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1 NON-RESIDENTIAL LIGHTING SYSTEMS AND CONTROLS PROGRAM,
DSM PHASE VI

The Non-Residential Lighting Systems and Controls Program is for DSM Phase VII. It has been offered in Virginia
since 2019; it is not yet offered in North Carolina. The program provides incentives to non-residential customers who
install new or retrofit existing lighting systems with more efficient lighting systems and/or install lighting sensors and
controls.

Eligible measures defined under the Non-Residential Lighting Systems and Controls Program DSM Phase VIl are
shown in Table 1-1.

Table 1-1. Non-Residential Lighting Systems and Controls Program (DSM VII) measure list

End use Measure Manual section ‘

Lighting, fixtures, lamps, and delamping including T8s, .

T5s, LEDs, and CFLs Section 1.1.1
Lighting

Occupancy sensors & controls Section 1.1.2

Occupancy sensors & controls, stairwell-integrated Section 1.1.3

occupancy sensor -

Reach-in unit occupancy sensor Section 1.1.4

1.1 Lighting end use

1.1.1 Lighting fixtures, lamps, and delamping

1111 Measure description

This measure realizes energy savings by installing reduced wattage lamp/ ballast systems that have higher lumens
per watt than existing systems. The savings estimation method is applied to lighting that involves T8, T5, LED, or CFL
lamps/ ballasts. The baseline is assumed to be a Bulged Reflector (BR) lamp of a standard BR30-type.

The measure also covers delamping of existing lighting systems. Delamping includes removal of one or more lamps
in a fixture (e.g., removing two lamps out of a four-lamp fixture) or removal of the entire fixture itself that results in
either a reduced or eliminated connected load. Similar to lamp and fixture retrofit calculations, changes in load due to
delamping are tracked through the difference between baseline and installed wattages. The baseline will vary with
pre-existing characteristics.

Gross coincident demand reduction for delamping measures is included in PJM EE Resource nominations when
reflectors or tombstones are installed since these are defined as persistent.

This measure is offered through various programs as listed in Table 1-2 and uses the impacts estimation approach
described in this section. There are two methodologies described for this measure:

. The retrofit/replace-on-burnout/exit signs/exterior methodology (applies to all programs).
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. The new construction methodology only applies to one program (shown in the table that follows).

Table 1-2. Programs that offer this measure

Retrofit, replace-on-
Non-Residential Lighting Systems and Controls Program, burnout, exit signs, Section 1.1.1
DSM Phase VI exterior, and new o
construction
Non-Residential Small Business Improvement Enhanced Section 8.3.1
Program, DSM Phase VIl Retrofit, replace-on- -
Non-Residential Multifamily Program, DSM Phase VIII burnout, exit signs, and Section 10.4.1
Non-Residential Agricultural Energy Efficiency Program, exterior .
DSM Phase IX Section 12.2.4
1.1.1.2 Impacts estimation approach

Each application of this measure uses its own impacts estimation approach as described in the sub-sections that
follow.

Retrofit/replace-on-burnout/exit signs/exterior lighting

Per-measure, gross annual electric energy savings are calculated according to the following equation:

AkWh (Qtypase X wattsygse — QtYee X Watts,,) X HOU X WHF, X ISR
B 1,000 W /kW

Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

AkVVs1,mn‘rler — (Qthase X Wattsbase - Qtyee X Wattsee) X CFsummer X WHFd,summer X ISR

1,000 W /kW

Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

AkWWinter _ (Qtybase X Wattsbase - Qtyee X Wattsee) X CF winter X WHFd,winter X ISR
1,000 W /kW

New construction interior lighting

Per-measure, gross annual electric energy savings are calculated according to the following equation:

AkWh (LPDbase

= - 1) X wattsSy, X Qty.e X HOU X WHF, X ISR X
LPD,,

1,000 W
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Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

ARW. LPD 1 kW
summer (W”:e - 1) X Wattsge X Qtyee X WHEasummer X ISR X Chaummer X 500
Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:
AkW,,; LPD 1 kW
winter (W”:e - 1) X WattSee X QtYee X WHF g yinter X ISR X CFpinter X 1000w

Where:

AKkWh = per-measure gross annual electric energy savings

AKWsummer = per-measure gross coincident summer peak demand reduction

AkWainter = per-measure gross coincident winter peak demand reduction

LPDbase = baseline lighting power density

LPDee = efficient lighting power density

Qtybase = quantity of existing or baseline fixtures/lamps

Qtyee = quantity of installed energy-efficient (ee) fixtures/lamps

wattSpase = load of the existing or baseline fixture/lamp on a per unit basis

wattSee = load of installed energy-efficient (ee) fixture/lamps on a per unit basis

HOU = annual operating hours of use for fixtures/lamps

WHF. = waste heat factor to account for annual cooling savings from efficient lighting

WHFd,summer = waste heat factor for summer peak demand to account for cooling savings from

efficient lighting
WHFd,winter = waste heat factor for winter peak demand to account for heating penalty from
efficient lighting

CFsummer = summer coincidence factor

CFuwinter = winter coincidence factor

ISR = in-service rate
1.1.1.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 1-3. Input values for lighting fixtures, lamps, and delamping savings calculations
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Qtybase Variable See customer application Customer appllcatlon

Qtyee Variable See customer application - Customer application

wattSbase Variable See customer application watts Customer application

wattSee Variable See customer application watts Customer application
2015 Virginia Energy
Conservation Code/IECC 2015

LPDbase Variable See Table 1-4 watt/sq.ft Section C405.4.2, Table
C405.4.2(1) and Maryland/Mid-
Atlantic TRM v. 10, p. 229
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Maryland/Mid-Atlantic TRM
v.10, p. 217, per ENERGY
STAR®!

WHFd,summer | Variable

WHFd,winter Variable

Garage - Parking garage.”

For the Non-Residential
Agricultural Energy Efficiency
Program, DSM Phase IX and other
programs have the location of
“Interior light except exit light” and
the use Table 17-15 in

LPDee Variable See customer application watt/sq.ft Customer application

‘l‘:or.mgaSL:r‘fes vyhere ,t,ile Ioca}tion is Maryland/Mid-Atlantic TRM
CFsummer Variable Exit sign, Stalrwelul, Exterior - v.10, pp. 215, 243, 255, and

light except garage,” or “Garage, 2722

use Table 17-14 in

Maryland/Mid-Atlantic TRM

CFuwinter Variable - v.10, pp. 215, 243, 255, and

Treat “Exit sign” and “Stairwell” as 2723

“LED Exit Sign and ‘24/7’ lights.”

Treat “Exterior light except garage” | hours, Maryland/Mid-Atlantic TRM
HOU Variable as “Outdoor LED and Roadway annual v.10, pp. 215, 242, 254, 272,

Lighting.” and 415-416

Treat “Garage” as “LED “Parking Maryland/Mid-Atlantic TRM
WHFe Variable - v.10,

pp. 419-420

Maryland/Mid-Atlantic TRM
v.10, pp. 419-420

Maryland/Mid-Atlantic TRM
v.10, pp. 419-420

ISR Fixed

1.00

Maryland/Mid-Atlantic TRM
v.10, p. 2184

Table 1-4. Interior lighting power allowances

Customer building type

Education — Elementary and middle school

0.87

Education — High school

0.87

Education — College and university

0.87

Food Sales - Grocery

1.26

Food Sales — Convenience store

1.26

Food Sales — Gas station convenience store

1.26

1 LED exit sign default values come from an ENERGY STAR® report: “Save Energy, Money and Prevent Pollution with Light-Emitting Diode (LED) Exit Signs” at
LED Exit Signs Tech Sheet Final Version (energystar.gov) (accessed 03/20/2023).

2 The LED measures were grouped with other lighting applications’ coincident factors based on their similar function or usage. LED downlights are assumed to be
replacing CFL and T8 fixtures; LED or induction HE garage fixtures would be expected to replace PSMH in garage applications, and exterior LEDs replace

exterior fixtures.

3 The LED measures were grouped with other lighting applications’ coincident factors based on their similar function or usage. LED downlights are assumed to be
replacing CFL and T8 fixtures; LED or induction HE garage fixtures would be expected to replace PSMH in garage applications, and exterior LEDs replace

exterior fixtures.

4 Maryland/Mid-Atlantic TRM v.9, p. 319 footnote 737 EmPOWER Maryland DRAFT Final Impact Evaluation Report Evaluation Year 4 (June 1, 2012 — May 31,
2013) Commercial & Industrial Prescriptive & Small Business Programs, Navigant, March 31, 2014.

5 DNy mapped the building types with the building area types contained in IECC 2015 Section C405.4.2, Table C405.4.2(1).
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Customer building type

Food Service — Full service

1.01

Food Service — Fast food

0.90

Health Care - Inpatient

1.05

Health Care - Outpatient

0.90

Lodging — (Hotel, motel, and dormitory)

0.87

Mercantile (Mall)

1.26

Mercantile (Retail, not mall)

1.26

Office — Small (<40,000 sq ft)

0.82

Office - Large (2 40,000 sq ft)

0.82

Other

1.17

Public assembly

1.01

Public order and safety (police and fire station)

0.87

Religious worship

1.00

Service — (beauty, auto repair workshop)

1.19

Warehouse and storage

0.66

1.1.1.4 Default savings

No default savings will be awarded for this measure if the proper values are not provided in the customer application.

1.1.1.5 Effective Useful Life

The effective useful life of this measure is provided in Table 1-5.

Table 1-5. Effective Useful Life for lifecycle savings calculations

DL Program name Value Units
Phase

Non-Residential Agricultural
Energy Efficiency Program, DSM
Phase IX

Non-Residential Multifamily
Program, DSM Phase VIII

Vil Non-Residential Small Business
Improvement Enhanced Program,
DSM Phase VIII

Non-Residential Lighting Systems
VII and Controls Program, DSM
Phase VI

10.10

years

Source(s)

Maryland/Mid-Atlantic TRM v.10, p.

219 and Wisconsin TRM 2022, p.
4956

Maryland/Mid-Atlantic TRM v.10, p.
2197

Dominion Energy Non-Residential
Lighting End-Use Baseline, Gross
Impact, Net-to-Gross, and
Persistence Study, DNV, 2023

6 Based on lifetime hours divided by annual operating hours for agriculture lighting (50,000 hours / 4,698 hours per year = 10.65 years)

7 Based on lifetime hours divided by annual operating hours for multifamily common area lighting (50,000 hours / 5,950 hours per year = 8.40 years)
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1.1.16 Source(s)

The primary source for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, pp. 215221, 241-243,
253-255, 271-272, 415-416, and 419-421, and the IECC 2015 Section C405.4.2.

1.1.17 Update summary

Updates made to this section are described in Table 1-6.

Table 1-6. Summary of update(s)

2022 EUL Revised EUL
Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM v.10
2021 Input table Updated CF, HOU values
Equation Added coincident winter peak demand reduction equation
New table Effective Useful Life (EUL) by program
2020 None No change
v10 - Initial release

1.1.2 Occupancy sensors and daylight controls

1.1.2.1 Measure description

This measure defines the savings associated with installing at wall-, fixture-, or remote-mounted occupancy sensors
that switch lights off or dim them after a brief delay when no occupants are detected, or daylight conditions are
sufficient. The baseline condition is lighting that is controlled with a manual switch.

This measure is offered through different programs listed in Table 1-7 and uses the impacts estimation approach
described in this section.

Table 1-7. Programs that offer this measure

Program name Section

Non-Residential Lighting Systems and Controls Program, DSM Phase VII Section 1.1.2

Non-Residential Small Business Improvement Enhanced Program, DSM Phase VIII Section 8.3.2

Non-Residential Multifamily Program, DSM Phase VIII Section 10.4.3
1.1.2.2 Impacts estimation approach

Per-measure, gross annual electric energy savings are calculated according to the following equation:

1 kW

AkWh = wattS onnected X W

X HOU x ESE, x ISR X WHE,
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Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

1 kW
AkVVsummer = wattSconnected X m X ESFd X ISR X WHFd,summer X CEsummer

Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

1 kW
AkVVwinter = Wattsconnected X m X ESFd X ISR X WHFd,winter X CFwinter
)
Where:
AkWh = per-measure gross annual electric energy savings
AKWsummer = per-measure gross coincident summer peak demand reduction
AKkWainter = per-measure gross coincident winter peak demand reduction
wattSconnected = connected load on lighting sensor/control
HOU = hours of use per year
ESFe = percentage of annual lighting energy saved by lighting control
ESFq = percentage of lighting demand saved by lighting control
WHFe = waste heat factor for energy to account for cooling savings from efficient lighting
WHFd,summer = waste heat factor for demand to account for cooling savings from efficient
lighting
WHFd,winter = waste heat factor for demand to account for cooling savings from efficient
lighting
CFsummer = summer coincidence factor
CFuwinter = winter coincidence factor
ISR = in-service rate represents the proportion of rebated measures installed

1.1.2.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 1-8. Input values for occupancy sensors and controls measure savings

component | ype e | Sowcey |

wattSconnected Variable See customer application watt Customer application
HOU Variable See Table 17-15in hours/year Maryland/Mid-Atlantic TRM
v.10, p. 222
. Maryland/Mid-Atlantic TRM
ESFe Fixed 0.28 | - v 103,’ 5. 222 and p. 225
ESFq Variable Occgpancy sensor = 0.14 ) Maryland/Mid-Atlantic TRM
Daylight control = 0.28 v.10, p. 223 and p. 225
CFeummer Variable See Table 17-15in ) Maryland/Mid-Atlantic TRM
v.10, p. 223
CEwinter Variable See Table 17-15in ) Maryland/Mid-Atlantic TRM
v.10, p. 223
See Table 17-15in Maryland/Mid-Atlantic TRM
. v.10, pp. 419-421
WHFe Variable ] . Assumes “Small Office”
Default: 0.94 -
building type
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See Table 17-15in Maryland/Mid-Atlantic TRM
WHFd,summer Variable - v.10, pp. 419-421

Default: 1.35 Assumes “Other” building type

See Table 17-15in Maryland/Mid-Atlantic TRM
WHFd winter Variable - v.10, pp. 419-421

Default: 0.740 Assumes “Other” building type

. Maryland/Mid-Atlantic TRM

ISR Fixed 1.00 | - v.10, p. 223

1.1.2.4 Default savings

No default savings will be awarded for this measure if the proper values are not provided in the customer application.

1.1.2.5 Effective Useful Life

The effective useful life of this measure is provided in Table 1-9.

Table 1-9. Effective Useful Life for lifecycle savings calculations

Non-Residential Small Business
Improvement Enhanced Program,
VI DSM Phase VI

Non-Residential Multifamily
Program, DSM Phase VIlI
Non-Residential Lighting Systems
VII and Controls Program, DSM
Phase VI

Dominion Energy Non-Residential
Lighting End-Use Baseline, Gross
Impact, Net-to-Gross, and
Persistence Study, DNV, 2023

10.10 | years

1.1.2.6 Source(s)

The primary source for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, pp. 222-224, 225 — 227
and 419-421.

1.1.2.7 Update summary

Updates made to this section are described in Table 1-10.

Table 1-10. Summary of update(s)

2022 EUL Revised EUL

Source Updated page numbers/version of the Maryland/Mid-Atlantic TRM v.10
2021 Inputs Added daylight control inputs

Equation Added coincident winter peak demand reduction equation

New table Effective Useful Life (EUL) by program
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2020 None No change
v10 - Initial release

1.1.3 Occupancy sensors and controls — stairwell integrated and bi-level
lighting

1.1.3.1 Measure description

This measure defines the savings associated with installing controls on existing fixtures or installation of luminaires
with integrated bi-level control. This measure has multiple applications and can be used in stairwell lighting or
agriculture facility.

For stairwell lighting applications, the bi-level control technology allows for continuous lighting that maintains the
code-mandated minimum illumination levels in stairwells when unoccupied spaces while also providing higher light
levels when occupied. The baseline condition is interior-space lighting that continues operation at high lighting levels,
regardless of occupancy.

1.1.3.2 Impacts estimation approach

Per-measure, gross annual electric energy savings and coincident demand reduction are calculated according to the
following equation:

AkWh

X HOU

1,000 W /kW 1,000 W/kW

Qtypase X Wattspgse _ <Qtyee X wattSe,

X (1— ESF))

ESF Wattsee,low)

= Fiow X (1 -
tow watts,,

Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

AkVVsummer _ (Qthase X wattsSpgse — QtYee X wattsee

X CF,
1,000 W /kW ) swmmer

Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

Akainter _ (QtYDase X wattSpgse — QtYee X wattse,

F .
1,000 W/kW ) X Chuinter

Where:

AkWh = per-measure gross annual electric energy savings
AkWsummer = per-measure gross coincident summer peak demand reduction
AkWiinter = per-measure gross coincident winter peak demand reduction
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Qtybase = quantity of baseline fixtures

Qtyee = quantity of installed fixtures equipped with bi-level occupancy control
wattshase = baseline wattage per fixture

wattseeow = installed wattage per fixture at low-power output

wattSee = installed wattage per fixture at full-power output, if bi-level occupancy controls are installed on
existing fixtures, wattsee = wattSpase.

Fiow = proportion of annual operating time that fixture operates at low power

ESF = energy savings factor

HOU = hours of use per year

CFsummer = summer peak coincidence factor

CFuwinter = winter peak coincidence factor

1.1.3.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 1-11. Input values for occupancy sensors and controls-stairwell integrated measure

Qtybase Variable See customer application Customer appllcatlon
Qtyee Variable See customer application - Customer application
wattSbase Variable See customer application watts Customer application
wattSee,low Variable See customer application watts Customer application
wattSee Variable See customer application watts Customer application

Fiow Fixed 0.73 | - New York TRM v9, p. 834
HOU Fixed 8,760 ggﬁ[.sél New York TRM v, p. 834
CFsummer Fixed 1.00 | - New York TRM v9, p. 834
CFuwinter Fixed 1.00 | - New York TRM v9, p. 8348

1.1.34 Default savings

No default savings will be awarded for this measure if the proper values are not provided in the customer application.

1.1.35 Effective Useful Life

The effective useful life of this measure is provided in Table 1-12.

Table 1-12. Effective Useful Life for lifecycle savings calculations

DSM .

Dominion Energy Non-Residential
Lighting End-Use Baseline, Gross
Impact, Net-to-Gross, and
Persistence Study, DNV, 2023

Non-Residential Lighting Systems
VIl and Controls Program, DSM 10.10 | years
Phase VI

8 The source TRM doesn't differentiate between winter and summer peak periods. Therefore, the summer CF is also applied to winter peak periods.
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1.1.3.6 Source(s)
The primary source for this deemed savings approach is the New York TRM v9, pp. 832-836.
1.1.3.7 Update summary

Updates made to this section are described in Table 1-13.

Table 1-13. Summary of update(s)

EUL Revised EUL
2022 Inputs Expanded inputs to accommodate the Non-Residential Agricultural Energy
P Efficiency Program, DSM Phase IX
References Updated source TRM and reference page number
None No change
2021 Equation Added coincident winter peak demand reduction equation
New table Effective Useful Life (EUL) by program
Modified the AkWh savings equation to incorporate the ESF and
2020 Equation associated equation. This makes the calculation clearer and aligns with the
reference TRM but does not change the result.
v10 - Initial release

1.1.4 Reach-in unit occupancy sensor

1.1.4.1 Measure description

This measure realizes energy savings by adding occupancy sensors to reach-in refrigerated case lighting.
Occupancy sensors reduce energy usage by turning off lights when customers are not present. Savings and
assumptions are based on the lighting load controlled by each occupancy sensor. The baseline condition is reach-in
refrigerated case lighting that is controlled with a manual switch.

1.1.4.2 Impacts estimation approach

Per-measure, gross annual electric energy savings are calculated according to the following equation:

AkWh 1kW

= QtYsensor X WattSconnected X W X HOU X ESF, X ISR Xx WHE,

Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

AkWeymmer 1kW

= QtYSensor X Wattsconnected X m X ESFd X ISR X WHFd,summer

X CFsummer
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Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

ARW,,int 1 kW
winter = QtYSensor X Wattsconnected X m X ESFd X ISR X WHFd,winter
X CFwinter
Where:
AKkWh = per-measure gross annual electric energy savings

AkWsummer = per-measure gross summer peak coincident demand reduction

AkWhuinter = per-measure gross winter peak coincident demand reduction

Qtysensor = number of occupancy sensors installed

wattSconnected = connected lighting load controlled by occupancy sensor

ESFe = percentage of annual lighting energy saved by lighting control

ESFq = percentage of lighting demand saved by lighting control

WHFe = waste heat factor for energy; represents the increased savings due to reduced waste heat from

lights that must be rejected by the refrigeration equipment

WHFq,summer = waste heat factor for demand; represents the increased savings due to reduced waste heat
from lights that must be rejected by the refrigeration equipment

WHPFqwinter = waste heat factor for demand; represents the increased savings due to reduced waste heat
from lights that must be rejected by the refrigeration equipment

HOU = hours of use per year

CFsummer = summer peak coincidence factor

CFuwinter = winter peak coincidence factor

ISR = in-service rate is the percentage of rebated measures actually installed

1.1.4.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 1-14. Input values for reach-in unit occupancy sensors savings calculations

See customer application Customer application

watts Variable watts Same default as from LED
Default = 38 case lighting measure watts for
5-foot lamp

Qtysensors Variable See customer application - Customer application

Efficiency Maine Commercial
ESFe Fixed 0.31 | - TRM 2019, Appendix D, Table
409, p. 173
Maryland/Mid-Atlantic TRM
v.10, p. 223

ESFd Fixed 0.14 | -

See Table 17-15in hours, Maryland/Mid-Atlantic TRM

HOU Variable annual v.10, p. 222

9 Maine TRM refers to “US DOE, “Demonstration Assessment of Light-Emitting Diode (LED) Freezer Case Lighting.” Refrigerated cases were metered for 12 days
to determine savings from occupancy sensors. Assumes that refrigerated freezers and refrigerated coolers will see the same amount of savings from
sensors. The nature of the savings is not explained. Showcase controls often keep a fixed number of lights on to reduce the “dark aisle” conditions. It is
assumed that this value accounts for both reduction in operating hours and incremental reduction in power.
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Maryland/Mld -Atlantic TRM
Fixed v.10, p. 222
Low Temp
(-35°F - -1°F): 1.52
. Med Temp Maryland/Mid-Atlantic TRM
WHFe Variable (O°F - 30°F): 1.52 - v.10, p. 269
High Temp
(31°F - 55°F): 1.41
Low Temp
(-35°F--1°F): 1.51
. Med Temp ) Maryland/Mid-Atlantic TRM
WHPFd, summer Variable (O°F - 30°F): 1.51 v.10, p. 270
High Temp
(31°F - 55°F): 1.40
Low Temp
(-35°F - -1°F): 1.51
_ . Med Temp ) Maryland/Mid-Atlantic TRM
WHPFd, winter Variable (O°F - 30°F): 1.51 v.10, p. 27010
High Temp
(31°F - 55°F): 1.40
. Maryland/Mid-Atlantic TRM
CFsummer Fixed 0.96 | - v.10, p. 27011
_ . Maryland/Mid-Atlantic TRM
CFuwinter Fixed 0.96 | - v.10, p. 27012

1.1.4.4 Default savings

If the proper values are not supplied, a default savings may be applied using conservative input values.

The default per-measure gross annual electric energy savings will be assigned according to the following
calculations:

AKWh watts
= QtYsensor X m X HOU X ESF, X ISR x WHE,

38W
=1X— X 7,272 h x 0.31 x1.00 x 1.41
1,000 W/kW ours

= 120.79 kWh

The default per-measure gross summer peak coincident demand reduction will be assigned according to the following
calculations:

10 The source TRM doesn't differentiate between winter and summer WHFs. Therefore, the summer WHF is applied to the winter WHF.

11 value for “grocery” building type from Mid-Atlantic TRM v.9, p. 270 footnote 579 “EmPOWER Maryland DRAFT Final Impact Evaluation Report Evaluation Year
4 (June 1, 2012 — May 31, 2013) Commercial & Industrial Prescriptive & Small Business Programs, Navigant, March 31, 2014.”

12 The source TRM doesn't differentiate between winter and summer peak periods. Therefore, the summer CF is applied to the winter CF.
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Akw/summer watts

= Qt}’sensor X m X ESFd X ISR X WHFd,summer X CEsummer

38w

=1X——
1,000 W /kW

X 0.14 x 1.00x 1.40 x 0.96

= 0.007 kW

The default per-measure gross winter peak coincident demand reduction will be assigned according to the following
calculations:

AWy inter watts

= Qtysensor X m X ESFd X ISR X WHFd,winter X CFwinter

38w

=1 X—
1,000 W/kW

X 0.14 x 1.00 x 1.40 x 0.96
= 0.007 kW

1.1.45 Effective Useful Life

The effective useful life of this measure is provided in Table 1-15.

Table 1-15. Effective Useful Life for lifecycle savings calculations

DSM .

Dominion Energy Non-Residential
Lighting End-Use Baseline, Gross
Impact, Net-to-Gross, and
Persistence Study, DNV, 2023

Non-Residential Lighting Systems
Vil and Controls Program, DSM 10.10 | years
Phase VI

1.1.4.6 Source(s)

The primary sources for this deemed savings approach are the Efficiency Maine TRM 2019, p. 173, and
Maryland/Mid-Atlantic TRM v.10, pp. 222-224 and 269-270.

1.1.47 Update summary

Updates made to this section are described in Table 1-16.

Table 1-16. Summary of update(s)

Version Update type Description
2022 EUL Revised EUL
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Version Update type Description
Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM v.10
2021 New table Effective Useful Life (EUL) by program
Equation Added gross winter peak demand reduction equation
2020 None No change
v10 - Initial release
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2 NON-RESIDENTIAL HEATING AND COOLING EFFICIENCY PROGRAM,
DSM PHASE VI

The Non-Residential Heating and Cooling Efficiency program is offered in Virginia beginning July 1, 2019 and
approved in North Carolina on November 13, 2019. The program provides incentives to non-residential customers to
implement new and upgrade existing HVAC equipment to more efficient HVAC technologies.

Many types of HVAC systems are eligible as shown in Table 2-1.

Table 2-1. Non-Residential Heating and Cooling Efficiency Program measure list (DSM VII)

End use ’ Measure Manual section
Unitary/split Air Conditioning (AC) & Heat Pump (HP) Systems Section 2.1.1
Variable Refrigerant Flow (VRF) & Mini-split Systems Section 2.1.2

HVAC Water- and air-cooled chillers Section 2.1.3
Variable frequency drive Section 2.1.4
Dual enthalpy air-side economizer Section 2.1.5

The algorithms to calculate heating, cooling, and demand reduction for each of these measures are described in this
section.

2.1 Heating, Ventilation, and Air-Conditioning (HVAC) end use

2.1.1 Unitary/split air conditioning (AC) & Heat Pump (HP) Systems VAC
upgrade

2111 Measure description

This measure relates to the installation of new high-efficiency unitary/split HYAC units and heat pumps in place of
standard-efficiency unitary/split HVAC units. For the standard (baseline) efficiencies, refer to Table 17-8 and Table
17-9 in Sub-Appendix F2-Ill: Non-residential HVAC . The measure efficiencies are based on the installed unit’s
efficiency provided by the application. The measure savings include both heating and cooling electric energy savings.

This measure is offered through the various programs listed in Table 2-2 and uses the impacts estimation approach
described in this section. (Not all programs offer all the listed HVAC equipment types.)

Table 2-2. Programs that offer this measure

Program name Section

Non-Residential Heating and Cooling Efficiency Program, DSM Phase VIl Section 2.1.1
Non-Residential Small Business Improvement Enhanced Program, DSM Phase VIl Section 8.2.4
Non-Residential Midstream Energy Efficiency Products Program, DSM Phase VIII Section 9.2.1
Non-Residential Multifamily Program, DSM Phase VIII Section 10.3.1
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21.1.2 Impacts estimation approach

Algorithms and inputs to calculate heating, cooling savings, and demand reduction for unitary/split HVAC, package
terminal AC, packaged terminal heat pump, variable refrigerant flow, and mini-split systems are provided below.
Gross annual electric energy savings and gross coincident demand reduction are calculated according to the
equations following this section.

Cooling energy savings:

For heat pumps, and AC units <65,000 Btu/h, per-measure, gross annual electric cooling energy savings are
calculated according to the following equation:

1 1
= 5i x|l— ——— |xEFLH
H€cool [SEER base SEERee] cool

y 1 kBtuh
1,000 Btuh

For heat pumps and AC units 265,000 Btu/h, per-measure, gross annual electric cooling energy savings are
calculated according to the following equation:

1
IEERpgse IEERge

1 kBtuh

= Si X X ——
Sizecool [ 1,000 Btuh

] X EFLH o0,

For package terminal AC and HP units of all sizes, per-measure, gross annual electric cooling energy savings are
calculated according to the following equation:

1 kBtuh

ARW oo y
1,000 Btuh

= Size o1 X [ X EFLH 01

EERpgse EERge

Heating energy savings:

For heat pumps <65,000 Btu/h, per-measure gross annual electric heating energy savings are calculated according
to the following equation:

1 1
= Size x[— —— ]XEFLH
€heat * [HopE, T HSPF,, heat

1 kBtuh

ARW hpeqr y
1,000 Btuh

For heat pumps 265,000 Btu/h, and water-source heat pumps of all sizes, and package terminal HP units of all sizes,
per-measure gross annual electric heating energy savings are calculated according to the following equation:

1 1 1 kBtuh

AW Ry pq;
—  ——— |xXEFLH,,,X——
COPpgse COPg, heat ™ 1 000 Btuh

= Sizepeqr X [

Heating and cooling energy savings are added to calculate the per-measure, gross annual electric energy savings as
shown:

AKWh = Akthool + AkVtheaLt
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The per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

1
EERpgse EERge

1 kBtuh

AkW, = Si X %1000
summer = SiZecool [ 1,000 Btuh

| % CPrummer

The per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

Where:

AW hypqt
AkWyinter = EFLH,., X CFyinter
AkWh = per-measure gross annual electric energy savings

AkWheoo! = per-measure gross annual electric cooling energy savings

AkWhneat = per-measure gross annual electric heating energy savings

AkWsummer = per-measure gross coincident summer peak demand reduction

AkWhinter = per-measure gross coincident winter peak demand reduction

AkW,yinter = PEr-measure gross summer peak coincident demand reduction

Sizecool = equipment cooling capacity of installed unit

Sizeneat = equipment heating capacity of installed unit

SEERpase = seasonal energy efficiency ratio (SEER) of the existing or baseline air conditioning equipment.
It is used for heat pumps and AC units that are smaller than 65,000 Btu/h.

SEERee = seasonal energy efficiency ratio (SEER) of the installed air conditioning equipment. It is used
for heat pumps and AC units that are smaller than 65,000 Btu/h.
IEERbnase = integrated energy efficiency ratio (IEER) of the existing or baseline air conditioning equipment.

IEER is a weighted average of a unit’s efficiency at four load points: 100%, 75%,
50%, and 25% of full cooling capacity. It is used for heat pumps and AC units that are
65,000 Btu/h or larger.

IEERee = integrated energy efficiency ratio (IEER) of the installed air conditioning equipment. IEER is a
weighted average of a unit’s efficiency at four load points: 100%, 75%, 50%, and 25%
of full cooling capacity. It is used for heat pumps and AC units that are 65,000 Btu/h

or larger.

EFLHco = equivalent full-load cooling hours

EFLHneat = equivalent full-load heating hours

EERbvase = energy efficiency ratio (EER) of existing or baseline air conditioning equipment. EER is used to
analyze demand performance of heat pumps and AC units.

EERee = energy efficiency ratio (EER) of installed air conditioning equipment. EER is used to analyze

performance of heat pumps and AC units.
HSPFhase = heating seasonal performance factor (HSPF) of existing or baseline heat pump. HSPF is used
in heating savings for air source heat pumps.

HSPFee = heating seasonal performance factor (HSPF) of installed heat pump. HSPF is used in heating
savings for air source heat pumps.

COPuase = coefficient of performance (COP) of existing or baseline heating equipment. Ground source
heat pumps use COP to determine heating savings.

COPee = coefficient of performance (COP) of installed heating equipment. Ground source heat pumps
use COP to determine heating savings.

CFsummer = Summer coincidence factor

CFuwinter = winter coincidence factor
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For ground-source heat pumps, the baseline efficiency is assumed to be that of an air-source heat pump.'® See

Docket No. E-22, Sub 645

Equation 1 and Equation 2 in Sub-Appendix F2-VI: General to convert between tons and Btu/h or kBtu/h, or vice

versa.

In the event of a missing efficiency metric from an application, the equations provided in Sub-Appendix F2-VI:

General may be used to estimate the missing efficiency using another application-provided efficiency metric.

2113

Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 2-3. Input values for Non-residential HVAC equipment

Sizecool Variable | See customer application Btu/h Customer application
i i 14
Sizeneat Variable gifeazﬁisiog;éjzpllcatlon Btu/h Customer application
See Table 17-5 in Sub-Appendix F2-II: . .
EFLHheat Variable | Non-residential HVAC gﬂﬁf; _'\Iflsr'\% Islnl(g"vlp'_d;é%am'c
. See Table 17-4 in Sub-Appendix F2-11: | hours, Maryland/Mid-Atlantic
EFLHeool Variable Non-residential HVAC annual TRM v.10, p. 422
See Table 17-8 and Table 17-9 in Sub-
Appendix F2-11l: Non-residential kBtu/kW-
HSPF/SEER/ HVAC . If required efficiency value is hour (except | ASHRAE 90.1 2013,
IEER/EER/ Variable | not available, refer to Sub-Appendix COP is Table 6.8.1-1
COPbase F2-VI: General to convert the dimension-
available efficiency value to the less)
required efficiency value.
See cqstome_rgppllcatlon _ KBHu/KW-
If required efficiency value is not hour (except
HSPF/SEER/ Variable available, refer to Sub-Appendix F2-VI: COP is Customer application
IEER/EER/COPee General to convert the available 8 .
- . dimension-
efficiency value to the required |
e ess)
efficiency value.
Where baseline and installed system
capacities differ, use installed system
CFeummer Variable capacity to assign CF. Otherwise, use | _ Maryland/Mid-Atlantic
baseline system capacity to assign CF: TRM v.10, p. 291
< 135 kBtu/h = 0.588
> 135 kBtu/h = 0.874
CFuinter Variable Where baseline and installed system ) Maryland/Mid-Atlantic
capacities differ, use installed system TRM v.10, p. 29115

13 Although ASHRAE values reflect the Building Code minimum, savings are calculated using the efficiencies provided in Sub-Appendix F2-l1I: Non-residential
HVAC . This is due to the Mid-Atlantic TRM 2020 assumption that the baseline technology—for residential ground source heat pump applications—is an air-

cooled heat pump. (There is no corresponding commercial measure in the Mid-Atlantic TRM 2020.)

14 When customer-provided heating system size is <80% or >156% of customer-provided cooling system size, a default value will be used, instead. In such
instances, it is assumed that the heating system size was incorrectly documented. The acceptable range is based on a review of the AHRI database across
numerous manufacturers and heat pump types.

15 The source TRM does not provide a winter CF. Therefore, the summer CF is applied to the winter CF.
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capacity to assign CF. Otherwise, use
baseline system capacity to assign CF:
< 135 kBtu/h = 0.588
= 135 kBtu/h = 0.874

2114 Default savings
No default savings will be awarded for this measure if the proper values are not provided in the customer application.
2.1.15 Effective Useful Life

The effective useful life of this measure is provided in Table 2-4.

Table 2-4. Effective Useful Life for lifecycle savings calculations

Program name Value Units ‘ Source(s)

Non-Residential Midstream Energy
Efficiency Products Program, DSM
Phase VI

Vil Non-Residential Small Business 15.00 | years Maryland/Mid-Atlantic TRM v.10, p.
Improvement Enhanced Program, 201

DSM Phase VIl

Non-Residential Multifamily Program,
DSM Phase VIII

Program design assumptions
(weighted average of measure lives
of all measures offered by program
and their planned uptake)

Non-Residential Heating and Cooling

Vil Efficiency Program, DSM Phase VII

15.00 | years

2.1.1.6 Source(s)

The primary sources for this deemed savings approach are the ENERGY STAR® Air Source Heat Pump Calculator
(2002 EPA), Maryland/Mid-Atlantic TRM v.10, pp. 283-291 and 422-423, and ASHRAE 90.1 2013.

2117 Update summary

Updates made to this section are described in Table 2-5.

Table 2-5. Summary of update(s)

Version Update type Description
2022 None No change
Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM v.10.
2021 Equation Added Elgctr_ic Basg Board heating savings e_quations._
Added coincident winter peak demand reduction equation.
New table Effective Useful Life (EUL) by program
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Version Update type Description
Equation Added size condition of <65,000 Btu/h and 265,000 Btu/h for determining
2020 which equation to use for ground-source heat pumps. Previously all
ground-source heat pumps used equations with IEER and COP.
Source Updated page numbers / version of the Mid-Atlantic TRM v.9.
Input variable Update to weather stations in North Carolina resulted in revised EFLHs for
v10 weather-sensitive measures.
Baseline efficiency levels were revised per update to ASHRAE 2013 in VA
and NC.

2.1.2 Variable Refrigerant Flow Systems and mini-split systems

2121 Measure description

This measure relates to installation of new high-efficiency variable refrigerant flow (VRF) and new mini-split systems
in place of standard-efficiency air conditioners or heat pumps. For baseline VRF air conditioner and heat pump
efficiencies refer to Table 17-10 in Sub-Appendix F2-1II: Non-residential HVAC . The measure efficiency is based on
the installed unit’s efficiency. The measure-approved savings applies only to the air cooled VRF AC, and air cooled
VRF HP. Water source or ground source units are not included.

This measure is offered through different programs listed in Table 2-6 and uses the impacts estimation approach
described in this section.

Table 2-6. Programs that contain this measure

Program name Section

Non-Residential Heating and Cooling Efficiency Program, DSM Phase VII Section 2.1.2
Non-Residential Midstream Energy Efficiency Products Program, DSM Section 9.2.2
Phase VI

2122 Impacts estimation approach

Algorithms and inputs to calculate heating, cooling, and gross coincident savings for variable refrigerant flow (VRF)
systems and mini split systems are provided in this section. Gross annual electric energy savings and gross
coincident demand reduction are calculated according to the equations following this section.

Cooling energy savings:

For VRF systems and mini-split systems <65,000 Btu/h, per-measure, gross annual electric cooling energy savings
are calculated according to the following equation:

AWh,yy 1 1 1 kBtuh
- X|—— | XEFLH.y X ———
H2€cool X | SEER puse  SEER e cool * 1000 Btuh

For VRF systems =65,000 Btu/h, per-measure gross annual electric cooling energy savings are calculated according
to the following equation:
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A'I(M/hcool 1

] 1 kBtuh
IEERbase IEERee

= Si N X
Sizecool [ 1,000 Btuh

X EFLH_p0
Heating energy savings:

For VRF and mini-split heat pump systems <65,000 Btu/h, per-measure gross annual electric heating energy savings
are calculated according to the following equation:

1
HSPFpgse HSPF oo

1 kBtuh

ARW Rpeqy y
1,000 Btuh

= Sizeppqr X [ ] X EFLHy 0t

For VRF and mini-split heat pump systems =65,000 Btu/h, per-measure gross annual electric heating energy savings
are calculated according to the following equation:

1
COPpase COP,p

1 kW
3,412 Btuh

AkWhpeqs

pe = Sizeppqr X [ ] X EFLHypq¢ X

Heating and cooling energy savings are added to calculate the per-measure gross annual electric energy savings:

AkWh = AkWhoo + AkWhyeqr

The per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

AWymmer , 1 1 1 kBtuh
= Size X |— —_——_— X CF. X —
#€cool ® FER puse  EER v summer ™ 1°000 Btuh

The per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

Akainter _ AkVtheat

= X CF,,;
EFLHheat winter

Where:

AkWh = per-measure gross annual electric energy savings

AkWheoo! = per-measure gross annual electric cooling energy savings for mini split heat pump systems

AkWhneat = per-measure gross annual electric heating energy savings for mini split heat pump systems

AkWsummer = per-measure gross coincident summer peak demand reduction

AkWiinter = per-measure gross coincident winter peak demand reduction

Sizecool = equipment cooling capacity of installed unit

Sizeneat = equipment heating capacity of installed unit

SEERbase = seasonal energy efficiency ratio (SEER) of the existing or baseline equipment. SEER is used
for units that are smaller than 65,000 Btu/h.

SEERee = seasonal energy efficiency ratio (SEER) of the installed equipment. SEER is used for units that
are smaller than 65,000 Btu/h.

IEERbnase = integrated energy efficiency ratio (IEER) of existing or baseline equipment. IEER is a weighted
average of a unit’s efficiency at four load points: 100%, 75%, 50%, and 25% of full
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cooling capacity. It is used for heat pumps and AC units that are 65,000 Btu/h or
larger.

= integrated energy efficiency ratio (IEER) of installed equipment. IEER is a weighted average of
a unit’s efficiency at four load points: 100%, 75%, 50%, and 25% of full cooling
capacity. It is used for heat pumps and AC units that are 65,000 Btu/h or larger.

EFLHwo = equivalent full load cooling hours

EFLHreat = equivalent full load heating hours

EERvase = energy efficiency ratio (EER) of existing or baseline equipment

EERee = energy efficiency ratio (EER) of installed equipment

HSPFhase = heating seasonal performance factor (HSPF) of existing or baseline system

IEERee

OFFICIAL COPY

HSPFee = heating seasonal performance factor (HSPF) of installed equipment
COPnase = coefficient of performance (COP) of existing or baseline heating equipment
COPee = coefficient of performance (COP) of installed heating equipment

CFsummer = summer coincidence factor

CFuwinter = winter coincidence factor

To convert between EER, SEER, and IEER, see equations in Sub-Appendix F2-VI: General .

2.1.2.3

Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 2-7. Input values for VRF systems and mini-split systems

Component Type

Sizecool Variable See customer application Btu/h Customer application
i i 16
Sizeheat Variable S(Z(:aillitsiog;é:zphcatlon Btu/h Customer application
. See Table 17-5 in Sub-Appendix F2-II: hours, Maryland/Mid-Atlantic
EFLHnea Variable Non-residential HYAC annual TRM v.10, p. 423
. See Table 17-4 in Sub-Appendix F2-11: hours, Maryland/Mid-Atlantic

EFLHeool Variable Non-residential HVAC annual TRM v.10, p. 422

See Table 17-10 in Sub-Appendix F2-11I:

Non-residential HVAC kBtu/kW-
HSPF/SEER/ If required efficiency value is not hour (except
EER/COP/ Variable available, refer to Sub-Appendix F2-VI: COP s /T'\SHRAE 90.1 2013,

- . . able 68.1-1

IEERbase General to convert the available dimension-

efficiency value to the required efficiency | less)

value.

i i 17

See cu_stome_r gppllcatlon . KBHU/KW-
HSPF/SEER/ If re_quwed efficiency value is not - hour (except
EER/COP/ Variable available, refer to Sub-Appgndlx F2-VI: COPis Customer application
|EERee Gen_eral to convert the ava_llable N dimension-

efficiency value to the required efficiency less)

value.

Where baseline and install system

capacity vary, use install system capacity
CFeummer Fixed to assign CF. cherwis_e, use baseline ) Maryland/Mid-Atlantic

system capacity to assign CF. TRM v.10, p. 295

< 135 kBtu/h = 0.588
> 135 kBtu/h = 0.874

16 When customer-provided heating system size is <80% or >156% of customer-provided cooling system size, a default value will be used, instead. In such
instances, it is assumed that the heating system size was incorrectly documented. The acceptable range is based on a review of the AHRI database across
numerous manufacturers and heat pump types.

17 When missing an efficiency value, use the general equations to convert in Sub-Appendix F2-VI: General equations to convert to the appropriate value.
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Where baseline and installed system
capacities differ, use installed system
CFui Variable capacity to assign CF. Otherwise, use ) Maryland/Mid-Atlantic
winter baseline system capacity to assign CF: TRM v.10, p. 2958
< 135 kBtu/h = 0.588

> 135 kBtu/h = 0.874

21.2.4 Default savings
No default savings will be awarded for this measure if the proper values are not provided in the customer application.
2.1.25 Effective Useful Life

The effective useful life of this measure is provided in Table 2-8.

Table 2-8. Effective Useful Life for lifecycle savings calculations

Program name Value Units ‘ Source(s)

Non-Residential Midstream
VI Energy Efficiency Products 18.00
Program, DSM Phase VII

Maryland/Mid-Atlantic TRM v.10, p.
295

years Program design assumptions
(weighted average of measure lives
of all measures offered by program
and their planned uptake)

Non-Residential Heating and
Wi Cooling Efficiency Program, DSM 15.00
Phase VI

2.1.2.6 Source(s)

The primary sources for this deemed savings approach are the Maryland/Mid-Atlantic TRM v.10, pp. 292-295 and
422-423, and ASHRAE 90.1-2013.

21.2.7 Update summary

Updates made to this section are described in Table 2-9.

Table 2-9. Summary of update(s)

Version Update type Description

2022 Measure life Updated Effective Useful Life (EUL) for the Non-Residential Midstream
Energy Efficiency Products Program, DSM Phase VIII
Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM
2021 Equation Added coincident winter peak demand reduction equation
New table Effective Useful Life (EUL) by program

18 The source TRM does not provide a winter CF. Therefore, the summer CF is applied to the winter CF.
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Added size condition of <65,000 Btu/h and >65,000 Btu/h for determining
2020 Equation which equation to use for ground-source heat pumps. Previously all
ground-source heat pumps used equations with IEER and COP.

Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM
Update to weather stations in North Carolina resulted in revised EFLHs
V10 for weather-sensitive measures

Input variable Baseline efficiency levels were revised per update to ASHRAE 2013 in
VA and NC

2.1.3 Electric chillers

2131 Measure description

This measure relates to the installation of a new high-efficiency electric water chilling package (either water- or air-
cooled types) in place of a standard-efficiency electric water chilling package. For the baseline chiller efficiencies,
refer to Table 17-11 of Sub-Appendix F2-I1l: Non-residential HYAC for the 2013 ASHRAE-90.1 specified minimum
efficiencies. The installed chiller efficiency is taken from the customer application.

This measure is offered through different programs listed in Table 2-10 and uses the impacts estimation approach
described in this section.

Table 2-10. Programs that offer this measure

Program name Section

Non-Residential Heating and Cooling Efficiency Program, DSM Phase VIl Section 2.1.3

Non-Residential Midstream Energy Efficiency Products Program, DSM Phase VIIlI | Section 9.2.3

2132 Impacts estimation approach

Water-cooled chillers

Per-measure, gross annual electric energy savings are calculated according to the following equation:

AkWh kw kw

= Size,y X |—
tonpaseipLy  tONee pLY

X EFLH o0,

Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

kw kw

= Size,, X [— - ] X CFsyummer
toNpase,full load toNee fuil load

AkVVsummer

This measure does not have gross coincident winter peak demand reduction.

Air-cooled chillers

Per-measure, gross annual electric energy savings are calculated according to the following equation:
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AkWh 12 kBtuh/ton 12 kBtuh/ton
- X EFLH yp,

EERbase,IPLV EERee,IPLV

= Sizeye X

Per-measure, gross coincident demand reduction is calculated according to the following equation:

Akw/summer

= Sizeye X summer

12 kBtuh/ton 12 kBtuh/ton]
EERbase,full load EERee,full load

This measure does not provide gross coincident winter peak demand reduction.

Where:
AkWh = per-measure gross annual electric energy savings
AkWsummer = per-measure gross coincident demand reduction
Sizeee = cooling capacity of the installed chiller system

EERbase ipLv, KW/tOnbase,ipLv = chiller system baseline efficiency at integrated part load value (IPLV), in
kW/ton (for kW/tonbase ipLv) assigned based on installed system capacity

EERee,ipLv, KW/tOnee,ipLv = chiller system installed efficiency at integrated part load value (IPLV)

EFLHcoo = equivalent full load hours of cooling

EERubase full load, KW/tONbase,full load = chiller system baseline efficiency at full load

EERee,full load, KW/tONee full oad = chiller system installed efficiency at full load

CFsummer = summer peak coincidence factor

2.1.3.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 2-11. Input values for Non-residential electric chillers

[ Component | Type | vawe | uni | Sowcely
ton,

Sizeee Variable | See customer application cooling Customer application
capacity
See Table 17-11 of Sub-
kW/tonbase full-load Variable Appendix F2-11I: Non-residential kWi/ton 'gssl_'li':—\E 90.1 2013, Table
HVAC -
See Table 17-11 of Sub-
kW/tonbase,ipLv Variable | Appendix F2-11l: Non-residential | kW/ton éssl-llF_zéAE 90.1 2013, Table
HVAC -
kW/tonee full-load Variable | See customer application'® kWi/ton Customer application
kW/tonee pLv Variable | See customer application'® kWi/ton Customer application
See customer application® Customer Application
EERbase, full load Variable | Default: See_Table 17-11 of kBtu/kw ASHRAE 90.1-2013. Table
Sub-Appendix F2-III: Non- 68.1-3 ’
residential HYAC o
See customer application®® Customer Application
EERbase, IPLY Variable Default: See_TabIe 17-11 KBtu/kW ASHRAE 90.1-2013. Table
Sub-Appendix F2-III: Non- 6.8.1-3 ’
residential HYAC o

19 When missing either the IPLV or the full load value, use the general equations to convert in Sub-Appendix F2-VI: General equations to convert to the
appropriate value.
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EERee, full load Variable | See customer application?° kBtu/kW Customer application

EERee, iPLV Variable | See customer application?® kBtu/kW Customer application

Maryland/Mid-Atlantic TRM
v.10, adjusted for ten
locations in VA and NC,

EFLHeoo Variable See Table 17-4 in Sub-Appendix | hours,

F2-1I: Non-residential HYAC annual based on TMY3 cooling
degree days data.
CFeummer Fixed 0923 | - Maryland/Mid-Atlantic TRM

v.10, p. 304

Note that some jurisdictions, such as New Jersey, provide a fixed estimate of full-load cooling hours, while others
provide several estimates of cooling hours based on factors such as facility type, chiller type, chiller efficiency, or
weather region. This TRM follows a similar approach as used in Mid Atlantic TRM in that the full load cooling hours of
chillers are assigned by building type. As per Table 17-11 of Sub-Appendix F2-Ill: Non-residential HVAC , the water
chilling efficiency requirement from ASHRAE 90.1-2010, presents two paths of compliance for water-cooled chillers.
Path A is intended for those project sites where the chiller application is primarily operating at full-load conditions
during its annual operating period. Path B is intended for those project sites where the chiller application is primarily
operating at part-load conditions during its annual operating period. Compliance with the code-specified minimum
efficiency can be achieved by meeting the requirement of either Path A or Path B. However, both full-load and IPLV
levels must be met to fulfill the requirements of Path A or Path B.

For applications in the Virginia and North Carolina regions, chillers are expected to operate primarily at full-load
conditions for a significant portion of their operating period. Therefore, the Path A efficiency is used for the baseline.

2.1.34 Default savings
No default savings will be awarded for this measure if the proper values are not provided in the customer application.

2.1.35 Effective Useful Life

The effective useful life of this measure is provided in Table 2-12.

Table 2-12. Effective Useful Life for lifecycle savings calculations

Program name Value Units ‘ Source(s)

Non-Residential Midstream
VIl Energy Efficiency Products 23.00 | years Maryland/Mid-Atlantic v.10, p. 304
Program, DSM Phase VI

Program design assumptions
(weighted average of measure lives
of all measures offered by program
and their planned uptake)

Non-Residential Heating and
VIl Cooling Efficiency Program, DSM 15.00 | years
Phase VI

20 When missing either the IPLV or the full load value, use the general equations to convert in Sub-Appendix F2-VI: General equations to convert to the
appropriate value.
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2.1.3.6 Source(s)

The primary sources for this deemed savings approach are the Maryland/Mid-Atlantic TRM v.10, pp. 302-305 and
422 and ASHRAE 90.1-2013, Table 6.8.1-3 - Water Chilling Packages - Efficiency Requirements.

2.1.3.7 Update summary

Updates made to this section are described in Table 2-13.

Table 2-13. Summary of update(s)

2022 None No change
2021 Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM
New table Effective Useful Life (EUL) by program
2020 None No change
Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM
Update to weather stations in North Carolina resulted in revised EFLHSs for
v10 Inout variable weather-sensitive measures
P Baseline efficiency levels were revised per update to ASHRAE 2013 in VA
and NC

2.1.4 HVAC Variable Frequency Drives

2141 Measure description

This measure defines savings that result from installing a variable frequency drive (VFD) control on a HYAC motor
with application to supply fans, return fans, exhaust fans, cooling tower fans, chilled water pumps, condenser water
pumps, and hot water pumps. The HVAC application must also have a variable load and proper controls in place:
feedback control loops to fan/pump motors and variable air volume (VAV) boxes on air-handlers.

The algorithms and inputs to calculate energy and demand reduction for VFDs are provided below. The baseline
equipment fan/pump type should be determined from the program application, if available. Otherwise, the minimum
savings factors will be applied. For all known types, the energy savings calculations will include the following baseline
applications:

HVAC Fans
Airfoil / Backward-Inclined (AF / Bl) Fan

Airfoil / Backward-Inclined w/Inlet Guide Vanes (AF / Bl IGV) Fan
Forward Curved (FC) Fan
Forward Curved w/Inlet Guide Vanes (FC IGV) Fan

Unknown (Default)

HVAC Pumps
Chilled Water Pump (CHW Pump)
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Condenser Water Pump (CW Pump)
Hot Water Pump (HW Pump)
Unknown (Default)

This measure is offered through the programs listed in Table 2-14. TheNon-Residential Heating and Cooling
Efficiency Program, DSM Phase VII uses the impacts estimation approach described In this section. However, the
savings methodology is different for the Non-Residential Small Business Improvement Enhanced Program, described
in section 8.2.7.

Table 2-14. Programs that Offer this Measure

Program name Section ‘

Non-Residential Heating and Cooling Efficiency Program, DSM Phase VII Section 2.1.4

Non-Residential Small Business Improvement Enhanced Program, DSM Phase VIII | Section 8.2.7

21.4.2 Impacts estimation approach
Per-measure, gross annual electric energy savings are calculated according to the following equations:
HVAC Fans:

AkWhee, _ hpx0.746 x LF
n

X HOU x ALR

ALR 100%
= Z FF X (PLRpgse — PLR)
0%

HVAC Pumps:

AW hyymp — _ hp x 0.746 x LF
n

X HOU x ESF

Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

HVAC Fans:

AW an summer _ hp x 0.746 x LF
n

X (PLRbase,peak - PLRee,peak) =0

HVAC Pumps:

__hpx0.746 x LF
n

Ak Wpump,summer

X CFommer X DSF
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Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

HVAC Fans:
AkWranwinter — _ hp x 0.746 x LF

X (PLRbase,peak - PLRee,peak) =0

n
HVAC Pumps:
: hp x 0.746 x LF
AkWPump.WLnter — p T] X CFWl'nter X DSF
Where:
AkWh = per-measure gross annual electric energy savings

AkWsummer = per-measure gross coincident summer peak demand reduction
AkWiinter = per-measure gross coincident winter peak demand reduction

hp = motor horsepower

LF = motor load factor (%) at fan design airflow rate or pump design flowrate
n = NEMA-rated efficiency of motor

HOU = annual operating hours for fan motor based on building type

ALR = change in load ratio due to differences in part-load ratios

FF = flow fraction, percentage of run-time spent within a given range of flows
PLRbase = baseline part-load ratio

PLRee = efficient part-load ratio

PLRbase, peak = summer peak baseline part-load ratio
PLRee, peak = summer peak efficient part-load ratio

ESF = energy savings factor

DSF = demand savings factor

CFummer = Summer peak coincidence factor
CFinter = Winter peak coincidence factor

2.1.4.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 2-15. Input values for non-residential variable frequency drives

Variable See customer application horsepower | Customer application
See customer application - Customer application
LF Variable Maryland/Mid-Atlantic TRM
Default: 0.65 - v.10, p. 297
See customer application Customer application
n Variable | For default see Table 2-16. - NEMA Standards Publication
Baseline motor efficiency Condensed MG 1-2007
. Maryland/Mid-Atlantic TRM
FF Fixed 0.524 per Table 2-17 - v.10, p. 297
See customer application Customer application
PLRbase Variable | Default = 0.53 per Table 2-19. - Maryland/Mid-Atiantic TRM
forward-curved fan with outlet v.10 p. 298
dampers at FF=0.524 -0, P-
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o sources) |

PLRbase peak leed DNV engineering judgement
See customer application Customer application
PLR Variable Default: 0.30%! per Table 2-19. for | _ - .
* VFD with duct Static Pressure y%ylang/g'\g'd Atlantic TRM
Controls at FF=0.524 0P
PLRee, peak Fixed 1.00 | - DNV engineering judgement
. ) Maryland/Mid-Atlantic TRM
ESF Variable See Table 2-20 - V.10, p. 301
. Maryland/Mid-Atlantic TRM
DSF Variable See Table 2-20 - v.10, p. 301
. See Table 17-6 in Sub-Appendix hours, Maryland/Mid-Atlantic TRM
HOU Variable F2-11: Non-residential HYAC annual v.10, pp. 299-301
. L Maryland/Mid-Atlantic TRM
CFsummer Fixed 0.55 for pump applications - V.10, p. 299
Dominion Energy 2012
CFuwinter Fixed 0.78 for pump applications - Commercial HVAC VSD
Study??

Table 2-16 provides the baseline motor efficiencies that are consistent with the minimum federal accepted motor
efficiencies provided by the National Electrical Manufacturers Association (NEMA).23

Table 2-16. Baseline motor efficiency?*

Horsepower (hp) n Horsepower (hp) n

1 0.855 60 0.950
15 0.865 75 0.954

0.865 100 0.954

0.895 125 0.954

0.895 150 0.958
7.5 0.917 200 0.962
10 0.917 250 0.962
15 0.924 300 0.962
20 0.930 350 0.962
25 0.936 400 0.962
30 0.936 450 0.962
40 0.941 500 0.962
50 0.945

21 Corresponds to the approximate PLR for ‘VFD with Duct Static Pressure Controls’ from Table 2-18. at the average FF of 52.4% from Table 2-17.
22 The source TRM does not provide a winter CF. Therefore, the results from Dominion Energy’s 2012 Commercial VSD Loadshape study to calculate winter CF.

23 Refer to NEMA Standards Publication “Condensed MG 1-2011 - Information Guide for General Purpose Industrial AC Small and Medium Squirrel-Cage
Induction Motor Standards” and Table 52 ‘Full-Load Efficiencies for 60 Hz NEMA Premium Efficiency Electric Motors Rated 600 Volts or Less (Random
Wound)' in said standard.

24 NEMA Standards Publication Condensed MG 1-2011 - Information Guide for General Purpose Industrial AC Small and Medium Squirrel-Cage Induction Motor
Standards. Assumed Totally Enclosed Fan-Cooled (TEFC), Premiums Efficiency, 1800 RPM (4 Pole).
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Table 2-17 provides the assumed proportion of time that fans operate within ten ranges of airflow rates, relative to the

design airflow rate (cfm).

Table 2-17. Default fan duty cycle

Airflow range

(% of design cfm)

Airflow Fraction (FF),
percent of time in flow

Average flow range
(% of design cfm)

52.4%

0% - 10% 0.0%
10% - 20% 1.0%
20% - 30% 5.5%
30% - 40% 15.5%
40% - 50% 22.0%
50% - 60% 25.0%
60% - 70% 19.0%
70% - 80% 8.5%
80% - 90% 3.0%
90% - 100% 0.5%

Table 2-18. provides the part-load ratios (PLRs) that vary with fan control types and air flow range.
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Table 2-18. Part load ratios by control type, fan type, and flow range

Control type

Fan type(s)

Airflow range (percent of design cfm)

Docket No. E-22, Sub 645

70% - 80% - 90% -
80% 90% 100%
No control or bypass Al 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
damper
Discharge dampers All 0.46 0.55 0.63 0.70 0.77 0.83 0.88 0.93 0.97 1.00
Outlet damper BI, AF 0.53 0.53 0.57 0.64 0.72 0.80 0.89 0.96 1.02 1.05
Inlet damper box All 0.56 0.60 0.62 0.64 0.66 0.69 0.74 0.81 0.92 1.07
Inlet guide vane BI, AF 0.53 0.56 0.57 0.59 0.60 0.62 0.67 0.74 0.85 1.00
Inlet vane dampers All 0.38 0.40 0.42 0.44 0.48 0.53 0.60 0.70 0.83 0.99
Outlet damper FC 0.22 0.26 0.30 0.37 0.45 0.54 0.65 0.77 0.91 1.06
Eddy current drives All 0.17 0.20 0.25 0.32 0.41 0.51 0.63 0.76 0.90 1.04
Inlet guide vane FC 0.21 0.22 0.23 0.26 0.31 0.39 0.49 0.63 0.81 1.04
VFD with duct static Al 009 010 011 015| 020 029| 041 057 0.76 1.01
pressure controls
VFD with low/no duct
static pressure controls All 0.05 0.06 0.09 0.12 0.18 0.27 0.39 0.55 0.75 1.00
(<1” w.g.)

Fan types include: Bi=Backward Inclined fan; AF=Airfoil Fan; and FC=Forward-Curved fan.

Table 2-19 displays the average part-load ratios calculated using the flow fractions from Table 2-17, and the part-load values across flow ranges from

Table 2-18.
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Table 2-19. Average Baseline Part Load Ratios (PLRs) by control type, and fan type

| Affoil(AF)or (AF) or
Backward Inclined (BI)
Outlet damper Forward Curved (FC) or
0.53
Unknown
Discharge damper All 0.81
Inlet damper box All 0.70
Baseline Airfoil (AF) or 0.64
Inlet quide vane Backward Inclined (BI) )
9 Forward Curved (FC) or 0.40
Unknown )
Inlet vane damper All 0.54
Eddy current drive All 0.50
No control or bypass damper All 1.00
VFD with duct static pressure controls All 0.30
Efficient VFD with low/no duct static pressure controls
, All 0.28
(<1”w.g.)
Table 2-20. Energy and demand savings factors by application
VFD Applications?® ESF DSF
Chilled Water Pump 0.633 0.460
Hot Water Pump 0.652 0.000
Unknown/Other Pump (Average)?® 0.643 0.230

2.1.4.4 Default savings

No default savings will be awarded for this measure if the proper values are not provided in the customer application.

2.1.45 Effective Useful Life

The effective useful life of this measure is provided in Table 2-21.

Table 2-21. Effective Useful Life for lifecycle savings calculations

DSM .

Program design assumptions

Non-Residential Heating and (weighted average of measure lives
VIl Cooling Efficiency Program, DSM 15.00 | years 9 9
of all measures offered by program

Phase VI and their planned uptake)

25 Mid-Atlantic TRM 2020, p. 301.
26 Assigned for pumps not specifically in this table, such as condenser water pump.
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2.1.4.6 Source(s)
The primary sources for this deemed savings approach Maryland/Mid-Atlantic TRM v.10, pp. 296-301.
21.4.7 Update summary

Updates made to this section are described in Table 2-22.

Table 2-22. Summary of update(s)

2022 None No change

Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM
2021 New table Effective Useful Life (EUL) by program

Equation Added gross winter peak demand reduction equation
2020 None ?ﬁgsgeetfg?gesnutlgﬁgesz Sifn(;(;r.]trm strategies to clarify assumptions. No
v10 Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM

2.1.5 Dual enthalpy air-side economizers

2151 Measure description

Non-Residential Heating and Cooling Efficiency Program

This measure involves the installation of a dual-enthalpy economizer to provide free cooling during the appropriate
ambient conditions. Dual-enthalpy economizers are used to control a ventilation system’s outside-air intake in order
to reduce a facility’s total cooling load. The economizer operation controls the outside air and return air flow rates by
monitoring the outside air temperature (sensible heat) and humidity (latent heat) and provides free cooling in place of
mechanical cooling. This reduces the load on the mechanical cooling system and lowers the operating hours. This
measure applies only to retrofits or newly-installed cooling units with a factory-installed “dual-enthalpy” economizer
controller. The baseline condition is the existing HVAC system without economizer. The efficient condition is the
HVAC system with functioning dual enthalpy economizer control(s).

Non-Residential Small Business Improvement Enhanced Program

In addition to the measure scope description in Non-Residential Heating and Cooling Efficiency Program above, this
program also includes repair of existing dual-enthalpy economizer. This measure is offered through the programs
listed in Table 2-23 and uses the impacts estimation approach described in this section.

Table 2-23. Programs that offer this measure

Program name Section ‘

Non-Residential Heating and Cooling Efficiency Program, DSM Phase VIl Section 2.1.5

Non-Residential Office Program, DSM Phase VII Section 7.3.7

Non-Residential Small Business Improvement Enhanced Program, DSM Phase VIII | Section 8.2.5
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2152 Impacts estimation approach

Per-measure, gross annual electric energy savings are calculated according to the following equation:

AkWh = Size,,,; % ESF

Per-measure, gross summer and winter coincident demand reduction is assumed to be zero because an economizer
will typically not operate during the peak period.?” Hence,

AkeWeymmer = BkWyinter = 0

Where:

AkWh = per-measure gross annual electric energy savings

AkWsummer = per-measure gross summer peak coincident demand reduction

AkWhuinter = per-measure gross winter peak coincident demand reduction

Sizecoor = HVAC system cooling capacity

ESF = annual energy savings factor for the installation of dual enthalpy economizer control

2.1.5.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 2-24. Input values for economizer repair savings calculations

Sizecool Variable See customer application tons Customer application
ESF Variable See Table 2-25 kWh/ton lg)/lagillfnd/Mld-Atlantlc TRMv.10,

27 Maryland/Mid-Atlantic TRM v.10, p. 313.
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Table 2-25. Economizer energy savings factors by building type?®

Energy savings factors (kWh/ton)

Building type
9typ Baltimore | Richmond, Norfolk, R ke, Sterling, Arlington Farmville, Fredericks Elizabeth
, MD VA VA VA VA VA VA burg, VA City, NC

Education:?®
college and
university,
high school, 39 46 51 35 35 48 34 41 43 56
— elementary
and middle
school

Rocky
Mount, NC

43

Food sales:3
grocery,3!
convenience
store, gas 57 67 75 51 51 70 50 59 63 82
station
convenience
store

63

Food 29 34 38 26 26 36 26 30 32 41

32

H .32
P 29 34 38 26 26 36 26 30 32 41

32

fast food®® 37 43 49 33 33 46 33 39 41 53

41

Mercantile
(retail, not 57 67 75 51 51 70 50 59 63 82
mall)34

63

Mercantile

57 67 75 51 51 70 50 59 63 82
(mall)

63

2 Maryland/Mid-Atlantic TRM v.10, p. 314 lists savings factor for installation of dual enthalpy economizer. Mid Atlantic TRM does not have savings factor for VA or NC, therefore Baltimore, MD savings factors are
scaled to determine those for Richmond, VA and Rocky Mount-Wilson/Elizabeth City, NC values using the CDD provided in Sub-Appendix F2-I: Cooling and heating degree days and . For example, VA and
NC values are calculated from Baltimore, MD savings factors and degree days (DD-65°F = CDD) using TMY3 data.

29 All education building types in the STEP Manual were mapped to savings factors for the “Primary School” building type listed in the Maryland/Mid-Atlantic TRM v.10, p. 314.

30 All food sales, and service (beauty, auto repair workshop) building types in the STEP Manual were mapped to savings factors for the “Small Retail” building type listed in the Maryland/Mid-Atlantic TRM v.10, p.
314.

81 Food-sales-grocery and mercantile (mall) building types in the STEP Manual were mapped to the “Big Box Retail” building type listed in the Maryland/Mid-Atlantic TRM v.10, p. 314.

32 A1 general food service and food service-full service building types in the STEP Manual were mapped to savings factors for the “Full Service Restaurant” building type listed in the Maryland/Mid-Atlantic TRM
v.10, p. 314.

33 Food service — fast food building types in the STEP Manual were mapped to savings factors for the “Fast Food” building type in the Maryland/Mid-Atlantic TRM v.10, p. 314.

34 Mercantile (retail, not mall) building types in the STEP Manual were mapped to savings factors for the “Small Retail” building type in the Maryland/Mid-Atlantic TRM v.10, p. 314.
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Energy savings factors (kWh/ton)

Building type

Baltimore | Richmond, Norfolk, Roanoke, Sterling, Arlington, Charlottes- Farmuville, Fredericks Elizabeth Rocky
, MD VA VA AVZAN AVZAN VA ville, VA AVZAN burg, VA City, NC Mount, NC

Office: Small
(<40,000 sq.
ft.)% and 57 67 75 51 51 70 50 59 63 82 63
Large (2
40,000 sq. ft.)
Public
assembly
Religious
worship

Other3¢;
lodging
(hotel, motel
and
dormitory),
health care
(outpatient,
inpatient)
public order
and safety
(police and
fire station)

25 29 33 23 22 31 22 26 28 36 28

57 67 75 51 51 70 50 59 63 82 63

Service
(beauty, auto
repair
workshop)
Warehouse
and storage

57 67 75 51 51 70 50 59 63 82 63

35 office — small (< 40,000 sqft) and office — large (>= 40,000 sqft) building types in the STEP Manual were mapped to savings factors for the “Small Office” building types in the Maryland/Mid-Atlantic TRM v.10, p.
314.

36 Other, lodging — (hotel, motel and dormitory), health care-outpatient, healthcare-inpatient, public order and safety (police and fire station) building types in the STEP Manual were mapped to the “Other” building
type in the Maryland/Mid-Atlantic TRM v.10, p. 314.
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2154 Default savings

If the proper values are not supplied, a default savings may be applied using conservative input values. Default hours
of use will be taken from the above chart if the building type is available.

The default gross coincident demand reduction is zero.
2.155 Effective Useful Life

The effective useful life of this measure is provided in Table 2-26.

Table 2-26. Effective Useful Life for lifecycle savings calculations

DSM

Non-Residential Building
Optimization Program, DSM
Phase IX . .
Non-Residential Small Business 10.00 | years Mid-Atlantic TRM 2020, p. 313
VI Improvement Enhanced Program,
DSM Phase VIl
Non-Residential Heating and Proaram desian assumptions
VIl Cooling Efficiency Program, DSM 15.00 9 9 P .
(weighted average of measure lives
Phase VII years
Non-Residential Office Program, of all rrln (_easlures offeredkby program
Vil DSM Phase VII 7.00 and their planned uptake)

2.1.5.6 Source(s)
The primary source for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, pp. 313-314.
2157 Update summary

Updates made to this section are described in Table 2-27.

Table 2-27. Summary of update(s)

2022 None No change
Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM
2021 Input variable Expanded weather stations
New table Effective Useful Life (EUL) by program
Equation Added gross winter peak demand reduction equation
2020 None No change
V10 Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM
Input variable Updated weather stations in North Carolina
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3 NON-RESIDENTIAL WINDOW FILM PROGRAM, DSM PHASE VI

The Non-Residential Window Film Program provides incentives to non-residential customers to install reflective
window film on existing windows in order to reduce the solar heat gain through the affected windows. The program
has been offered in Virginia beginning August 1, 2014 and in North Carolina beginning January 1, 2015.

3.1 Building envelope end use

3.1.1  Window film

3.1.1.1 Measure description

This measure applies to window film installed on existing windows to reduce the solar heat gain through the affected
window. Because the window film reduces solar heat gain, cooling loads are often reduced leading to mechanical
cooling savings. For the same reason, heating load may also increase leading to mechanical heating penalties.

Windows facing any orientation are eligible. The film must be SHGC equal to or less than 0.5.3"

This measure applies to window film installed on the exterior side of existing non-residential single pane or double
pane windows. Savings are calculated per square foot of north, south, east, and west facing windows.

This measure is offered through different programs listed in Table 3-1 and uses the impacts estimation approach
described in this section.

Table 3-1. Programs that offer this measure

Program name Section

Non-Residential Window Film Program, DSM Phase VI Section 3.1.1
Non-Residential Small Business Improvement Enhanced Program, DSM Phase VIII Section 8.1.1
3.1.1.2 Impacts estimation approach

The window film installation measure savings calculations utilize savings factors developed using OpenStudio™ and
EnergyPlus™ software simulations of prototypical building models. The prototype building models were sourced from
the DOE Commercial Reference Buildings within OpenStudio. Two building types, the public assembly and public
safety and health buildings, were developed by DNV, as these building types were not included in the DOE
Commercial Reference Buildings. The prototype models were modified for various heating equipment types. All
models were based on building energy code and ASHRAE climate zone 4A.

Savings factors are calculated as the difference in simulated energy consumption between the baseline models and
the efficient models. An efficient model is created for windows facing each orientation. This is done by changing the
window properties to the efficient case in a given orientation, to isolate the effects of installing window film on each

orientation, on the building energy consumption. DNV modeled an array of different building types, to represent the

37 DSM Phase VII Non-Residential Window Film Program design assumptions.

DNV — www.dnv.com

Page 40

OFFICIAL COPY

Jun 15 2023



Dominion Energy North Carolina Docket No. E-22, Sub 645

DNV

varying types of customers who may participate in this program. DNV encountered three modeling scenarios, related
to where windows are installed on the prototypical baseline models:

There are prototype models where there are windows on all four walls. In these cases, the efficient models are run
with window film applied to each individual window orientation, to isolate its impact on energy consumption.

In some of the prototype models there are windows only on one orientation. In these cases, the model was rotated by
90 degrees for each orientation in the efficient model, to isolate the effects of the window film installation on that
orientation.

Some prototype models did not have windows in the North orientation. In these cases, savings are set to zero as the
savings are relatively small compared to the other orientations and the quantity of windows in these building types
with north facing windows will likely be relatively small.

Table 3-2 provides building descriptions and the HVAC heating type assumptions depending on the heating fuel type.
Table 3-2. DOE and DNV building type descriptions

Electric
Building Total floor area Gas heating HVAC heating

No. Floors Note

type (sq. ft.) system HVAC
system

Quick No north-facing
service 2500 1 Packaged AC w/ gas Packaged | windows; north facing
restaurant ! furnace HP savings factors were not
estimated
No north-facing
Full service Packaged AC w/ gas Packaged | windows; north facing
5,500 1 :
restaurant furnace HP savings factors were not
estimated
PTHP &
Hospital 241,351 5 | CHW/HW plantw/ VAV | 555 g
& HW reheat :
HW coils
Packaged
Outpatient Packaged VAV w/ HW VAV w/
40,946 3 ; .
healthcare & electric reheat electric
reheat
PTHP &
Large hotel 122,120 g | CHW/HW plant w/ 4- Packaged
pipe FC HPs
Small office 5,500 1 Packaged AC w/ gas Packaged
furnace HP
. CHW/HW plant w/ VAV
Large office 498,588 12 & HW reheat WSHP
Packaged
Primary 73.960 1 Packaged VAV w/ HW VAV \(v/
school reheat electric
reheat
Secondary CHW/HW plant w/ VAV
school 210,887 2 & HW reheat WSHP
Original model has only
east-facing windows.
Star_ld-alone 24.962 1 Packaged AC w/ gas Packaged Models were rotated to
retail furnace HP ) .
estimate savings for all
cardinal directions
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Electric
Building Total floor area Gas heating HVAC heating
type (sq. ft.) ME. [HEers system HVAC NI
system
Original model has only
east-facing windows.
Strip mall 22,500 1 Packaged AC w/ gas Packaged Models were rotated to
furnace HP . .
estimate savings for all
cardinal directions
Public 28,024 2 Pa_ckaged AC w/ HW Packaged Developed by DNV
assembly coils HP
Public Packaged AC w/ HW Packaged
order and 8,734 2 Developed by DNV
reheat HP
safety
Quick No north-facing
B Packaged AC w/ gas Packaged | windows; north facing
service 2,500 1 .
furnace HP savings factors were not
restaurant )
estimated
No north-facing
Full service 5500 1 Packaged AC w/ gas Packaged | windows; north facing
restaurant ! furnace HP savings factors were not
estimated
PTHP &
. CHW/HW plant w/ VAV
Hospital 241,351 5 & HW reheat DOAS W/
HW coils
Packaged
Outpatient 40.946 3 Packaged VAV w/ HW VAV w/
healthcare ' & electric reheat electric
reheat
PTHP &
Large hotel 122,120 6 | CHW/HW plant w/ 4- Packaged
pipe FC HPs

Models are run for various locations throughout Dominion Energy’s service territory using typical meteorological year
3 (TMY3) data—and maodification of a few key window parameters.3® The assumed values for key parameters
affected by addition of window film to single and double pane windows are provided in Table 3-3.

Table 3-3. Key building energy modelling parameters

Window Window type Baseline Source(s) * Efficient Source(s)®®
variable value value

U-Factor Single pane 1.23 | DEER (1978-2001) 1.23 | DEER (1978-2001)
Double pane 0.77 | DEER (1993-2001) 0.77 | DEER (1993-2001)

SHGC Single pane 0.82 | DEER (1978-2001) 0.40 | Program requirement
Double pane 0.61 | DEER (1993-2001) 0.40 | Program requirement

The savings factors are listed per square foot of reflective window film area for each building type and window
orientation Table 17-25 to Table 17-34 Table 17-33. Savings factors differ based on the number of panes within

38 See Sub-Appendix |: Cooling and Heating Degree Days and Hours for a description of the weather stations selected for this document.
39 Building vintage ranges defined in DEER, http://www.deeresources.com
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affected windows (single or double) and the heating fuel type of the building (electric or non-electric). Per-measure,
gross annual electric energy savings are calculated according to the following equation:

AkWh = SqFtorientation X ESForientation

Per-measure, gross coincident summer and winter peak demand reduction is negligible for this measure

Where:

AKkWh = per-measure gross annual electric energy savings
SqFtorientation = area of window film for each window orientation of a retrofitted building
ESForientation = annual energy savings factor

3.1.1.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 3-4. Input values for solar window film

comporent | e | vawe | umt | Same

SqFtorientation Variable See customer application sq.ft. Customer appllcatlon

See Table 17-25 to Table 17-34
in Sub-Appendix F2-V: Non-

ESForientation Variable residential window film energy kWh/sq.ft.
saving factors 17.8

DOE 2.2 energy modeling
software

3.1.1.4 Default savings

No default savings will be awarded for this measure if the proper values are not provided in the customer application.

3.1.15 Effective Useful Life

The effective useful life of this measure is provided in Table 3-5.

Table 3-5. Effective Useful Life for lifecycle savings calculations

Program name Value Units Source(s)

Non-Residential Small Business

VIl Improvement Enhanced Program, 10.00 New York TRM 2019 v.7, p. 7704
DSM Phase VIl

years Program design assumptions

VI Non-Residential Window Film 10.00 (weighted average of measure lives

Program, DSM Phase VII ’ of all measures offered by program
and their planned uptake)

40 California DEER 2014, GlazDaylt-WinFilm
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3.1.1.6

The deemed savings for this measure are determined by using prototypical building energy models defined by
California’s 2008 Database for Energy Efficient Resources (DEER)*! and modified to represent program-specific
window characteristics for ten cities across Dominion Energy’s service territory in Virginia and North Carolina (eight

DNV

Source(s)

Docket No. E-22, Sub 645

locations in Virginia and two in North Carolina).

3.1.1.7

Update summary

Updates made to this section are described in Table 3-6.

Table 3-6. Summary of update(s)

2022 None No change
New table Effective Useful Life (EUL) by program
2021 Inout variable Updated per-square-foot savings using new building models and revised
P weather stations
2020 None No change
vi0 Input variable Upc_;lated per-squarejfoot savings for buildings in North Carolina based on
revised weather stations

“thttps://cedars.sound-data.com/
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4 NON-RESIDENTIAL PRESCRIPTIVE PROGRAM, DSM PHASE VI

Dominion’s Non-Residential Prescriptive Program provides qualifying business owners incentives to use pursue one
or more of the qualified energy efficiency measures through a local, participating contractor in Dominion’s contractor
network. To qualify for this program, the customer must be responsible for the electric bill and must be the owner of
the facility or reasonably able to secure permission to complete the measures. All program measures are
summarized in Table 4-1.

Table 4-1. Non-residential prescriptive program measure list

End use Measure Manual section

Commercial convection oven Section 4.1.1
Commercial combination oven Section 4.1.2
Commercial fryer Section 4.1.3
Cooking Commercial griddle Section 4.1.4
Commercial hot food holding cabinet Section 4.1.5
Commercial steam cooker Section 4.1.6
Variable speed drives on kitchen fan Section 4.1.7
Duct testing & sealing Section 4.2.1
HVAC - : -
Unitary/split AC/HP tune-up Section 4.2.2
Appliance or Smart strip Section 4.3.1
Plug Load Vending machine miser Section 4.3.2
Door closer Section 4.4.1
Door gasket Section 4.4.2
Commercial freezers and refrigerators — solid door Section 4.4.3
Commercial ice maker Section 4.4.4
Evaporator fan ECM retrofit Section 4.4.5
) . Evaporator fan control Section 4.4.6
Refrigeration - A
Floating head pressure control Section 4.4.7
Low/no-sweat door film Section 4.4.8
Refrigeration night cover Section 4.4.9
Refrigerator coil cleaning Section 4.4.10
Suction pipe insulation (cooler & freezer) Section 4.4.11
Strip curtain (cooler & freezer) Section 4.4.12
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4.1 Cooking end use

4.1.1 Commercial convection oven

4111 Measure description

This measure involves the installation of an ENERGY STAR® qualified commercial convection oven. Commercial
convection ovens that are ENERGY STAR certified have higher heavy load cooking efficiencies and lower idle energy
rates making them more efficient than standard models.

The baseline equipment is assumed to be a standard-efficiency convection oven with a heavy-load efficiency of 65%
for full-size electric ovens (i.e., a convection oven that can accommodate full-size sheet pans measuring 18 x 26 x 1-
inch) and 68% for half-size electric ovens (i.e., a convection oven that can accommodate half-size sheet pans
measuring 18 x 13 x 1-inch).

This measure is offered through different programs listed in Table 4-2 and uses the impacts estimation approach
described in this section.

Table 4-2. Programs that offer this measure

Program name Section

Non-Residential Prescriptive Program, DSM Phase VI Section 4.1.1

Non-Residential Midstream Energy Efficiency Products Program, DSM Phase VIII | Section 9.1.2

Non-Residential Prescriptive Enhanced Program, DSM Phase IX Section 16.1.1
41.1.2 Impacts estimation approach

The baseline annual electric energy consumption is calculated as follows:

kWh E s
base — [lbdaily X ~conv + kaase,idle X (HouT'Sdaily B M )] 8 Days

base

The efficient annual electric energy consumption is calculated as follows:

kWhe,

E b
= |lbgqity X 2+ kWeeiare X | H OUTSqqily — daly )| x Days
nee PC@E

Per-measure, gross annual electric energy savings are calculated using the following equations:

AkWHh = kWhpgse — kWhee

Per-measure, gross coincident summer peak demand reduction is calculated using the following equation:
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AkWsymmer _ AkWh %
~ (Hoursgggy X Days)

CF;‘ummer

Per-measure, gross coincident winter peak demand reduction is calculated using the following equation:

AkVVwinter _ AkWh x CF
- inter
(Hoursgggy X Days) W
where:
AkWh = per-measure gross annual electric energy savings

AkWsummer = per- measure gross coincident summer peak demand reduction
AkWhinter = per- measure gross coincident winter peak demand reduction
hoursdgaiy = average daily operating hours

Econv. = ASTM Energy to Food; the amount of energy absorbed by food during convection cooking
[Ddaily = pounds of food cooked per day

days = annual days of operation

Tbase = baseline equipment cooking energy efficiency
Nee = efficient equipment cooking energy efficiency
KWhaseide = baseline equipment idle energy rate

KWeeide = efficient equipment idle energy rate

PChase = baseline equipment production capacity

PCee = efficient equipment production capacity
CFsummer = summer peak coincidence factor

CFuwinter = winter peak coincidence factor

41.1.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-3. Input parameters for convection oven

Component Source(s)
See customer application Customer application
HOUrSda Variabl For defaults see Table 17-17 hours,
OUrSdaily anable | in sub-Appendix F2-V: Non- daily Maryland/Mid-Atlantic TRM v.10, p.
residential commercial kitchen 383
inputs
See customer application Customer application
) For defaults see Table 17-17 days,
Days Variable | i sup-Appendix F2-V: Non- annual | Maryland/Mid-Atlantic TRM v.10, p.
residential commercial kitchen 383
inputs
See customer application b Customer application
IDdaily Variable . i i
Default: 100 daily g/ISagryland/Md Atlantic TRM v.10, p.
Ecom Fixed 0.0732 | KWhilb g/lszryland/Mld-Atlantlc TRM v.10, p.
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Component Type ’ Source(s)

. Half Size: 45 Maryland/Mid-Atlantic TRM v.10, p.

PCbase Variable Full Size: 90 Ib/hour 383
Variable Half Size: 0.68 i Maryland/Mid-Atlantic TRM v.10, p.

Tbase Full Size: 0.65 383
_ . Half Size:1.03 Maryland/Mid-Atlantic TRM v.10, p.

KWhase,idle Variable Full Size: 2.00 kw 383
‘ : Half Size: 1.00 Maryland/Mid-Atlantic TRM v.10, p.

KWee,idle Variable Full Size: 1.60 kw 382
. Half Size: 50 Maryland/Mid-Atlantic TRM v.10, p.

PCee Variable Full Size: 90 Ib/hour 383
. Half Size: 0.71 Maryland/Mid-Atlantic TRM v.10, p.

Mee Variable | ¢ 5z 0.71 - 383
CFeummer Fixed 10 | - gﬂsagﬂand/Mld-Atlantlc TRM v.10, p.
CFuinter Fixed 10 | - gﬂsirgand/Mld—Atlantlc TRM v.10, p.

41.1.4 Default savings

If the proper values are not supplied, a default savings may be applied using conservative input values. The default
per-measure gross annual electric energy savings for a half size convection oven will be assigned as follows:

[ E b -
kWhpase = |Ibgainy X == + kWpgse iate X <H OUTSqqily — dally ) X Days
| base PCbase
= _100 lb x 0.0732 kW /1b +1.03 kW x(13.1h 100 tb/day x 307d
= 0.68 ' TS b /hr ars
= 6,744.43 kWh
[ E lb,,i
kWh, = bgqiry %X o+ kWee igie X (Hoursdaily - dally) X Days
| Nee PC,,
10015 x ZOT3ZKW/I 1 00 kw x (131 r — 20BN 00 4
— 0.71 ' ST T80 b /hr s
=6,572.83 kWh

AWh = kWhygase — kWhe,

42 No specific study of commercial kitchen equipment coincident peak demand savings is available. In the absence of this information, a simple average demand
value is used: Annual energy savings divided by the total annual hours of operation and the coincidence factor is 1.0.
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= 6,744 kWh — 6,572 kWh

= 171.60 kWh

Per-measure, default gross coincident summer peak demand reduction is calculated using the following calculation:

AkWsymmer _ AkWh %
~ (Hoursgggy X Days)

F;‘ ummer

B 172 kWh <10
"~ (13.1 hr x 307 day)

= 0.043 kW

Per-measure, default gross coincident winter peak demand reduction is calculated using the following calculation:

AkVVwinter _ AkWh X CF...
= t
(Hoursgqy % Days) winter
172 kWh
x 1.0

~ (131 hr x 307 day)

= 0.043 kW

4115 Effective Useful Life

The effective useful life of this measure is provided in Table 4-4.

Table 4-4. Effective Useful Life for lifecycle savings calculations

DSM

Non-Residential Prescriptive
Enhanced Program, DSM Phase

IX 1200 | YEQrs Maryland/Mid-Atlantic TRM v.10, p.
Non-Residential Midstream ' 385
VI Energy Efficiency Products

Program, DSM Phase VIII

Program design assumptions
(weighted average of measure lives
of all measures offered by program
and their planned uptake)

Non-Residential Prescriptive

Vi Program, DSM Phase VI

6.30 | years
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41.1.6 Source(s)
The primary sources for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, pp. 382-385.
41.1.7 Update summary

Updates made to this section are described in Table 4-5.

Table 4-5. Summary of update(s)

2022 None No change
Source Updated page numbers / version of the Mid-Atlantic TRM

Jo21 Input variable Updated Hourdaily and Days values and default customer building type
Equation Added equation for coincident winter peak demand reduction
New table Effective Useful Life (EUL) by program

2020 None No change

10 Source Updated page numbers / version of the Mid-Atlantic TRM

v

Input variable Clarified default assumption values

4.1.2 Commercial combination oven

4121 Measure description

This measure involves the installation of an ENERGY STAR® qualified combination oven. A combination oven is a
convection oven that includes the added capability to inject steam into the oven cavity and typically offers at least
three distinct cooking modes. This measure applies to time of sale opportunities. The baseline equipment is assumed
to be a typical standard-efficiency electric combination oven.

This measure is offered through different programs listed in Table 4-6 and uses the impacts estimation approach
described in this section.

Table 4-6. Programs that offer this measure

Program name Section

Non-Residential Prescriptive Program, DSM Phase VI Section 4.1.2

Non-Residential Midstream Energy Efficiency Products Program, DSM Phase VIII Section 9.1.1

Non-Residential Prescriptive Enhanced Program, DSM Phase IXNon-Residential
Prescriptive Enhanced Program, DSM Phase IX

Section 16.1.2

4122 Impacts estimation approach

The baseline annual electric energy consumption is calculated as follows:
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E baan
kthase,conv = [lbdaily X —_conww + kaase,conv,idle X <H0ursda”y D A

base,conv PCbase,conv

X (1 - PCTsteam) X Day

Est
kthase,steam = [lbdaily X Steam

77base,steam

lbdail

y

+ kaase,steam,idle X <H0ur5daily - PC
base,steam

X PCTsteqm X Days

kthase = kthase,conv + kthase,steam

The efficient annual electric energy consumption is calculated as follows:

Econv baairy
kWhee'Con” = [lbdaily X— kWee,conv,idle X Hoursdaily ~— 5~

ee,conv PCee,conv

X (1 — PCTsteqm) X Days

E b
Whee steam = [lbdaily x + kWee steam,idte X (Hoursdaily - dally >]

ee,steam PCee,steam

X PCTsteqm X Days
kWhee = kWhee,conu + kWhee,steam

Per-measure, gross annual electric energy savings are calculated using the following equation:

AkWh = kWhygse — kWhege

Per-measure, gross coincident summer peak demand reduction is calculated using the following equation:

_ AkWh
- (Hoursgqiiy X Days)

k VVsummer

X CFsummer

Per-measure, gross coincident winter peak demand reduction is calculated using the following equation:

kWWinter — AkWh %
(Hoursgqiiy X Days)

F, winter

Per-measure, gross annual water savings are calculated according to the following equation:
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AWater = (Wateryqs, — Watery,) X Hoursggiy X PCTseqm X Days

Where:

AKkWh = per-measure gross annual electric energy savings

AkWsummer = per-measure gross coincident summer peak demand reduction
AkWuinter = per-measure gross coincident winter peak demand reduction
kWhoase = annual energy usage of the baseline equipment

kWhee = annual energy usage of the efficient equipment

kWhboase conv = baseline annual cooking energy consumption in convection mode
KWhbpase steam = baseline annual steam energy consumption in steam mode
kWhase conv,idle = baseline idle energy rate in convection mode

KWhase, steam,idle = baseline idle energy rate in steam mode

kWhee,conv = efficient annual cooking energy consumption in convection mode
KWhee steam = efficient annual steam energy consumption in steam mode

KWee conv,idle = €fficient idle energy rate in convection mode

KWee steam,idle = efficient idle energy rate in steam mode

AWater = per-measure gross annual water savings

Hoursaaily = average daily operating hours

Days = annual days of operation

[Dgaily = pounds of food cooked per day

Econv = ASTM Energy to Food, the amount of energy absorbed by the food during convection mode
cooking, per pound of food

Esteam = ASTM Energy to Food, the amount of energy absorbed by the food during steam cooking
mode, per pound of food

Npaseconv = baseline equipment cooking energy efficiency in convection mode

Nbase steam = baseline equipment cooking energy efficiency in steam mode

Tee,conv = efficient equipment cooking energy efficiency in convection mode

Nneesteam = efficient equipment cooking energy efficiency in steam mode

PCTsteam = percent of food cooked in steam cooking mode

PCrase,conv = baseline equipment production capacity in convection mode
PCeeconv = efficient equipment production capacity in convection mode
PChase steam = baseline equipment production capacity in steam mode
PCeesteam = efficient equipment production capacity in steam mode
Waterase = average water consumption rate of baseline combination ovens

Wateree = average water consumption rate of efficient combination ovens
CFsummer = summer peak coincidence factor
CFuwinter = winter peak coincidence factor

4.1.2.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-7. Input parameters for commercial electric combination ovens

|| seecustomerapplication hours, | Customer application |
HOUYSdally Vanable For defaults see Table 17-17 | gajly Maryland/Mid-Atlantic TRM v.10, p.
in Sub-Appendix F2-V: Non- 387
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Component Type Units Source(s)

residential commercial kitchen
inputs
See customer application Customer application
) For defaults see Table 17-17 days,
Days Variable | in Sub-Appendix F2-V: Non- annual Maryland/Mid-Atlantic TRM v.10, p.
residential commercial kitchen 387
inputs
See customer application Customer application
1D daity Variable pounds, Maryland/Mid-Atlantic TRM v.10, p
Default: 200 daily 387 B
See customer application Customer application
PCT. Variable - id- i
steam Default: 0.50 Maryland/Mid-Atlantic TRM v.10, p.
387
See customer application id- i
PCTeon Variable pp ) Maryland/Mid-Atlantic TRM v.10, p.
Default: 0.50 387
Econy Fixed 0.0732 | KWhilb :I;/I8a7ryland/M|d—Atlant|c TRM v.10, p.
= Fixed 0.0308 | KWhilb :I;ASa;ryland/Mld-Atlantlc TRM v.10, p.
. <15 pans: 79 Maryland/Mid-Atlantic TRM v.10, p.
PCbase,conv Variable >15 pans: 166 Ib/hr 387
. <15 pans: 126 Maryland/Mid-Atlantic TRM v.10, p.
PCbase,steam Variable >15 pans: 295 Ib/hr 387
Hbase.cony Fixed 072 | - :I;ASa;ryland/Mld-Atlantlc TRM v.10, p.
Nbase.steam Fixed 0.49 | - gABz;ryland/Mld-Atlantlc TRM v.10, p.
_ . <15 pans: 1.320 Maryland/Mid-Atlantic TRM v.10, p.
KWhase convidle Variable >15 pans: 2.280 kW 387
) . <15 pans: 5.260 Maryland/Mid-Atlantic TRM v.10, p.
kWhase steamiidle Variable >15 pans: 8.710 kW 387
a3 . <15 pans: 1.299 Maryland/Mid-Atlantic TRM v.10, p.
kWee convidle Variable >15 pans: 2.099 kW 387
o m . <15 pans: 1.970 Maryland/Mid-Atlantic TRM v.10, p.
KWee steam,idle Variable >15 pans: 3.300 kW 387
. <15 pans: 119 Maryland/Mid-Atlantic TRM v.10, p.
PCee,conv Variable >15 pans: 201 Ib/hr 387
. <15 pans: 177 Maryland/Mid-Atlantic TRM v.10, p.
PCee steam Variable >15 pans: 349 Ib/hr 387
Nee.cony Fixed 0.76 | - gABz;ryland/Mld-Atlantlc TRM v.10, p.
oo stesn Fixed 055 | - g/lge;ryland/Md-Atlannc TRM v.10, p.
Waterpase Fixed 40.0 | gall hr Ohio TRM 2010, p. 260%

43 Maryland/Mid-Atlantic TRM v.10 provided an equation for calculating this value based on number of pans, as follows: =0.080 x Number of pans + 0.4989. To
establish fixed kW values for efficient equipment, DNV reviewed the list of qualifying ENERGY STAR electric combination ovens and determined the mode
for the number of pans: 10 pans is the mode for units having <15 pans (11 of 27 models or 41%); and 20 pans is the mode of capacity for units having 215
pans (5 of 7 models or 70%). These modes were used to calculate the kW values for <15 pans and 215 pans, respectively.

44 Maryland/Mid-Atlantic TRM v.10 provided an equation for calculating this value based on number of pans, as follows: = 0.133 x Number of pans + 0.64. To
establish fixed kW values for efficient equipment, the list of qualifying ENERGY STAR electric combination ovens was reviewed to determine t the mode for
the number of pans: 10 pans is the mode for units having <15 pans (11 of 27 models or 41%); and 20 pans is the mode of capacity for units having 215
pans (5 of 7 models or 70%). These modes were used to calculate the kW values for <15 pans and 215 pans, respectively.

45 Ohio TRM Revised Edition, 2013. Food Service Technology Center (FSTC), based on assumption that baseline ovens use water at an average rate of 40 gal/hr
while the efficient models use water at an average rate of 20 gal/hr.
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Wateree Fixed 20.0 | gal/ hr Ohio TRM 2010, p. 2606

CFeummer Fixed 10| - g/lsa?rﬂand/Mld-Atlantlc TRM v.10, p.
. Maryland/Mid-Atlantic TRM v.10, p.

CFuwinter Fixed 10 | - 387217 P

4124 Default savings

If the proper values are not supplied, a default savings may be applied using conservative input values. The default
efficient annual electric energy consumption will be as follows for <15 pans:

Econv Ibgqir
kthase,conv = [lbdaily X + kaase,conv,idle X Hoursdaily - Y

base PCbase,conv

X (1 — PCTsteqm) X Days

0.0732 kWh/Ib
0.72

X (1 —0.50) x 307 days

200 Ib
= (200 1b x +1.320 kW x (13.1 hr — —)

79 Ib/hr

= 5,262.53 kWh

Esteam lbdail
— Yy
kthase,steam = [lbdaily X - + kaase,steam,idle X HO'U.T'Sdal'ly -

base p Cbase,steam

X PCTsteam X Days

0.0308 kWh/Ib
0.49

= [200 b x 126 Ib/hr

200 b
+ 5.260 kW x (13.1 hr — —)

X 0.50 X 307 days

=11,225.18 kWh

46 1ig
47 No specific study of commercial kitchen equipment coincident peak demand savings is available. In the absence of this information, a simple average demand
value is used: Annual energy savings divided by the total annual hours of operation and the coincidence factor is 1.0.
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kthase = kthase,conv + kthase,steam
= 5,263 kWh+ 11,225 kWh

= 16,487.71 kWh

The efficient annual electric energy consumption is calculated as follows:

Econv bgairy
kWhee'Con” = [lbdaily X—t kWee,conv,idle X Hoursdaily ~— 5~

ee,conv PCee,conv

X (1 = PCTsteqm) X Days

0.0732 kWh/Ib
0.76

X (1 —-0.50) x 307 days

2001b
=12001b x + 1.299 kW X (13.1 hr — —)

119 Ib/hr

= 5,233.87 kWh

E baai
tankWhee'Steam = [lbdaily X —Steam + kWee,steam,idle X <H0ur5dai1y -

ee,steam PCee,steam

X PCTteam X Days

0.0308 kWh/Ib
0.55

x 0.50 X 307 days

200 Ib
= (200 1b x +1.970 kW x (13.1 hr — —)

177 lb/hr

= 5,338.89 kWh

kWhee = kWhee,conv + kWhee,steam
= 5,234 kWh + 5,339 kWh

=10,572.75 kWh
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Per-measure, gross annual electric energy savings are calculated using the following equation:

AWh = kWhyago — kWhe,
= 16,488 kWh — 10,573 kWh

=5,914.96 kWh

Per- measure, gross coincident summer peak demand reduction is calculated using the following equation:

AkWh

Akw/summer =
Hoursgqiiy X Days

X CFsummer

_ 5915kWh <10
"~ 13.1 hr x 307 days

=147 kW

Per- measure, gross coincident winter peak demand reduction is calculated using the following equation:

AkWh
AKW,,; = X CF,,;
winter HOUT‘Sdaily x Days winter

_ 5915kWh <10
"~ 13.1 hr x 307 days

=147 kW

Per- measure, gross annual water savings are calculated according to the following equation.

AWater = (Water,qs, — Watery,) X Hoursggiiy X PCTsteqm X Days
=(40 — 20)gal/hr x 13.1 hr x 0.5 x 307days

= 40,217 gallons

41.25 Effective Useful Life

The effective useful life of this measure is provided in Table 4-8.
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Table 4-8. Effective Useful Life for Lifecycle savings calculations

DSM Phase Program name Source(s)

Non-Residential Prescriptive
IX Enhanced Program, DSM Phase
IX _ S 12.00 years Maryland/Mid-Atlantic TRM v.10, p.
Non-Residential Midstream Energy 389
VIl Efficiency Products Program, DSM
Phase VIiI
Program design assumptions
Vi Non-Residential Prescriptive 6.30 years (weighted average of measure lives
Program, DSM Phase VI ' of all measures offered by program
and their planned uptake)

4.1.2.6 Source(s)

The primary sources for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, p. 383 and pp. 386-
3809.

4.1.2.7 Update summary

Updates made to this section are described in Table 4-9.

Table 4-9. Summary of update(s)

Version Update type ’ Description
2022 None No change
Source Updated page numbers / version of the Mid-Atlantic TRM

Updated Hourdaiy and Days values based on the customer building type
Added Waternase and Wateree constants for water savings calculation
Added equation for coincident winter peak demand reduction

Added gross annual water savings equation

Input variable

2021 Equation

Default savings Added default gross annual water savings value

New table Effective Useful Life (EUL) by program
2020 None No change

Source Updated page numbers / version of the Mid-Atlantic TRM
v10 Equation Added Qty to savings equations

Input variable Updated Hoursdaily, Days, kWee conv,idle, and KWee,steam,idle Value

4.1.3 Commercial fryer

4131 Measure description

This measure involves the installation of an ENERGY STAR® qualified electric commercial fryer. Commercial fryers
with the ENERGY STAR® designation offer shorter cook times and higher production rates through advanced burner
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and heat exchanger designs. Further, fry-pot insulation reduces standby losses resulting in a lower idle energy rate.
This measure applies to both standard-size and large-vat fryers.

The baseline equipment is assumed to be a standard-efficiency electric fryer with a heavy load efficiency of 75% for
standard sized equipment and 70% for large vat equipment.*8

This measure is offered through different programs listed in Table 4-10 and uses the impacts estimation approach
described in this section.

Table 4-10. Programs that offer this measure

Program name Section

Non-Residential Prescriptive Program, DSM Phase VI Section 4.1.3

Non-Residential Midstream Energy Efficiency Products Program, DSM Phase VIlII Section 9.1.4

Non-Residential Prescriptive Enhanced Program, DSM Phase IX Section 16.1.3
4132 Impacts estimation approach

The baseline per-measure gross annual electric energy usage is calculated using the following equation:

kWh E =
base — [lbdaily X ﬂ + kaase,idle X (HouTSdaily B ﬂ )] * Days

base

Similarly, the efficient per-measure gross annual electric energy usage is calculated using the following equation:

kWh
¢ = [ X Days

E b, :
fry daily
lbgairy X e + kWee iare X (H OUTSqaily ~ e >
ee ee

Per-measure, gross annual energy savings are calculated using the following equation:

AKWR = kWhygee — kWhe,

Per-measure, gross coincident summer peak demand reduction is calculated using the following equation:

Akvvsummer — AkWh
(Hoursdauy X Days)

X CF.'summer

Per-measure, gross coincident winter peak demand reduction is calculated using the following equation:

AW yinter _ AkWh
(Hoursdauy X Days)

X CK winter

48 Standard fryers measure 12-18 in. wide and have a shortening capacity of 25-65 Ib; large fryers measure 18-24-in. wide and have a shortening capacity greater
than 50 Ib.
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Where:
AKkWh

= per-measure gross annual electric energy savings
AkWsummer = per-measure gross coincident summer peak demand reduction

Docket No. E-22, Sub 645

AkWuwinter = per-measure gross coincident winter peak demand reduction

kWhoase = per-measure annual energy usage of the baseline equipment

kWhee = per-measure annual energy usage of the efficient equipment

hoursdaily = average daily operating hours

Efry = ASTM Energy to Food ratio, the amount of energy absorbed by each pound of food during
frying

[Ddaily = pounds of food cooked per day

days = annual days of operation

Tbase = baseline equipment cooking energy efficiency

TNeft = efficient equipment cooking energy efficiency

kWhase,idle = baseline equipment idle energy rate

kKWeeigle = efficient equipment idle energy rate
PChase = baseline equipment production capacity
PCee = efficient equipment production capacity
CFsummer = summer peak coincidence factor
CFuwinter = winter peak coincidence factor

4.1.3.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-11. Input parameters for electric commercial fryer measure

See customer application Customer application
Hoursaaily Variable Default ZO#rs, Maryland/Mid-Atlantic TRM
Standard fryer: 16 ally v.10 o. 371
Large-vat fryer: 12 U P
. Maryland/Mid-Atlantic TRM
Efry Fixed 0.167 | kWh/lb v.10, p. 371
See customer application Customer application
Ibdail Variable Ib, daily P :
iy Default: 150 Maryland/Mid-Atlantic TRM
v.10, p. 371
See customer application Customer application
D Variabl days, : :
ays ariable . annual Maryland/Mid-Atlantic TRM
Default: 365
v.10, p. 371
Variable Standard fryer: 0.75 ) Maryland/Mid-Atlantic TRM
Mbase Large-vat fryer: 0.70 v.10, p. 371
_ . Standard fryer: 1.05 Maryland/Mid-Atlantic TRM
KWhase.dle Variable Large-vat fryer: 1.35 kW v.10, p. 371
. Standard fryer: 65 Maryland/Mid-Atlantic TRM
PChase Variable Large-vat fryer: 100 Io/hr v.10, p. 371
Variable Standard fryer: 0.83 ) Maryland/Mid-Atlantic TRM
Mee Large-vat fryer: 0.80 v.10, p. 371
_ . Standard fryer: 0.80 Maryland/Mid-Atlantic TRM
KWeeidle Variable Large-vat fryer: 1.10 kW v.10, p. 371
. Standard fryer: 70 Maryland/Mid-Atlantic TRM
PCee Variable Large-vat fryer: 110 Io/hr v.10, p. 371
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' Maryland/Mid-Atlantic TRM |
CFsummer Fixed V. lOy D. 37149
. Maryland/Mid-Atlantic TRM
CFuwinter Fixed 1.0 | - v.lO),/ p. 37149
4134 Default savings

If the proper values are not supplied, a default savings may be applied using conservative input values. The default
per-measure gross annual electric energy savings will be assigned according to the following calculation (assuming

for a standard fryer):

kthase

kWhe,

AkWh

E b,
bgaity X e LAY kWhase,idie X (H OUTSqqity — aely )] X Days
| base PCbase
150 1 x S27KW/I o o5 kw x (16 e — 204N s
0.75 ' " T T651b/hr ays
17,438.58 kWh
E lb
lbdaily X Iy + kWee igre X <Hoursdally daily )] X Days
| Nee PCbase
15015 x CROTKW/E o 60 kw x (16 hr — 20 10/day
0.83 ' " T T701b/hr
X 365 days
15,062.25 kWh
= kWhyase — kWhee

17,439 kWh — 15,062 kWh

2,376.33 kWh

49 No specific study of commercial kitchen equipment coincident peak demand savings is available. In the absence of this information, a simple average demand
value is used: Annual energy savings divided by the total annual hours of operation and the coincidence factor is 1.0.
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The default per-measure gross coincident summer peak demand reduction is calculated using the following

calculation:

The default per-measure

4.1.35

Akmzsummer AkWh

(H OUTSqqiry X Days)

2,376.33 kWh

= 0.407 kW

AkWpinter AkWHh

(Hoursdaily X Days)

2,376.33 kWh

0.407 kW

Effective Useful Life

X CF;‘ummer

x 1.0
(16 hr x 365 days)

X CF, winter

1
(16 hr x 365 days) x 1.0

The effective useful life of this measure is provided in Table 4-12.

Table 4-12. Effective Useful Life for lifecycle savings calculations

DSM

Non-Residential Prescriptive
Enhanced Program, DSM Phase
IX

gross coincident winter peak demand reduction is calculated using the following calculation:

Maryland/Mid-Atlantic TRM v.10, p.

Non-Residential Midstream 12.00 | years 372
VI Energy Efficiency Products
Program, DSM Phase VIlI
Program design assumptions
Vi Non-Residential Prescriptive 6.30 | years (weighted average of measure lives
Program, DSM Phase VI ' of all measures offered by program
and their planned uptake)
4.1.3.6 Source(s)

The primary sources for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, pp. 370-372.
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4.1.3.7 Update summary

Updates made to this section are described in Table 4-13.

Table 4-13. Summary of update(s)

2022 None No change
Source Updated page numbers / version of the Mid-Atlantic TRM
2021 Equation Added equation for coincident winter peak demand reduction
New table Effective Useful Life (EUL) by program
2020 None No change
v10 Source Updated page numbers / version of the Mid-Atlantic TRM

4.1.4 Commercial griddle

4141 Measure description

This measure involves the installation of an ENERGY STAR® qualified commercial griddle. ENERGY STAR® qualified
commercial griddles have higher cooking energy efficiency and lower idle energy rates than standard equipment. The
result is more energy being absorbed by the food compared with the total energy use, and less wasted energy when
the griddle is in standby mode. This measure applies to only 10-sq.ft. commercial griddles due to Dominion Energy
program requirements.

The baseline equipment is assumed to be a standard-efficiency electric griddle with a cooking-energy efficiency of
65%.

This measure is offered through different programs listed in Table 4-14 and uses the impacts estimation approach
described in this section.

Table 4-14. Programs that offer this measure

Program name Section

Non-Residential Prescriptive Program, DSM Phase VI Section 4.1.4

Non-Residential Midstream Energy Efficiency Products Program, DSM Phase VIl Section 9.1.3

Non-Residential Prescriptive Enhanced Program, DSM Phase IX Section 16.1.4
41472 Impacts estimation approach

Per-measure, gross annual electric energy savings are calculated using the following equations:

AWh = kWhygse — kWhe,

where,
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kthase [ Egriddle ( lbdaily )]
= |lbgqity X —— + kW, idle X SqQFt X | HoursSggity — ———~+—
daily base base,idle q daily PCbase % SqFt
X Days
and
kWh Eqriqar baair
% = [lbdaily X % + kWee iqre X SqFt X | Hoursggir, — Wal;j{ﬂ?t x Days

Per-measure, gross coincident summer peak demand reduction is calculated using the following equation:

AcWymmer —_ AkWh %
~ (Hoursgggy X Days)

CFsummer

Per-measure, gross coincident winter peak demand reduction is calculated using the following equation:

AkVVwinter _ AkWh x CF
(Hoursgqiry X Days) winter
Where:
AKkWh = per-measure gross annual electric energy savings
AkWsummer = per-measure gross coincident summer peak demand reduction
AkWuwinter = per-measure gross coincident winter peak demand reduction
kKWhoase = per-measure annual energy usage of the baseline equipment
kWhee = per-measure annual energy usage of the efficient equipment
SqFt = surface area of griddle
Hoursdaily = average daily operating hours
Egriddle = ASTM Energy to Food ratio, the amount of energy absorbed by each pound of food during
griddling
[Ddaity = pounds of food cooked per day
Days = annual days of operation
Tbase = baseline equipment cooking energy efficiency
TNee = efficient equipment cooking energy efficiency
KWhaseide = baseline equipment idle energy rate
kWeejde = efficient equipment idle energy rate
PCbase = baseline equipment production capacity
PCee = efficient equipment production capacity
CFsummer = summer peak coincidence factor
CFuwinter = winter peak coincidence factor

4.1.4.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.
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Table 4-15. Input parameters for commercial griddle measure

OFFICIAL COPY

|bdai|y

Variable

See customer application

Default: 100

Ib, daily

Customer application

Maryland/Mid-Atlantic TRM v.10, p.
380

SqFt

Variable

See customer application

sq.ft

Customer application

HourSdaily

Variable

See customer application

For defaults see Table 17-17
in Sub-Appendix F2-V: Non-
residential commercial kitchen
inputs

hours,
daily

Customer application

Maryland/Mid-Atlantic TRM v.10, p.
380%, for default the Dominion
Energy 2020 Commercial Energy
Survey Appendix B, p.3 weighted
average of building types is used

Days

Variable

See customer application

For defaults see Table 17-17
in Sub-Appendix F2-V: Non-
residential commercial kitchen
inputs

days,
annual

Customer application

Maryland/Mid-Atlantic TRM v.10, p.
38050, for default the Dominion
Energy 2020 Commercial Energy
Survey Appendix B, p.3 weighted
average of building types is used

Egriddle

Fixed

0.139

kWh/lb

Maryland/Mid-Atlantic TRM v.10, p.
380

PChase

Fixed

5.83

Ib/hr/sq.ft

Maryland/Mid-Atlantic TRM v.10, p.
380

Tbase

Fixed

0.65

Maryland/Mid-Atlantic TRM v.10, p.
380

kaase,idIe

Fixed

0.40

kW/sq.ft

Maryland/Mid-Atlantic TRM v.10, p.
380

KWee idle

Fixed

0.32

kW/sq.ft

Maryland/Mid-Atlantic TRM v.10, p.
380

PCee

Fixed

6.67

Ib/hr/sq.ft

Maryland/Mid-Atlantic TRM v.10, p.
380

Tee

Fixed

0.70

Maryland/Mid-Atlantic TRM v.10, p.
380

CFsummer

Fixed

1.0

Maryland/Mid-Atlantic TRM v.10, p.
380!

CFuwinter

Fixed

1.0

Maryland/Mid-Atlantic TRM v.10, p.

380%!

41.4.4

Default savings

There are no default savings for this measure. Applicant will need to provide the surface area of the griddle in square

feet, for savings to be calculated. Default values are provided for most other input parameters.

4.1.4.5

Effective Useful Life

The Effective Useful Life of this measure is provided in Table 4-16.

50 Maryland/Mid-Atlantic TRM v. 10 uses customer application values for hours and days with a default provided. For consistency with commercial convection
oven the same hours and days are used for his measure.

51 No specific study of commercial kitchen equipment coincident peak demand savings is available. In the absence of this information, a simple average demand
value is used: Annual energy savings divided by the total annual hours of operation and the coincidence factor is 1.0.
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Table 4-16. Effective Useful Life for lifecycle savings calculations

DSM

Non-Residential Prescriptive
Enhanced Program, DSM Phase

IX Maryland/Mid-Atlantic TRM v.10, p.
Non-Residential Midstream 12.00 | years 379
VIl Energy Efficiency Products

Program, DSM Phase VIII

Program design assumptions
(weighted average of measure lives
of all measures offered by program
and their planned uptake)

Non-Residential Prescriptive

Vi Program, DSM Phase VI

6.30 | years

4.1.4.6 Source(s)

The primary source for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, pp. 379-381.

4.1.4.7 Update summary

Updates made to this section are described in Table 4-17.

Table 4-17. Summary of update(s)

Version Update type Description ‘

2022 None No change
Source Updated page numbers / version of the Mid-Atlantic TRM
2021 Equation Added equation for coincident winter peak demand reduction
New table Effective Useful Life (EUL) by program
2020 None No change
v10 Source Updated page numbers / version of the Mid-Atlantic TRM

4.1.5 Commercial hot food holding cabinet

4151 Measure description

This measure involves installing an ENERGY STAR® qualified commercial hot food holding cabinet. The installed
equipment will incorporate better insulation, reducing heat loss, and may also offer additional energy saving devices
such as magnetic door gaskets, auto-door closures, or Dutch doors. The insulation of the cabinet also offers better
temperature uniformity within the cabinet from top to bottom. This means that qualified hot food holding cabinets are
more efficient at maintaining food temperature while using less energy.

The baseline equipment is assumed to be a standard-efficiency hot food holding cabinet.

This measure is offered through different programs listed in Table 4-18 and uses the impacts estimation approach
described in this section.

DNV — www.dnv.com Page 65

OFFICIAL COPY

Jun 15 2023



Dominion Energy North Carolina Docket No. E-22, Sub 645

DNV

Table 4-18. Programs that offer this measure

Program name Section

Non-Residential Prescriptive Program, DSM Phase VI Section 4.1.5

Non-Residential Midstream Energy Efficiency Products Program, DSM Phase VIII | Section 9.1.6

Non-Residential Prescriptive Enhanced Program, DSM Phase I1X Section 16.1.5
4152 Impacts estimation approach

Per-measure, gross annual electric energy savings are calculated according to the following equation:

AkWh _ (WattSbase,idle - WattSee,idle)
1,000 W/kW

X Hoursgqiiy X Days

Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

AkWoymmer . (Wattsbase,idle - Wattsee,idle) % CF.
B 1,000 W/kw summer

Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

AkWyinter _ (Wattsbase,idle - Wattsee,idle) % CF.
1,000 W /kw winter
Where:
AKkWh = per-measure gross annual electric energy savings

AkWsummer = per-measure gross coincident summer peak demand reduction
AkWhinter = per-measure gross coincident winter peak demand reduction
wattshase,ide = idle energy rate of the baseline equipment

wattsee,idie = idle energy rate of the efficient equipment

1,000 = conversion factor for W to kW
Hoursdaily = average daily operating hours
Days = annual days of operation
CFsummer = summer peak coincidence factor
CFuwinter = winter peak coincidence factor

4.1.5.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.
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Table 4-19. Input parameters for hot food holding cabinet

Maryland/Mid-Atlantic TRM

wattSbase,idle Variable 40 x Vol52 watts v.10. p. 377
Vol < 13: 21.5x Vol + 0.0 . .
WattSee,dle Variable | 13 = Vol < 28: 20xVol +254.0 | wats | Maiang/Mid-Atantic TRM
Vol > 28: 3.8 x Vol + 203.5 AP
See customer application Customer application
Maryland/Mid-Atlantic TRM
v.10, p. 380%, for default
Days Variable | For defaults see Table 17-17 in Sub- days, the Dominion Energy 2020
Appendix F2-V: Non-residential annual Commercial Energy Survey
commercial kitchen inputs Appendix B, p.3 weighted
average of building types is
used
See customer application Customer application
Maryland/Mid-Atlantic TRM
v.10, p. 380%3, for default
Hoursdaily Variable | For defaults see Table 17-17 in Sub- hours, the Dominion Energy 2020
Appendix F2-V: Non-residential daily Commercial Energy Survey
commercial kitchen inputs Appendix B, p.3 weighted
average of building types is
used
. Maryland/Mid-Atlantic TRM
CFsummer Fixed 1.0 | - V.lOB,/ D. 37754
. Maryland/Mid-Atlantic TRM
CFuwinter Fixed 10 | - Vl(?,/p 37754

4154 Default savings

There are no default savings for this measure. Applicant will need to provide the baseline and efficient idle wattage or
the volume of the holding cabinet for savings to be calculated.

4155 Effective Useful Life

The effective useful life of this measure is provided in Table 4-20.

Table 4-20. Effective Useful Life for Lifecycle Savings Calculations

DI Program name
Phase 9

Non-Residential Prescriptive
Enhanced Program, DSM Phase
1X

Non-Residential Midstream

VI Energy Efficiency Products
Program, DSM Phase VIl

Maryland/Mid-Atlantic TRM v.10, p.
378

12.00 | years

52 Vol = the internal volume of the holding cabinet (ft%) = volume of installed unit

53 Maryland/Mid-Atlantic TRM v. 10 uses customer application values for hours and days with a default provided. For consistency with commercial convection
oven the same hours and days for this measure.

54 No specific study of commercial kitchen equipment coincident peak demand savings is available. In the absence of this information, a simple average demand
value is used: Annual energy savings divided by the total annual hours of operation and the coincidence factor is 1.0.

DNV — www.dnv.com Page 67

OFFICIAL COPY

Jun 15 2023



Dominion Energy North Carolina Docket No. E-22, Sub 645

DNV

DL Program name
Phase
Program design assumptions
Vi Non-Residential Prescriptive 6.30 | years (weighted average of measure lives
Program, DSM Phase VI ' of all measures offered by program
and their planned uptake)

4156 Source(s)

The primary source for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, pp. 377-378.

4.1.5.7 Update summary

Updates made to this section are described in Table 4-21.

Table 4-21. Summary of update(s)

Version Update type Description

2022 None No change
Source Updated page numbers / version of the Mid-Atlantic TRM
2021 Equation Added equation for coincident winter peak demand reduction
New table Effective Useful Life (EUL) by program
2020 None No change
v10 Source Updated page numbers / version of the Mid-Atlantic TRM

4.1.6 Commercial steam cooker

4.1.6.1 Measure description

This measure involves an ENERGY STAR® qualified commercial steam cookers. Energy efficient steam cookers that
have earned the ENERGY STAR® label offer shorter cook times, higher production rates, and reduced heat loss due
to better insulation and a more efficient steam-delivery system.

The baseline condition assumes a standard-efficiency, electric boiler-style steam cooker.

This measure is offered through different programs listed in Table 4-22 and uses the impacts estimation approach
described in this section.

Table 4-22. Programs that offer this measure

Program name Section

Non-Residential Prescriptive Program, DSM Phase VI Section 4.1.6
Non-Residential Midstream Energy Efficiency Products Program, DSM Phase VIl Section 9.1.5
Non-Residential Prescriptive Enhanced Program, DSM Phase IX Section 16.1.6
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4.1.6.2 Savings estimation

Per-measure, gross annual electric energy savings are calculated using the following equations:

kthase,steam — lbdaily x Esteam x Days
base
kthase,idle = [(1 - PCTsteam) X kaase,idle
Esteam
+ PCTsteam X PChase X QtYpans X ——
base
lbdaily )
X | Hoursggiry — X Days
( w“y QtYpans X PCbase

kthase = kthase,steam + kthase,idle

Esteam

kWhee,steam

= lbgaity X X Days

ee

Esteam

nee

kWhee,idle

= [(1 - PCTsteam) X kWee,idle + PCTsteam X PCee X QtYpans X

lbdaily
QtYpans X PCee

X (Hoursdaily - ) X Days

kWhee = kWhee,steam + kWhee,idle

AKWh = kWhpge — kWhe,

Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

Akvvsummer — AkWh
Hoursgqiiy X Days

X CF;‘ ummer

Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

AW, inter _ AkWh
Hoursgqiy X Days

X CF, winter
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Per-measure, gross annual water savings is calculated according to the following equation:

Where:

4.1.6.3

DNV

AWater = (GPHpgse — GPHee) X Hoursgqi, X Days

AkWh = per-measure gross annual electric energy savings

AkWsummer = per-measure gross coincident summer peak demand reduction
AkWuinter = per-measure gross coincident winter peak demand reduction
kWhpase = the annual energy usage of the baseline equipment

kWhee = the annual energy usage of the efficient equipment

KWhpase steam = baseline daily cooking energy consumption
KWheoase,idie = baseline daily idle energy consumption
AWater = per-measure gross annual water savings
Hoursaaily = average daily operating hours

Esteam = ASTM Energy to Food (kWh/Ib); the amount of energy absorbed by each pound of food during
steaming

[Ddaily = pounds of food cooked per day

Days = annual days of operation

PCTsteam = percent of time in constant steam mode

Qtypans = number of pans per unit

Tbase = baseline equipment cooking energy efficiency

TNee = efficient equipment cooking energy efficiency

KWhaseidle = baseline equipment idle energy rate

kWeejde = efficient equipment idle energy rate

PChase = baseline equipment production capacity

PCee = efficient equipment production capacity

GPHbase = water consumption rate of baseline equipment

GPHee = water consumption rate of efficient equipment

CFsummer = summer peak coincidence factor

CFuwinter = winter peak coincidence factor

Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-23. Input parameters for commercial steam cooker measure

Component Type Value Source(s)

See customer application

Customer application

Maryland/Mid-Atlantic TRM v.10, p.

) For defaults see Table 17-17 | hours, 25 .
Hoursdaily Variable in Sub-Appendix F2-V: Non- daily gizrd;%roti%f%ugtnzrﬁea?gr|£|r:)enrgy
rk?till‘(?::tilr?l I(J:?Smmer(:lal Survey Appendix B, p.3 weighted
P average of building types is used
Days Variable See customer application Customer application

55 Maryland/Mid-Atlantic TRM v. 10 uses customer application values for hours and days with a default provided. For consistency with commercial convection
oven the same hours and days for his measure.
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Maryland/Mid-Atlantic TRM v.10, p.
For defaults see Table 17-17 3802/6 for default the Dominion P
in Sub-Appendix F2-V: Non- | days, Energy 2020 Commercial Energy
residential commercial annual Survey Appendix B, p.3 weighted
kitchen inputs average of building types is used
See customer application Customer application
Ibdail Variable Ib, daily - :
aily Default: 100 g/l;lryland/Mld Atlantic TRM v.10, p.
See customer application Customer application
Qtypans Variable - a57 pans Maryland/Mid-Atlantic TRM v.10, p.
Default: 3 374
Ecteam Fixed 0.0308 | KWh/lb g/lﬂyland/Mld-Atlantlc TRM v.10, p.
. Ib/hr, per | Maryland/Mid-Atlantic TRM v.10, p.
PChoase Fixed 23.3 pan 375
Boilerless and Steam
. generator: 0.30 Maryland/Mid-Atlantic TRM v.10
Moase Variable | Boiler-based: 0.26 - payd P
Default = Boiler-based: 0.26
Boilerless and Steam
_ . generator: 1.20 Maryland/Mid-Atlantic TRM v.10, p.
kaase,ldIe Variable Boiler-based: 1.00 kW 375
Default = Boiler-based: 1.00
3 pans: 0.40
4 pans: 0.53 . .
KWee,idie Variable | 5 pans: 0.67 KW g"%y'a”d’ Mid-Atlantic TRM v.10, p.
6+ pans: 0.80
Default = 3 pans: 0.40
PCee Fixed 16.7 Ib/hr, per | Maryland/Mid-Atlantic TRM v.10, p.
pan 375
Tee Fixed 050 | - g/l;gyland/Mld-Atlantlc TRM v.10, p.
PCTetoam Fixed 040 | - g/;a;yland/Mld-Atlantlc TRM v.10, p.
GPHbase Variable | See Table 4-24 galihr Maryland/Mid-Atantic TRM v.10, p-
GPHee Variable | See Table 4-24 galihr g/l7asryland/M|d-AtIant|c TRMv.10, p.
CFeummer Fixed 10 | - l:\),A7a‘1rg/£!and/M|d-Atlantlc TRM v.10, p.
CFuinter Fixed 10 | - l:\)’/l7ei1r¥and/M|d-Atlantlc TRM v.10, p.

56 Maryland/Mid-Atlantic TRM v. 10 uses customer application values for hours and days with a default provided. For consistency with commercial convection

oven the same hours and days for his measure.
57 Assigned default of 3 pans based on the most conservative of the kWee,ae Options.

58 No specific study of commercial kitchen equipment coincident peak demand savings is available. In the absence of this information, a simple average demand

value is used: Annual energy savings divided by the total annual hours of operation and the coincidence factor is 1.0.
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Table 4-24. Water Consumption rate for the baseline and energy efficient equipment

Baseline model ‘ Energy efficient model

Parameter No. of Pans Boiler based

All ‘ Steam generator (default) Boiler less

GPH All 40 ‘ 15 ‘ 10 ‘ 3 ‘

4.1.6.4 Default savings

If the proper values are not supplied, a default savings may be applied assuming boiler-based steam generation. The
default per-measure, gross annual electric energy savings will be assigned according to the following equations:

Esteam

kthase,steam

= lbgqity X X Days

base

0.0308 kWh/lb
=10010b x 026 X 307 days

= 3,636.77 kWh

kWhpase,iate =[(1 — PCTsteqm) %X kWhase,igie + PCTsteam X PCpase X QtYpans X

E bgail
M] X (Hoursdauy - $> X Days
Nbase QtYpans X PCpase

0.0308 kWh/Ib
0.26

b
= [(1 —0.40) x 1.20 kW + 0.40 x 23.3 o X 3 pans X

100 Ib
3pans x 23.3 lb/hr

X (13.1 hr — ) x 307 days

= 14,445.31 kWh

Esteam

kWhee,steam

= lbgqity X X Days

ee

0.0308 kWh/Ib
=1001b x 050 x 307 days

=1,891.12 kWh

DNV — www.dnv.com Page 72

OFFICIAL COPY

Jun 15 2023



Dominion Energy North Carolina Docket No. E-22, Sub 645

DNV

kWhee,idle

Esteam]

= [(1 - PCTsteam) X kWee,idle + PCTsteam X PCee X QtYpans X

ee
lbdaily
QtYpans X PCee

X (Hoursdaily - ) X Days

Ib 0.0308 kWh/1b
= | (1~ 0.40) X 0.4 KW +0.40 X 16.7 - X 3 pans X —

100 1b
3pans X 16.7 Ib/hr

X (13.1 hr — ) x 307 days

= 5,026.34 kWh
AkWh = kthase,steam + kthase,idle - (kWhee,steam + kWhee,idle)
= (3,636.77 kWh + 14,445.31 kWh) — (1,891.12 kWh + 5,026.34 kWh)

=11,164.62 kWh

Per-measure, gross coincident summer peak demand reduction is calculated using the following equation:

AkVVsurnmer — AkWh
Hoursgqiiy X Days

X CFsummer

_ 11,164.62 kWh % 1.0
"~ (13.1 hr/day x 307 days) =

=277 kW

Per-measure, gross coincident winter peak demand reduction is calculated using the following equation:

AW yinter _ AkWh
Hoursgqy X Days

X CF;‘ ummer

_ 11,164.62 kWh % 1.0
"~ (13.1 hr/day x 307 days) =

=277 kW

Per-measure, gross annual water savings is calculated according to the following equation:
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AWater = (GPHpgse — GPGee) X Hoursgqiy, X Days
= (40 — 10) x 13.1 x 307

= 120,651 gallons

4.1.6.5 Effective Useful Life

The effective useful life of this measure is provided in Table 4-25.

Table 4-25. Effective Useful Life for lifecycle savings calculations

DSM

Non-Residential Prescriptive
Enhanced Program, DSM Phase

IX Maryland/Mid-Atlantic TRM v.10, p.
Non-Residential Midstream 12.00 | years 376
VI Energy Efficiency Products

Program, DSM Phase VIlI

Program design assumptions
(weighted average of measure lives
of all measures offered by program
and their planned uptake)

Non-Residential Prescriptive

Vil Program, DSM Phase VI

6.30 | years

4.1.6.6 Source(s)
The primary source for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, pp. 373-376.
4.1.6.7 Update summary

Updates made to this section are described in Table 4-26.

Table 4-26. Summary of update(s)

2022 None No change
Source Updated page numbers / version of the Mid-Atlantic TRM
Equation Added equation for coincident _winter peak demand reduction

Added gross annual water savings equation

2021 Input variable Added GPHbase and GPHee variables for water savings calculation
Default savings Added default gross annual water savings value
New table Effective Useful Life (EUL) by program

2020 None No change

V10 Source Updated page numbers / version of the Mid-Atlantic TRM
Input variable Updated PCee value
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4.1.7 Variable speed drives on kitchen exhaust fan

41.7.1 Measure description

This measure involves installing variable speed drives at commercial kitchen exhaust fans so that the fan motor
speed matches the demand. The baseline condition is the manual on/off switch and magnetic relay or motor starter
for commercial kitchen hoods. The baseline assumes that the fan operates at full speed while in operation.

This measure involves retrofitting a variable-speed drive (VSD) controller at an existing kitchen exhaust fan with a
make-up-air fan. The measure includes optical and temperature sensors to detect the level of cooking activity and
modulate the speed of the exhaust-air fan accordingly. The optical and temperature sensor(s) are typically located
either in the collar of or the inlet to the exhaust-fan hood. The kitchen hood exhaust fans are modulated automatically
to vary the exhaust airflow rate and make-up (ventilation) air by adjusting the exhaust and make-up air fan speeds.

The total measure energy savings includes the energy savings resulted from fan power reduction during part load
operation as well as a decrease in heating and cooling requirement of make-up air. The measure also provides
cooling and heating savings for the make-up air if the existing kitchen system(s) supplies conditioned make-up air
through a dedicated make-up air unit. If the supplied make-up air is not conditioned, no heating and cooling savings
are provided. Furthermore, the measure does not approve heating savings from gas-fired make-up-air units.

This measure is meant for the kitchen hood exhaust flow control only. The exhaust system from kitchen dishwashers
is not included in this measure.

This measure is offered through different programs listed in Table 4-27 and uses the Impacts Estimation Approach
described in this section.

Table 4-27. Programs that offer variable speed drives on kitchen exhaust fan

T s nane | seoion |

Non-Residential Prescriptive Program, DSM Phase VI Section 4.1.7

Non-Residential Prescriptive Enhanced Program, DSM Phase IX Section 16.1.7

4.1.7.2 Impacts Estimation Approach
Per-measure, gross annual electric energy savings for the exhaust fan are calculated according to the following
equation:

0.746
MWher hpgr X LFgp X

X HOU X APowergp
NEeF

If the make-up air is conditioned, then the cooling and heating savings are calculated according to the following
equations:

MW ofm 24 % 1.08
= SqFtyitenen X —— X OFgp X A X CDD X
AFtitchen X g X OFpr X Acfmpy 3,412 X COPyya__
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AkWh cfm 24 x1.08
heat = SqFtKitchen X f_ X OFEF X ACmeF X HDD X

SqFt 3,412 X COPyya,,,,

If make-up air is not conditioned, then the cooling and heating savings equal zero.

AkWhCOOl = AkWhheat = 0

Per-measure, gross annual electric energy savings are calculated according to the following equation:

AkWh = MWhgp + AWheyo, + AkWhpeq,

There are no gross coincident summer and winter peak demand reduction:

AkWsyummer = 0 kW

AkWyinter = 0kW

Where:

AkWh g = per-measure gross annual electric energy savings for the exhaust fan

AkWh .01 = per-measure gross annual electric energy savings for cooling the make-up air
AkWh .q: = per-measure gross annual electric energy savings for heating the make-up air
AkWh = per-measure gross annual electric energy savings

AkWsummer = per-measure gross coincident summer peak demand reduction

AkWhinter = per-measure gross coincident winter peak demand reduction

hper = total motor horsepower of exhaust fan(s)
LFer = load factor of exhaust fan motor(s)

NEF = efficiency of exhaust fan motor(s)

HOU = annual run hours of use of exhaust fan(s)

APowergp = proportional exhaust fan power reduction due to VFD
SqFtkitchen = floor area of kitchen

;g ;"t = exhaust airflow rate per square foot of kitchen floor area

OFgr = oversize ratio of exhaust fan system

Acfmgp = proportional exhaust fan airflow reduction due to VFD

CDD = cooling degree days

COPyya,,,, = coefficient of performance of cooling component of make-up air system
HDD = heating degree days

COPyya,,,, = coefficient of performance of heating component for make-up air system
0.746 = conversion factor for horsepower to kilowatt

3,412 = conversion factor for Btu/h to kilowatt-hour

24 = conversion factor for day to hour

1.08 = sensible heat factor for air, Btuh/cfm/°F
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The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-28. Input parameters for VSD on kitchen fan(s)

hpEF Variable See customer appllcatlon Customer appllcatlon
New Jersey Clean Energy
L Fer Fixed 90% | - Program Protqcol§ to Measure
Resource Savings: Revisions to
FY2020 Protocols, p. 117
See customer application Customer application
neF Variable Default: See Table 2-16. - See Table 2-16. Baseline motor
Baseline motor efficiency efficiency in Section 2.1.4
based on hper
See customer application Customer application
) hours New Jersey Clean Energy
HOU Variable !
Default: See Table 4-29 annual Program Protqcol§ to Measure
Resource Savings: Revisions to
FY2020 Protocols, p. 118
New Jersey Clean Energy
APowergg Variable See Table 4-29 ) Program Proto_colsl to Measure
Resource Savings: Revisions to
FY2020 Protocols, p. 118
SqFtkitchen Variable See customer application sq.ft Customer application
cfm - -
Fixed 0.7 | cimisq.ft ASHRAE 62.1-2013, 'I_'able 6.5
SqFt for Kitchen -Commercial
New Jersey Clean Energy
OFer Fixed 14 - Program Protqcol§ to Measure
Resource Savings: Revisions to
FY2020 Protocols, p. 117
New Jersey Clean Energy
. Program Protocols to Measure
Acfmige Variable See Table 4-29 ) Resource Savings: Revisions to
FY2020 Protocols, p. 118
See Sub-Appendix F2-I: Cooling
CDD Variable Cooling and heating degree Degree
days and Days
See Sub-Appendix F2-1: Heating
HDD Variable Cooling and heating degree Degree
days and Days
See customer application Customer application
COPyya,,,, Variable - New Jersey Clean Energy
coo Default: 3.0 Program Protocols to Measure
Resource Savings 2020, p. 117
See customer application Customer application
COPyya, Variable - New Jersey Clean Energy
eat Default: 3.0 Program Protocols to Measure
Resource Savings 2020, p. 117
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Table 4-29. Annual hours of use, power, and airflow reductions due to VSD%°

Facility type Annual Hours of Use Propo_rtion of power Proport_ion of airflow
(hours) reduction (APowergr) reduction (Acfmgr)
Campus 5,250 0.568 0.295
Lodging 8,736 0.618 0.330
Restaurant 5,824 0.552 0.295
Supermarket 5,824 0.597 0.320
Other 5,250 0.584 0.310

4.1.7.4 Default savings

If the proper input variables are not supplied, no default savings will be given.
4.1.7.5 Effective Useful Life

The effective useful life of this measure is provided in Table 4-30.

Table 4-30. Effective Useful Life for lifecycle savings calculations

New Jersey Clean Energy Program

Non-Residential Prescriptive Protocols to Measure Resource

IX Enhanced Program, DSM Phase 15.00 Savings: Revisions to FY2020
IX
Protocols, p. 128
years - -
Program design assumptions
VI Non-Residential Prescriptive 6.30 (weighted average of measure lives

Program, DSM Phase VI of all measures offered by program
and their planned uptake)

4.1.7.6 Source(s)

The primary source for this deemed savings approach include the New Jersey Clean Energy Program Protocols to
Measure Resource Savings 2020, pp. 116-119.

4.1.7.7 Update Summary
Updates made to this section are described in Table 4-31.

Table 4-31. Summary of update(s)

Version Update type Description

2022 None No change
Updated page numbers / version of the New Jersey Clean Energy
Source .
Program Protocols to Measure Resource Savings
2021 Equation Removed peak coincident demand reduction equation as the source TRM
q does not attribute peak savings to this measure.
New Table Effective Useful Life (EUL) by program
2020 None No change

59 New Jersey Clean Energy Program Protocols to Measure Resource Savings: Revisions to FY2019 Protocols, pg. 106
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Updated page numbers / version of the New Jersey Clean Energy
Program Protocols to Measure Resource Savings

Update to weather stations in North Carolina resulted in revised
CDDs/HDDs for weather-sensitive measures

Source

v10

Input Variable

4.2 Heating, Ventilation, and Air-Conditioning (HVAC) end use

4.2.1 Duct testing and sealing
4211 Measure description

This measure provides building owners incentives to use Dominion-approved, duct-sealing contractors to reduce
conditioned-air leakage to unconditioned spaces by the following steps:

1. Test non-residential duct systems for air leakage.
2. Seal the ducts using an aerosol-based product.
3. Test the sealed duct systems for air leakage to confirm that sealing the ducts reduced the air-leakage rate.

Eligible ductwork is connected to a unitary HVAC system or a heat pump and occurs within an unconditioned plenum
space or between an insulated, finished ceiling and a roof surface. Based on DNV’s judgment, this measure is
applicable to ductwork at unitary and chiller-cooled systems.

This measure is offered through different programs listed in Table 4-32 and uses the impacts estimation approach
described in this section.

Table 4-32. Programs that offer this measure

Program name Section

Non-Residential Prescriptive Program, DSM Phase VI Section 4.2.1
Non-Residential Small Business Improvement Enhanced Program, DSM Phase VIl Section 8.2.1
Non-Residential Multifamily Program, DSM Phase VIII Section 10.3.3
Non-Residential Prescriptive Enhanced Program, DSM Phase IX Section 16.3.2

4212 Impacts Estimation Approach

For all system types, per-measure gross annual electric energy savings are calculated according to the following
equation:

AkWh = AkWh oo + AkWhyoqr

Duct testing and sealing on unitary systems, air source heat pumps, and AC units

Per-measure, gross annual electric cooling and heating energy savings are calculated according to the following
equations.

For unitary-system heat pumps and AC units of Sizecool < 65,000 Btu/h:
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AKWh 001 12 kBtuh _
n .
= Size,py X ——2 X EFLH,y0 X <1 - M)
SEER ndist,ee cool
For unitary-system heat pumps of Sizeneat < 65,000 Btu/h:
AkWh 1 Ngi
"t = Sizeneqe X === X EFLHpeqr X <1 - —i““"’“se>
HSPF ndist,ee heat
For unitary-system heat pumps and AC units of Sizecoo = 65,000 Btu/h,:
AkWh 01 12 kBtuh :
n .
= Sizepo1 X — i X EFLHgp01 X (1 - —f‘“"’“se>
IEER Naistee / ;oo

For unitary-system heat pumps of Sizeneat 2 65,000 Btu/h:

AkWh 1
heat = Sizeheat X

Btuh

ﬁ .
x EFLHheat x (1 _ dLst,base)
COP x 34‘12T heat

ndist,ee

Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

Ak]/l/summer 12 kftuh Ngist vk b
= Size X ___ton x|1— _atst,pr,base X CF.
cool EER < ndist,pk,ee summer

Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

AW, int . 1 Ndist,pk,base
WInter  _ Gizer o X o % (1 _ _distpk,base

) X CF, winter
ndist,pk,ee

Duct testing and sealing on chiller systems

Water-cooled chiller systems, cooling savings:

kW Ngist base
= Sizecpor X — X EFLH po; X |1 ——""—
tonpry Ndistee / oo

Air-cooled chiller systems, cooling savings:
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AW heyy; 1 kBtuh -
= Size,py X ——L2 X EFLH 0 X <1 - M)
EERpLy Naistee /oo

Chiller systems with non-electric heating fuel will not have heating savings. For chiller systems with electric heating,
savings are calculated as follows:

Chiller system with electric heating system < 65,000 Btu/h:

1 Ta:
AkWhpeqr = Sizepeqr X —== X FLHpeqe X (1 _ iilSt,baSe)
HSPF Ndist,ee heat

Chiller system with electric heating system = 65,000 Btu/h:

. 1 Naist,b
AkWhpeqr = Sizepeqr X 5 % EFLHnear ¥ (1 — =0 .
ea

btun Ngist,
COP x 3.412 W ist,ee

The per-measure gross coincident summer peak demand reduction is calculated according to the following
equations:

Duct testing and sealing on water-cooled chiller systems:

= Size,py X —

AkVVsummer kw x[1— ﬁdist,peak,base
ton full load

— ) X CFsummer
ndist,peak,ee

Duct testing and sealing on air-cooled chiller systems:

AkVVsummer 12 kBtuh ﬁd b
_C; ton ist,peak,base
- Slzecool X W X (1 - ——> X CFsummer
full load ndist,peak,ee

Chiller systems with non-electric heating fuel will not have gross coincident winter peak demand reductions. For
chiller systems with electric heating, savings are calculated as follows:

Air-cooled or water-cooled chiller system with electric resistance < 65,000 Btu/h:

AkVVWinter s
_ dist,base

= Size X —— X
heat HSPF ( ﬁdist,ee

) X CF, winter
heat

Air-cooled or water-cooled chiller system with electric resistance = 65,000 Btu/h:
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Akainter 1 ﬁdist base
= Sizeheat X Btuh X <1 - ﬁ—’) X CFwinter
COP x3.412 T distee / peqt
Where:
AkWh = per-measure gross annual electric energy savings

AkWyymmer = PEr-measure summer peak gross coincident demand reduction
AkW,yincer = per-measure winter peak gross coincident demand reduction

Sizecool = system cooling capacity in tons, based on nameplate data

Sizeneat = system heating capacity in kBtu/h, based on nameplate data

SEER = seasonal energy efficiency ratio (SEER). It is used for heat pumps and AC units that are
smaller than 65,000 Btu/h.

IEER = integrated energy efficiency ratio (IEER) of a unit’s efficiency at four load points: 100%, 75%,

50%, and 25% of full cooling capacity. It is used for heat pumps and AC units that are
65,000 Btu/h or larger.

HSPF = heating seasonal performance factor (HSPF) of existing heat pump. HSPF is used in heating
savings for air-source heat pumps.
COP = coefficient of performance (heating)

Ngist.pase,.cool = dUCt System average seasonal efficiency of baseline (pre-sealing) cooling system
Tlaist base heat = AUCt System average seasonal efficiency of baseline (pre-sealing) heating system
Tlaist.ee.cool = dUCE System average seasonal efficiency of efficient (post-sealing) cooling system
Ngistee,near = duct system average seasonal efficiency of efficient (post-sealing) heating system

Naist peak,pase = dUCt System efficiency of baseline system, under peak conditions (equal to g pase,coot)
Naistpeak,ce = dUCt system efficiency of efficient system, under peak conditions (equal to fg;s¢ ee coot)
EERuI0ad = energy efficiency ratio (EER) of air-cooled chillers at full-load conditions.

EERipLv = energy efficiency ratio (EER) of air-cooled chillers at integrated part load value (IPLV).
kw

tonjpLy
kw

tonfyll load

EFLHco = cooling equivalent full load hours (EFLH)
EFLHreat = heating equivalent full load hours (EFLH)
CF ummer = Summer peak coincidence factor

CF inter = Winter peak coincidence factor

TRF = Thermal regain factor

= energy efficiency of water-cooled chiller system at integrated part load value (IPLV)

= energy efficiency of water-cooled chiller system at full load

In the event of a missing efficiency metric from an application, the equations provided in Sub-Appendix F2-VI:
General may be used to estimate the missing efficiency using another application-provided efficiency metric.

4.2.1.3 Input variables
The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-33. Input values for duct sealing savings calculations

tons of
cooling
capacity
(per unit)

Component

Sizecool Variable See customer application

Customer application
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with Table 4-34 and Table 4-35

. . See customer application®® kBtu/h o
Sizenheat Variable - . Customer application
Default = Sizecool x 12 kBtu/ton (per unit)
See customer application®! Btu/W-hr Customer application
SEER/IEER/EE —— DefaL_llt: See Table ]:7-8 anq Table (COP is
R/COP/HSPF 17-9 in Sub-Appendlx F2-11I: Non- dimensio | ASHRAE 90.1-2013
residential HVAC based on n-less)
equipment type
See customer application Customer application
kW/tonuil oad Variable | Default: see Table 17-11 in Sub- | kwyton
Appendix F2-1lIl: Non-residential ASHRAE 90.1-2013
HVAC based on equipment type
See customer application Customer application
KW/toneLy _ Default: see Table 17-11 in Sub- KW/ton
Variable | Appendix F2-I1I: Non-residential ASHRAE 90.1-2013
HVAC based on equipment type
See customer application®? Customer application
EERull load . Default: see Table 17-11 in Sub- Btu/W-h
Variable | Appendix F2-IIl: Non-residential ASHRAE 90.1-2013
HVAC based on equipment type
See customer application®! Customer application
Default: see Cooling efficiencies of
EERpLY Variable | water chilling packages kBtu/kw-
Table 17-11 in Sub-Appendix F2- h ASHRAE 90.1-2013
[ll: Non-residential HVAC based
on equipment type
See customer application along Customer application
S Variable | With Table 4-34 and Table 4-35 sercent PP
ist,base,coo . f ; 0,
EZL?SL No insulation, 30% New York TRM 2018, p. 242
See customer application along Customer application
—— Variable | With Table 4-34 and Table 4-35 sercent PP
ist,base heat . f ; 0
Eg{(?;é No insulation, 30% New York TRM 2018, p. 242
See customer application along Customer application
- l Variable | With Table 4-34 and Table 4-35 sercent PP
ist,ee,coo . i i 0,
EZL?Q'; No insulation, 15% New York TRM 2018, p. 242
See customer application along Customer application
- Variable |_With Table 4-34 and Table 4-35 sercent PP
dist,ee heat . f ; 0
EZL?SL No insulation, 15% New York TRM 2018, p. 242
See customer application along Customer application
N Variable | \With Table 4-34 and Table 4-35 sercent PP
istpeak,base . . - )
Peg(?;g No insulation, 30% New York TRM 2018, p. 242
Nyistpeak,ce Variable See customer application along percent Customer application

60 When customer-provided heating system size is <80% or >156% of customer-provided cooling system size, a default value will be used, instead. In such
instances, it is assumed that the heating system size was incorrectly documented. The acceptable range is based on a review of the AHRI database across
numerous manufacturers and heat pump types.

61 The customer provided efficiency values are reviewed for reasonability. If the efficiency value is outside acceptable bounds the applicable default value is

applied. The bounds were determined from a review of the AHRI database. Bounds are as follows: 9.90 < SEER < 46.2, 7.92 < EER < 22.11, 8.10 < IEER

< 34.82,8.82 < CEER < 16.50, 5.85 < HSPF < 15.07, 2.70 < COP < 15.01.
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. H H 0
Default: No insulation, 15% New York TRM 2018, p. 242
leakage
. See Table 17-5 in Sub-Appendix hours, Maryland/Mid-Atlantic TRM
EFLHnear Variable F2-1I: Non-residential HYAC annual v.10, p. 423
. See Table 17-4 in Sub-Appendix hours, Maryland/Mid-Atlantic TRM
EFLHeoo Variable F2-1I: Non-residential HYAC annual v.10, p. 422
Where baseline and installed
system capacities differ, use
installed system capacity to assign . .
CF summer Variable CF. Otherwise, use baseline - Maryland/Mlegi Atlantic TRM
; - . v.10, p. 291
system capacity to assign CF:
< 135 kBtu/h = 0.588
> 135 kBtu/h = 0.874
Where baseline and installed
system capacities differ, use
installed system capacity to assign . .
CF,inter CF. Otherwise, use baseline - Maryland/M:g Atlantic TRM
. ; . v.10, p. 291
system capacity to assign CF:
< 135 kBtu/h = 0.588
> 135 kBtu/h = 0.874

The New York TRM provides values for duct system efficiency for uninsulated ducts and ducts with R-6 insulation for

four building types: assembly buildings, fast-food restaurants, full-service restaurant, and small retail. The average

column in Table 4-34 is a simple average of the four building types. The values for R-2, R-4 and R-8 insulation have

been calculated by scaling the results using an engineering relationship of the effectiveness of increasing R-values

(non-linear).

The manual provides efficiencies for only five leakage-rate bins: 8%, 15%, 20%, 25%, and 30%. In preparation for

receiving duct leakage percentages that do not match these specific values, DNV used a linear regression to model

duct system efficiency as a function of leakage proportion. The coefficients from this model were used to compute

duct system efficiency for any leakage value between 0% and 50%.

62 The New York TRM 2018 provides a CF with no specific source as a placeholder. Therefore, the same CFs are applied as used for other HVAC measure using

the Maryland/Mid-Atlantic TRM v.10.

63 The Maryland/Mid-Atlantic TRM v.10 does not provide a winter CF. Therefore, the summer CF is applied to the winter CF.
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Table 4-34. Duct system efficiency by broad building type categories®*

Full service .

eakege | RValUe | oaing [ Cooling | Heating | Cooling | Heating | Cooling | Heating | Cooling | Heating | Cooling |

8% Uninsulated 0.857 0.922 0.766 0.866 0.797 0.854 0.614 0.838 0.759 0.870
15% Uninsulated 0.829 0.908 0.734 0.853 0.765 0.845 0.581 0.827 0.727 0.858
20% Uninsulated 0.810 0.897 0.714 0.844 0.743 0.837 0.559 0.818 0.707 0.849
25% Uninsulated 0.793 0.886 0.693 0.834 0.721 0.829 0.538 0.809 0.686 0.840
30% Uninsulated 0.776 0.873 0.675 0.823 0.701 0.820 0.520 0.799 0.668 0.829

8% R-2 0.877 0.954 0.821 0.906 0.845 0.904 0.691 0.885 0.808 0.912
15% R-2 0.846 0.938 0.780 0.889 0.807 0.893 0.648 0.871 0.770 0.898
20% R-2 0.826 0.926 0.754 0.878 0.781 0.884 0.619 0.861 0.745 0.887
25% R-2 0.807 0.913 0.729 0.865 0.755 0.874 0.593 0.850 0.721 0.875
30% R-2 0.789 0.899 0.707 0.852 0.732 0.864 0.570 0.839 0.699 0.863

8% R-4 0.886 0.970 0.848 0.925 0.869 0.929 0.729 0.908 0.833 0.933
15% R-4 0.855 0.952 0.802 0.907 0.827 0.917 0.681 0.893 0.791 0.917
20% R-4 0.833 0.940 0.774 0.894 0.799 0.908 0.649 0.883 0.764 0.906
25% R-4 0.814 0.926 0.747 0.881 0.772 0.897 0.621 0.871 0.738 0.893
30% R-4 0.795 0.911 0.723 0.867 0.748 0.885 0.594 0.859 0.715 0.881

8% R-6 0.896 0.986 0.875 0.945 0.893 0.954 0.767 0.931 0.858 0.954
15% R-6 0.863 0.967 0.825 0.925 0.848 0.941 0.714 0.915 0.813 0.937
20% R-6 0.841 0.954 0.794 0.911 0.818 0.931 0.679 0.904 0.783 0.925
25% R-6 0.821 0.939 0.765 0.896 0.789 0.919 0.648 0.891 0.756 0.911
30% R-6 0.801 0.924 0.739 0.881 0.763 0.907 0.619 0.879 0.731 0.898

8% R-8 0.901 0.994 0.889 0.955 0.905 0.967 0.786 0.943 0.870 0.965
15% R-8 0.867 0.974 0.836 0.934 0.858 0.953 0.731 0.926 0.823 0.947
20% R-8 0.845 0.961 0.804 0.919 0.827 0.943 0.694 0.915 0.793 0.935
25% R-8 0.825 0.946 0.774 0.904 0.798 0.930 0.662 0.901 0.764 0.920
30% R-8 0.804 0.930 0.747 0.888 0.771 0.918 0.631 0.889 0.738 0.906

64 NY TRM 2019, Appendix H. Distribution Efficiencies, pp. 681-686. New York City values are used for heating and cooling efficiencies for different building types. This table represent more R-Values and total
duct leakage (%) than the reference table and for those cases, regression analysis was performed to obtain the respective heating and cooling duct system efficiencies.
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Building tvpe Associated duct system
gtyp efficiency building type

Education

Education — College and university
Education — High school

Education — Elementary and middle school
Health Care —inpatient

Health Care — outpatient

Lodging — (hotel, motel, and dormitory)
Office — Small (< 40,000 sq ft)

Office — Large (= 40,000 sq ft)

Other

Warehouse and storage

Average

Food sales

Food sales — Gas station convenience store
Food sales — Convenience store

Food sales — Grocery

Mercantile (retail, not mall)

Mercantile (mall)

Service (Beauty, auto repair workshop)

Small retail

Food service
Food service — Fast food
Food service — Other

Fast food restaurant

Food service — Restaurant
Food service — Full service

Full service restaurant

Public assembly
Public order and safety (police and fire station)
Religious worship

Assembly building

42.1.4 Default savings

If the proper values are not supplied, a default savings may be applied using conservative input values. Default hours

of use will be taken from the above chart if the building type is available.

4215 Effective Useful Life

The effective useful life of this measure is provided in Table 4-36.

Table 4-36. Effective Useful Life for lifecycle savings calculations

DL Program name Value Units
Phase

Non-Residential Prescriptive
Enhanced Program, DSM Phase
1X

Non-Residential Small Business
Improvement Enhanced Program,
VI DSM Phase VIl

Non-Residential Multifamily

Program, DSM Phase VIII

18.00

years

Source(s)

New York TRM 2019, p. 772

65 Where “Building Type” does not clearly map to “Associated Duct System Efficiency Building Type,” “Associated Duct System Efficiency Building Type is
assigned to most conservative type.” Full building type list was consolidated to map directly to 2003 U.S. DOE CBECS building types. Full building type list
from Maryland/Mid-Atlantic TRM. Original sources: Connecticut Program Savings Document for 2012 Program Year (September 2011), pp. 219-220.
https://energizect.com/sites/default/files/documents/2012%20CT%20Program%20Savings%20Documentation%20FINAL.pdf, 2003 US DOE CBECS

building type definitions.
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DL Program name
Phase
Program design assumptions
Vi Non-Residential Prescriptive 6.30 | years (weighted average of measure lives
Program, DSM Phase VI ' of all measures offered by program
and their planned uptake)

4.2.1.6 Source(s)

The primary sources for this deemed savings approach is the New York TRM 2018, pp. 241-244, New York TRM
2019, pp. 681-686, Maryland/Mid-Atlantic TRM v.10, pp. 422-423, and ASHRAE 90.1-2013.

4.2.1.7 Update summary
Updates made to this section are described in Table 4-37.

Table 4-37. Summary of update(s)

Version Update type Description

Moved from the Non-Residential Small Business Improvement Program,

2022 Section DSM Phase V Section as that program is no longer active.
Source Updated page numbers / version of the Maryland/Mid-Atlantic TRM
2021 New table Effective Useful Life (EUL) by program
Equation Added gross winter peak demand reduction equation
Added size condition of <65,000 Btu/h and 265,000 Btu/h for determining
2020 Equation which equation to use for ground-source heat pumps. Previously all
q ground-source heat pumps used equations with IEER and COP efficiency
metrics.
Source Updated page numbers / version of the New York TRM
Update to weather stations in North Carolina resulted in revised EFLHSs for
Inout variable weather-sensitive measures
vi10 P Equipment efficiency levels were revised per update to ASHRAE 2013 in
VA and NC
Default savinas Default savings modified due to changes to Sub-Appendix F2-11l: Non-
9 residential HYAC

4.2.2 Unitary/split air conditioning, heat pump, and chiller tune-up

4221 Measure description

This measure involves tuning up packaged air conditioning units, heat pump units (both air and ground source), and
air- and water-cooled cooled chillers at small commercial and industrial sites. All HYAC applications other than space
cooling and heating—such as process cooling—are ineligible for this measure.

For the Small Business Improvement Program, this measure is separated from the Refrigerant Charge Adjustment
retrocommissioning measure. However, this measure is also offered by the Commercial Non-Residential Prescriptive
Program in which case, the tune-up and the refrigerant charge adjustment steps are combined into a single measure.

This measure is offered through different programs listed in Table 4-38, and uses the impacts estimation approach
described in this section.
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Table 4-38. Programs that offer this measure

Program name Section

Non-Residential Prescriptive Program, DSM Phase VI Section 4.2.2
Non-Residential Small Business Improvement Enhanced Program, DSM Phase VIII Section 8.2.2
Non-Residential Multifamily Program, DSM Phase VIII Section 10.3.2
Non-Residential Prescriptive Enhanced Program, DSM Phase 1X Section 16.3.1

4222 Impacts Estimation Approach

Algorithms and inputs to calculate heating, cooling savings, and demand reduction for unitary/split HYAC and
package terminal AC system tune-ups are provided below. Gross annual electric energy savings and gross
coincident demand reduction are calculated according to the equations following this section.

Per-measure gross annual electric energy savings are calculated by combining the cooling and heating energy

savings according to the following equation:

AkWh = AkWh oo + AW hyeqr

Cooling energy savings

For heat pumps and AC units <65,000 Btu/h, the per- measure gross annual electric cooling energy savings are
calculated as follows:

AkWh oo 12 kBtuh/ton

= Sizecoor X~ EFLH,, X TUF

For heat pumps and AC units 265,000 Btu/h, the per-measure gross annual electric cooling energy savings are
calculated as follows:

AkWh oo 12 kBtuh/ton

= Sizecoo X~ EFLH,., X TUF

For air- and water-cooled chillers:

AkWh,y,, = Sizey, X IPLV X EFLH,,, X TUF

Heating energy savings

For heat pumps <65,000 Btu/h, the per-measure gross annual electric heating energy savings are calculated as
follows:

AkWh . 1
heat  — Sizepeqr X 75pF X EFLHnear X TUF
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For heat pumps 265,000 Btu/h the per-measure gross annual electric heating energy savings are calculated as
follows:

AkWhpeqr . 1
=S X
Hheat X 0P x 3412 Btuh/W

X EFLHypq; X TUF

For AC units and air- and water-cooled chillers, there are no per-measure gross annual electric heating energy
savings:

AkWhpeqe = 0

Per-measure gross coincident demand reduction is calculated according to the following equation for air-conditioning
and heat pump systems and chillers:

AWeymmer 12 kBtuh/ton

= Sizecoor X~z X CFrummer X TUF

Per-measure gross coincident demand reduction is calculated according to the following equation for air-conditioning
and heat pump systems and chillers:

Akainter _ AkI/theat

= X CF,;
EFLHheat winter
Where:
AkWh = per-measure gross annual electric energy savings
AkWsummer = per-measure gross summer peak coincident demand reduction
AkWuwinter = per-measure gross winter peak coincident demand reduction

AkWheoo! = per-measure gross annual electric cooling energy savings
AkWhreat = per-measure gross annual electric heating energy savings

Sizecool = tons of cooling capacity of equipment

Sizeneat = heating capacity of equipment, if applicable.

SEER = seasonal energy efficiency ratio (SEER) of the installed air conditioning equipment. It is used
for heat pumps and AC units that are smaller than 65,000 Btu/h.

IEER = integrated energy efficiency ratio (IEER) of the existing or baseline air conditioning equipment.

IEER is a weighted average of a unit’s efficiency at four load points: 100%, 75%,
50%, and 25% of full cooling capacity. It is used for heat pumps and AC units that are
65,000 Btu/h or larger.

EFLHwo = equivalent full load cooling hours

EFLHreat = equivalent full load heating hours

IPLV = energy efficiency at integrated part load value (IPLV) of chillers. For air-cooled chillers, this is
typically shown as EERipLy; for water-cooled chillers, this is typically shown as
kW/tonipLy.

TUF = rate of energy efficiency improvement due to tune-up

EER = energy efficiency ratio of air-conditioning and heat pump systems and air- and water-cooled

chillers at full load conditions.
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HSPF
COoP

CFsummer
CFuwinter

4.2.2.3

Docket No. E-22, Sub 645

= heating seasonal performance factor (HSPF) of existing heat pump. HSPF is used in heating

savings for air-source heat pumps.

= coefficient of performance of existing heating equipment. Ground source heat pumps use COP

to determine heating savings.

= summer coincidence factor
= winter coincidence factor

Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-39. Input variables for AC/HP/chiller tune-up measure

izecoo ariable ee customer application . ustomer application
si | Variable | S licati E‘;’LZ glft;oo"”g c licati
See customer application®® Customer application
Sizeheat Variable | Default for HPs: kBtu/h P
12 x Sizecool
Refer to Sub-Appendix F2-II: . .
EFLHcool Variable | Non-residential HVAC hours, annual _l\(ls;ﬂyl\allrlchld;etéantlc
ACs, HPs, & Chillers: Table 17-4 0P
Refer to Sub-Appendix F2-II: . .
EFLHheat Variable Non-residential HVYAC hours, annual _I\I_/Is'r\xlsnlo(l)/Mld;etéantlc
HPs: Table 17-5 0P
See customer application®’ Customer application
Refer to Sub-Appendix F2-1II: kBtu/kW-hour
HSPF/SEER/IEE Variable raci - Pp (except COP is
R/ EER/COP Non-residential HVAC - -
ACs & HPs: Table 17-9 dimensionless) | ASHRAE 90.1-2013
Chillers: Table 17-11
See customer application Btu/W for air- Customer application
IPLV Variable | Refer to Sub-Appendix F2-IIl: cooled chillers;
Non-residential HVAC KWiton for water- | ASHRAE 90.1-2013
Chillers: Table 17-11 cooled chillers
RCA_Done®® Boolean | See customer application True/False Customer application
IFRCA wiscr;(_)tod(;);; : Maryland/Mid-Atlantic
HPs: 0.028 TRM v.10, p. 316,
Chillérs;' 0.050 California Impact
TUF Variable N - Evaluation of 2013-14
If RCA was also done (only for Commercial Quality
Commercial Non-residential : 69
prescriptive program): Malnte_nance.Programs,
ACs: 0.050 ' and Wisconsin Focus on

66 When customer-provided heating system size is <80% or >156% of customer-provided cooling system size, a default value will be used, instead. In such
instances, it is assumed that the heating system size was incorrectly documented. The acceptable range is based on a review of the AHRI database across
numerous manufacturers and heat pump types.

57 The customer provided efficiency values are reviewed for reasonability. If the efficiency value is outside acceptable bounds the applicable default value is
applied. The bounds were determined from a review of the AHRI database. Bounds are as follows: 9.90 < SEER < 46.2, 7.92 < EER < 22.11, 8.10 < IEER
< 34.82, 8.82 < CEER < 16.50, 5.85 < HSPF < 15.07, 2.70 < COP < 15.01.

68 RCA_Done is only relevant to the Non-Residential Prescriptive Program; it is neither collected nor used for the Small Business Improvement Program because
Refrigerant Charge Adjustment is a separate measure.

69 california Public Utilities Commission (2016). Impact Evaluation of 2013-14 Commercial Quality Maintenance Programs (HVAC3), While these proportions were
not provided in the report, DNV analyzed the same supporting data—though owned by the CPUC and not publicly available—used to produce the tables
provided on pages BB-2 and BB-3 of Appendix BB of the report. Whereas the tables provided in Appendix BB were aggregated by program, DNV
aggregated the raw data by HVAC-system type to determine appropriate TUF values. This analysis showed that for packaged air-conditioning systems, an
average of 54.7% of the overall tune-up savings were attributable to the RCA treatment; for packaged heat pump systems, 44.7% of the overall tune-up
savings were attributable to the RCA treatment.
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HPs: 0.050 Energy 2020 TRM, pp.
Chillers: 0.050 957-959.
Use system capacity to assign
. CF: Maryland/Mid-Atlantic
CFsummer Variable <11.5 tons = 0.588 - TRM v.10, p. 316
= 11.5 tons = 0.874
Use system capacity to assign
. . CF: Maryland/Mid-Atlantic
CFuinter Variable <11.5 tons = 0.588 ; TRM v.10, p. 31670
=2 11.5tons = 0.874

4224 Default savings

No default savings will be awarded for this measure if the proper values are not provided in the customer application.
4.2.2.5 Effective Useful Life

The effective useful life of this measure is provided in Table 4-40.

Table 4-40. Effective Useful Life for lifecycle savings calculations

DSM

Non-Residential Prescriptive
Enhanced Program, DSM Phase
IX
Non-Residential Small Business Maryland/Mid-Atlantic TRM v.10, p.
5.00 | years
Improvement Enhanced Program, 316
VI DSM Phase VI
Non-Residential Multifamily
Program, DSM Phase VIlI
Program design assumptions
VI Non-Residential Prescriptive 6.30 | years (weighted average of measure lives
Program, DSM Phase VI ' of all measures offered by program
and their planned uptake)

4.2.2.6 Source(s)

The primary sources for this deemed savings approach include the ASHRAE 90.1-2013, Maryland/Mid-Atlantic TRM
v.10, pp. 315-316, pp. 422-423, the California Impact Evaluation of 2013-14 Commercial Quality Maintenance
Programs and the Wisconsin Focus on Energy TRM 2020, pp. 957-959.

4.2.2.7 Update summary

Updates made to this section are described in Table 4-41.

Table 4-41. Summary of update(s)

Version Update Type Description

2022 None No change

70 The source TRM does not provide a winter CF. Therefore, the summer CF is applied to the winter CF.
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Updated page numbers and versions of the Maryland/Mid-Atlantic TRM
Source . )
and Wisconsin TRM
2021 Equation Added gross winter peak demand reduction equation
New table Effective Useful Life (EUL) by program
Added size condition of <65,000 Btu/h and 265,000 Btu/h for determining
2020 Equation which equation to use for ground-source heat pumps. Previously all
ground-source heat pumps used equations with IEER and COP efficiency
metrics.
Updated page numbers and versions of references to:
Maryland/Mid-Atlantic TRM
Source Wisconsin Focus on Energy TRM
Clarified citation and footnote of CPUC’s Impact Evaluation for 2013-14
(HVAC3)
v10 For HPs at which RCA was not performed, revised Tune-up Factor (TUF)
value from 0.027 to 0.028
| . Update to weather stations in North Carolina resulted in revised EFLHSs for
nput variable "
weather-sensitive measures
Baseline efficiency levels were revised per update to ASHRAE 2013 in VA
and NC

4.3 Appliance or Plug Load end use
4.3.1 Smart strip

4311 Measure description

This measure realizes energy savings by installing a “smart-strip” plug outlet in place of a standard “power strip.”
Smart strip devices are designed to automatically turn-off connected loads when those devices are not in use,
therefore minimizing energy losses caused by phantom loads.

The baseline condition is a standard “power strip.” This strip is simply a “plug multiplier” that allows the user to plug in
multiple devices using a single wall outlet. Additionally, the baseline unit has no ability to control power flow to the
connected devices.

4312 Impacts Estimation Approach
Per-measure, gross annual electric energy savings are assigned per unit as follows:”*
AkWh = 269 kWh

Per-measure, gross coincident summer and winter peak demand reduction is assigned no reduction, as follows:

" Energy & Resource Solutions (ERS) 2013. Emerging Technologies Research Report; Advanced Power Strips for Office Environments prepared for the
Regional Evaluation, Measurement, and Verification Forum facilitated by the Northeast Energy Efficiency Partnerships.” Assumes savings consistent with
the 20W threshold setting for the field research site demonstrating higher energy savings (of two available sites). ERS noted that the 20 W threshold may
be unreliable due to possible inaccuracy of the threshold setting in currently available units. It is assumed that future technology improvements will reduce
the significance of this issue. Further, savings from the site with higher average savings was adopted (26.9 kWh versus 4.7 kWh) acknowledging that
investigations of APS savings in other jurisdictions have found significantly higher savings. For example, Northwest Power and Conservation Council,
Regional Technical Forum. 2011. “Smart Power Strip Energy Savings Evaluation” found average savings of 145 kWh.
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AkWsymmer = 0 kW

AWy inter = 0 kW

Where:

AKkWh = per-measure gross annual electric energy savings
AkWsummer = per-measure gross coincident summer peak demand reduction
AkWuinter = per-measure gross coincident winter peak demand reduction

43.1.3 Effective Useful Life

The effective useful life of this measure is provided in Table 4-42.

Table 4-42. Effective Useful Life for lifecycle savings calculations

Program design assumptions
(weighted average of measure lives
of all measures offered by program
and their planned uptake)

Non-Residential Prescriptive

Program, DSM Phase VI 6.30 | years

4314 Source(s)
The primary source for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, pp. 368-369.
4.3.15 Update summary

Updates made to this section are described in Table 4-43.

Table 4-43. Summary of update(s)

Version Update type Description ‘

2022 None No change

2021 Source Updated page numbers / version of the Mid-Atlantic TRM
New table Effective Useful Life (EUL) by program

2020 Source Updated page numbers / version of the Mid-Atlantic TRM

v10 Source Updated page numbers / version of the Mid-Atlantic TRM

4.3.2 Vending machine miser

4321 Measure description

This measure realizes energy savings by installing vending misers that control the vending machine lighting and
refrigeration systems power consumption of distributed closed-door cases. Miser controls power down these systems
during periods of inactivity while ensuring that the product stays cold. Qualifying machines include glass front
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refrigerated coolers, non-refrigerated snack vending machines, and refrigerated beverage vending machines, but this
measure does not apply to ENERGY STAR® vending machines that have built-in internal controls or distributed open
door cases.

This measure is offered through different programs listed in Table 4-49 and uses the impacts estimation approach
described in this section.

Table 4-44. Programs that Offer this Measure

Non-Residential Prescriptive Program, DSM Phase VI Section 4.3.2

Non-Residential Small Business Improvement Enhanced Program, DSM Phase VIl Section 8.4.1

4322 Impacts Estimation Approach

Per-measure gross annual electric energy savings are calculated according to the following equation:

AWh = kW, qeq X HOU X ESF

Per-measure, gross coincident summer peak demand reductions are calculated according to the following equation:

AkVVsummer — AkWh

- HOU X CF.‘Summer

Per-measure, gross coincident winter peak demand reductions are calculated according to the following equation:

AR AWh
winter  _ o0 X CFyinter

Where:

AkWh = per-measure gross annual electric energy savings
AkWsummer = per-measure gross coincident summer peak demand reduction
AkWhinter = per-measure gross coincident winter peak demand reduction

KWhrated = rated kilowatts of connected equipment
HOU = annual hours of use

ESF = energy savings factor

CFsummer = summer coincidence factor

CFuwinter = winter coincidence factor

4.3.2.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-45. Input values for vending miser savings calculations

KWrated Variable See customer application kw Customer application
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Massachusetts e-TRM 2019-
See Table 4-46 2021, p. 595
Massachusetts e-TRM 2019-
2021, p. 595
Massachusetts e-TRM 2019-
2021, p. 595
Massachusetts e-TRM 2019-
2021, p. 59572

CFuwinter Fixed 1.0 Wisconsin TRM 2019, p. 82272

ESF Variable See Table 4-46 -

HOU Fixed 8,760 | hours, annual

CFsummer Fixed 1.0

Table 4-46. Vending miser rated kilowatts and energy savings factors”

Equipment Type kWrated (KW) ESF

Refrigerated Beverage Vending Machine 0.400 0.46
Non-Refrigerated Snack Vending Machine (Default) 0.085 0.46
Glass Front Refrigerated Cooler 0.460 0.30

4324 Default savings
If the proper values are not supplied, a default savings may be applied using conservative input values.

The default, per-measure gross annual electric energy savings will be applied according to the following calculation:

AkWh = kW,qteq X HOU X ESF
= 0.085 kW x 8,760 hours x 0.46

= 342.52 kWh

The default, per-measure, gross coincident summer peak demand reduction will be applied according to the following
calculation:

Akvvsummer _ AkWh

- HOU XCFsummer

_ 343 kWh N
"~ 8,760 hours

72 The Massachusetts TRM does not provide summer or winter CFs. However, the equation for peak demand is kWh savings divided by annual hours implying a
CF of 1.0.

73 Massachusetts TRM 2019-2021 Plan Version, p. 595-597; https://www.masssavedata.com/Public/TechnicalReferenceLibrary (accessed on April
18, 2012).
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= 0.039 kW

The default, per-measure, gross coincident winter peak demand reduction will be applied according to the following
calculation:

AKW.... AkWh
winter  _ W X CFpinter

B 343 kWh o
8,760 hours

= 0.039 kW

43.25 Effective Useful Life

The effective useful life of this measure is provided in Table 4-47.

Table 4-47. Effective Useful Life for Lifecycle Savings Calculations

DSM

Non-Residential Small Business
Vil Improvement Enhanced Program, . years
DSM Phase VIII

Massachusetts e-TRM 2019-2021,
p. 596

Program design assumptions
(weighted average of measure lives
of all measures offered by program
and their planned uptake)

Non-Residential Prescriptive

vi Program, DSM Phase VI

6.30 | years

4.3.2.6 Source(s)
The primary source for this deemed savings approach is the Massachusetts e-TRM 2019-2021, pp. 595-597.
4.3.2.7 Update Summary

Updates made to this section are described in Table 4-48.

Table 4-48. Summary of Update(s)

2022 None No change
Source Updated page numbers / version of the Massachusetts TRM
2021 Equation Added equation for coincident winter peak demand reduction
New Table Effective Useful Life (EUL) by program
2020 None No change
v10 Source Verified no changes to page numbers / version of the Massachusetts TRM
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4.4 Refrigeration end use

4.4.1 Door closer (cooler and freezer)

4411 Measure description

This measure realizes energy savings by installing an auto-closer on main doors to walk-in coolers or freezers, or by
installing an automatic, hydraulic-type door closer on glass-reach-in doors to coolers or freezers. This measure
consists of installing a door closer where none existed before. Gross annual electric energy savings are gained when
an auto-closer installation reduces the infiltration of warmer outside air into a cooler or freezer environment.

Savings assume that an auto-closer reduces warm air infiltration on average by 40% and the walk-in coolers and
freezer doors have effective strip curtains.” To simulate the reduction, the main door open time is reduced by 40%.
For walk-in coolers and freezers, savings are calculated with the assumption that strip curtains that are 100%
effective are installed on the doorway.

This measure is offered through different programs listed in Table 4-49, and uses the impacts estimation approach
described in this section.

Table 4-49. Programs that offer this measure

Program name Section

Non-Residential Small Business Improvement Enhanced Program, DSM Phase VIII Section 8.5.5

Non-Residential Prescriptive Enhanced Program, DSM Phase IX Section 16.6.3

4.4.1.2 Impacts Estimation Approach

Per-measure, gross annual electric energy savings are assigned according to the refrigeration unit type and
temperature setting:

Cooler doors:

AWh = AkWhepojer

Freezer doors:

AKWh = AkWhyreezer

Per-measure, gross coincident summer peak demand reduction is assigned according to the refrigeration unit type
and temperature setting:

Cooler doors:

AkWeymmer = BkWeooter

74 Tennessee Valley Authority TRM 2018, p. 127 -128. Original sources: California Database for Energy Efficiency Resources, www.deeresources.com (DEER
2008), and San Diego Gas & Electric work paper WPSDGENRRNO0110 Rev 0, August 17, 2012, “Auto-Closers for Main Cooler of Freezer Doors.”
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Freezer doors:

AkeWeymmer = AkVVfreezeT

Per-measure, gross coincident winter peak demand reduction is assigned according to the refrigeration unit type and
temperature setting:

Cooler doors:

AW inter = BkWeooier

Freezer doors:

AkWyinter = DkWrreezer

Where:

AkWh = per-measure gross annual electric energy savings

AkWsummer = per-measure gross coincident summer peak demand reduction
AkWhuinter = per-measure gross coincident winter peak demand reduction
AkWheooler = annual electric energy savings for main cooler doors

AkWeooler = coincident demand reduction for main cooler doors

AkWhireezer = annual electric energy savings for main freezer doors
AkWreezer = coincident demand reduction for main freezer doors

4413 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-50. Door closer electric energy savings and gross coincident demand reduction (per closer)™

Walk-in Reach-in
Refrigeration unit type Location
s s sk ||
Richmond, VA 43.9 0.0050 102 0.0116
Norfolk, VA 43.5 0.0050 101 0.0115
Roanoke, VA 42.4 0.0048 98 0.0112
Sterling, VA 42.3 0.0048 98 0.0112
Cooler Arlington, VA 42.3 0.0048 98 0.0112
(31°F to 55°F) Charlottesville, VA 42.7 0.0049 99 0.0113
Farmville, VA 44.8 0.0051 104 0.0119
Fredericksburg, VA 43.3 0.0049 101 0.0115
Elizabeth City, NC 43.1 0.0049 100 0.0114
Rocky Mount, NC 43.6 0.0050 101 0.0116
Freezer Richmond, VA 172.7 0.0197 439 0.0501

7 Methodology from Tennessee Valley Authority TRM 2018, pp. 127-129, was used. Savings were revised using the TMY3 weather data for Dominion Energy
service territory locations.

76 The source TRM calculates coincident kW as the kwh savings divided by 8,760 hours. This implies that the demand reduction is the same in all periods. This is
the best information available. Therefore, the same coincident peak demand reduction for summer and winter periods.
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Refrigeration unit type Location
v | |

(-35°F to 30 °F) Norfolk, VA 170.2 0.0194 433 0.0494
Roanoke, VA 165.8 0.0189 422 0.0481
Sterling, VA 167.2 0.0191 425 0.0486
Arlington, VA 167.2 0.0191 425 0.0486
Charlottesville, VA 167.5 0.0191 426 0.0486
Farmville, VA 176.4 0.0201 449 0.0512
Fredericksburg, VA 171.8 0.0196 437 0.0499
Elizabeth City, NC 168.4 0.0192 428 0.0489
Rocky Mount, NC 171.4 0.0196 436 0.0498

4414 Default savings

In the event of incomplete data, make the following conservative assumptions:

e If the door type is missing, assume it is a walk-in door type.
e If the refrigeration system type is missing, assume it is a high-temperature cooler.

44.15 Effective Useful Life

The effective useful life of this measure is provided in Table 4-51.

Table 4-51. Effective Useful Life for lifecycle savings calculations

DSM

Non-Residential Prescriptive
Enhanced Program, DSM Phase
IX

Non-Residential Small Business
VIl Improvement Enhanced Program,
DSM Phase VIII

Tennessee Valley Authority TRM ‘
2018, p. 128 ‘

8.00 | years

4.4.1.6 Source(s)

The primary source for this deemed savings approach is the Tennessee Valley Authority TRM 2018, pp. 127-129.

4417 Update summary

Updates made to this section are described in Table 4-52.

Table 4-52. Summary of update(s)

2022 None None change
2021 New table Effective Useful Life (EUL) by program
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Inputs Added large office building type and expanded to 10 weather stations
Equation Added equation for coincident winter peak demand reduction
2020 None No change
Source Updated page numbers / version of the Tennessee Valley Authority TRM
v10 Default savings Defaqlt savings were adjuste(_j due to c_hange of weather statio_ns in North
Carolina (from Charlotte to Elizabeth City and Rocky Mount-Wilson)

4.4.2 Door gasket (cooler and freezer)

4421 Measure description

This measure realizes energy savings by replacing worn-out gaskets with new gaskets on walk-in and reach-in
refrigerator or freezer doors. By replacing the gasket, the air infiltration and cooling loads is reduced, saving energy.

This is a retrofit measure with the baseline condition being the worn-out gasket. The efficient case is a new gasket.
4422 Impacts Estimation Approach”

Per-measure, gross annual electric energy savings are calculated according to the following equation:

AkWh AkWh
= X L
ft

Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

Akvvsummer — AkW X L

ft
Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

AkVVWinter AkW

=——X L
ft
Where:
AkWh = per-measure gross annual electric energy savings
AkWsummer = per-measure gross coincident summer peak demand reduction
AkWuwinter = per-measure gross coincident winter peak demand reduction
AKkWh/ft = gross annual electric energy savings per linear foot
AKWI/ft = gross coincident demand reduction per linear foot
L = length of gasket applied

7 Electric energy and demand reduction for this measure are based on modeled results found in the Tennessee Valley Authority TRM 2018, which based its
model assumptions and equations on 3 sources: the California Database for Energy Efficiency Resources, www.deeresources.com (DEER 2008), the 2009
Southern California Edison Company- WPSCNRRNO0004.1 - Door Gaskets for Glass Doors of Walk-In Coolers work paper, and the 2009 Southern
California Edison Company- WPSCNRRNO0001.1 - Door Gaskets for Main Door of Walk-in Coolers and Freezers work paper.
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4.4.2.3 Input variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-53. Input values for door gasket savings calculations

. ) Tennessee Valley Authority TRM
AkWh/ft Variable See Table 4-54 kWh/ft 2018, p. 123.
. ) ) Tennessee Valley Authority TRM
AkW/ft Variable See Table 4-54Table 4-54 kW/ft 2018, p. 123.78
. See customer application Customer application
L Variable feet : —
Default = 15 DNV engineering judgment

Table 4-54. Door gasket annual electric energy and coincident demand reductions 7°

Refrigeration type AKWh/ ft AKWI/ft

Freezer (-35°F to 30°F)

Walk-in Door 29.5 0.0036

Reach-in glass door 22.2 0.0025

Cooler (31°F to 55°F)

Walk-in door 9.3 0.0011

Reach-in glass door 34 0.0004

4424 Default savings

If the proper values are not supplied, a default savings may be applied using conservative input values assuming a
reach-in, glass-door cooler.

The default per-measure, gross annual electric energy savings per unit cooler/freezer will be assigned according to
the following calculation:

MKW AKWh
-=

X L

—34kWh>< 15 ft
=34 f

78 The source TRM calculates coincident kW as the kWh savings divided by 8,760 hours. This implies that the demand reduction is the same in all periods. This is
the best information available. Therefore, the same coincident peak demand reduction for summer and winter periods.

9 Tennessee Valley Authority 2018, p. 123 — 124, methodology was used. TMY3 weather data was applied for Richmond, VA and Charlotte, NC. The difference
between these locations was less than 1%. Richmond values are applied for all locations across Dominion Energy service territory as the variance is
negligible across locations..
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= 51.00 kWh

The default per-measure, gross coincident summer peak demand savings per unit cooler/freezer will be assigned
according to the following calculation:

AkWsymmer — AkW < L
ft

= 00004kWX 15 ft
=0. ft f

= 0.006 kW

The default per-measure, gross coincident winter peak demand savings per unit cooler/freezer will be assigned
according to the following calculation:

AkVVwinter AkW X L
f t

= 0.0004 W X 15 ft
=0. fr f
= 0.006 kW

4425 Effective Useful Life

The effective useful life of this measure is provided in Table 4-55.

Table 4-55. Effective Useful Life for lifecycle savings calculations

DSM

Non-Residential Prescriptive
Enhanced Program, DSM Phase . Maryland/Mid-Atlantic TRM v10
1X

years Program design assumptions
Non-Residential Prescriptive 6.30 (weighted average of measure lives
Program, DSM Phase VI ' of all measures offered by program
and their planned uptake)

Vi

4426 Source(s)

The primary source for this deemed savings approach is the Tennessee Valley Authority TRM 2018, pp. 123-124.
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4.4.2.7 Update summary

Updates made to this section are described in Table 4-56.

Table 4-56. Summary of update(s)

2022 None No change
2021 New Table Effective Useful Life (EUL) by program
Equation Added equation for coincident winter peak demand reduction
2020 Source No change
v10 Source Updated page numbers / version of the Tennessee Valley Authority TRM

4.4.3 Commercial freezers and refrigerators

4431 Measure description

This measure involves the installation of an ENERGY STAR® qualified commercial freezer or refrigerator. These
models are designed for warm commercial kitchen environments with frequent door opening. Qualifying equipment
utilize a variety of energy-efficient components such as ECM fan motors, hot gas anti-sweat heaters, or high-
efficiency compressors. Qualifying equipment must not exceed the maximum daily kWh values determined by the
volume, door type, and configuration specified by Version 4.0 specifications that went into effect March 2017.

This measure is offered through different programs listed in Table 4-57 and uses the impacts estimation approach
described in this section.

Table 4-57. Programs that offer this measure

Program name Section

Non-Residential Prescriptive Program, DSM Phase VI Section 4.4.3
Non-Residential Midstream Energy Efficiency Products Program, DSM Phase VIII Section 9.3.1
Non-Residential Prescriptive Enhanced Program, DSM Phase IX Section 16.6.1

4.4.32 Impacts Estimation Approach

Per-measure, gross annual electric energy savings are calculated according to the following equation:

AkWh = (kWhygse — kWh,,) X Days
Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

m) X CFsummer

Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:
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AW,yincer _ (AkWh

AKWh = per-measure gross annual electric energy savings
AkWsummer = per-measure gross coincident summer peak demand reduction

AkWuinter = per-measure gross coincident winter peak demand reduction
kWhoase = daily energy consumption of the baseline equipment
kWhee = daily energy consumption of the efficient equipment
Days = days per year
EFLH = equivalent full load hours of equipment
CFsummer = summer peak coincidence factor
CFuwinter = winter peak coincidence factor
Input variables

Docket No. E-22, Sub 645

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-58. Input parameters for commercial freezers and refrigerator measure

kWh base

Variable See Table 4-59 kWh

Federal Standards, Energy
Efficiency Program for Certain
Commercial and Industrial
Equipment, title 10, sec. 431.66
(2013)

kWh ee

Variable See Table 4-60 kWh

ENERGY STAR® Certified-
commercial-refrigerators-and-
freezers®!

Days

days,

Fixed 365
annual

Constant

EFLH

hours,

Fixed
annual

5,858

Maryland/Mid-Atlantic TRM v.10,
pp. 335 and 33982

CFsummer

Fixed 0.77 | -

Maryland/Mid-Atlantic TRM v.10,
pp. 335 and 3398

CFuwinter

Fixed 0.77 | -

Maryland/Mid-Atlantic TRM v.10,
pp. 335 and 3398

Volume

Variable See customer application cubic feet

Customer application

80 The Maryland/Mid-Atlantic TRM v.10 references the federal standards, but the actual values used do not match. Since the baseline daily kWh is greater than
required by code, it is assumed that they have been modified per program design.

81 Values are provided in ENERGY STAR Certified Commercial Refrigerators and Freezers List as the “Energy Use (Daily Energy Consumption)(kWh/day)”
downloadable list can be found here: https://www.energystar.gov/productfinder/product/certified-commercial-refrigerators-and-freezers/results

82 Original source is cited as: Efficiency Vermont Technical Reference User Manual No. 2013-82.5, August 2013; Derived from Washington Electric Coop data by
West Hill Energy Consultants.

83 Derived from Itron eShapes, using 8,760 hourly data by end use for Upstate New York. This was combined with full load hour assumptions used for efficiency
measures to account for diversity of equipment usage within the peak period hours.

84 The Maryland/Mid-Atlantic TRM v.10 only provides summer peak CF. Without winter peak CF value available, the summer peak CF is applied.
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Table 4-59. Calculated baseline daily energy consumption from volume, V

Equipment type Refrigerator energy, kWh Freezer energy, kWh

Vertical Closed

Solid Door

=0.050 x V + 1.360

=0.220x V +1.380

Transparent

=0.100 x V + 0.860

=0.290 x V + 2.950

Horizontal Closed

Solid Door

=0.050 x vV +0.910

=0.060 x V +1.120

Transparent

=0.060 x V +0.370

=0.080 x V +1.230

Table 4-60. Calculated efficient unit daily energy consumption from volume

Equipment type and volume (ft3) Refrigerator energy, kWh Freezer energy, kWh

Vertical Closed
Solid Door
V<15 ftd =0.022 x V + 0.970 =0.210 x V + 0.900
15<V < 30 ft° =0.066 x V + 0.310 =0.120x V + 2.248
30 <V <50ftd =0.040 x V + 1.090 =0.285x V - 2.703
V 2 50 ft3 =0.024 x V + 1.890 =0.142 x V + 4.445
Transparent Door
V < 15 ft3 =0.095 x V + 0.445 =0.232x V + 2.360
15V <30t =0.050 x V + 1.120 =0.232 x V + 2.360
30 <V<50ft =0.076 x V + 0.340 =0.232 x V + 2.360
V 2 50 ft? =0.105xV-1.111 =0.232 x V + 2.360
Horizontal Closed
Solid or Transparent Door
All Volumes ‘ =0.050 x V + 0.280 =0.057 x V + 0.550

4434 Default savings
This measure does not have default savings.
4.4.3.5 Effective Useful Life

The effective useful life of this measure is provided in Table 4-61.

Table 4-61. Effective Useful Life for lifecycle savings calculations

Dt Program name
Phase 9

Non-Residential Prescriptive
Enhanced Program, DSM Phase 12.00 | years

IX

Mid-Atlantic TRM 2020, p. 335 |
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DSM .

Non-Residential Midstream
VIl Energy Efficiency Products
Program, DSM Phase VIII

Program design assumptions
(weighted average of measure lives
of all measures offered by program
and their planned uptake)

Non-Residential Prescriptive

Vi Program, DSM Phase VI

6.30 | years

4.4.3.6 Source(s)
The primary source for this deemed savings approach is the Maryland/Mid-Atlantic TRM v.10, pp. 334-341.
4.4.3.7 Update summary

Updates made to this section are described in Table 4-62.

Table 4-62. Summary of update(s)

2022 None No change
Source Updated page numbers / version of the Mid-Atlantic TRM

2021 Equation Added equation for coincident winter peak demand reduction
New table Effective Useful Life (EUL) by program

2020 None No change

V10 Source Updated page numbers / version of the Mid-Atlantic TRM
Input variable Updated CF value

4.4.4 Commercial ice maker

4441 Measure description

This measure involves high-efficiency ice makers meeting ENERGY STAR® or CEE Tier 2 ice maker requirements.
The measure applies to batch type (also known as cube type) and continuous type (also known as flake or nugget
type) equipment. The equipment includes ice-making head (without storage bin), self-contained, or remote-
condensing units. ENERGY STAR® ice makers are limited to only air-cooled units while CEE Tier 2 standards
address water-cooled units. The baseline for each type of ice maker is the corresponding Federal standard for the
same technology.

This measure is offered through different programs listed in Table 4-65 and uses the impacts estimation approach
described in this section.

Table 4-63. Programs that offer this measure

Program name Section

‘ Non-Residential Prescriptive Program, DSM Phase VI ‘ Section 4.4.4 ’
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Program name

Non-Residential Prescriptive Enhanced Program, DSM Phase IX Section 16.6.2

4.4.4.2 Impacts Estimation Approach

Per-measure, gross annual electric energy savings are calculated according to the following equation:

AkWh _ (kthase - kWhee

10010 ) X Hygtea X DC X Days

Per-measure, gross coincident summer peak demand reduction is calculated according to the following equation:

AkWsymmer AkWh
= oo X CF,
8,760 hours summer

Per-measure, gross coincident winter peak demand reduction is calculated according to the following equation:

AW, imter AKWH
= X CF,
8,760 hours winter

Where:
AKWh = per-measure gross annual electric energy savings
AkWsummer = per-measure gross coincident summer peak demand reduction
AkWuwinter = per-measure gross coincident winter peak demand reduction
kKWhboase = energy consumption per 100 Ib of ice produced by the baseline equipment
kWhee = energy consumption per 100 Ib of ice produced by the new equipment
Hrated = manufacturer-rated daily harvest rate of equipment
DC = duty cycle of ice machine
Days = number of days per year
CFsummer = summer peak coincidence factor
CFuwinter = winter peak coincidence factor

4443 Input Variables

The following table provides the inputs and the source of the inputs used for calculating impacts for this measure.

Table 4-64. Input parameters for commercial ice maker

Batch-type:
KWh Variable See Table 4-65 kWh/ 100- | Federal Standards 80 FR
base Continuous-type: Ib of ice 464585
See Table 4-66
CEE Tier 2 Water-cooled:
KWhee Variable See Table 4-67 :EV\(/)?/IClé)O

85 The standards are available here: https://www.regulations.gov/document?D=EERE-2010-BT-STD-0037-0137. Batch type ice maker efficiencies are on p. 5-4
and continuous type baseline efficiency levels are on p. 5-9.
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Air-cooled:

ENERGY STAR batch-type:

See Table 4-68

ENERGY STAR continuous-type:
See Table 4-69

If ice machine type is unknown and

water cooled: Default = cube or nugget

CEE Tier 28 and
ENERGY STAR®®”
lists of qualifying
equipment

If ice machine is ENERGY STAR and
water-cooled®®: Default = CEE Tier 2
Water-cooled = cube or nugget

Hrated Variable See customer application ggﬁ;d’ Customer application
. Arkansas TRM 2019
bC Fixed 05 |- Volume 8.1 p. 4988
. days, Arkansas TRM 2019
Days Fixed 365 annual Volume 8.1 p. 498
. Arkansas TRM 2019
CFsummer Fixed 1.0 | - Volume 8.1 p. 49890
CFuint Fixed 1.0 Arkansas TRM 2019
winter . -

Volume 8.1 p. 498%°

Table 4-65. Batch-type ice machine baseline efficiencies®

. Type of kWhypase
Ice machine type Harvest rate (Ib/day) (KWh/100-1b ice)

<300 6.880 — 0.00550 X Hated
= 300 and < 850 5.800 — 0.00191 X Hated
Water = 850 and < 1,500 4.420 — 0.00028 X Hrated
= 1,500 and < 2,500 4.000
Ice-making head 22,500 and < 4,000 4.000
<300 10.000 — 0.01233 X Hrated
Air = 300 and < 800 7.055 — 0.00250 X Hrated
= 800 and < 1,500 5.550 — 0.00063 X Hrated
> 1,500 and < 4,000 4.610
Remote-condensing w/o remote Air 2 50 and < 1,000 7.970 — 0.00342 X Hrateg
compressor > 1,000 and < 4,000 4.590
Remote-condensing w/ remote Air <942 7.970 - 0.00342 X Hrated
compressor 2942 and < 4,000 4.790

8 Currently qualifying ice makers meet CEE requirements effective 7/01/2011. Qualifying equipment is updated quarterly, available here:
https://library.ceel.org/content/commercial-kitchens-ice-machines-qualifying-product-list.

57 Currently qualifying ice makers meet ENERGY STAR® Version 3.0 program requirements effective January 28, 2018. The list of qualifying equipment can be
found here: https://www.energystar.gov/productfinder/product/certified-commercial-ice-machines/results.

88 ENERGY STAR does not include water-cooled ice makers. If both of these are indicated to be true on the application, it is assumed the equipment type is CEE
Tier-2 water-cooled.

89 per Arkansas TRM, this value was selected based on the most conservative value from a collection of sources including TRMs in Vermont, Pennsylvania, Ohio,
Wisconsin, and Missouri.

90 per Arkansas TRM, this value was selected based on building types and lighting CFs. There is limited information about the specific load profile of ice makers.
No winter CF is provided so summer CF is used.

9110 CFR Part 431 Subpart H, Automatic Commercial Ice Makers. 77 FR 1591. January 11, 2012. New minimum requirements effective January 28, 2018.
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