu/lb or kW/Ib)
=105 Btu/Ib (gas steamers) or 0.0308 (electric steamers) *1°
EFFgase =Heavy Load Cooking Efficiency for Base Steamer

=15% (gas steamers) or 26% (electric steamers) 120

HOURSgay = Average Daily Operation (hours)
Type of Food Service Hoursday'?!
Fast Food, limited menu 4
Fast Food, expanded menu 5
Pizza 8
Full Service, limited menu 8
Full Service, expanded menu 7
Cafeteria 6
Unknown 6122
Custom Varies
F = Food cooked per day (lbs/day)
= custom or if unknown, use 100 |bs/day*?®
CSMysenEraYSTAR = ENERGY STAR Steamer's Time in Manual Steam Mode (% of time)'24
=0%
IDLEenerGYSTAR = Idle Energy Rate of ENERGY STAR®1?5
Number of IDLEenerGyY sTar— €lectric,
Pans IDLEgnerey star— 83, (Btu/hr) (kW)
3 6,250 0.40
4 8,333 0.53
5 10,417 0.67
6 12,500 0.80

119ENERGY STAR Commercial Kitchen Equipment Savings Calculator, Steam Cooker Calculations

120Reference Food Service Technology Center 2011 Savings Calculator values as used by Consortium for Energy Efficiency, Inc.
for baseline electric and natural gas steamer heavy cooking load energy efficiencies.

121 yalues taken from Minnesota Technical Reference Manual (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
II, Claar, et. al., May 1985.

122nknown is average of other locations

123Reference amount used by both Food Service Technology Center and ENERGY STAR® savings calculator

124Reference information from the Food Service Technology Center siting that ENERGY STAR® steamers are not typically
operated in constant steam mode, but rather are used in timed mode. Reference ENERGY STAR Commercial Kitchen Equipment
Savings Calculator, Steam Cooker Calculation. Both baseline & efficient steamer mode values should be considered for users in
Illinois market.

125Food Service Technology Center 2011 Savings Calculator.
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PCeneray = Production Capacity of ENERGY STAR® Steamer!?8
Number of PCeneray - .
Pans gas(lbs/hr) PCeneray — electric (lbs/hr)

3 55 50

4 73 67

5 92 83

6 110 100
EFFenervsTAR = Heavy Load Cooking Efficiency for ENERGY STAR® Steamer(%)

=38% (gas steamer) or 50% (electric steamer) 127
PREnumber = Number of preheats per day
=118 (if unknown, use 1)
APreheat Energy = ( PREnumber * A Préneat)
Where:
PREnumber = Number of Preheats per Day

=1'2° (if unknown, use 1)

PREheat Preheat energy savings per preheat
11,000 Btu/preheat (gas steamer)'3? or 0.5 kWh/preheat (electric steamer)*3?

((1/ EFFBASE) - (1/ EFFENERGY STAR®)) * F * Eroop

ACooking Energy
Where:

EFFease =Heavy Load Cooking Efficiency for Base Steamer

=15% (gas steamer) or 26% (electric steamer) 32

EFFenerGYSTAR =Heavy Load Cooking Efficiency for ENERGY STAR® Steamer
=38% (gas steamer) or 50% (electric steamer) 33

F = Food cooked per day (lbs/day)

126production capacity per Food Service Technology Center 2011 Savings Calculator of 18.3333 Ib/hr per pan for gas ENERGY
STAR® steam cookers and 16.6667 Ib/hr per pan for electric ENERGY STAR® steam cookers. ENERGY STAR® savings calculator
uses 16.7 Ib/hr per pan for electric and 20 Ib/hr for natural gas ENERGY STAR® steamers.

127Reference Food Service Technology Center 2011 Savings Calculator values as used by Consortium for Energy Efficiency, Inc.
for Tier 1A and Tier 1B qualified electric and natural gas steamer heavy cooking load energy efficiencies, as sourced from
ENERGY STAR Program Requirements Product Specification for Commercial Steam Cookers, version 1.2, effective August 1,
2013.

128Reference ENERGY STAR Commercial Kitchen Equipment Savings Calculator, Steam Cooker Calculations

129]bjid.

1300hio TRM which references 2002 Food Service Technology Center "Commercial Cooking Appliance Technology Assessment"
Chapter 8: Steamers. This is also used by the ENERGY STAR Commercial Kitchen Equipment Savings Calculator. 11,000
Btu/preheat is from 72,000 Btu/hr * 15 min/hr /60 min/hr for gas steamers and 0.5 kWh/preheat is from 6 kW/preheat * 15
min/hr / 60 min/hr

131 Reference Food Service Technology Center 2011 Savings Calculator values for Baseline Preheat Energy.

132 Reference Food Service Technology Center 2011 Savings Calculator values as used by Consortium for Energy Efficiency, Inc.
for baseline electric and natural gas steamer heavy cooking load energy efficiencies.

133 | bid.
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= custom or if unknown, use 100 Ibs/day*3*

Eroop = Amount of Energy Absorbed by the food during cooking known as ASTM Energy to
Food?3
Eroop - gas(Btu/lb) Eroop (kWh/Ib) ‘
105136 0.0308%%"

For example, for a gas steam cooker: A 3 pan steamer in a full service restaurant

ASavings = (Aldle Energy + APreheat Energy + ACooking Energy) * Z * 1/100.000
Aldle Energy =((((1- 0.9)* 11000 + 0.9 * 65 * 105 /0.15 )*(7 - (100 / 65)-(1*0.25))) - (((1-0) * 6250 +
0 *55*105 /0.38) *(7-(100/55) - (1*0.25))))
= 188,321
APreheat Energy =(1*11,000)
=11,000
ACooking Energy =(((1/0.15) - (1/ 0.38)) * (100 Ib/day * 105 btu/Ib)))
= 42368
ATherms = (188321 + 11000 + 42368) * 365.25 *1/100,000
= 883 therms
For an electric steam cooker: A 3 pan steamer in a cafeteria:
ASavings = (Aldle Energy + APreheat Energy + ACooking Energy) * Z
Aldle Energy =((((1-.9)* 1.0+ .9 * 70 * 0.0308 /0.26 )*(6 - (100 / 70)-(1*.25))) - (((1-0) * 0.4 + 0 *
50 * 0.0308 /0.50) * (6 - (100 / 50) - (1*0.25))))
=31.18
APreheat Energy =(1*0.5))
=0.5
ACooking Energy =(((1/ 0.26) - (1/ 0.5)) * (100 * 0.0308)))
=5.69
AKWh  =(31.18 + 0.5 + 5.69) * 365.25 days
= 13,649 kWh

Secondary kWh Savings for Water Supply and Wastewater Treatment

The following savings should be included in the total savings for this measure, but should not be included in TRC
tests to avoid double counting the economic benefit of water savings.

AkWhyater = AWater (gallons) / 1,000,000 * Ewater supply
Where

Ewater supply = IL Supply Energy Factor (kwWh/Million Gallons)

134Amount used by both Food Service Technology Center and ENERGY STAR® savings calculator
135Reference ENERGY STAR Commercial Kitchen Equipment Savings Calculator, Steam Cooker Calculations.
136] bid.

137]bid.
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=2,571138

For example, an electric 3 pan steamer with average efficiency in a full service restaurant

AWater (gallons) =(40-10) * 7 * 365.25
= 76,703 gallons

AkWhyater =76,703/1,000,000*2,571
=197 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
This is only applicable to the electric steam cooker.

AkW = (AkWh/(HOURSDay *DaysYear)) * CF

Where:
AkWh = Annual kWh savings from measure as calculated above. Note do not include the
secondary savings in this calculation.
CF =Summer Peak Coincidence Factor for measure is provided below for different
locations:**°
Location CF ’
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.39
Daysvear =Annual Days of Operation

=custom or 365.25 days a year

Other values as defined above

For example, for 3 pan electric steam cooker located in a cafeteria:
AkW = (AkWh/(HOURSpa, *Daysvear)) * CF
=(13,649/ (6 * 365.25)) * 0.39
=2.43 kW

138 This factor include 2571 kWh/MG for water supply based on Illinois energy intensity data from a 2012 ISAWWA study. For
more information please review Elevate Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’. Note that the
Commercial Steam Cooker does not discharge its water into the wastewater system so only the water supply factor is used
here.

13%Values taken from Minnesota Technical Reference Manual (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
I, Claar, et. al., May 1985.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
This is applicable to both gas and electric steam cookers.

AWater (gallons) = (Waase -WENERGYSTAR®)*HOURSDay *DaysSyear

Where
Wease = Water Consumption Rate of Base Steamer (gal/hr)
- 40140
WeneraysTAR = Water Consumption Rate of ENERGY STAR® Steamer look up?#
CEE Tier | gal/hr |
Tier 1A 15
Tier 1B 4
Avg Efficient 10
Avg Most Efficient 3
Daysvear =Annual Days of Operation

=custom or 365.25 days a year'#?

For example, an electric 3 pan steamer with average efficiency in a full service restaurant
AWater (gallons) = (40-10) * 7 * 365.25
= 76,703 gallons

DEEMED O& M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-STMC-V05-190101

REVIEW DEADLINE: 1/1/2023

140 FSTC (2002). Commercial Cooking Appliance Technology Assessment. Chapter 8: Steamers.

141Source Consortium for Energy Efficiency, Inc. September 2010 "Program Design Guidance for Steamers" for Tier 1A and Tier
1B water requirements. Ohio Technical Reference Manual 2010 for 10 gal/hr water consumption which can be used when Tier
level is not known.

142Source for 365.25 days/yr is ENERGY STAR® savings calculator which references Food Service Technology research on average
use, 2009.
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4.2.4 Conveyor Oven

DESCRIPTION

This measure applies to natural gas fired high efficiency conveyor ovens installed in commercial kitchens replacing
existing natural gas units with conveyor width greater than 25 inches.

Conveyor ovens are available using four different heating processes: infrared, natural convection with a ceramic
baking hearth, forced convection or air impingement, or a combination of infrared and forced convection. Conveyor
ovens are typically used for producing a limited number of products with similar cooking requirements at high
production rates. They are highly flexible and can be used to bake or roast a wide variety of products including pizza,
casseroles, meats, breads, and pastries.

Some manufacturers offer an air-curtain feature at either end of the cooking chamber that helps to keep the heated
air inside the conveyor oven. The air curtain operates as a virtual oven wall and helps reduce both the idle energy
of the oven and the resultant heat gain to the kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a natural gas conveyor oven with a tested baking energy
efficiency > 42% and an idle energy consumption rate < 57,000 Btu/hr utilizing ASTM standard F1817.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing pizza deck oven at end of life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 17 years.'*®

DEEMED MEASURE COST

The incremental capital cost for this measure is $1800.144

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

143See ‘Arkansas Deemed TRM Table for GasFoodService.xls’ from v3.0 Arkansas Technical Reference Manual.
144 |pid.
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 884 Therms.'4°

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-CVOV-V02-180101

REVIEW DEADLINE: 1/1/2024

145 The Resource Solutions Group Commercial Conveyor Oven — Gas workpaper from January 2012; Commercial Gas Conveyor
Oven — Large Gas Savings (therms/unit).
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4.2.5 ENERGY STAR Convection Oven

DESCRIPTION
This measure applies to natural gas fired ENERGY STAR convection ovens installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a natural gas convection oven with a cooking efficiency
> 46% utilizing ASTM standard 1496 and an idle energy consumption rate < 12,000 Btu/hr.246

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a natural gas convection oven that is not ENERGY STAR certified and is at end of life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.'#’

DEEMED MEASURE COST

The incremental capital cost for this measure is $50.148

LOADSHAPE

N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

Custom calculation below; otherwise, use deemed value of 306 therms.14°

ATherms = (ADailyldle Energy + ADailyPreheat Energy + ADailyCooking Energy) * Days /100000

146 Version 2.2. of the ENERGY STAR specification.

147 Lifetime from ENERGY STAR Commercial Kitchen Equipment Savings Calculator, Oven Calculations, which cites reference as
“FSTC research on available models, 2009”.

148Measure cost from ENERGY STAR Commercial Kitchen Equipment Savings Calculator which cites reference as “EPA research
on available models using AutoQuotes, 2010”.

149 Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings Calculator, Oven
Calculations.

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 64 of 732



Illinois Statewide Technical Reference Manual — 4.2.5 ENERGY STAR Convection Oven

Where:
ADailyldleEnergy = (IdleBase* IdleBaseTime)- (IdleENERGYSTAR * |dleENERGYSTARTime)
ADailyPreheatEnergy = (PreHeatNumberBase * PreheatTimeBase / 60 * PreheatRateBase) —
(PreheatNumberENERGYSTAR * PreheatTimeENERGYSTAR/60 *
PreheatRateENERGYSTAR)
ADailyCookingEnergy = (LB * EFOOD/ EffBase) - (LB * EFOOD/ EffENERGYSTAR)
Where:
HOURSday = Average Daily Operation

= custom or if unknown, use 12 hours
Days = Annual days of operation

= custom or if unknown, use 365.25 days a year
LB = Food cooked per day

= custom or if unknown, use 100 pounds
EffENERGYSTAR = Cooking Efficiency ENERGY STAR

= custom or if unknown, use 46%
EffBase = Cooking Efficiency Baseline

= custom or if unknown, use 30%
PCENERGYSTAR = Production Capacity ENERGY STAR

= custom or if unknown, use 80 pounds/hr
PCBase = Production Capacity base

= custom or if unknown, use 70 pounds/hr
PreheatNumberENERGYSTAR = Number of preheats per day

= custom or if unknown, use 1
PreheatNumberBase = Number of preheats per day

= custom or if unknown, use 1
PreheatTimeENERGYSTAR = preheat length

= custom or if unknown, use 15 minutes

PreheatTimeBase = preheat length

custom or if unknown, use 15 minutes
PreheatRateENERGYSTAR = preheat energy rate high efficiency

= custom or if unknown, use 44000 btu/h
PreheatRateBase = preheat energy rate baseline

= custom or if unknown, use 76000 btu/h
IdleENERGYSTAR = Idle energy rate

= custom or if unknown, use 12000 btu/h

IdleBase = Idle energy rate
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= custom or if unknown, use 18000 btu/h
IdleENERGYSTARTime = ENERGY STAR Idle Time
=HOURsday-LB/PCENERGYSTAR —PreHeatTimeENERGYSTAR/60
=12 -100/80 - 15/60
=10.5 hours
IdleBaseTime = BASE Idle Time
= HOURsday-LB/PCbase —PreHeatTimeBase/60
=Custom or if unknown, use
=12 —100/70-15/60
=10.3 hours
EFOOD = ASTM energy to food
= 250 btu/pound

For example, an ENERGY STAR Oven with a cooking energy efficiency of 46% and default values from above
would save.

ATherms = (Aldle Energy + APreheat Energy + ACooking Energy) * Days /100000

Where:

ADailyldleEnergy =(18000%*10.3)- (12000*10.5)
=59,400 btu

ADailyPreheatEnergy =(1*15/60 *76000) — (1 * 15 / 60 *44000)
= 8,000 btu

ADailyCookingEnergy = (100 * 250/ .30) - (100 * 250/ .46)
=28,986 btu

ATherms = (59,400 + 8,000 + 28,986) * 365.25 /100000
=352 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O& M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-FSE-ESCV-V02-180101

REVIEW DEADLINE: 1/1/2024
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4.2.6 ENERGY STAR Dishwasher

DESCRIPTION

This measure applies to ENERGY STAR high and low temp under counter, stationary single tank door type, single tank
conveyor, and multiple tank conveyor dishwashers, as well as high temp pot, pan, and utensil dishwashers installed
in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be an ENERGY STAR certified dishwasher meeting idle
energy rate (kW) and water consumption (gallons/rack) limits, as determined by both machine type and sanitation
approach (chemical/low temp versus high temp).

ENERGY STAR Requirements (Effective February 1, 2013)

. High Temp Efficiency Requirements Low Temp Efficiency Requirements
Dishwasher Type = =
Idle Energy Rate Water Consumption Idle Energy Rate Water Consumption

Under Counter <0.50 kW <0.86 GPR <0.50 kW <1.19GPR
Stationary Single Tank Door <0.70 kW <0.89 GPR <0.60 kW <1.18 GPR
Pot, Pan, and Utensil <1.20 kW < 0.58 GPSF <1.00 kW < 0.58 GPSF
Single Tank Conveyor < 1.50 kW <0.70 GPR < 1.50 kW <0.79 GPR
Multiple Tank Conveyor <2.25 kW <0.54 GPR <2.00 kW <0.54 GPR

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a new dishwasher that is not ENERGY STAR certified.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be:'*°
Dishwasher Type Equipment Life
Under Counter 10
Stationary Single Tank Door 15
Single Tank Conveyor 20
Multi Tank Conveyor 20
Under Counter 10
Stationary Single Tank Door 15
Single Tank Conveyor 20
Multi Tank Conveyor 20
Pot, Pan, and Utensil 10

DEEMED MEASURE COST
The incremental capital cost for this measure is provided below:*5!

Dishwasher Type Incremental Cost
)2 Under Counter S50

150 Lifetime from ENERGY STAR Commerical Kitchen Equipment Savings Calculator which cites reference as “EPA/FSTC research
on available models, 2013”

151 Measure cost from ENERGY STAR Commercial Kitchen Equipment Savings Calculator which cites reference as “EPA research
on available models using AutoQuotes, 2012”
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Dishwasher Type Incremental Cost

Stationary Single Tank Door SO

Single Tank Conveyor SO

Multi Tank Conveyor $970
Under Counter $120
Stationary Single Tank Door $770
Single Tank Conveyor $2,050
Multi Tank Conveyor $970

Pot, Pan, and Utensil $1,710

LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different restaurant types:*>2

Location CF ‘
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.39
Algorithm

CALCULATION OF SAVINGS

ENERGY STAR dishwashers save energy in three categories: building water heating, booster water heating and idle
energy. Building water heating and booster water heating could be either electric or natural gas.

ELECTRIC ENERGY SAVINGS

Custom calculation below!53, otherwise use deemed values found within the tables that follow.
AkWh = ABuildingEnergy + ABoosterEnergy + AldleEnergy
Where:
ABuildingEnergy = Change in annual electric energy consumption of building water heater

= [(WaterUseg.se * RacksWashed * Days) * (ATin *1.0 * 8.2 + Effyeater + 3,412)] -
[(WaterUsegstar * RacksWashed * Days) * (ATi, *1.0 * 8.2 + Effyeater+ 3,412)]

ABoosterEnergy = Annual electric energy consumption of booster water heater154

= [(WaterUseg.se * RacksWashed * Days) * (AT, *1.0 * 8.2 + Effyeater + 3,412)] -
[(WaterUsegstar * RacksWashed * Days) * (ATi, *1.0 * 8.2 + Effyeater+ 3,412)]

152 yalues taken from Minnesota Technical Reference Manual (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
II, Claar, et. al., May 1985

153Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings Calculator.

154 Booster water heater energy only applies to high-temperature dishwashers.
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Where:
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AldleEnergy

WaterUsegase

WaterUsegstar

RacksWashed

Days

ATin

1.0
8.2
EffHeater

3,412

IdleDrawgase

IdIeDrawESTAR

Hours

WashTime

60

= Annual idle electric energy consumption of dishwasher
= [IdleDrawsase™ (Hours *Days — Days * RacksWashed * WashTime + 60)] —
[IdleDrawestar® (Hours *Days — Days * RacksWashed * WashTime + 60)]

= Water use per rack (gal) of baseline dishwasher

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

= Water use per rack (gal) of ENERGY STAR dishwasher

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

= Number of racks washed per day

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

= Annual days of dishwasher operation
= Custom or if unknown, use 365.25 days per year
= Inlet water temperature increase (°F)

= Custom or if unknown, use 70 °F for building water heaters and 40 °F for booster water
heaters

= Specific heat of water (Btu/lb/°F)

= Density of water (Ib/gal)

= Efficiency of water heater

= Custom or if unknown, use 98% for electric building and booster water heaters
= kWh to Btu conversion factor

= |dle power draw (kW) of baseline dishwasher

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

= |dle power draw (kW) of ENERGY STAR dishwasher

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

= Average daily hours of dishwasher operation
= Custom or if unknown, use 18 hours per day
= Typical wash time (min)

= Custom or if unknown, use value from table below as determined by machine type
and sanitation method

= Minutes to hours conversion factor
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For example, an ENERGY STAR high-temperature, under counter dishwasher with electric building and electric
booster water heating with defaults from the calculation above and the table below would save:

AkWh = ABuildingEnergy + ABoosterEnergy + AldleEnergy
Where:

ABuildingEnergy =[(1.09 * 75 * 365.25) * (70 *1.0 * 8.2 + 0.98+ 3,412)] - [(0.86 * 75 * 365.25)
* (70 *1.0 * 8.2 + 0.98+ 3,412)]

= 1,082 kWh
ABoosterEnergy =[(1.09 * 75 * 365.25) * (40 *1.0 * 8.2 + 0.98+ 3,412)] - [(0.86 * 75 * 365.25)
* (40 *1.0 * 8.2 + 0.98 + 3,412)]
= 618 kWh
AldleEnergy =[0.76 * (18 *365.25 — 365.25 * 75 * 2.0 + 60)] —
[0.50 * (18 *365.25 — 365.25 * 75 * 2.0 + 60)]
=1,472 Wh
AkWh =1,082 + 618 + 1,472
= 3,172 kWh

Default values for WaterUse, RacksWashed, kW,qe, and WashTime are presented in the table below.

RacksWashed WashTime WaterUse \ IdleDraw
Low Temperature - Al . Al Conventional ENERGY Conventional ENERGY
Dishwashers Dishwashers STAR STAR
Under Counter 75 2.0 1.73 1.19 0.50 0.50
Stationary Single Tank Door 280 1.5 2.10 1.18 0.60 0.60
Single Tank Conveyor 400 0.3 1.31 0.79 1.60 1.50
Multi Tank Conveyor 600 0.3 1.04 0.54 2.00 2.00
. All All . ENERGY . ENERGY
High Temperature Dishwashers Dishwashers Conventional STAR Conventional STAR
Under Counter 75 2.0 1.09 0.86 0.76 0.50
Stationary Single Tank Door 280 1.0 1.29 0.89 0.87 0.70
Single Tank Conveyor 400 0.3 0.87 0.70 1.93 1.50
Multi Tank Conveyor 600 0.2 0.97 0.54 2.59 2.25
Pot, Pan, and Utensil 280 :g 0.70 0.58 1.20 1.20

Savings for all water heating combinations are presented in the tables below (calculated without rounding variables
as provided above).

Electric building and electric booster water heating

Dishwasher type kWhgase kWhesran |~ AkWh

Under Counter 10,972 8,431 2,541

LA Stationary Single Tank Door 39,306 23,142 16,164

18 Single Tank Conveyor 42,230 28,594 13,636
Multi Tank Conveyor 50,112 31,288 18,824

Under Counter 12,363 9,191 3,173

High Stationary Single Tank Door 39,852 27,981 11,871

Temp Single Tank Conveyor 45,593 36,375 9,218
Multi Tank Conveyor 72,523 45,096 27,426

Pot, Pan, and Utensil 21,079 17,766 3,313
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Electric building and natural gas booster water heating

Natural gas building and electric booster water heating

Dishwasher type

Under Counter 10,972 8,431 2,541

WA Stationary Single Tank Door 39,306 23,142 16,164

1= M Single Tank Conveyor 42,230 28,594 13,636
Multi Tank Conveyor 50,112 31,288 18,824

Under Counter 9,432 6,878 2,554

High Stationary Single Tank Door 26,901 19,046 7,856

T Single Tank Conveyor 33,115 26,335 6,780
Multi Tank Conveyor 51,655 33,479 18,176

Pot, Pan, and Utensil 14,052 11,943 2,108

Dishwasher type

Under Counter 2,831 2,831 0
WA Stationary Single Tank Door 2,411 2,411 0
118 Single Tank Conveyor 9,350 8,766 584
Multi Tank Conveyor 10,958 10,958 0
Under Counter 7,234 5,143 2,090
High Stationary Single Tank Door 17,188 12,344 4,844
Temp Single Tank Conveyor 23,757 18,806 4,951
Multi Tank Conveyor 36,004 24,766 11,238
Pot, Pan, and Utensil 8,781 7,576 1,205

Natural gas building and natural gas booster water heating

Dishwasher type kWhestar \
Under Counter 2,831 2,831 0
G Stationary Single Tank Door 2,411 2,411 0
18 Single Tank Conveyor 9,350 8,766 584
Multi Tank Conveyor 10,958 10,958 0
Under Counter 4,303 2,831 1,472
High Stationary Single Tank Door 4,237 3,409 828
Temp Single Tank Conveyor 11,279 8,766 2,513
Multi Tank Conveyor 15,136 13,149 1,987
Pot, Pan, and Utensil 1,753 1,753 0

Secondary kWh Savings for Water Supply and Wastewater Treatment

The following savings should be included in the total savings for this measure, but should not be included in TRC
tests to avoid double counting the economic benefit of water savings.

AkWhyater = AWater (gallons) / 1,000,000 * Eyater total
Where
= |L Total Water Energy Factor (kWh/Million Gallons)

Ewa‘(er total

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 71 of 732



Illinois Statewide Technical Reference Manual —4.2.6 ENERGY STAR Dishwasher

= 5,010 for measures installed in all areas except Cook County'®®

= 2,937 for measures installed in Cook County*®5157

For example, an ENERGY STAR low-temperature, under-counter dishwasher with defaults from the calculation
above and the table within the electric energy savings characterization would save:

AWater = (WaterUsegpase * RacksWashed * Days) - (WaterUsegstar * RacksWashed * Days)

AWater (gallons) =(1.73* 75 * 365.25) - (1.19* 75 * 365.25)
= 14,793 gallons

AKWhyater = 14,793/1,000,000*5,010
=74 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh/ AnnualHours * CF
Where:

AkWh = Annual kWh savings from measure as calculated above. Note: do not include the
secondary savings in this calculation.

AnnualHours = Hours * Days
= Custom, or if unknown assume (18 * 365.25 =) 6575 annual hours
CF = Summer Peak Coincidence Factor

= dependent on restaurant type:'%8

Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36

155 This factor include 2571 kWh/MG for water supply based on lllinois energy intensity data from a 2012 ISAWWA study and
2439 kWh/MG for wastewater treatment based on national energy intensity use estimates. For more information please review
Elevate Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’.

156 Supply (2,571) + 15% of wastewater (2,439*15% = 366) = 2,937 kWh/million gallons. Assumes that over 10MW wastewater
treatment plant customers consume approximately 85% of the energy for treating wastewater in Cook County and as per
Section 8-103B statute, savings are not allowed to be claimed from customers who are over 10MW customers.

157 The TRM Administrator is not an expert in determining the definitive applicability of IL Statute (220 ILCS 5/8-103B) to these
secondary electric savings. The calculation reported above is based on what the TRM Administrator believes to be a reasonable
interpretation of the Statute: that savings for exempt customers (retail customers of an electric utility that serves more than
3,000,000 retail customers in the State and whose total highest 30 minute demand was more than 10,000 kilowatts, or any retail
customers of an electric utility that serves less than 3,000,000 retail customers but more than 500,000 retail customers in the
State and whose total highest 15 minute demand was more than 10,000 kilowatts) will not be used in the establishment of annual
energy sales or the utility's achievement of the cumulative persisting annual savings goals. In the case that a definitive
interpretation of the Statute’s applicability under these circumstances leads to a different conclusion, this treatment can be
reconsidered.

158 Values taken from Minnesota Technical Reference Manual (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
I, Claar, et. al., May 1985.
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Cafeteria 0.39

For example, a low temperature undercounter dishwasher in a Full Service Limited Menu restaurant with electric
building and booster water heaters would save:

AkW = AkWh/ AnnualHours * CF
=2541/6575*0.51
=0.197 kW

NATURAL GAS ENERGY SAVINGS

ATherms = ABuildingEnergy + ABoosterEnergy

Where:
ABuildingEnergy = Change in annual natural gas consumption of building water heater
= [(WaterUsegase * RacksWashed * Days)*(ATin * 1.0 * 8.2 + Effyeater + 100,000)] -
[(WaterUsegstar® RacksWashed * Days)*(ATin * 1.0*8.2 + Effueater + 100,000)]
ABoosterEnergy = Change in annual natural gas consumption of booster water heater
= [(WaterUsegase * RacksWashed * Days)*(ATin * 1.0 * 8.2 + Effyeater + 100,000)] -
[(WaterUsegstar®* RacksWashed * Days)*(ATin * 1.0*8.2 + Effueater + 100,000)]
Where:

WaterUsegase = Water use per rack (gal) of baseline dishwasher

= Custom or if unknown, use value from table within the electric energy savings
characterization as determined by machine type and sanitation method

WaterUseestar = Water use per rack (gal) of ENERGY STAR dishwasher

= Custom or if unknown, use value from table within the electric energy savings
characterization as determined by machine type and sanitation method

RacksWashed = Number of racks washed per day

= Custom or if unknown, use value from table within the electric energy savings
characterization as determined by machine type and sanitation method

Days = Annual days of dishwasher operation
= Custom or if unknown, use 365 days per year
ATin = Inlet water temperature increase (°F)

= Custom or if unknown, use 70 °F for building water heaters and 40 °F for booster water

heaters
1.0 = Specific heat of water (Btu/lb/°F)
8.2 = Density of water (Ib/gal)
Effyeater = Efficiency of water heater

= Custom or 80% for gas building and booster water heaters

100,000 = Therms to Btu conversion factor
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For example, an ENERGY STAR high-temperature, under counter dishwasher with gas building and gas booster
water heating with defaults from the calculation above and the table within the electric energy savings
characterization would save:

ATherms = ABuildingEnergy + ABoosterEnergy

Where:

ABuildingEnergy = [(1.09 * 75 * 365.25)*(70 * 1.0 * 8.2 + 0.80 + 100,000)] - [(0.86 * 75 *
365.25)*(70* 1.0 * 8.2 + 0.80 + 100,000)]
=45 therms

ABoosterEnergy = [(1.09 * 75 * 365.25)*(40 * 1.0 * 8.2 + 0.80 + 100,000)] - [(0.86 * 75 *
365.25)*(40* 1.0 * 8.2+ 0.80 + 100,000)]
=26 therms

ATherms =45+26
=71 therms

Savings for all water heating combinations are presented in the tables below.

Electric building and natural gas booster water heating

Dishwasher type Thermsgase ~ Thermsgsrar ATherms

Under Counter NA NA NA

LW Stationary Single Tank Door NA NA NA

18 Single Tank Conveyor NA NA NA
Multi Tank Conveyor NA NA NA

Under Counter 123 97 26

High Stationary Single Tank Door 541 374 168

Temp Single Tank Conveyor 522 420 102
Stationary Single Tank Door 872 486 387

Pot, Pan, and Utensil 294 243 50

Natural gas building and natural gas booster water heating

Dishwasher type Thermsgase ~ Thermsgstar ATherms

Under Counter 340 234 106
G Stationary Single Tank Door 1,543 867 676
18 Single Tank Conveyor 1,375 829 546
Multi Tank Conveyor 1,637 850 787
Under Counter 337 266 71
High Stationary Single Tank Door 1,489 1,027 462
Temp Single Tank Conveyor 1,435 1,154 280

Multi Tank Conveyor 2,399 1,336 1,064
Pot, Pan, and Utensil 808 669 139

Natural gas building and electric booster water heating

Dishwasher type Thermsgase  Thermsgstar ATherms
Under Counter 340 234 106
LA Stationary Single Tank Door 1,543 867 676
18 Single Tank Conveyor 1,375 829 546
Multi Tank Conveyor 1,637 850 787
Under Counter 214 169 45
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Dishwasher type Thermsgse ~ Thermsestar ATherms
LIT:{i1 Stationary Single Tank Door 948 654 294
1=y18 Single Tank Conveyor 913 735 178
Multi Tank Conveyor 1,527 850 677
Pot, Pan, and Utensil 514 426 88

WATER IMPACT DESCRIPTIONS AND CALCULATION

AWater = (WaterUseg,c. * RacksWashed * Days) — (WaterUseggrar * RacksWashed *
Days)

Where:
WaterUsegase = Water use per rack (gal) of baseline dishwasher

= Custom or if unknown, use value from table within the electric energy savings
characterization as determined by machine type and sanitation method

WaterUseestar = Water use per rack (gal) of ENERGY STAR dishwasher

= Custom or if unknown, use value from table within the electric energy savings
characterization as determined by machine type and sanitation method

RacksWashed = Number of racks washed per day

= Custom or if unknown, use value from table within the electric energy savings
characterization as determined by machine type and sanitation method

Days = Annual days of dishwasher operation

= Custom or if unknown, use 365 days per year

For example, an ENERGY STAR low-temperature, under counter dishwasher with defaults from the calculation
above and the table within the electric energy savings characterization would save:

AWater = (WaterUsegpase ¥ RacksWashed * Days) - (WaterUsegstar * RacksWashed * Days)
AWater (gallons) =(1.73* 75 * 365.25) - (1.19 * 75 * 365.25)
= 14,793 gallons

Savings for all dishwasher types are presented in the table below.

Annual Water Consumption (gallons)

Baseline ENERGY STAR Savings
Low Temperature
Under Counter 47,391 32,599 14,793
Stationary Single Tank 214,767 120,679 94,088
Door
Single Tank Conveyor 191,391 115,419 75,972
Multi Tank Conveyor 227,916 118,341 109,575
Under Counter 29,859 23,559 6,301
SDtj:)':’"ary Single Tank 131,928 91,020 40,908
Single Tank Conveyor 127,107 102,270 24,837
Multi Tank Conveyor 212,576 118,341 94,235
Pot, Pan, and Utensil 71,589 59,317 12,272
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DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-FSE-ESDW-V05-190101

REVIEW DEADLINE: 1/1/2023
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4.2.7 ENERGY STAR Fryer

DESCRIPTION
This measure applies to electric or natural gas fired ENERGY STAR certified fryers installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the installed equipment must be an ENERGY STAR certified fryer meeting idle energy
rate (W or Btu/hr)) and cooking efficiency (%) limits, as determined by both fuel type and fryer capacity (standard
versus large vat).

ENERGY STAR Requirements (Version 3.0, Effective October 1, 2016)

Fryer Capacity Electric Efficiency Requirements \ Natural Gas Efficiency Requirements
Cooking Efficiency Cooking Efficiency
Idle Energy Rate T Idle Energy Rate R
Standard Open Deep-Fat Fryer <800 W > 83% < 9,000 Btu/hr > 50%
Large Vat Open Deep-Fat Fryer <1,100 W > 80% <12,000 Btu/hr =200

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a new electric or natural gas fryer that is not ENERGY STAR certified.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.'>°

DEEMED MEASURE COST

The incremental capital cost for this measure is $1200.5°

LOADSHAPE

Loadshape C01 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type:'5*

Location CF

Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu | 0.36

159 ifetime from ENERGY STAR Commercial Kitchen Equipment Savings Calculator ,which cites reference as “FSTC research on
available models, 2009.

160Measure cost from ENERGY STAR Commercial Kitchen Equipment Savings Calculator which cites reference as “EPA research
on available models using AutoQuotes, 2010”.

161Values taken from Minnesota Technical Reference Manual, (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
I, Claar, et. al., May 1985.
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Cafeteria 0.39

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Custom calculation for an electric fryer below; otherwise use deemed value of 2,378.0 kWh for standard fryers and

2,537.9 kWh for large vat fryers.152

AkWh
Where:

ADailyldleEnergy

ADailyCookingEnergy
Where:

ADailyldleEnergy

ADailyCookingEnergy

Days

1,000

Elecldlepase

E|eC|d|eEs‘rAR

HOURS

LB

ElecPCgase

Elecchs‘rAR

EFOODgiec

= (ADailyldleEnergy + ADailyCookingEnergy) * Days /1,000

= (Elecldlegse* (HOURS — LB/ElecPCgase)) — (Elecldlegsrar * (HOURS —
LB/EIecPCESTAR))

= (LB * EFOODHQC/ E|ECEffBase) - (LB * EFOODHQC/EIecEffESTAR)

= Difference in idle energy between baseline and efficient fryer

= Difference in cooking energy between baseline and efficient fryer
= Annual days of operation

= Custom, or if unknown, use 365.25 days per year

= Wh to kWh conversion factor

= Idle energy rate of baseline electric fryer

= 1,050 W for standard fryers and 1,350 W for large vat fryers

= Idle energy rate of ENERGY STAR electric fryer

= Custom or if unknown, use 800 W for standard fryers and 1,100 for large vat
fryers

= Average daily hours of operation

= Custom or if unknown, use 16 hours per day for a standard fryer and 12 hours
per day for a large vat fryer

= Food cooked per day

= Custom or if unknown, use 150 pounds

= Production capacity of baseline electric fryer

=65 Ib/hr for standard fryers and 100 Ib/hr for large vat fryers
= Production capacity of ENERGY STAR electric fryer

= Custom or if unknown, use 70 Ib/hr for standard fryers and 110 Ib/hr for
large vat fryers

= ASTM energy to food for electric fryers

162 Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings Calculator.
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=167 Wh/Ib
ElecEffgase = Cooking efficiency of baseline electric fryer

= 75% for standard fryers and 70% for large vat fryers
ElecEffestar = Cooking efficiency of ENERGY STAR electric fryer

= Custom or if unknown, use 83% for standard fryers and 80% for large vat fryers

For example, an ENERGY STAR standard-sized electric fryer, using default values from the calculation above,
would save:

AkWh = (ADailyldleEnergy + ADailyCookingEnergy) * Days /1,000

Where:
ADailyldleEnergy = (1,050 * (16 — 150/ 65)) - (800 * (16 — 150 / 70))
=3,291 Wh
ADailyCookingEnergy = (150 * 167/ 0.75) - (150 * 167/ 0.83)
=3,219 Wh
AkWh = (3,291 + 3,219) * 365.25 / 1,000
=2,378.0 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh/(HOURS * Days) * CF
Where:
AkWh = Electric energy savings, calculated above

Other variables as defined above.

For example, an ENERGY STAR standard-sized electric fryer in a cafeteria, using default values from the
calculation above, would save:

AKW = AKWh/(HOURS * Days) * CF
=2,378.0/ (16 * 365.25) * 0.36
= 0.1465 kW

NATURAL GAS ENERGY SAVINGS

Custom calculation for a gas fryer below, otherwise use deemed value of 507.9 therms for standard fryers and 415.1
therms for large vat fryers.'®3

ATherms = (ADailyldle Energy + ADailyCooking Energy) * Days /100,000
Where:
ADailyldleEnergy = (Gasldlepase® (HOURS — LB/GasPCgxe)) — (Gasldlegstar * (HOURS —
LB/GasPCesrar))
ADailyCookingEnergy = (LB * EFOODg,s/ GasEffgase) — (LB * EFOODgas/GasEffestar)
Where:

163 Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings Calculator.
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100,000 = Btu to therms conversion factor
Gasldlepase = |dle energy rate of baseline gas fryer

= 14,000 Btu/hr for standard fryers and 16,000 Btu/hr for large vat fryers
Gasldlegstar = |dle energy rate of ENERGY STAR gas fryer

= Custom or if unknown, use 9,000 Btu/hr for standard fryers and 12,000 Btu/hr
for large vat fryers

GasPCgase = Production capacity of baseline gas fryer

=60 Ib/hr for standard fryers and 100 Ib/hr for large vat fryers

GasPCesrar = Production capacity of ENERGY STAR gas fryer
= Custom or if unknown, use 65 Ib/hr for standard fryers and 110 Ib/hr for large
vat fryers

EFOODgas = ASTM energy to food
=570 Btu/Ib

GasEffgase = Cooking efficiency of baseline gas fryer

= 35% for both standard and large vat fryers
GasEffestar = Cooking efficiency of ENERGY STAR gas fryer
= Custom or if unknown, use 50% for both standard and large vat fryers

Other variables as defined above.

For example, an ENERGY STAR standard-sized electric fryer, using default values from the calculation above,
would save:

ATherms = (ADailyldleEnergy + ADailyCookingEnergy) * Days /100,000
Where:
ADailyldleEnergy = (14,000 * (16 — 150 / 60)) - (9,000 * (16 — 150 / 65))
= 65,769 Btu/day
ADailyCookingEnergy = (150 * 570/ 0.35) - (150 * 570/ 0.50)
=73,286 Btu/day
ATherms = (65,769 + 73,286) * 365.25 / 100,000

=507.9 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-FSE-ESFR-V02-190101

REVIEW DEADLINE: 1/1/2022
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4.2.8 ENERGY STAR Griddle

DESCRIPTION

This measure applies to single or double-sided electric, natural gas fired, or dual fuel ENERGY STAR griddles installed
in a commercial kitchen. For dual fuel griddles, savings should be divided between electric and gas as described in
the Natural Gas Energy Savings section of this measure.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a single or double-sided natural gas, electric, or dual
fuel ENERGY STAR griddle with a tested heavy load cooking energy efficiency of 70 percent (electric) 38 percent (gas)
or greater and an idle energy rate of 2,650 Btu/hr per square foot of cooking surface or less, utilizing ASTM F1275.
The griddle must have an Idle Energy Consumption Rate < 2,600 Btu/hr per square foot of cooking surface.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas or electric griddle that’s not ENERGY STAR certified and is at end
of use.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 12 years.1%4

DEEMED MEASURE COST

The incremental capital cost for this measure is $0 for and electric griddle and $60 for a gas griddle.1®°

LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type:'%®

Location CF

Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.39

164 | ifetime from ENERGY STAR Commercial Kitchen Equipment Calculator, Commercial Griddle Calculations, which cites
reference as “FSTC research on available models, 2009”.

165 Measure cost from ENERGY STAR Commercial Kitchen Equipment Calculator, which cites reference as “EPA research on
available models using AutoQuotes, 2010”.

166\/alues taken from Minnesota Technical Reference Manual (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
I, Claar, et. al., May 1985.
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Algorithm

CALCULATION OF SAVINGS 167

ELECTRIC ENERGY SAVINGS
Custom calculation for single or double-sided electric griddles below, otherwise use deemed value of 2,597 kWh.

AkWh = (Aldle Energy + APreheat Energy + ACooking Energy) * Days /1000

Where:
ADailyldleEnergy =[(IdleBase * Width * Depth * (HOURSday — (LB/(PCBase * Width * Depth)) —
(PreheatNumberBase* PreheatTimeBase/60)]- [(IdleENERGYSTAR * Width *
Depth * (HOURSday — (LB/(PCENERGYSTAR * Width * Depth)) -
(PreheatNumberENERGYSTAR* PreheatTimeENERGYSTAR/60]
ADailyPreheatEnergy = (PreHeatNumberBase * PreheatTimeBase / 60 * PreheatRateBase * Width *
Depth) — (PreheatNumberENERGYSTAR* PreheatTimeENERGYSTAR/60 *
PreheatRateENERGYSTAR * Width * Depth)
ADailyCookingEnergy = (LB * EFOOD/ EffBase) - (LB * EFOOD/ EffENERGYSTAR)
Where:
HOURSday = Average Daily Operation

= custom or if unknown, use 12 hours
Days = Annual days of operation
= custom or if unknown, use 365.25 days a year
LB = Food cooked per day
= custom or if unknown, use 100 pounds
Width = Griddle Width
= custom or if unknown, use 3 feet
Depth = Griddle Depth
= custom or if unknown, use 2 feet
EffENERGYSTAR = Cooking Efficiency ENERGY STAR
= custom or if unknown, use 70%
EffBase = Cooking Efficiency Baseline
= custom or if unknown, use 65%
PCENERGYSTAR = Production Capacity ENERGY STAR
= custom or if unknown, use 40/6 = 6.67 pounds/hr/sq ft
PCBase = Production Capacity base
= custom or if unknown, use 35/6 = 5.83 pounds/hr/sq ft
PreheatNumberENERGYSTAR = Number of preheats per day

= custom or if unknown, use 1

167 Algorithms and assumptions derived from ENERGY STAR Griddle Commercial Kitchen Equipment Savings Calculator.
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PreheatNumberBase = Number of preheats per day

= custom or if unknown, use 1
PreheatTimeENERGYSTAR = preheat length

= custom or if unknown, use 15 minutes
PreheatTimeBase = preheat length

= custom or if unknown, use 15 minutes
PreheatRateENERGYSTAR = preheat energy rate high efficiency

= custom or if unknown, use 8000/6 = 1333 W/sq ft
PreheatRateBase = preheat energy rate baseline

= custom or if unknown, use 16000/6 = 2667 W/sq ft
IdleENERGYSTAR = Idle energy rate

= custom or if unknown, use 320 W/sq ft
IdleBase = Idle energy rate

= custom or if unknown, use 400 W/sq ft
EFOOD = ASTM energy to food

=139 w/pound

For example, an ENERGY STAR griddle with a tested heavy load cooking energy efficiency of 70 percent or greater
and an idle energy rate of 320 W per square foot of cooking surface or less would save.

ADailyldleEnergy =[400 * 3 * 2 * (12 — (100/(35/6 * 3 * 2)) — (1 *15/60)]- [320 * 3 * 2 * (12 -
(100/(40/6 * 3 * 2)) - (1* 15/60]
=3583 W
ADailyPreheatEnergy = (1* 15 /60 * 16000/6 * 3 * 2) — (1* 15/60 * 8000/6 * 3 * 2)
=2000W
ADailyCookingEnergy = (100 * 139/ 0.65) - (100 * 139/ 0.70)
=1527 W
AkWh = (2000+1527+3583) * 365.25 /1000
= 2597 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
kw = AkWh/Hours * CF

For example, an ENERGY STAR griddle in a cafeteria with a tested heavy load cooking energy efficiency of 70
percent or greater and an idle energy rate of 320 W per square foot of cooking surface or less would save

=2597 kWh/4308 * 0.39
=0.24 kW

NATURAL GAS ENERGY SAVINGS

Custom calculation for single or double-sided gas griddles or dual fuel griddles below, otherwise use deemed value
of 149 therms.

ATherms = (Aldle Energy + APreheat Energy + ACooking Energy) * Days /100000
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Where:

ADailyldleEnergy

ADailyPreheatEnergy

ADailyCookingEnergy

Where (new variables only):

EffENERGYSTAR

EffBase

PCENERGYSTAR

PCBase

=[(IdleBase * Width * Depth * (HOURSday - LB/(PCBase * Width * Depth)) —
(PreheatNumberBase* PreheatTimeBase/60)]- [(IdleENERGYSTAR * Width *
Depth * (HOURSday — (LB/(PCENERGYSTAR * Width * Depth)) -
(PreheatNumberENERGYSTAR* PreheatTimeENERGYSTAR/60]

= (PreHeatNumberBase * PreheatTimeBase / 60 * PreheatRateBase * Width *
Depth) — (PreheatNumberENERGYSTAR* PreheatTimeENERGYSTAR/60 *
PreheatRateENERGYSTAR * Width * Depth)

= (LB * EFOOD/ EffBase) - (LB * EFOOD/ EffENERGYSTAR)

= Cooking Efficiency ENERGY STAR

= custom or if unknown, use 38%

= Cooking Efficiency Baseline

= custom or if unknown, use 32%

= Production Capacity ENERGY STAR

= custom or if unknown, use 45/6 = 7.5 pounds/hr/sq ft
= Production Capacity base

= custom or if unknown, use 25/6 = 4.17 pounds/hr/sq ft

PreheatRateENERGYSTAR = preheat energy rate high efficiency

PreheatRateBase

IdleENERGYSTAR

IdleBase

EFOOD

= custom or if unknown, use 60000/6 = 10000 btu/h/sq ft
= preheat energy rate baseline

= custom or if unknown, use 84000/6 = 14000 btu/h/sq ft
= Idle energy rate

= custom or if unknown, use 15900/6 = 2650 btu/h/sq ft
= Idle energy rate

= custom or if unknown, use 21000/6 = 3500 btu/h/sq ft
= ASTM energy to food

=475 btu/pound

For dual fuel griddles, assume that half of the therms savings calculated according to the algorithm above are gas
savings and half are electric savings.'®® Electric savings for dual griddles should be calculated as AkWh = (ATherms

* 0.50) * 29.3.

168 pyel fuel griddles are usually electric top plates and gas bottom plates, often used by fast food restaurants. As per DOE
workpaper "Energy Savings Potential and RD&D Opportunities for Commercial Building Appliances (2015 Update)" these
models have a “second heating plate that is lowered on top of the food and used to simultaneously cook both sides." It
therefore is reasonable to assume half savings are attributed to gas v electric.
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For example, an ENERGY STAR griddle with a tested heavy load cooking energy efficiency of 38 percent or greater
and an idle energy rate of 2,650 Btu/h per square foot of cooking surface or less and an Idle Energy Consumption
Rate < 2,600 Btu/h per square foot of cooking surface would save.
ADailyldleEnergy =[3500 * 3 * 2 * (12 - 100/(25/6* 3 * 2)) — (1* 15/60))]- [(2650 * 3 * 2 * (12 -
(100/(45/6 * 3 * 2)) — (1* 15/60)))]
=11258 Btu
ADailyPreheatEnergy =(1*15/60* 14,000 * 3 * 2) —(1* 15/60 * 10000 * 3 * 2)
= 6000 btu
ADailyCookingEnergy = (100 * 475/ 0.32) - (100 * 475/ 0.38)
=23438 btu
ATherms = (11258 + 6000 + 23438) * 365.25 /100000
=149 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-FSE-ESGR-V04-200101

REVIEW DEADLINE: 1/1/2023
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4,29 ENERGY STAR Hot Food Holding Cabinets

DESCRIPTION
This measure applies to electric ENERGY STAR hot food holding cabinets (HFHC) installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be an ENERGY STAR certified HFHC.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an electric HFHC that’s not ENERGY STAR certified and at end of life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.*6°

DEEMED MEASURE COST

The incremental capital cost for this measure is:*"°

HFHC Size \ Incremental Cost |
Full Size (20 cubic feet) $1200
% Size (12 cubic feet) $1800
% Size (8 cubic feet) $1500

LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type:*"*

Location CF

Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.39

169 | ifetime from ENERGY STAR Commercial Kitchen Equipment Calculator, Hot Food Holding Cabinet Calculations, which cites
reference as “FSTC research on available models, 2009”.

170 Measure cost from ENERGY STAR Commercial Kitchen Equipment Calculator, which cites reference as “EPA research on
available models using AutoQuotes, 2010”.

171Values taken from Minnesota Technical Reference Manual (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
11, Claar, et. al., May 1985.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Custom calculation below, otherwise use deemed values depending on HFHC size:'"?

Cabinet Size Savings (kWh)

Full Size HFHC 9308
% Size HFHC 3942
% Size HFHC 2628

AkWh = HFHCBaselinekWh _HFHCENERGYSTARkWh

Where:

HFHCBaselinekWh = PowerBaseline* HOURSday * Days/1000

PowerBaseline = Custom, otherwise

HOURSday

Days

HFHCENERGYSTARKWh
PowerENERGYSTAR

HOURSday

Days

Cabinet Size Power (W)

Full Size HFHC 2500
% Size HFHC 1200
% Size HFHC 800

= Average Daily Operation

= custom or if unknown, use 15 hours

= Annual days of operation

= custom or if unknown, use 365.25 days a year
= PowerENERGYSTAR* HOURSday * Days/1000

= Custom, otherwise

Cabinet Size Power (W)

Full Size HFHC 800
% Size HFHC 480
¥ Size HFHC 320

= Average Daily Operation
= custom or if unknown, use 15 hours
= Annual days of operation

= custom or if unknown, use 365.25 days a year

172 Algorithms and assumptions derived from ENERGY STAR Commercial Kitchen Equipment Savings Calculator.
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For example, if a full size HFHC is installed the measure would save:
AkWh = (PowerBaseline* HOURSday * Days)/1000— (PowerENERGYSTAR* HOURSday * Days)/1000
= (2500*15*365.25)/1000 — (800*15*365.25)/1000
=9,314 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh/Hours * CF

Where: Hours = Hoursday *Days

For example, if a full size HFHC is installed in a cafeteria the measure would save:
=9,314 kWh / (15*365.25)* .39
=0 .66 kW

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-ESHH-V03-190101

REVIEW DEADLINE: 1/1/2023
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4.2.10 lce Maker

DESCRIPTION

This measure relates to the installation of a new ENERGY STAR qualified or CEE Tier 2 Advanced commercial ice
machine. The ENERGY STAR label applied to air-cooled, cube-type machines including ice-making head, self-
contained, and remote-condensing units. This measure could relate to the replacing of an existing unit at the end of
its useful life, or the installation of a new system in a new or existing building.

This measure was developed to be applicable to the following program types: TOS and NC. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a new commercial ice machine
meeting the minimum ENERGY STAR or CEE Tier 2 Advanced'”® efficiency level standards.

ENERGY STAR Requirements (Version 3.0, Effective January 28, 2018)

ENERGY STAR Requirements for Air-Cooled Batch-Type Ice Makers

Equipment  Applicable Ice Harvest Rate ENERGY STAR Energy Consumption Potable Water Use
Type Range (Ibs of ice/24 hrs) Rate (kWh/100 Ibs ice) (gal/100 Ibs ice)

H <300 <9.20-0.01134H
300 < H< 800 <6.49 - 0.0023H <20.0
800 < H< 1500 <5.11-0.00058H
1500 < H <4000 <4.24
H <988 <7.17-0.00308H
<20.0
988 < H <4000 <4.13
H< 110 <12.57 - 0.0399H
110 < H< 200 <10.56 - 0.0215H <25.0
200 < H <4000 <6.25

ENERGY STAR Requirements for Air-Cooled Continuous-Type Ice Makers

. . ENERGY STAR Energy
Equipment = Applicable Ice Harvest Rate Range ! Potable Water Use
Consumption Rate (kWh/100

Type (Ibs of ice/24 hrs) Ibs ice) (gal/100 Ibs ice)

H< 310 <7.90 - 0.005409H
310< H< 820 <7.08-0.002752H <15.0
820 < H <4000 <4.82
H < 800 <7.76 - 0.00464H
800 < H <4000 <4.05 =150
H < 200 <12.37-0.0261H
200 < H <700 < 8.24 - 0.005429H <15.0
700 < H <4000 <4.44

173 Consortium of Energy Efficiency (CEE) High Efficiency Specifications for Commercial Ice Makers, Effective Date 7/1/2011,
updated 7/7/2015.
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CEE Tier 2 Advanced Requirements for Air Cooled Ice Makers
ENERGY STAR Energy

Potable Water Use
(gal/100 Ibs ice)

Equipment | Applicable Ice Harvest Rate Range

ion R
Type (Ibs of ice/24 hrs) Consumption Rate

(kWh/100 lbs ice)

<175 14 - 0.0347H
2175 and <450 9.6 — 0.0098H <20
2450 and <1000 5.9-0.0016H <20
>1000 4.5-0.0002H <20

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be a commercial ice machine
meeting federal equipment standards established January 28, 2018.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 9 years.74

DEEMED MEASURE COST

When available, the actual cost of the measure installation and equipment shall be used. The incremental capital
cost for this measure is SO for Batch-Type, Continuous-Type, and CEE Tier 2 ice makers'’>,

LOADSHAPE

Loadshape C23 - Commercial Refrigeration

COINCIDENCE FACTOR

The Summer Peak Coincidence Factor is assumed to equal 0.937.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AKWH = [(kWhpase — kWhee) / 100] * (DC * H) * 365.25
Where:
kWhpase = maximum kWh consumption per 100 pounds of ice for the baseline equipment

= calculated as shown in the table below using the actual Harvest Rate (H) of the efficient
equipment!’®.

kWhee = maximum kWh consumption per 100 pounds of ice for the efficient equipment

= calculated as shown in the table below using the actual Harvest Rate (H) of the efficient
equipment.

174 Based on DOE Technical Support Document, 2014 as recommended in Navigant ‘ComEd Effective Useful Life Research Report’,
May 2018.

175Incremental costs from ENERGY STAR Commercial Kitchen Equipment Savings Calculator. Calculator cites EPA research using
AutoQuotes, 2016.

176 Use the appropriate equipment type baseline and ice harvest rate range when calculating the savings for a CEE Tier
Advanced ice maker.
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Energy Consumption of Air-Cooled Batch-Type Ice Makers

Ice Maker | Applicable Ice Harvest Rate Range

kWh ase
Type (Ibs of ice/24 hrs) -

kWh ESTAR

H < 300

10-0.01233H

<9.20-0.01134H

300 < H<800 7.05-0.0025H <6.49-0.0023H
800 < H< 1500 5.55-0.00063H <5.11-0.00058H
1500 < H < 4000 4.61 <4.24

H <988 7.97-0.00342H <7.17-0.00308H
988 < H <4000 4.59 <4.13

H< 110 14.79-0.0469H <12.57-0.0399H
110 < H< 200 12.42-0.02533H <10.56 - 0.0215H

200 < H <4000

7.35

<6.25

Energy Consumption of Air-Cooled Continuous-Type Ice Makers
Equipment Applicable Ice Harvest Rate Range

kWh kWh
Type (Ibs of ice/24 hrs) g ESTAR

H< 310 9.19-0.00629H < 7.90-0.005409H

IMH 310<H< 820 8.23-0.0032H <7.08-0.002752H
820 < H <4000 5.61 <4.82

H < 800 9.7-0.0058H <7.76 — 0.00464H
800 < H <4000 5.06 <4.05

H <200 14.22-0.03H <12.37-0.0261H

200 <H< 700 9.47-0.00624H <8.24-0.005429H
700 < H <4000 5.1 <4.44

CEE Tier 2 Advanced Requirements for Air Cooled Ice Makers
Equipment Applicable Ice Harvest Rate Range ENERGY STAR Energy Consumption Rate
Type (Ibs of ice/24 hrs) (kWh/100 Ibs ice)

<175 14 - 0.0347H
All 2175 and <450 9.6 — 0.0098H
>450 and <1000 5.9 -0.0016H
>1000 4.5 -0.0002H
100 = conversion factor to convert kWhbase and kWhee into maximum kWh consumption per pound
of ice.
DC = Duty Cycle of the ice machine
=0.577
H = Harvest Rate (pounds of ice made per day)

= Actual installed

177Duty cycle varies considerably from one installation to the next. TRM assumptions from Vermont, Wisconsin, and New York
vary from 40 to 57%, whereas the ENERGY STAR Commercial Ice Machine Savings Calculator assumes a value of 75%. A field
study of eight ice machines in California indicated an average duty cycle of 57% (“A Field Study to Characterize Water and
Energy Use of Commercial Ice-Cube Machines and Quantify Saving Potential”, Food Service Technology Center, December
2007). Furthermore, a report prepared by ACEEE assumed a value of 40% (Nadel, S., Packaged Commercial Refrigeration
Equipment: A Briefing Report for Program Planners and Implementers, ACEEE, December 2002). The value of 57% was utilized
since it appears to represent a high quality data source.
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365.35 = days per year

For example, a batch ice machine with an ice making head producing 450 pounds of ice would save
AkWH =[(5.9-5.5)/100] * (0.57 * 450) * 365.25
=440 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh /(HOURS * DC) * CF
Where:
HOURS = annual operating hours
= 876678
CF =0.937

For example, an ice machine with an ice making head producing 450 pounds of ice would save
AkW  =440/(8766 * 0.57) * .937
=0.083 kW

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

While the ENERGY STAR labeling criteria require that certified commercial ice machines meet certain “maximum
potable water use per 100 pounds of ice made” requirements, such requirements are intended to prevent
equipment manufacturers from gaining energy efficiency at the cost of water consumptions. A review of the AHRI
Certification Directory®” indicates that approximately 81% of air-cooled, cube-type machines meet the ENERGY
STAR potable water use requirement. Therefore, there are no assumed water impacts for this measure.

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
MEASURE CoDE: CI-FSE-ESIM-V04-210101

REVIEW DEADLINE: 1/1/2024

178Unit is assumed to be connected to power 24 hours per day, 365.25 days per year.
179AHRI Certification Directory, Automatic Commercial Ice Makers, Accessed on 7/7/10.
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4.2.11 High Efficiency Pre-Rinse Spray Valve

DESCRIPTION

Pre-rinse spray valves use a spray of water to remove food waste from dishes prior to cleaning in a dishwasher.
More efficient spray valves use less water thereby reducing water consumption, water heating cost, and waste water
(sewer) charges. Pre-rinse spray valves include a nozzle, squeeze lever, and dish guard bumper. Pre-rinse spray
valves are manually operated, and the frequency of use depends on the volume of dirty dishes washed at a facility.
The primary impacts of this measure are water savings. Reduced hot water consumption saves either natural gas or
electricity, depending on the type of energy the hot water heater uses.

This measure was developed to be applicable to the following program types: TOS, EREP, KITS and DI. If applied to
other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the new or replacement pre-rinse spray nozzle must have a maximum flow rate that
meets program requirements.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment flow rate depends on program type. For TOS, the baseline equipment is a new pre-rinse
spray valve with a maximum flow rate of 1.23 gpm or less.'® For EREP and DI, the baseline equipment is an existing
pre-rinse spray valve with an assumed flow rate of 2.14 gpm or less.8!

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 5 years.8?

DEEMED MEASURE COST

When available, the actual cost of the measure (including labor where applicable) should be used. If unknown, the
incremental cost of this measure for TOS programs is assumed to be $0.28% For EREP, KITS and DI programs, the total
installed cost is assumed to be $54.184

LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR
N/A

180 Baseline for TOS programs is calculated using the maximum flow rate for each product class in 10 CFR 431.266, Energy
Efficiency Program for Certain Commercial and Industrial Equipment weighted by estimated 2018 shipments for each product
class from Table 3.6.1: U.S. DOE, “Technical Support Document: Energy Efficiency Program for Consumer Products and
Commercial and Industrial Equipment: Commercial Prerinse Spray Valves,” December 2015.

181 Average flow rate of spray valve replaced through direct install programs from DNV-GL, “Impact Evaluation of National Grid
Rhode Island C&l Prescriptive Gas Pre-Rinse Spray Valve Measure — Final Report,” September 30, 2014, page 6-6.

182Measure life from U.S. DOE, “Technical Support Document: Energy Efficiency Program for Consumer Products and
Commercial and Industrial Equipment: Commercial Prerinse Spray Valves,” December 2015, page 8-13."

183|ncremental measure cost based on U.S. DOE, “Technical Support Document: Energy Efficiency Program for Consumer
Products and Commercial and Industrial Equipment: Commercial Prerinse Spray Valves,” December 2015, page 8-1.

184 Total installed cost is the manufacturer selling price ($35.40) from Table 8.2.1 multiplied by the retailer markup (1.52) from
Table 8.2.2: U.S. DOE, “Technical Support Document: Energy Efficiency Program for Consumer Products and Commercial and
Industrial Equipment: Commercial Prerinse Spray Valves,” December 2015. It is assumed that programs typically install spray
valves only when other kitchen equipment is also being installed, and therefore, there are no additional labor costs associated
with spray valve installations.
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS (NOTE WATER SAVINGS MUST FIRST BE CALCULATED)

AkWH = AWater (gallons) * 8.33 * 1 * (Tout - Tin) * (1/EFF_Elec) /3,412 * FLAG

Where:

AWater (gallons) = amount of water saved as calculated below

8.33 = specific mass in pounds of one gallon of water (Ibm/gal)

1 = Specific heat of water: 1 Btu/lbm/°F

Tout = Water Heater Outlet Water Temperature
= custom, otherwise assume Tin + 70°F temperature rise from Tin'8

Tin = Inlet Water Temperature
= custom, otherwise assume 54.1 °F186

EFF_Elec = Efficiency of electric water heater supplying hot water to pre-rinse spray valve
=custom, otherwise assume 98%8"

Flag = lif electric or Oif gas

Time of Sale: For example, a new spray nozzle with 0.98 gal/min flow replacing a nozzle with 1.23 gal/min flow
at a large institutional establishments with a cafeteria with 70 degree temperature rise of water used by the pre-
rinse spray valve that is heated by electric hot water saves annually :

AKWH = 14,040 x 8.33 x 1 x ((70+54.1) - 54.1) x (1/.98) /3,412 x 1
= 2,448kWh

Retrofit: For example, a new spray nozzle with 0.98 gal/min flow replacing a nozzle with 2.14 gal/min flow at a
large institutional establishments with a cafeteria with 70 degree temperature rise of water used by the pre-
rinse spray valve that is heated by electric hot water equals:

AKWH =65,146 x 8.33 x 1 x ((70+ 54.1) - 54.1) x (1/.98) /3,412 x 1
=11,360 kWh

Secondary kWh Savings for Water Supply and Wastewater Treatment

The following savings should be included in the total savings for this measure, but should not be included in TRC
tests to avoid double counting the economic benefit of water savings.

AkWhyater = AWater (gallons) / 1,000,000 * Eyater total
Where:

185|f unknown, assume a 70 degree temperature rise from Tin per Food Service Technology Center calculator assumptions to
account for variations in mixing and water heater efficiencies.

186August 31, 2011 Memo of Savings for Hot Water Savings Measures to Nicor Gas from Navigant states that 54.1°F was
calculated from the weighted average of monthly water mains temperatures reported in the 2010 Building America Benchmark
Study for Chicago-Waukegan, lllinois.

187 Electric water heaters have recovery efficiency of 98%, as sourced from available products on the AHRI Certification
Directory.

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 94 of 732



Illinois Statewide Technical Reference Manual — 4.2.11 High Efficiency Pre-Rinse Spray Valve

Ewater total = IL Total Water Energy Factor (kWh/Million Gallons)
=5,010 for measures installed in all areas except Cook County &8

= 2,937 for measures installed in Cook County 189190

Time of Sale: For example, a new spray nozzle with 0.98 gal/min flow replacing a nozzle with 1.23 gal/min flow
at a large institutional establishment with a cafeteria equals

AWater (gallons) =(1.23 -0.98) * 60 * 3 * 312
= 14,040 gal/yr

AkWhyater = 14,040/1,000,000*5,010
=70 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

ATherms = AWater (gallons) * 8.33 * 1 * (Tout - Tin) * (1/EFF_Gas) /100,000 * (1 — FLAG)
Where (new variables only):

EFF_Gas = Efficiency of gas water heater supplying hot water to pre-rinse spray valve

= custom, otherwise assume 80%%!

188 This factor include 2571 kWh/MG for water supply based on lllinois energy intensity data from a 2012 ISAWWA study and
2439 kWh/MG for wastewater treatment based on national energy intensity use estimates. For more information please review
Elevate Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’.

189 supply (2,571) + 15% of wastewater (2,439*15% = 366) = 2,937 kWh/million gallons. Assumes that over 10MW wastewater
treatment plant customers consume approximately 85% of the energy for treating wastewater in Cook County and as per
Section 8-103B statute, savings are not allowed to be claimed from customers who are over 10MW customers.

190 The TRM Administrator is not an expert in determining the definitive applicability of IL Statute (220 ILCS 5/8-103B) to these
secondary electric savings. The calculation reported above is based on what the TRM Administrator believes to be a reasonable
interpretation of the Statute: that savings for exempt customers (retail customers of an electric utility that serves more than
3,000,000 retail customers in the State and whose total highest 30 minute demand was more than 10,000 kilowatts, or any retail
customers of an electric utility that serves less than 3,000,000 retail customers but more than 500,000 retail customers in the
State and whose total highest 15 minute demand was more than 10,000 kilowatts) will not be used in the establishment of annual
energy sales or the utility's achievement of the cumulative persisting annual savings goals. In the case that a definitive
interpretation of the Statute’s applicability under these circumstances leads to a different conclusion, this treatment can be
reconsidered.

191 |[ECC 2012/2015, Table C404.2, Minimum Performance of Water-Heating Equipment
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Time of Sale: For example, a new spray nozzle with 0.98 gal/min flow replacing a nozzle with 1.23 gal/min flow
at a large institutional establishments with a cafeteria with 70 degree temperature of water used by the pre-
rinse spray valve that is heated by fossil fuel hot water saves annually:

ATherms =14,040 x 8.33 x 1 x ((70+54.1) - 54.1) x (1/.80)/100,000 x (1-0)
=102 Therms

Retrofit: For example, a new spray nozzle with 0.98 gal/min flow replacing a nozzle with 2.14 gal/min flow at a
busy large institutional establishments with a cafeteria with 70 degree temperature rise of water used by the
pre-rinse spray valve that is heated by fossil fuel hot water saves annually:

ATherms =65,146 x8.33 x 1 x ((70+54.1) - 54.1) x (1/.80)/100,000 x (1-0)
=475 Therms

WATER IMPACT CALCULATION'%?

AWater (gallons) = (FLObase - FLOeff) * 60 * HOURSday * DAYSyear

Where:
FLObase = Base case flow in gallons per minute, or custom (Gal/min)
Time of Sale Direct Install
1.23 gal/min?®3 2.14 gal/min®®*
FLOeff = Efficient case flow in gallons per minute or custom (Gal/min)

=0.98 gal/min'®

60 = Minutes per hour
HOURSday = Hours per day that the pre-rinse spray valve is used at the site, custom, otherwise:%®
\ Application Hours/day \
Small, quick- service restaurants 1
Medium-sized casual dining 15
restaurants '
Large institutional establishments 3
with cafeteria
DAYSyear = Days per year pre-rinse spray valve is used at the site, custom, otherwise 312 days/yr

based on assumed 6 days/wk x 52 wk/yr = 312 day/yr.

192|n order to calculate energy savings, water savings must first be calculated

193Baseline for TOS programs is calculated using the maximum flow rate for each product class in 10 CFR 431.266, Energy
Efficiency Program for Certain Commercial and Industrial Equipment weighted by estimated 2018 shipments for each product
class from Table 3.6.1: U.S. DOE, “Technical Support Document: Energy Efficiency Program for Consumer Products and
Commercial and Industrial Equipment: Commercial Prerinse Spray Valves,” December 2015.

194 Average flow rate of spray valve replaced through direct install programs from DNV-GL, “Impact Evaluation of National Grid
Rhode Island C&l Prescriptive Gas Pre-Rinse Spray Valve Measure — Final Report,” September 30, 2014, page 6-6.

195 A new pre-rinse spray valve is assumed to be 20% more efficient than the federal standard.

196 Hours primarily based on PG& E savings estimates, algorithms, sources (2005), Food Service Pre-Rinse Spray Valves with
review of 2010 Ohio Technical Reference Manual and Act on Energy Business Program Technical Resource Manual Rev05.
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Time of Sale: For example, a new spray nozzle with 0.98 gal/min flow replacing a nozzle with 1.23 gal/min flow at a large
institutional establishment with a cafeteria equals

=(1.23-0.98) *60 * 3 * 312
= 14,040 gal/yr

Retrofit: For example, a new spray nozzle with 0.98 gal/min flow replacing a nozzle with 2.14 gal/min flow at a large
institutional establishments with a cafeteria equals

=(2.14-0.98) * 60 * 3 * 312
= 65,146 gal/yr

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
MEASURE CoDE: CI-FSE-SPRY-V07-200101

REVIEW DEADLINE: 1/1/2024

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 97 of 732



Illinois Statewide Technical Reference Manual —4.2.12 Infrared Charbroiler

4.2.12 Infrared Charbroiler

DESCRIPTION
This measure applies to natural gas fired charbroilers that utilize infrared burners installed in a commercial kitchen

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas charbroiler with infrared burners.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas charbroiler without infrared burners.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.*®’

DEEMED MEASURE COST

The incremental capital cost for this measure is $2173.1%

LOADSHAPE

N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS
Custom calculation below, otherwise use deemed value of 707 therms based on default values.}®®

(APreheatEnergy + ACookingEnergy) = Days

ATherms = 100,000

197 Lifecycle determined from Food Service Technology Center Gas Broiler Life-Cycle Cost Calculator and from FSTC Broiler
Technology Assessment.

198 See ‘Arkansas Deemed TRM Table for GasFoodService.xls’ from v3.0 Arkansas Technical Reference Manual.

199 Assumptions derived from Food Service Technology Center Gas Broiler Life-Cycle Cost Calculator and from FSTC Broiler
Technology Assessment, Section 4: Broilers.
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Where:

APreheatEnergy = (PreheatRateg,,, — PreheatRategy) * Preheats *

ACookingEnergy = (InputRateg,,, — InputRategg) * (Duty * Hours)

Days = Annual days of operation
= Custom or if unknown, use 312 days per year?®°
100,000 = Btu to therms conversion factor

PreheatRates,se = Preheat energy rate of baseline charbroiler

= 64,000 Btu/hr
PreheatRategr = Preheat energy rate of infrared charbroiler

= Custom or if unknown, use 54,000 Btu/hr
Preheats = Number of preheats per day

= Custom or if unknown, use 1 preheat per day
PreheatTime = Length of one preheat

= Custom or if unknown, use 15 minutes per preheat?°*
60 = Minutes to hours conversion factor
InputRatesase = Input energy rate of baseline charbroiler

= 140,000 Btu/hr
InputRateee = Input energy rate of infrared charbroiler

= Custom or if unknown, use 105,000 Btu/hr
Duty = Duty cycle of charbroiler (%)

= Custom or if unknown, use 80%32%2
Hours = Average daily hours of operation

= Custom or if unknown, use 8 hours per day

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CODE: CI-FSE-IRCB-V02-180101

REVIEW DEADLINE: 1/1/2024

200Typical annual operating time from FSTC Broiler Technology Assessment, Table 4.3.
201Typical preheat time from FSTC Broiler Technology Assessment.
202 puty cycle from FSTC Broiler Technology Assessment, Table 4.3.
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4.2.13 Infrared Rotisserie Oven

DESCRIPTION

This measure applies to natural gas fired high efficiency rotisserie ovens utilizing infrared burners and installed in a
commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas rotisserie oven with infrared burners.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas rotisserie oven without infrared burners.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.?%

DEEMED MEASURE COST

The incremental capital cost for this measure is $2665.294

LOADSHAPE

N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

Custom calculation below based on Food Service Technology Center calculator, otherwise use deemed value of 599
therms, based on default values.

(InputRateg,s, — InputRategg) * (Duty * Hours)

ATherms = 100,000

Where:

203] ifecycle determined from Food Service Technology Center Gas Oven Life-Cycle Cost Calculator.
204See ‘Arkansas Deemed TRM Table for GasFoodService.xls’ from v3.0 Arkansas Technical Reference Manual.
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InputRatesase = Energy input rate of baseline rotisserie oven (Btu/hr)
= Custom of if unknown, use 90,000 Btu/hr2°®
InputRateee = Energy input rate of infrared rotisserie oven (Btu/hr)
= Custom of if unknown, use 50,000 Btu/hr2°®
Duty = Duty cycle of rotisserie oven (%)
= Custom or if unknown, use 60%2°7
Hours = Typical operating hours of rotisserie oven
= Custom or if unknown, use 2,496 hours2°8

100,000 = Btu to therms conversion factor

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&IM COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-FSE-IROV-V02-180101

REVIEW DEADLINE: 1/1/2024

205 Median rated energy input for rotisserie ovens from FSTC Oven Technology Assessment, Section 7: Ovens, Table 7.2.

206 |nfrared energy input rate calculated based on efficient energy input rate of 50,000 Btu/hr, baseline cooking efficiency of
25%, and infrared cooking efficiency of 45%. Efficiencies and rates derived from FSTC Gas Rotisserie Oven Test Reports and
FSTC Oven Technology Assessment.

207 Duty cycle from Food Service Technology Center Oven Technical Assessment, Table 7.2.

208 Typical operating hours based on oven operating schedule of 8 hours per day, 6 days per week, 52 weeks per year, provided
in Food Service Technology Center Oven Technical Assessment, Table 7.2.
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4.2.14 Infrared Salamander Broiler

DESCRIPTION

This measure applies to natural gas fired high efficiency salamander broilers utilizing infrared burners installed in a
commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas salamander broiler with infrared
burners

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas salamander broiler without infrared burners

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.?®®

DEEMED MEASURE COST

The incremental capital cost for this measure is $1,000.%1°

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

Custom calculation below based on Food Service Technology Center calculator, otherwise use deemed value of 240
therms, based on defaults.

(InputRateg,s, — InputRategg) * (Duty * Hours)
100,000

ATherms =

209 |ifecycle determined from Food Service Technology Center Gas Broiler Life-Cycle Cost Calculator and from FSTC Broiler
Technology Assessment.
210See ‘Arkansas Deemed TRM Table for GasFoodService.xls’ from v3.0 Arkansas Technical Reference Manual.
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Where:
InputRatesase = Rated energy input rate of baseline salamander broiler (Btu/hr)
= 38,500 Btu/hr?!1
InputRateee = Rated energy input rate of infrared salamander broiler (Btu/hr)
= Custom; or if unknown, use 24,750 Btu/hr?1?
Duty = Duty cycle of salamander broiler (%)
= Custom; or if unknown, use 70%3213
Hours = Typical operating hours of salamander broiler

= Custom; or if unknown, use 2,496 hours?'*

100,000 = Btu to therms conversion factor

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-FSE-IRBL-V02-180101

REVIEW DEADLINE: 1/1/2024

211 Median rated energy input for salamander broilers from FSTC Broiler Technology Assessment, Section 4: Broilers, Table 4.3.
212 Calculated energy input rate based on baseline energy input rate of 38,500 Btu/hr, baseline cooking efficiency of 22.5%, and
infrared cooking efficiency of 35%.

213 Duty cycle from Food Service Technology Center Broiler Technical Assessment, Table 4.3.

214 Typical operating hours based on broiler operating schedule of 8 hours per day, 6 days per week, 52 weeks per year,
provided in Food Service Technology Center Broiler Technical Assessment, Table 4.3.
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4.2.15 Infrared Upright Broiler

DESCRIPTION

This measure applies to natural gas fired high efficiency upright broilers utilizing infrared burners and installed in a
commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas upright broiler with infrared burners.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas upright broiler without infrared burners.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.?®

DEEMED MEASURE COST

The incremental capital cost for this measure is $4,400.%16

LOADSHAPE

N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

Custom calculation below based on Food Service Technology Center calculator, otherwise use deemed value of 943
therms based on default values.

(InputRateg,s, — InputRategg) * (Duty * Hours)

ATherms = 100,000

Where:

215 Lifecycle determined from Food Service Technology Center Gas Broiler Life-Cycle Cost Calculator and from FSTC Broiler
Technology Assessment.
216See ‘Arkansas Deemed TRM Table for GasFoodService.xls’ from v3.0 Arkansas Technical Reference Manual.
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InputRatesase = Rated energy input rate of baseline upright broiler (Btu/hr)
= 144,000 Btu/hr?*’

InputRateee = Rated energy input rate of infrared upright broiler (Btu/hr)
= Custom; or if unknown, use 90,000 Btu/hr?18

Duty = Duty cycle of upright broiler (%)
= Custom; or if unknown, use 70%321°

Hours = Typical operating hours of upright broiler

= Custom; or if unknown, use 2,496 hours?2°

100,000 = Btu to therms conversion factor

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&IM COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-FSE-IRUB-V02-180101

REVIEW DEADLINE: 1/1/2024

217 Baseline energy input rate calculated based on efficient energy input rate of 90,000 Btu/hr, baseline cooking efficiency of
25%, and infrared cooking efficiency of 40%.

218 Median rated energy input for upright broilers from FSTC Broiler Technology Assessment, Section 4.0: Broiler, Table 4.3.
219 Duty cycle from Food Service Technology Center Broiler Technical Assessment, Table 4.3.

220 Typical operating hours based on broiler operating schedule of 8 hours per day, 6 days per week, 52 weeks per year,
provided in Food Service Technology Center Broiler Technical Assessment, Table 4.3.

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 105 of 732



Illinois Statewide Technical Reference Manual — 4.2.16 Kitchen Demand Ventilation Controls

4.2.16 Kitchen Demand Ventilation Controls

DESCRIPTION

Installation of commercial kitchen demand ventilation controls that vary the ventilation based on cooking load
and/or time of day.

IECC 2018 specifies that Kitchen Demand Control Ventilation is a mandatory compliance pathway for systems over
5,000 CFM of exhaust airflow. As stated, each kitchen exhaust hood shall comply with one of the following:

e Not < 50% of all replacement air shall be transfer air that would otherwise be exhausted.

e Demand ventilation systems on not < 75% of the exhaust air that are configured to provide not less than
50% reduction in exhaust and replacement air system airflow rates including controls necessary to
modulate airflow in response to appliance operation and maintain full capture and containment of smoke,
effluent, and combustion products during cooking and idle.

e Listed energy recovery devices with a sensible heat recovery effectiveness not < 40% on not < 50% of the
total exhaust airflow.

If one of these alternate compliance options is met, kitchen demand ventilation controls would not be required by
code; however, in these situations the demand ventilation controls would be considered redundant and the energy
savings would likely be reduced. As a result, this measure is only applicable to new kitchens/systems under 5,000
CFM of exhaust airflow.

This measure was developed to be applicable to the following program types: NC, RF, TOS. If applied to other
program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a control system that varies the exhaust rate of kitchen
ventilation (exhaust and/or makeup air fans) based on the energy and effluent output from the cooking appliances
(i.e., the more heat and smoke/vapors generated, the more ventilation needed). There are three main demand
control ventilation systems available that can achieve this type of modulation:

e  Temperature sensors only. These systems ramp ventilation up and down based solely on the temperature
from the cooking activity as measured in the ductwork or capture tank of the hood.

e Temperature and optical sensors. These systems offer the same functionality as systems with only
temperature sensors plus the ability to change the ventilation rate based on the presence of smoke or
steam.

e  Temperature and infrared cooking sensors. These systems offer the same functionality as systems with only
temperature sensors plus the ability to measure ventilation up and down based on when cooking starts.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is kitchen ventilation that has constant speed ventilation motor.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 20 years.??!

DEEMED MEASURE COST

The incremental capital cost for this measure is:???

221 “Commercial Kitchen Ventilation: An Energy Efficiency Program Administrator’s Guide to Demand Control Ventilation”, CEE,
October 2010 (pg. 9). The 20-year measure life estimate is based on interviews with manufacturer and industry experts.

222 The incremental costs were derived from Southern California Edison (SCE) program data on 72 demand control kitchen
ventilation project installations between 2013 and 2017 (see;

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 106 of 732



Illinois Statewide Technical Reference Manual — 4.2.16 Kitchen Demand Ventilation Controls

e Incremental Cost

S/HP of fan
DVC Control Retrofit $1,992
DVC Control New $1,180

LOADSHAPE

Loadshape C23 - Commercial Ventilation

COINCIDENCE FACTOR

The measure has deemed peak kW savings therefore a coincidence factor does not apply.

Algorithm

CALCULATION OF SAVINGS

Annual energy use was based on monitoring results from five different types of sites, as summarized in PG&E Food
Service Equipment work paper.

ELECTRIC ENERGY SAVINGS

kWh savings are assumed to be 4966 kWh per horsepower of the fan.?%®

SUMMER COINCIDENT PEAK DEMAND SAVINGS

kW savings are assumed to be 0.68 kW per horsepower of the fan.??*

NATURAL GAS ENERGY SAVINGS
ATherms = CFM * HP* Annual Heating Load /(Eff(heat) * 100,000)

Where:
CFM = the average airflow reduction with ventilation controls per hood
= 430 cfm/HP??
HP = actual if known, otherwise assume 7.75 HP?%6
Annual Heating Load = Annual heating energy required to heat fan exhaust make-up air, Btu/cfm

dependent on location:?%’

“SCE13CC008._Exhaust_Hood_DCKV_Exhaust_CFM_and_Cost_Field_Data.xIsx”). For reference, the baseline measure costs
were factored out accordingly, being obtained from costs for five kitchen exhaust fans from RSMeans online in 2017. For more
detail on the source of these cost estimates, please see the California eTRM — Exhaust Hood Demand Controlled Ventilation,
Commercial measure (SWFS012-01), March 4, 2020.

223 Based on data provided in PGE Workpaper, Commercial Kitchen Demand Ventilation Controls, PGECOFST116, June 1, 2009.
See ‘Kitchen DCV.xIs’ for details.

224 Based on data provided in PGE Workpaper, Commercial Kitchen Demand Ventilation Controls, PGECOFST116, June 1, 2009.
See ‘Kitchen DCV.xIs’ for details.

225 Based on data provided in PGE Workpaper, Commercial Kitchen Demand Ventilation Controls, PGECOFST116, June 1, 2009.
See ‘Kitchen DCV.xIs’ for details.

226 Average of units in PGE Workpaper, Commercial Kitchen Demand Ventilation Controls, PGECOFST116, June 1, 2009.

227 Food Service Technology Center Outside Air Load Calculator, with inputs of one c¢fm, and hours from Commercial Kitchen
Demand Ventilation Controls (Average 17.8 hours a day 4.45 am to 10.30 pm). Savings for Rockford, Chicago, and Springfield
were obtained from the calculator; values for Belleview and Marion were obtained by using the average savings per HDD from
the other values.
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Annual Heating

L Load, Btu/cfm
1 (Rockford) 154,000
2-(Chicago) 144,000
3 (Springfield) 132,000
4-(Belleville) 102,000
5-(Marion) 104,000
Eff(heat) = Heating Efficiency

= actual if known, otherwise assume 80%3228

100,000 = conversion from Btu to Therm

For example, a kitchen hood in Rockford, IL with a 7.75 HP ventilation motor
ATherms =430 * 7.75*154,000 / (0.80 * 100,000)
= 6,415 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-FSE-VENT-V04-210101

REVIEW DEADLINE: 1/1/2025

228\Work Paper WPRRSGNGRO301 CLEAResult"Boiler Tune-Up" which cites Focus on Energy Evaluation Business Programs:
Deemed Savings Manual V1.0, PA Consulting, KEMA, March 22, 2010.
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4.2.17 Pasta Cooker

DESCRIPTION

This measure applies to natural gas fired dedicated pasta cookers as determined by the manufacturer and installed
in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas fired pasta cooker.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas fired stove where pasta is cooked in a pan.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12.%2°

DEEMED MEASURE COST

The incremental capital cost for this measure is $2,400.2%°

LOADSHAPE

N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 1380 Therms.23?

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

229See ‘Arkansas Deemed TRM Table for GasFoodService.xls’ from v3.0 Arkansas Technical Reference Manual.
2301 bid.
231 See ‘Arkansas Deemed TRM Table for GasFoodService.xls’ from v3.0 Arkansas Technical Reference Manual.
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DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-FSE-PCOK-V02-180101

REVIEW DEADLINE: 1/1/2024
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4.2.18 Rack Oven - Double Oven

DESCRIPTION
This measure applies to natural gas fired high efficiency rack oven - double oven installed in a commercial kitchen.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a new natural gas rack oven - double oven with a baking
efficiency 2 50% utilizing ASTM standard 2093.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing natural gas rack oven — double oven with a baking efficiency < 50%.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.?3?

DEEMED MEASURE COST

The incremental capital cost for this measure is $3,000.233

LOADSHAPE

N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

Custom calculation below, otherwise use deemed value of 1930 therms based on default values.?3

1

ATherms = InputRate = (BakingEf ficiencygy — BakingEf ficiencyggase) * Duty * Hours * 100000

232 |ifecycle determined from Food Service Technology Center Gas Rack Oven Life-Cycle Cost Calculator and from FSTC Oven
Technology Assessment.

233See ‘Arkansas Deemed TRM Table for GasFoodService.xls’ from v3.0 Arkansas Technical Reference Manual.

234 Assumptions derived from Food Service Technology Center Gas Rack Oven Life-Cycle Cost Calculator, FSTC Oven Technology
Assessment, Section 7: Ovens, and from FSTC Gas Double Rack Oven Test Reports.
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Where:
InputRate = Input energy rate of rack oven — double oven
= Custom; or if unknown, 275,000 Btu/hr?3®
BakingEfficiencyge = Baking efficiency of energy efficiency rack oven — double oven
= Custom; or if unknown, use 55%236
BakingEfficiencygase = Baking efficiency of baseline rack oven — double oven
= Custom; or if unknown, 30%
Duty = Duty cycle of double rack oven (%)
= Custom; or if unknown, use 75%2%7
Hours = Average daily hours of operation
= Custom; or if unknown, use 3,744 hours38

100,000 = Btu to therms conversion factor

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&IM COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE CI-FSE-RKOV-V02-180101

REVIEW DEADLINE: 1/1/2024

235 Median rated energy input for rack ovens from FSTC Oven Technology Assessment, Section 7: Ovens.

236 Average baking efficiency of double rack oven from FSTC Gas Double Rack Oven Test Reports.

237 Duty cycle from FSTC Gas Double Rack Oven Test Reports on various double rack ovens.

238 Typical operating hours based on oven operating schedule of 12 hours per day, 6 days per week, 52 weeks per year,
provided in FSTC Gas Double Rack Oven Test Reports on various double rack ovens.
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4.2.19 ENERGY STAR Electric Convection Oven

DESCRIPTION

Commercial convection ovens that are ENERGY STAR certified have higher heavy load cooking efficiencies, and lower
idle energy rates, making them on average about 20 percent more efficient than standard models. Energy savings
estimates are for ovens using full size (18” x 36”) sheet pans.

This measure was developed to be applicable to the following program types; TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is assumed to be an ENERGY STAR qualified electric convection oven.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be a standard convection oven with a heavy load efficiency of 65%.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.?%°

DEEMED MEASURE COST

The incremental cost for this measure is assumed to be $800 for half size units and $1,000 for full size.?0

LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type:?**

Location CF

Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.39
Unknown 0.41

239 Food Service Technology Center (FSTC). Default value from life cycle cost calculator for electric ovens.

240 Based on data from the Regional Technical Forum for the Northwest Council (Commercial Cooking Convection Oven
Calculator, UES Measure Workbook) using actual list prices for 23 units from 2012, see
“ComCookingConvectionOven_v2_0.xlsm”.

241V/alues taken from Minnesota Technical Reference Manual (Version 2.2, effective May 2, 2018), ‘Electric Oven and Range’
measure and are based upon “Project on Restaurant Energy Performance-End-Use Monitoring and Analysis”, Appendixes | and
11, Claar, et. al., May 1985Unknown is an average of other location types.
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Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = kWHbase - kWheff
kWh = [(LB * EFOOD/EFF) + (|D|_E * (HOURSDAY— LB/PC - PRET|ME/60)) + PREF_NF_RGv] * DAYS
Where:
kKWHbpase = the annual energy usage of the baseline equipment calculated using baseline values
KWHes = the annual energy usage of the efficient equipment calculated using efficient values
HOURSpay = daily operating hours
= Actual, defaults:
Type of Food Service HOURSpay 242
Fast Food, limited menu 4
Fast Food, expanded menu 5
Pizza 8
Full Service, limited menu 8
Full Service, expanded menu 7
Cafeteria 6
Unknown 6
Custom Varies
DAYS = Days per year of operation
= Actual, default = 365243
PREmive = Preheat time (min/day), the amount of time it takes a steamer to reach operating
temperature when turned on
= 15 min/day?**
Eroop = ASTM Energy to Food (kWh/Ib); the amount of energy absorbed by the food during
cooking, per pound of food
=0.07322%
LB = pounds of food cooked per day (Ib/day)
= Actual, default = 100246
EFF = Heavy load cooking energy efficiency (%). See table below.
IDLE = Idle energy rate. See table below.
PC = Production capacity (Ibs/hr). See table below.
242]bid.

243 Food Service Technology Center (FSTC). Default value from life cycle cost calculator for electric ovens.

244 Food Service Technology Center (2002). Commercial Cooking Appliance Technology Assessment. Prepared by Don Fisher.
Chapter 7: Ovens.

245 American Society for Testing and Materials. Industry standard for Commercial Ovens.

246 Food Service Technology Center (FSTC). Default value from life cycle cost calculator for electric ovens.
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PREeneray = Preheat energy (kWh/day). See table below.

Performance Metrics: Baseline and Efficient Values

Metric | Baseline Model 2¥’ Energy Efficient Model
PREenercy (kWh) 1.5 1
IDLE (kW) 2 Actual, default = 1.0
EFF 65% Actual, default = 74%
PC (Ib/hr) 70 Actual, default =79

For example, using defaults provided above, the savings for a ENERGY STAR Electric Convection Oven in unknown
location are:

kWHpase =[(100 * 0.0732/0.65) + (2 * (6 —100/70 — 15/60)) + 1.5] * 365
= 7,813 kWh

kWhet =[(100 * 0.0732/0.74) + (1 * (6 — 100/79 — 15/60)) + 1.0] * 365
=5,612 kWh

AkWh = KWHoase - kWhest
=7,813-5,612
= 2200 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AKW = (AkWh / (HOURSpay * DAYS)) * CF

Where:
AkWh = Annual energy savings (kWh)
CF = Summer Peak Coincidence Factor for measure is provided below for different
building type:?4°
Location CF
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.39
Unknown 0.41

247 | bid.

248 Average ratings of units on ENERGY STAR qualified list as of 10/2014. Preheat energy is not provided so default is provided
based on FSTC life cycle cost calculator.

249Minnesota 2012 Technical Reference Manual, version 1.3, Commercial Food Service - Electric Oven and Range, page 138.
Unknown is an average of other location types.
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For example, using defaults provided above, the savings for a ENERGY STAR Electric Convection Oven in unknown
location are:

AKW  =(2200/ (6 * 365)) * 0.41
=0.41

FosSIL FUEL IMPACT DESCRIPTIONS AND CALCULATION
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
MEASURE CODE CI-FSE-ECON-V02-190101

REVIEW DEADLINE: 1/1/2022
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4.2.20 Efficient Dipper Wells

DESCRIPTION

Various commercial food establishments utilize dipper wells that continuously run fresh water over utensils. One
example is an ice cream shop that places the ice cream scooper in the dipper well, in order to keep them clean and
avoid cross-mixing of flavors. Some restaurants may utilize a dipper well to store potato slicers and butter-ball
scoopers. Coffee shops often utilize a dipper well for storage of drink thermometers and mixing spoons. Bars may
utilize a dipper well for storage of mixing spoons, strainers, ice tongs, and other utensils. Dipper wells may also be
found in grocery stores, school cafeterias, and other institutional kitchens.

Commercial kitchen equipment vendors have developed water-efficient dipper well designs which eliminate the
continuous water flow. The efficient design recirculates the water in the well rather than continuously adding fresh
water. For bacteriological control some designs utilize a chemical disinfectant (i.e., bleach) and some utilize ozone.

The calculated water savings (in gallons/year) will, in turn, be used to calculate electricity savings (in kWh/year) after
applying the appropriate energy factor.

Heated dipper wells are not included in this characterization as the electric penalty associated with the electric
resistance heating removes all potential electric savings due to water characterization.

This measure was developed to be applicable to the following program types; EREP and TOS. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is assumed to be a dipper well that does not continuously run. One type of water-efficient
dipper well design recirculates the water in the basin, rather than continuously adding fresh water. The efficient
design will employ chemical or ozone sanitation.

Other types of water-efficient dipper well utilize a spatula or shower, where water is only applied to the surface of
the utensil when a pressure switch is activated. The dimensions of water-efficient dipper wells will vary, depending
on the number of utensils that need to be handled. The flow rate of the spigot is similar between the baseline
equipment and the efficient equipment. However, that flow rate only occurs when the well initially fills up or the
pressure switch is activated.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be a dipper well providing continuously running fresh water to the utensils in
the basin. As a result, there is a concurrent stream of wastewater that is continuously sent to the sewer. The dipper
well typically will run during the hours of operation for the restaurant or bar. Some dipper wells will also be left on
during the night when the establishment is closed.

Many dipper wells consist of two concentric tanks. Water flows into the inner tank and overflows through the
perforations at the top to the outer tank, which is connected to the sewer drain. Other designs utilize just one tank,
with some other means of overflow drainage to the sewer.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years.?*°

250 Alignment with existing dipper well program measure lives in California. Dipper Well Replacement Field Evaluation
Report, Frontier Energy, November 2017.
https://fishnick.com/publications/fieldstudies/Dipper_Well_Replacement_Field_Evaluation_ICP.pdf
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DEEMED MEASURE COST

The cost for this measure is assumed to be $450 for Early Replacement or $300 for Time of Sale. The typical material
cost for an efficient dipper well system is approximately $150 to $350.25! The typical material cost for a baseline
dipper well system is approximately $100 to $200.25? Full installation costs, including plumbing materials, labor, and
any associated controls, should be used for screening purposes.

LOADSHAPE
LOADSHAPE CO1 - COMMERCIAL ELECTRIC COOKING

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

Energy savings from the efficient dipper well systems are the result of reduced water consumption. There are
indirect electric energy savings from reduced potable water treatment and wastewater treatment energy inputs.
ELECTRIC ENERGY SAVINGS

The electric energy savings are based indirectly on the reduced electricity usage used to provide the potable water
and treat the wastewater. By applying an “Energy Factor”, the water savings (in gallons/year) can be converted to
electricity savings (in kWh/year). This “Energy Factor” considers the electric energy requirements of potable water
treatment plants, potable water distribution, wastewater treatment plants, and wastewater distribution.

AkWhwater = AWater (gallons) / 1,000,000 * Ewater total
Where:
Ewater total = IL Total Water Energy Factor (kWh/Million Gallons)
=5,010 for measures installed in all areas except Cook County 252

= 2,937 for measures installed in Cook County 254255

251 Google Shopping search for the term “water efficient dipper well”. Results include the “Conservewell” from KaTom
Restaurant Supply for $300.

252 Google Shopping search for the term “dipper well system”. Results show various baseline models that range from $100 to
$200.

253 This factor include 2571 kWh/MG for water supply based on lllinois energy intensity data from a 2012 ISAWWA study and
2439 kWh/MG for wastewater treatment based on national energy intensity use estimates. For more information please review
Elevate Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’.

254 supply (2,571) + 15% of wastewater (2,439*%15% = 366) = 2,937 kWh/million gallons. Assumes that over 10MW wastewater
treatment plant customers consume approximately 85% of the energy for treating wastewater in Cook County and as per
Section 8-103B statute, savings are not allowed to be claimed from customers who are over 10MW customers.

255 The TRM Administrator is not an expert in determining the definitive applicability of IL Statute (220 ILCS 5/8-103B) to these
secondary electric savings. The calculation reported above is based on what the TRM Administrator believes to be a reasonable
interpretation of the Statute: that savings for exempt customers (retail customers of an electric utility that serves more than
3,000,000 retail customers in the State and whose total highest 30 minute demand was more than 10,000 kilowatts, or any retail
customers of an electric utility that serves less than 3,000,000 retail customers but more than 500,000 retail customers in the
State and whose total highest 15 minute demand was more than 10,000 kilowatts) will not be used in the establishment of annual
energy sales or the utility's achievement of the cumulative persisting annual savings goals. In the case that a definitive
interpretation of the Statute’s applicability under these circumstances leads to a different conclusion, this treatment can be
reconsidered.

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 118 of 732



Illinois Statewide Technical Reference Manual — 4.2.20 Efficient Dipper Wells

For example,
BAWU = (DWOH * AO) / (TFOG x 1 hour/60 min)
= [16 hours/day] * [365 day/year]
[0.5 gal/min] * [1 hour/60 min]
= 175,200 gal/year
ECAWU = 3,650 gal/year
AWater = BAWU — ECAWU
= 175,200 gal/year — 3,650 gal/year
= 171,550 gal/year
AkWhwater = AWater / 1,000,000 * Ewater total
= (171,500 gal. of water/year) / 1,000,000 * 5,010 kWh/million gallons
= 859 kWh/year

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

FossIL FUEL IMPACT DESCRIPTIONS AND CALCULATION
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

The methodology for quantifying the water savings involves a direct comparison of the baseline equipment to the
efficient equipment. The baseline flow rate will typically be between 0.2 gpm to 1.0 gpm.?® The actual flow rate of
the baseline equipment should be directly measured. This can be accomplished by recording the time required to
fill a 1-gallon container (minutes per gallon); taking the inverse of that value will give the water flow rate (gallons
per minute). The number of hours per day that the spigot remains flowing should be determined. This is typically
coincident with the operating hours of the establishment, but the spigot could remain flowing during off hours too.

The equation for calculating the baseline annual water usage is as follows:

BAWU = [DWOH * AO) / [TFOG x (1 hour/60 min)]

Where:
BAWU = Baseline Annual Water Usage (gal/year)
DWOH = Dipper Well Operating Hours (hours/day)
AO = Annual Operations (days/year)
TFOG =Time to Fill One Gallon (min/gal)

Estimating the efficient-case water consumption will require an understanding of how the dipper well will be used.
If the efficient-case equipment utilizes a constantly circulating pool of chemically treated water, then the only water
consumption is that required to fill the basin. Depending on the number of times that the basin is filled and emptied
in a day, the annual water consumption for the efficient case can be calculated as follows:

256 Michael Slater and Amin Delagah, “Dipper Well Replacement Field Evaluation Report”, Frontier Energy Report #50115-R0,
November 2017. Prepared for the Metropolitan Water District of Southern California.
http://www.bewaterwise.com/pdfs/ICP/2015ICP-DipperWellFrontierEnergy.pdf
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ECAWU =BV * BFPD * AO

Where:
ECAWU = Efficient Case Annual Water Usage (gal/year)
BV = Basin Volume (gal)
BFPD = Basin Fills Per Day (days-1)
AO = Annual Operations (days/year)

If the efficient-case equipment utilizes a ‘shower’ that only dispenses water when the pressure switch is activated,
the amount of water consumption is dependent on the number of times the ‘shower’ is actuated and the length of
each ‘shower’. The Spigot Flow Rate should be similar to that of the baseline equipment (0.2 gal/min to 1.0 gal/min).
However, that flow rate is only in effect for the duration that the pressure switch is pressed. This is referred to as
the Time of Actuation, and it can generally be estimated as a few seconds per push. Furthermore, the number of
times the shower is actuated in a day can be estimated by considering the customer sales volume of the
establishment.

The annual water consumption for the efficient case can also be calculated as follows:

ECAWU = (SFR x TA x NAPD) / (60 sec/min x AO)

Where:
ECAWU = Efficient Case Annual Water Usage (gal/year)
SFR = Spigot Flow Rate (gal/min)
TA = Time of Actuation (sec/push)
NAPD = Number of Actuations per Day (push/day)
AO = Annual Operations (days/year)

For the purposes of this measure, the Efficient Case daily water usage of 10 gal/day will be used ?*”. At 365 days/year
of usage, the ECAWU will be 3,650 gal/year.

Finally, the annual water savings per year can be calculated as follows:

AWater = BAWU - ECAWU

Where:
AWater = Total Water Savings (gal/year)
BAWU = Baseline Annual Water Usage (gal/year)
ECAWU = Efficient Case Annual Water Usage (gal/year)

DEEMED O& M COST ADJUSTMENT CALCULATION

N/A
MEASURE CODE CI-FSE-EDIP-V01-200101

REVIEW DEADLINE: 1/1/2023

257 Michael Slater and Amin Delagah, “Dipper Well Replacement Field Evaluation Report”, Frontier Energy Report #50115-R0,
November 2017. Prepared for the Metropolitan Water District of Southern California.
http://www.bewaterwise.com/pdfs/ICP/2015ICP-DipperWellFrontierEnergy.pdf
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4.3 Hot Water
4.3.1 Water Heater

DESCRIPTION

This measure is for upgrading from minimum code to a high efficiency water heater. Storage water heaters are used
to supply hot water for a variety of commercial building types. Storage capacities vary greatly depending on the
application. Large consumers of hot water include (but not limited to) industries, hotels/motels and restaurants.

Tankless water heaters function similar to standard hot water heaters except they do not have a storage tank. When
there is a call for hot water, the water is heated instantaneously as it passes through the heating element and then
proceeds to the user or appliance calling for hot water. Tankless water heaters achieve savings by eliminating the
standby losses that occur in stand-alone or tank-type water heaters and by being more efficient than the baseline
storage hot water heater.

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The minimum specifications of the high efficiency equipment should be defined by the programs.

DEFINITION OF BASELINE EQUIPMENT

Time of Sale: The baseline condition is assumed to be a new standard water heater of same type as the existing unit
being replaced, meeting the Federal Standard for <75,000 Btuh units and IECC 2018 for all others. If existing type is
unknown, assume same water heater type as the efficient unit.

New Construction: The baseline condition is a new standard water heater of the same type as the efficient, meeting
the IECC code level in place at the time the building permit was issued. Note IECC 2018 became effective July 1, 2019
and is the baseline for all New Construction permits from that date.

Note the same draw pattern (very small, low, medium and high draw) should be used for both baseline and efficient
units. Definitions of draw pattern are provided below.

Equipment Type Sub Category Pg:::n Federal Standard — Uniform Energy Factor?>®

Very small UEF = 0.3456 — (0.0020 * Rated Storage Volume in Gallons)
Low UEF = 0.5982 — (0.0019 * Rated Storage Volume in Gallons)

<55 gallon tanks - -
Residential Medium UEF = 0.6483 — (0.0017 * Rated Storage Volume in Gallons)
esigentia High UEF = 0.6920 — (0.0013 * Rated Storage Volume in Gallons)

Gas Storage Water Heaters * "
<75,000 Btu/h Very small UEF = 0.6470 — (0.0006 * Rated Storage Volume in Gallons)
- >55 gallon and <100 Low UEF = 0.7689 — (0.0005 * Rated Storage Volume in Gallons)
gallon tanks Medium UEF = 0.7897 — (0.0004 * Rated Storage Volume in Gallons)
High UEF = 0.8072 — (0.0003 * Rated Storage Volume in Gallons)
Residential-duty Commercial Very small UEF = 0.2674 — (0.0009 * Rated Storage Volume in Gallons)
High Capacity Storage Gas-Fired <120 eallon tanks Low UEF = 0.5362 —(0.0012 * Rated Storage Volume in Gallons)
Storage Water Heaters > 75,000 B & Medium UEF = 0.6002 — (0.0011 * Rated Storage Volume in Gallons)
Btu/h High UEF = 0.6597 — (0.0009 * Rated Storage Volume in Gallons)

Commercial
Gas Storage Water Heaters >120 gallon tanks Al

258 All Residential sized Federal Standards are from DOE Standard 10 CFR 430, Residential-Duty and Commercial Federal
Standard are from DOE Standard 10 CFR 431.

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 121 of 732



lllinois Statewide Technical Reference Manual —4.3.1 Water Heater

258

Draw Federal Standard — Uniform Energy Factor

Pattern

Equipment Type Sub Category

>75,000 Btu/h and <155,000

BtU/h 80% Ethermals
Commercial Standby Losses = (Q /800 + 110VRated Storage Volume in
Gas Storage Water Heaters Gallons)
>155,000 Btu/h
Residential Gas Instantaneous Very low UEF =0.80
Water Heaters <2 gal
< 200,000 Btu/h & All other UEF = 0.81
Commercial Gas Instantaneous <10 gal All 80% Ethermal
>‘A;g§gg'§;tti7h >10 gal Al 80% Exherma
Very small UEF = 0.8808 — (0.0008 * Rated Storage Volume in Gallons)
Low UEF = 0.9254 — (0.0003 * Rated Storage Volume in Gallons)
<55 gallon tanks - -
. . . Medium UEF = 0.9307 — (0.0002 * Rated Storage Volume in Gallons)
Res'de\r/:/t'a' E'S"‘t”c Storage High UEF = 0.9349 — (0.0001 * Rated Storage Volume in Gallons)
< ;Ste()rooe;:j/r; Very small UEF =1.9236 —(0.0011 * Rated Storage Volume in Gallons)
’ >55 gallon and €120 Low UEF = 2.0440 — (0.0011 * Rated Storage Volume in Gallons)
gallon tanks %° Medium UEF=2.1171 - (0.0011 * Rated Storage Volume in Gallons)
High UEF = 2.2418 — (0.0011 * Rated Storage Volume in Gallons)
Residential Electric All other UEF =0.91
Instantaneous Water Heaters <12kWand <2 gal High UEF = 0.92
Residential-duty Commercial
Electric Instantaneous Water > 12kW and <58.6 kw All UEF =0.80

and <2 gal

Heaters

Draw patterns are based on first hour rating (gallons) for storage tanks and maximum flow (GPM) for instantaneous

as shown below:2%°

Storage Water Heater Draw Pattern

‘ Draw Pattern First Hour Rating (gallons) ‘
Very Small >0and <18
Low >18and <51
Medium >51and<75
High >75

Instantaneous Water Heater Draw Pattern

Draw Pattern Max GPM
Very Small >0and<1.7
Low >1.7and< 2.8
Medium >2.8and<4
High >4

259 |t is assumed that tanks <75,000Btu/h and >55 gallons will not be eligible measures due to the high baseline.
260 Definitions provided in 10 CFR 430, Subpart B, Appendix E, Section 5.4.1.
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years for storage units 2%, 5 years for electric tankless,?®? and 20
years for gas tankless.2%3

DEEMED MEASURE COST

The full install cost and incremental cost assumptions are provided below. Actual costs should be used where
available:

Gas storage water heaters:2%

- Install Incremental

Equipment Type Category Cost Cost

Gas Storage Water Heaters Baseline $616 N/A
< 75,000 Btu/h, <55 Gallons Efficient $1,055 $440
0.80 Et 54,886 N/A

0.83 Et $5,106 $220

0.84 Et $5,299 $413

Gas Storage Water Heaters 0.85 Et 25,415 2529
> 75,000 Btu/h 0.86 Et $5,532 $646

’ 0.87 Et $5,648 $762

0.88 Et $5,765 $879

0.89 Et $5,882 $996
0.90 Et $6,021 $1,135

For electric water heaters, the incremental capital cost for this measure is assumed to be:?%°

Tank Size Incremental
Cost
50 gallons $1050
80 gallons $1050
100 gallons $1950

The incremental capital cost for an electric tankless heater this measure is assumed to be:?%®

2:;‘:::3(?;;) Incremental Cost
5 $1050
10 $1050
15 $1950

261 DEER 08, EUL_Summary_10-1-08.xIs.

262 Ohio Technical Reference Manual 8/2/2010 referencing CenterPoint Energy-Triennial CIP/DSM Plan 2010-2012 Report;
Additional reference stating >20 years is soured from the US DOE Energy Savers for Tankless or Demand-Type Water Heaters.
263 | bid.

264 Cost information is based upon data from “2010-2012 WAOQ17 Ex Ante Measure Cost Study Draft Report”, Itron, February 28,
2014. See “NR HW Heater_WAO017_MCS Results Matrix - Volume I.xIs” for more information.

265 Act on Energy Commercial Technical Reference Manual, Table 9.6.1-4

266 Act on Energy Technical Reference Manual, Table 9.6.2-3
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The incremental capital cost for a gas fired tankless heater is assumed to be $2,526.%¢7

LOADSHAPE

For electric hot water heaters, use Loadshape C02 - Commercial Electric DHW.

COINCIDENCE FACTOR

The coincidence factor is assumed to be 0.925.268

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Electric energy savings are calculated for electric water heaters per the equations given below.

Electric units €12 kW:

1 1
(Tyut — Tin) * HotWaterUseggon * YWater = 1 % <UEFelerase - UEFEff)
AkWh =
3412
Where:

Tour = Tank temperature

= 125°F
Tin = Incoming water temperature from well or municiple system

= 54°F 269

HotWaterUsegaiion Estimated annual hot water consumption (gallons)

Actual if possible to provide reasonable custom estimate. If not, two
methodologies are provided to develop an estimate:

1. Consumption per usable storage tank capacity
= Capacity * Consumption/cap

Where:
Capacity = Usable capacity of hot water storage tank in gallons
= Actual

Consumption/cap = Estimate of consumption per gallon of usable tank

capacity, based on building type:?"®

267Minnesota Center for Energy and Environment, Low contractor estimate used to reflect less labor required in new
construction of venting.

268 Coincidence factor based on Average W in peak period/Max W from Itron eShape data for Missouri, calibrated to lllinois
loads.

269 YS DOE Building America Program, Building America Analysis Spreadsheet (for Chicago, IL), Office of Energy Efficiency &
Renewable Energy.

270 \Methodology based on Cadmus analysis. Annual hot water usage in gallons based on CBECS (2012) and RECS (2009)
consumption data of East North Central (removed outliers of 1,000 kBtuh or less) to calculate hot water usage. Annual hot
water gallons per tank size gallons based on the tank sizing methodology found in ASHRAE 2011 HVAC Applications. Chapter 50
Service Water Heating. Demand assumptions (gallons per day) for each building type based on ASHRAE Chapter 50 and to LBNL
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Building Type®’* Consumption/Cap

Convenience 528
Education 568
Grocery 528
Health 788
Large Office 511
Large Retail 528
Lodging 715
Other Commercial 341
Restaurant 622
Small Office 511
Small Retail 528
Warehouse 341
Nursing 672
Multi-Family 894

2. Consumption per unit area by building type
= (Area/1000) * Consumption/1,000 sq.ft.

Where:

Area = Area in sq.ft that is served by DHW boiler
= Actual

Consumption/1,000 sq.ft. = Estimate of DHW consumption per 1,000
sq.ft. based on building type:?’?

Building Type®’® Consumption/1,000 sq.ft.
Convenience 4,594
Education 7,285
Grocery 697
Health 24,540
Large Office 1,818
Large Retail 1,354
Lodging 29,548
Other Commercial 3,941
Restaurant 44,439
Small Office 1,540
Small Retail 6,111
Warehouse 1,239
Nursing 30,503
Multi-Family 15,434

White Paper. LBL-37398 Technology Data Characterizing Water Heating in Commercial Buildings: Application to End Use
Forecasting. Assumes hot water heater efficiency of 80%.

271 According to CBECS 2012 “Lodging” buildings include Dormitories, Hotels, Motel or Inns and other Lodging and “Nursing”
buildings include Assisted Living and Nursing Homes.

272 Methodology based on Cadmus analysis. Annual hot water usage in gallons based on CBECS (2012) and RECS (2009)
consumption data of East North Central (removed outliers of 1,000 kBtuh or less) to calculate hot water usage. Annual hot
water gallons per tank size gallons based on the tank sizing methodology found in ASHRAE 2011 HVAC Applications. Chapter 50
Service Water Heating. Demand assumptions (gallons per day) for each building type based on ASHRAE Chapter 50 and to LBNL
White Paper. LBL-37398 Technology Data Characterizing Water Heating in Commercial Buildings: Application to End Use
Forecasting. Assumes hot water heater efficiency of 80%.

273 According to CBECS 2012 “Lodging” buildings include Dormitories, Hotels, Motel or Inns and other Lodging and “Nursing”
buildings include Assisted Living and Nursing Homes.
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yWater

1
UE Felecbase

= Specific weight capacity of water (Ib/gal)

= 8.33 Ibs/gal

= Specific heat of water (Btu/lb.°F)

= Rated efficiency of baseline water heater expressed as Uniform Energy Factor (UEF);

Note the same draw pattern (very small, low, medium and high draw) should be used for
both baseline and efficient units.

Equipment Type Sub Category Pla)tr:::n Federal Standard — Uniform Energy Factor?’*
Very small UEF = 0.8808 — (0.0008 * Rated Storage Volume in Gallons)
Low UEF = 0.9254 — (0.0003 * Rated Storage Volume in Gallons)
<55 gallon tanks - -
Residential Electric Storage Medium UEF = 0.9307 — (0.0002 * Rated Storage Volume in Gallons)
! W;ter Heat'ers g High UEF = 0.9349 — (0.0001 * Rated Storage Volume in Gallons)
< 75,000 Btu/h Very small UEF =1.9236 —(0.0011 * Rated Storage Volume in Gallons)
- >55 gallon and €120 Low UEF = 2.0440 — (0.0011 * Rated Storage Volume in Gallons)
gallon tanks 27° Medium UEF=2.1171 —(0.0011 * Rated Storage Volume in Gallons)
High UEF = 2.2418 — (0.0011 * Rated Storage Volume in Gallons)
Residential Electric Instantaneous All other UEF=0.91
< <
Water Heaters <12kWand <2 gal High UEF = 0.92
Residential-duty Commercial
<
Electric Instantaneous Water > 12kW and <58.6 kW All UEF =0.80
and <2 gal
Heaters
Draw patterns are based on first hour rating (gallons) for storage tanks and maximum flow (GPM)
for instantaneous as shown below:?"®
‘ Storage Water Heater Draw Pattern ‘
‘ Draw Pattern First Hour Rating (gallons) ‘
Very Small >0and <18
Low > 18 and <51
Medium >51and<75
High >75
Instantaneous Water Heater Draw Pattern
Draw Pattern Max GPM
Very Small >0and<1.7
Low >1.7and< 2.8
Medium >2.8and<4
High >4
UEFes = Rated efficiency of efficient water heater expressed as Uniform Energy Factor (UEF)

274 All Residential sized Federal Standards are from DOE Standard 10 CFR 430, Residential-Duty and Commercial Federal
Standard are from DOE Standard 10 CFR 431.
275 |t is assumed that tanks <75,000Btu/h and >55 gallons will not be eligible measures due to the high baseline.
276 Definitions provided in 10 CFR 430, Subpart B, Appendix E, Section 5.4.1.
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= Actual

3412 = Converts Btu to kWh

For example, for a 200,000 Btu/h, 150 gallon, 90% UEF storage unit with rated standby loss of 1029 BTU/h installed
in a 1500 ft? restaurant:

AkWh =((125-54) * ((1,500/1,000) * 44,439) * 8.33 * 1 * (1/0.8 - 1/0.9))/3412
= 1,605 kWh

Electric units > 12kW:

sy \(Toue = Tair) =V +yWater « 1+ (SLotecpase = SLery)) * 8766
3412

Tair = Ambient Air Temperature

=70°F
\Y = Rated tank volume in gallons

= Actual
SLelecbase = Standby loss of electric baseline unit (%/hr)

=0.30+27/V
SLes = Nameplate standby loss of new water heater, in BTU/h
8766 = Hours per year

For example, >12kW, 100 gallon storage unit with rated standby loss of 0.5 %/hr:
SLbase =0.3+(27/100)

= 0.57%/hr
AkWh = (((125 — 70) * 100 * 8.33 * 1 * (0.57- 0.5)) * 8766)/3412
= 8,239 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkWh
AW = *
Hours
Where:
Hours = Full load hours of water heater
= 6461 %"
CF = Summer Peak Coincidence Factor for measure
=0.925%"®

277 Full load hours assumption based on Wh/Max W Ratio from Itron eShape data for Missouri, calibrated to Illinois loads.
278 Coincidence factor based on Average W in peak period/Max W from Itron eShape data for Missouri, calibrated to lllinois
loads.
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AkW

For example, >12kW, 100 gallon storage unit with rated standby loss of 0.5 %/hr:

=8,239/ 6,461 * 0.925
=1.18 kW

NATURAL GAS ENERGY SAVINGS

Natural gas energy savings are calculated for natural gas storage water heaters per the equations given below.

ATherms =

Where:
100,000

EFgasbase

Equipment Type

(Tt — Tin) * HotWaterUseggayon * YWater 1 % (

1 1 )
UEFgasbase UEFEff

100,000

= Converts Btu to Therms

= Rated efficiency of baseline water heater (expressed as Uniform Energy Factor (UEF) or

Thermal Efficiency as provided below).

Note the same draw pattern (very small, low, medium and high draw) should be used for

both baseline and efficient units.

Draw

DS L2 Pattern

Federal Standard — Uniform Energy Factor?”®

Very small UEF = 0.3456 — (0.0020 * Rated Storage Volume in Gallons)
Low UEF = 0.5982 — (0.0019 * Rated Storage Volume in Gallons)
<55 gallon tanks - = " .
Residential Mefjlum UEF = 0.6483 — (0.0017 * Rated Storage Volume !n Gallons)
Gas Storage Water Heaters High UEF = 0.6920 — (0.0013 * Rated Storage Volume in Gallons)
<75,000 Btu/h Very small UEF = 0.6470 — (0.0006 * Rated Storage Volume in Gallons)
>55 gallon and <100 Low UEF = 0.7689 — (0.0005 * Rated Storage Volume in Gallons)
gallon tanks Medium UEF = 0.7897 — (0.0004 * Rated Storage Volume in Gallons)
High UEF = 0.8072 — (0.0003 * Rated Storage Volume in Gallons)
Residential-duty Commercial Very small UEF = 0.2674 — (0.0009 * Rated Storage Volume in Gallons)
High Capacity Storage Gas-Fired <120 gallon tanks Low UEF = 0.5362 — (0.0012 * Rated Storage Volume in Gallons)
Storage Water Heaters > 75,000 - Medium UEF = 0.6002 — (0.0011 * Rated Storage Volume in Gallons)
Btu/h High UEF = 0.6597 — (0.0009 * Rated Storage Volume in Gallons)
Commercial
Gas Storage Water Heaters All
>75,000 Btu/h and <155,000 80% Ethermal,
Btu/h >120 gallon tanks Standby Losses = (Q /800 + 110VRated Storage Volume in
Commercial Gallons)
Gas Storage Water Heaters
>155,000 Btu/h
Residential Gas Instantaneous Very low UEF =0.80
Water Heaters <2 gal
< 200,000 Btu/h & All other UEF = 0.81
Commercial Gas Instantaneous <10 gal All 80% Ethermal
>V\£?)toe:wgastti7h >10 gal All 78% Ethermal

279 All Residential sized Federal Standards are from DOE Standard 10 CFR 430, Residential-Duty and Commercial Federal
Standard are from DOE Standard 10 CFR 431.
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Draw patterns are based on first hour rating (gallons) for storage tanks and maximum flow (GPM)
for instantaneous as shown below:2%°

‘ Storage Water Heater Draw Pattern

‘ Draw Pattern First Hour Rating (gallons) ‘
Very Small >0and <18
Low >18and <51
Medium >51and<75
High 275

Instantaneous Water Heater Draw Pattern

‘ Draw Pattern Max GPM ‘
Very Small >0and<1.7
Low >1.7and<2.8
Medium >2.8and<4

Additional Standby Loss Savings
Gas Storage Water Heaters >75,000 Btu/h can claim additional savings due to lower standby losses.

(SLgasbase B SLeff) * 8766

AThermsStandby = 100,000
Where:

Slgasbase = Standby loss of gas baseline unit (Btu/h)
= /800 + 110VV
Q = Nameplate input rating in Btu/h
\Y = Rated volume in gallons

SLet = Nameplate standby loss of new water heater, in Btu/h

8766 = Hours per year

For example, for a 200,000 Btu/h, 150 gallon, 90% UEF storage unit with rated standby loss of 1029 BTU/h installed
in a 1500 ft restaurant:

ATherms =((125-54) * ((1,500/1,000) * 44,439) * 8.33 * 1 * (1/0.44 - 1/0.9))/100,000
=467.8 Therms
AThermssanay = (((200000/800 + 110 * v150) — 1029) * 8766)/100,000

=49.8 Therms
AThermsTotal =467.8+ 49.8
=517.6 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

280 Definitions provided in 10 CFR 430, Subpart B, Appendix E, Section 5.4.1.
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DEEMED O&M COST ADJUSTMENT CALCULATION

The deemed O&M cost adjustment for a tankless heaters is $100.281
MEASURE CODE: CI-HWE-STWH-V06-210101

REVIEW DEADLINE: 1/1/2024

281 Water heaters (WH) require annual maintenance. There are different levels of effort for annual maintenance depending if
the unit is gas or electric, tanked or tankless. Electric and gas tank water heater manufacturers recommend an annual tank
drain to clear sediments. Also recommended are “periodic” inspections by qualified service professionals of operating controls,
heating element and wiring for electric WHs and thermostat, burner, relief valve internal flue-way and venting systems for gas
WHs. Tankless WH require annual maintenance by licensed professionals to clean control compartments, burners, venting
system and heat exchangers. This information is from WH manufacturer product brochures including GE, Rennai, Rheem, Takagi
and Kenmore. References for incremental O&M costs were not found. Therefore the incremental cost of the additional annual
maintenance for tankless WH is estimated at $100.
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4.3.2 Low Flow Faucet Aerators

DESCRIPTION

This measure relates to the direct installation of a low flow faucet aerator in a commercial building. Expected
applications include small business, office, restaurant, or motel. Health care-specific inputs are defined for Laminar
Flow Restrictor (LFR) devices. For multifamily or senior housing, the residential low flow faucet aerator should be
used.

This measure was developed to be applicable to the following program types, DI, KITS. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be an energy efficient faucet aerator, for bathrooms rated
at 1.5 gallons per minute (GPM) or less, or for kitchens rated at 2.2 GPM or less. For LFR devices, the installed
equipment must be a device rated at 2.2 GPM or less. Savings are calculated on an average savings per faucet fixture
basis.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a standard bathroom faucet aerator rated at 2.25 GPM or more, or a
standard kitchen faucet aerator rated at 2.75 GPM or more. For LFR devices, the baseline condition is assumed to
be no aerator at all, due to the contamination risk caused by faucet aerators in health care facilities and the baseline
flow rate is assumed to be 3.74 GPM?®2, Note if flow rates are measured, for example through a Direct Install
program, then actual baseline flow rates should be used as opposed to the deemed values.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years.?8

DEEMED MEASURE COST

The actual full install cost (including labor) for this measure should be used. If unknown assume $8 for faucet
aerators?®* and $14.27 for LFR devices.?8°

LOADSHAPE

Loadshape C02 - Commercial Electric DHW

COINCIDENCE FACTOR

The coincidence factor for this measure is dependent on building type as presented below.

282 Workpaper WPSCGNRWH150827A, Laminar Flow Restrictors For Hospitals and Health Care Facilities.

283 As recommended in Navigant ‘ComEd Effective Useful Life Research Report’, May 2018.

284 Direct-install price per faucet assumes cost of aerator and install time. (2011, Market research average of $3 and assess and
install time of $5 (20min @ $15/hr).

285 Direct install price per faucet assumes cost of LFR ($7.27) and install time ($7) (Southern California Gas Company, Workpaper
WPSCGNRWH150827A Revision #0, September, 2015).
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Note these savings are per faucet retrofitted.?

AkWh = %ElectricDHW * ((GPM_base - GPM_low)/GPM_base) * Usage * EPG_electric * ISR

Where:
%ElectricDHW = proportion of water heating supplied by electric resistance heating
DHW fuel %Electric_DHW |
Electric 100%
Fossil Fuel 0%
GPM_base = Average flow rate, in gallons per minute, of the baseline faucet “as-used”

= 1.39,%%” or custom based on metering studies,?®® or, if measured during DI:
= Measured full throttle flow * 0.83 throttling factor?8®
Baseline for LFRs?%° =3.74*0.83=3.10
GPM_low = Average flow rate, in gallons per minute, of the low-flow faucet aerator “as-used”
= 0.94,%°! or custom based on metering studies,?®? or, if measured during DI:
= Rated full throttle flow * 0.95 throttling factor?®3
For LFRs?** =2.2*0.95=2.09

286 This algorithm calculates the amount of energy saved per aerator by determining the fraction of water consumption savings
for the upgraded fixture. Due to the distribution of water consumption by fixture type, as well as the different number of
fixtures in a building, several variables must be incorporated.

287 DeOreo, B., and P. Mayer. Residential End Uses of Water Study Update. Forthcoming. ©2015 Water Research Foundation.
Reprinted With Permission.

288 Measurement should be based on actual average flow consumed over a period of time rather than a onetime spot
measurement for maximum flow. Studies have shown maximum flow rates do not correspond well to average flow rate due to
occupant behavior which does not always use maximum flow.

289 2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the Baseline for
Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in Buildings. Page 1-265.

290 Using measured flow rate assumption from Workpaper WPSCGNRWH150827A, Laminar Flow Restrictors For Hospitals and
Health Care Facilities.

291 Average retrofit flow rate for kitchen and bathroom faucet aerators from sources 2, 4, 5, and 7. This accounts for all
throttling and differences from rated flow rates. Assumes all kitchen aerators at 2.2 gpm or less and all bathroom aerators at
1.5 gpm or less. The most comprehensive available studies did not disaggregate kitchen use from bathroom use, but instead
looked at total flow and length of use for all faucets. This makes it difficult to reliably separate kitchen water use from
bathroom water use. It is possible that programs installing low flow aerators lower than the 2.2 gpm for kitchens and 1.5 gpm
for bathrooms will see a lower overall average retrofit flow rate.

292 Measurement should be based on actual average flow consumed over a period of time rather than a onetime spot
measurement for maximum flow. Studies have shown maximum flow rates do not correspond well to average flow rate due to
occupant behavior which does not always use maximum flow.

293 2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the Baseline for
Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in Buildings. Page 1-265.

294 Using measured flow rate assumption from Workpaper WPSCGNRWH150827A, Laminar Flow Restrictors For Hospitals and
Health Care Facilities.
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Usage = Estimated usage of mixed water (mixture of hot water from water heater line and cold water
line) per faucet (gallons per year)

= If data is available to provide a reasonable custom estimate it should be used; if not, use the
following defaults (or substitute custom information in to the calculation):

Gallons hot Estimated % hot - . Annua‘l
water per Multiplier gallons mixed
Building Type unit per water f"gg'? e water per
205 Faucets

GE (8) ()} faucet

(A) (A*B*C*D)
Small Office 1 person 100% 10 employees per faucet 250 2,500
Large Office 1 person 100% 45 employees per faucet 250 11,250
Fast Food Rest 0.7 meal/day 50% 75 meals per faucet 365 9,581
Sit-Down Rest 2.4 meal/day 50% 36 meals per faucet 365 15,768
Retail 2 employee 100% 5 employees per faucet 365 3,650
Grocery 2 employee 100% 5 employees per faucet 365 3,650
Warehouse 2 employee 100% 5 employees per faucet 250 2,500
Elementary School 0.6 person 50% 50 students per faucet 200 3,000
Jr High/High School 1.8 person 50% 50 students per faucet 200 9,000
Health 90 patient 25% 2 Patients per faucet 365 16,425
Motel 20 room 25% 1 faucet per room 365 1,825
Hotel 14 room 25% 1 faucet per room 365 1,278
Other 1 employee 100% 20 employees per faucet 250 5,000

EPG_electric = Energy per gallon of mixed water used by faucet (electric water heater)

=(8.33 * 1.0 * (WaterTemp - SupplyTemp)) / (RE_electric * 3412)

= 0.0795 kWh/gal for Bath, 0.0969 kWh/gal for Kitchen, 0.139 kWh/gal for LFRs, 0.0919
kWh/gal for unknown

8.33 = Specific weight of water (Ibs/gallon)
1.0 = Heat Capacity of water (btu/Ib-°F)
WaterTemp = Assumed temperature of mixed water

= 86F for Bath, 93F for Kitchen, 91F for Unknown,?°® 110F for health care facilities?®®

SupplyTemp = Assumed temperature of water entering building

295 Table 2-45 Chapter 49, Service Water Heating, 2007 ASHRAE Handbook, HVAC Applications.

296 Estimated based on data provided in Appendix E; “Waste Not, Want Not: The Potential for Urban Water Conservation in
California”, Pacific Institute, November 2003.

297 Based on review of the lllinois plumbing code (Employees and students per faucet). Retail, grocery, warehouse and health
are estimates. Meals per faucet estimated as 4 bathroom and 3 kitchen faucets and average meals per day of 250 (based on
California study above) — 250/7 = 36. Fast food assumption estimated.

298 Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum dated June 2013, directed to
Michigan Evaluation Working Group. If the aerator location is unknown an average of 91% should be used which is based on the
assumption that 70% of household water runs through the kitchen faucet and 30% through the bathroom
(0.7*93)+(0.3*86)=0.91.

299 Southern California Gas Company, Workpaper WPSCGNRWH150827A Revision #0, September, 2015.
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= 54.1°F 3%
RE_electric = Recovery efficiency of electric water heater
=98% 301
3412 = Converts Btu to kWh (Btu/kWh)
ISR = In service rate of faucet aerators dependant on install method as listed in table below:3%?
‘ Selection ISR ‘
Direct Install - Deemed 0.95

For example, a direct installed kitchen faucet in a large office with electric DHW:
AkWh =1 %*((1.39-0.94)/1.39) * 11,250 * 0.0969 * 0.95
=335.3 kWh
For example, a direct installed bathroom faucet in an Elementary School with electric DHW:
AkWh =1%*((1.39-0.94)/1.39) * 3,000 * 0.0795 * 0.95
=73.4 kWh

Secondary kWh Savings for Water Supply and Wastewater Treatment

The following savings should be included in the total savings for this measure, but should not be included in TRC
tests to avoid double counting the economic benefit of water savings.

AkWhyater = AWater (gallons) / 1,000,000 * Ewater total
Where
Ewater total = IL Total Water Energy Factor (kWh/Million Gallons)

=5,010 for measures installed in all areas except Cook County3%

= 2,937 for measures installed in Cook County 304395

300 US DOE Building America Program, Building America Analysis Spreadsheet (for Chicago, IL), Office of Energy Efficiency &
Renewable Energy.

301 Electric water heaters have recovery efficiency of 98%, as sourced from available products on the AHRI Certification
Directory.

302 ComEd Energy Efficiency/Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation Report: All Electric Single
Family Home Energy Performance Tune-Up Program, December 21, 2010, Table 3-8.

303 This factor include 2571 kWh/MG for water supply based on Illinois energy intensity data from a 2012 ISAWWA study and
2439 kWh/MG for wastewater treatment based on national energy intensity use estimates. For more information please review
Elevate Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’.

304 supply (2,571) + 15% of wastewater (2,439*15% = 366) = 2,937 kWh/million gallons. Assumes that over 10MW wastewater
treatment plant customers consume approximately 85% of the energy for treating wastewater in Cook County and as per
Section 8-103B statute, savings are not allowed to be claimed from customers who are over 10MW customers.

305 The TRM Administrator is not an expert in determining the definitive applicability of IL Statute (220 ILCS 5/8-103B) to these
secondary electric savings. The calculation reported above is based on what the TRM Administrator believes to be a reasonable
interpretation of the Statute: that savings for exempt customers (retail customers of an electric utility that serves more than
3,000,000 retail customers in the State and whose total highest 30 minute demand was more than 10,000 kilowatts, or any retail
customers of an electric utility that serves less than 3,000,000 retail customers but more than 500,000 retail customers in the
State and whose total highest 15 minute demand was more than 10,000 kilowatts) will not be used in the establishment of annual
energy sales or the utility's achievement of the cumulative persisting annual savings goals. In the case that a definitive
interpretation of the Statute’s applicability under these circumstances leads to a different conclusion, this treatment can be
reconsidered.
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For example, a direct installed faucet in a large office:
AWater (gallons) = ((1.39— 0.94)/1.39) * 11,250 * 0.95
= 3,640 gallons
AkWhyater = 3,640/1,000,000%5,010
=18 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = (AkWh / Hours) * CF

Where:
AkWh = calculated value above on a per faucet basis.Note do not include the secondary savings in this
calculation.
Hours = Annual electric DHW recovery hours for faucet use
= (Usage * 0.545 3¢ )/GPH
= Calculate if usage is custom, if using default usage use:
o Annual Recovery
Building T
uilding Type Hours
Small Office 24
Large Office 109
Fast Food Rest 93
Sit-Down Rest 153
Retail 36
Grocery 36
Warehouse 24
Elementary School 29
Jr High/High School 88
Health 160
Motel 18
Hotel 12
Other 49
Where:
GPH = Gallons per hour recovery of electric water heater calculated for 85.9F temp rise (140-
54.1), 98% recovery efficiency, and typical 12kW electric resistance storage tank.
=56
CF = Coincidence Factor for electric load reduction

= Dependent on building type3®”

306 54.5% is the proportion of hot 120F water mixed with 54.1F supply water to give 90°F mixed faucet water.

307 Calculated as follows: Assumptions for percentage of usage during peak period (1-5pm) were made and then multiplied by
65/365 (65 being the number of days in peak period) and by the number of total annual recovery hours to give an estimate of
the number of hours of recovery during peak periods. There are 260 hours in the peak period so the probability you will see
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o Coincidence
Building Type Factor
Small Office 0.0064
Large Office 0.0288
Fast Food Rest 0.0084
Sit-Down Rest 0.0184
Retail 0.0043
Grocery 0.0043
Warehouse 0.0064
Elementary School 0.0096
Jr High/High School 0.0288
Health 0.0144
Motel 0.0006
Hotel 0.0004
Other 0.0128

For example, a direct installed kitchen faucet in a large office with electric DHW:
AkW  =335.3/109 * 0.0288
=0.0886 kW
For example, a direct installed bathroom faucet in an Elementary School with electric DHW:
AKW  =73.4/29 * 0.0096
=0.0243 kW

FossIL FUEL IMPACT DESCRIPTIONS AND CALCULATION

ATherms = %FossilDHW * ((GPM_base - GPM_low)/GPM_base) * Usage * EPG_gas * ISR

Where:

%FossilDHW = proportion of water heating supplied by fossil fuel heating

DHW fuel %Fossil_DHW

Electric 0%
Fossil Fuel 100%

EPG_gas = Energy per gallon of mixed water used by faucet (gas water heater)
=(8.33 * 1.0 * (WaterTemp - SupplyTemp)) / (RE_gas * 100,000)

= 0.00397 Therm/gal for Bath, 0.00484 Therm/gal for Kitchen, 0.00695 Therm/gal for
LFRs, 0.00459 Therm/gal for unknown

Where:
RE_gas = Recovery efficiency of gas water heater

= 67%

savings during the peak period is calculated as the number of hours of recovery during peak divided by 260. See ‘C&I Faucet
Aerator.xls’ for details.

308 Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units of 70-87%. Average of existing
units is estimated at 75%. Commercial properties are more similar to MF homes than SF homes. MF hot water is often
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100,000 = Converts Btus to Therms (Btu/Therm)

Other variables as defined above.

For example, a direct installed kitchen faucet in a large office with gas DHW:

ATherms =1%*((1.39-0.94)/1.39) * 11,250 * 0.00484 * 0.95
=16.7 Therms
For example, a direct installed bathroom faucet in an Elementary School with gas DHW:
ATherms =1%*((1.39-0.94)/1.39) * 3,000 * 0.00397 * 0.95
=3.66 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

AWater (gallons) = ((GPM_base - GPM_low)/GPM_base) * Usage * ISR

Variables as defined above.

For example, a direct installed faucet in a large office:
AWater (gallons) = ((1.39 — 0.94)/1.39) * 11,250 * 0.95

= 3,640 gallons

For example, a direct installed faucet in an Elementary School:
AWater (gallons) = ((1.39— 0.94)/1.39) * 3,000 * 0.95

=971 gallons

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

SOURCES USED FOR GPM ASSUMPTIONS

Source Reference

ID

1 2011, DeOreo, William. California Single Family Water Use Efficiency Study. April 20, 2011.

) 2000, Mayer, Peter, William DeOreo, and David Lewis. Seattle Home Water Conservation Study.
December 2000.

3 1999, Mayer, Peter, William DeOreo. Residential End Uses of Water. Published by AWWA Research
Foundation and American Water Works Association. 1999.
2003, Mayer, Peter, William DeOreo. Residential Indoor Water Conservation Study. Aquacraft, Inc.

4 Water Engineering and Management. Prepared for East Bay Municipal Utility District and the US EPA.
July 2003.

5 2011, DeOreo, William. Analysis of Water Use in New Single Family Homes. By Aquacraft. For Salt Lake
City Corporation and US EPA. July 20, 2011.

6 2011, Aquacraft. Albuquerque Single Family Water Use Efficiency and Retrofit Study. For Albuquerque
Bernalillo County Water Utility Authority. December 1, 2011.
2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the

7 Baseline for Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in
Buildings.

provided by a larger commercial boiler. This suggests that the average recovery efficiency is somewhere between a typical
central boiler efficiency of .59 and the .75 for single family home. An average is used for this analysis by default.
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MEASURE CODE: CI-HWE-LFFA-V09-190101

REVIEW DEADLINE: 1/1/2023
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4.3.3 Low Flow Showerheads

DESCRIPTION

This measure relates to the direct installation of a low flow showerhead in a commercial building. Expected
applications include small business, office, restaurant, or small motel. For multifamily or senior housing, the
residential low flow showerhead should be used.

This measure was developed to be applicable to the following program types: DI. If applied to other program types,
the measure savings should be verified

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be an energy efficient showerhead rated at 2.0 gallons per
minute (GPM) or less. Savings are calculated on a per showerhead fixture basis.

DEFINITION OF BASELINE EQUIPMENT
The baseline condition is assumed to be a standard showerhead rated at 2.5 GPM.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years.3%°

DEEMED MEASURE COST

The actual full install cost (including labor) should be used. If unknown, assume $12 per showerhead.3'°

LOADSHAPE
Loadshape C02 - Commercial Electric DHW

COINCIDENCE FACTOR

The coincidence factor for this measure is assumed to be 2.78%.31!

Algorithm

CALCULATION OF SAVINGS 3*?

ELECTRIC ENERGY SAVINGS
Note these savings are per showerhead fixture
AkWh =
%ElectricDHW * ((GPM_base * L_base - GPM_low * L_low) * NSPD * 365.25) * EPG_electric * ISR

309 Table C-6, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June
2007. Evaluations indicate that consumer dissatisfaction may lead to reductions in persistence, particularly in Multi-Family.
310 Direct-install price per showerhead assumes cost of showerhead (Market research average of $7 and assess and install time
of $5 (20min @ $15/hr).

311 Calculated as follows: Assume 11% showers take place during peak hours (as sourced from “Analysis of Water Use in New
Single Family Homes, Aquacraft Water Engineering and Management, January 2011). There are 65 days in the summer peak
period, so the percentage of total annual aerator use in peak period is 0.11*65/365 = 1.96%. The number of hours of recovery
during peak periods is therefore assumed to be 1.96% * 369 = 7.23 hours of recovery during peak period. There are 260 hours
in the peak period, so the probability you will see savings during the peak period is 7,23/260 = 0.0278.

312Based on excel spreadsheet 120911.xls ...on IL-TRM SharePoint.
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Where:
%ElectricDHW = proportion of water heating supplied by electric resistance heating
= 1if electric DHW; 0 if fuel DHW; if unknown, assume 16% 313
GPM_base = Flow rate of the baseline showerhead
= 2.67 for Direct-install programs®4
GPM_low = As-used flow rate of the low-flow showerhead, which may, as a result of

measurements of program evaulations deviate from rated flows, see table below:

Rated Flow \

2.0 GPM

1.75 GPM

1.5GPM
Custom or Actua

|315

L_base = Shower length in minutes with baseline showerhead
= 8.20 min316
L_low = Shower length in minutes with low-flow showerhead
= 8.20 min37
365.25 = Days per year, on average.
NSPD = Estimated number of showers taken per day for one showerhead
EPG_electric = Energy per gallon of hot water supplied by electric

=(8.33 * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_electric * 3412)
=(8.33 * 1.0 * (101 — 54.1)) / (0.98 * 3412)
=0.117 kWh/gal

8.33 = Specific weight of water (Ibs/gallon)
1.0 = Heat Capacity of water (btu/Ib-°F)
ShowerTemp = Assumed temperature of water
=101°F 318
SupplyTemp = Assumed temperature of water entering house

313 Table HC8.9. Water Heating in U.S. Homes in Midwest Region, Divisions, and States, 2009 (RECS).

314 Based on measured data from Ameren IL EM&V of Direct-Install program. Program targets showers that are rated 2.5 GPM
or above.

315 Note that actual values may be either a) program-specific minimum flow rate, or b) program-specific evaluation-based value
of actual effective flow-rate due to increased duration or temperatures. The latter increases in likelihood as the rated flow
drops and may become significant at or below rated flows of 1.5 GPM. The impact can be viewed as the inverse of the throttling
described in the footnote for baseline flowrate.

316 Representative value from sources 1, 2, 3, 4, 5, and 6 (See Source Table at end of measure section).

317 Set equal to L_base.

318 Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum dated June 2013, directed to
Michigan Evaluation Working Group.
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= 54.1°F 31

RE_electric = Recovery efficiency of electric water heater
= 98% 3%

3412 = Converts Btu to kWh (btu/kWh)

ISR = In service rate of showerhead

= Dependant on program delivery method as listed in table below

‘ Selection ISR3%1 ‘
Direct Install - Deemed 0.98

For example, a direct-installed 1.5 GPM showerhead in an office with electric DHW where the number of showers
is estimated at 3 per day:

AkWh =1*((2.67*8.20)- (1.5*8.20)) * 3*365.25) *0.117 * 0.98
=1205.4 kWh

Secondary kWh Savings for Water Supply and Wastewater Treatment

The following savings should be included in the total savings for this measure but should not be included in TRC tests
to avoid double counting the economic benefit of water savings.

AkWhyater = AWater (gallons) / 1,000,000 * Ewater total
Where
Ewater total = IL Total Water Energy Factor (kWh/Million Gallons)

=5,010 for measures installed in all areas except Cook County 322

= 2,937 for measures installed in Cook County 323324

319 US DOE Building America Program, Building America Analysis Spreadsheet (for Chicago, IL), Office of Energy Efficiency &
Renewable Energy.

320 Electric water heaters have recovery efficiency of 98%, as sourced from available products on the AHRI Certification
Directory.

321 peemed values are from ComEd Energy Efficiency/ Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation
Report: All Electric Single Family Home Energy Performance Tune-Up Program Table 3-8. Alternative ISRs may be developed for
program delivery methods based on evaluation results.

322 This factor include 2571 kWh/MG for water supply based on lllinois energy intensity data from a 2012 ISAWWA study and
2439 kWh/MG for wastewater treatment based on national energy intensity use estimates. For more information please review
Elevate Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’.

323 supply (2,571) + 15% of wastewater (2,439*15% = 366) = 2,937 kWh/million gallons. Assumes that over 10MW wastewater
treatment plant customers consume approximately 85% of the energy for treating wastewater in Cook County and as per
Section 8-103B statute, savings are not allowed to be claimed from customers who are over 10MW customers.

324 The TRM Administrator is not an expert in determining the definitive applicability of IL Statute (220 ILCS 5/8-103B) to these
secondary electric savings. The calculation reported above is based on what the TRM Administrator believes to be a reasonable
interpretation of the Statute: that savings for exempt customers (retail customers of an electric utility that serves more than
3,000,000 retail customers in the State and whose total highest 30 minute demand was more than 10,000 kilowatts, or any retail
customers of an electric utility that serves less than 3,000,000 retail customers but more than 500,000 retail customers in the
State and whose total highest 15 minute demand was more than 10,000 kilowatts) will not be used in the establishment of annual
energy sales or the utility's achievement of the cumulative persisting annual savings goals. In the case that a definitive
interpretation of the Statute’s applicability under these circumstances leads to a different conclusion, this treatment can be
reconsidered.

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 141 of 732



Illinois Statewide Technical Reference Manual — 4.3.3 Low Flow Showerheads

For example, a direct-installed 1.5 GPM showerhead in an office with where the number of showers is
estimated at 3 per day:

AWater (gallons) = ((2.67 * 8.20)-(1.5 * 8.20)) * 3 * 365.25 * 0.98
= 10,302 gallons

AkWhyater =10,302/1,000,000*5,010
=52 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh/Hours * CF
Where:
AkWh = calculated value above. Note do not include the secondary savings in this calculation.
Hours = Annual electric DHW recovery hours for showerhead use

= ((GPM_base * L_base) *NSPD * 365.25) * 0.773 325 / GPH

Where:
GPH = Gallons per hour recovery of electric water heater calculated for 65.9F temp rise (120-54.1), 98%
recovery efficiency, and typical 4.5kW electric resistance storage tank.
=27.51
CF = Coincidence Factor for electric load reduction
=0.0278 326

For example, a direct-installed 1.5 GPM showerhead in an office with electric DHW where the number of showers
is estimated at 3 per day:

AkW =(1205.4 / 674.1)*0.0278
=0.050 kW

FossIL FUEL IMPACT DESCRIPTIONS AND CALCULATION

ATherms = %FossilDHW * ((GPM_base * L_base - GPM_low * L_low) * NSPD* 365.25) *
EPG_gas * ISR
Where:
%FossilDHW = proportion of water heating supplied by fossil fuel heating

325 77.3% is the proportion of hot 120F water mixed with 54.1°F supply water to give 105°F shower water.

326 Calculated as follows: Assume 11% showers take place during peak hours (as sourced from “Analysis of Water Use in New
Single Family Homes, Aquacraft Water Engineering and Management, January 2011). There are 65 days in the summer peak
period, so the percentage of total annual aerator use in peak period is 0.11*65/365.25 = 1.96%. The number of hours of
recovery during peak periods is therefore assumed to be 1.96% * 369 = 7.23 hours of recovery during peak period where 369
equals the average annual electric DHW recovery hours for showerhead use including SF and MF homes with Direct Install and
Retrofit/TOS measures. There are 260 hours in the peak period so the probability you will see savings during the peak period is
7.23/260 = 0.0278.

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 142 of 732



Illinois Statewide Technical Reference Manual — 4.3.3 Low Flow Showerheads

DHW fuel %Fossil_DHW |
Electric 0%
Fossil Fuel 100%
Unknown 84%327
EPG_gas = Energy per gallon of Hot water supplied by gas

=(8.33 * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_gas * 100,000)
=0.0058 Therm/gal

Where:
RE_gas = Recovery efficiency of gas water heater
- 67% 328
100,000 = Converts Btus to Therms (btu/Therm)

Other variables as defined above.

For example, a direct-installed 1.5 GPM showerhead in an office with gas DHW where the number of showers is
estimated at 3 per day:

ATherms =1.0*((2.67 *8.2)— (1.5 * 8.2)) * 3 * 365.25 * 0.0058 * 0.98
=59.8 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
AWater (gallons) = ((GPM_base * L_base - GPM_low * L_low) * NSPD * 365.25 * ISR

Variables as defined above

For example, a direct-installed 1.5 GPM showerhead in an office with where the number of showers is estimated
at 3 per day:

AWater (gallons) = ((2.67 * 8.20)-(1.5 * 8.20)) * 3 * 365.25 * 0.98
= 10,302 gallons

DEEMED O& M COST ADJUSTMENT CALCULATION
N/A

327 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for Midwest
Region, data for the state of IL. If utilities have specific evaluation results providing a more appropriate assumption for homes in
a particular market or geographical area then that should be used.

328 Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units of 70-87%. Average of existing
units is estimated at 75%. Commercial properties are more similar to MF homes than SF homes. MF hot water is often
provided by a larger commercial boiler. This suggests that the average recovery efficiency is somewhere between a typical
central boiler efficiency of .59 and the .75 for single family home. An average is used for this analysis by default.
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4.3.4 Commercial Pool Covers

DESCRIPTION

This measure refers to the installation of covers on commercial use pools that are heated with gas-fired equipment
located either indoors or outdoors. By installing pool covers, the heating load on the pool boiler will be reduced by
reducing the heat loss from the water to the environment and the amount of actual water lost due to evaporation
(which then requires additional heated water to make up for it). An additional benefit to pool covers are the
electricity savings from the reduced fresh water required to replace the evaporated water.

The main source of energy loss in pools is through evaporation. This is particularly true of outdoor pools where wind
plays a larger role. The point of installing pool covers is threefold. First, it will reduce convective losses due to the
wind by shielding the water surface. Second, it will insulate the water from the colder surrounding air. And third, it
will reduce radiative losses to the night sky. In doing so, evaporative losses will also be minimized, and the boiler will
not need to work as hard in replenishing the pool with hot water to keep the desired temperature.

This measure can be used for pools that (1) currently do not have pool covers, (2) have pool covers that are past the
useful life of the existing cover, or (3) have pool covers that are past their warranty period and have failed.

DEFINITION OF EFFICIENT EQUIPMENT

For indoor pools, the efficient case is the installation of an indoor pool cover with a 5 year warranty on an indoor
pool that operates all year.

For outdoor pools, the efficient case is the installation of an outdoor pool cover with a 5 year warranty on an outdoor
pool that is open through the summer season.

DEFINITION OF BASELINE EQUIPMENT
For indoor pools, the base case is an uncovered indoor pool that operates all year.

For outdoor pools, the base case is an outdoor pool that is uncovered and is open through the summer season.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The useful life of this measure is assumed to be 6 years.3?°

DEEMED MEASURE COST

The table below shows the costs for the various options and cover sizes. Since this measure covers a mix of various
sizes, the average cost of these options is taken to be the incremental measure cost.®3° Costs are per square foot.

Edge Style \

CoverSize Hemmed (indoor) | Weighted (outdoor)
1000-1,999 sq. ft. $2.19 $2.24
2,000-2,999 sq. ft. $2.01 $2.06

3,000+ sq. ft. $1.80 $1.83
Average $2.00 $2.04

LOADSHAPE

Loadshape R15 — Residential Pool Pumps

329 The effective useful life of a pool cover is typically one year longer than its warranty period. SolaPool Covers. Pool Covers
Website, FAQ- "How long will my SolaPool cover blanket last?". Pool covers are typically offered with 3 and 5 year warranties
with at least one company offering a 6 year warranty. Conversation with Trade Ally. Knorr Systems.

330 pool Cover Costs: Lincoln Commercial Pool Equipment online catalog. Accessed 8/26/11.
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COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

Secondary kWh Savings for Water Supply and Wastewater Treatment

The following savings should be included in the total savings for this measure but should not be included in TRC tests
to avoid double counting the economic benefit of water savings.

AkWhyater = AWater (gallons) / 1,000,000 * Ewater supply
Where
Ewater supply = Water Supply Energy Factor (kWh/Million Gallons)
=2,571%%1

For example,
2400ft? Indoor Swimming Pool:
AWater = WaterSavingFactor x Size of Pool
= 15.28 gal./ft?/year x 2400 ft?
= 36,672 gal./year
AkWhwater = AWater / 1,000,000 * Ewater supply
= 36,672 gal./year / 1,000,000 * 2,571 kWh/million gallons
=96.3 kWh/year
2400ft? Outdoor Swimming Pool:
AWater = WaterSavingFactor x Size of Pool
= 8.94 gal./ft?/year x 2400 ft?
= 21,456 gal./year
AkWhwater = AWater / 1,000,000 * Ewater supply
= 21,456 gal./year / 1,000,000 * 2,571 kWh/million gallons
=55.2 kWh/year

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

331 This factor include 2571 kWh/MG for water supply based on lllinois energy intensity data from a 2012 ISAWWA study. For
more information please review Elevate Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’. Note since the water loss
associated with this measure is due to evaporation and does not discharge into the wastewater system, only the water supply
factor is used here.
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NATURAL GAS SAVINGS

The calculations are based on modeling runs using RSPEC! Energy Smart Pools Software that was created by the U.S.
Department of Energy. 32

ATherms = SavingFactor x Size of Pool

Where
Savings factor = dependant on pool location and listed in table below:332
Location Therm / sq-ft |
Indoor 2.61
Outdoor 1.01
Size of Pool = custom input

WATER IMPACT DESCRIPTIONS AND CALCULATION

AWater (gallons) = WaterSavingFactor x Size of Pool

Where
WaterSavingFactor = Water savings for this measure dependant on pool location and listed in table
below:334
- Annual Savings
Locat
ocation Gal / sq-ft
Indoor 15.28
Outdoor 8.94
Size of Pool = Custom input

DEEMED O&M COST ADJUSTMENT CALCULATION

There are no O&M cost adjustments for this measure.
MEASURE CODE: CI-HWE-PLCV-V03-200101

REVIEW DEADLINE: 1/1/2025

332 Full method and supporting information found in reference document: IL TRM - Business Pool Covers WorkPaper.docx. Note
that the savings estimates are based upon Chicago weather data.

333 Business Pool Covers.xlsx

334 |bid.
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4.3.5 Tankless Water Heater — Measure combined with 4.3.1 Water Heater in Version 8
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4.3.6 Ozone Laundry

DESCRIPTION

A new ozone laundry system(s) is added-on to new or existing commercial washing machine(s) using hot water
heated with natural gas. The system generates ozone (0s), a naturally occurring molecule, which helps clean fabrics
by chemically reacting with soils in cold water. Adding an ozone laundry system(s) will reduce the amount of
chemicals, detergents, and hot water needed to wash linens. Using ozone also reduces the total amount of water
consumed, saving even more in energy.

Natural gas energy savings will be achieved at the hot water heater/boiler as they will be required to produce less
hot water to wash each load of laundry. The decrease in hot water usage will increase cold water usage, but overall
water usage at the facility will decrease.

Electric savings can be realized through reduced washer cycle length and reduced pumping load at the boiler feeding
the commercial washers. The increased usage associated with operating the ozone system should also be accounted
for when determining total kWh impact. Data reviewed for this measure characterization indicated that pumping
savings should be accounted for, but washer savings and ozone generator consumption are comparatively so small
that they can be ignored.

The reduced washer cycle length may decrease the dampness of the clothes when they move to the dryer. This can
result in shorter runtimes which result in gas and electrical savings. However, at this time, there is inconclusive
evidence that energy savings are achieved from reduced dryer runtimes so the resulting dryer effects are not
included in this analysis. Additionally, there would be challenges verifying that dryer savings will be achieved
throughout the life of the equipment.

This incentive only applies to the following facilities with on-premise laundry operations:

e Hotels/motels

e  Fitness and recreational sports centers.

e Healthcare (excluding hospitals)

e Assisted living facilities

e Laundromats
Ozone laundry system(s) could create significant energy savings opportunities at other larger facility types with on-
premise laundry operations (such as correctional facilities, universities, and staff laundries), however, the results
included in this analysis are based heavily on past project data for the applicable facility types listed above and may
not apply to facilities outside of this list due to variances in number of loads and average pound (lbs.)-capacity per

project site. Projects at these facilities should continue to be evaluated through custom programs and the applicable
facility types and the resulting analysis should be updated based on new information.

Laundromats are the only application where number of washing units needs to be used to calculate total site energy
savings. All other applications use site assumptions to calculate total site savings.

This measure was developed to be applicable to the following program types: TOS, RF. If applied to other program
types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

A new ozone laundry system(s) is added-on to new or existing commercial washing machine(s) using hot water
heated with natural gas. The ozone laundry system(s) must transfer ozone into the water through:

e Venturi Injection

e Bubble Diffusion

e Additional applications may be considered upon program review and approval on a case by
case basis
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e  For laundromats, the ozone laundry system(s) must be connected to both the hot and cold
water inlets of the clothes washing machine(s) so that hot water is no longer provided to the
clothes washer.

DEFINITION OF BASELINE EQUIPMENT

The base case equipment is a conventional washing machine system with no ozone generator installed. The washing
machines are provided hot water from a gas-fired boiler.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure equipment effective useful life (EUL) is estimated at 10 years based on typical lifetime of the ozone
generator’s corona discharge unit.33®

DEEMED MEASURE COST

The actual measure costs should be used if available. If not, the following deemed values should be used:

Application Deemed Measure Cost

Laundromat $25.53 / Ibs capacity>3®
Hotel/Motel
Fitness and Recreation
Healthcare
Assisted Living

$79.84 / Ibs capacity®®’

LOADSHAPE

Loadshape C53 — Flat

COINCIDENCE FACTOR

Past project documentation and data collection is not sufficient to determine a coincidence factor for this measure.
Value should continue to be studied and monitored through additional studies due to limited data points used for
this determination.

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

Electric savings can be realized through reduced washer cycle length and reduced pumping load at the boiler feeding
the commercial washers. There is also an increased usage associated with operating the ozone system. Data
reviewed for this measure characterization indicated that while pumping savings is significant and should be
accounted for, washer savings and ozone generator consumption are negligible, counter each other out and are well
within the margin of error so these are not included to simplify the characterization.33®

335 Aligned with other national energy efficiency programs and confirmed with national vendors

336 Average cost per unit of capacity for laundromats was generated using data collected from previous Peoples Gas and North
Shore Gas custom projects

337 Average costs per unit of capacity were generated using data collected from existing ozone laundry projects that received
incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR), as well as from the Nicor Custom Incentive
Program, and the Nicor Emerging Technology Program (ETP). See referenced document Table 2 and RSMeans Mechanical Cost
Data, 31st Annual Edition (2008)

338 \Washer savings were reviewed but were considered negligible and not included in the algorithm (0.00082 kwWh / lbs-
capacity, determined through site analysis through Nicor Emerging Technology Program (ETP) and confirmed with national
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AkWhpyme = HP * HPconversion * Hours * %water_savings
Where:
AkWhpympe = Electric savings from reduced pumping load
HP = Brake horsepower of boiler feed water pump;

= Actual, or use 5 HP if unknown33°

HP conversion = Conversion from Horsepower to Kilowatt
=0.746
Hours = Actual associated boiler feed water pump hours

= Must be a custom calculation for laundromats, but 800 hours can be used for other
applications if unknown34°

%water_savings = water reduction factor: how much more efficient an ozone injection washing machine
is compared to a typical conventional washing machine as a rate of hot and cold water

reduction.
Application %water_savings
Laundromat 10%34
Hotel/Motel
Fitness and Recreation 259342
Healthcare
Assisted Living
Using defaults above:
AkWhPUMP_LAUNDROMAT =5%*0.746 * Hours * 0.10
=0.373 kWh * Hours
AKWheymp_ail oTHER =5%*0.746 * 800 * 0.25
=746 kWh
Default per pound: = AkWhpywmp / Lbs-Capacity
Where:
Lbs-Capacity = Total washer capacity measured in pounds of laundry

vendors). Note that washer savings from Nicor’s site analysis are smaller than those reported in a WI Focus on Energy case
study (0.23kWh/100lbs, Hampton Inn Brookfield, November 2010). Electric impact of operating ozone generator (0.0021 kwWh /
Ibs-capacity same source as washer savings) was also considered negligible and not included in calculations. Values should
continue to be studied and monitored through additional studies due to limited data points used for this determination.

339 Assumed average horsepower for boilers connected to applicable washer.

340 Engineered estimate provided by CLEAResult review of Nicor custom projects. Machines spent approximately 7 minutes per
hour filling with water and were in operation approximately 20 hours per day. Total pump time therefore estimated as 7/60 *
20 * 365 = 852 hours, and rounded down conservatively to 800 hours.

341 Page 7, Laundries and Dry-Cleaning Operations, Watersmart Guidebook EBMUD_WaterSmart_Guide_Laundries_Dry-
Cleaning_Operations.pdf.

342 Average water reduction factors were generated using data collected from existing ozone laundry projects that received
incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR). Table 6 summarizes data gathered from
several NRR-DR projects, Nicor Custom projects, and Nicor ETP projects. Nicor Savings Numbers are associated with
ACEE_AWE_Ozone Laundry / From Gas Savings Calculations.
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Application Lbs-Capacity

Laundromat Actual combined capacity of ozone connected washers
Hotel/Motel
Fitness and Recreation 254.38 Ibs per site™
Healthcare
Assisted Living
AkWhpumpare others per pound =746/254.38

=2.93 kWh/Ib

Secondary kWh Savings for Water Supply and Wastewater Treatment

The following savings should be included in the total savings for this measure, but should not be included in TRC
tests to avoid double counting the economic benefit of water savings.

AkWhyater = AWater (gallons) / 1,000,000 * Ewater total

Where:
AWater (gallons)iaunpromar =239 * Lbs_Capacity®*
AWater (gallons)aw others = 464,946
Ewater total = IL Total Water Energy Factor (kWh/Million Gallons)

=5,010 for measures installed in all areas except Cook County 346
= 2,937 for measures installed in Cook County 347348
Deemed savings using defaults:

AkWhyater_taunDROMAT = (239 * Lbs-Cpacity)/1,000,000 * 5,010 (2,937 in Cook County)

AKkWhyater ALL OTHERS = 464,946/1,000,000 * 5,010 (2,937 in Cook County)
= 2,329 kWh (1366kWh in Cook County)

343 Average Ibs-capacity per project site was generated using data collected from existing ozone laundry projects that received
incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR), as well as from the Nicor Custom
Incentive Program, and the Nicor Emerging Technology Program (ETP). See referenced document Table 2.

344 See the “Water Impact Descriptions and Calculation” section of this measure for more information.

345 See the “Water Impact Descriptions and Calculation” section of this measure for more information.

346 This factor include 2571 kWh/MG for water supply based on lllinois energy intensity data from a 2012 ISAWWA study and
2439 kWh/MG for wastewater treatment based on national energy intensity use estimates. For more information please review
Elevate Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’.

347 Supply (2,571) + 15% of wastewater (2,439*15% = 366) = 2,937 kWh/million gallons. Assumes that over 10MW wastewater
treatment plant customers consume approximately 85% of the energy for treating wastewater in Cook County and as per
Section 8-103B statute, savings are not allowed to be claimed from customers who are over 10MW customers.

348 The TRM Administrator is not an expert in determining the definitive applicability of IL Statute (220 ILCS 5/8-103B) to these
secondary electric savings. The calculation reported above is based on what the TRM Administrator believes to be a reasonable
interpretation of the Statute: that savings for exempt customers (retail customers of an electric utility that serves more than
3,000,000 retail customers in the State and whose total highest 30 minute demand was more than 10,000 kilowatts, or any retail
customers of an electric utility that serves less than 3,000,000 retail customers but more than 500,000 retail customers in the
State and whose total highest 15 minute demand was more than 10,000 kilowatts) will not be used in the establishment of annual
energy sales or the utility's achievement of the cumulative persisting annual savings goals. In the case that a definitive
interpretation of the Statute’s applicability under these circumstances leads to a different conclusion, this treatment can be
reconsidered.
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

Past project documentation and data collection is not sufficient to determine summer coincident peak demand
savings for this measure. Value should continue to be studied and monitored through additional studies due to
limited data points used for this determination. In absence of site-specific data, the summer coincident peak
demand savings should be assumed to be zero.

AkW =0

NATURAL GAS SAVINGS

ATherm = Thermagaseiine * %hot_water_savings
Where:

ATherm = Gas savings resulting from a reduction in hot water use, in therm.
Thermsgaseline = Annual Baseline Gas Consumption

= WHE * WUtiliz * WUsage_hot

Where:
WHE = water heating energy: energy required to heat the hot water used
= 0.00885 therm/gallon34°
WUtiliz = washer utilitzation factor: the annual pounds of clothes washed per year

= actual, if unknown the values below:

Application WuUtiliz

Laundromat 2,190%% cycles per year * Lbs-Capacity
Hotel/Motel
Fitness and Recreation 916,150 Ibs®5! (Approx. 4,745 cycles per year) per
Healthcare site
Assisted Living
WUsage_hot = hot water usage factor: how much hot water a typical conventional

washing machine utilizes, normalized per pounds of clothes washed

Application WuUsage_hot

Laundromat 0.64 gallons/Ib%%?
Hotel/Motel
Fitness and Recreation
Healthcare
Assisted Living

1.19 gallons/Ib%%2

349 Assuming boiler efficiency is the regulated minimum efficiency (80%), per Title 20 Appliance Standard of the California
Energy Regulations (October 2007). The incoming municipal water temperature is assumed to be 55 °F with an average hot
water supply temperature of 140°F, based on default test procedures on clothes washers set by the Department of Energy’s
Office of Energy Efficiency and Renewable Energy (Federal Register, Vol. 52, No. 166). Enthalpies for these temperatures (107
btu/lbs at 140F, 23.07 btu/lbs at 55F) were obtained from ASHRAE Fundamentals.

350 DOE Technical Support Document Chapter 6, 2010 https://www.regulations.gov/contentStreamer?documentld=EERE-2006-
STD-0127-0118&attachmentNumber=8&disposition=attachment&contentType=pdf

351 Average utilization factors were generated using data collected from existing ozone laundry projects that received incentives
under the NRR-DR program. Table 3 summarizes data gathered from several NRR-DR projects, Nicor Custom projects, and Nicor
ETP projects.

352 Calculated as WUsage * Average % Hot water (estimated at 59% from Custom laundromat data); 1.09%0.59 = 0.64 gal / lbs
laundry.

353 Average hot water usage factors were generated using data collected from existing ozone laundry projects that received
incentives under the NRR-DR program. Summarizes data gathered from several NRR-DR projects.

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 153 of 732


https://www.regulations.gov/contentStreamer?documentId=EERE-2006-STD-0127-0118&attachmentNumber=8&disposition=attachment&contentType=pdf
https://www.regulations.gov/contentStreamer?documentId=EERE-2006-STD-0127-0118&attachmentNumber=8&disposition=attachment&contentType=pdf

Illinois Statewide Technical Reference Manual — 4.3.6 Ozone Laundry

Using defaults above:
Thermgaseiine_Launoromar = 0.00885 * (2,190 cycles per year * Lbs-Capacity) * 0.64
=12.4 therms * Lbs-Capacity

Thermsasenne_ALLo'rHERs =0.00885 * 916,150 *1.19
= 9648 therms
%hot_water_savings = hot water reduction factor: how much more

efficient an ozone injection washing machine is, compared to a typical conventional
washing machine, as a rate of hot water reduction

Application %hot_water_savings

Laundromat 100%
Hotel/Motel
Fitness and Recreation 81%*
Healthcare
Assisted Living

Savings using defaults above:
ATherm = Thermaaseiine * %hot_water_savings
AThermaunoromat =12.4 * Lbs-Capacity * 100%
=12.4 therms * Lbs-Capacity
ATherma other =9648 * 81%
= 7815 therms per site
Default per Ib capacity:
AThermiaunpromat / 1b =12.4 * Lbs-Capacity / |b capacity
=12.4therms/Ib
ATherm aotier / 1b =7815/254.38
=30.7 therms/Ib

WATER IMPACT DESCRIPTIONS AND CALCULATION

The water savings calculations listed here account for the combination of hot and cold water used. Savings
calculations for this measure were based on the reduction in total water use from implementing an ozone washing
system to the base case. There are three main components in obtaining this value:

AWater (gallons) = WUsage * WUTtiliz * %water_savings
Where:

AWater (gallons) = reduction in total water use from implementing an ozone washing system to the base
case

354 Average hot water reduction factors were generated using data collected from existing ozone laundry projects that received
incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR). Table 5 summarizes data gathered from
several NRR-DR projects, Nicor Custom projects, and Nicor ETP projects. Nicor Savings Numbers are associated with
ACEE_AWE_Ozone Laundry / From Gas Savings Calculations.
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WUsage = water usage factor: amount of total water used by a conventional washing machine
normalized per unit of clothes washed

WUsageiaunoromats = 1.09 gallons / Ibs laundry3°®

WUsageai others = 2.03 gallons/Ibs laundry3®®
WUtiliz = washer utilization factor: the annual pounds of clothes washed per year

= actual, if unknown use the values below:

Application WUtiliz

Laundromat 2,190%7 cycles per year * Lbs-Capacity
Hotel/Motel
Fitness and Recreation 916,150 1bs®8 (Approx. 4,745 cycles per year)
Healthcare per site
Assisted Living

%water_savings = water reduction factor: how much more efficient an ozone injection washing machine
is compared to a typical conventional washing machine as a rate of hot and cold water

reduction.
Application %water_savings
Laundromat 10%°%°
Hotel/Motel
Fitness and Recreation 9504360
Healthcare
Assisted Living

Savings using defaults above:
AWater = WUsage * WUTtiliz * %water_savings
AWater LaunpromaTs =1.09 * WUtiliz * 0.1
=1.09 * (2,190 * Lbs-Capacity) * 0.1
=239 * Lbs-Capacity
AWater aiL otHers =2.03 * 916,150 * 0.25

= 464,946 gallons per site

355 Based on Peoples Gas custom project data.

356 Average water usage factors were generated using data collected from existing ozone laundry projects that received
incentives under the NRR-DR program. summarizes data gathered from several NRR-DR projects.

357 DOE Technical Support Document Chapter 6, 2010 https://www.regulations.gov/contentStreamer?documentld=EERE-2006-
STD-0127-0118&attachmentNumber=8&disposition=attachment&contentType=pdf

358 Average utilization factors were generated using data collected from existing ozone laundry projects that received incentives
under the NRR-DR program. Table 3 summarizes data gathered from several NRR-DR projects, Nicor Custom projects, and Nicor
ETP projects.

359 Page 7, Laundries and Dry-Cleaning Operations, Watersmart Guidebook EBMUD_WaterSmart_Guide_Laundries_Dry-
Cleaning_Operations.pdf.

360 Average water reduction factors were generated using data collected from existing ozone laundry projects that received
incentives under the Non-Residential Retrofit Demand Reduction program (NRR-DR). Table 6 summarizes data gathered from
several NRR-DR projects, Nicor Custom projects, and Nicor ETP projects. Nicor Savings Numbers are associated with
ACEE_AWE_Ozone Laundry / From Gas Savings Calculations.
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Default per pound:

AWateraunoromats / |b capacity = (239 * Lbs-Capacity) / Ib-capacity
=239 gallons/lb
A Water ai others / Ib-ca pacity = 464,946 / 254.38

=1,828 gallons / Ib

DEEMED O&M COST ADJUSTMENT CALCULATION
Maintenance is required for the following components annually:36!

e Ozone Generator: filter replacement, check valve replacement, fuse replacement, reaction chamber
inspection/cleaning, reaction chamber o-ring replacement

e Air Preparation — Heat Regenerative: replacement of two medias

e Air Preparation — Oxygen Concentrators: filter replacement, pressure relief valve replacement, compressor
rebuild

e Venturi Injector: check valve replacement

Maintenance is expected to cost $0.79 / Ibs capacity.

SOURCES

1 "Lodging Report", December 2008, California Travel & Tourism Commission,
http://tourism.visitcalifornia.com/media/uploads/files/editor/Research/CaliforniaTourism_200812.pdf

2 "Health, United States, 2008" Table 120, U.S. Department of Health & Human Services, Centers for Disease
Control & Prevention, National Center for Health Statistics, http://www.cdc.gov/nchs/data/hus/hus08.pdf#120

3 Fourth Quarter 2008 Facts and Fictures, California Department of Corrections & Rehabilitation (CDCR),
http://www.cdcr.ca.gov/Divisions_Boards/Adult_Operations/docs/Fourth_Quarter_2008_Facts_and_Figures.pdf

4 Jail Profile Survey (2008), California Department of Corrections & Rehabilitation (CDCR),
http://www.cdcr.ca.gov/Divisions_Boards/CSA/FSO/Docs/2008_4th_Qtr_JPS_full_report.pdf

5 DEER2011_NTGR_2012-05-16.xls from DEER Database for Energy-Efficient Resources; Version 2011 4.01
Under: DEER2011 Update Documentation linked at: DEER2011 Update Net-To-Gross table Cells: T56 and U56

6 The Benefits of Ozone in Hospitality On-Premise Laundry Operations, PG&E Emerging Technologies Program,
Application Assessment Report #0802, April 2009.

7 Federal Register, Vol. 52, No. 166

8 2009 ASHRAE Handbook — Fundamentals, Thermodynamic Properties of Water at Saturation, Section 1.1 (Table
3), 2009

9 Table 2 through 6: Excel file summarizing data collected from existing ozone laundry projects that received
incentives under the NRR-DR program

10 DOE Technical Support Document Chapter 6, 2010
https://www.regulations.gov/contentStreamer?documentld=EERE-2006-STD-0127-
0118&attachmentNumber=8&disposition=attachment&contentType=pdf

11 GTI Residential Ozone Laundry Field Demonstration (May 2018)

361 Confirmed through communications with national vendors and available references, via an online forum (The Ozone Laundry
Blog — The Importance of Maintenance).

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 156 of 732



Illinois Statewide Technical Reference Manual — 4.3.6 Ozone Laundry

MEASURE CoDE CI-HWE-OZLD-V05-210101

REVIEW DEADLINE: 1/1/2023
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4.3.7 Multifamily Central Domestic Hot Water Plants

DESCRIPTION

This measure covers multifamily central domestic hot water (DHW) plants with thermal efficiencies greater than or
equal to 88%. This measure is applicable to any combination of boilers and storage tanks provided the thermal
efficiency of the boilers is greater than 88%. Plants providing other than solely DHW are not applicable to this
measure.

This measure was developed to be applicable to the following program types: TOS, NC, ER.
If applied to other program types, the measure savings should be verified.

Note IECC 2018 became effective July 1, 2019 and is the baseline for all New Construction permits from that date.

DEFINITION OF EFFICIENT EQUIPMENT
To qualify the boiler(s) must have a Thermal Efficiency of 88% or greater and supply domestic hot water to multi-

family buildings.

DEFINITION OF BASELINE EQUIPMENT
For TOS the baseline boiler is assumed to have a Thermal Efficiency of 80%.362

For Early Replacement the savings are calculated between existing unit and efficient unit consumption during the
remaining life of the existing unit, and between new baseline unit as above and efficient unit consumption for the
remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the domestic hot water boilers is 15 years.363

DEEMED MEASURE COST

TOS: The actual install cost should be used for the efficient case, minus the baseline cost assumption provided below:

Capacity Range Baseline Installed Cost
Slieh per kBtuh3%

<300kBtuh $65 per kBTUh
300 — 2500 kBtuh $38 per kBTUh
>2500 kBtuh $32 per kBTUh
LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

362 |nternational Energy Conservation Code (IECC) 2012/2015/2018, Table C404.2, Minimum Performance of Water-Heating
Equipment.

363 Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27, 2011.

364 Baseline install costs are based on data from the “2010-2012 WOO017 Ex Ante Measure Cost Study”, Itron, California Public
Utilities Commission. The data is provided in a file named “MCS Results Matrix — Volume I”.

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 158 of 732



[llinois Statewide Technical Reference Manual —4.3.7 Multifamily Central Domestic Hot Water Plants

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

There are no anticipated electrical savings from this measure.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS
Time of Sale:
ATherms = Hot Water Savings + Standby Loss Savings

= [(MFHH * #Units * GPD * Days/yr * yWater * (Tout — Tin) * (1/Eff_base —
1/Eff_ee)) /100,000] + [((SL * Hours/yr * (1/Eff_base — 1/Eff_ee)) / 100,000]

Early Replacment:36°
ATherms for remaining life of existing unit (1st 5 years):

= [(MFHH * #Units * GPD * Days/yr * yWater * (Tout — Tin) * (1/Eff_exist —
1/Eff_ee)) / 100,000] + [((SL * Hours/yr * (1/Eff_exist — 1/Eff_ee)) / 100,000]

ATherms for remaining measure life (next 10 years):

= [(MFHH * #Units * GPD * Days/yr * yWater * (Tout — Tin) * (1/Eff_base —
1/Eff_ee)) / 100,000] + [((SL * Hours/yr * (1/Eff_base — 1/Eff_ee)) / 100,000]

Where:
MFHH = number of people in Multi-Family household

= Actual. If unknown assume 2.1 persons/unit36®

#Units = Number of units served by hot water boiler
= Actual
GPD = Gallons of hot water used per person per day

= Actual. If unknown assume 17.6 gallons per person per day®¢”

Days/yr =365.25

VWater = Specific Weight of Water
=8.33 gal/lb

Tout = tank temperature of hot water

365 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to
efficient) and the remaining phase (new baseline to efficient). In practice, the screening tools used may either require a First
Year savings (using the first equation) and then a “number of years to adjustment” and “savings adjustment” input which would
be the (new base to efficient savings)/(existing to efficient savings).

366Navigant, ComEd PY3 Multi-Family Home Energy Savings Program Evaluation Report Final, May 16, 2012.

367 Deoreo, B., and P. Mayer. Residential End Uses of Water Study Update. Forthcoming. ©2015 Water Research Foundation.
Reprinted With Permission.
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= 125°F or custom

Tin = Incoming water temperature from well or municiple system
= 54°F%08
Eff_base = thermal efficiency of base unit
= 80%°%°
Eff _ee = thermal efficiency of efficient unit complying with this measure

= Actual. If unknown assume 88%
Eff_exist = thermal efficiency of existing unit

= Actual. If unknown assume 73%3°
SL = Standby Loss®"*

= (Input rating / 800) + (110 * vTank Volume).

Input rating = Name plate input capacity in Btuh
Tank Volume = Rated volume of the tank in gallons
Hours / yr = 8766 hours
100,000 = btu/therm

368 US DOE Building America Program, Building America Analysis Spreadsheet (for Chicago, IL), Office of Energy Efficiency &
Renewable Energy.

369 |ECC 2012/2015, Table C404.2, Minimum Performance of Water-Heating Equipment

370 Based upon DCEO data provided 10/2014; average age adjusted efficiency of existing units replaced through the program.
Efficiency age adjustment of 0.5% per year based upon NREL “Building America Performance Analysis Procedures for Existing
Homes”.

371 Stand-by loss is provided in IECC 2012/2015/2018, Table C404.2, Minimum Performance of Water-Heating Equipment.
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Time of Sale:
For example, an 88% 1000 gallon boiler with 150,000 Btuh input rating installed serving 50 units.
ATherms = Hot Water Savings + Standby Loss Savings

= [(MFHH * #Units * GPD * Days/yr * yWater * (Tout — Tin) * (1/Eff_base — 1/Eff_ee))
/100,000] + [((SL * Hours/yr * (1/Eff_base — 1/Eff_ee)) / 100,000]

=[(2.1 * 50 * 17.6 * 8.33 * 365.25 * 1.0 * (125-54) * (1/0.8 — 1/0.88)) / 100000] +
[((150000/800 + (110 * v1000)) * 8766 * (1/0.8 — 1/0.88)) / 100000]

=454 + 37
=490 therms
Early Replacement:

For example, an 88% 1000 gallon boiler with 150,000 Btuh input rating installed serving 50 units replaces a
working unit with unknown efficiency.

ATherms for remaining life of existing unit (1st 5 years):

=[(2.1 * 50 * 17.6 * 8.33 * 365.25 * 1.0 * (125-54) * (1/0.73 — 1/0.88)) / 100000] +
[((150000/800 + (110 * v1000)) * 8766 * (1/0.73 — 1/0.88)) / 100000]

=932+75
= 1007 therms
ATherms for remaining measure life (next 10 years):
=454 + 37 (as above)
=490 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-HWE-MDHW-V04-200101

REVIEW DEADLINE: 1/1/2023
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4.3.8 Controls for Central Domestic Hot Water

DESCRIPTION

Demand control recirculation pumps seek to reduce inefficiency by combining control via temperature and demand
inputs, whereby the controller will not activate the recirculation pump unless both (a) the recirculation loop return
water has dropped below a prescribed temperature (e.g. 100°F) and (b) a CDHW demand is sensed as water flow
through the CDHW system.

This measure was developed to be applicable to the following program types: TOS, RF, NC. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Re-circulating pump shall cycle on based on (a) the recirculation loop return water dropping below a prescribed
temperature (e.g. 100°F) and (b) a CDHW demand is sensed as water flow through the CDHW system.

DEFINITION OF BASELINE EQUIPMENT

The base case for this measure category are existing, un-controlled Recirculation Pumps on gas-fired Central
Domestic Hot Water Systems.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The effective useful life is 15 years.3"?

DEEMED MEASURE COST

The average cost of the demand controller circulation kit is $1,608 with an installation cost of $400 for a total
measure cost of $2,008.373

LOADSHAPE
Loadshape C02 - Non-Residential Electric DHW

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

Deemed at 656 kWh.374

372 Benningfield Group. (2009). PY 2009 Monitoring Report: Demand Control for Multifamily Central Domestic Hot Water.
Folsom, CA: Prepared for Southern California Gas Company, October 30, 2009.
373 The incremental costs were averaged based on the following multi-family and dormitory building studies-
- Gas Technology Institute. (2014). 1003: Demand-based domestic hot water recirculation Public project report. Des
Plaines, IL: Prepared for Nicor Gas, January 7, 2014.
- Studies performed in multiple dormitory buildings in the California region for Southern California Gas’ PREPS
Program, 2012.
374 This value is the average kWh saved per pump based on results from Multi-Family buildings studied in Nicor Gas Emerging
Technology Program study and Southern California Gas’ study in multiple dormitory buildings. Note this value does not reflect
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS

Gas savings for this measure can be calculated by using site specific boiler size and boiler usage information or
deemed values are provided based on number of rooms for Dormitories and number of apartments for Multi-Family
buildings.5"®

ATherms = Boiler Input Capacity * (tnormal oce ® Rnormal occ + tiow occ * Riow occ) / 100,000
Where:
Boiler Input Capacity = Input capacity of the Domestic Hot Water boiler in BTU/hr.

= If the facility uses the same boiler for space heat and domestic hot
water, estimate the boiler input capacity for only domestic hot water
loads. If this cannot be estimated, use 22.75% of total boiler input
capacity for Multi-Family Buildings®’® and 16.48% of total boiler input
capacity for Dormitories %77, as domestic hot water load.

= If unknown capcity use 4,938 BTU/hr per room for Dormitories®’® and
12,493 BTU/hr per apartment for Multi-Family Buildings.3"°

thormal oce =Total operating hours of domestic hot water burner, when the facility
has normal occupancy. If unknown, assume 1,688 hours for
Dormitories®® and 2,089 hours for Multi-Family buildings.38*

tiow occ = Total operating hours of domestic hot water burner, when the facility
has low occupancy.®®? If unknown, assume 520 hours for Dormitories
and 0 hours for Multi-Family buildings.

savings from electric units but electrical savings from gas-fired units. See ‘CDHW Controls Summary Calculations.xlsx’ for more
information.
375 See ‘CDHW Controls Summary Calculations.xIsx’ for more information.
376 This is an average number based on Residential Energy Consumption Survey (2009) data and Commercial Building Energy
Consumption Survey (2012) data compiled by U.S. Energy Information Administration, for buildings with more than 5
apartments in lllinois and Nursing Home and Assisted Living facilties in Midwest.
377 This is based on Commercial Building Energy Consumption Survey (2012) data compiled by U.S. Energy Information
Administration, for Education facilities in East North Central.
378 This is based on studies done in multiple university dormitory buildings in the California region, for Southern California Gas’
PREPS Program, 2012. It closely matches the design guidelines outlined in 2007 ASHRAE Handbook, Chapter 49: Service Water
Heating, Table 7, and assumes 1 to 2 students per dorm room based on typical dorm room layouts. This source provides the
source for dormitory assumptions of Boiler Input Capacity, tiow occ, Rnormal occ aNd Riow occ,
373 This is based on studies done at Multi-Family Buildings for the Nicor Gas Emerging Technology Program by Gas Technology
Institute. It closely matches the design guidelines outlined in 2007 ASHRAE Handbook, Chapter 49: Service Water Heating, Table
9, and assumes 2.1 persons per apartment as per ComEd PY3 Multi-Family Home Energy Savings Program Evaluation Report
Final, May 16, 2012 by Navigant. This source provides the source for dormitory assumptions of Boiler Input Capacity, tiow occ,
Rnormal occ and RIow occy
380 Based on results of studies performed in multiple university dormitory buildings in the California region, for Southern
California Gas’ PREPS Program, 2012.
381 Based on results of the studies done at Multi-Family Buildings for the Nicor Gas Emerging Technology Program:

- Gas Technology Institute. (2014). 1003: Demand-based domestic hot water recirculation Public project report. Des

Plaines, IL: Prepared for Nicor Gas, January 7, 2014.

382 Low occupancy periods for dormitory buildings can be assumed as vacation day or holiday occupancy.
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Rnormal occ = Reduction(%) in total operating hours of domestic hot water burner,
due to installed central domestic hot water controls, during normal
occupancy period.

= 22.44% for Dormitories
= 24.02% for Multi-Family Buildings

Riow occ = Reduction(%) in total operating hours of domestic hot water burner,
due to installed central domestic hot water controls, during low
occupancy period.

= 44.57% for Dormitories
= 0% for Multi-Family Buildings
Based on defaults above:
ATherms =30.1 * number of rooms (for Dormitories)

= 62.7 * number of apartments (for Multi-Family buildings)

For example, a dormitory building has a 400,000 BTU/hr boiler whose burner operates for an estimated 580
hours during vacation months and 1,300 hours during regular occupancy months. Savings from installing
central domestic hot water controls in this building are -

ATherms = 400,000 BTU/hr * (1,300 * 0.2244 + 580 * 0.4457) / 100,000
=2,200.9 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O& M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HWE-CDHW-V02-180101

REVIEW DEADLINE: 1/1/2022
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4.3.9 Heat Recovery Grease Trap Filter

DESCRIPTION

A heat recovery grease trap filter combines grease filters and a heat exchanger to recover heat leaving kitchen hoods.
As a direct replacement for conventional hood mounted filters in commercial kitchens, they are plumbed to the
domestic hot water system to provide preheating energy to incoming water.

This measure was developed to be applicable to the following program types: NC and RF. If applied to other program
types, the measure savings should be verified. For NC projects, this measure may be applicable if code requirements
are otherwise satisfied.

DEFINITION OF EFFICIENT EQUIPMENT
Grease filters with heat exchangers carrying domestic hot water in kitchen exhaust air ducts.

DEFINITION OF BASELINE EQUIPMENT

Kitchen exhaust air duct with constant air flow and no heat recovery.38

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 15 years.3%*

DEEMED MEASURE COST

Full installation costs, including plumbing materials, labor and any associated controls, should be used for screening
purposes.

LOADSHAPE

Loadshape CO1 - Commercial Electric Cooking

COINCIDENCE FACTOR

Summer Peak Coincidence Factor for measure is provided below for different building type:38®

Location CF

Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36
Unknown 0.40

383 Savings methodology factors are for a constant speed fan.

384 professional judgement, consistent with expected lifetime of kitchen demand ventilation controls and other kitchen
equipment.

385Minnesota 2012 Technical Reference Manual, Electric Food Service_v03.2.xls
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
For electric hot water heaters:

AkWh = [(Meal/Day * HW/Meal * Days/Year) * lbs/gal * BTU/Ib.°F * (AT/filter * Qty_Filter) * 0.00293]

/(r]HeaterEIec)
Where:
Meal/Day = Average number of meals served per day. If not directly available, see Table 1.
HW/Meal = Hot water required per meal
= 3 gal/meal®®®
Days/Year = Number of days kitchen operates per year. If not directly available, see Table 1.
Lbs/gal = weight of water
= 8.3 lbs/gal
BTU/Ib.°F = Specific heat of water
=1.0
AT /filter = Temperature difference of domestic water across each filter
= 5.8°F/filter3®’
Qty_Filter = Number of heat recovery grease trap filters installed. If not directly available, see Table
1.
Commercial Kitchen Load based on Building Type
Assumed Number of
adi 88
Building Type Meals/Day? days/Year Filters®®®
Primary School 400 312 2
Secondary School 600 312 3
Quick Service 800 312 5
Restaurant
Full Service 780 312 4
Restaurant
Large Hotel 780 356 4
Hospital 800 356 4
NHeaterElec = Efficiency of the Electric water heater.

386 Average dishwashing and faucet water usage taken from Chapter 8, Table 8.3.3 Normalized Annual End Uses of Water in
Select Restaurants in Western United States.

387 Average value based on case studies. Northwinds Sailing, Inc. and North Shore Sustainable Energy, LLC. Angry Trout Café
Kitchen Exhaust Heat Recovery. Minnesota Department of Commerce, Division of Energy Resources, 2012.

388 Commercial Kitchen Loads for listed buildings in U.S. Department of Energy Commercial Reference Building Models of the
National Building Stock, NREL

389 Each filter is 20 X 20 inches.
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= Actual. If unknown, for retrofit use the table C404.2 in IECC 2012. For new construction
use the active code at time the permit was issued.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh/Hours * CF

Where:
Hours = Hours of operation of kitchen exhaust air fan. If not directly available use:
Kitchen Exhaust Fan
Building Type Annual Operating
Hours3%°
Primary School 4,056
Secondary School 4,056
Quick Service
Restaurant >,616
Full Service
Restaurant >,616
Large Hotel 5,340
Hospital 3,916
CF = Summer Peak Coincidence Factor for measure:3°!
Location CF ‘
Fast Food Limited Menu 0.32
Fast Food Expanded Menu 0.41
Pizza 0.46
Full Service Limited Menu 0.51
Full Service Expanded Menu 0.36
Cafeteria 0.36
Unknown 0.40

NATURAL GAS SAVINGS
For natural gas hot water heaters:

ATherm = [(Meal/Day * HW/Meal * Days/Year) * Ibs/gal * BTU/lb .°F * (AT/filter * Qty_Filter] / (NHeatercas *
100,000)

Where:

NHeaterGas = Efficiency of the Gas water heater. If not directly available, use:

= Actual. If unknown, for retrofit use the table C404.2 in IECC 2012. For new
construction use the active code at time the permit was issued.

Other variables as above.

390 Exhaust Fan Schedules for listed buildings in U.S. Department of Energy Commercial Reference Building Models of the
National Building Stock, NREL.

391Minnesota 2012 Technical Reference Manual, Electric Food Service_v03.2.xls.
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WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

O&M savings may result from reduced filter and hood cleaning frequencies. More research should be done to
understand any potential savings and the associated value.

MEASURE CoDE: CI-HWE-GRTF-V02-200601

REVIEW DEADLINE: 1/1/2024
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4.3.10 DHW Boiler Tune-up

DESCRIPTION

Domestic hot water (DHW) boilers provide hot water for bathrooms, kitchens, tubs and other appliances. Several
commercial and industrial facilities such as multi-family buildings, lodging and restaurants have a separate hot water
boiler serving DHW loads. Unlike space heating boilers, DHW boilers operate year round, which means they have a
greater need to be properly maintained and tuned up.

This measure calculates savings for tuning up a DHW boiler to improve its efficiency and reduce its consumption. A
boiler tune-up involves cleaning/inspecting burners, burner nozzles and combustion chambers, adjusting air flow
and burner gas input to reduce stack temperatures, and checking venting and safety controls. A pre- and post- tune
up combustion efficiency ticket (from combustion analyzer) can be used to confirm the improvement in boiler
efficiency.

Boilers that serve only a DHW load are eligible for this measure.

This measure was developed to be applicable to the following program types: RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the facility must, as applicable, complete the tune-up requirements3°2

approved technician:

listed below, by

e Measure combustion efficiency using an electronic flue gas analyzer

e Adjust airflow and reduce excessive stack temperatures

e Adjust burner and gas input, manual or motorized draft control

e Check for proper venting

e Complete visual inspection of system piping and insulation

e Check safety controls

e  Check adequacy of combustion air intake

e Clean fireside surfaces.

e Inspect all refractory. Patch and wash coat as required.

e Inspect gaskets on front and rear doors and replace as necessary.

e Seal and close front and rear doors properly.

e (Clean low and auxiliary low water cut-off controls, then re-install using new gaskets.
e (Clean plugs in control piping.

e Remove all hand hole and man hole plates. Flush boiler with water to remove loose scale and sediment.
e Replace all hand hole and man hole plates with new gaskets.

e Open feedwater tank manway, inspect and clean as required. Replace manway plate with new gasket.
e Clean burner and burner pilot.

e Check pilot electrode and adjust or replace.

e (Clean air damper and blower assembly.

e (Clean motor starter contacts and check operation.

e  Make necessary adjustments to burner for proper combustion.

e Perform all flame safeguard and safety trip checks.

e Check all hand hole plates and man hole plates for leaks at normal operating temperatures and pressures.

392 Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.2 Gas Boiler Tune-up.
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e Troubleshoot any boiler system problems as requested by on-site personnel

DEFINITION OF BASELINE EQUIPMENT
The baseline condition of this measure is a boiler that has not had a tune-up within the past 36 months.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is 3 years.3%3

DEEMED MEASURE COST

The cost of this measure is $0.83/MBtu/hr per tune-up.3%*

LOADSHAPE

N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
N/A
SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS SAVINGS
ATherms = ((Tout - Tin) ¥ HotWaterUsegaiion * Vwater ¥ 1 * (1/Effpefore — 1/Effafter))/100,000

Where:
Tour = Hot water storage tank temperature
= 125°F
Tin = Incoming water temperature from well or municipal system
= 54°F3%
HotWaterUsegaiion = Estimated annual hot water consumption (gallons)

= Actual if possible to provide reasonable custom estimate. If not, the following
methods are provided to develop an estimate:3%

393 Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.2 Gas Boiler Tune-up.

394 Work Paper — Tune up for Boilers serving Space Heating and Process Load by Resource Solutions Group, January 2012

395US DOE Building America Program, Building America Analysis Spreadsheet (for Chicago, IL), Office of Energy Efficiency &
Renewable Energy.

396 Methodology based on Cadmus analysis. Annual hot water usage in gallons based on CBECS (2012) and RECS (2009)
consumption data of East North Central (removed outliers of 1,000 kBtuh or less) to calculate hot water usage. Annual hot
water gallons per tank size gallons based on the tank sizing methodology found in ASHRAE 2011 HVAC Applications. Chapter 50

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 170 of 732



Illinois Statewide Technical Reference Manual — 4.3.10 DHW Boiler Tune-up

1. Consumption per usable storage tank capacity
= Capacity * Consumption/cap
Where:
Capacity = Usable capacity of hot water storage tank in gallons
= Actual

Consumption/cap = Estimate of consumption per gallon of usable tank
capacity, based on building type:

Building Type®®’ Consumption/Cap
Convenience 528
Education 568
Grocery 528
Health 788
Large Office 511
Large Retail 528
Lodging 715
Other Commercial 341
Restaurant 622
Small Office 511
Small Retail 528
Warehouse 341
Nursing 672
Multi-Family 894

2. Consumption per unit area by building type

= (Area/1000) * Consumption/1,000 sq.ft.
Where:
Area = Area in sq.ft that is served by DHW boiler
= Actual

Consumption/1,000 sq.ft. = Estimate of DHW consumption per 1,000
sq.ft. based on building type:

Building Type Consumption/1,000 sq.ft. \
Convenience 4,594
Education 7,285

Grocery 697

Health 24,540
Large Office 1,818
Large Retail 1,354
Lodging 29,548
Other Commercial 3,941

Service Water Heating. Demand assumptions (gallons per day) for each building type based on ASHRAE Chapter 50 and to LBNL
White Paper. LBL-37398 Technology Data Characterizing Water Heating in Commercial Buildings: Application to End Use
Forecasting. Assumes hot water heater efficiency of 80%.

397 According to CBECS 2012 “Lodging” buildings include Dormitories, Hotels, Motel or Inns and other Lodging and “Nursing”
buildings include Assisted Living and Nursing Homes.
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Building Type Consumption/1,000 sq.ft. \
Restaurant 44,439
Small Office 1,540
Small Retail 6,111
Warehouse 1,239
Nursing 30,503
Multi-Family 15,434
Ywater = Specific weight capacity of water (Ib/gal)
= 8.33 Ibs/gal
1 = Specific heat of water (Btu/lb.°F)
Effpefore = Efficiency of the boiler before tune-up
Effafter = Efficiency of the boiler after tune-up
100,000 = Converts Btu to therms

Note: Contractors should select a mid-level firing rate that appropriately represents the average building

operating condition over the course of the year and take readings at a consistent firing rate for pre and
post tune-up.

For example, tune up of a DHW Boiler heating a 100 gallon storage tank in a nursing home, measuring 80%
AFUE prior to tune up and 82.2% AFUE after.

ATherms = ((Tout - Tin) ¥ HotWaterUsegaiion * Ywater ¥ 1 * (1/Effpefore — 1/Effafter))/100,000
= ((125- 54) * (100 * 672) * 8.33 * 1 * (1/0.8 — 1/0.822))/100,000
=13.3 therms

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CopE: CI-HWE-DBTU-V01-180101

REVIEW DEADLINE: 1/1/2024
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4.3.11 Tunnel Washers

DESCRIPTION

Laundry equipment can be found at a variety of facilities, including hospitals, hotels, health clubs, penitentiaries,
and others. Typically, these facilities use conventional batch washing machines for laundering their linens, towels,
napkins and tablecloths, and uniforms. The uniformity of the feedstocks makes them good candidates for conversion
to a continuous-batch tunnel washing machine system, which ultimately utilizes less water and detergent than
conventional systems. The water savings are ultimately based on a comparison of the water efficiencies between
the baseline and efficient equipment (measured in gallons of water per pound of laundry).

DEFINITION OF EFFICIENT EQUIPMENT

A tunnel washing machine utilizes a porous Archimedes screw to move laundry and wash water in opposite (or
counterflow) directions. The laundry travels in the upslope direction, while the wash water travels downslope
through the holes in the Archimedes screw. The laundry gets progressively cleaner as it travels up the screw, while
the wash water gets progressively dirtier as it travels down the screw. The screw can be programmed to
intermittently change direction, to provide additional agitation. The mechanical action of the screw and travel path
of the wash water through holes helps significantly with the cleaning action of the tunnel washer, allowing a
reduction in the amount of detergent and rinse water required.

In contrast to the baseline equipment, the tunnel washer reuses the “rinse” water from the top section of the tunnel
into the lower “wash” water sections, along with the gradual introduction of detergent. The continuous counterflow
of laundry and wash water ultimately results in a more water-efficient system.

Tunnel washers also utilize automated PLC computer controls to constantly monitor water temperatures in each
section of the tunnel and to automate the introduction of fresh water and detergent. The speed of the Archimedes
screw can adjust for the varying dirt load of the laundry input. The computer system can typically collect performance
data (gallons of water, pounds of detergent, pounds of laundry) over time to continuous evaluate system efficiency.

Tunnel washers can utilize either a hydraulic press extractor to “squeeze” water out of the linen or a more
conventional centrifugal extractor that spins the linen to remove the water.

Tunnel washers can also reduce manhours required to process the laundry, as a staff is not required to manually
load and unload each batch. The continuous feed of laundry in a tunnel washing machine system requires less labor
and reduces the potential for injury from sticking hand and arms into a conventional washing machine drum.

Tunnel washers are quite large compared to conventional washers and require a significant footprint in the facility.
In addition, they require approximately 12 feet of ceiling clearance above the top of the tunnel washer for proper
installation.

DEFINITION OF BASELINE EQUIPMENT

A traditional batch washing machine has discrete washing and rinsing cycles, wherein the water gets completely
drained at the end of each cycle.

Typical top-loading washing machines used in homes and laundromats use approximately 40 gallons of water per
load. This equates to 20 gallons for the wash cycle and 20 gallons for the rinse cycle. Some facilities will even utilize
a second rinse cycle. The vertical axis design requires enough water in the drum to suspend the fabric in the soapy
water.

The next step up in efficiency is a front-loading (or horizontal axis) washing machines. They typically use 20 to 30
gallons of water per load. This equates to 10-15 gallons for the wash cycle and 10-15 gallons for the rinse cycle.

Larger horizontal-axis washing machines can consume up to 45 gallons of water per load, equating to 22 gallons for
the wash cycle and 22 gallons for the rinse cycle.
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is assumed to be 15 years for a new tunnel washing machine.3%

DEEMED MEASURE COST

The actual cost of the measure should be used.3%°

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

Energy savings from conversion from conventional washing machines to tunnel washing machines are the result of
reduced water consumption and reduced natural gas consumption from heating water. There are indirect electric
energy savings from reduced potable water treatment and wastewater treatment.

ELECTRIC ENERGY SAVINGS

The electric energy savings are based indirectly on the reduced electricity usage attributed to the water savings from
the tunnel washing machine. By applying an “Energy Factor”, the water savings (in gallons/year) can be converted
to electricity savings (in kWh/year). This “Energy Factor” considers the electric energy requirements of water
treatment plants and water distribution infrastructure, and wastewater treatment and distribution infrastructure.

The methodology for estimating water savings is as follows:

AWater = [BWME — TWME] x PLD x ADPY

AWater = Total Water Savings (gallons/year)

BWME = Baseline Washing Machine Efficiency (gal of water / Ib. of laundry)
TWME = Tunnel Washing Machine Efficiency (gal of water / Ib. of laundry)
PLD = Pounds of Laundry Per Day (lb. laundry/day)

ADPY = Annual Days Per Year (days/year)

The values for BWME and TWME should be taken from actual equipment specifications or actual measurements
(water flow meters and mechanical scales).

Typical values for TWME can be range from 0.75-1.0 gal. of water/Ib. of laundry.*°® Some equipment vendors have
claimed TWME approaching 0.3-0.4 gal. of water/Ib. of laundry.*%* For the purposes of this measure, a TWME value
of 0.87 gal. of water/Ib. of laundry will be used.

398 Table 8-18: Average Useful Lifetime of Commercial Washing Equipment, Energy Savings Potential and RD&D Opportunities
for Commercial Building Appliances, Navigant Consulting, December 21, 2009.

399 One study found the average cost of tunnel washers to be $1,100,000. Energy Savings Potential and RD&D Opportunities for
Commercial Building Appliances, Navigant Consulting, December 21, 2009.
https://www1.eere.energy.gov/buildings/publications/pdfs/corporate/commercial_appliances_report 12-09.pdf

400 Matt Poe. “Efficient, Flexible Tunnel Washers: Tunnel washers have made leaps forward in technology, productivity in the
past 10 years”, American Laundry News, 12/11/18. <https://americanlaundrynews.com/articles/efficient-flexible-tunnel-
washers>

401 |bid.
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Typical values for BWME can range from 1.8-3.0 gal. of water/Ib. of laundry.*? For the purposes of this measure, a
BWME value of 2.03 gal. of water/Ib. of laundry will be used.*%3

The PLD is specific to each individual facility. An occupied hotel room typically produces 11 pounds of laundry per
day.*®* An occupied hospital bed likely produces a similar amount of laundry load. The laundry loads of restaurants,
health clubs, prisons, and other facilities need to be quantified using actual facility data.

The PLD can also be estimated from the Ozone Laundry Measure in the IL TRM, section 4.3.6. This measure gives a
Washer Utilization Factor (Wutil) of 916,150 pounds/year of laundry for a typical facility.**> Assuming 365 days/year
of laundry activity, this would give a PLD of 2,508 pounds of laundry per day.

The ADPY is often 365 days per year for facilities that never shut down, including hospitals, hotels, and prisons. Other
facilities may have regular shutdown periods, so the ADPY value should be adjusted as necessary.

The electricity savings for this measure can be calculated by applying the energy factor to the AWater. This EF
considers savings from both potable water treatment and wastewater treatment.

AkWhwater = AWater (gallons) / 1,000,000 * Ewater total

Where
Ewater total = IL Total Water Energy Factor (kWh/Million Gallons)

=5,010406

For example, switching from conventional washing machine technology to tunnel washing machine
technology, at a facility that processes the defined 916,150 pounds/year (Wutil) and is open every day of the
year.

AWater = [BWME — TWME] x PLD x ADPY
=[(2.03 — 0.87) gal. of water/Ib. of laundry] x (916,150 Ib. of laundry/year)
= 1,062,734 gal. of water/year

AkWhwater = AWater / 1,000,000 * Ewater total
= (1,062,734 gal. of water/year) / 1,000,000 * 5,010 kWh/million gallons
= 5,324 kWh/year

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Since the times of day from the water savings measure do not necessarily coincide with the times of day that the
water treatment and distribution equipment is in use, the coincident peak demand savings cannot be determined.

402 Theresa Boehl. “Tunnel Washers: The Answer to Rising Labor, Utility Costs?”, American Laundry News, 5/27/14.
<https://americanlaundrynews.com/articles/tunnel-washers>

403 [LTRM Section 4.3.6 “Ozone Laundry”

404 Joseph Ricci. “Outsourced Hotel Laundries: The Value of Certification”, Lodging, 3/28/17.
<https://lodgingmagazine.com/outsourced-hotel-laundries-the-value-of-certification/>

405 L TRM Section 4.3.6 footnote for Wi, which states “Average utilization factors were generated using data collected from
existing ozone laundry projects that received incentives under the NRR-DR program.”

406 This factor include 2571 kWh/MG for water supply based on lllinois energy intensity data from a 2012 ISAWWA study and
2439 kWh/MG for wastewater treatment based on national energy intensity use estimates. For more information please review
Elevate Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’.
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NATURAL GAS SAVINGS

With reduced water use by the installation of a tunnel washer, the DHW boiler used to heat the incoming water will
use significantly less gas. The below algorithm can be used to calculate natural gas savings for hot water heating.

ATherms = ((Tout - Tin) ¥ HotWaterReductiongaiion * Ywater ¥ 1 * (1/Eff))/100,000

Where:
Tour = Hot water storage tank temperature
=125°F
Tin = Incoming water temperature from well or municipal system
= 54°F407

HotWaterReductiongaion = Estimated annual hot water reduction (gallons)

= Actual custom estimate

Ywater = Specific weight capacity of water (Ib/gal)
= 8.33 Ibs/gal

1 = Specific heat of water (Btu/lb.°F)

Eff = Efficiency of the boiler

= Use actual efficiency, otherwise use 80% AFUE

100,000 = Converts Btu to therms

For example, a DHW Boiler with an efficiency of 80% AFUE heats a 100 gallon storage tank in a laundry facility
using a tunnel washer. Use of the tunnel washer will save the original laundry site an estimated 1,062,734 gallons
of water the below example savings:

ATherms = ((Tout - Tin) ¥ HotWaterUsegaiion * Ywater ¥ 1 * (1/Eff))/100,000
= ((125-54) * 1,062,734 * 8.33 * 1 * (1/0.8))/100,000
= 7856 therms

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION

The water savings from the tunnel washing machines will help preserve water supplies, extend the life of water
treatment and wastewater treatment plants. The reduction in detergent requirements will also have cost and
environmental benefits.

DEEMED O& M COST ADJUSTMENT CALCULATION

Actual O&M cost adjustments should be used for this measure.*°®

407US DOE Building America Program, Building America Analysis Spreadsheet (for Chicago, IL), Office of Energy Efficiency &
Renewable Energy

408 Annual repair & maintenance costs have been estimated at $19,000 per unit. Energy Savings Potential and RD&D
Opportunities for Commercial Building Appliances, Navigant Consulting, December 21, 2009.
https://www1.eere.energy.gov/buildings/publications/pdfs/corporate/commercial_appliances_report_12-09.pdf
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MEASURE CoDE: CI-HWE-TUWA-V01-200101

REVIEW DEADLINE: 1/1/2024
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4.3.12 Tank Insulation

DESCRIPTION

This measure provides rebates for installation of 1” or 2” fiberglass, mineral fiber, or other types of insulation with
similar properties to existing bare heated tanks for industrial and some commercial installations. Storage tanks can
hold any heated material including, but not limited to, hot water, thermal oil, chemicals, and asphalt.

Default per square foot savings estimates are provided for both exposed indoor and outdoor storage tanks that are
heated by heat transfer fluids including steam and thermal oil. Only systems heated with natural gas are eligible
for this measure.

Indoor tanks require at least 1” of insulation and outdoor tanks must have at least 2 inches of insulation and
include an all-weather protective jacket. New advanced insulating materials may be thinner and savings can be
calculated with 3E Plus v4.1.4%°

This measure was developed to be applicable to the following program types: RF (Retrofit), DI (Direct Install). If
applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient case is installing tank insulation to an uninsulated, heated material storage tank. Indoor tanks must
have at least 1 inch of insulation (R-value of 2.1) and outdoor tanks must have at least 2” of insulation (R--value of
4.2) and include an all-weather protective jacket.

DEFINITION OF BASELINE EQUIPMENT

The base case for savings estimates is a bare, steel tank. Other tank materials can be used to calculate savings with
3E Plus v4.1. Tanks are not required by mechanical codes to be insulated and are commonly found without any
insulation.#10

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is assumed to be 15 years.*!!

INCREMENTAL MEASURE COST

The incremental cost for this measure is $12/ft2. 412

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

409 3E Plus v4.1 is a heat loss calculation software provided by the NAIMA (North American Insulation Manufacturer
Association).

410 ASHRAE Handbook — Fundamentals 2017 lists requirements for pipe and duct insulation but does not mention tank
insulation.

411 Based on the California Municipal Utilities Association Technical Reference Manual Third Edition measure 14.1.

412 Based on RS Means Data Line Number 220719101162.
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Algorithm

CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS
N/A
SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A
NATURAL GAS SAVINGS

ATherms = [ESFp * Ap + ESFe * A] * Hours * LF * TRF / (100,000 * n)
Where:

ESFy = Energy savings factor from tank body defined as the difference in heat loss between an

insulated condition and a bare condition as found in table below [Btu/hr/ft?]
Ap = Area of tank body [ft?]
= Actual
ESFe = Energy savings factor from tank endcap(s) defined as the difference in heat loss between

an insulated condition and a bare condition as found in table below [Btu/hr/ft?]
Ac = Area of endcap(s) [ft?]

= Combined area of endcaps if tank is oriented horizontally, separate areas if tank is
oriented vertically or only one endcap is insulated

= Actual

Hours = Operating hours of heating system
= Actual

LF = Load factor of heating system

= Annual gas consumption / (Hours * Nameplate Heating Capacity)

TRF = Thermal Regain Factor for space type, applied only to space heating energy, as found in
Table 3

100,000 = Conversion factor from BTUs to Therms

n = Efficiency of heating equipment used to heat tanks

= Actual, or if unknown assume 79%*'3

The following table shows conductivities and maximum temperature ratings of similar insulation materials. The
average value was used with 3EPlus software to generate the Energy Savings Factors used in the savings algorithm.

Table 1 — Insulation types

Conductivity

Insulation Type (Btu.in/ hr.ft%.°F Max Temp (°F)
@ 300°F)

Mineral Fiber Pipe and

Tank Wrap 0.48 650

413 Minimum efficiency for steam boilers as set in IECC 2018 code C403.3.2.
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Conductivity
Insulation Type (Btu.in/ hr.ft%.°F Max Temp (°F)
@ 300°F)
Mineral Fiber Board 0.44 850
Polyurethane 0.5 400
Average 0.47

The tank surface temperature assumption depends on the system type. The following table should be used to select
the appropriate Energy Savings Factor based on the fluid temperature:

Table 2 — Heating fluid temperatures

Fluid Temperature
System Type Assumption (°F)
Low Pressure Steam (< 15 psi) 225
High Pressure Steam (> 60 psi) 315
Thermal Oil 425

Thermal regain factors are assumed as follows:

Table 3 — Thermal Regain Factors*'*

Tank Location Assumed Regain TRF, Thermal Regain Factor
Outdoor 0% 1.0
Indoor, heated space 85% 0.15

Indoor, semi-heated
(unconditioned space, with
heat transfer to 40% 0.60
conditioned space. E.g.,
boiler room)

The energy savings factors (ESF) were developed using the 3E Plus v4.1 software program, and are derived as the
difference in heat loss per square foot of a bare tank and an insulated tank.*!® The energy savings analysis is based
on adding 1” (indoor) or 2” (outdoor) thick insulation around bare tanks. Outdoor conditions are assumed to be
48.6°F with a wind speed of 5.0 mph.*'® The thermal conductivity of tank insulation varies by material and
temperature rating; to obtain a typical value, a range of materials allowed for this measure was averaged. For
insulation materials not in the table above, use 3E Plus v4.1 software to calculate ESF, and ESFe.

Energy Savings Factors [Btu/hr/ft?]

Low Pressure High Pressure

Thermal Oil

Vertical Tank - Indoor
Body Outdoor 373.4 666.0 1132.0
Horizontal Tank - Indoor 290.2 559.0 991.8
Body Outdoor 373.4 666.0 1132.0

414 Thermal regain for residential pipe insulation measures is discussed in Home Energy Services Impact Evaluation, prepared
for the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012. Regain
factors are assumed to behave similarly for tanks as for piping installations.

415 Tank insulation calc_8-4-20.xIsx including tables obtained from 3E Plus v4.1 software.

416 DOE Weather Data, TMY3 (Typical Meteorological Year), developed by NREL for the average ambient temperature and wind
speed for Aurora, IL. Adjusted to align with ASHRAE 24.4 Terrain Category 1 for Large city centers with densely populated, tall
buildings (2017).
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High Pressure
Steam

Low Pressure
Steam

Thermal Oil

Vertical Tank End - Indoor 336.8 642.8 783.9
Top Outdoor 426.3 756.2 1269.6
Vertical Tank End - Indoor 189.8 380.0 712.1
Bottom Outdoor 288.1 515.7 897.3
Horizontal Tank Indoor 290.2 559.0 991.8
End Outdoor 373.4 666.0 1132.0
For example, an outdoor, vertical, cylindrical tank with a radius of 5 ft and height of 15 ft heated by a
thermal oil heating system that is insulated around the body and top of the tank would save (assuming 4380
hours of operation, 70% load factor, and 78% efficient thermal oil heater):
ATherms = [ESFp * Ap + ESFe * A¢] * Hours * LF * TRF / (100,000 * n)
ESFy, =1132.0 Btu/hr/ft?
Ap =2*n*r*h
=471.2 ft?
ESF. =1269.6 Btu/hr/ft?
Ae =7 * rZ
=78.5ft?
Hours =4380
LF =0.7
TRF =1.0
n =0.78
ATherms =[1132.0 * 471.2 + 1269.6 * 78.5] * 4380 * 0.7 * 1/ (100,000 * 0.78)
= 24,884 therms

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O& M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HWE-TKIN-V01-210101

REVIEW DEADLINE: 1/1/2024
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4.4 HVACEnd Use

Many of the commercial HVAC measures use equivalent full load hours (EFLH) to calculate heating and cooling
savings. The tables with these values are included in this section and referenced in each measure.

To calculate the updated EFLHs by building type and climate zone provided below, most of the eQuest models that
were previously develop by a TAC Subcommittee utilizing building energy models originally developed for
ComEd*'", were migrated to OpenStudio by a parametric calibration process. The parametric runs were controlled
with a genetic learning algorithm to characteristically adjust the seed models to achieve an acceptable target error
against the existing eQuest model population. The breadth of the characteristic variations were informed through
a sensitivity analysis, the IL joint assessment survey, and the existing eQuest models. The DOE prototypical models
served as the initial seed model for most instances of calibration except were a direct map to available prototypes
was unavailable.

The building characteristics of the eQuest models can be found in the reference table named “EFLH Building
Descriptions Updated 2014-11-21.xIsx”. The OpenStudio models are based upon the DOE Prototypes described in
NREL’s “U.S. Department of Energy Commercial Reference Building Models of the National Building Stock” and a
calibration log file that documents all of the variations made to each model to get them calibrated is provided in “IL-
Calibration-Log_2019-08-27.xIsx”. These documents and all the models are all available on the SharePoint site.

Note where a measure installation is within a building or application that does not fit with any of the defined building
types below, the user should apply custom assumptions where it is reasonable to estimate them, else the building
of best fit should be utilized.

Equivalent Full Load Hours for Heating (EFLHueating) for Existing Buildings:

Heating EFLH Existing Buildings Model Source
Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)
Assembly 1,787 1,831 1,635 1,089 1,669 eQuest
Assisted Living 1,683 1,646 1,446 1,063 1,277 eQuest
Auto Dealership 2,981 2,950 2,694 2,368 2,437 OpenStudio
College 1,256 1,293 1,138 1,116 1,131 OpenStudio
Convenience Store 1,481 1,368 1,214 871 973 eQuest
Drug Store 2,848 2,947 2,568 2,362 2,516 OpenStudio
Elementary School 1,614 1,603 1,409 1,209 1,269 OpenStudio
Emergency Services 2,757 2,670 2,383 2,149 2,186 OpenStudio
Garage 985 969 852 680 752 eQuest
Grocery 1,467 1,551 1,364 1,367 1,375 OpenStudio
Healthcare Clinic 1,446 1,526 1,452 1,553 1,574 OpenStudio
High School 1,807 1,855 1,649 1,591 1,622 OpenStudio
Hospital - CAV no econ*!® 1,216 1,220 1,072 1,001 1,028 OpenStudio
Hospital - CAV econ**® 1,387 1,398 1,252 1,222 1,269 OpenStudio
Hospital - VAV econ??° 665 697 628 646 615 OpenStudio
Hospital - FCU 1,622 1,571 1,374 1,220 1,281 OpenStudio

417 A full description of the ComEd model development is found in  “ComEd Portfolio Modeling Report. Energy Center of
Wisconsin July 30, 2010” .

418 Based on model with single duct reheat system with a fixed outdoor air volume.

419 Based on model with single duct reheat system with airside economizer controls, with constant volume zone reheat boxes
and single speed fan motors.

420 Based on model with single duct reheat system with airside economizer controls, zone VAV reheat boxes and VFD fan
motors.
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Heating EFLH Existing Buildings Model Source
Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) = (Marion)

Hotel/Motel 1,597 1,634 1,468 1,376 1,451 OpenStudio
Hotel/Motel - Common 1,670 1,733 1,549 1,496 1,557 OpenStudio
Hotel/Motel - Guest 1,555 1,597 1,433 1,316 1,400 OpenStudio
Manufacturing Facility 1,048 1,013 939 567 634 eQuest
MF - High Rise 1,565 1,540 1,448 1,089 1,125 OpenStudio
MF - High Rise - Common 537 558 501 480 499 OpenStudio
MF - High Rise - Residential 1,665 1,666 1,512 1,145 1,207 OpenStudio
MF - Mid Rise 1,730 1,782 1,589 1,538 1,560 OpenStudio
Movie Theater 1,916 1,905 1,718 1,288 1,538 eQuest
Office - High Rise - CAV no econ 995 1,036 933 786 832 OpenStudio
Office - High Rise - CAV econ 2,244 2,237 2,024 1,553 1,608 OpenStudio
Office - High Rise - VAV econ 1,552 1,432 1,239 1,077 1,098 OpenStudio
Office - High Rise - FCU 1,015 993 899 773 809 OpenStudio
Office - Low Rise 2,825 2,625 2,365 2,007 2,040 OpenStudio
Office - Mid Rise 1,672 1,629 1,454 1,356 1,399 OpenStudio
Religious Building 1,603 1,504 1,440 1,054 1,205 eQuest
Restaurant 1,326 1,328 1,179 1,091 1,122 OpenStudio
Retail - Department Store 1,365 1,322 1,193 1,034 1,088 OpenStudio
Retail - Strip Mall 1,347 1,325 1,183 1,064 1,096 OpenStudio
Warehouse 1,285 1,286 1,180 1,147 1,224 OpenStudio
Unknown 1,709 1,678 1,508 1,287 1,411 n/a

Equivalent Full Load Hours for Heating (EFLHyeating) for New Construction:

Heating EFLH New Construction

Building Type Zonel Zone 2 Zone 3 Zone 4 Zone 5 Model Source
(Rockford) (Chicago) (Springfield) (Belleville) | (Marion)
Auto Dealership 1,286 1,185 1,279 1,138 1,078 OpenStudio
College 942 834 906 831 818 OpenStudio
Drug Store 1,023 930 1,017 889 822 OpenStudio
Elementary School 949 878 943 861 859 OpenStudio
Emergency Services 480 352 501 407 347 OpenStudio
Grocery 2,795 2,788 2,549 2,380 2,597 OpenStudio
Healthcare Clinic 1,534 1,417 1,555 1,395 1,371 OpenStudio
High School 1,502 1,549 1,368 1,283 1,299 OpenStudio
Hospital - CAV no econ 2,345 2,207 2,318 2,110 2,195 OpenStudio
Hospital - CAV econ 2,345 2,207 2,318 2,110 2,195 OpenStudio
Hospital - VAV econ 2,345 2,207 2,318 2,110 2,195 OpenStudio
Hospital - FCU 2,345 2,207 2,318 2,110 2,195 OpenStudio
Hotel/Motel - Residential 1,412 1,243 1,439 1,405 1,146 OpenStudio
Hotel_Motel_Common 1,554 1,415 1,519 1,410 1,361 OpenStudio
Hotel _Motel_Guest 1,538 1,083 1,554 1,381 987 OpenStudio
MF - High Rise 1,308 884 1,361 1,125 865 OpenStudio
MF - High Rise - Common 1,581 1,280 1,590 1,349 1,220 OpenStudio
MF - High Rise - Residential 1,352 946 1,413 1,174 917 OpenStudio
MF - Mid Rise 1,637 1,385 1,637 1,434 1,322 OpenStudio
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Heating EFLH New Construction

Building Type Zonel Zone 2 Zone 3 Zone 4 Zone 5 Model Source
(Rockford) (Chicago) (Springfield) (Belleville) | (Marion)

Office - High Rise - FCU 987 870 1,001 893 837 OpenStudio
Office - High Rise - VAV econ 987 870 1,001 893 837 OpenStudio
Office - Mid Rise 867 759 892 792 701 OpenStudio
Office - High Rise - CAV no econ 967 854 971 876 804 OpenStudio
Office Low Rise 954 916 826 667 664 OpenStudio
Restaurant 787 797 671 811 820 OpenStudio
Retail - Department Store 1,286 1,185 1,279 1,138 1,078 OpenStudio
Retail - Strip Mall 973 867 972 857 777 OpenStudio
Warehouse 1,413 1,390 1,398 1,298 1,290 OpenStudio
Unknown 1,133 1,064 1,091 982 960 n/a

Equivalent Full Load Hours for Cooling (EFLHcooiing) for Existing Buildings:

Cooling EFLH Existing Buildings

Building Type Zonel Zone 2 Zone 3 Zone 4 Zone 5 Model Source
(Rockford) (Chicago) (Springfield) (Belleville) = (Marion)

Assembly 725 796 937 1,183 932 eQuest

Assisted Living 1,475 1,457 1,773 2,110 1,811 eQuest

Auto Dealership 996 1,051 1,343 1,582 1,414 OpenStudio
College 572 564 676 776 613 OpenStudio
Convenience Store 1,088 1,067 1,368 1,541 1,371 eQuest

Drug Store 858 943 1,133 1,279 1,092 OpenStudio
Elementary School 834 837 999 1264 967 OpenStudio
Emergency Services 2,983 3,009 3,762 4,030 3,740 OpenStudio
Garage 934 974 1,226 1,582 1,383 eQuest

Grocery 826 914 1,151 1,329 1,240 OpenStudio
Healthcare Clinic 1,220 1,294 1,505 1,658 1,534 OpenStudio
High School 892 883 1,066 1,397 1,018 OpenStudio
Hospital - CAV no econ 1,719 1,799 2,068 2,238 2,066 OpenStudio
Hospital - CAV econ 1,267 1,302 1,604 1,798 1,592 OpenStudio
Hospital - VAV econ 3,313 3,332 3,458 3,546 3,311 OpenStudio
Hospital - FCU 1,575 1,562 1,921 1,979 1,812 OpenStudio
Hotel/Motel 1,106 1,148 1,453 1,605 1,435 OpenStudio
Hotel/Motel - Common 1,108 1,168 1,430 1,574 1,406 OpenStudio
Hotel/Motel - Guest 1,061 1,106 1,391 1,509 1,401 OpenStudio
Manufacturing Facility 1,010 1,055 1,209 1,453 1,273 eQuest

MF - High Rise 928 920 1,059 1,360 1,205 OpenStudio
MF - High Rise - Common 1,405 1,383 1,479 1,527 1,466 OpenStudio
MF - High Rise - Residential 764 807 976 1,216 1,147 OpenStudio
MF - Mid Rise 787 855 1,099 1,198 1,082 OpenStudio
Movie Theater 876 745 1,036 1,178 1,010 eQuest

Office - High Rise - CAV no econ 1,357 1,404 1,587 1,753 1,468 OpenStudio
Office - High Rise - CAV econ 3,489 3,453 3,663 4,403 4,208 OpenStudio
Office - High Rise - VAV econ 847 887 991 1,092 893 OpenStudio
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Cooling EFLH Existing Buildings

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Model Source
(Rockford) (Chicago) (Springfield) (Belleville) = (Marion)

Office - High Rise - FCU 1,083 1,116 1,269 1,348 1,266 OpenStudio
Office - Low Rise 1,796 1,790 2,233 2,342 2,219 OpenStudio
Office - Mid Rise 1,128 1,153 1,360 1,461 1,356 OpenStudio
Religious Building 861 817 967 1,159 1,067 eQuest
Restaurant 990 1,021 1,273 1,411 1,290 OpenStudio
Retail - Department Store 639 640 775 936 812 OpenStudio
Retail - Strip Mall 697 720 915 998 930 OpenStudio
Warehouse 252 265 363 377 379 OpenStudio
Unknown 1,003 1,019 1,230 1,403 1,236 n/a

Equivalent Full Load Hours for Cooling (EFLHco0iing) for New Construction:

Cooling EFLH
o Model
Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Source
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Auto Dealership 806 923 792 938 1,028 OpenStudio
College 925 990 994 1,156 1,217 OpenStudio
Drug Store 813 931 744 836 1,083 OpenStudio
Elementary School 724 821 732 753 999 OpenStudio
Emergency Services 379 429 371 423 576 OpenStudio
Grocery 643 568 569 562 511 OpenStudio
Healthcare Clinic 1,964 2,093 1,932 2,055 2,221 OpenStudio
High School 1,807 1,642 2,093 2,292 1,830 OpenStudio
Hospital - CAV no econ 2,627 2,751 2,662 2,782 2,962 OpenStudio
Hospital - CAV econ 2,627 2,751 2,662 2,782 2,962 OpenStudio
Hospital - VAV econ 2,627 2,751 2,662 2,782 2,962 OpenStudio
Hospital - FCU 2,627 2,751 2,662 2,782 2,962 OpenStudio
Hotel/Motel - Residential 1,639 1,836 1,712 1,851 1,983 OpenStudio
Hotel_Motel_Common 2,343 2,472 2,286 2,400 2,590 OpenStudio
Hotel_Motel_Guest 788 1,024 846 1,073 1,164 OpenStudio
MF - High Rise 1,338 1,705 1,287 1,500 1,932 OpenStudio
MF - High Rise - Common 773 912 751 878 972 OpenStudio
MF - High Rise - Residential 1,299 1,663 1,245 1,451 1,882 OpenStudio
MF - Mid Rise 1,341 1,633 1,245 1,492 1,818 OpenStudio
Office - High Rise - FCU 1,296 1,465 1,281 1,477 1,574 OpenStudio
Office - High Rise - VAV econ 1,296 1,465 1,281 1,477 1,574 OpenStudio
Office - High Rise - CAV no econ 1,433 1,644 1,411 1,632 1,793 OpenStudio
Office - High Rise - CAV econ 1,361 1,375 1,604 1,715 1,617 OpenStudio
Office - Mid Rise 957 1,149 958 1,122 1,270 OpenStudio
Office Low Rise 947 989 1,090 1,302 1,076 OpenStudio
Restaurant 768 761 1,034 1,110 994 OpenStudio
Retail - Department Store 806 924 796 939 1,027 OpenStudio
Retail - Strip Mall 722 789 667 834 911 OpenStudio
Warehouse 389 522 408 527 567 OpenStudio
Unknown 984 1,045 1,047 1,177 1,176 n/a
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4.4,1 Air Conditioner Tune-up

DESCRIPTION

An air conditioning system that is operating as designed saves energy and provides adequate cooling and comfort
to the conditioned space

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a unitary or split system air
conditioner at least 3 tons and preapproved by program. The measure requires that a certified technician performs
the following items:

Check refrigerant charge

Identify and repair leaks if refrigerant charge is low
Measure and record refrigerant pressures

Measure and record temperature drop at indoor coil
Clean condensate drain line

Clean outdoor coil and straighten fins

Clean indoor and outdoor fan blades

Clean indoor coil with spray-on cleaner and straighten fins
Repair damaged insulation — suction line

Change air filter

Measure and record blower amp draw

A copy of contractor invoices that detail the work performed to identify tune-up items, as well as additional labor
and parts to improve/repair air conditioner performance must be submitted to the program.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline condition is assumed to be an AC system that that does not
have a standing maintenance contract or a tune up within in the past 36 months.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 3 years.*?!

DEEMED MEASURE COST

Tune-up costs can vary considerably, particularly if regrigerant leak detection, remediation and recharge is
necessary. Actual invoiced tune-up costs should be used.

LOADSHAPE

Loadshape C03 - Commercial Cooling

COINCIDENCE FACTOR

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)

4213 years is given for “Clean Condenser Coils — Commercial” and “Clean Evaporator Coils”. DEER2014 EUL Table.
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= 91.3% 422
CFom = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)

= 47.8%4%3

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AKWH = (kBtu/hr) * [(1/EERbefore) — (1/EERafter)] * EFLH
Where:

kBtu/hr = capacity of the cooling equipment actually installed in kBtu per hour (1 ton of cooling
capacity equals 12 kBtu/hr).

=Actual
EERbefore = Energy Efficiency Ratio of the baseline equipment prior to tune-up*?*
=Actual
EERafter = Energy Efficiency Ratio of the baseline equipment after to tune-up
=Actual
EFLH = Equivalent Full Load Hours for cooling in Existing Buildings are provided in section 4.4

HVAC End Use

Where it is not possible or appropriate to perform Test in and Test out of the equipment, the following deemed
methdology can be used:

AkWh

(kBtu/hr) / EERbefore * EFLH * %Savings
Where:

%Savings Deemed percent savings per Tune-Up component. These are additive if condenser
cleaning, evaporator cleaning and refrigerant charge correction are performed (totals

provided below)*?>

422 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

423Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.

424 |n the context of this measure Energy Efficiency Ratio (EER) refers to field-measured steady-state rate of heat energy
removal (e.g., cooling capacity) by the equipment in Btuh divided by the steady-state rate of energy input to the equipment in
watts. This ratio is expressed in Btuh per watt (Btuh/watt). The cooling capacity may be derived using either refrigerant or air-
side measurements. The measurement is performed at the outdoor and indoor environmental conditions that are present at
the time the tune-up is being performed, and should be normalized using a correction function to the AHRI 210/240 Standard
test conditions. The correction function should be developed based on manufacturer’s performance data. Care must be taken
to ensure the unit is fully loaded and operating at or near steady-state. Generally, this requires that the outside air temperature
is at least 60°F, and that the unit runs with all stages of cooling enabled for 10 to 15 minutes prior to making measurements.
For more information, please see “IL TRM_Normalizing to AHRI Conditions Method”.

425 Savings estimates are determined by applying the findings from DNV-GL “Impact Evaluation of 2013-2014 HVAC3
Commercial Quality Maintenance Programs”, April 2016, to simulate the inefficient condition within select eQuest models and
across climate zones. The percent savings were consistent enough across building types and climate zones that it was
determined appropriate to apply a single set of assumptions for all. See ‘eQuest C&I Tune up Analysis.xlsx’ for more
information.
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Tune-Up Component \ % savings ‘
Condenser Cleaning 6.10%
Evaporator Cleaning 0.22%
Refrig. Charge Off. <=20% 0.68%
Refrig. Charge Off. >20% 8.44%
Combined (Refrig. Charge Off. <=20%) 7.00%
Combined (Refrig. Charge Off. >20%) 14.76%

For example, a 12 EER 5-ton rooftop air conditioner on a department store in Rockford receives a tune-up that
includes both condenser and evaporator cleaning:

AkWh  =(5%12) /12 * 1,392 * 6.32%
=440 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkWssp = (kBtu/hr * (1/EERbefore - 1/EERafter)) * CFssp
AkWpym = (kBtu/hr * (1/ EERbefore - 1/EERafter)) * CFpym

Where:
CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 4%
CFpm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8% 4%

Where it is not possible or appropriate to perform Test in and Test out of the equipment, the following deemed
methdology can be used:

AkW = (kBtu/hr) / EERbefore * %Savings * CF

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
MEASURE CoDE: CI-HVC-ACTU-V06-210101

REVIEW DEADLINE: 1/1/2025

426 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

427Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.
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4.4,2 Space Heating Boiler Tune-up

DESCRIPTION

This measure is for a non-residential boiler that provides space heating. The tune-up will improve boiler efficiency
by cleaning and/or inspecting burners, combustion chamber, and burner nozzles. Adjust air flow and reduce
excessive stack temperatures, adjust burner and gas input. Check venting, safety controls, and adequacy of
combustion air intake. Combustion efficiency should be measured before and after tune-up using an electronic flue
gas analyzer.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the facility must, as applicable, complete the tune-up requirements listed below*?® by
approved technician:

e Measure combustion efficiency using an electronic flue gas analyzer

e Adjust airflow and reduce excessive stack temperatures

e Adjust burner and gas input, manual or motorized draft control

e Check for proper venting

e Complete visual inspection of system piping and insulation

e  Check safety controls

e  Check adequacy of combustion air intake

e Clean fireside surfaces.

¢ Inspect all refractory. Patch and wash coat as required.*

* Inspect gaskets on front and rear doors and replace as necessary.*

e Seal and close front and rear doors properly.*

e Clean low and auxiliary low water cut-off controls, then re-install using new gaskets.*

e Clean plugs in control piping.*

e Remove all hand hole and manhole plates. Flush boiler with water to remove loose scale and sediment.*

e Replace all hand hole and manhole plates with new gaskets.*

e Open feedwater tank manway, inspect and clean as required. Replace manway plate with new gasket.*

e Clean burner and burner pilot.

e  Check pilot electrode and adjust or replace.

e (Clean air damper and blower assembly.

e (Clean motor starter contacts and check operation.*

e Make necessary adjustments to burner for proper combustion.

e Perform all flame safeguard and safety trip checks.

e Check all hand hole plates and manhole plates for leaks at normal operating temperatures and pressures.

e Troubleshoot any boiler system problems as requested by on-site personnel

Note: Tune-up activities marked with an asterisk (*) are eligible to be performed by internal maintenance staff at
periods of boiler shutdown.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition of this measure is a boiler that has not had a tune-up within the past 36 months.

428 Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.2 Gas Boiler Tune-up
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is 3 years.*?°

DEEMED MEASURE COST

The cost of this measure is $0.83/MBtu/hr per tune-up*3°

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
N/A
SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS ENERGY SAVINGS
ATherms  =(Capacity * EFLH * (((Effpefore + Ei)/ Effpefore) — 1)) / 100,000

Where:
Capacity = Boiler gas input size (Btu/hr)
= Custom
EFLH = Equivalent Full Load Hours for heating in Existing Buildings are provided in
section 4.4 HVAC End Use
Effoefore = Efficiency of the boiler before the tune-up

= Actual. Default value is 81.5%*31

Note: Contractors should select a mid-level firing rate that appropriately represents the average
building operating condition over the course of the heating season and take readings at a
consistent firing rate for pre and post tune-up.

Ei = Efficiency improvement of the boiler tune-up measure

429 Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.2 Gas Boiler Tune-up

430Work Paper — Tune up for Boilers serving Space Heating and Process Load by Resource Solutions Group, January 2012

431 Guidehouse evaluation results from tune-up efficiency improvement research for Peoples Gas and North Shore Gas through
their C&I and Public Sector Prescriptive Rebate Program, their Small Business Program, and their Multi-Family Programs. The
evaluation included project and population data from program year’s 2018 and 2019.
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= Actual. Default value is 2.3%%32

100,000 = Converts Btu to therms

For example, a 1050 kBtu boiler in a Chicago high rise office records an efficiency prior to tune up of 81.5% AFUE
and a 2.3% improvement in efficiency after tune up:

Atherms = (1,050,000 * 2050 * ((0.815 + 0.023)/ 0.815 — 1)) /100,000
=607 Therms

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-BLRT-V07-210101

REVIEW DEADLINE: 1/1/2025

432 Guidehouse evaluation results from tune-up efficiency improvement research for Peoples Gas and North Shore Gas through
their C&I and Public Sector Prescriptive Rebate Program, their Small Business Program, and their Multi-Family Programs. The
evaluation included project and population data from program year’s 2018 and 2019.
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4.4,3 Process Boiler Tune-up

DESCRIPTION

This measure is for a non-residential boiler for process loads. For space heating, see measure 4.4.2. The tune-up will
improve boiler efficiency by cleaning and/or inspecting burners, combustion chamber, and burner nozzles. Adjust
air flow and reduce excessive stack temperatures, adjust burner and gas input. Check venting, safety controls, and
adequacy of combustion air intake. Combustion efficiency should be measured before and after tune-up using an
electronic flue gas analyzer.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the facility must, as applicable, complete the tune-up requirements by approved
technician*®® as specified below:

e Measure combustion efficiency using an electronic flue gas analyzer

e Adjust airflow and reduce excessive stack temperatures

e Adjust burner and gas input, manual or motorized draft control

e Check for proper venting

e Complete visual inspection of system piping and insulation

e  Check safety controls

e  Check adequacy of combustion air intake

e Clean fireside surfaces

¢ Inspect all refractory. Patch and wash coat as required.*

* Inspect gaskets on front and rear doors and replace as necessary.*

e Seal and close front and rear doors properly.*

e Clean low and auxiliary low water cut-off controls, then re-install using new gaskets.*

e Clean plugs in control piping.*

¢ Remove all hand hole and man hole plates. Flush boiler with water to remove loose scale and sediment. *

e Replace all hand hole and man hole plates with new gaskets.*

e Open feedwater tank manway, inspect and clean as required. Replace manway plate with new gasket.*

e Clean burner and burner pilot.

e  Check pilot electrode and adjust or replace.

e (Clean air damper and blower assembly.

e (Clean motor starter contacts and check operation.*

e Make necessary adjustments to burner for proper combustion.

e Perform all flame safeguard and safety trip checks.

e Check all hand hole plates and man hole plates for leaks at normal operating temperatures and pressures.

e Troubleshoot any boiler system problems as reQuested by on-site personnel

Note: Tune-up activities marked with an asterisk (*) are eligible to be performed by internal maintenance staff at
periods of boiler shutdown.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition of this measure is a boiler that has not had a tune-up within the past 36 months.

433 Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.2 Gas Boiler Tune-up
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is 3 years.*3

DEEMED MEASURE COST

The cost of this measure is $0.83/MBtu/hr per tune-up*3®

DEEMED O&M COST ADJUSTMENTS
N/A
LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS
ATherms =((Capacity * 8766 * UF) / 100) * (1 - (Effore / Effmeasured))
Where:
Capacity = Boiler gas input size (kBtu/hr)
=Custom
UF = Utilization Factor
= 41.9%,*3® or custom
Effore = Boiler Combustion Efficiency Before Tune-Up
= Actual. Default value is 80.3%*"

Note: Contractors should select afiring rate that appropriately represents the average operating
condition and take readings at a consistent firing rate for pre and post tune-up.

434 Act on Energy Commercial Technical Reference Manual No. 2010-4, 9.2.2 Gas Boiler Tune-up

435 Work Paper — Tune up for Boilers serving Space Heating and Process Load by Resource Solutions Group, January 2012

436 Work Paper — Tune up for Boilers serving Space Heating and Process Load by Resource Solutions Group, January 2012

437 Guidehouse evaluation results from tune-up efficiency improvement research for Peoples Gas and North Shore Gas through
their C&I and Public Sector Prescriptive Rebate Program, their Small Business Program, and their Multi-Family Programs. The
evaluation included project and population data from program year’s 2018 and 2019.
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Effimeasured = Boiler Combustion Efficiency After Tune-Up
= Actual. Default value is 82.6%*38
100 =converstion from kBtu to therms

8766 = hours ayear

For example, a 80.3% 1050 kBtu boiler is tuned-up resulting in final efficiency of 82.6%:
Atherms =((1050 * 8766 * 0.419) / 100) * (1 - (0.80.3 / 0.826))
= 1074 therms

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-PBTU-V06-210101

REVIEW DEADLINE: 1/1/2025

438 Guidehouse evaluation results from tune-up efficiency improvement research for Peoples Gas and North Shore Gas through
their C&I and Public Sector Prescriptive Rebate Program, their Small Business Program, and their Multi-Family Programs. The
evaluation included project and population data from program year’s 2018 and 2019.
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4.4.4 Boiler Lockout/Reset Controls

DESCRIPTION

This measure relates to improving combustion efficiency by adding controls to non-residential space heating boilers
to vary the boiler entering water temperature relative to heating load as a function of the outdoor air temperature
to save energy. Energy is saved by increasing the temperature difference between the water temperature entering
the boiler in the boiler's heat exchanger and the boiler's burner flame temperature. The flame temperature remains
the same while the water temperature leaving the boiler decreases with the decrease in heating load due to an
increase in outside air temperature. A lockout temperature is also set to prevent the boiler from turning on when it
is above a certain temperature outdoors.

This measure was developed to be applicable to the following program types: RF. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Natural gas customer adding boiler reset controls capable of resetting the boiler supply water temperature in an
inverse linear fashion with outdoor air temperature. Boiler lockout temperatures should be set to 55 °F at this time
as well, to turn the boiler off when the temperature goes above a certain setpoint.

DEFINITION OF BASELINE EQUIPMENT

Existing boiler without boiler reset controls, any size with constant hot water flow.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is 16 years.*3°

DEEMED MEASURE COST

The cost of this measure is $612.44°

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

439 This is intentionally longer than the assumptions found in the early replacement commercial HVAC measures as the
application of boiler reset controls will occur in a variety of sites that may not be targeted for early replacement HVAC systems.
440 Nexant. Questar DSM Market Characterization Report. August 9, 2006.
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NATURAL GAS ENERGY SAVINGS

ATherms = Capacityinput ¥ SF * EFLH / 100

Where:
CapacCityinput = Boiler Input Capacity (kBtu/hr)
= custom
SF = Savings factor

= 8%,**! or custom

EFLH = Equivalent Full Load Hours for heating in Existing Buildings are provided in section 4.4
HVAC End Use

100 = conversion from kBtu to therms

For example, reset controls were installed on an 800 kBtu/hr boiler at a restaurant in Rockford, IL
ATherms =800 * 0.08 * 1,350 / 100
= 864 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&IM COST ADJUSTMENT CALCULATION
N/A

MEASURE CopE: CI-HVC-BLRC-V04-210101

REVIEW DEADLINE: 1/1/2024

441 Savings factor is the estimate of annual gas consumption that is saved due to adding boiler reset controls. A comparable
savings factor, based on boiler tuneup savings is derived from Xcel Energy "DSM Biennial Plan-Technical Assumptions,"
Colorado. For further substantiation, Wisconsin Focus on Energy 2020 TRM uses 8%, citing multiple sources. And other
prescriptive programs across the country consistently use between 5 and 10% savings factor (Efficiency Vermont - 2020, New
York TRM, version 7.0 — 2020 (Cadmus Group, Inc. Home Energy Services Impact Evaluation, August 2012, pg. 20)).

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 196 of 732



Illinois Statewide Technical Reference Manual — 4.4.5 Condensing Unit Heaters

4,45 Condensing Unit Heaters

DESCRIPTION
This measure applies to a gas fired condensing unit heater installed in a commercial application.

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a condensing unit heater up to
300 MBH with a Thermal Efficiency > 90% and the heater must be vented, and condensate drained per manufacturer
specifications. The unit must be replacing existing natural gas equipment.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline condition is assumed to be a non-condensing natural gas unit
heater at end of life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.*#?

DEEMED MEASURE COST

The incremental capital cost for a unit heater is $676.443

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A
SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS ENERGY SAVINGS

The annual natural gas energy savings from this measure is a deemed value equaling 266 Therms.

442DEER 2008

443ENERGY STAR and CEE do not currently provide calculators for this type of equipment therefore deemed values from Nicor
Gas were used. Nicor Gas Energy Efficiency Plan 2011-2014. Revised Plan Filed Pursuant to Order Docket 10-0562, May 27,
2011.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-CUHT-V01-190101

REVIEW DEADLINE: 1/1/2022
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4.4.6 Electric Chiller

DESCRIPTION

This measure relates to the installation of a new electric chiller meeting the efficiency standards presented below.
This measure could relate to the replacement of an existing unit at the end of its useful life, or the installation of a
new system in an existing building (i.e. time of sale). Only single-chiller applications should be assessed with this
methodology. The characterization is not suited for multiple chillers projects or chillers equipped with variable speed
drives (VSDs).

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to exceed the efficiency requirements
defined by the program.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to meet the efficiency requirements
within the IECC code in effect on the date of the building permit (if unknown assume IECC 2015).

Note IECC 2018 became effective July 1, 2019 and is the baseline for all New Construction permits from that date.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 23 years.**

DEEMED MEASURE COST

The incremental capital cost for this measure is provided below:*4>

Air-Cooled Chiller Incremental Costs ($/Ton)

Capacity Efficient EER
(Tons) 9.9 10.2 10.52
50 $226 $453 $694 $830
100 $113 $226 $347 $415
150 S75 $151 $231 $277
200 S46 $92 $141 $169
400 $23 S46 S71 $85

Water-Cooled Scroll/Screw Chiller Incremental Costs ($/Ton)
Efficient kW/ton

Capacity (Tons) ., 0.68 0.64 0.6
50 $114 $164 N/a N/a
100 $52 $77 N/a N/a
150 N/a N/a N/a N/a
200 N/a N/a $61 $122
400 N/a N/a N/a $16

444 As recommended in Navigant ‘ComEd Effective Useful Life Research Report’, May 2018.
(http://deeresources.com/deer0911planning/downloads/EUL_Summary_10-1-08.xls).
445 Based on Navigant Consulting, NEEP “Incremental Cost Study Phase Two Final Report”, January 2013.
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Water-Cooled Centrifugal Chiller Incremental Costs ($/Ton)

Capacity (Tons) . EfficientkW/ton |

0.6 | 0.58 054 |
100 $62 $99 $172
150 $42 $66 $115
200 $31 $49 $86
300 N/a N/a $55
600 N/a N/a $22

LOADSHAPE

Loadshape C03 - Commercial Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to estimate
peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second represents
the average savings over the defined summer peak period, and is presented so that savings can be bid into PIM’s
capacity market. Both values provided are based on analysis of Itron eShape data for Missouri, calibrated to lllinois
loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 446
CFpm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8% %7
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWH =TONS * ((IPLVbase) — (IPLVee)) * EFLH
Where:
TONS = chiller nominal cooling capacity in tons (note: 1 ton = 12,000 Btu/hr)
= Actual installed

IPLVbase = efficiency of baseline equipment expressed as Integrated Part Load Value(kW/ton). Chiller units
are dependent on chiller type. See Chiller Units, Convertion Values and Baseline Efficiency Values
by Chiller Type and Capacity in the Reference Tables section.

IPLVee**® = efficiency of high efficiency equipment expressed as Integrated Part Load Value (kW/ton)*4°

446 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

447 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.

448 |ntegrated Part Load Value is a seasonal average efficiency rating calculated in accordance with ARI Standard 550/590. It
may be calculated using any measure of efficiency (EER, kW/ton, COP), but for consistency with IECC code requirements, it is
expressed in terms of IPLV here.

449 Can determine IPLV from standard testing or looking at engineering specs for design conditions. Standard data is available
from AHRI online Certification Directory.
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= Actual installed

EFLH = Equivalent Full Load Hours for cooling in Existing Buildings or New Construction are provided in
section 4.4 HVAC End Use.

For example, a 100 ton air-cooled electrically operated chiller with IPLV of 14 EER (0.86 kW/ton) and baseline
EER of 12.5 (0.96 kW/ton) ,in a low-rise office building in Rockford with a building permit dated on 1/1/2015
would save:

AkWH

100 * ((0.96) — (0.86)) * 949
9,490 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKkWsep =TONS * ((PEbase) — (PEee)) * CFssp
AKWpym =TONS * ((PEbase) — (PEee)) * CFpm
Where:
PEbase = Peak efficiency of baseline equipment expressed as Full Load (kW/ton)
PEee = Peak efficiency of high efficiency equipment expressed as Full Load (kW/ton)
= Actual installed
CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak
hour)
=91.3%
CFpim = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak
period)
=47.8%

For example, a 100 ton air-cooled electrically operated chiller with a peak efficiency of 1.05 kW/ton and a
baseline peak efficiency of 1.2 kW/ton would save:

AkWssp =100 * (1.2-1.05) * 0.913
=13.7 kW

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O& M COST ADJUSTMENT CALCULATION
N/A

REFERENCE TABLES

Chillers Ratings- Chillers are rated with different units depending on equipment type as shown below

Equipment Type Unit
Air cooled, electrically operated EER
Water cooled, electrically operated,
positive displacement (reciprocating)

kW/ton
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Equipment Type
Water cooled, electrically operated,
positive displacement (rotary screw and kW/ton
scroll)

In order to convert chiller equipment ratings to IPLV, the following relationships are provided:

kW/ton =12 /EER

kW/ton =12 /(COP x 3.412)
cop =EER /3.412

cop =12/ (kW/ton) / 3.412
EER =12 / kW/ton

EER = COP x 3.412
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2012 IECC Baseline Efficiency Values by Chiller Type and Capacity (effective 1/1/2013 to 12/31/2015)

WATER CHILLING PACKAGES®

TABLE CA403.2.3(T)
MINIMUM EFFICIENCY REQUIREMENT5:

BEFORE 1A/2010 AS OF 11200°
PATH A PATH B
SIZE FULL FULL FULL TEST
EQUIPMENT TYPE CATEGORY | UNITS | LOAD IFLV LOAD LV LOAD IFLV | PROCEDURE®
) <150 ioms | EER | =104 |2 9562 |= 125001 MNA NA
Air-cocled chillers ST50tms | EER |- 02| 16 [S0562(=12750] NA | WA
Alr-cooled chillers without condens-
Air cooled without condenser, electrical fill” . EER  |=10586|= 11 782 (2™ s:hu.'!]. be rated w.llh. matching con-
operated capacities densers and comply with the alr-cooled
chiller effickency requirements
Reciprocating untts shall comply with
Water cooled, electrically operated, All . . B ] ] -
reclprocating capacitles kWion | = (LB3T | = 0.696 :rraflt::tﬁligqﬁ::::_:;.-:ndmlaplacmrnl
< Thtons | KWion = (LT80 | = 0630 | = (LBOO | = 0.600
= 75 tons - .
and kWion |~ (700 1 =067 < (0L775 [ = 0615 | = (L7090 | < 0.586 AHEI
Water cooled, electrically operated, posi- | < 150 toms 5‘5&.5%
tive displacement = 150 tons
and kWhon | <0717 | <0627 | < 0680 | =0.580 | <0718 | =0.540
< 300 toms
2300 tons | kWiton | <0630 | = 0571 | = 0620 | <0540 | = 0639 | <045
= 150 ons | kWiton | =0.703 | = (.66
2 150 tons < (.634 | = 0,506 | <0630 | <0450
and | KWiton | <0634 [ <0506 = [T RS
Water cooled, electrically operated, < 300 tors
centrifingal 2 300 tons
and kWhon | <0576 | <0.549 | <0576 | = 0.549 | <0600 | < 0.400
< B0 toms
2600 wons | kWiion | <0576 | < 0.549 | < 0570 | <0539 | =0.500 | <0400
Alr cooled, absorption single effect :ap.:::llltles COP (z=0600) NRE 0600 ME NA MNA
Water cooled, absorpiion single effect Al cop |=0700| NR |=0700| NR | NA | NA
capacities
- AHRI 560
Absorption double effect, indirect fired All COP |=1.000|=1050 [=1000|=1060( WA | NA
capacities
Absorption double effect, direct fired [ap':::lllues COP (1000 =1.000=1.000(=1.000] NA NA

For 51: 1 ton = 3517 W, 1 British thermal undt per howr = 0.2531 W, °C = [["F] - 32)71.8.

NA = Not applicable, not to be used for compliance; NE = No requirement.

o The centrifugal chiller equipment requirements, after adjustment in accordance with Section C403.2.3.1 or Section C403.2.3.2, do not apply to chillers used
in low-temperature applications where the design leaving flukd temperatirs s less than 36°F. The requirements do not apply to positive displacement chillers
with leaving fhdd temperatures less than or equal io 32°F. The requirements do not apply 0 absorption chillers with design leaving fd temperatures less than

40°F.

b. Compliance with this standard can be obinined by meeting the ménimum requdrements of Path A or B. However, both the full losd and IPLY shall be met to fulfill

the requirements of Path A or B.

c. Chapter & of the referenced standard contains a complete specification of the referenced test procedure, including the referenced year version of the test

procedire.
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2015 IECC Baseline Efficiency Values by Chiller Type and Capacity (effective 1/1/2016 to 3/30/2019)

TABLE Mﬂﬂlﬂéﬂc
WATER CHILLING PACKAGES — EFFICIENCY REQUIREMENTS ™

N TYPE SZE Ci v NS BEFORE 11/2015 A5 OF 115 TEST
B EE0 Path & Path B Path & Path B PROCEDURE
29562 FL 2 10.100FL | 29700 FL
- 150 Tons =12 'i’JIZI [FLV e 13. 700 IPLV |= 15,800 IPLV
. N EER 212500 IF 213.7 T2 15, i
Air-cooled chillers
* e (BraW) Z0562FL - Z10100FL | 9700 FL
2 150 Tens — NAs -
212,500 IPLV 2 14000 IPLV |2 16.100 IPLV
Air coaled EER Air-cooled chillers without condenser shall be rared with
without condenser, All capacities Ba W matching condensers and complyms with air-cooled chiller
elacmically operated v efficiency requirements.
75 Tons Z0.TB0FL Z08MFL | Z0750FL <0780 FL
' L0630 IPLY (00500 IPLV | = 0.500 IPLY | < 0.500 IPLV
e A Z0775FL Z0TMFL | =07MFL <0750 FL
2 75 toms and < 150 toms S— — — _
ZOSISTPLY | 0586 IPLV | 0560 IPLV | S 0480 IPLV
u'nna:meTL:EL elecmically | - 150 oms and = 300 i =(0.680 FL Z0TI8FL | Z0.4660FL Z0.680 FL
Mplacoment | on SR " [ZUsE0 LY |S0530 PLV | S05M PLV | 0430 LV
> 300 tans and < 600 % 0.620 FL Z0.639 FL = 0.610 FL Z0.4825FL AFFRI 530
= S o i B s Z0SH DLV |20 PLV | Z050 DLV | Z040PLV | 0
=060 FL Z0.639FL | =0360FL S0.3585FL
= 600 toms — - T 1= S
ZOS40IPLY | 20400 PLV | 20500 PLV | £0.380 IPLV
150 Toms Z0834FL Z0639FL | Z0410FL = 0685 FL
B S0586 PLV (20450 PLV | 0530 IPLV | 0440 IFLV
= 130 toms and = 300 toms 04834 FL Z0.639 FL =610 FL 20535 FL
- - ZO5R6IPLY |Z 0450 PLV | 0550 PLV | 0400 LYV
Water coaled. slectrically | - - o . Z057T6FL Z060MFL | Z0360FL S0.3505FL
; . + | 2 300 tons and < 400 tens | KWiton -
operated cenmifuzal : ZOSPLY |Z04MPLV | Z05M PLV | 20380 IPLY
Z05T6FL Z06MFL | Z0360FL “0.385FL
= 400 tons 2nd = 600 tons - _ ke B
S5 IPLY |Z0400 PLV | 0500 IPLV | 0380 IPLV
» 600 T 0570 FL Z038FL | Z0360FL Z0.3585FL
- o S05SWIPLY (2040 IPLV | = 0500 IPLY | 0380 LV
Air coaled. absorprion, All capacifies coP | z060FL | NA°® | Z0SMFL | N&°
Water cooi2d bsorption. All capacifies coP | z070FL | NA® | Z0700FL | A
Absorption, doubls " L 2 1.000 FL . 2 1.000 FL s AHFI 560
affect indimect fred Al capacities Cop ST NA T Ty NA
Absarption double effact RS =10M0FL ras =10 FL T
direct fired All capacities cop T HA T T NA
2. The requirements for centrifiapal chiller shall be adjusted for nonstandand mting conditions m accordance with Secton 403 2.3.1 and are only applicable for
the af conditions listed m Secmon C403.2.3.]1. The requirements for ar-cooled, water-cooled positive dsplacement and absorption chillers are at

mitng conditions defined in the reference test procedure.

b Beth the: fiall-load and IPLV requirements shall be met or exceeded to comply with this sandard. Where there is a Path B, conpliance can be with either Path

A or Path B for any application.
€. MA means the requirsmentz are ot applicable for Path B and enly Path A can be used for compliance.

d FL represents the full-load perfommance requirements and IFLY the pari-load performance requirements.
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2018 IECC Baseline Efficiency Values by Chiller Type and Capacity (effective 7/1/2019)

TAELE C403.3.2(T)
WATER CHILLING PACKAGES — EFFICIENCY REGQUIREMEMNT 52 & ¢

EQUIFMENT TYPE SIZE CATEGORY UNITS BEFORE 1172013 AS OF 172015 TEST
Path A Path B Path A Path B FROCEDURE®
= B.582 FL = 10100 FL = 8.T00FL
= 150 Tons MNAS —
. . EER | & 12.500 IFLV 2 13.700 IPLV | = 15,800 IPLV
Air-zooled chillers o an = =
(B [ :pB82 FL =10.100 FL = 0.700 FL
z 150 Tons FAE =
= 12.500 IPLW = 14.000 IPLV | = 16100 IPLV
Air cooled ZER Air-cocled chillers without condenser shall be rated with
without condenser, Al capacities (Bru/) matching condensers and complying with air-cooled chiller
electricaly operated = efficiency requirements.
. £ 0.7T80FL £ 0.800 FL 2 0.750 FL = 0.780FL
= 75 Tons —
= 0.530IPLY | <0800 IPLV | =0.600 IPLV | < D.500 IPLV
L0775 FL Z0.7TBOFL Z0.7T20FL = 0.750 FL
= T8 tons and < 150 tons
=0615IPLV | <0.585 IPLV | =0.530 IPLV | < D.480 IPLV
Water cooled, elecirically i 2DB80FL | =OTIEFL | =DBE0FL | =0B80FL
operated positive = 150 tons and < 300 tens | KWion - ; - ; - ; =
dieplacement =0.580IPLY | 2 0.540 IPLV | =0.540 IPLV | = D.440 IPLV
£ 0.820 FL Z0.838 FL £ 0.610 FL = 0.825FL '50
= 300 tons and < 500 tons - = - - AHRI SE0/EED
=S 0.540 IPLY | < 0480 IPLV | =0.520 IPLV | < D.410 IPLV
£ 0.820 FL Z0.838 FL £0.580 FL = 0.585FL
z 800 tons — - =
= 0.540IPLV | <0.480 IPLV | =0.500 IPLV | < D.280 IPLV
20834 FL Z0.838 FL £ 0.610 FL = 0.6895FL
= 150 Tons — — —
= 0.595 IPLV | <0450 IPLV | =0.550 IPLV | < D.440 IPLV
_ 20834 FL Z0.838 FL £ 0.610 FL = 0.6835FL
= 150 tons and < 300 tons — - =
= 0.595 IPLV | <0450 IPLV | =0.550 IPLV | < D.400 IPLV
i ) £0.578 FL £ 0.800 FL £ 0.580 FL 20585 FL
Waler cooled, v.elamr-:al ¥ 2 300 tons and < 400 tons | KWiten - - -
operated cantrifugal = 0548 IPLV | = 0.400 IPLV | £0.520 IPLV | = 0.280 IPLY
£ 0.576 FL £ 0.800 FL £0.580 FL = 0.585FL
= 400 tons and < 300 tons - - =
=0.548 IPLV | <0400 IPLV | =0.500 IPLV | < D.280 IPLV
£0.5T0 FL Z0.580 FL £0.580 FL = 0.585FL
z 600 Tons - - =
= 0538 IPLV | <0400 IPLV | =0.500 IPLV | < D.280 IPLV
Air cooled, absarption, AN capacities COP | =0BODFL MAZ = 0.800 FL A
single effect
Water cacled absorptian. AN ezpacities COP | =0.700FL A = 0.700 FL NAS
single sffect
- P P AHRI 580
Ab tion, doubl 2 1.000 FL = 1.000 FL
Sarpiion, double All capacities coP NAE MAS
ffect. indirect firad = 1.050 IPLV = 1.050 IPLV
i ble effe 2 1.000 FL = 1.000 FL
Absorption double effect AN capacities COP NAE NAS
direct firad = 1.000 IPLV = 1.050 IPLV

a. The requirements far canirifugal chiller shal be adjusied for rorsiandard raling candibons

r accondance with Sechion C403.3.2.1 and are only appicable far the range of condilions Fsted in

Section C203.3.2.1. The mquirements for ir-cocled, waler-cosied posfive dsplacement and absorplion chillers 2re at slandard rafing cordilions dafined in the reference sl procedune.
rements shal be met or exceeded to comply with s standard. Whane there is 2 Falh B, compliance can ba with either Path A& ar Path B for 2ry appicaion.

b. By the fi

fl and IPLY raqu

c. MA means e requinements am nol appicabin tor Path B and only Path A can ba used for complance

d. FL represants B fulHioad perfiormants neguinemants and IPLY he part-ioad performanca neguinameanis.

MEASURE CoDE: CI-HVC-CHIL-V07-200101

REVIEW DEADLINE: 1/1/2022
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4.4.7 ENERGY STAR and CEE Super Efficient Room Air Conditioner

DESCRIPTION

This measure relates to the purchase and installation of a room air conditioning unit that meets either the ENERGY

STAR or CEE Super Efficient minimum qualifying efficiency specifications, in place of a baseline unit meeting
450

minimum Federal Standard efficiency ratings presented below:

Federal Federal
Product Class  Standard CEER, | Standard CEER, ENERGY S.TAR ENERGY.STAR CEE‘S'uper
) . CEER, with CEER, without Efficient
(Btu/H) with louvered without ) .
. X louvered sides louvered sides CEER
sides louvered sides
< 8,000 11.0 10.0 12.1 11.0 12.7
Sigogogt; 9.6 10.6
- 109 12.0 12.5
11,000 to 95 10.5
13,999 ’ ’
14,000 to
19,999 10.7 9.3 11.8 10.2 12.3
20,000 to
27,999 9.4 9.4 103 10.3 108
>= 28,000 9.0 9.9 10.4

Federal Standard

ENE 133
Casement (CEER) NERGY STAR (CEER)
Casement-only 9.5 10.5
Casement-slider 10.4 11.4
Federal
Reverse Cycle - Federal Standard Standard ENERGY STAR ENERGY STAR
Product Class CEER, with . CEER, with CEER, without
X CEER, without ) .
(Btu/H) louvered sides . louvered sides louvered sides
louvered sides
< 14,000 N/A 9.3 N/A 10.2
>= 14,000 N/A 8.7 N/A 9.6
< 20,000 9.8 N/A 10.8 N/A
>= 20,000 9.3 N/A 10.2 N/A

This measure was developed to be applicable to the following program types: TOS. If applied to other program types,
the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the new room air conditioning unit must meet the ENERGY STAR efficiency standards
presented above.

450 Federal Baselines defined by Code of Federal Regulations §430.32(d). ENERGY STAR specification defined by Version 4.0
Room Air Conditioners. CEE specification defined by Room Air Conditioner Specification effective January 31, 2017.

Side louvers that extend from a room air conditioner model in order to position the unit in a window. A model without louvered
sides is placed in a built-in wall sleeve and are commonly referred to as "through-the-wall" or "built-in" models.

Casement-only refers to a room air conditioner designed for mounting in a casement window of a specific size.

Casement-slider refers to a room air conditioner with an encased assembly designed for mounting in a sliding or casement
window of a specific size. Reverse cycle refers to the heating function found in certain room air conditioner models.
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DEFINITION OF BASELINE EQUIPMENT

The baseline assumption is a new room air conditioning unit that meets the current minimum federal efficiency
standards presented above.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is assumed to be 9 years.*%!

DEEMED MEASURE COST

The incremental cost for this measure is assumed to be $40 for an ENERGY STAR unit and $80 for a CEE Super Efficient
unit.**?

LOADSHAPE

Loadshape CO3 - Commercial Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to estimate
peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second represents
the average savings over the defined summer peak period, and is presented so that savings can be bid into PIM’s
capacity market. Both values provided are based on analysis of Itron eShape data for Missouri, calibrated to lllinois
loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 43
CFpm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8% %4
Algorithm

CALCULATION OF SAVINGS

ENERGY SAVINGS
AkWh = (FLHgoomac * Btu/H * (1/CEERbase - 1/CEERee))/1000
Where:
FLHRoomac = Full Load Hours of room air conditioning unit

= dependent on location:*°®

451 Energy Star Room Air Conditioner Savings Calculator, Life Cycle Cost Estimate for ENERGY STAR Qualified Room Air
Conditioners

452 Based on field study conducted by Efficiency Vermont

453 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

454 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year

455 Full load hours for room AC is significantly lower than for central AC. The average ratio of FLH for Room AC (provided in RLW
Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008)) to FLH for Central Cooling for
the same location (detailed in the Energy Star Room Air Conditioner Savings Calculator) is 31%. This ratio has been applied to
the FLH from the unitary and split system air conditioning measure.
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Zone FLHRoomAC |
1 (Rockford) 253
2-(Chicago) 254
3 (Springfield) 310
4-(Belleville) 391
5-(Marion) 254
Btu/H = Size of unit
456

= Actual. If unknown assume 8500 Btu/hr
CEERbase = Combined Energy Efficiency Ratio of baseline unit

= As provided in tables above
CEERee = Combined Energy Efficiency Ratio of ENERGY STAR or CEE Super Efficient unit

= Actual. If unknown assume minimum qualifying standard as provided in tables
above

For example, for an 8,500 Btu/H capacity ENERGY STAR unit, with louvered sides, in Rockford:
AkWHENERGVSTAR = (253 * 8500 * (1/10.9 - 1/12.0)) / 1000
=18.1 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = Btu/H * ((1/CEERbase - 1/CEERee))/1000) * CF

Where:
CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% %7
CFpm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8%"

Other variable as defined above

For example for an 8,500 Btu/H capacity ENERGY STAR unit, with louvered sides, in Rockford during system
peak

AKWenereystar = (8500 * (1/10.9 —1/12.0)) / 1000 * 0.913
=0.065 kW

FOSSIL FUEL SAVINGS
N/A

456 Based on maximum capacity average from the RLW Report: Final Report Coincidence Factor Study Residential Room Air
Conditioners, June 23, 2008.

457 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

458 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-ESRA-V02-190101

REVIEW DEADLINE: 1/1/2022
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4.4.8 Guest Room Energy Management (PTAC & PTHP)

DESCRIPTION

This measure applied to the installation of a temperature setback and lighting control system for individual guest
rooms. The savings are achieved based on Guest Room Energy Management’s (GREM’s) ability to automatically
adjust the guest room’s set temperatures and control the HVAC unit for various occupancy modes.

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Guest room temperature set point must be controlled by automatic occupancy detectors or keycard that indicates
the occupancy status of the room. During unoccupied periods the default setting for controlled units differs by at
least 5 degrees from the operating set point. Theoretically, the control system may also be tied into other electric
loads, such as lighting and plug loads to shut them off when occupancy is not sensed. This measure bases savings
on improved HVAC controls. If system is connected to lighting and plug loads, additional savings would be realized.
The incentive is per guestroom controlled, rather than per sensor, for multi-room suites. Replacement or upgrades
of existing occupancy-based controls are not eligible for an incentive.

DEFINITION OF BASELINE EQUIPMENT

Guest room energy management thermostats replace manual heating/cooling temperature set-point and fan
On/Off/Auto thermostat controls. Two possible baselines exist based on whether housekeeping staff are directed to
set-back (or turn off) thermostats when rooms are not rented.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for GREM is 15 years.**°

DEEMED MEASURE COST
$260/unit.

The IMC documented for this measure is $260 per room HVAC controller, which is the cost difference between a
non-programmable thermostat and a GREM.*¢°

DEEMED O&M COST ADJUSTMENTS
N/A
LOADSHAPE

Loadshape C03 - Commercial Cooling

COINCIDENCE FACTOR

A coincidence factor is not used in the determination of coincident peak kW savings.

Algorithm

CALCULATION OF SAVINGS

Below are the annual kWh savings per installed EMS for different sizes and types of HVAC units. The savings are
achieved based on GREM'’s ability to automatically adjust the guest room’s set temperatures and control the HVAC

459 DEER 2008 value for energy management systems.
460 This value was extracted from Smart Ideas projects in PY1 and PY2.
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unit to maintain set temperatures for various occupancy modes. Note that care should be taken in selecting a value
consistent with actual baseline conditions (e.g., whether housekeeping staff are directed to set-back/turn-off the
thermostats when rooms are unrented). Different values are provided for Motels and Hotels since significant
differences in shell performance, number of external walls per room and typical heating and cooling efficiencies
result in significantly different savings estimates. Energy savings estimates are derived using a prototypical
EnergyPlus simulation of a motel and a hotel.*5* Model outputs are normalized to the installed capacity and reported
here as kWh/Ton, coincident peak kW/Ton and Therms/Ton.

ELECTRIC ENERGY SAVINGS

- Electric
Climate Zone - . .
et el e Heating Source Baseline Savings
K g (kWh/Ton)
Motel Electric Energy Savings
. . . Housekeeping Setback 744
PTAC w/ Electric Resistance Heating No Housekeeping Setback 1786
. Housekeeping Setback 63
1 (Rockford) PTAC w/ Gas Heating No Housekeeping Setback 155
PTHP Housekeeping Setback 385
No Housekeeping Setback 986
. . . Housekeeping Setback 506
PTAC w/ Electric Resistance Heating No Housekeeping Setback 1582
. . Housekeeping Setback 51
2 (Chicago) PTAC w/ Gas Heating No Housekeeping Setback 163
PTHP Housekeeping Setback 211
No Housekeeping Setback 798
. . . Housekeeping Setback 462
PTAC w/ Electric Resistance Heating No Housekeeping Setback 1382
N . Housekeeping Setback 65
3 (Springfield) PTAC w/ Gas Heating No Housekeeping Setback 198
PTHP Housekeeping Setback 202
No Housekeeping Setback 736
. . . Housekeeping Setback 559
PTAC w/ Electric Resistance Heating No Housekeeping Setback 1877
. . Housekeeping Setback 85
4 (Belleville) PTAC w/ Gas Heating No Housekeeping Setback 287
PTHP Housekeeping Setback 260
No Housekeeping Setback 1,023
. . . Housekeeping Setback 388
PTAC Electric Resist Heat
w/ Electric Resistance Heating No Housekeeping Setback 1,339
. - . Housekeeping Setback 81
5(M -Will PTAC w/ Gas Heat
(Marion-Williamson) W/ Gas Heating No Housekeeping Setback 274
PTHP Housekeeping Setback 174
No Housekeeping Setback 682
Hotel Electric Energy Savings
. . . Housekeeping Setback 204
1 (Rockford) PTAC w/ Electric Resistance Heating No Housekeeping Setback 345

461 For motels, see S. Keates, ADM Associates Workpaper: “Suggested Revisions to Guest Room Energy Management (PTAC &
PTHP)”, 11/14/2013 and spreadsheet summarizing the results: ‘GREM Savings Summary_ILTRM_1_22_14.xIsx’. In 2014 the
hotel models were also run to compile results, rather than by applying adjustment factors to the motel results as had been
done in V3.0 of the TRM. The updated values can be found in ‘GREM Savings Summary (Hotel) ILTRM_10_16_14.xIs’.
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Electric
Savings
(kWh/Ton)

Climate Zone

Heating Source Baseline

(City based upon)

. Housekeeping Setback 121
PT H
ACw/ Gas Heating No Housekeeping Setback 197
Housekeeping Setback 152
PTHP -
No Housekeeping Setback 253
Central Hot Water Fan Coil w/ Electric Housekeeping Setback 177
Resistance Heating No Housekeeping Setback 296
. . Housekeeping Setback 94
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 148
. . . Housekeeping Setback 188
E
PTAC w/ Electric Resistance Heating No Housekeeping Setback 342
. Housekeeping Setback 119
PTACw/ Gas Heating No Housekeeping Setback 195
. Housekeeping Setback 145
2 (Ch PTHP
(Chicago) No Housekeeping Setback 250
Central Hot Water Fan Coil w/ Electric Housekeeping Setback 161
Resistance Heating No Housekeeping Setback 294
. . Housekeeping Setback 92
Central Hot Water Fan Coil Gas Heat
entral Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 147
. . . Housekeeping Setback 182
PTAC Electric Resist Heat
w/ Electric Resistance Heating No Housekeeping Setback 291
. Housekeeping Setback 123
PTACw/ Gas Heating No Housekeeping Setback 197
N Housekeeping Setback 145
3 (Springfield) PTHP No Housekeeping Setback 233
Central Hot Water Fan Coil w/ Electric Housekeeping Setback 153
Resistance Heating No Housekeeping Setback 240
. . Housekeeping Setback 94
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 126
. . . Housekeeping Setback 182
PTAC w/ Electric Resistance Heating No Housekeeping Setback 308
. Housekeeping Setback 125
PTAC w/ Gas Heating No Housekeeping Setback 199
. Housekeeping Setback 146
4 (Belleville) PTHP No Housekeeping Setback 240
Central Hot Water Fan Coil w/ Electric Housekeeping Setback 152
Resistance Heating No Housekeeping Setback 255
. . Housekeeping Setback 95
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 147
. . . Housekeeping Setback 171
PTAC w/ Electric Resistance Heating No Housekeeping Setback 295
. Housekeeping Setback 122
PTACw/ Gas Heating No Housekeeping Setback 199
. . Housekeeping Setback 140
> (Marion-Williamson) | PTHP No Housekeeping Setback 235
Central Hot Water Fan Coil w/ Electric Housekeeping Setback 141
Resistance Heating No Housekeeping Setback 243
. . Housekeeping Setback 92
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 126
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

Motel Coincident Peak Demand Savings

Climate Zone Coincident Peak
(City based Heating Source Baseline Demand Savings
upon) (kW/Ton)
. . . Housekeeping Setback 0.08
El
PTAC w/ Electric Resistance Heating No Housekeeping Setback 017
. Housekeeping Setback 0.08
1
(Rockford) |PTAC w/ Gas Heating No Housekeeping Setback 0.17
PTHP Housekeeping Setback 0.08
No Housekeeping Setback 0.17
. . . Housekeeping Setback 0.06
PTAC w/ Electric Resistance Heating No Housekeeping Setback 017
. . Housekeeping Setback 0.06
2
(Chicago) |PTAC w/ Gas Heating No Housekeeping Setback 0.17
PTHP Housekeeping Setback 0.06
No Housekeeping Setback 0.17
. . . Housekeeping Setback 0.07
PTAC w/ Electric Resistance Heating No Housekeeping Setback 017
N . Housekeeping Setback 0.07
3 (Springfield) [PTAC w/ Gas Heating No Housekeeping Setback 0.17
PTHP Housekeeping Setback 0.07
No Housekeeping Setback 0.17
. . . Housekeeping Setback 0.10
PTAC w/ Electric Resistance Heating No Housekeeping Setback 0.28
. . Housekeeping Setback 0.10
4 (Belleville) |PTAC w/ Gas Heating No Housekeeping Setback 0.28
PTHP Housekeeping Setback 0.10
No Housekeeping Setback 0.28
. . . Housekeeping Setback 0.08
PTAC w/ Electric Resist Heat
w/ Electric Resistance Heating No Housekeeping Setback 0.21
5 (Marion- . Housekeeping Setback 0.08
PTAC w/ Gas Heat
Williamson) W/ Gas Heating No Housekeeping Setback 0.21
PTHP Housekeeping Setback 0.08
No Housekeeping Setback 0.21

Hotel Coincident Peak Demand Savings

. Coincident
Climate Zone Peak Demand
(City based Heating Source Baseline .
Soon) Savings
(kwW/Ton)
. . . Housekeeping Setback 0.08
PTAC w/ Electric Resist Heat
w/ Electric Resistance Heating No Housekeeping Setback 0.11
PTAC w/ Gas Heating Housekeeping 'Setback 0.08
No Housekeeping Setback 0.11
1 (Rockford) -
PTHP Housekeeping Setback 0.08
No Housekeeping Setback 0.11
Central Hot Water Fan Coil w/ Electric Resistance Housekeeping Setback 0.05
Heating No Housekeeping Setback 0.08
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Climate Zone

(City based
upon)

Hotel Coincident Peak Demand Savings

Heating Source

Baseline

Coincident
Peak Demand
Savings
(kW/Ton)

. . Housekeeping Setback 0.05
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 0.08
. . . Housekeeping Setback 0.07
PTAC w/ Electric Resistance Heating No Housekeeping Setback 011
. Housekeeping Setback 0.07
PTACw/ Gas Heating No Housekeeping Setback 0.11
. Housekeeping Setback 0.07
2 (Chicago) PTHP No Housekeeping Setback 0.11
Central Hot Water Fan Coil w/ Electric Resistance Housekeeping Setback 0.05
Heating No Housekeeping Setback 0.07
. . Housekeeping Setback 0.05
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 0.07
. . . Housekeeping Setback 0.08
PTAC w/ Electric Resistance Heating No Housekeeping Setback 011
. Housekeeping Setback 0.08
PTACw/ Gas Heating No Housekeeping Setback 0.11
N Housekeeping Setback 0.08
3 (Springfield) PTHP No Housekeeping Setback 0.11
Central Hot Water Fan Coil w/ Electric Resistance Housekeeping Setback 0.05
Heating No Housekeeping Setback 0.07
. . Housekeeping Setback 0.05
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 0.07
. . . Housekeeping Setback 0.08
PTAC w/ Electric Resistance Heating No Housekeeping Setback 011
. Housekeeping Setback 0.08
PTACw/ Gas Heating No Housekeeping Setback 0.11
. Housekeeping Setback 0.08
4 (Belleville) PTHP No Housekeeping Setback 0.11
Central Hot Water Fan Coil w/ Electric Resistance Housekeeping Setback 0.05
Heating No Housekeeping Setback 0.08
. . Housekeeping Setback 0.05
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 0.08
. . . Housekeeping Setback 0.08

PTAC Electric Resist Heat
w/ Electric Resistance Heating No Housekeeping Setback 0.11
. Housekeeping Setback 0.08

PTAC w/ Gas Heat

W/ Gas Heating No Housekeeping Setback 0.11
5 (Marion- PTHP Housekeeping Setback 0.08
Williamson) No Housekeeping Setback 0.11
Central Hot Water Fan Coil w/ Electric Resistance Housekeeping Setback 0.05
Heating No Housekeeping Setback 0.08
. . Housekeeping Setback 0.05
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 0.08

NATURAL GAS ENERGY SAVINGS

For PTACs with gas heating:
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Motel Natural Gas Energy Savings

Climate Zone Baseline Gas Savings
(City based upon) (Therms/Ton)
Housekeeping Setback 30
1 f
(Rockford) No Housekeeping Setback 71
. Housekeeping Setback 20
2
(Chicago) No Housekeeping Setback 62
L Housekeeping Setback 17
3 (Springfield) No Housekeeping Setback 52
. Housekeeping Setback 21
4 (Belleville) No Housekeeping Setback 70
5 (Marion- Housekeeping Setback 13
Williamson) No Housekeeping Setback 47

Hotel Natural Gas Energy Savings

Climate
Zone . . Gas Savings
H Basel
(City based eating Source aseline (Therms/Ton)
upon)
. Housekeeping Setback 3.6
PTAC w/ Gas Heat
1 W/ Gas Heating No Housekeeping Setback 6.4
(Rockford) . . Housekeeping Setback 3.6
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 6.4
H keeping Setback 3.0
PTAC w/ Gas Heating ouse eepmg. eroac
. No Housekeeping Setback 6.5
2 (Chicago) -
Central Hot Water Fan Coil w/ Gas Heatin Housekeeping Setback 3.0
g No Housekeeping Setback 6.5
. Housekeeping Setback 2.6
3 PTACw/ Gas Heating No Housekeeping Setback 4.1
(Springfield) . . Housekeeping Setback 2.6
Central Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback a1
. Housekeeping Setback 2.5
PTAC w/ Gas Heat
4 W/ Gas Heating No Housekeeping Setback 4.8
(Belleville) . . Housekeeping Setback 2.5
Central Hot Water Fan Coil Gas Heat
entral Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 4.8
. Housekeeping Setback 2.1
PTAC w/ Gas Heat
5 (Marion- W/ Gas Heating No Housekeeping Setback 4.2
Williamson) . . Housekeeping Setback 2.1
Central Hot Water Fan Coil Gas Heat
entral Hot Water Fan Coil w/ Gas Heating No Housekeeping Setback 4.2

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-HVC-GREM-V05-150601

REVIEW DEADLINE: 1/1/2022
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4.49 Air and Water Source Heat Pump Systems

DESCRIPTION

This measure applies to the installation of high-efficiency air cooled and water source heat pump systems. This
measure could apply to replacing an existing unit at the end of its useful life, or installation of a new unit in a new or
existing building.

This measure was developed to be applicable to the following program types: TOS NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a high-efficiency air cooled or
water source, heat pump system that exceeds the baseline and meets program requirements.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be a standard-efficiency air cooled
or water source heat pump system that meets the Code energy efficiency requirements (IECC or Code of Federal
Regulations whichever is higher) in effect on the date of equipment purchase (if date unknown assume current Code
minimum). The rating conditions for the baseline and efficient equipment efficiencies must be equivalent.

Note: IECC 2018 is scheduled to become effective July 1, 2019 will become baseline for all New Construction permits
from that date.

Note: new Federal Standards affecting heat pumps become effective January 1, 2023.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.*6?

DEEMED MEASURE COST

For analysis purposes, the incremental capital cost for this measure is assumed as $100 per ton for air-cooled
units.*®3 The incremental cost for all other equipment types should be determined on a site-specific basis.

LOADSHAPE

Loadshape CO5 - Commercial Electric Heating and Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to estimate
peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second represents
the average savings over the defined summer peak period, and is presented so that savings can be bid into PJM’s
capacity market. Both values provided are based on analysis of Itron eShape data for Missouri, calibrated to lllinois
loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 464
CFpm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)

462Veasure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, Inc., June 2007.
463 Based on a review of TRM incremental cost assumptions from Vermont, Wisconsin, and California.

464 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.
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= 47.8%465

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
For units with cooling capacities less than 65 kBtu/hr:
AkWh = Annual kWh Savingscor + Annual kWh Savingsheat
Annual kWh Savingscor = (kBtu/hreoo) * [(1/SEERbase) — (1/SEERee)] * EFLH o0l
Annual kWh Savingsheat = (kBtu/hrneat) * [(1/HSPFbase) — (1/HSPFee)] * EFLHnheat
For units with cooling capacities equal to or greater than 65 kBtu/hr:
AkWh = Annual kWh Savingscoo + Annual kWh Savingsheat
Annual kWh Savingscor = (kBtu/hreoo) * [(1/EERbase) — (1/EERee)] * EFLHcool
Annual kWh Savingsheat = (kBtu/hrheat)/3.412 * [(1/COPbase) — (1/COPee)] * EFLHpeat
Where:

kBtu/hreol = capacity of the cooling equipment in kBtu per hour (1 ton of cooling capacity equals 12
kBtu/hr).

= Actual installed
SEERbase =Seasonal Energy Efficiency Ratio of the baseline equipment

= SEER from tables below, based on the applicable Code on the date of equipment
purchase (if unknown assume current Code).

SEERee = Seasonal Energy Efficiency Ratio of the energy efficient equipment.
= Actual installed

EFLHcool = Equivalent Full Load Hours for cooling in Existing Buildings or New Construction are
provided in section 4.4 HVAC End Use.

HSPFbase = Heating Seasonal Performance Factor of the baseline equipment

= HSPF from tables below, based on the applicable Code on the date of equipment
purchase (if unknown assume current Code).

HSPFee = Heating Seasonal Performance Factor of the energy efficient equipment.
= Actual installed. If rating is COP, HSPF = COP * 3.413

EFLHneat = heating mode equivalent full load hours in Existing Buildings or New Construction are
provided in section 4.4 HVAC End Use.

EERbase = Energy Efficiency Ratio of the baseline equipment

465 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.
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= EER from tables below, based on the applicable Code on the date of equipment
purchase (if unknown assume current Code). For air-cooled units < 65 kBtu/hr, assume
the following conversion from SEER to EER for calculation of peak savings:*¢%

EER = (-0.02 * SEER?) + (1.12 * SEER)

EERee = Energy Efficiency Ratio of the energy efficient equipment. For air-cooled units < 65
kBtu/hr, if the actual EERee is unknown, assume the conversion from SEER to EER as
provided above.
= Actual installed

kBtu/hrheat = capacity of the heating equipment in kBtu per hour.
= Actual installed

3.412 = Btu per Wh.

COPbase = coefficient of performance of the baseline equipment
= COP from tables below, based on the applicable Code on the date of equipment
purchase (if unknown assume current Code). If rating is HSPF, COP = HSPF / 3.413

COPee = coefficient of performance of the energy efficient equipment.

= Actual installed. If rating is HSPF, COP = HSPF / 3.413
Code of Federal Redulations (baseline effective 1/1/2019):

Cooling Heating Combpliance
Equipment type Cooling capacity Heating type Efficiency Efficiency d’;te
level level
. . Electric Resistance _
SmaII'C'on?meruaI Paclfaged A]r >65,000 Btu/h and | Heating or No Heating IEER =12.2 N/A 1/1/2018
Conditioning and Heating Equipment <135,000 Btu/h All Other Tvoes of
(Air-Cooled) ! . P IEER =12.0 COP=3.3 1/1/2018
Heating
Large Commercial Packaged Air >135,000 Btu/h Electric Resistance IEER = 11.6 N/A 1/1/2018
s . . Heating or No Heating
Conditioning and Heating Equipment and <240,000 All Other Tvoes of
(Air-Cooled) Btu/h . P IEER=11.4 COP=3.2 1/1/2018
Heating
Very Large Commercial Packaged Air | 240,000 Btu/h Electric Resistance IEER = 10.6 N/A 1/1/2018
s . - Heating or No Heating
Conditioning and Heating Equipment and <760,000 All Other Tvoes of
(Air-Cooled) Btu/h . P IEER=10.4 COP=3.2 1/1/2018
Heating
Small Commercial Package Air-
Conditioning and Heating Equipment <65,000 Btu/h All SEER=14.0 HSPF =8.2 1/1/2017
(Air-Cooled, 3-Phase, Split-System)
Small Commercial Package Air-
Conditioning and Heating Equipment <65,000Btu/h All SEER=14.0 HSPF=8.0 1/1/2017
(Air-Cooled, 3-Phase, Single-Package)
i . <17,000 Btu/h All EER=12.2 COP=4.3 10/9/2015
Small Commercial Packaged Air- 517,000 Btu/h and
Conditioning and Heating Equipment ;65’OOO Btu/h All EER=13.0 COoP=4.3 10/9/2015
(Water Source: Water-to-Air, Water- >65’OOO Btu/h and
L - =13. =4.
oop) <135,000Btu/h All EER =13.0 COP=43 10/9/2015

466 Based on Wassmer, M. (2003). A Component-Based Model for Residential Air Conditioner and Heat Pump Energy
Calculations. Masters Thesis, University of Colorado at Boulder. Note this is appropriate for single speed units only.
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Minimum Efficiency Requirements: 2012 IECC (baseline effective 1/1/2013 to 12/31/2015)

TABLE C-lns.z.a[a]l
MINIMUBM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS
EQUIPMENT TYFE SIZE CATEGORY HEATING SECTION TYPE ég%ﬁg'ggﬁgg: EI'::EIIHEHN-HC;"I' PRDEEE%HT.IR =
) Split System 13.0 SEER
Mtk < 55,000 B/ Al
COCnE Mode) Single Packagesd 13.0 SEER
- . Split System 13.0 SEER AHRI
' r”'i'l‘f':;t'l‘c:l““- < 30,000 Bt/h* All 210240
Single Packaged 13.0 SEER
:-,[ruh-?lj:frﬂﬁifpl(r Ity « 65,000 Boyh® All Split System 10.0 SEER
Elactric Reslstance Split Systam and 11.0 EER
= 65000 Btw'h and (o None) Single Package 1.2 IEER
= 135,000 Btu'h . Split Systemn and 10.8 EER
All ather Single Package 11.0 TEER
Elactric Resistance Split Systam and 10.6 EER
Aur coplad = 135,000 Biwh and lor None) Single Fackage LT IEER AHRI
frooling moda) = 240,000 Bow'h All other Split System and 10.4 EER 340360
Single Package 10.5 IEER
Elactric Reslstance Split Systam and 9.5 EER
+ 240,000 Biuh [or Mone) Single Package 9.6 [EER
= 240, o
. Split System and 4.3 EER
All ather Single Package 9.4 [EER
= 170080 Biu'h All BG'F entering water 11.2 EER
Wialer sourcs = 17,000 Bow'h and g B nEE
{cooling mode) « 55 000 Bk All BGF entering water 12.0 EER
“':”lgfgég':gﬁl'ﬂd All B6°F entering waer 1Z0EER | 150 132561
. ) All 50°F entering water 16.2 EER
Ground water source < 135 000 Bi'h
(coaling mode) All TT°F entering water 13.4 EER
W _. ~ BG°F entering water 10.6 EEE
i gy 1| = 135,000 Buyh All
e ! S9°F entering water 16.3 EER IS0 13756-2
Ground water source
Brine to water = 135,000 Btu'h All TT°F entaring fuid 12.1 EER
(cooling maosdea)
Split System 7.T H5PF
Adr coolad e nh :
{heating mode) = 65,000 Buwh : —
Single Package 7.7T H5PF
. Split System 7.4 HEPF AHRI
Through-the-wall, < 50,000 Baw/'h® 210240
(alr cooled, heating mode) [cooling capacity]
' rqq # capaciy) Single Package 7.4 HZPF
Small-duct high velocioy - fr . - S
{alr cooled. heating mode) < 65,000 Bowh Split System 6.8 H5PE
(conmt i)
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TABLE C403.2.3(2)—c

ontinued
MINIMUM EFFICIENCY REQUIREMENTS:

ELECTRICALLY OPERATED UNITARY APPLIED HEAT PUMPS
SUB-CATEGORY OR MINMUM TEST
EQUIPMENT TYPE SIZE CATEGORY HEATING SECTION TYPE RATING CONDITION EFFICIENCY PROCEDURE*
4A7°F dV43'F wb
> 65,000 Buh and Outdoor Alr AR
< 135,000 Btw'h ITF aU/15F wb
(cooling capacity) - 25C0
Alr cooled Outdoor Alr o i AHRI
(heating mode) ATF dVASF wh Ry 340/360
2 135,000 Btwh Outdoor Alr ]
(cooling capacity) 17°F db/15°F wb
Outdoor Alr 205 cop
Water source < 135,000 Btwh :
(he: le) (cooling capacity) 68°F entering water 42cCop
Ground water source < 135,000 Btwh -
* 50°F entert at 36COP ISO 13256-1
(heating mode) (cooling capacity) i
Ground source < 135,000 Buwh -
(heating mode) (cooling capacity) 32°F entering fluid 3.1COP
Water-source < 135,000 Bwh 68°F entering water 3.7C0oP
water to water (cooling capacity)
mode *F 1C
(heating ) 50°F entering water 3.1CoP ISO 13256-2
Ground source »
brine to water (c OL::ISMO?_(: ‘g‘m‘:hy) 32°F entering fluid 25Cop
(heating mode)

For SI: 1 British thermal unit per hour - 02931 W, "C - [("F) - 32)/1.8.

a. Chapter 6 of the referenced
procedure.

e
c

a plete specification of the referenced test procedure, incliading the reference year version of the test

b. Single-phase, air-cooled air conditioners less than 65,000 Bush are regulated by NAECA. SEER values are those set by NAECA.
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Minimum Efficiency Requirements: 2015 IECC (baseline effective 1/1/2016 to 3/30/2019)

TABLE C403.2.3(2)

MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

MINIMUM
HEATING SUBCATEGORY OR EFFICIENCY TEST
FQUIPMENT TYPE SIZE CATEGORY SECTIONTYPE | RATING CONDITION PROCEDURE*
Before As of
11112016 1172016
N Split System 13.0 SEER® | 140 SEER®
A”h;"“lz%e < 65,000 Btwh® All
(cooling mode) Single Package | 13.0 SEER® | 14.0 SEER®
it S 7 AHRI
Through-me-wnll. 30,000 B Al Split System 12.0 SEER. | 12.0 SEER 2101240
air cooled Single Package | 12.0 SEER | 12.0 SEER
Single-duct P N olit Sv
high-velocity air cooled < 65,000 Biwh' All Split System 11.0 SEER | 11.0 SEER
Electric Resistance | Split Systemand | 11.0EER | 11.0EER
> 65.000 Brwh and (or None) Single Package 11.2IEER | 120IEER
<135.000 Brwh ATl ofher Split Systemand | 108 EER | 10.8 EER
: Single Package 11.0IEER | 118 IEER
Electric Resistance | Split System and 106 EER | 10.6 EER
Air cooled > 135.000 Btwh and {or None) Single Package | 10.7IEER | 116 IEER AHRI
(cooling mode) <240.000 Bruwh ATl ofh Split Systemand | 104 EER. | 104 EER 340/360
Al other Single Package | 10.5IEER | 114 IEER
Electric Resistance | Split System and 05EER 05 EER
{or None) Single Package 06 IEER | 10.6 [EER
= 240,000 Brwh -
A1l ofher Split System and 03 EER 03 EER
) Single Package O4TEER | 94IEER
= 17,000 Btwh All 86°F entering water | 122 EER | 122 EER
Water to Air: Water Loop | = 17,000 Btu/h and 5 e : -
(cooling mode) = 65.000 Bwh All 86°F enfering water | 13.0EER | 13.0EER | ISO 132561
> 65,000 Btwh and . i
- 135.000 Bruh All 86°F entering water | 13.0 EER | 13.0EER
Water to Air: Ground Water _ P J 256~
(cooling mode) < 135,000 Bru/h All 59°F entering water | 18.0 EER 18.0 EER | ISO 13256-1
Brine to Air: Ground Lo i . . -
(cooling mode) op = 135,000 Brw/h All T7°F entering water | 141 EER | 141 EER | ISO 13256-1
Water to Water: WaterLoop . N
(cooling mode) = 135,000 Bru/h All 86°F entering water | 10.6 EER | 10.6 EER
Water “(’C‘;';ﬁgg i‘f;’d“;d Water | _ 135,000 Bruh All SO°F entering water | 163 EER | 163EER | ISO 132562
Brine “(’C‘i';‘]};; ﬁg‘:;‘;d Loop | _ 135000 Brum All 77°F entering fluid | 121 EER | 12.1 EER

(continued)
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TABLE C403.2.3(2)—continued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

MINIMUM
HEATING SUBCATEGORY OR EFFICIENCY TEST
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE RATING CONDITION = o PROCEDURE*
ore S 0
1112016 1172016
Air coaled o . — Split System 7.7 HSPF | 8.2 HSPF*
(heating mode) = 65.000 Bru'h
— Single Package 7.7 HSPF® | 8.0 HSPF
— Split System 7.4 HSPF | 7.4 HSPF AHRI
Through-the-wall, < 30,000 Bwh* 210/240
{atr cooled, heating mode) (cooling capacity)
— Single Package 74 HSPF | T4 HSPF
Small-duct high velocity s b 1
(air cooled. heating mode) < 65,000 Bruh' — Split System 6.8 HSPF | 6.8 HSPF
47°F db/43°F whb
> 65,000 Btu/h and outdoor air 33Cop | 3300P
< 135,000 Btw'h — —
_ (cooling capacity) ITF ST wd | 555 cop | 225 cop
Air coaled outdoor air AHRI
> 135,000 Btwh _ outdoor air ] B
(cooling capacity) 17°F db/15°F wh . -
outdoor air 2.05COP | 2.05 COP
Water to Air: Water Loop = 135,000 Bu'h _ o P .
(heating mode) (cooling capacity) 68°F entering water | 43 COP | 43 COP
Water to Air; Ground Water = 135,000 Brv'h cno . i . \ -
(heating mode) (cooling capacity) — S0°F entering water | 3.7 COP | 3.7COP | ISO 13256-1
Brine to Air: Ground Loop = 135,000 Btw'h - ) .
(heating mode) (cooling capacity) — 32°F entering fluid 32COP | 32COP
Water to Water: Water Loop = 135,000 Btuw'h _ o P .
(heating mode) (cooling capacity) 68°F entering water | 3.7 COP | 3.7COP
Water to Water: Ground Water = 135,000 Brw'h cno . i . \ Acg A
(heating mode) (cooling capacity) — S0°F entering water | 3.1 COP | 3.1 COP | ISO 13256-2
Brine to Water: Ground Loop = 135,000 Btw'h - ) - .
(heating mode) (cooling capacity) — 32°F entering fluid 25C0P | 25COP

For 5I: 1 Brtish thermal unit per hour = 0.2931 W_ °C = [{°F)
a. Chapter & contains a complete specification of the referenced test procedure. mclnding the reference vear version of the test procedure.
b. Single-phase, air-cooled air conditioners less than 65,000 Btuh are regulated by NAECA. SEER values are those set by NAECA.

c. Minimum efficiency as of January 1, 2013.

- 32118
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Minimum Efficiency Requirements: 2018 IECC (baseline effective 7/1/2019 for New Construction measures)

TABLE C403.3.2(2)
MINIMUM EFFICIENCY REQUIREMENTS: ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS
HEATING SUBCATEGORY OR | MINIMUM TEST
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE | RATING CONDITION | EFFICIENCY | PROCEDURE®
. . Split System 14.0 SEER
Air cooled {cooling mode) < 65,000 Btu/ht All -
Single Package 14.0 SEER
. Split System 12.0 SEER | AHRI 210/240
Through-the-wall, air cooled < 30,000 Btu/h® All -
Single Package 12.0 SEER
Single-duct high-velocity air cooled < 65,000 Btu/ht All Split System 11.0 SEER
Electric Resistance Split System and 11.0 EER
2 (5,000 Btu'h and {or None) Single Package 12.0 IEER
< 135,000 Btu'h i
: Al other 5;?“1 System and 10.8 EER
Single Package 11.8 IEER
Electric Resistance Split System and 10.6 EER
N Single Packa 11.6 [EER
Air cooled (cooling mode) 2 135,000 Buh and (or None) Inge Tarage AHRI 340/360
< 240,000 Btu'h All other Split System and 104 EER
Single Package 11.4 |EER
Electric Resistance Split System and 95EER
{or None) Single Package 10.6 IEER
z 240,000 Btu'h Solt Svat 3 93 EER
plit System an .
All other Single Packags 9.4 |EER
< 17,000 Btu'h All 86°F entering water 122 EER
. =17,000 Btu'h and . .
Watelr to Air. Water Loop < 65,000 Bturh All 86°F entering water 13.0 EER IS0 13756-1
(cocling mode)
25?2;’%53”;‘”?,?" Al 86°F entering water | 13.0 EER
Water to Air. Ground Water < 135,000 Btuh All B9°F entering water | 18.0EER | IS0 13256-1
(cocling mode)
Brine to Air- Ground Loop 135,000 Btu'h All TT°F entering water | 14.1EER | SO 13256-1
(cooling mode)
Water to Water. Water Loop < 135,000 Biu/h Al 86°F entering water | 10.6 EER
(cocling mode)
Water to Water: Ground Water 135,000 Btu'h All 59°F entering water | 16.3EER | IS0 13256-2
(cooling mode)
Brine to Water- Ground L oop < 135,000 Btu/h Al 77°F entering fluid | 12.1 EER
(cocling mode)
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IECC2018 Table €403.3.2(2) continued from previous page:

. . Split System 8.2 HSPF
Air cooled (heating mode) < 65,000 Btu/h® Sndle Packa o0 HSPF
ingle Package .

-tha-w Split System 7.4 HSPF
Through-the-wall 30,000 Btu/h® (cooling capacity) ) AHRI 210/240
(air cooled, heating mode) Single Package 7.4 HSPF
Small-duct high velocity b .

(air cooled, heating mode) < 65,000 Btu/h Split System 6.8 HSPF
47°F db/43°F wh
= 65,000 Btu'h and autdoor air 33cop
= 135,000 Btw'h - -
(cooling capacity) ﬁﬂz‘:&':i ;;""b 225 COP
Air cooled {heating mode) TTF dbar AHRI 340/360
_ub 32c0pP
= 135,000 Btu/h outdoor air
(cooling capacity) 17°Fdo/15°F wh 505 COP
outdoor air )
Water to Air: Water Loop < 135,000 Btu'h 68°F entering water 43COP
(heating mode) (cooling capacity) g '
Water to Air: Ground Water < 136,000 Btu'h 50°F entering water 37COP IS0 13256-1
(heating mode) (cooling capacity) 9 '
Brine to Air: Ground Loop < 135,000 Btu'h 32°F entering fluid 32C0P
(heating mode) (cooling capacity) g '
Water to Water: Water Loop < 136,000 Btu'h B8°F entering water 37COP
(heating mode) (cooling capacity) 9 '
Water to Water: Ground Water < 135,000 Btu'h 50°F entering water 31CopP IS0 13256-2
(heating mode) (cooling capacity) g '
Brine to Water: Ground Loop < 136,000 Btu'h 32°F entering fluid 25COP
(heating mode) (coeling capacity) 9 )

For SI: 1 British thermal unit per hour = 0.2831 W, °C = [[*F)- 32)1.8.

3. Chapter 8 coniains 2 complete specifieation of the referenced test procedure, including the reference year version of the test procedure.
b. Single-phase. air-cooled heat pumps less than 65,000 Biwh are regulated by NAECA. SEER and HEPF walues are those sat by NAECA.

For example, a 5-ton cooling unit with 60 kbtu heating, an efficient SEER of 16, and an efficient HSPF of 9.5, at a
restaurant in Chicago with a building permit dated after 1/1/2016 saves:

AKWh = [(60) * [(1/14) — (1/16)] * 1134] + [(60) * [(1/8.2) — (1/9.5)] * 1354]
=1963.2 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
= ((kBtu/hreool) * (1/EERbase — 1/EERee)) *CF

AkW

Where CF value is chosen between:

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 47

CFpmv = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8% %8

467 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

468 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.
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For example, a 5 ton cooling unit with 60 kbtu heating, an efficient EER of 12.5 with a building permit dated after
1/1/2016 saves:

AkW =(60* (1/11-1/12.5)) *0.913
=0.598 kW

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
MEASURE CoDE: CI-HVC-HPSY-V07-200101

REVIEW DEADLINE: 1/1/2022
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4.4.10 High Efficiency Boiler

DESCRIPTION

To qualify for this measure the installed equipment must be replacement of an existing boiler at the end of its service
life, in a commercial or multifamily space with a high efficiency, gas-fired steam or hot water boiler. High efficiency
boilers achieve gas savings through the utilization of a sealed combustion chamber and multiple heat exchangers
that remove a significant portion of the waste heat from flue gasses. Because multiple heat exchangers are used to
remove waste heat from the escaping flue gasses, some of the flue gasses condense and must be drained.

This measure was developed to be applicable to the following program types: TOS, NC, EREP. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a boiler used 80% or more for space heating, not process,
and boiler AFUE, Er (thermal efficiency), or Ec (combustion efficiency) rating must be rated greater than or equal to
85% for hot water boilers and 81% for steam boilers.

DEFINITION OF BASELINE EQUIPMENT

Dependent on when the unit is installed and whether the unit is hot water or steam. The baseline efficiency source
is the Energy Independence and Security Act of 2007 with technical amendments from Federal Register, volume 81,
Number 10, January 15, 2016 for boilers <300,000 Btu/hr and Federal Register, volume 74, Number 139, July 22,
2009 for boiler 300,000 Btu/hr.

For boilers <300,000 Btu/hr the technical ammendments include the recent compliance dates for gas-fired hot water
and steam boilers manufactured on or after January 15, 2021.%%° However, this measure characterization is not
adopting those appliance standards until January 1, 2022. The baseline for boilers <300,000 Btu/hr is considered to
be any boiler manufactured on or after September 1, 2012 and before January 15, 2021.47°

Note: A new Federal Standard, applicable to only natural-draft, gas-fired steam packaged boilers, becomes effective
March 2, 2022. Additionally, new Federal Standards, applicable to all hot water and steam commercial packaged
boilers < 10,000,000 Btu/hr input capacity, becomes effective January 10, 2023.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 25 years.*’*

DEEMED MEASURE COST

The incremental capital cost for boilers < 300,000 Btu/hr input capacity is provided in the table below and is
dependent on the AFUE efficiency.*”? Any boiler > 300,000 Btu/hr input capacity is recommended to use a custom
cost input.

Incremental Cost, per unit by program year

Measure Tier W

AFUE 85% $633 $415

469 Code of Federal Regulations, effective January 15, 2021 (10 CFR 432(e)(3)).

470 Code of Federal Regulations, effective September 1, 2012 (10 CFR 432(e)(2)).

471 Consistent with DOE assumption determined through a literature review in Appendix 8-F of the Department of Energy
Commercial Technical Support Document.

472 Based on data provided in Federal Appliance Standards, Chapter 8.3, of DOE Technical Support Documents; Table 8.5.6 LCC
and PBP Results for Hot-Water Gas Boilers (High Cost). Where efficiency ratings were not provided (AFUE 90% and 95%), the
values are interpolated from those given.
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Incremental Cost, per unit by program year
Measure Tier P Lt .

2021 | 2022
ENERGY STAR® Minimum (AFUE 90%)*"3 $1,803 $1,585
AFUE 95% $2,353 $2,135
AFUE > 96% $2,957 $2,739
Boilers > 300,000 Btu/hr with E; (thermal efficiency) rating Custom
LOADSHAPE
N/A
COINCIDENCE FACTOR
N/A
Algorithm
CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS
N/A
SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A
NATURAL GAS ENERGY SAVINGS
ATherms = EFLH * Capacity * ((Efficiencyge - Efficiencysase) / Efficiencysase) / 100,000
Where:
EFLH = Equivalent Full Load Hours for heating in Existing Buildings or New Construction are
provided in section 4.4 HVAC End Use
Capacity = Nominal Heating Input Capacity Boiler Size (Btu/hr) for efficient unit not existing unit
= custom Boiler input capacity in Btu/hr
Efficiencygase = Baseline Boiler Efficiency Rating, dependant on year and boiler type
Hot water boiler baseline:
Year Efficiency ‘

Hot Water <300,000 Btu/hr < January 1, 2022474| 82% AFUE
Hot Water <300,000 Btu/hr > January 1, 2022475 | 84% AFUE
Hot Water >300,000 & <2,500,000 Btu/hr476 80% Er

473 ENERGY STAR Program Requirements, Product Specifications for Boilers, version 3.0, effective October 1, 2014 (2 90% AFUE
for gas-fired and > 87% AFUE for oil-fired).

474 The Federal baseline for gas-fired hot water boilers <300,000 btu/hr changes from 82% to 84% in January 2021. To prevent a
change in baseline mid-program, and to account for inventory meeting the old standard still in distribution, the increase in
efficiency is delayed until January 2022 when a new program year starts.

475 Code of Federal Regulations, effective January 15, 2021 (10 CFR 432(e)(3)).

476 Thermal Efficiency. Code of Federal Regulations, effective March 2, 2012 (10 CFR 431.87).
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Year Efficiency ‘
Hot Water >2,500,000 Btu/hr*"’ 82% Ec

Steam boiler baseline:

Year Efficiency

Steam <300,000 Btu/hr < January 1, 2022478 80% AFUE

Steam <300,000 Btu/hr > January 1, 202247° 82% AFUE

Steam - all except natural draft 300,000 & <2,500,000 Btu/hr*e° 79% TE

Steam - natural draft >300,000 & <2,500,000 Btu/hr 77% TE

Steam - all except natural draft >2,500,000 Btu/hr 79% TE

Steam - natural draft >2,500,000 Btu/hr 77% TE
Efficiencyee = Efficent Boiler Efficiency Rating

=actual value, specified to one significant digit (i.e., 95.7%)

For example, a 150,000 btu/hr water boiler meeting AFUE 90% is installed in Rockford at a high rise office
building , in the year 2022

ATherms =2,089* 150,000 * (0.90-0.840)/0.840) / 100,000 Btu/Therm
=224 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O& M COST ADJUSTMENT CALCULATION
N/A

MEASURE CobDE: CI-HVC-BOIL-V08-210101

REVIEW DEADLINE: 1/1/2022

477 Combustion Efficiency. Code of Federal Regulations, effective March 2, 2012 (10 CFR 431.87).

478 The Federal baseline for gas-fired steam water boilers <300,000 btu/hr changes from 80% to 82% in January 2021. To
prevent a change in baseline mid-program, and to account for inventory meeting the old standard still in distribution, the
increase in efficiency is delayed until January 2022 when a new program year starts.

479 Code of Federal Regulations, effective January 15, 2021 (10 CFR 432(e)(3)).

480 Code of Federal Regulations, effective March 2, 2012 (10 CFR 431.87). Includes efficiency requirements for all steam boilers
> 300,000 Btu/hr.
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4.4.11 High Efficiency Furnace

DESCRIPTION

This measure covers the installation of a high efficiency gas furnace in lieu of a standard efficiency gas furnace in a
commercial or industrial space. High efficiency gas furnaces achieve savings through the utilization of a sealed, super
insulated combustion chamber, more efficient burners, and multiple heat exchangers that remove a significant
portion of the waste heat from the flue gasses. Because multiple heat exchangers are used to remove waste heat
from the escaping flue gasses, most of the flue gasses condense and must be drained. Furnaces equipped with ECM
fan motors can save additional electric energy

This measure was developed to be applicable to the following program types: TOS, NC and EREP. If applied to other
program types, the measure savings should be verified.
Time of sale:

a. The installation of a new high efficiency, gas-fired condensing furnace in a commercial location.
This could relate to the replacement of an existing unit at the end of its useful life, or the
installation of a new system.
Early replacement:
Early Replacement determination will be based on meeting the following conditions:
*  The existing unit is operational when replaced, or
*  The existing unit requires minor repairs (<$528).48!
*  All other conditions will be considered Time of Sale.
The Baseline AFUE of the existing unit replaced:

* If the AFUE of the existing unit is known and <=75%, the Baseline AFUE is the actual AFUE
value of the unit replaced. If the AFUE is >75%, the Baseline AFUE = 80%.

* If the AFUE of the existing unit is unknown, use assumptions in variable list below
(AFUE(exist)).

* If the operational status or repair cost of the existing unit is unknown, use time of sale
assumptions.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a furnace with input energy less than 225,000 Btu/hr
rated natural gas fired furnace with an Annual Fuel Utilization Efficiency (AFUE) rating and fan electrical efficiency
exceeding the program requirements:

DEFINITION OF BASELINE EQUIPMENT

Time of Sale: The current Federal Standard for gas furnaces less than 225,000 Btu/hr is an AFUE rating of 80%.

Early replacement: The baseline for this measure is the efficiency of the existing equipment for the assumed
remaining useful life of the unit and a new baseline unit for the remainder of the measure life. As discussed above
we estimate that the new baseline unit that could be purchased in the year the existing unit would have needed
replacing is 90%.

Note: a new Federal Standard will become effective January 1, 2023 and be applicable to all gas furnaces.

481 The Technical Advisory Committee agreed that if the cost of repair is less than 20% of the new baseline replacement cost it
can be considered early replacement. Note the non-inflated cost is used as this would be a cost consideration in the program
year.
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DEFINITION OF MEASURE LIFE
The expected measure life is assumed to be 16.5 years.*?

Remaining life of existing equipment is assumed to be 5.5 years.*

DEEMED MEASURE COST

Time of Sale: The incremental capital cost for this measure depends on efficiency as listed below:*4

AFUE Installation Cost Incremental Install Cost

80% $2011 n/a

90% $2641 $630

91% $2727 $716

92% $2813 $802

93% $3049 $1,038

94% $3286 $1,275

95% $3522 $1,511

96% $3758 $1,747

Early Replacement: The full installation cost is provided in the table above. The assumed deferred cost (after 5.5
years) of replacing existing equipment with a new baseline unit is assumed to be $2,876.%%% This cost should be
discounted to present value using the nominal discount rate.

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = Heating Savings + Cooling Savings + Shoulder Season Savings
Where:

Heating Savings = Brushless DC motor or Electronically commutated motor (ECM)
= 418 kWh?8®

482 Average of 15-18 year lifetime estimate made by the Consortium for Energy Efficiency in 2010.

483 Assumed to be one third of effective useful life.

484 Based on data from Appendix E of the US DOE Appliance Standards Technical Support Documents including equipment cost
and installation labor. Where efficiency ratings are not provided, the values are interpolated from those that are.

485 $2641 inflated using 1.91% rate.

486 To estimate heating, cooling and shoulder season savings for lllinois, VEIC adapted results from a 2009 Focus on Energy
study of BPM blower motor savings in Wisconsin. This study included effects of behavior change based on the efficiency of new
motor greatly increasing the amount of people that run the fan continuously. The savings from the Wisconsin study were
adjusted to account for different run hour assumptions (average values used) for Illinois. See: FOE to IL Blower Savings.xlsx.
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Cooling Savings = Brushless DC motor or electronically commutated motor (ECM)
savings during cooling season
If air conditioning =263 kWh
If no air conditioning =175 kWh
If unknown (weighted average)= 241 kWh*&"

Shoulder Season Savings = Brushless DC motor or electronically commutated motor (ECM)
savings during shoulder seasons

=51 kWh

For example, a blower motor in a low rise office building where air conditioning presence is unknown:
AkWh = Heating Savings + Cooling Savings + Shoulder Season Savings
=418 +241 +51
=710 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

For units that have evaporator coils and condensing units and are cooling in the summer in addition to heating in
the winter the summer coincident peak demand savings should be calculated. If the unit is not equipment with coils
or condensing units, the summer peak demand savings will not apply.

AkW = (CoolingSavings/HOURSyear) * CF
Where:

HOURSyear = Actual hours per year if known, otherwise use hours from Table below for building type:*8®

. Model
Building Type HOURSyear ource

Assembly 2150 eQuest
Assisted Living 4373 eQuest
Auto Dealership 1605 OpenStudio
College 4065 OpenStudio
Convenience Store 2084 eQuest
Drug Store 1708 OpenStudio
Elementary School 2649 OpenStudio
Emergency Services 3277 OpenStudio
Garage 2102 eQuest
Grocery 5470 OpenStudio
Healthcare Clinic 6364 OpenStudio
High School 3141 eQuest
Hospital - VAV econ 8707 OpenStudio
Hospital - CAV econ 2336 OpenStudio
Hospital - CAV no econ 4948 OpenStudio
Hospital - FCU 8760 OpenStudio
Manufacturing Facility 2805 eQuest

487 The weighted average value is based on assumption that 75% of buildings installing BPM furnace blower motors have
Central AC.

488 Hours per year are estimated using the eQuest or OpenStudio models as the total number of hours the cooling system is
operating for each building type.
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CF

T Model
Building Type HOURSyear Source
MF - High Rise 6823 OpenStudio
MF - Mid Rise 4996 OpenStudio
Hotel/Motel — Guest 4155 OpenStudio
Hotel/Motel - Common 6227 OpenStudio
Movie Theater 2120 eQuest
Office - High Rise - VAV econ 3414 OpenStudio
Office - High Rise - CAV econ 4849 eQuest
Office - High Rise - CAV no econ 6049 OpenStudio
Office - High Rise - FCU 5341 OpenStudio
Office - Low Rise 3835 OpenStudio
Office - Mid Rise 3040 OpenStudio
Religious Building 2830 eQuest
Restaurant 2305 OpenStudio
Retail - Department Store 2528 eQuest
Retail - Strip Mall 2266 eQuest
Warehouse 770 eQuest
Unknown 2987 n/a

HVAC Pumps \ CF \
Assembly 48.3%
Assisted Living 52.9%
College 14.2%
Convenience Store 57.1%
Elementary School 33.3%
Emergency Services 19.6%
Garage 61.9%
Grocery 47.5%
Healthcare Clinic 61.9%
High School 28.8%
Hospital - VAV econ 57.6%
Hospital - CAV econ 61.5%
Hospital - CAV no econ 64.8%
Hospital - FCU 60.9%
Manufacturing Facility 43.3%
MF - High Rise - Common 43.7%
MF - Mid Rise 24.3%
Hotel/Motel - Guest 62.9%
Hotel/Motel - Common 64.6%
Movie Theater 41.9%
Office - High Rise - VAV econ 43.2%
Office - High Rise - CAV econ 48.3%
Office - High Rise - CAV no econ 50.3%
Office - High Rise - FCU 46.2%
Office - Low Rise 47.4%
Office - Mid Rise 42.8%

489 Coincidence Factors are estimated using the eQuest models.
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HVAC Pumps | CF |
Religious Building 43.3%
Restaurant 48.8%
Retail - Department Store 50.5%
Retail - Strip Mall 52.8%
Warehouse 22.5%
Unknown 42.4%

For example, a blower motor in a low rise office building where air conditioning presence is unknown:
AkW =(241/2481) * 0.474
=0.05 kW

NATURAL GAS ENERGY SAVINGS
Time of Sale:
ATherms = EFLH * Capacity * ((AFUE(eff) — AFUE(base))/AFUE(base))/ 100,000 Btu/Therm
Early replacement*®°:
ATherms for remaining life of existing unit (1st 5.5 years):
ATherms = EFLH * Capacity * ((AFUE(eff) — AFUE(exist))/ AFUE(exist)) / 100,000 Btu/Therm
ATherms for remaining measure life (next 11 years):
ATherms = EFLH * Capacity * ((AFUE(eff) - AFUE(base))/AFUE(base)) / 100,000 Btu/Therm
Where:

EFLH = Equivalent Full Load Hours for heating in Existing Buildings or New Construction
are provided in section 4.4 HVAC End Use

Capacity = Nominal Heating Input Capacity Furnace Size (Btu/hr) for efficient unit not
existing unit

= custom Furnace input capacity in Btu/hr

AFUE(exist) = Existing Furnace Annual Fuel Utilization Efficiency Rating
= Use actual AFUE rating where it is possible to measure or reasonably estimate.
If unknown, assume 64.4 AFUE%. 4°1

AFUE(base) = Baseline Furnace Annual Fuel Utilization Efficiency Rating

Dependent on program type as listed below:

Program Year AFUE(base)

Time of Sale 80%
Early Replacement 90%

490 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to
efficient) and the remaining phase (new baseline to efficient). In practice, the screening tools used may either require a First
Year savings (using the first equation) and then a “number of years to adjustment” and “savings adjustment” input which would
be the (new base to efficient savings)/(existing to efficient savings).

491 Average nameplate efficiencies of all Early Replacement qualifying equipment in Ameren PY3-PY4.
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AFUE(eff) = Efficent Furnace Annual Fuel Utilization Efficiency Rating.

= Actual. If Unknown, assume 95%.492

For example,

ATherms = 1428 * 150,000 * ((0.92-0.80)/0.80)/ 100,000
=321 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-FRNC-V10-210101

REVIEW DEADLINE: 1/1/2022

492Minimum ENERGY STAR efficiency after 2.1.2012.
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4.4.12 Infrared Heaters

DESCRIPTION

A natural gas-fired radiant infrared heater uses the combustion of natural gas to heat a metal tube or ceramic panel
to a very high temperature (typically between 1200 and 5000 degrees Fahrenheit). The high surface temperature
causes radiative heat transfer between the heater surface and its surroundings. The surroundings will re-radiate the
heat to occupants and release heat through convection to the air, providing a comfortable environment without
directly heating air.

Infrared heaters are ideal for space heating applications where there are elevated ceilings with high thermal
stratification, spaces with high ventilation or air infiltration rates, or a need for spot heating within an unconditioned
or industrial space. Aircraft hangers, warehouses, greenhouses, manufacturing production areas, pools, and loading
docks are space types that can be efficiently served by a radiant infrared heater.

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a natural gas heater with an electric ignition that uses
non-conditioned air for combustion. Gross Radiant Coefficient (GRC) is provided by the manufacturer and defined
as the ratio of radiant heat output delivered in Btu to the natural gas input energy.*%?

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a standard natural gas fired warm air heater.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 15 years.*%

DEEMED MEASURE COST

The incremental capital cost for this measure is $2.70 per kBtu/hr input capacity.*®®

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

493 "AHRI Standard 1330 - 2014 Standard for Performance Rating for Radiant Output of Gas Fired Infrared Heaters". 2014. Air
Conditioning, Heating, and Refrigeration Institute. Arlington, VA.

494 2020 Michigan Energy Measures Database (MEMD). Please see file “mi_master_measure_database_2020-
011020_681298_7.xlsx”

495 2020 Michigan Energy Measures Database (MEMD). Please see file “mi_master_measure_database_2020-
011020_681298_7.xIsx”

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 235 of 732



Illinois Statewide Technical Reference Manual — 4.4.12 Infrared Heaters

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

Natural gas savings for this measure are based on the standard practice of HVAC designers to size a gas-fired radiant
infrared heater at a lower input capacity than an equivalent warm air unit heater for an identical application.

ATherms = Therms(base) — Therms(IR)
Therms(base) = Capacity/RSF * EFLH/100,000
Therms(IR) = Capacity * EFLH/100,000
Where:
Capacity = Input capacity of radiant infrared heater in btu/hr
= Actual

RSF = Radiation Sizing Factor, dependent on Gross Radiant Coefficient as listed below:4%6:4%7
If Gross Radiant Coefficient is unavailable, assume RSF = 0.85.

Gross Radiant RSF (Radiation Sizing

Coefficient (GRC) Factor)
GRC<0.67 0.85

0.67 < GRC 0.70

EFLH = Equivalent Full Load Hours for heating in Existing Buildings or New Construction are
provided in section 4.4 HVAC End Use

100,000 = Btu to therm conversion factor

For example: a radiant heater with a natural gas input capacity of 125,000 Btu/hr and a Gross Radiant Coefficient
of 0.45 installed in a warehouse in Chicago will save:

ATherms = Therms(base) — Therms(IR)

Therms(base) = 125,000/0.85*1286/100,000 = 1891.176 Therms
Therms(IR) = 125,000*1286/100,000 = 1607.500 Therms

ATherms = 1891.176 — 1670.500 = 283.676 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

496 2016 ASHRAE® HANDBOOK: Heating, Ventilating, and Air-Conditioning SYSTEMS AND EQUIPMENT, Inch-Pound Edition,
Chapter 16, pg. 16.1, “Energy Conservation,” 2016, American Society of Heating, Refrigerating, and Air-Conditioning Engineers,
Inc. Atlanta, GA.

497 "Put Your Infra-Red Knowledge to the Test". Contracting Canada, July - August 2002.
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MEASURE CODE: CI-HVC-IRHT-V02-210101

REVIEW DEADLINE: 1/1/2023
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4.4.13 Package Terminal Air Conditioner (PTAC) and Package Terminal Heat Pump (PTHP)

DESCRIPTION

A PTAC is a packaged terminal air conditioner that cools and sometimes provides heat through an electric resistance
heater (heat strip). A PTHP is a packaged terminal heat pump. A PTHP uses its compressor year round to heat or
cool. In warm weather, it efficiently captures heat from inside your building and pumps it outside for cooling. In cool
weather, it captures heat from outdoor air and pumps it into your home, adding heat from electric heat strips as
necessary to provide heat.

This measure characterizes:

a) Time of Sale: the purchase and installation of a new efficient PTAC or PTHP.

b) Early Replacement: the early removal of an existing PTAC or PTHP from service, prior to its natural end
of life, and replacement with a new efficient PTAC or PTHP unit. Savings are calculated between existing
unit and efficient unit consumption during the remaining life of the existing unit, and between new
baseline unit and efficient unit consumption for the remainder of the measure life. The measure is only
valid for non-fuel switching installations — for example replacing a cooling only PTAC with a PTHP can
currently not use the TRM.

This measure was developed to be applicable to the following program types: TOS NC, EREP. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be PTACs or PTHPs that exceed
baseline efficiencies.

DEFINITION OF BASELINE EQUIPMENT

Time of Sale: the baseline condition is equipment that meets the Code energy efficiency requirements (IECC or Code
of Federal Regulations whichever is higher) in effect on the date of equipment purchase (if date is unknown, assume
current Code minimum).

Early Replacement: the baseline is the existing PTAC or PTHP for the assumed remaining useful life of the unit and
the new baseline as defined above for the remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 8 years.*%®

Remaining life of existing equipment is assumed to be 3 years.*%°

DEEMED MEASURE COST
Time of Sale: The incremental capital cost for this equipment is estimated to be $84/ton.5®

Early Replacement: The measure cost is the full cost of removing the existing unit and installing a new one. The
actual program cost should be used. If unknown assume $1,047 per ton.5%!

498 Based on 2015 DOE Technical Support Document, as recommended in Navigant ‘ComEd Effective Useful Life Research
Report’, May 2018.

499Standard assumption of one third of effective useful life.

500 DEER 2008. This assumes that baseline shift from IECC 2012 to IECC 2015 carries the same incremental costs. Values should
be verified during evaluation.

501 Based on DCEO — IL PHA Efficient Living Program data.
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The assumed deferred cost (after 5 years) of replacing existing equipment with new baseline unit is assumed to be
$1,039 per ton.5%2 This cost should be discounted to present value using the nominal discount rate.

LOADSHAPE

Loadshape CO3 - Commercial Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to estimate
peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second represents
the average savings over the defined summer peak period, and is presented so that savings can be bid into PJM’s
capacity market. Both values provided are based on analysis of Itron eShape data for Missouri, calibrated to lllinois
loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 503
CFom = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8%°%
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Electric savings for PTACs and PTHPs should be calculated using the following algorithms

ENERGY SAVINGS

Time of Sale:
PTAC AKWh%%® = Annual kWh Savingscool
PTHP AkWh = Annual kWh Savingsc.oi+ Annual kWh Savingsheat
Annual kWh Savingscot = (kBtu/hreeo) * [(1/EERbase) — (1/EERee)] * EFLHcool
Annual kWh Savingsheast = (kBtu/hrheat)/3.412 * [(1/COPbase) — (1/COPee)] * EFLHpeat

Early Replacement:

AkWh for remaining life of existing unit (1% Syears) = Annual kWh Savingsco + Annual kWh Savingsheat
Annual kWh Savingscor = (kBtu/hreoor) * [(1/EERexist) — (1/EERee)] * EFLHcool
Annual kWh Savingshest = (kBtu/hrheat)/3.412 * [(1/COPexist) — (1/COPee)] * EFLHpeat

AkWh for remaining measure life (next 10 years) = Annual kWh Savingsc.oi+ Annual kWh Savingsheat

Annual kWh Savingscor = (kBtu/hreoo) * [(1/EERbase) — (1/EERee)] * EFLHcool

502 Based on subtracting TOS incremental cost from the DCEO data and incorporating inflation rate of 1.91%.

503 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

504 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.

505 There are no heating efficiency improvements for PTACs since although some do provide heating, it is always through
electric resistance and therefore the COPbase and COPee would be 1.0.
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Annual kWh Savingsheat = (kBtu/hrheat)/3.412 * [(1/COPbase) — (1/COPee)] * EFLHheat

Where:
kBtu/hrcool

EFLHcool

EFLHheat

EERexist

EERbase

= capacity of the cooling equipment in kBtu per hour (1 ton of cooling capacity equals 12
kBtu/hr).

= Actual installed

= Equivalent Full Load Hours for cooling in Existing Buildings or New Construction are
provided in section 4.4 HVAC End Use:

= Equivalent Full Load Hours for heating in Existing Buildings or New Construction are
provided in section 4.4 HVAC End Use

= Energy Efficiency Ratio of the existing equipment
= Actual. If unknown assume 8.3 EER.5%¢
= Energy Efficiency Ratio of the baseline equipment; see the table below for values.

= Based on applicable Code on date of equipment purchase (if unknown assume current
Code

506 Efficiency of existing unit is estimated based on the 2012 IECC building energy code, and assuming a 1 ton unit; EER = 10.9 —

(0.213 * 12,000/1,000) = 8.3.
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Copy of Table C403.2.3(3): Minimum Efficiency Reguirements: Electrically operated packaged terminal air
conditioners, packaged terminal heat pumps

Federal Regulations

IECC 2012 IECC 2015/2018 .. ..
. L w . . o . Minimum Efficiency
Equipment Type Minimum Efficiency (baseline  Minimum Efficiency (baseline (baseline effective
effective 1/1/2013) effective 1/1/2016) 1/1/2019)
PTAC (Cooling 14.0 — (0.300 x Cap/1000)
mode) 13.8 —(0.300 x Cap/1000) EER 14.0 - (0.300 x Cap/1000) EER EER
New Construction Compliance date: 1/1/2017
PTAC (Cooling 10.9—(0.232 Cap/1000)
mode) 10.9 —(0.213 x Cap/1000) EER 10.9 —(0.213 x Cap/1000) EER .
Replacements Compliance date:
10/7/2010
PTHP (Cooling 14.0- (0.3(;(;; Cap/1000)
mode) 14.0 — (0.300 x Cap/1000) EER 14.0 — (0.300 x Cap/1000) EER .
New Construction Complainace date:
10/8/2012
PTHP (Cooling 10.8 - (O.Ztié Cap/1000)
mode) 10.8 —(0.213 x Cap/1000) EER 10.8 —(0.213 x Cap/1000) EER .
Replacements Compliance date:
10/7/2010
3.7 —(0.052 x Cap/1000)
PTHP (Heating cop
mode) 3.2 -(0.026 x Cap/1000) COP 3.2 -(0.026 x Cap/1000) COP Compliance date:
New Construction 10/8/2012
PTHP (Heating 29- (0.02§OXPCap/1000)
mode) 2.9 —(0.026 x Cap/1000) COP 2.9 —(0.026 x Cap/1000) COP .
Replacements Compliance date:
10/7/2010

Table notes: “Cap” = The rated cooling capacity of the project in Btu/hr. If the units capacity is less than 7000 Btu/hr, use 7,000 Btu/hr in the
calculation. If the unit’s capacity is greater than 15,000 Btu/hr, use 15,000 Btu/hr in the calculations.

Replacement unit shall be factory labeled as follows “MANUFACTURED FOR REPLACEMENT APPLICATIONS ONLY; NOT TO BE INSTALLED IN
NEW CONSTRUCTION PROJECTS”, Replacement efficiencies apply only to units with existing sleeves less than 16 inches (406mm) in height and
less than 42 inches (1067 mm) in width.

EERee = Energy Efficiency Ratio of the energy efficient equipment. For air-cooled units < 65
kBtu/hr, if the actual EERee is unknown, assume the following conversion from SEER to
EER for calculation of peak savings®®”: EER = (-0.02 * SEER?) + (1.12 * SEER)

= Actual installed

kBtu/hrheat = capacity of the heating equipment in kBtu per hour.
= Actual installed

3.412 = Btu per Wh.

COPexist = coefficient of performance of the existing equipment

507 Based on Wassmer, M. (2003). A Component-Based Model for Residential Air Conditioner and Heat Pump Energy
Calculations. Masters Thesis, University of Colorado at Boulder. Note this is appropriate for single speed units only.
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= Actual. If unknown assume 1.0 COP for PTAC units and 2.6 COP for PTHPs%®
COPbase = coefficient of performance of the baseline equipment; see table above for values.
COPee = coefficient of performance of the energy efficient equipment.

= Actual installed.

Time of Sale (assuming new construction baseline):

For example, a 1 ton PTAC with an efficient EER of 12 in a guest room of a hotel in Rockford with a building
permit dated after 1/1/2016 saves:

=[(12) * [(1/10.4) — (1/12)] * 1,042
= 160 kWh
Early Replacement (assuming replacement baseline for deferred replacement in 5 years):

For example, a 1 ton PTHP with an efficient EER of 12, COP of 3.0 in a guest room of a hotel in Rockford replaces
a PTAC unit (with electric resistance heat) with unknown efficiency.

AkWh for remaining life of existing unit (1% Syears)
= (12 * (1/8.3 - 1/12) * 1,042) + (12/3.412 * (1/1.0 — 1/3.0) * 1,758)
=465 + 4,122
= 4,587 kWh

AkWh for remaining measure life (next 10 years)
= (12 * (1/8.3 - 1/12) * 1,042) + (12/3.412 * (1/1.0 — 1/3.0) * 1,758)
=465 + 4,122
= 4,587 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
Time of Sale:
AkW = (kBtu/hreool) * [(1/EERbase) — (1/EERee)] *CF
Early Replacement:
AkW for remaining life of existing unit (1%t 5years) = (kBtu/hreol) * [(1/EERexist) — (1/EERee)] *CF
AkW for remaining measure life (next 10 years) = (kBtu/hreo) * [(1/EERbase) — (1/EERee)] *CF

Where:
CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% %
CFpm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8%°1°

508 Efficiency of existing unit is estimated based on the 2012 IECC building energy code, and assuming a 1 ton unit; COP = 2.9 —
(0.026 * 12,000/1,000) = 2.6.

509 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

510 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.
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Time of Sale:

For example, a 1 ton replacement cooling unit with no heating with an efficient EER of 12 with a building permit
dated after 1/1/2016 saves:

AkWssp =(12 *(1/10.4-1/12) *0.913
=0.14 kW

For example, a 1 ton PTHP with an efficient EER of 12, COP of 3.0 replacing a PTAC unit with unknown efficiency
saves:

AkW for remaining life of existing unit (1% Syears):

AkWssp =12 *(1/8.3-1/12) * 0.913
=0.41 kW
AkW for remaining measure life (next 10 years):
AKWssp =12 *(1/8.3-1/12) * 0.913
=0.41 kW

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CobDE: CI-HVC-PTAC-V10-200101

REVIEW DEADLINE: 1/1/2022
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4.4.14 Pipe Insulation

DESCRIPTION

This measure provides rebates for installation of 1” —4” fiberglass, foam, calcium silicate or other types of insulation
with similar insulating properties to existing bare pipe on straight piping as well as other pipe components such as
elbows, tees, valves, and flanges for all non-residential installations.

Savings are provided in two forms; default savings estimates on a per linear foot basis and savings calculated with a
multitude of varying parameters with the use of an external calculator®'?, The default savings estimates are provided
in the ‘Calculation of Savings’ section below. They provide estimated savings for measure applications with select
and default parameters. The external tool, however, allows more flexibility and provides comprehensive analysis to
pipe insulation projects, taking into account all on-site variables.

Default per linear foot savings estimates are provided for the both exposed indoor or above ground outdoor piping
distributing fluid in the following system types (natural gas fired systems only):
e Hydronic heating systems (with or without outdoor reset controls), including:

o boiler systems that do not circulate water around a central loop and operate upon demand from
a thermostat (“non-recirculation”)

o systems that recirculate during heating season only (“Recirculation — heating season only”)
o systems recirculating year round (“Recirculation — year round”)

e Domestic hot water

e Low and high-pressure steam systems
o non-recirculation
o recirculation - heating season only
o recirculation - year round

With the use of the external tool to account for varying parameter inputs, savings are calculated using the “Pipe

Insulation” calculator available on the Nicor Gas website at: https://www.nicorgas.com/emerging. Savings are
approached through the following inputs:

e Pipe Material: Copper, Steel, Stainless Steel

e  Pipe Location: Indoor (Heated, Semi-Heated,?*? Unheated, Unspecified) or Outdoor

e Application: Hot Water Space Heating, Steam (5, 15, 40, 65, 100, 150 psi) for various system types detailed
in the subsequent system type list below

e  Thermal Regain Factor (based on pipe location)

e  Building Type 513

e Nominal Pipe Size (inches)

e Insulation Thickness (inches): 1”-4”, specified in %4” increments

e Hot Water/Steam Boiler Efficiency (%): 75%-90%, specified in 2.5% increments

e Climate Zone: Rockford, Chicago, Springfield, Belleville, Marion

e Length of Installed Pipe (feet)

e Number of Elbows, Tees, Flanges, and/or Valves 5%

514

511 Please see; ‘C&l Pipe Insulation Calculator Access.docx’ for directions on accessing the external calculator. The use of other
comparable external calculators are allowed if the functionality mirrors the savings approach detailed in this characterization.
512 Unconditioned space with heat transfer to conditioned space (e.g. boiler room, ceiling plenum, basement, crawlspace, wall,
etc.).

513 Comprehensive list of building types available in Section 4.4, HVAC End Use of IL TRM.

514 For insulation thicknesses greater than 4”, savings can be claimed based on 4” insulation thickness.

515 Equivalent length of elbows and tees is based on methodology described in ANSI/ASME B36.19. Equivalent length of flanges
and valves is based on methodology described in ATSM Standard C1129-12.
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Process piping can also use the algorithms provided but requires custom entry of hours.

For new construction applications, minimum qualifying nominal pipe diameter is 1”. Piping must have at least 1” of
insulation and outdoor piping must include an all-weather protective jacket. New advanced insulating materials may
be thinner and savings can be calculated with 3E Plus v4.1.

The relevant code of compliance should be followed for direction on minimum permitted insulation thickness for a
nominal pipe diameter. As per the International Energy Conservation Code (IECC) 2018, the minimum permitted
insulation thickness is 1” for installations pertaining to new construction or major renovation heating HVAC
applications 526, However, there are exceptions based on Fluid Operating Temperature Range, Insulation thermal
conductivity range, install locations and pipe sizes —indicating the minimum insulation thickness required for
parameters described in the column headers presented in the table below.

Insulation Conductivity Nominal Pipe or Tube Size (inches)
Fluid Operating Mean Rating
Temperature Range Conductivity Temperature,
and Usage (°F) Btu.in/(h.ft>™® °F 1to<1.5 1.5 to <4 4to <8
>350 0.32-0.34 250 4.5 5.0 5.0 5.0 5.0
251 - 350 0.29-0.32 200 3.0 4.0 4.5 4.5 4.5
201 - 250 0.27 - 0.30 150 2.5 2.5 2.5 3.0 3.0
141 - 200 0.25-0.29 125 1.5 1.5 2.0 2.0 2.0
105 - 140 0.21-0.28 100 1.0 1.0 1.5 1.5 1.5
40 -60 0.21-0.27 75 0.5 0.5 1.0 1.0 1.0
<40 0.20-0.26 50 0.5 1.0 1.0 1.0 1.5

Note — The above table is not representative of the applicability of the workpaper measure and does not reflect any
limitations in the web-based calculator. This is merely the requirements cited by the IECC 2018 code for pipe
insulation.

This measure was developed to be applicable to the following program types: RF, DI

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient case is installing pipe wrap insulation to a length of pipe. Indoor piping must have at least 1”7 of
insulation (or equivalent R-value) and outdoor piping must have at least 2” of insulation (or equivalent R-value) and
include an all-weather protective jacket. Minimum qualifying pipe diameter is 1.” Insulation must be continuous and
contiguous over fittings that directly connect to straight pipe, including elbows and tees.5”

DEFINITION OF BASELINE EQUIPMENT

The base case for savings estimates is a bare pipe. Pipes are required by new construction code to be insulated but
are still commonly found uninsulated in older commercial buildings.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is assumed to be 15 years.5'8

516 International Energy Conservation Code, 2018; Section C403.11.3 Piping Insulation (Mandatory), Table C403.11.3, Page C-69.
517 ASHRAE Handbook—Fundamentals, 23.14; Hart, G., “Saving energy by insulating pipe components on steam and hot water
distribution systems”, ASHRAE Journal, October 2011.

518 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.
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DEEMED MEASURE COST

Actual costs should be used if known. Otherwise, the deemed measure costs below based on RS Means®'® pricing

reference materials may be used.>?° The following table summarizes the estimated costs for this measure per foot
of insulation added and include installation costs:

Insulation Thickness |

1Inch 1.5 Inches 2 Inches | 2.5 Inches

Pipe- RS Means # 220719.10.5140 220719.10.4900 220719.10.4900 Extrapolated
Jacket- RS Means # 220719.30.0152 & 220719.30.0140 & 220719;0'0140 220719;’0'0140

220719.40.0240 220713.40.0140 220719.40.0140 | 220719.40.0140
Pipe Insulation Type Calcium Silicate Calcium Silicate Calcium Silicate Calcium Silicate
Jacket Type (Indoor) PVC PVC PVC PVC
Jacket Type (Outdoor) Aluminum Aluminum Aluminum Aluminum
Insulation Cost per foot [1] $11.45 $15.73 $20.23 $24.58
Jacket Cost per foot $4.90 $6.70 $6.70 $6.70
(Indoor) [2]
Jacket Cost per foot
(Outdoor) [3] $6.75 $9.27 $9.27 $9.27
Total Cost per foot
(Indoor) = [1+2] $16.35 $22.43 $26.93 $31.28
Total Cost per foot $18.20 $25.00 $29.50 $33.85

(Outdoor) = [1+3]

Insulation Thickness (continued)

\ 3 Inches 3.5 Inches | 4 Inches
Pipe- RS Means # 220719.10.4900 Extrapolated Extrapolated
Jacket- RS Means # 220719.30.0140 & 220719.30.0140 & 220719.30.0140 &
220719.40.0140 220719.40.0140 220719.40.0140
Pipe Insulation Type Calcium Silicate Calcium Silicate Calcium Silicate
Jacket Type (Indoor) PVC PVC PVC
Jacket Type (Outdoor) Aluminum Aluminum Aluminum
Insulation Cost per foot [1] $28.92 $33.32 $37.70
Jacket Cost per foot (Indoor) [2] $6.70 $6.70 $6.70
Jacket Cost per foot (Outdoor) [3] $9.27 $9.27 $9.27
Total Cost per foot (Indoor) = $35.62 $40.02 $44.40
[1+2]
Total Cost per foot (Outdoor) = $38.19 $42.59 $46.97
[1+3]
LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

519 RS Means 2008. Mechanical Cost Data, pages 106 to 119
520 RS Means 2010: “for fittings, add 3 linear feet for each fitting plus 4 linear feet for each flange of the fitting”
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS
Atherms per foot®?! = [((Qubase — Qefr) * EFLH) / (100,000 * nBoiler)] * TRF
= [Modeled or provided by tables below] * TRF
Atherms = (Lsp + Loc,i) * Atherms per foot
Where:
EFLH = Equivalent Full Load Hours for Heating in Existing Buildings or New Construction
= Actual or defaults by building type provided in Section 4.4, HVAC end use
For year round recirculation or domestic hot water:
= 8,766

For heating season recirculation, hours with the outside air temperature below 55°F:

Zone 1 (Rockford) 5,039
Zone 2 (Chicago) 4,963
Zone 3 (Springfield) 4,495
Zone 4 (Belleville/ 4,021
Zone 5 (Marion) 4,150

Quase = Heat Loss from Bare Pipe (Btu/hr/ft)
= Calculated where possible using 3E Plusv4.1 software. For defaults see table below
Qetf = Heat Loss from Insulated Pipe (Btu/hr/ft)
= Calculated where possible using 3E Plusv4.1 software. For defaults see table below
100,000 = conversion factor (1 therm = 100,000 Btu)
nBoiler = Efficiency of the boiler being used to generate the hot water or steam in the pipe
= Actual or if unknown use default values given below:

= 81.9% for water boilers 522

521This value comes from the reference table “Savings Summary by Building Type and System Type.” The formula and the input
tables in this section document assumptions used in calculation spreadsheet “Pipe Insulation Savings 2013-11-12.xIsx”.
522 Average efficiencies of units from the California Energy Commission (CEC).
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= 80.7% for steam boilers, except multifamily low-pressure 523
= 64.8% for multifamily low-pressure steam boilers 524

TRF = Thermal Regain Factor for space type, applied only to space heating energy and is
applied to values resulting from Atherms/ft tables below 52°

= See table below for base TRF values by pipe location

May vary seasonally such as: TRF[summer] * summer hours + TRF[winter] * winter hours
where TRF values reflecting summer and winter conditions are apportioned by the hours
for those conditions. TRF may also be adjusted by building specific balance temperature
and operating hours above and below that balance temperature.>?%

TRF, Thermal Regain

Pipe Location Assumed Regain Factor
Outdoor 0% 1.0
Indoor, heated space 85% 0.15
Indoor, semi- heated, (unconditioned
space, with he.at transfer tc? _condltloned 30% 0.70
space. E.g., boiler room, ceiling plenum,
basement, crawlspace, wall)
IndoclJr., unheated, (no heat transfer to 0% 1.0
conditioned space)
Location not specified 85% 0.15
Custom Custom 1 —assumed regain

Lsp = Length of straight pipe to be insulated (linear foot)

actual installed ((linear foot)

|-oc,l

Total equivalent length of the other components (valves and tees) of pipe to be
insulated

= Actual installed (linear foot). See table “Equivalent Length of Other Components —
Elbows and Tees” for equivalent lengths.

The heat loss estimates (Quase and Qerr) Were developed using the 3E Plus v4.1 software program.®?” The energy
savings analysis is based on adding 1-inch (indoor) or 2-inch (outdoor) thick insulation around bare pipe. The thermal
conductivity of pipe insulation varies by material and temperature rating; to obtain a typical value, a range of
materials allowed for this measure were averaged. For insulation materials not in the table below, use 3E Plusv4.0
software to calculate Qpase and Qefr,

523 |bid.

524 Katrakis, J. and T.S. Zawacki. “Field-Measured Seasonal Efficiency of Intermediate-sized Low-Pressure Steam Boilers”.
ASHRAE V99, pt. 2, 1993.

525 Thermal regain for residential pipe insulation measures is discussed in Home Energy Services Impact Evaluation, prepared for
the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012 and
Andrews, John, Better Duct Systems for Home Heating and Cooling, U.S. Department of Energy, 2001. Recognizing the
differences between residential and commercial heating systems, the factors have been adjusted based on professional
judgment. This factor would benefit from additional study and evaluation.

526 Thermal Regain Factor_4-30-14.docx

527 3E Plus is a heat loss calculation software provided by the NAIMA (North American Insulation Manufacturer Association).
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Insulation Type (Btu.i:‘/”::f::.lzll:té) 75F) Max temp (2F)

Polyethylene foam 0.25 200
Flexible polyurethane-based foam 0.27 200
Fiberglass 0.31 250
Melamine foam 0.26 350
Flexible silicon foam 0.40 392
Calcium silicate 0.40 1200
Cellular glass 0.31 400
Average conductivity of all these materials 031

(Btu.in / hr.ft2.2F @ 752F) '

The pipe fluid temperature assumption used depends upon both the system type and whether there is outdoor reset
controls:

Fluid temperature

System Type assumption

(°F)
Hot Water space heating with outdoor reset - Non recirculation 145
Hot Water space heating without outdoor reset - Non recirculation 170
Hot Water space heating with outdoor reset — Recirculation heating season only 145
Hot Water space heating without outdoor reset — Recirculation heating season only 170
Hot Water space heating with outdoor reset — Recirculation year round 130
Hot Water space heating without outdoor reset — Recirculation year round 170
Domestic Hot Water 125
5 psi Steam (low pressure) 225
15 psi Steam (low pressure) 250
40 psi Steam (low pressure) 287
65 psi Steam (high pressure) 312
100 psi Steam (high pressure) 338
150 psi Steam (high pressure) 365
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Example System Types

Indoor Insulation,

Indoor Insulation,

Indoor Insulation,

Domestic Hot Water

Outdoor Insulation,

Outdoor Insulation,

Outdoor Insulation,

Hot Water 5 psi Steam 65 psi Steam Hot Water 5 psi Steam 65 psi Steam
Insulation thickness (inch) 1 2 2.5 1 3 3.5 4
R 170 (w/o reset) 170 (w/o reset)
Temperature, Fluid in Pipe (¢F) 145 (w/ reset heat) 225 312 125 145 (w/ reset heat) 225 312
130 (w/reset year) 130 (w/reset year)
Climate Zone Climate Zone 2: Chicago
Building Type Office — Mid Rise
1,629 (non-recirc)
Operating Time (hrs/yr) 4,963 (recirc heating season)
8,766 (recirc year-round)
Ambient Temperature (2F)5%® 75 75 75 75 48.6 48.6 48.6
Wind speed (mph)5?° 0 0 0 0 5.0 5.0 5.0
Boiler / Water Heater efficiency 75% 80% 85% 67% 80% 85% 90%
Pipe parameters
Pipe Location Indoor Heated Indoor Semi-heated Indoor Unheated n/a Outdoor
Pipe material Copper Steel Stainless Steel Copper Copper Steel | Stainless Steel
Length of Pipe (ft) 100
Pipe size for Heat Loss Calc 2" 2" 2" 2" 2” 2" 2"
Outer Diameter, Pipe, actual 2.38" 2.38" 2.38" 2.38" 2.38” 2.38” 2.38”
. 113.5 (w/o reset) 460.2 (w/o reset)
'("Betit/t‘r’sfi) Bare Pipe (from 3EPIUS) | 22 o'\ reset heat) 232.2 286.3 52 363.4 (w/ reset heat) 709.5 942.2
’ 58 (w/reset year) 306 (w/reset year)
Insulation parameters
) 21.6 (w/o reset 15.2 (w/o reset
Average Heat Loss, Insulation | o g (w(/ reset heit) 22.6 31.8 13.25 121 (w(/ reset hea)u) 20.4 282

(from 3EPIus) (Btu/hr.ft)

12.4 (w/reset year)

10.2 (w/reset year)

528 DOE Weather Data, TMY3 (Typical Meteorological Year), developed by NREL for the average ambient temperature for Aurora, IL.
529 DOE Weather Data, TMY3 (Typical Meteorological Year), developed by NREL for the average ambient temperature for Aurora, IL.
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Example System Types

Indoor Insulation,
Hot Water

Indoor Insulation,
5 psi Steam

Indoor Insulation,
65 psi Steam

Domestic Hot Water

Annual Energy Savings/ft

Outdoor Insulation,
Hot Water

Outdoor Insulation,
5 psi Steam

Outdoor Insulation,
65 psi Steam

2.46 (w/o reset)

4.73 (non recirc)

5.5 (non recirc)

9.37 (w/o reset)

13.6 (non recirc)

17.1 (non recirc)

5.3 (w/reset year)

23.0 (recirc year)

26.3 (recirc year)

32.4 (w/reset year)

71.1 (recirc year)

3:2::1'5/ Gr;fst) Use, Base Case 5.15 (w/ reset heat) 14.4 (recirc heat) 16.7 (recirc heat) 6.76 22.5 (w/ reset heat) 41.4 (recirc heat) 52.0 (recirc heat)
y 6.78 (w/reset year) 25.4 (recirc year) 29.5 (recirc year) 33.5 (w/reset year) 73.2 (recirc year) 91.8 (recirc year)
0.46 (w/o reset) 0.43 (non recirc) 0.6 (non recirc) 0.3 (w/o reset) 0.4 (non recirc) 0.6 (non recirc)

A | M
(t:?:ris/Gf/sft)Use' easure case 1.05 (w/ reset heat) 1.4 (recirc heat) 1.8 (recirc heat) 1.73 0.7 (w/ reset heat) 1.2 (recirc heat) 1.6 (recirc heat)
Y 1.48 (w/reset year) 2.4 (recirc year) 3.2 (recirc year) 1.1 (w/reset year) 2.1 (recirc year) 2.8 (recirc year)
2.0 (w/oreset) 4.3 (non recirc) 4.9(non recirc) 9.1 (w/o reset) 13.2 (non recirc) 16.5 (non recirc)
Annual Gas Savings (therms/yr/ft) 4.1 (w/ reset heat) 13.0 (recirc heat) 14.9 (recirc heat) 5.02 21.8 (w/ reset heat) 40.2 (recirc heat) 50.4 (recirc heat)

89 (recirc year)

Elbows, Tees, Flanges, & Valves

Number of Elbows 5 10 20 n/a 5 10 20
Number of Tees 5 10 20 n/a 5 10 20
Number of Flanges 5 10 20 n/a 5 10 20
Number of Valves 5 10 20 n/a 5 10 20
Annual Energy Savings
39 (w/o reset) 478 (non recirc) 1,072 (non recirc) 930 (w/o reset) 2,112 (non recirc) 3,635 (non recirc)
Total Gas Savings (therms/yr) 80 (w/ reset heat) 1,456 (recirc heat) 3,267 (recirc heat) 502 2,832 (w/ reset heat) 6,434 (recirc heat) 11,074 (recirc heat)
104 (w/reset year) 2,571 (recirc year) 5,770 (recirc year) 4,211 (w/reset year) 11,364 (recirc year) 19,560 (recirc year)
Heat = heating season only, year = year round
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Values below must be multiplied by the appropriate Thermal Regain Factor (TRF). All variables were the same except
for hours of operation in the calculation of the default savings per foot for the various building types and applications
as presented in the table below:

Savings Summary for Indoor pipe insulation by System Type and Building Type (Atherms per foot)
(continues for 3.5 pages)

Annual therm Savings per linear foot (therm /ft)
(2" pipe / 1" insulation for hot water, 2" insulation for
steam)
. S Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
tocation System Type R LU (Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Assembly 1.32 1.36 1.21 0.81 1.24

Assisted Living 1.25 1.22 1.07 0.79 0.95

College 1.13 1.06 0.95 0.53 0.63

Convenience Store 1.10 1.01 0.90 0.65 0.72

Elementary School 1.32 1.29 1.13 0.78 0.95

Garage 0.73 0.72 0.63 0.50 0.56

Grocery 1.19 1.19 1.04 0.65 0.78

Healthcare Clinic 1.17 1.20 1.05 0.71 0.75

High School 1.37 1.38 1.23 0.88 1.03

Hospital - CAV no econ 1.31 1.35 1.15 0.99 1.12

Hospital - CAV econ 1.33 1.37 1.17 1.01 1.15

Hospital - VAV econ 0.54 0.51 0.39 0.23 0.25

Hospital - FCU 0.98 1.12 0.91 1.07 1.44

Hotel/Motel 1.31 1.27 1.14 0.78 0.96

Hotel/Motel - Common 1.19 1.21 1.15 0.93 0.98

Hot Water Space |Hotel/Motel - Guest 1.30 1.26 1.13 0.75 0.93
Indoor Heating with Manufacturing Facility 0.78 0.75 0.70 0.42 0.47
outdoor reset — |MF - High Rise 1.13 1.12 1.02 0.87 0.87
non-recirculation {MF - High Rise - Common 1.35 1.31 1.17 0.81 1.04
MF - High Rise - Residential 1.09 1.08 0.99 0.85 0.83

MF - Mid Rise 1.23 1.25 1.07 0.79 0.90

Movie Theater 1.35 1.33 1.24 0.94 1.12

Office - High Rise - CAV no econ 1.50 1.52 1.38 0.93 1.01

Office - High Rise - CAV econ 1.55 1.58 1.45 1.00 1.10

Office - High Rise - VAV econ 1.13 1.15 0.95 0.56 0.63

Office - High Rise - FCU 0.83 0.82 0.71 0.37 0.39

Office - Low Rise 1.06 1.06 0.84 0.51 0.59

Office - Mid Rise 1.17 1.18 0.99 0.63 0.70

Religious Building 1.19 1.11 1.07 0.78 0.89

Restaurant 1.00 1.00 0.90 0.68 0.81

Retail - Department Store 1.03 0.95 0.89 0.58 0.66

Retail - Strip Mall 0.99 0.91 0.81 0.56 0.60

Warehouse 1.08 1.01 1.04 0.65 0.80

Unknown 1.15 1.14 1.01 0.73 0.84
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Annual therm Savings per linear foot (therm /ft)
(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
. _ Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
tocation RS ES Building Type (Rockford) (Chicago)  (Springfield)| (Belleville) (Marion)
Assembly 1.96 2.00 1.79 1.19 1.83
Assisted Living 1.84 1.80 1.58 1.16 1.40
College 1.67 1.56 1.40 0.78 0.93
Convenience Store 1.62 1.50 1.33 0.95 1.06
Elementary School 1.95 1.90 1.68 1.16 1.40
Garage 1.08 1.06 0.93 0.74 0.82
Grocery 1.76 1.75 1.54 0.96 1.15
Healthcare Clinic 1.73 1.77 1.55 1.05 1.11
High School 2.02 2.03 1.82 1.30 1.52
Hospital - CAV no econ 1.93 1.99 1.69 1.46 1.65
Hospital - CAV econ 1.96 2.03 1.73 1.50 1.70
Hospital - VAV econ 0.80 0.76 0.57 0.34 0.37
Hospital - FCU 1.45 1.65 1.35 1.58 2.13
Hotel/Motel 1.93 1.87 1.69 1.16 1.41
Hotel/Motel - Common 1.75 1.78 1.69 1.38 1.45
Hot Water Space |Hotel/Motel - Guest 1.92 1.86 1.66 1.11 1.37
Heating without [Manufacturing Facility 1.15 1.11 1.03 0.62 0.69
outdoor reset — |MF - High Rise 1.67 1.65 1.50 1.28 1.28
non-recirculation (\if - High Rise - Common 1.99 1.93 1.73 1.19 1.54
MF - High Rise - Residential 1.61 1.60 1.46 1.26 1.23
MF - Mid Rise 1.82 1.84 1.59 1.17 1.33
Indoor Movie Theater 1.99 1.96 1.83 1.39 1.66
Office - High Rise - CAV no econ 2.21 2.24 2.04 1.37 1.49
Office - High Rise - CAV econ 2.29 2.33 2.14 1.48 1.63
Office - High Rise - VAV econ 1.67 1.70 1.40 0.83 0.93
Office - High Rise - FCU 1.22 1.21 1.04 0.55 0.58
Office - Low Rise 1.56 1.56 1.24 0.76 0.87
Office - Mid Rise 1.73 1.74 1.47 0.94 1.04
Religious Building 1.75 1.65 1.58 1.15 1.32
Restaurant 1.48 1.48 1.33 1.01 1.19
Retail - Department Store 1.52 1.40 1.31 0.85 0.97
Retail - Strip Mall 1.46 1.35 1.19 0.82 0.89
Warehouse 1.59 1.49 1.53 0.96 1.18
Unknown 1.70 1.68 1.50 1.07 1.25
Hot Water with  |All buildings, Recirculation heatin
outdoor reset  [season onli (Hours below 55F) : 3.73 3.68 3.33 2.8 3.08
Hot Water w/o |All buildings, Recirculation heatin
outdoor reset  [season onli (Hours below 55F) : S 5.43 4.92 4.40 4.54
Hot Water with  [All buildings, Recirculation year
outdoor reset  |round (All hgours) ! 4.79 4.79 4.73 4.73 4.73
Hot Water w/o |All buildings, Recirculation year
outdoor rese{t round (All thL;rs) ! 9.58 9.58 9.58 9.58 9.58
Domestic Hot 11\ circulation loop 502 | 5.02 5.02 502 | 5.02
Water
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Annual therm Savings per linear foot (therm /ft)
(2" pipe / 1" insulation for hot water, 2" insulation for

steam)

. _ Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
tocation System Type R e liee (Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Assembly 4.25 4.36 3.89 2.59 3.97

Assisted Living 4.01 3.92 3.44 2.53 3.04

College 3.64 3.40 3.04 1.69 2.02

Convenience Store 3.52 3.26 2.89 2.07 2.32

Elementary School 4.24 4.13 3.64 2.52 3.05

Garage 2.34 2.31 2.03 1.62 1.79

Grocery 3.83 3.81 3.34 2.08 2.49

Healthcare Clinic 3.76 3.85 3.36 2.29 2.42

High School 4.39 4.42 3.96 2.82 3.30

Hospital - CAV no econ 4.20 4.33 3.69 3.17 3.60

Hospital - CAV econ 4.25 4.41 3.76 3.26 3.70

Hospital - VAV econ 1.74 1.65 1.24 0.75 0.81

Hospital - FCU 3.15 3.60 2.93 3.44 4.63

Hotel/Motel 4.19 4.07 3.67 2.51 3.07

Hotel/Motel - Common 3.81 3.87 3.68 3.00 3.15

Hotel/Motel - Guest 4.18 4.05 3.62 2.42 2.98

LP Steam —non- |[Manufacturing Facility 2.49 2.41 2.23 1.35 1.51

recirculation MF - High Rise 4.52 4.46 4.07 3.46 3.47

MF - High Rise - Common 5.38 5.22 4.68 3.23 4.17

MF - High Rise - Residential 4.37 4.34 3.94 3.41 3.33

MF - Mid Rise 4.94 4.99 4.30 3.16 3.60

Movie Theater 4.33 4.26 3.98 3.03 3.61

Office - High Rise - CAV no econ 4.81 4.88 4.45 2.98 3.24

Office - High Rise - CAV econ 4.97 5.07 4.66 3.21 3.54

Office - High Rise - VAV econ 3.64 3.71 3.06 1.81 2.01

Office - High Rise - FCU 2.66 2.62 2.27 1.20 1.26

Office - Low Rise 3.40 3.39 2.69 1.65 1.89

Office - Mid Rise 3.77 3.78 3.19 2.03 2.26

Religious Building 3.82 3.58 3.43 2.51 2.87

Restaurant 3.21 3.22 2.89 2.19 2.60

Retail - Department Store 3.31 3.04 2.86 1.86 2.12

Retail - Strip Mall 3.17 2.94 2.59 1.79 1.93

Warehouse 3.46 3.23 3.33 2.08 2.56

Unknown 3.70 3.66 3.26 2.34 2.71

LP Steam ?;L:’:r""i':ﬁsmiicr'sr%ﬂf;\':’;si‘;at'”g 11.99 | 11.81 | 10.70 9.57 9.88

LP Steam f;'unz“(t\‘fl'Eisdrs;*ec'“”'am“ vear 50.84 | 2084 | 20.84 | 2084 | 20.84
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Annual therm Savings per linear foot (therm /ft)
(2" pipe / 1" insulation for hot water, 2" insulation for

steam)

. _ Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
tocation RS ES Building Type (Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Assembly 8.02 8.22 7.34 4.89 7.49

Assisted Living 7.56 7.39 6.49 4.77 5.73

College 6.87 6.42 5.73 3.18 3.81

Convenience Store 6.65 6.14 5.45 3.91 4.37

Elementary School 8.00 7.79 6.87 4.75 5.76

Garage 4.42 4.35 3.82 3.05 3.38

Grocery 7.22 7.19 6.30 3.93 4.70

Healthcare Clinic 7.09 7.27 6.35 4.32 4.57

High School 8.28 8.34 7.48 5.33 6.23

Hospital - CAV no econ 7.92 8.16 6.95 5.98 6.79

Hospital - CAV econ 8.03 8.32 7.09 6.14 6.98

Hospital - VAV econ 3.28 3.12 2.35 1.41 1.53

Hospital - FCU 5.95 6.79 5.53 6.50 8.73

Hotel/Motel 7.91 7.69 6.93 4,74 5.79

Hotel/Motel - Common 7.18 7.30 6.95 5.65 5.94

Hotel/Motel - Guest 7.89 7.64 6.83 4.57 5.62

HP Steam —non- |Manufacturing Facility 4.70 4.55 4.22 2.55 2.84

recirculation  |MF - High Rise 6.85 6.76 6.16 5.25 5.26

MF - High Rise - Common 8.15 7.91 7.09 4.89 6.31

MF - High Rise - Residential 6.62 6.57 5.97 5.17 5.04

MF - Mid Rise 7.48 7.57 6.51 4.79 5.46

Movie Theater 8.16 8.04 7.52 5.71 6.80

Office - High Rise - CAV no econ 9.07 9.20 8.39 5.62 6.12

Office - High Rise - CAV econ 9.38 9.57 8.80 6.06 6.67

Office - High Rise - VAV econ 6.86 6.99 5.76 3.41 3.80

Office - High Rise - FCU 5.02 4.95 4.27 2.27 2.38

Office - Low Rise 6.41 6.40 5.08 3.11 3.56

Office - Mid Rise 7.12 7.12 6.03 3.84 4.27

Religious Building 7.20 6.75 6.46 4.73 5.41

Restaurant 6.06 6.08 5.46 4.13 4.90

Retail - Department Store 6.25 5.74 5.39 3.51 4.00

Retail - Strip Mall 5.98 5.54 4.89 3.37 3.63

Warehouse 6.53 6.09 6.29 3.93 4.84

Unknown 6.97 6.91 6.14 4.41 5.11

HP Steam ?;L:’:r""i':ﬁsmiicr's“b‘ﬂf;\';gshF‘)*at'”g 2262 | 2228 | 2018 | 1805 | 1863

HP Steam f;LnZL‘(;L‘fl";‘isdrs;{ec'rcu'at'°“ vearl 3932 | 3932 | 3932 | 3932 | 39.32
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Savings Summary for Outdoor pipe insulation by System Type and Building Type (Atherms per foot)
(continues for 3.5 pages)

Annual therm Savings per linear foot (therm /ft)
(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
. o Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
tocation System Type R LU (Rockford) (Chicago) | (Springfield)| (Belleville) (Marion)
Assembly 5.61 5.75 5.14 3.42 5.24
Assisted Living 5.28 5.17 4.54 3.34 4.01
College 4.80 4.49 4.00 2.23 2.66
Convenience Store 4.65 4.29 3.81 2.74 3.06
Elementary School 5.59 5.45 4.81 3.32 4.03
Garage 3.09 3.04 2.67 2.13 2.36
Grocery 5.05 5.03 441 2.75 3.29
Healthcare Clinic 4.96 5.08 4.44 3.03 3.20
High School 5.79 5.83 5.23 3.72 4.36
Hospital - CAV no econ 5.54 5.71 4.86 418 4.74
Hospital - CAV econ 5.62 5.82 4.96 4.30 4.88
Hospital - VAV econ 2.29 2.18 1.64 0.98 1.07
Hospital - FCU 4.16 4.75 3.87 4.54 6.11
Hotel/Motel 5.53 5.37 4.85 3.32 4.05
Hotel/Motel - Common 5.02 5.11 4.86 3.95 4.15
Hot Water Space |Hotel/Motel - Guest 5.52 5.34 4.77 3.20 3.93
Heating with Manufacturing Facility 3.29 3.18 2.95 1.78 1.99
outdoor reset — |MF - High Rise 4.80 4.73 4.31 3.67 3.68
non-recirculation InjF - High Rise - Common 5.70 5.54 4.96 3.42 4.41
MF - High Rise - Residential 4.63 4.60 4.17 3.62 3.53
MF - Mid Rise 5.23 5.29 4.55 3.35 3.82
Outdoor Movie Theater 5.71 5.62 5.25 4.00 4.76
Office - High Rise - CAV no econ 6.34 6.44 5.87 3.93 4.28
Office - High Rise - CAV econ 6.56 6.69 6.16 4.24 4.67
Office - High Rise - VAV econ 4.80 4.89 4.03 2.38 2.66
Office - High Rise - FCU 3.52 3.46 2.99 1.58 1.67
Office - Low Rise 4.48 4.48 3.55 2.18 2.49
Office - Mid Rise 4.98 4.98 4.22 2.69 2.98
Religious Building 5.03 4,72 4.52 3.31 3.78
Restaurant 4.24 4.26 3.82 2.89 3.43
Retail - Department Store 4.37 4.01 3.77 2.45 2.80
Retail - Strip Mall 4.18 3.87 3.42 2.36 2.55
Warehouse 4.57 4.26 4.40 2.75 3.38
Unknown 4.88 4.83 4.30 3.09 3.57
Assembly 7.10 7.27 6.49 4.33 6.63
Assisted Living 6.69 6.53 5.74 4.22 5.08
College 6.08 5.68 5.07 2.81 3.37
Hot Water Space |Convenience Store 5.88 5.43 4.82 3.46 3.86
Heating without |Elementary School 7.07 6.90 6.08 4.20 5.10
outdoor reset — |Garage 3.91 3.85 3.38 2.70 2.99
non-recirculation |Grocery 6.39 6.36 5.58 3.48 4.16
Healthcare Clinic 6.27 6.44 5.62 3.83 4.05
High School 7.33 7.38 6.62 4.71 5.51
Hospital - CAV no econ 7.01 7.22 6.15 5.29 6.00
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Annual therm Savings per linear foot (therm /ft)
(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
. e Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
tocation System Type Building Type (Rockford) (Chicago) | (Springfield)| (Belleville) (Marion)
Hospital - CAV econ 7.10 7.36 6.28 5.44 6.17
Hospital - VAV econ 2.91 2.76 2.07 1.24 1.35
Hospital - FCU 5.26 6.01 4.89 5.75 7.73
Hotel/Motel 6.99 6.80 6.13 4.20 5.12
Hotel/Motel - Common 6.36 6.46 6.15 5.00 5.25
Hotel/Motel - Guest 6.99 6.76 6.04 4.05 4.97
Manufacturing Facility 4.17 4.03 3.73 2.26 2.52
MF - High Rise 6.06 5.98 5.45 4.64 4.65
MF - High Rise - Common 7.21 7.00 6.28 4.33 5.58
MF - High Rise - Residential 5.86 5.82 5.28 4.57 4.46
MF - Mid Rise 6.62 6.70 5.76 4.24 4.83
Movie Theater 7.22 7.11 6.65 5.05 6.02
Office - High Rise - CAV no econ 8.02 8.15 7.42 4.97 5.42
Office - High Rise - CAV econ 8.30 8.47 7.78 5.37 5.91
Office - High Rise - VAV econ 6.07 6.19 5.10 3.01 3.36
Office - High Rise - FCU 4.44 4.37 3.78 2.01 2.10
Office - Low Rise 5.68 5.66 4.50 2.75 3.15
Office - Mid Rise 6.30 6.30 5.34 3.40 3.77
Religious Building 6.37 5.97 5.72 4.19 4.79
Restaurant 5.37 5.38 4.83 3.66 4.33
Retail - Department Store 5.53 5.08 4.77 3.10 3.54
Retail - Strip Mall 5.29 4.90 4.33 2.98 3.22
Warehouse 5.78 5.39 5.56 3.47 4.28
Unknown 6.17 6.11 5.44 3.90 4.52

Hot Water with  |All buildings, Recirculation heating
outdoor reset  |season only (Hours below 55F)

Hot Water without |All buildings, Recirculation heating
outdoor reset  |season only (Hours below 55F)
Hot Water with  |All buildings, Recirculation year
outdoor reset  |round (All hours)

Hot Water without |All buildings, Recirculation year
outdoor reset  |round (All hours)

15.82 15.58 14.11 12.62 13.03

20.02 19.71 17.86 15.97 16.49

23.16 23.16 23.16 23.16 23.16

34.79 34.79 34.79 34.79 34.79

Assembly 11.11 11.38 10.16 6.77 10.37
Assisted Living 10.46 10.23 8.99 6.61 7.94
College 9.51 8.89 7.93 4.40 5.28
Convenience Store 9.21 8.50 7.55 5.42 6.05
Elementary School 11.07 10.79 9.52 6.57 7.98
Garage 6.12 6.02 5.29 4.23 4.68
Grocery 10.00 9.96 8.73 5.45 6.50
Lprifrima"ﬁ’;z“' Healthcare Clinic 9.81 | 10.07 8.79 5.99 6.33
High School 11.47 11.54 10.35 7.38 8.63
Hospital - CAV no econ 10.97 11.30 9.63 8.28 9.40
Hospital - CAV econ 11.11 11.52 9.82 8.51 9.66
Hospital - VAV econ 4.54 4.32 3.25 1.95 2.11
Hospital - FCU 8.24 9.41 7.66 9.00 12.10
Hotel/Motel 10.95 10.64 9.60 6.56 8.02
Hotel/Motel - Common 9.95 10.11 9.62 7.83 8.23

2021 IL TRM v.9.0 Vol. 2_September 25, 2020_FINAL Page 257 of 732



Illinois Statewide Technical Reference Manual — 4.4.14 Pipe Insulation

Annual therm Savings per linear foot (therm /ft)
(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
. e Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
tocation System Type Building Type (Rockford) (Chicago) | (Springfield)| (Belleville) (Marion)
Hotel/Motel - Guest 10.93 10.57 9.46 6.33 7.78
Manufacturing Facility 6.51 6.30 5.84 3.53 3.94
MF - High Rise 11.82 11.66 10.63 9.05 9.07
MF - High Rise - Common 14.05 13.65 12.23 8.43 10.89
MF - High Rise - Residential 11.42 11.33 10.30 8.92 8.70
MF - Mid Rise 12.90 13.05 11.23 8.26 9.41
Movie Theater 11.30 11.14 10.41 7.91 9.42
Office - High Rise - CAV no econ | 12.56 12.74 11.62 7.78 8.47
Office - High Rise - CAV econ 12.99 13.25 12.19 8.40 9.24
Office - High Rise - VAV econ 9.49 9.69 7.98 4.71 5.26
Office - High Rise - FCU 6.96 6.85 5.92 3.15 3.29
Office - Low Rise 8.88 8.86 7.04 4.31 4.93
Office - Mid Rise 9.86 9.86 8.35 5.31 5.91
Religious Building 9.97 9.35 8.95 6.56 7.50
Restaurant 8.39 8.42 7.56 5.72 6.78
Retail - Department Store 8.65 7.95 7.46 4.85 5.54
Retail - Strip Mall 8.28 7.67 6.77 4.67 5.03
Warehouse 9.05 8.44 8.71 5.44 6.70
Unknown 9.66 9.57 8.51 6.11 7.08

All buildings, Recirculation heating

LP Steam season only (Hours below 55F) 31.32 30.85 27.94 25.00 25.80
LP Steam f;'unzu(ﬂ\fl'rr‘]gosdrs)'*ec'rcu'at'°” Vearl sn46 | 54.46 | 5446 | 5446 | 54.46
Assembly 17.20 17.62 15.73 10.48 16.06

Assisted Living 16.20 15.84 13.91 10.23 12.29

College 14.73 13.76 12.28 6.82 8.17

Convenience Store 14.25 13.16 11.68 8.38 9.36

Elementary School 17.14 16.70 14.73 10.18 12.35

Garage 9.47 9.32 8.20 6.54 7.24

Grocery 15.47 15.41 13.51 8.43 10.07

Healthcare Clinic 15.19 15.59 13.61 9.27 9.81

High School 17.75 17.87 16.03 11.42 13.36

Hospital - CAV no econ 16.98 17.49 14.90 12.82 14.55

Hospital - CAV econ 17.21 17.83 15.20 13.17 14.96

HP Steam —non- |Hospital - VAV econ 7.04 6.68 5.02 3.02 3.27
recirculation Hospital - FCU 12.76 14.56 11.85 13.93 18.73
Hotel/Motel 16.95 16.48 14.86 10.17 12.41

Hotel/Motel - Common 15.40 15.65 14.90 12.12 12.74

Hotel/Motel - Guest 16.92 16.38 14.64 9.80 12.05
Manufacturing Facility 10.09 9.75 9.04 5.46 6.10

MF - High Rise 14.69 14.50 13.22 11.25 11.28

MF - High Rise - Common 17.46 16.96 15.21 10.48 13.53

MF - High Rise - Residential 14.19 14.08 12.80 11.09 10.81

MF - Mid Rise 16.04 16.22 13.96 10.26 11.70

Movie Theater 17.49 17.23 16.12 12.25 14.59

Office - High Rise - CAV noecon | 19.44 19.73 17.98 12.05 13.12

Office - High Rise - CAV econ 20.10 20.51 18.86 13.00 14.30
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Annual therm Savings per linear foot (therm /ft)
(2" pipe / 1" insulation for hot water, 2" insulation for

steam)
. o Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
tocation System Type Building Type (Rockford) (Chicago) | (Springfield)| (Belleville) (Marion)

Office - High Rise - VAV econ 14.70 14.99 12.36 7.30 8.14
Office - High Rise - FCU 10.76 10.60 9.16 4.86 5.10
Office - Low Rise 13.75 13.71 10.89 6.66 7.63
Office - Mid Rise 15.25 15.27 12.92 8.23 9.15
Religious Building 15.43 14.47 13.85 10.15 11.60
Restaurant 12.99 13.03 11.70 8.85 10.49
Retail - Department Store 13.39 12.31 11.55 7.52 8.57
Retail - Strip Mall 12.82 11.87 10.49 7.23 7.79
Warehouse 14.01 13.06 13.48 8.41 10.37
Unknown 14.95 14.81 13.17 9.45 10.96

HpSteam |/ bulldings, Recirculation heating g 1 | 4776 | 4325 | 3869 | 39.94
season only (Hours below 55F)

Hpsteam  |A buildings, Recirculation year| o) 55 | 9430 | g430 | 8430 | 84.30
round (All hours)

For insulation covering elbows and tees that connect straight pipe, a calculated surface area will be assumed
based on the dimensions for fittings given by ANSI/ASME B36.19. The surface area is then converted to an
equivalent length of pipe that must be added to the total length of straight pipe in order to calculate total
savings. Equivalent pipe lengths are given in 1” increments in pipe diameter for simplicity. In the case of pipe
diameters in between full inch diameters, the closest equivalent length should be used. The larger pipe sizes
mostly apply to steam header piping, which has the most heat loss per foot.

Calculated Surface Areas of Elbows and Tees

Nominal Pipe Calculated Surface Area (ft) \
Diameter 90 Degree Elbow>*° Straight Tee3! \
1” 0.10 0.13
2” 0.41 0.39
3” 0.93 0.77
4” 1.64 1.21
5” 2.57 1.77
6” 3.70 2.44
8” 6.58 3.95
10” 10.28 5.98
12” 14.80 8.34

Equivalent Length of Other Components — Elbows and Tees (Loc)

Nominal Pipe Equivalent Length of Other Components (ft) ‘
Diameter 90 Degree Elbow Straight Tee \
1” 0.30 0.38
2” 0.66 0.63
3” 1.01 0.84
4" 1.40 1.03

530 Based on the dimensions for diameter, long radius, and short radius given by ANSI/ASME 36.19.
531 Based on the center to face and diameter dimensions given by ANSI/ASME B36.19.
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Nominal Pipe Equivalent Length of Other Components (ft) \
Diameter 90 Degree Elbow Straight Tee ‘
5” 1.76 1.22
6” 2.13 1.41
8” 291 1.75
10” 3.65 2.13
12” 4.44 2.50

For insulation around valves or flanges, a surface area from ASTM standard C1129-12 will be assumed for 2”
pipes. For 1” pipes, which weren’t included in the standard, a linear-trended value will be used. The surface
area is then converted to an equivalent length of either 1” or 2” straight pipe that must be added to the total
length of straight pipe in order to calculate total savings.

Calculated Surface Areas of Flanges and Valves

Flanges

Class (psi) Class (psi) 150 300 \

NPS (in) NPS (in) ft? ft2
1 0.69 1.8 1.8 2.4 1 0.36 0.36 0.4 1.23
2 2.21 2.94 2.94 5.2 2 0.71 0.84 0.88 1.54
2.5 2.97 3.51 3.91 6.6
3 3.37 4.39 4.69 6.5 3 1.06 1.32 1.36 1.85
4 4.68 6.06 7.64 9.37 4 1.44 1.83 2.23 2.64
6 7.03 9.71 13.03 15.8 6 2.04 2.72 3.6 4.37
8 10.3 13.5 18.4 23.8 8 2.92 3.74 4.89 6.4
10 13.8 18 26.5 32.1 10 3.68 4.8 6.93 8.47
12 16.1 24.1 31.9 41.9 12 5.01 6.34 7.97 10.43

Equivalent Length of Other Components - Flanges and Valves (Lo()

Equivalent Length of Other Components (ft)

ANSI Class (psi)
1” Valve 1” Flange 2” Valve \ 2” Flange
150 2.00 1.04 3.56 1.14
300 5.22 1.04 4.73 1.35
600 5.22 1.16 4.73 1.42
900 6.96 3.57 8.37 2.48
S0 s sl 3" Valve 3" Flange 4" Valve ‘ 4" Flange
150 3.67 1.16 3.98 1.22
300 4.79 1.44 5.15 1.56
600 5.11 1.48 6.49 1.90
900 7.09 2.02 7.96 2.24

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
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4.4.15 Single-Package and Split System Unitary Air Conditioners

DESCRIPTION

This measure promotes the installation of high-efficiency unitary air-, water-, and evaporatively-cooled air
conditioning equipment, both single-package and split systems. Air conditioning (AC) systems are a major consumer
of electricity and systems that exceed baseline efficiency requirements can significantly reduce energy consumption.
This measure could apply to the replacing of an existing unit at the end of its useful life or the installation of a new
unit in a new or existing building.

This measure was developed to be applicable to the following program types: TOS, NC, EREP. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is assumed to be a high-efficiency air-, water-, or evaporatively-cooled air conditioner that
exceeds the energy efficiency requirements as prescribed by the program.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be a standard-efficiency air-, water,
or evaporatively-cooled air conditioner that meets the Code energy efficiency requirements (IECC or Code of Federal
Regulations whichever is higher) in effect on the date of equipment purchase (if date is unknown, assume current
Code minimum).

For Early Replacement programs, use the actual efficiency of the existing unit or assume IECC code base in place at
the original time of existing unit installation. To qualify under the early replacement characterization, baseline
equipment must meet these additional qualifications:

* The existing unit is operational when replaced or the existing unit would be operational with minor
i e 532
repairs.

Note: IECC 2018 is scheduled to become effective July 1, 2019 and will become baseline for all New Construction
permits from that date.

Note: new Federal Standards become effective January 1, 2023.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.53®

For early replacement, the remaining life of existing equipment is assumed to be 5 years.53*

DEEMED MEASURE COST

The incremental capital cost for this measure is based upon capacity and efficiency level (defined be CEE

specifications),53® as outlined in the following table:53¢

532 Based on ComEd Small Business Trade Ally feedback. For units rated at less than 20 ton units, the cost of common repairs is
under $2,000, significantly less than the cost of purchasing new equipment. Therefore, if the cost of repair is less than $2,000, it
can be considered early replacement because customers would repair instead of replace a failed unit. Repair cost data was not
available for units larger than 20 tons.

533 Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, Inc., June 2007.
534 Assumed to be one third of effective useful life.

535 CEE Commercial Unitary Air-conditioning and Heat Pumps Specification, which provides high efficiency performance
specifications for single-package and split system unitary air conditioners.

536 NEEP Incremental Cost Study (ICS) Final Report —Phase 3, May 2014.
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Incremental cost ($/ton)
Up to and including
CEE Tier 1 units

Capacity CEE Tier 2 and above

< 135,000 Btu/hr $63 S127
135,000 Btu/hr to > 250,000 Btu/hr $63 $127
250,000 Btu/hr and greater $19 S38

For early replacement the full cost of the installed unit should be used. If unknown use defaults below. The assumed
deferred cost (after 5 years) of replacing existing equipment with a new baseline unit is also provided. This future

cost should be discounted to present value using the real discount rate:

Capacity

Base Units

Full Install Cost ($/ton)

Up to and including
CEE Tier 1 units

CEE Tier 2 and above

< 135,000 Btu/hr $895 $958 $1,021
135,000 Btu/hr to > 250,000 Btu/hr $762 $825 $889
250,000 Btu/hr and greater $S673 $691 $710

LOADSHAPE

Loadshape C03 - Commercial Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to estimate
peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second represents
the average savings over the defined summer peak period, and is presented so that savings can be bid into PIM’s
capacity market. Both values provided are based on analysis of Itron eShape data for Missouri, calibrated to lllinois
loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 57
CFpm = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)

= 47.8% 538

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Time of Sale:
For units with cooling capacities less than 65 kBtu/hr:
AKWH = (kBtu/hr) * [(1/SEERbase) — (1/SEERee)] * EFLH

For units with cooling capacities equal to or greater than 65 kBtu/hr:

537 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

538 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.
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AkWH

Early replacement:5%°

= (kBtu/hr) * [(1/IEERbase) — (1/IEERee)] * EFLH

For units with cooling capacities less than 65 kBtu/hr:

For remaining life of existing unit (1st 5 years):

AkWH

= (kBtu/hr) * [(1/SEERexist) — (1/SEERee)] * EFLH

For remaining measure life (next 10 years):

AkWH

= (kBtu/hr) * [(1/SEERbase) — (1/SEERee)] * EFLH

For units with cooling capacities equal to or greater than 65 kBtu/hr:

For remaining life of existing unit (1st 5 years):

AkWH

= (kBtu/hr) * [(1/IEERexist) — (1/IEERee)] * EFLH

NOTE: If the existing equipment age is such that IEER ratings are not available, EER may be
substitued when necessary. In such instances both existing and efficient unit efficiencies should be
specified in EER.

For remaining measure life (next 10 years):

AkWH

Where:
kBtu/hr

SEERbase

SEERee
SEERexist

IEERbase

IEERee
IEERexist

EFLH

= (kBtu/hr) * [(1/IEERbase) — (1/IEERee)] * EFLH

= capacity of the cooling equipment actually installed in kBtu per hour (1 ton of cooling
capacity equals 12 kBtu/hr)

= Seasonal Energy Efficiency Ratio of the baseline equipment

= SEER values from tables below, based on applicable Code on date of equipment
purchase (if unknown assume current Code).

= Seasonal Energy Efficiency Ratio of the energy efficient equipment (actually installed)
= Seasonal Energy Efficiency Ratio of the existing equipment
= Actual, or assume Code base in place at the original time of existing unit installation

= Integrated Energy Efficiency Ratio of the baseline equipment. See table below based on
applicable Code on date of equipment purchase (if unknown assume current Code).

= Integrated Energy Efficiency Ratio of the energy efficient equipment (actually installed)
= Integrated Energy Efficiency Ratio of the existing equipment
= Actual, or assume Code base in place at the original time of existing unit installation

= Equivalent Full Load Hours for cooling in Existing Buildings or New Construction are
provided in section 4.4 HVAC End Use

The rating conditions for the baseline and efficient equipment efficiencies must be equivalent.

539 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to
efficient) and the remaining phase (new baseline to efficient). In practice, the screening tools used may either require a First
Year savings (using the first equation) and then a “number of years to adjustment” and “savings adjustment” input which would
be the (new base to efficient savings)/(existing to efficient savings).
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Code of Federal Redulations (baseline effective 1/1/2019):

Equipment type

Cooling capacity

Heating type

Efficiency Compliance

level date

i . Electric Resistance _

small Commercial Packaged Air 565,000 Btu/h and | Heating o No Heating | 'ToR - 129 | 1/1/2018

Conditioning and Heating Equipment <135,000 Btu/h Al Other Tvoes of

(Air-Cooled) ’ nerive IEER=12.7 | 1/1/2018
Heating
El ic Resi

Large Commercial Packaged Air >135,000 Btu/h ectrlc esistance . IEER=12.4 1/1/2018

s . . Heating or No Heating

Conditioning and Heating Equipment and <240,000 All Other Tvoes of

(Air-Cooled) Btu/h wneriyp IEER=12.2 | 1/1/2018
Heating
£ - .

Very Large Commercial Packaged Air >240,000 Btu/h Iect.rlc Resistance . IEER=11.6 1/1/2018

o . - Heating or No Heating

Conditioning and Heating Equipment and <760,000 All Other Tvoes of

(Air-Cooled) Btu/h wheriyp IEER=11.4 | 1/1/2018
Heating

Small Commercial Package Air-

Conditioning and Heating Equipment <65,000 Btu/h All SEER=13.0 | 6/16/2008

(Air-Cooled, 3-Phase, Split-System)

Small Commercial Package Air-

Conditioning and Heating Equipment <65,000Btu/h All SEER=14.0 | 1/1/2017

(Air-Cooled, 3-Phase, Single-Package)
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2012 IECC Minimum Efficiency Requirements (baseline effective 1/1/2013 to 12/31/2015)

TABLE C403.2.3(1)
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

HEATING SUBCATECORY OR MINBILUM EFFICIENCY TEST
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE RATING CONDITION | Bofore 6112017 | A= of 6AZ097 | PROCEDURE®
Alr condifioners i Split System 13.0 SEER 13.0 SEER
: < §5.000 Buh* Al
alr cooled oA Single Package | 130SEER | 13.0SEER
Through- the-wall c , Split system 12.0 SEER 12.0 SEER AHRI
. < 30,000 Buyh® Al ;
fair cooled) v Single Package | 1Z0SEER | 120SEER | 210240
Sm“”'ﬁ”" Mgh-veloclty | gz 000 B/ All Split System 10.0 SEER 10.0 SEER
(alr cooled)
Electric Resistance Split System and 11.2 EER 11.2 EER
2 55-””'3|F"lh"1 for None) Single Package 114 [EER 11.4 [EER
Bl
= 135,000 Bawh ; Split System and 11.0 EER 11.0 EER
! ! All ather Single Package 11.2 IEER 11.2 [EER
Electric Resistance Split System and 11.0 EER 11.0 EER
E '35-”'3[: Bouh for None) Single Package 11.2 IEER 11.2 IEER
A
< 240,000 Bawh ; Split System and 1.8 EER 10.8 EER
Alr conditioners, ! All other Single Package 11.0 IEER 11.0 IEER AHRI
alr cocled Electric Reslstance | Split System and 100 EER 10.0 EER 3030
E 2*”—'3'3[: Bauh or None) Single Package 10.1 IEER 10.1 IEER
= TRO,000 Bagh ; Split System and 0.8 EER 98 EER
! All other Single Package 9.9 IEER 9.9 IEER
Electric Resistance Split System and 0.7 EER 9.TEER
< 760,000 B {or None) :'ijnglf“ Package 0g ||.-:]1-'.H [I.Er ||-:].-'J~?C
All other Split System and 0.5 EER 0.5 EER
’ Single Package 0.6 IEER 0.6 IEER
o . . Split System and 12.1 EER 121 EER AHRI
< 65,000 Bius Al Single Package | 1231EER | 1Z3IEER | 2107240
Electric Resistance Split System and 11.5 EER
2 E[‘-U'DDIH'“"]‘ {or None) Single Package 11.7T IEER
A -
< 135,000 Bawh I SFI]JI: S}'ﬁlf‘m and 11.3EER
: y All other Single Package | 11.5 IEER
Electric Resistance Split System and 11.0 EER
E IEE-DDE: Buwh {or None) Single Package 11.2 IEER
A
Alr conditloners, < 240,000 B f Split System and 10.8 EER 123 EER
water cooled ' ! All other Single Package 11.0 IEER 12.5 [EER AHRI
Electric Resistance | Split System and 11.0 EER 124 EER J4IE0
E 24”—'3'3[: Buwh for None) Single Package 11.1 IEER 12.6 IEER
u'“": - - - m——
< TR,000 Bagh I Split System and 10.8 EER 122 EER
: All other Single Package 10.9 IEER 12.4 [EER
Electric Resistance Split System and 11.0 EER 12Z0E
E r Hn
< 760,000 Bash {or None) :"imglo Package 11.1 ]E1.I..I-1 124 ]E1.E..R
All other Split System and 10.8 EER 120 EER
: Single Package 10.9 IEER 12.2 IEER
(contimied)
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TABLE C403.2.3(1)—continued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

HEATING SUB-CATEGORY OR MINIMUM EFFICIENCY TEST
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE RATING CONDITION | Bafore 811/2011 | As of 61112011 | PROCEDURE®
- RE b Split System and 12.1 EER 12.1 EER AHRI
< 65,000 Buw/h All Single Package 12.3 [EER 12.3IEER 210/240
Electric Resistance Split System and 11.5 EER 12.1 EER
2 55-”“‘;3‘0*’“ (or None) Single Package 11.7 [EER 12.3 IEER
an:
< 135,000 Btuwh Split System and 11.3 EER 11.9 EER
. All other Single Package 11.5 IEER 12.1 IEER
Electric Resistance Split System and 11.0 EER 120 EER
2 135-003 Btu/h (or None) Single Package 11.2 [EER 12.2 IEER
Adr conditioners, < 240 EI('JG Btwh All other Split System and 10.8 EER 11.8 EER
evaporatively cooled ’ Single Package 11.0 [EER 12.0 IEER AHRI
Electric Resistance | Split System and 11.0 EER 11.9 EER 340/360
= 240-003 Btu/h {or None) Singlé Package 11.1 IEER 12.1 IEER
an
< 760,000 Btuh All other Split System and 10.8 EER 12.2 EER
Single Package 10.9 I[EER 11.9IEER
Electric Resistance Split System and 10.0 EER 11.7 EER
> 760,000 Btwh (or None) Single Package 11.1 IEER 11.9 IEER
o All oth Split System and 10.8 EER 11.5 EER
other Single Package 10.9 IEER 11.7 IEER
Condensing units, 10.1 EER 10.5 EER
air cooled = 135,000 Buwh 11.4 IEER 14.0 IEER
Condensing units, 13.1 EER 13.5EER AHRI
water cooled > 135,000 Buu/h 13.6 IEER 14.0 IEER 365
Condensing units, 13.1 EER 13.5 EER
evaporatively cooled | = 139:000 Biwh 13.6 [EER 14.0 IEER

For SI: 1 British thermal unit per hour = 0.2931 W.

a. Chapter § of the referenced standard contains a complete specification of the referenced test procedure, including the reference year version of the test

procedure.

b. Single-phase. air-cooled air conditioners less than 65,000 Btwh are regulated by NAECA. SEER values are those set by NAECA.
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2015 IECC Minimum Efficiency Requirements (baseline effective 1/1/2016 to 3/30/2019)

TABLE C403.2.3(1
MINIMUM EFFICIENCY NTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS
HEATING SUBCATEGORY OR MINIMUM EFFICIENCY TEST
EQUIPMENT TYPE SZECATEGORY |  ¢eCTIONTYPE | RATING CONDION [Bators 112016 | A of 1772076 | PROCEDURE
— Svetem 130SEER | I3.0SEER
Air conditioners, | _ g5 0o Bra? Al i —
air cooled Single Package | 130SEER | 14.0SEER
Through-the-wall < 30,000 Brak® An Split system 12.0 SEER 120SEER "m
(air cooled) Single Package | 120SEER | 120SEER | -10°
Small-duct high-v E
prs c‘:ﬁd)""“”’ < 65,000 Bruh® Al Split System 110SEER | 110SEER
N Electric Resistance | Split System and 112 EER 112 EER
- GS-mBmh (or None) Single Package 114IEER 128 [EER
< 135,000 Bwh All other Split System and 11.0 EER 11.0EER
Single Package 112[EER | 126IEER
S Electic Resistance | Sphit Systemand | 11.0 EER 11.0EER
- ‘”ﬁ’ Bub (or None) Single Package 11.2IEER 124 [EER
240,000 Brah Al ot Sphit Sysemand | 10.8 EER 108EER
Air conditioners, Single Package 11.0IEER 122 [EER AHRI
air cooled . Electic Resistance | Split Sysemand | 100 EER 100EER | 340360
é-"oﬁ’me (or None) Single Package 10.1 [EER 11.6 EER
- 760, Split System and 08 EER 9SEER
60,000 Bro/h AR other Single Package | OOIEER 114 EER
Electric Resistance | Split System and O7EER 97EER
(or None) Single Package 98 IEER 112 [EER
2760,
e o Split Systemand | 95 EER OSEER
ot Single Package 96 IEER 110 [EER
i Sphit Sysemand | 121 EER 12.1EER AFRI
< 65,000 Bruh" Al Single Package | 123IEER | 123IEER | 210240
“ Electric Resistance | Split System and 121 EER 121 EER
- 55‘m3m‘h (or None) Single Package 123IEER 139 EER
< 135,000 Buh All other Split System and 119 EER 11.9EER
Single Package 121[EER | 137IEER
" Electic Resistance | Sphit Systemand | 125 EER 125 EER
= 135,000 Buh (or Noae) Single Package 12.5IEER 13.9 [EER
Alr conditioners, =240 % Brh Split System and 123 EER 12.3 EER
water cooled oy s SinglePackage | 125IEER | 137EER | ammr
- Electric Resistance | Split System and 124EER 124EER 340360
2 -w.cm Bmh (or None) Single Package 126IEER | 136IEER
<760, Split Systemand | 122 EER 122EER
b All other Single Package | 124IEER | 134IEER
Electic Resistance | SplitSystemand | 122 EER 122EER
(or None) Single Package 124IEER | 135IEER
2760,
NpOoR. = Split Systemand | 120 EER 120EER
ot Single Package 122[EER | 133IEER
(cont