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[ Formatted Table

1.0

05/30/2018

Initial version filed for Commission approval.

11

06/19/2020

Updated version to include new measures and updates to
existing measures

2.0

10/15/2020

Updated version to include updates to existing measures.

3.0

9/15/2021

Update “Deemed Tables” with PY2020 Evaluation results plus
updates to existing measures (lighting, chiller, pool pump).
Added EUL lookup table for lighting measures from PY19.

4.0

9/26/2022

Updated “Deemed Tables” with PY2021 Evaluation results and
added two new measures: 2.2.2 Compressed Air Leak Repair
(shifting Compressed Air Nozzle and VSD Air Compressor to
2.2.3 and 2.2.4, respectively) and 2.5.10 Chiller Tune-Up.

5.0

10/05/2023

Updated baselines to 2015 IECC (effective 1/1/2024) for 2.5.5,
2.5.6, and 2.5.8. Updated baseline table to include only 2015
IECC for 2.5.7 PTAC/PTHP. Added “exterior” to 24/7 lighting
coincidence factor because 24/7 interior lighting (e.g., exit
signs) are included in the indoor lighting coincidence factor.
Retired measures 2.6.4 and 2.6.7 in response to the EISA
backstop provision becoming effective 8/1/2023. Expanded
measure 2.2.4 VSD Air Compressor description to include units
up to 200-hp.

1201/04\15/20245

-Removed measures to align with approved measure list from
Commission on 01/15/25. Added Efficient Pumps, Efficient

Cooling Towers, Dedicated Outdoor Systems. Removed several
measures currently not active in the programs. Reviewed and
updated all measures including source documentation.
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‘e { Formatted: Indent: Left: 0"

Shomndftenlann e e Condaed e L) e RES IOLL " { Formatted Table
ie; A 316:4310 428-7428 1042:61,040

SUMMER COINGIDENT-PEAK-DEMAND SAVINGS
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Vented-Electrie- Compact-(240M)-{<4-4-t%) 0-03400 004690 011410
Ventless-Electric- Compact-(240V){<4.4-ft%) 0-0428 0-0591-0589 014381435

NATURAL GAS ENERGY-SAVINGS

Natural-gas-savings-only-applyto ENERGY STAR® vented-gas-clothes-dryers:

[ bead  Load
%%H—%%Mhmww%%@as

Where:

« { Formatted: CambriaTextFormula
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APl herms=
36525
et
ATherms =Therm impact calculated ahove
2EEE = meen

WATER HMMPACT DESCRIPTIONS AND-CALCULATION
NA

DEEMED O&M-CoSTADIUSTMENT-CALCULATION
NIA

MEASURE CObE:
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2.2 Compressed Air
2.2.1 Compressed Air No Loss Condensate Drain

DESCRIPTION

No-loss condensate drains remove condensate as needed without venting compressed air, resulting
in less air demand and better efficiency. Replacement or upgrades of existing no-loss drains are
not eligible for this measure.

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

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is a no-loss condensate drain.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a standard condensate drain (open valve, timer, or both).
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The lifetime of a no-loss condensate drain is assumed to be 13 years.®

DeeMED MEASURE CoST

The measure cost is $700-79478 per drain.®

LOADSHAPE

Air Comp BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AKWh = CF Mreduced x kW crm* Hours |

Where:

CFMreduces = Reduced air consumption (CFM) per drain
=3 CFM®

31 “Measure-Life-Study by Energy & Resource Solutions (prepared for the Massachusetts Joint Utilities), “Measure Life
Study”.: Table 1-1, 2005, - | https://www.ers-inc.com/wp-

content/uploads/2018/04/Measure Life-Study MA-Joint- Ut|I|t|es ERS. pdf

dataieund—m—@A%@est—Da&a%l&Ameren MO DSM program Qal’lICIQ ants 2020 to 2024 equmment and Iabor cost, 7 prolects

33 Reduced CFM consumption is based on a 90 CFM timer drain opening for 10 seconds every 300 seconds as the baseline._Locgl
file: “Install NoLoss CondDrainValves worksheet, cell G44,See-“Industrial
System Standard Deemed Saving Analysis.xls.” -
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= System power demand reduction per reduced air consumption
(kw/CFM), depending on the type of compressor control, see table
below3

EEa e

Reciprocating - On/off Control 0.184
Reciprocating - Load/Unload 0.136
Screw - Load/Unload 0.152
Screw - Inlet Modulation 0.055
Screw - Inlet Modulation w/ Unloading 0.055
Screw - Variable Displacement 0.153
Screw - VFED 0.178

Hours

= Compressed air system pressurized hours
= Use actual hours if known, otherwise assume values in table below

34 Calculated based on load curves from Compressed Air Challenge. Aggregated data the-type-of compressorcontrol—This

assumeds the compressor will be between 40% and 100% capacity-. Worksheet “Install High Efficiency Nozzles”, Range

N18:AG38, before-and-after-the-changes-to-the-system-demand. See-Local file: “Industrial System Standard Deemed Saving

Analysis.xls.”
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1976 hours:
7 AM-3 PM, weekdays, less holidays & scheduled down time 1976

Single shift (8/5)

scheduled-down time
3952 hours:

2-shift (16/5 ;:]IZI 11 PM, weekdavs less holidays & scheduled down
and—sehedmed-demm—nme
5928 hours:

3-shift (24/5 i;l;;ours per da\:/, weekdays, less nolldays &’scneduled down .
and-scheduled-down-time
8320 hours:

Aoshift (24/7 4 hours per day, 7 days, less holldavs schedud down time8320

Reciprocating - On/off Control 0.184
Reciprocating—Load/Unload 0136
Serew--Load/Unload R
Seprecplosded aiion CLEE
Seopresplosidaduntan e Ulplonding CLEE
Serew—\ariable-Displacement 0453
Serew-VFD 0178

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AW =deWh+x CF | [ Formatted: Font: Italic

Where:

AkWh = Electric energy savings, calculated above

CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.0001379439%

MEeasure CoDE:
35 Ameren Missouri TRM Vol_ume 1- Appendlx G "Table 2 — Commermal and Industrlal End Use Cateqory Monthly Shapes anfd { Formatted: Font: 9 pt
C0|nC|dent Peak Factors"Business-program-end-u ategory-load-shapeAi-Comp 0 0 pend nd-Use-Shapq

{Formatted: Font: 9 pt
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2.2.2 Compressed Air Leak Repair

DESCRIPTION

This measure applies to an installed air compressor system that has developed feaks-leaks. Leaks
in a compressed air system lead to an increase in energy use to maintain the necessary pressure in
the system.

Savings are calculated by using information collected through survey and measurement of the
compressed air system, including the cubic feet per minute (CFM) of the airflow of each leak
using ultrasonic leak detection equipment.

DEFINITION OF EFFICIENT EQUIPMENT

Efficient Equipment is defined as the state of the air compressor system after leaks have been
repaired. It is not necessarily the air compressor with no leaks left as some leaks may be
impossible to reach or have substantial difficulty in fixing, therefore the efficient equipment is
one that has all leaks repaired that have been stated to be repaired.

DEFINITION OF BASELINE EQUIPMENT

Baseline equipment is characterized by the condition of the compressed air system at the time of
inspection before the leaks are repaired.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The effective useful life is 2 years. %

DeeMEeD MEASURE COST

Measure cost should include the inspection and repair cost.

LOADSHAPE
Air Comp BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
When a CFM-hin approach model built with trended data is not available, the simplified <«

approach listed below may be used.,

P

. AkWh = CFM]Jeak x +kW /CFMW.CEM x CECAF x + Hours — «
Where:
CFMieak = CFM leaks repairedleavingthe-aicompressorsystem-through
leaks

362022 WI TRM,: PA Consulting Group. “Focus on Energy, Business Programs: Measure Life Study Final Report”. (August 25,
2009). https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf (See tablel-2 on page 1-4)
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= Sum of CFM lossesUse-actualvalue-if-known-otherwise
approximate-valbe-can-be-found-using dB_from ultrasonic
measurement and iSIi readlni and-thein the table below®”
10dB 0.05 0.1 0.2 0.3 0.5
20dB 0.15 0.3 0.5 0.9 0.8
30dB 0.4 0.5 0.8 11 14
40 dB 0.5 0.8 11 14 17
50dB 19 2 2.2 18 2
60 dB 2.3 2.6 2.8 3 3.6
70dB 3 3.4 3.9 4.9 5.2
80dB 3.6 5.1 5.6 6.8 77
90dB 5.3 6.8 7.1 7.7 8.4
100 dB 6 7.3 9.6 10 10.6
kW/CEMW<crm = System power demand-reduction-per-reduced-air-consumption
from CAGHdatasheets-(kw/CFM);generation efficiency, depending
on-the-type-of compressor-control-see-table-below®-obtained from
model plate or CAGI sheets, full load power/full flow. Adjust for
output pressure if different than specification sheets.
=If unknown, assume 0.19 KW/CEM.
Screw—Load/Unload 0452
Screw-Inlet Modulation 0.055
Serew—VFD 8478
CCAF =Trim compressor control type adjustment factor®®
—Values appllcable to trlm air compressor, in followmq table. m
Control Method CCAF \

37 Values extrapolated from “Compressed Air Ultrasonic Leak Detection Guide” from UE Systems. Readings compensated for
atmospheric pressure and taken at40 kHZ 1See Qage 6[ Local ﬁle ‘UE qutems compreqﬁed a1r ultraﬂomc leak
detection.jpg”hitpsAranaL PU-C0 ad/10 omp d-air-ultrase ak-d on-guide

3% NREL, Factors based on power vs capacity curves from table 5 on page 16 for reciprocating, rotary screw compressor:

A

and table 2 on page 9 for centrifugal compressors “Chapter 22: Compressed Air Evaluation Protocol”,
https://www.nrel.gov/docs/fy170sti/68577.pdfhttps:Hwwa-nrel.govidoes/fyl 7osti/68577 pdfSchmidt Kissock:"Estim
Energy Savings-in-Compressed-Air
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Reciprocating — On/Off control 1.00

Reciprocating — Load/Unload 0.74

Screw-Load/Unload oil free 0.73

Screw — Load/Unload 1 gal CFM 0.43

Screw — Load/Unload 3 gal CFM 0.53

Screw — Load/Unload 5 gal CFM 0.63

Screw — Load/Unload 10 gal CFM 0.73

Screw-inlet modulation w/o blowdown 0.29

Screw-inlet modulation, blowdown 0.74

Screw-variable displacement 0.60

Screw-variable speed drive 0.97

Centrifugal IBV blowdown 0.20

Centrifugal IGV blowdown 0.26 <« {Formatted Table

Start/Stop 1.00

_— - { Formatted: Font color: Background 1

Reewm%#em 100031 ‘ { Formatted: Centered
Meduletion

{ Formatted Table

Displacement
storageVariable Speed
Serew:Load/Unload 3gal/CEM | 100053
storageStart/Stop

Centrifugal Compressor Slepe-o—iull
load-powerto
zero-How pewer
Hours = Compressed air system pressurized hours <« {Formatted Table

= Use-actual-heursActual hours, or if krewnunknown, etheraise
assume values in table below, based on busiress-compressor
operating schedule

1976 hours:

Single shift (8/5) 7 AM—3 PM, weekdays, minusless-seme holidays &and scheduled
down time

2-shift (16/5) 3952 hours:
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7AM - 11 PM Weekdavs Iess holldavs & scheduled down time;

3-shift (24/5)

5928 hOUI’S'

24 hours per day, weekdavs Iess holidays & scheduled down
time A min n n A n

4-shift (24/7)

8320 hours:
-24 hours per day, 7 days-a-week-, less holidays & scheduled down

timeminus-some-helidays-and-scheduled-down-time

o83 |BE|BIR 58

slrlslelelelziels)e
e[t |2l [5le |2 2le
Blelugiel-ltltgle

Rl N

Flosisreentng—onle s Conie. o1l
Serzee—landllinlacd 0152
Screw - Inlet Modulation 0.055
Seopresplotiladuntan e Ulnlonding CLEE
Sepppe D LD

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Where:

AkW = AkWh +x CF |

AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001379439%

4Ameren Missouri TRM Volume 1 - Appendlx G Table 2 CommerC|aI and Industnal End Use Cateqorv Monthly Shapes
and Coincident Peak Factors U - See

Ay - Mi

1 2016-A
t PP

2025 MEEIA 4 Plan MEEIA-2019-21Plan-Revision 56.0 Page 345

«

{ Formatted: Footnotes




Ameren Missouri Appendix H - TRM — Vol. 2: C&l Measures

MEeASURE CODE:
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2.2.3 Compressed Air Nozzle

DESCRIPTION

This measure applies to the replacement of a standard air nozzle with high-efficiency air nozzle
used in a compressed air system. High-efficiency air nozzles use the Coanda effect to pull in free
air and use significantly less compressed air for blowing off parts or for drying. These nozzles
have the added benefits of noise reduction and improved safety in systems with greater than 30
psig. The measure is applicable to continuous air blow off processing and manual air blow offf

tools.

This measure was developed to be applicable to the following program types: DI and RF. If applied

to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is a high efficiency compressed air nozzle meeting program
requirements.

The air flow, CFM, is from the manufacturer model specification sheet, for the applicable
working pressure.:

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a standard air nozzle that is OSHA approved— for hand tools, or a
standard blow off nozzle for continuous processing.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is 15 years.*

Deemeb MEeASURE CosT

Incremental measure costs are presented in the following table.*?

Nozzle Diameter Measure Cost

1/8” $42
1/4" $5759
5/163/8” $87236
1/2" $121335
LOADSHAPE
Air Comp BUS

“ [ Formatted Table

41 “Focus on Energy Evaluation - Business Programs: Measure Life Study,” prepared for State of Wisconsin Public Service
Commission by PA Consulting Group, August 25, 2009 _(See page 89 or search "compressed air nozzle™).

42 Costs are from EXAIR’s website and are an average of nozzles that meet the flow requirements. Models include Atto Super,
Pico Super, Nano Super, Micro Super, Mini Super, Super and Large Super nozzles. www.exair.com. Accessed-Mareh-20;
2014-Data in local file: “2024 Air nozzle incremental cost.xlsx”
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CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

AKWh = (SCEM-+SCEMY%RedueedCFMpase - CEMer) -+ kW /CEFM * CCAF%Use

Hours x % Use
Where:

SCFMpase = Air flow through standard open nozzle.
= Actual rated flow at 80 psi, if known. If unknown, use CFM by

orifice diameter for rounded edge, from table below.,- 434445

1/16”
1/8”
H41/4”
54623/8- 113193-
1/2" 343280-
=Engineered nozzle rate flow at 80 psi.
= Estimated-at 50%°—
= System power generation efficiency, obtained from model plate or
CAGI sheets, full load power/full flow. Adjust for output pressure if
different than specification sheets.
=If unknown, assume 0.19 kW/100 CFM, typical air compressor
=Trim compressor control type adjustment factor*’
=Values applicable to trim air compressor, in following table.

Control Method CCAF

Inlet-ModulatienReciprocating — On/Off | 6:331.00
control
LoeadfUnleadReciprocating —
Load/Unload
Screw-Load/Unload oil free

Vartable-DisplacementScrew
Load/Unload 1 gal CFM

8| n
oo|"“‘n

5

CFMeft
SCFM%Reduced-

kW/100CFM

CCAF

6-460.74

0.73
6-700.43

2 . ¢ o inf .

5

‘. {Formatted Table

N { Formatted Table

“ { Formatted Table
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Screw — Load/Unload 3 gal CFM 0.530:99
Screw — Load/Unload 5 gal CFM 0.63
Screw — Load/Unload 10 gal CFM 0.73
Screw-inlet modulation w/o blowdown 0.29
Screw-inlet modulation, blowdown 0.74
Screw-variable displacement 0.60
Screw-variable speed drive 0.97
Centrifugal 1BV blowdown 0.20
Centrifugal IGV blowdown 0.26
Start/Stoi 1.00 «
Serew—Load/Unload 9415
Screw—Inlet Modulation 0.06
Serew—Inlet-Modulation-w/ 006
Serew-VFD 018
OGUSE s : I . leis |
use—
= Custom-orif-unknown.-assume-5%*°—
Hours = Compressed air system pressurized hours
= Use actual hours if known, otherwise assume values in table
below.
Shift Hours IE
. . 1976 hours:
Single shift (8/5) 7 AM — 3 PM, weekdays, minus some holidays and scheduled down time
. 3952 hours:
2-shift (16/5) 7AM — 11 PM, weekdays, minus some holidays and scheduled down time
5928 hours:
3-shift (24/5) 24 hours per day, weekdays, minus some holidays and scheduled down
time
8320 hours:
4-shift (24/7) 24 hours per day, 7 days a week minus some holidays and scheduled down
time
%Use = Percent of the compressor total operating hours that the nozzle is in
use
48 A 09, al) fa) M
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= Custom, or if unknown, assume 5%°%°

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh x= CF
Where:

AkWh = Electric energy savings, calculated above

49 Assumes 50% handheld air guns and 50% stationary air nozzles. Manual air guns tend to be used less than stationary air nozzles
and a conservative estimate of 1 second of blow-off per minute of compressor run time is assumed. Stationary air nozzles are
commonly more wasteful as they are often mounted on machine tools and can be manually operated resulting in the possibility of
a long term open blow situation. An assumption of 5 seconds of blow-off per minute of compressor run time is used.
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CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001379439%°

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMeED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

<

50 Ameren Missouri TRM Volume 1 - Append|x G Table 2 Commerual and Industrial End Use Category Monthlv Shapes

and Coincident Peak Faclors
A aran N
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2.2.4 VSD Air Compressor

DESCRIPTION

This measure relates to the installation of an air compressor with a variable frequency drive,
load/no load controls, or variable displacement control. A baseline modulating compressor
regulates output by choking off the inlet air, which is not efficient. Efficient compressors use a
variable speed drive on the motor to match output to the load. Savings are calculated using
representative baseline and efficient demand numbers for compressor capacities according to the
facility’s load shape, and the number of hours the compressor runs at that capacity. Demand curves
are as per US Department of Energy (DOE) data for a vMariable sSpeed compressor versus a
mModulating compressor. This measure applies only to an individual compressor < 200 hp. Only
one compressor per compressed air distribution system is eligible.

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

DEFINITION OF EFFICIENT EQUIPMENT

The high efficiency equipment is a compressor 5-200 hp with variable speed control.
DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a modulating compressor with blow down 5-200 hp
DEeMED LIFETIME OF EFFICIENT EQUIPMENT

10 years.>

DeeMED MEASURE COST®2

Incremental Cost ($) = ((127 X hpcompressor) + 1446) X 1.24435

Where:
hPcompressor = compressor motor nominal horsepower
127 and 1,446 = compressor motor nominal hp to incremental cost conversion factor
and offset
LOADSHAPE
Air Comp BUS

Algorithm

51 Based on data provided by vendors, reference file “VSD compressor lifetime and costs.xls.”

52 Based on data provided by vendors, reference file “VSD compressor lifetime and costs.xls.”

53 Adjustment for inflation since incremental cost study is in $2008. The U.S. Bureau of Labor Statistic CPI Inflation Calculator
was used to adjust $2008 (Janruaryuly) to $220214 (Januaryuly). The resulting factor was 1.2443. This adjustment was
evaluated against current pricing of compressors (26212024) and found to be a reasonable and appropriate.
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CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = 0.9 X hpcompressor X HOURS x (CFp — CFe)
Where:
AkWh = gross customer annual kWh savings for the measure - {Formatted Table
hpcompressor = compressor motor nominal horsepower
0.9 = compressor motor nominal horsepower to full load kW conversion factor*
HOURS = compressor total annual hours of operation. Custom input, if unknown use

the defaults based on shift structure below.

Single shift (8/5 tl|£r9n?e6 hours: 7 AM — 3 PM, weekdays, minus some holidays and scheduled down
2-shift (16/5 3952 hpurs: 7AM — 11 PM, weekdays, minus some holidays and scheduled
Z-shift (16/5) down time
3-shift (24/5 5928 h_ours: 24 hours per day, weekdays, minus some holidays and scheduled
$-shift (24/5) down time

. 8320 hours: 24 hours per day, 7 days a week minus some holidays and
4-shift (24/7 scheduled down time
Unknown / 5702 hours: Weighting of 16% single shift, 23% two shift, 25% three shift and
Weighted averagess | 36% continual

Comp = baseline compressor factor, refer to table below

s4Conversion factor based on a linear regression analysis of the relationship between air compressor motor nominal horsepower
and full load kW from power measurements of 72 compressors at 50 facilities on Long Island. See “VSD Air Compressor —

Supporting Information_with40to50hpbucket.xIsx” for more information. { Formatted: Font: (Default) Times New Roman

{ Formatted: Underline, Font color: Blue
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Modulating w/ 0.890 0886 0,863
Blowdown

Load/No-Load w/ 1

Gallon/CFM 0.909 0.905 0.887
Load/No-Load w/ 3

Gallon/CFM 0.831 0.827 0.811
Load/No-Load w/ 5

Gallon/CFM 0.806 0.802 0.786

CFe = efficient compressor factor®
=0.705 for units <40 hp

=0.701 for units > 40 hp and < 50 hp
=0.658 for units 50 — 200 hp

{ Formatted: Left

[Formatted: Font: 11 pt

[ Formatted Table

56 Compressor factors were developed using DOE part load data for different compressor control types as well as load profiles <«

from 50 facilities employing air compressors less than or equal to 40 hp. See “VSD Air Compressor — Supporting

Information_with40to50hpbucket.xlsx” for more information

57 _Compressor factors for the size range between 40 and 50 hp were interpolated from data used to derive the compressor factors

for the other size ranges. See “VSD Air Compressor — Supporting Information_with40to50hpbucket.xlsx” for more information.

58 Compressor factors for this size range were developed using DOE part-load data for different compressor control types as well <.

as load profiles from 45 compressors and 20 facilities. This data comes from ComEd Custom and Industrial Systems programs.

The compressors were filtered to reflect only rotary screw compressors, between 50 and 200 hp, and operating a minimum of 4

hours per day, Additionally, compressors with clear and consistent baseload profiles were excluded from this analysis. See “VSD

Air Compressor — Supporting Information_with40to50hpbucket.xIsx™ for more information.

59 Compressor factors were developed using DOE part load data for different compressor control types as well as load profiles <

from 50 facilities employing air compressors less than or equal to 40 hp. The “variable speed drive” compressor factor has been
adjusted up from the 0.675 presented in the analysis to 0.705 to account for the additional power draw of the VSD.See “VSD Air

Compressor — Supporti
60,

2025 MEEIA 4 2019-21-Plan

ng Information_with40to50hpbucket.xIsx”

Revision 56.0

* for more information.

Formatted: Footnotes, Line spacing: single

| Formatted: Font color: Text 1

Formatted: Font: Font color: Text 1

| Formatted: Footnotes

[

[

|
N { Formatted: Font: Font color: Text 1

1

{

| Formatted: Footnotes, Indent: Left: 0"

() (D D WD, W W

. [ Formatted: Footnotes, Line spacing: single

{ Formatted: Footnotes




Ameren Missouri Appendix H - TRM - Vol. 2: C&I Measures

SUMMER COINCIDENT PEAK DEMAND SAVINGS
Ak= AkWh +x CF |
Where:

CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor®
=0.0001379439%

MEASURE CODE:

Adr-S £ “ Ameren-Mi 12016 -«
YH—DeeFererence—/amereRviiSsoutt T

{Formatted: Footnotes, Left, Line spacing: single

WQMM. B .“
 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes [ < {Formatted: Footnotes
and Coincident Peak Factors"
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2.3 Food Service
2.3.1 Combination Oven

DESCRIPTION

This measure applies to full or half-sized electric ENERGY STAR® combination ovens with a pan
capacity > 3 and < 40 and to full or half-sized natural gas fired ENERGY STAR® combination
ovens with a pan capacity > 5 and < 40 eapaeity=5-and-<20-and-to-full-or-half-sized-natural-gas
fired- ENERGY-STAR® combination-ovens—with-a—pan—capaeity=6-installed in a commercial

kitchen. Combination ovens combine the function of hot air convection (convection mode),
saturated and superheated steam heating (steam mode), and combination convection/steam mode
for moist heating, to perform steaming, baking, roasting, re-thermalizing, and proofing of various
food products. ENERGY STAR® certified combination ovens are approximately 20% more
efficient than standard ovens.

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

To qualify for this measure, the installed equipment must be an ENERGY STAR® certified
combination oven meeting idle energy rate (kW or Btu/hr) and cooking efficiency (%) limits, as
determined by fuel type, operation mode (steam or convection), and pan capacity.

ENERGY STAR® Requirements (Version 3.0, Effective October 12, 2023) **(\ersion2.2;
Effeetive-Octobe2015)

Idle Rate (Btu/hr for Gas, kW Cooking-Energy
for Electric) Efficiency (%)

Fuel Type Operation

{ Formatted: Font: 11 pt

Natural Gas Steam Mode <200P+6.511 241 N [Formatted: Font: 11 pt

(5-40 pan) Convection Mode < 140P+3.800 Natural-Gas =57 =4+ {F ormatted Table

Natural-Gas Steam-Mode Natural- Gas-<200P+6;5H =56

Mo Cos Connetap-ieods <150P+5:425

Mo Cos

Electric Steam Mode <0.133P+0.64 >55 [Formatted; Font: 11 pt

(5-40 pan) Convection Mode < 0.083P+0.35¢5-40-pan)< > 78Steam-Mode =55

Convection-Mede ) {Formatted: Font: 11 pt
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Note: P = Pan capacity as defined in Section 1.T of the Commercial Ovens Program Requirements Version 2.23.0.5]

DEFINITION OF BASELINE EQUIPMENT

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

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 12 years.
DeemMeED MEASURE COST

The incremental capital cost for each type of combination oven ferthis-measure-is
$4.3001,850628is listed in the following table.
Equipment \ W/
|
[Electric combination oven =15 pans-and $1,850
<29-pansAll
sizes
. =30 pans $2,692
GasElectric combination oven All sizes, $1,701
749
LOADSHAPE -«

Cooking BUS

A

57 Pan capacity is defined as the number of steam table pans the combination oven is able to accommodate as per the ASTM

F1495 95-20 standard specnflcatlon requlred for ENERGY STAR® product certmcatlon
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Custom calculation for an electric combination oven below, default values are provided for each

input and in the following tables, sourced from the “Commercial Kitchen Equipment Savings

Calculator”, published by ENERGY STAR® on March 2024.:™

AW h=(ACookingEnergyconviiec +ACookingERCrgystcamtioc+
Where:

AkWh

= (ACookingEnergyconveleg+ ACookingEner gysteamglec+

AldleEnergyconvelec+ AldleEner gysteamEieq+

APreHeatEnergyeie) x Days/1,000

>{ Formatted ﬁ

Where:

ACookingEnergyconveec = Difference in cooking energy between baseline and efficient

combination oven in convection mode

= FoodCookedElec*x (EFOODConvElec / ElecEFFConvBase -

EF0O0ODConvElec / ElecEFFConvEE) *x %Conv

7[ Formatted

ACookingEnergysteameiec = Difference in cooking energy between baseline and efficient

combination oven in steam mode

= FoodCookedElec*x (EFOODSteamElec / ElecEFFSteamBase,

<

/‘[ Formatted

EF00ODSteamFElecg / ElecEFFSteamEE) *x %Steam,

/{ Formatted

AIdleEneI‘gYConvElec
combination oven in convection mode

= ((ElecIDLEconvBase 2x ((Hours — FoodCookedEiec

= Difference in idle energy between baseline and efficient

<

/E]eCPCCanVBase) _*2{ %Canv)) - (E]EC[DLECUHVEE—*Z\ ((HOUI'S -

FoodCookedgiec /ElecPCConvEE) *x %Conv)))

AldleEnergysteamelec
combination oven in steam mode

= J(ElecIDLESstcampase X ((Hours - FoodCookedgiec

= Difference in idle energy between baseline and efficient
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ElecPCSteamBase) *x %Steam)) - (ElecIDLESteamEE *x

((Hours - FoodCookedElec / ElecPCSteamFEE) *x %Steam))]

APreHeatEnergyetec

=Difference in preheat energy between baseline and efficient

=PreHeatcony - PreHeater,

<

- /[ Formatted

M ENERGY STAR®, Algorithms and assumptions derived from ENERGY-STAR® Commercial Kitchen Equipment Savings
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ElecPCgase = Production capacity (Ibs/hr) of baseline electric cembination « [Formaued; Space Before: 1 pt, After: 1pt
oven
= Custem-orunknewn-Actual, or if unknown, use values from
table below
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EIeCI DLESteamEE
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[ =5 ] 166 | 295 |
<35 19 177
=5 201 349

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Ak= AkWh «x CF

Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.00019989497

NATURAL GAS ENERGY SAVINGS
Custom calculation for a gas combination oven below:™

ATherms={(ACookingEnergyconcas+ACookingEnergysicamcas +-AldleEnergyconvea+
AldleEnergysteamcas)y+Days/100,000

A

Formatted: Indent: Left: 0.1, Right: 0.1", Line spacing:
Multiple 1.1 li
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A/d/EEHETUVfaﬂVQZ + A/d/EEﬂErgiteﬂmﬂds+
APreHeatEnergycas) * Days/100,000
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Where:

ACookingEnergycomeas = Difference in cooking energy between baseline and efficient
combination oven in convection mode
= FoodCookedGas +x (EFOODConvGas /
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x %Conv, Formatted: Cambria12 Char, Font: Cambria
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{ Formatted: Cambria12 Char, Font: Cambria, 12 pt
[
[
[
[
ACookingEnergyseamcas = Difference in cooking energy between baseline and efficient [Formatted: Cambria12 Char, Font: Cambria, 12 pt
[
[
[
{
{
[
[
[
[

Formatted: Cambria12 Char, Font: Cambria

Formatted: Cambria12 Char, Font: Cambria

Formatted: Cambria12 Char, Font: Cambria, 12 pt

combination oven in steam mode
= FoodCookedGas, *x (EFOODSteamGas,/ GasEFFSteamBase - )
EF00DSteamGas,/ GasEFFSteamEE) *x %Steam
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= Difference in idle energy between baseline and efficient
combination oven in convection mode

= ((GasIDLEConvBase +x ((Hours - FoodCookedGas /
GasPCConvBase) +x %Conv)) — (GasIDLEConvEE

x ((Hours — FoodCookedGas /GasPCConvEE) +

x %Conv)))

= Difference in idle energy between baseline and efficient
combination oven in steam mode

= [(GasIDLESteamBase -+x ((Hours - FoodCookedGas /
GasPCSteamBase) +x %Steam)) — (GasIDLESteamEE
x ((Hours — FoodCookedGas / GasPCSteamEE) +

x %Steam))]

=Difference in daily preheat energy from baseline to efficient

100,000

= Btu to therms conversion factor

FoodCookedaas = Food cooked per day for gas combination oven
= Custom, or, if unknown, use 200 Ibs if P <15, 250 Ibsif 15 <P
30, or 400 lbs if P >30
EFOODconvGas = ASTM energy to food for gas combination oven in convection
mode
=250 Btu/lb
GasEff = Cooking energy efficiency of gas combination oven
= Custem-orunknewn-Actual, or if unknown, use values from
table below
GaSEFFCOnv ﬂ M
GasEFFsiean 39% 41%
EFOODsteamGas = ASTM energy to food for gas combination oven in steam mode

GaSIDLEBase

=105 Btu/lb

= Idle energy rate (Btu/hr) of baseline gas combination oven

= Custem-orHunknown-Actual, or if unknown, use values from
table below

<15 8:+7479,840 18:65624,003
15<P30 10.78811,734 24-56227,795
=30 13.00015,376 43:30027,957

GaSPCBase

= Production capacity (Ibs/hr) of baseline gas combination oven
= Custem-or+unknewn-Actual, or if unknown, use values from
table below

{ Formatted Table

{ Formatted Table

{ Formatted Table

<15 125 195
15<P30 176 211
>30 392 579

GasIDLEconvee = Idle energy rate of ENERGY STAR® gas combination oven in

convection mode
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= 150140*xP + 5:4253,800 |
= Production capacity (Ibs/hr) of ENERGY STAR® gas
combination oven

= Custom-or-if unknewn-Actual, or if unknown, use values from |

table below
“I { Formatted Table
<15 124 172
15<P30 210 277
=30 394 640
GasIDL Esteamee = Idle energy rate of ENERGY STAR® gas combination oven in
steam mode
= 200%xP +6,511 |
GasEFFcony 52% Eoie
GasEFFseam 39% 41%
L i 18,656
35=P30 10788 2BE2
=30 13600 43300
] Lo 195
+35=P30 176 211
=30 392 579
<15 124 172
35=P30 L 277
=30 394 640

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A
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2.3.2 Commercial Steam Cooker

DESCRIPTION

This measure applies to electric or natural gas fired ENERGY STAR® steam cookers installed in
a commercial kitchen. Commercial steam cookers contain compartments where steam energy is
transferred to food by direct contact. ENERGY STAR® certified steam cookers have shorter cook
times, higher production rates, and reduced heat loss due to better insulation and more efficient
steam delivery.

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

To qualify for this measure, the installed equipment must be an ENERGY STAR® certified steam
cooker meeting idle energy rate (W or Btu/hr) and cooking efficiency (%) limits, as determined by
fuel type and pan capacity.

ENERGY STAR®, Requirements (Version 1.2, Effective August 1, 2003) | | Formatted: Font: Not Bold

Electric Efficiency Requirements Natural Gas Efficiency {Formatted: Font: Not Bold

Pan Capacity  Idle Energy Rate Cooking Idle Energy Rate Cooking
Idle Energy Rate Efficiency Efficiency
3-pan <400 W <6,250 Btu/hr
4-pan <530 W < 8,350 Btu/hr
5-pan <670 W >50% <10,400-417 >38%N/A |
Btu/hr

6-pan and larger <800 W <12,500 Btu/hr

DEFINITION OF BASELINE EQUIPMENT

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

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 12 years.”
DeemMED MEASURE COST

7 Lifetime ENERGY STAR®, “Results Detail” worksheet (Equipment Life field), Commercial Kitchen Equipment Savings

Calculator, (March 2024), https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xlsx frem

e cen ), RSNV, ENCTgySTar. QoViSILes/ T TALI TIEY chen Lot o DV EQUIDMENL AL 1cU '8 { Formatted: Underline
ENERGY-STAR®Com : 8

vlator;
»

2025 MEEIA 4 Plan MEEIA-2019-21Plan-Revision 56.0 Page 5*5



https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xlsx

Ameren Missouri Appendix H - TRM - Vol. 2: C&l Measures

Actual incremental cost for this measure should be used. If actuals are unavailable use
$4-1502,000 for all electric cooker pan sizes and $1,000 for gas cooker.™

LOADSHAPE
Cooking BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Custom calculation for an electric steam cooker below with inputs for the existing cooker and
efficient cooker; otherwise use deemed values from the variable default value and the table that
follows, sourced from the EnergyStar Commercial Equipment Savings Calculator,.:7 [Formatted: Font: ltalic }

Formatted: Body Text, Justified, Indent: Left: 0", Right:
0", Space After: 0 pt, Line spacing: single

AkWh = (AldleEnergy + ACookingEnergy-+-APreHeatEnergy) -x— Days/
1,000 | Formatted Table ]

Where:
AldleEnergy

Difference in idle energy between baseline and efficient steam cooker
= [(1- SteamMode) +x(IdleRatey s FdleRateBase + SteamMode +
x Productiony,,s.ProductionBase +x Pans +xEF00D/
Ef frase) EffBasey+x (Hours - FoodCooked /(ProductionBase
x Pans))] - [(1 - SteamMode) +x(IdleRategsr ptdteRateESTAR +
SteamMode +x ProductionggyagPreductionESTAR +x Pans —+
X EFOOD JEf frsranEfFESFAR) +x (Hours - FoodCooked /
(Productionggsr,pPreductionESTAR +x Pans))]
APreHeatEnergy  =Difference in preheat energy between baseline and efficient cooker < [Formatted: Font; (Default) Times New Roman }

. —:10_4‘3\Natt_h_our . . - [ Formatted: Left J
ACookingEnergy = Difference in cooking energy between baseline and efficient steam cooker
= (FoodCooked +x EFOOD/ Ef f,qs.-£ffBase) - (FoodCooked +
x EFOOD/ Ef fesrarEf fESTAR)
Days = Annual days of operation
= Custem-Actual,ex; if unknown, use 365.25 days per year
1,000 = Watth to kWh conversion factor
SteamMode = Time (%) in constant steam mode
= ActualCustem-er, if unknown, use 40%
IdleRategase = Idle energy rate (W) of baseline electric steam cooker
™ Cost from ENERGY STAR® Commercial Kitchen Equipment Savings Calculator, which cites reference as “EPA research
using AutoQuotes, October 2020.” https://www.energystar.gov/sites/default/files/2024-
03/CFS%20Equipment%20Calculator.xlsx (See "Steam Cookers Calcs" tab rows 10 &51)Ameren-Missouri-Technical-Resouree
- ’ i . [ Formatted: Font: 9 pt }
e Algorithms and assumptions derived from ENERGY STAR® Commercial Kitchen Equipment Savings Calculator. [ Formatted: Left, Indent: Left: 0" J

2025 MEEIA 4 2619-21Plan Revision 56.0 Page 56


https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xlsx
https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xlsx

Ameren Missouri Appendix H - TRM - Vol. 2: C&I Measures

=1,400-200 W for steam generator, or 1,000 W for all others?
ldleRateesTar = Idle energy rate (W) of ENERGY STAR® electric steam cooker
= ActualCustem, i-or-if unknown, use value from table below as determined by

pan capacit
- { Formatted Table

3 400
4 530
5 670
61010 800
10 860
Productiongase = Production capacity (Ib/hr) per pan of baseline electric steam cooker

= Actual, if unknown, use 23.3 Ib/hr
Productionestar = Production capacity (Ib/hr) per pan of ENERGY STAR® electric steam cooker
= Custem-er+Actual, if unknown, use 16.7 Ib/hr

Pans = Pan capacity of steam cooker
= Custem-er;Actual, if unknown, use 6 pans
EFOOD = ASTM energy to food testing standard
= 30.8 Wh#batt-hour/Ib
Effgase = Cooking efficiency (%) of baseline electric steam cooker’?
= Actual, if unknown, use 2830%
Effestar = Cooking efficiency (%) of ENERGY STAR® electric steam cooker
= Custem-orHActual, if unknown, use 50%
Hours = Average daily hours of operation
= Custem-erAcutal, if unknown, use 12 hours per day
FoodCooked = Food cooked per day (Ibs)

Custerm-er;Actual, if unknown, use 100 pounds

3 400
4 530
5 6740
6 800
10 800

Savings for all pan capacities are presented in the table below.

Energy Consumption of Electric Steam Cookers
Pan Capacity kWhgase Savings (kWh)

78 ENERGY STAR®, “Steam Cooker Calcs” hidden worksheet: Cells C21, Commercial Kitchen Equipment Savings Calculator, | < { Formatted: Footnotes

(March 2024), Source of algorithms and assumptions for savings, https://www.energystar.gov/sites/default/files/2024-
03/CFS%20Equipment%20Calculator.xlsx
79_Cooking-efficiency for-baseline steam-cooke
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3 37,857 18,4389 17,642 76376 7,3843 16,8013
4 45,004 23,018:6 21,543 97841 8,569 13,2345
5 52,047 27.563.8 25,509 11.953.8 9,693 15,609.9
6 59,040 32,0917 29,410 14,2001 10,822 17,9916
10 86,803 50,134:5 41,452 21,3843 16,564 28,750-1
Average 56,150 30,249.5 27,111 12,9720 10,606 17,2775
SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh -x CF
Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.0001998949¢
Other variables as defined above.

NATURAL GAS ENERGY SAVINGS

Custom calculation for a natural gas steam cooker below; otherwise use deemed value from the
table that follows.®

-ATherms = (AldleEnergy + ACookingEnergy + APreHeatEnergy)s
Days /100,000

Where: «

AldleEnergy = [(1- SteamMode) +x(IdleRateBase + SteamMode
x ProductionBase +x Pans +xEFOOD /Ef fBase)+

x (Hours - FoodCooked /(ProductionBase

x Pans))] - [(1 - SteamMode) +x(IdleRateESTAR +
SteamMode +x ProductionESTAR ~x Pans <+x EFOOD /

EffESTAR)+x (Hours - FoodCooked /ProductionESTAR

x Pans)]
ACookingEnergy = (FoodCooked +x EFOOD/ Ef fBase) - (FoodCooked -+
x EFOOD / EffESTAR)
APreHeatEnergy  =Difference in daily preheat energy from baseline to efficient
100,000 = Btu to therms conversion factor

80 Ameren Missouri TRM Volume l ADpendlx G: Table 2 CommerC|aI and Industrlal End Use Cateqor\/ Monthlv Sh_pes and

Comudent Peak Factors"2016-Ameren-y ! dent-Pea and o o .
souri2016-Appendix E—End Us Qh&y s-and-Coincident Factors-pdf.

81 ENERGY STAR®, Algorithms and assumptlons derived from CommerC|aI Kitchen Equipment Savings Calculator, (March

2024), https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xIsxAlgerithms-ane

assumptions derived from ENERGY STAR" Commercial Kitchen Equipment Savings Calculator.
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ldleRategase

ldleRateestar

Productiongase

Productionestar

EFOOD

EffBase

Effestar
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= Idle energy rate (Btu/hr) of baseline gas steam cooker

= 16,500 Btu/hre?

= Idle energy rate (Btu/hr) of ENERGY STAR® gas steam cooker
= Custorm-or-if unknewn-Actual, or if unknown, use value from table |

below as determined bi ian caiaciti

3 6.250
54 10-4008,333
65 12.50010,417
10-6 to 10 12,500

= Production capacity (Ib/hr) per pan of baseline gas steam cooker

=23.3 Ib/hr

= Production capacity (Ib/hr) per pan of ENERGY STAR® gas steam

cooker

= Custom-or-ifunknown-Actual, or if unknown, use 20 Ib/hr

= ASTM energy to food

=105 Btu/lb

= Cooking efficiency (%) of baseline gas steam cooker®

=16.5%

= Cooking efficiency (%) of ENERGY STAR® gas steam cooker

= Custom-or-ifunknown;Actual, if unknown use 38%

Other variables as defined above.

3 6250
5 10-460
6 12500
10 12500

Savings for all pan capacities are presented in the table below.

Energy Consumption of Gas Steam Cookers

Pan Capacity Thermsgase Thermsestar Savings (Therms)
3 1,301.5 492.8 808.7
5 1,842.1 795.7 1,046.4
6 2,107.2 947.8 1,159.4
10 3,157.4 1,344.5 1,812.9
Average 1,996.0 845.0 1,150.0

82 Idle energy rate for baseline steam cookers is the average of rates provided by ENERGY STAR® for steam generator and boiler-

based cookers: (See formula in "Steam Cooker Calcs" tab cell "F26").

83 Cooking efficiency for baseline steam cookers is the average of efficiencies provided by ENERGY STAR® for steam generator

and boiler-based cookers (See formula in "Steam Cooker Calcs" tab cell "F21").
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WATER IMPACT DESCRIPTIONS AND CALCULATION

Custom calculation below; otherwise use deemed value of 134,412.0 gallons per year.®* Savings
are the same for electric and gas steam cookers.

AWater = (WaterUseBase — WaterUseESTAR) +x Hours

+x Days
Where:
WaterUsegase = Water use (gal/hr) of baseline steam cooker
=40 gal/hr
WaterUseestar = Water use (gal/hr) of ENERGY STAR® steam cooker®s

= Custem-or—unknrown-Actual, or if unknown, use 9.3 gal/hr

Other variables as defined above

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

84 Algorithms and assumptions derived from ENERGY STAR® Commercial Kitchen Equipment Savings Calculator.
85 Water use for ENERGY STAR® steam cookers is the average of water use values provided by ENERGY STAR® for steam
generator, boiler-based, and boiler-less cookers_(See formula in "Steam Cooker Calcs” tab cell "G19" average of 15,10 &3).
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2.3.3 Fryer

DESCRIPTION

This measure applies to electric or natural gas fired ENERGY STAR® certified fryers installed in
a commercial kitchen. ENERGY STAR® fryers offer shorter cook times and higher production
rates through advanced burner and heat exchanger designs. Fry pot insulation reduces standby
losses, resulting in lower idle energy rates. Standard-sized ENERGY STAR® fryers are up to 30%
more efficient, and large-vat ENERGY STAR® fryers are up to 35% more efficient, than standard
fryers.

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

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

ENERGY STAR® Requirements (Version 23.0, Effective April-222011)October 1, 2016) « { Formatted: Body Text, Justified, Indent: Left: 0"
Electric Efficiency Natural Gas Efficiency
Requirements Requirements
Fryer Capacity Idle Energy qu_klng Idle Energy Co_o!ang
Efficiency Efficiency
Rate : Rate :
Consumption Consumption
Standard Open Deep-Fat Fryer < 1.000800 W > 83% <9,000 Btu/hr > 50%
Large Vat Open Deep-Fat Fryer <1,100 W > 80% <12,000 Btu/hr - ’ . { Formatted: Centered

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a new electric or natural gas fryer that is not ENERGY STAR® certified.
DEeMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.s

DeeMED MEASURE COST

The incremental capital cost for this measure is $2106-1,500 for standard electric, $0500 for large
vat electric, $1,000 for standard gas, and $1;4202,000 for large vat gas fryers.#’

A

8 ENERGY STAR®. “Results Detail” worksheet (Equipment Life), Commercial Kitchen Equipment Savings Calculator, (Marcl

N {Formatted: Footnotes, Line spacing: single

2024), https://www. enerqutar qov/s|tes/defau|t/flles/2024 OS/CFS%ZOEqwDment%ZOCa!gu!ator xstl:#eHme—#em—EN—ERGAé
SIAR(“ i i i search on-availabl

{ Formatted: Underline

'y

8 ENERGY STAR*R Frver Calw hlddcn WOerhCLl (Incrcmumal Coct) Commeraal Kltchen Equmment Savmqs Calculator = {Formatted: Footnotes, Indent: Left: 0"

{ Formatted: Underline

Measure ges{s fFem EN ERG¥ STA R® Comme

Hg-AutoO mtes—@etebe{—ZQZOEPArFeseare#usmgAmeQuetes—zm-}l
s - 7 -
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LOADSHAPE
Cooking BUS
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Custom calculation for an electric fryer below; otherwise use deemed value of 952.33,428-1231]
kWh for standard fryers and 2,537-92,696-720 kWh for large vat fryers.®

“ Formatted: Justified, Indent: Left: -0", Right: 0", Space
After: 8.75 pt
AkWh = (AldleEnergy + ACookingEnergy + ACookingEnergy +
APreHeatEnergy) * Days/1,000
Where:
AldleEnergy = Difference in idle energy between baseline and efficient fryer

= (Elecldley s ElecldleBase—+x (Hours - FoodCooked/
ElecPCy 5. ElecPCBase)) - ElecldlegsrapElectdle ESTAR +
x (Hours - FoodCooked [ElecPCggr,pEteePCESTAR))
APreHeatEnergy  =Difference in daily preheat energy between baseline and efficient
ACookingEnergy = Difference in cooking energy between baseline and efficient fryer
= (FoodCooked +x EFOODElec/
ElecEf f,qscEtecEffBase) - (FoodCooked ~+x EFOO0Dgiec/
ElecEf frsrar)
APreHeatEnergy  =Difference in daily preheat energy from baseline to efficient
=Actual, or if unknown, 500 watts for standard and large vat

Days = Annual days of operation
= Custom-orif unknewn,-Actual, or if unknown, use 365.25 days per |
year
1,000 = Wh to kWh conversion factor
Elecldlegase = Idle energy rate of baseline electric fryer
=1,656-200 W for standard fryers and 1,350 W for large vat fryers |
Elecldleestar = Idle energy rate of ENERGY STAR® electric fryer

= Custom-or—ifunknown-Actual, or if unknown, use ,660800 W for |
standard fryers and 1,100 for large vat fryers
Hours = Average daily hours of operation
= Custom-or-if urknewn-Actual, or if unknown, use 16 hours per day |
for a standard fryer and 12 hours per day for a large vat fryer

FoodCooked = Food cooked per day
= Custem-or—unknrown-Actual, or if unknown, use 150 pounds |
ElecPChgase = Production capacity of baseline electric fryer

8 ENERGY STAR®, “Results Detail” worksheet: Cells F25:F28, Commercial Kitchen Equipment Savings Calculator, (March
2024), Source of algorithms and assumptions for savings, https://www.energystar.gov/sites/default/files/2024-

03/CFS%20Equmment%ZOCaIculator xlsxmmmmmm@m“@mm%m
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=65 Ib/hr for standard fryers and 100 Ib/hr for large vat fryers
ElecPCestar = Production capacity of ENERGY STAR® electric fryer
= Custem-er—unknown-Actual, or if unknown, use 70 Ib/hr for
standard fryers and 110 Ib/hr for large vat fryers

EFOODElec = ASTM energy to food
=167 Wh/lb
ElecEffgase = Cooking efficiency of baseline electric fryer

= 75% for standard fryers and 70% for large vat fryers
= Cooking efficiency of ENERGY STAR® electric fryer
= Custem-or-H-unrknrown;-Actual, or if unknown, use 8683% for beth
ElecEffestar standard and_80% for large vat fryers

Other variables as defined above

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Ak = AkWh <+—x CF

Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.0001998949¢°
Other variables as defined above.

NATURAL GAS ENERGY SAVINGS

Custom calculation for a natural gas fryer below; otherwise use deemed value of 50679512
therms/yr for standard fryers and 445-2420 therms/yr for large vat fryers.®

-ATherms = (AldleEnergy + ACookingEnergy + APreHeatEnergy) <
+x Days /100,000
Where: <
AldleEnergy = (GasldleBase +x (Hours - FoodCooked/

GasPCBase)) - (GasldleESTAR ~+x
(Hours - FoodCooked/GasPCESTAR))

APreHeatEnergy 3 d

ACookingEnergy = (FoodCooked X EFOODGas/ GasEffBase) - (FoodCooked —+
X EFO0Dcas/GasEf fEsrar)

APreHeatEnergy  =Difference in daily preheat energy between baseline and efficient

8 Ameren Missouri TRM Volume 1 - Appendlx G Table 2 Commercnal and Industrlal End Use Cateqory Monthly Shage

and Coincident Peak Factors 016
£ A aran N

9% Algorithms and assumptions derived from ENERGY STAR® Commercial Kitchen Equipment Savings Calculator
https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xlIsx, (See "Fryer Calcs" tab),
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= Btu to therms conversion factor
= Idle energy rate of baseline gas fryer
= 14,000 Btu/hr for standard fryers and 16,000 Btu/hr for large vat
fryers
= Idle energy rate of ENERGY STAR® gas fryer
= Custerm-or-if urknewn-Actual, or if unknown, use 9,000 Btu/hr for |
standard fryers and 12,000 Btu/hr for large vat fryers
= Production capacity of baseline gas fryer
= 60 Ib/hr for standard fryers and 100 Ib/hr for large vat fryers
= Production capacity of ENERGY STAR® gas fryer
= Custem-or—unknrown-Actual, or if unknown, use 65 Ib/hr for
standard fryers and 110 Ib/hr for large vat fryers
= ASTM energy to food
=570 Btu/lb
= Cooking efficiency of baseline gas fryer
= 35% for both standard and large vat fryers
= Cooking efficiency of ENERGY STAR® gas fryer
= Custem-or—funknown-Actual, or if unknown, use 50% for both |
standard and large vat fryers

Other variables as defined above

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION

N/A

MEASURE CODE:
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2.3.4 Convection Oven

DESCRIPTION

This measure applies to either full or half-sized electric ENERGY STAR® convection ovens and
to half-full sized natural gas fired ENERGY STAR® convection ovens installed in a commercial
kitchen. Convection ovens are general purpose ovens that use fans to circulate hot, dry air over
the food surface. ENERGY STAR® certified convection ovens are approximately 20% more
efficient than standard ovens.

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

To qualify for this measure, the installed equipment must be an ENERGY STAR® certified
convection oven meeting idle energy rate (kW or Btu/hr) and cooking efficiency (%) limits, as
determined by both fuel type and oven capacity (full size versus half size).

ENERGY STAR® Requirements (Version 2.23.0, Effective October7-2015January 12, 2023) % «

Efficiency Requirements

Oven Capacity

Idle Energy Rate ch?i?:::r?gy
Electric, Full Size, > 5 pans < 1-60.40 kWKW > 7176% «
Electric, Hat-Size-Full Size, <5 <1.00 kW > 76% 1
pans -
Half Size <1.00 kW >71% P
Gas, full size <9.500 Btw/hr 249%

DEFINITION OF BASELINE EQUIPMENT

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

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

DeemMeD MEASURE CoOST

L https://lwww.energystar.gov/products/commercial_food_service_equipment/commercial_ovens/key product_criteria «

92 ENERGY STAR®, “Results Detail” worksheet (Equipment Life), Commercial Kitchen Equipment Savings Calculator, (March

2024), https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xIsx Lifetime-from-ENERGY
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The incremental capital cost for this measure is $8286 for half-size oven and $1,191 for full size
ovens.®

LOADSHAPE
Cooking BUS

“ { Formatted: Indent: Left: 0"

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Custom calculation for an electric convection oven below; otherwise use 4,938:51,090 W for >5
pan full-size ovens, 4,576 W for <5 pan and 2,491 W for half-size ovens2;001-k\Wh-forfull-size
ovens-and-192.1244 k\Wh for-half-size-ovens.*

él:Mlh — (éldlggqqg?:gil QGBBIE[’H 951949?:93’) Daalsfl,()()()

AkWh = (AldleEnergy + ACookingEnergy + < [ Formatted Table

ACeookingEnergyPreHeatEnergy) +x Days/1,000

AldleEnergy = Difference in idle energy between baseline and efficient eoweet-&ei
oven
= (ElecldleBase-+x (Hours — FoodCooked/ElecPCBase)) —
(ElecldleESTAR ~+x (Hours — FoodCooked /ElecPCESTAR))

9 Measure cost from ENERGY STAR® https://www.energystar.gov/sites/default/files/2024-
03/CFS%20Equipment%20Calculator.xIsx (See "Oven Calcs" tab rows 11 and 149) which cites reference as “ERPA-research-on

available-modelsusing-AutloQuetes 2013,
https://www.energystar.gov/sites/default/files/asset/document/ENERGY %20STAR%20Version%203.0%20Commercial %200v4
ns%20Final%20Specification.pdf.>

F26:F43)ENERGY STAR®, “Results Detail” worksheet: Cells F26:F43, Commercial Kitchen Equipment Savings Calculator
(March 2024), Source of algorithms and assumptions for savings, https://www.energystar.gov/sites/default/files/2024-
03/CFS%20Equipment%20Calculator.xIsx
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ACookingEnergy = Difference in cooking energy between baseline and efficient
eenvectiop-oven
= (FoodCooked +x EFOODElec/ ElecEf fBase) —
(FoodCooked +x EFOODElec/ ElecEf fESTAR)
APreHeatEnergy =Difference in daily preheat energy from baseline and efficient oven
Days = Annual days of operation
= Custem-or—+unknown-Actual, or if unknown, use 365.25 days per
year
1,000 = Wh to kWh conversion factor
Elecldlegase = Idle energy rate of baseline electric convection oven

Elecldlegstar

Hours
FoodCooked

EIeCPCBase

ElecPCestar

EFOODEIec

E IeCEffBase

ElecEffestar

2025 MEEIA 4 2019-21-Plan

= 2,0001,630 W for >5 pan full-size ovens, 2,000 W for <5 pan and
1,0301,510-W for half-size ovens
= Idle energy rate of ENERGY STAR® electric convection oven
= Custom-or—funknrown-Actual, or if unknown, use 4;600-W-for-full-
size-ovens-and-1,000-W-for-half-size-ovens-values in efficient
equipment table
= Average daily hours of operation
= Custem-or-Hunknown,-Actual, or if unknown, use 12 hours per day
= Food cooked per day
= Custem-or+Hunknown-Actual, or if unknown, use 100 pounds
= Production capacity of baseline electric convection oven, Ib/hr
=102 for >5 pan full-size ovens, 68 for <5 pan and 45 for half-size
ovensOa-bha il sizp ovens apd Y b o holt size pvans
= Production capacity of ENERGY STAR® electric convection oven
= Custom-or-Hunknown;-Actual, or if unknown, use 98 for >5 pan
full-size ovens, 60 for <5 pan and 42 for half-size ovens90-tb/hrfor
full-size ovens and 50 Ib/hr for half-size ovens
= ASTM energy to food for electric convection oven
=73.2Wh/lb
= Cooking efficiency of baseline electric convection oven
= 74% for >5 pan full-size ovens, 65% for <5 pan and 64% for half-
size gvensEeie—eriullsizeovensape 6804 o hall size ovens
= Cooking efficiency of ENERGY STAR® electric convection oven
= Custom-or-Hunknown;,-Actual, or if unknown, use 1% forfull-size
and-hal-size-evensvalues in efficient equipment table
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh <—x CF

Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.0001998949%

Other variables as defined above.

NATURAL GAS ENERGY SAVINGS

Custom calculation for a natural gas convection oven below, otherwise use deemed value of
1294711 therms/yr.%

ATherms = (AldleEnergy + ACookingEnergy + APreHeatEnergy) * -
Days/100,000

Where:

AldleEnergy = (GasldleBase+x (Hours — FoodCooked/
GasPCBase)) — (GasldleESTAR +x (Hours —
FoodCooked/GasPCESTAR))

ACookingEnergy = (FoodCooked +x EFOODGas/ GasEffBase) —

(FoodCooked +x EFOODGas/ GasEf fESTAR)

APreHeatEnergy  =Difference in daily preheat energy from baseline and efficient
oven, if unknown, assume 1,190 BTU/hr

100,000 = Btu to therms conversion factor

= Idle energy rate of baseline gas convection oven

=15:10012,245 Btu/hr

= Idle energy rate of ENERGY STAR® gas convection oven

= Custom-or-Hunknewn-Actual, or if unknown, use 12,0009,500

GasldleBase

Gasldleestar

Btu/hr

= Production capacity of baseline gas convection oven
GasPCease = 83.95 Ib/hr
GasPCestar = Production capacity of ENERGY STAR® gas convection oven

9 Ameren Missouri TRM Volume 1 - Appendlx G: Table 2 CommerC|aI and Industrial End Use Cateqorv Monthlv Shapes
and Coincident Peak Factors 016-Am ouri-Coineident-Pea and-Factor-fo a ooking-

% Algorithms and assumptions derived from ENERGY STAR® Commercial Kitchen Equipment Savings Calculatof.
https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xlsx,
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= Custom-or—funknewn-Actual, or if unknown, use 86-91 Ib/hr
= ASTM energy to food for gas convection oven
=250 Btu/lb

GasEffaue : SA(L)A?;JI/QQ efficiency of baseline gas convection oven

EFOODGas

GasEffestar = Cooking efficiency of ENERGY STAR® gas convection oven [Formatted: Subscript

= Custom-or—Hunknewn-Actual, or if unknown, use 494946%.
= Cooking-efficiency-of ENERGY-STAR® gasconvection-oven

GasEffestar =Custom-or-funknownuse-46%49%- < [ Formatted: Justified

Other variables as defined above.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:
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2.3.5 Griddle

DESCRIPTION

This measure applies to electric or natural gas fired ENERGY STAR® certified griddles installed
in a commercial kitchen. ENERGY STAR® commercial griddles achieve approximately 10%
higher efficiency than standard griddles with strategies such as highly conductive or reflective
plate materials and improved thermostatic controls.

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

To qualify for this measure the installed equipment must be a new ENERGY STAR® electric or
natural gas fired griddle meeting idle energy rate limits as determined by fuel type.

ENERGY STAR® Requirements (Version 1.2, Effective May 8, 2009 for natural gas and January-
1, 2011 for electric griddles) ¥

Electric Efficiency Requirements Natural Gas Efficiency Requirements

Cooking Efficiency
Consumption

Cooking Efficiency

Idle Energy Rate Consumption

Idle Energy Rate

<320 W/ft?
=-00HW

<2,650 Btu/hr/ft?

Reported NA

Reported

DEFINITION OF BASELINE EQUIPMENT

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

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

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

DeeMED MEASURE CoST

The incremental capital cost for this measure is:
Electric: $850 for a single sided and $0 for double sided an-eleetric-griddle
andGas: $360-1,250 for a single sided gas-griddleand $0 for double sided.® -«

97 https://www.energystar.gov/products/commercial_food_service_equipment/commercial_griddles/key_products_criteria “

9% ENERGY STAR®, “Results Detail” worksheet (Equipment Life), Commercial Kitchen Equipment Savings Calculator, (March

®_ 1ol Kitehen E 1 + S 1 ¢ Cal 1at, hich eitec £ c C“EQTC 1 lahle lala
STAR a quip ) , \  resea )

gs Calculator, which cites reference as

99 Measure costs from ENERGY STAR® Commercial Kitchen Equipment Savin,
“EPA research on available models using AutoQuotes, July 20126.”
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LOADSHAPE
Cooking BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Custom calculation for an electric griddle below; otherwise use deemed value of ,910-4
2,641kWh.10

AW h=(AldleEnergy+-ACookingEnergy)+Days/ 5000 h { Formatted: Indent: Left: 0"

Where: “ Formatted: Body Text, Indent: Left: 0", Right: 0",

Space After: 0 pt

AkWh = (AldleEnergy + ACookingEnergy + “

o G U (N U ) W

APreHeatEnergy) x Days/1,000 [ Formatted: No widow/orphan control
Where: [ Formatted Table
AldleEnergy = Difference in idle energy between baseline and efficient griddle
= [(Elecldlegase*x Width =x Depth) *x (Hours — [ Formatted: Font: Italic
FoodCooked/ElecPCgase)] — [(Elecldleestar #x Width #x Depth) [Formatted: Font: Italic
#x (Hours — FoodCooked/ElecPCestar)) [ - Font: Itali
ACookingEnergy = Difference in cooking energy between baseline and efficient [F°"“a“e"' Font: Italic
griddle Formatted: Font: Italic
= (FoodCooked *x EFOODEiec / ElecEffgase) — (FoodCooked *x, [Formaued: Font: Italic
EFQODEIeC /_EleC!EffESTAR) ) o ) [Formatted: Font: Italic
APreHeatEnergy ~ =Difference in daily preheat energy baseline and efficient griddle -
=Actual, if unknown, assume 2,000 W, 1 per day | Formatted: Font: alic
Days = Annual days of operation { Formatted: Font: ltalic
= Custom-or-Hunknown;-Actual, or if unknown, use 365.25 days [pormaued; Font: Italic
per year F d: Font: Itali
1,000 = Wh to kWh conversion factor { ormatted: Font: tall
Elecldlegase = Idle energy rate of baseline electric griddle
= 400 Wift?

ElecRateestar Idle energy rate of ENERGY STAR® electric griddle

Custom-or—unknewn-Actual, or if unknown, use 320 W/ft?

Width = Griddle width
= Custom-or—funknewn-Actual, or if unknown, use 3 feet
Depth = Griddle depth

Custom-or—funknown-Actual, or if unknown, use 2 feet

https //www enerqystar qov/snes/default/ﬁIes/2024 O3/CFS%ZOEqumment%ZOCalcuIator xlsx (See Grlddle Calcs" tab
rows 23 & 51).

10 ENERGY STAR®, “Results Detail” worksheet, Commercial Kitchen Equipment Savings Calculator, (March 2024), Source of <
algorithms and assumptions for savings, https://www.energystar.gov/sites/default/files/2024-

[ Formatted: Footnotes

03/CFS%20Equipment%20Calculator.xIsxAlgerithms-and-assumptions-derived-from-ENERGY-STAR®-CommercialKitchen
Equipment Savings Calculator.
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Hours = Average daily hours of operation
= Custom-orfunknown-Actual, or if unknown, use 12 hours per
day
FoodCooked = Food cooked per day
= Custom-orunknown-Actual, or if unknown, use 100 pounds
ElecPChgase = Production capacity of baseline electric griddle
=35 Ib/hr
ElecPCestar = Production capacity of ENERGY STAR® electric griddle
= Custem-or-Hunknown;-Actual, or if unknown, use 40 Ib/hr
EFOODEec = ASTM energy to food
=139 Wh/Ib
ElecEffgase = Cooking efficiency of baseline electric griddle
= 65%
ElecEffestar = Cooking efficiency of ENERGY STAR® electric griddle

= Custom-or-H-unknewn;-Actual, or if unknown, use 70%

Other variables as defined above.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh «x CF

Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.0001998949:01
Other variables as defined above.

NATURAL GAS ENERGY SAVINGS

Custom calculation for a natural gas griddle below; otherwise use deemed value of 131.4
therms. 102

ATherms = (AldleEnergy + ACookingEnergy) * Days/100,000,

Where:

AldleEnergy = [Gasldlesase *x (Width *x Depth) *x (Hours —
FOOdCOOKEd/GaSPCBase)] [Gasldlegstar =X (Width =x Depth) *x |
(Hours — FoodCooked/GasPCestar))

ACookingEnergy = (FoodCooked *x EFOODgas/ GasEffgase) — (FoodCooked *x

EFOODgas/ GasEffestar)

101 Ameren Missouri TRM Volume 1 - Appendlx G Table 2— Commermal and Industrial End Use Cateqory Monthly Shages

and Coincident Peak Factors"2016
£ A aran N

102 Algorithms and assumptions derived from ENERGY STAR® Commercial Kitchen Equipment Savings Calculator.
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APreHeatEnergy =Difference in daily preheat energy baseline and efficient griddle
-100,000 = Btu to therms conversion factor
Gasldlegase = Idle energy rate of baseline gas griddle
= 3,500 Btu/hr/ft?
Gasldleestar = Idle energy rate of ENERGY STAR® gas griddle
= Custom-orunknown-Actual, or if unknown, use 2,650
Btu/hr/ft?
GasPCgase = Production capacity of baseline gas griddle
=25 Ib/hr
GasPCestar = Production capacity of ENERGY STAR® gas griddle

= Custom-or-funknewn-Actual, or if unknown, use 45 Ib/hr

EFOODgas = ASTM energy to food

=475 Btu/lb
GasEffgase = Cooking efficiency of baseline gas griddle

=32%

= Cooking efficiency of ENERGY STAR® gas griddle
GasEffestar = Custom-or—funknewn-Actual, or if unknown, use 38%

Other variables as defined above.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:
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2.3.6 Kitchen Demand Ventilation Controls

DESCRIPTION

Installation of commercial kitchen demand ventilation controls that vary the ventilation based on
cooking load and/or time of day. This measure applies to the following program types: RF, NC. If
applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be a control system that varies the exhaust
rate of kitchen ventilation (exhaust and/or makeup air fans) based on the energy and effluent output
from the cooking appliances (i.e., the more heat and smoke/vapors generated, the more ventilation
needed). This involves installing a new temperature sensor in the hood exhaust collar and/or an
optic sensor on the end of the hood that sense cooking conditions which allows the system to
automatically vary the rate of exhaust to what is needed by adjusting the fan speed accordingly.

DEFINITION OF BASELINE EQUIPMENT
The baseline equipment is kitchen ventilation that has constant speed ventilation motor.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT03

The expected measure life is assumed to be 15 years.
MEASURE COST10:103%

The incremental capital cost for this measure is:

Measure Category Incremental Cost ($/HP)

DVC Control Retrofit $1,991
DVC Control New $1,991
LOADSHAPE
Cooking BUS

Algorithm

Calculation of Savings

Annual energy use was based on monitoring results from five different types of sites, as
summarized in PG&E Food Service Equipment work paper.

Electric Energy Savingst®®® [ Formatted: Not Highlight

103 pacific Gas & Electric Company Work Paper PGECOFST116 Demand Ventilation Controls Revision # 4. [ Formatted: Left, Indent: Left: 0.01"

104 https://www.nvenergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/rates-regulatory/recent-regulatory- < [Field Code Changed
filings/nve/irp/NVE-18-06003-1RP-VOL9.pdf (NVE-18-06003-1RP-VOL9.pdf See page 147,182,340 first paragraph). 9

“ Formatted: Indent: Left: 0", First line: 0"
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Measure Name ‘ Annual Energy Savings per Unit

(KWh/HP)
DVC Control Retrofit 4,197 -«
DVC Control New 4,197 .
SUMMER COINCIDENT PEAK DEMAND SAVINGS
AW = AW hiéWhseavings +x CF |
Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.00019989491%

NATURAL GAS SAVINGS
ATherms = CFM -x HP-x Annual Heating Load /(Eff (heat) +x 100,000)

Where:
CFM = the average airflow reduction with ventilation controls per hood
=430 cfm/HP
HP = actual if known, otherwise assume 7.75 HP®
Annual Heating = Annual heating energy required to heat fan exhaust make-up air
Load dependent on location. Actual, else value in table below.
Missouri Average'”’ 137,000
Eff(heat) = Heating Efficiency
= actual if known, otherwise assume 809
100,000 = conversion from Btu to Therm

105 Ameren Missouri TRM Volume 1 Appendlx G: Table 2 Commerual and Indusmal End Use Cateqory Monthly Shapg
and C0|n<:|dent Peak Factors Seerefere M 6-Append Shanes-and-Co E adf?

Energy Effl(:lencv Stakeholder Adwsorv Groupllllnms Enerqv Efflmencv Stakeholder AdV|sorv Group
(ilsag.info)http N a 8 0-\o a

o7 Oplmon Dynamlcs Used https:

2019 Fmal Volumes 1- 4 Complled AMO TRM Updates— Heatlnq Load Estlmate for Kitchen DCV 2020-06-12. xlsx pdf
pef-to compare savings values by weather zone from the IL TRM to zone-specific HDD values, and determined a linear
relationship between Heating Load and HDD, then applied that linear relationship to HDD values (using base 60) for MO
weather stations to estimate Heating Load values for zones in Ameren Missouri territory

108 "|]linois Statewide Technical Reference Manual for Energy Efficiency Version 6.0, Volume 2: Commercial and Industrial
Measures", Section 4.2.16, Kitchen Demand Ventilation Controls; IL Statewide TRM IL Statewide TRM Version 6.0 - llinois
Energy Efficiency Stakeholder Adwsorv Grouolll|n0|s Enerqv Effluencv Stakeholder Advisory Group
(ilsag.info)https:Hs3-ama v g 0\ and
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Missouri-Average'™ 137,000

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeemMeD O&M CosT ADJUSTMENT CALCULATION
N/A
Measure Code:

. [ Formatted: Footnotes, No widow/orphan control
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2.3.7 Hot Food Holding Cabinet

DESCRIPTION

This measure applies to electric ENERGY STAR® certified hot food holding cabinets (HFHCs)
installed in a commercial kitchen. ENERGY STAR® HFHCs achieve approximately 70% higher
efficiency than standard models by incorporating better insulation which reduces heat loss, offers
better temperature uniformity within the cabinet from top to bottom, and keeps the external cabinet
cooler. In addition, many certified HFHCs may include additional energy saving devices such as
magnetic door gaskets, auto-door closures, or dutch doors.

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

To qualify for this measure, the installed equipment must be a new ENERGY STAR® electric
HFHC meeting idle energy rate limits as determined by product interior volume.

ENERGY STAR® Requirements (Version 2.0, Effective October 1, 2011) 110

Interior Volume (ft®) Idle Energy Consumption Rate (W) <

0<Vv<13 <215V
13<V <28 <2.0V+254.0
28<V <38V +203.5

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a new electric HFHC that is not ENERGY STAR® certified.
DEeEMED LIFETIME OF EFFICIENT EQUIPMENT

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

DeemMeD MEASURE COsT

Actual incremental costs should be used if available. If actual costs are unknown, assume
$1.7831,000.112

LOADSHAPE
Cooking BUS

10 ENERGY STAR®
Dttps://www.energystar.gov/products/commercial_food_service_equipment/commercial_hot_food_holding_cabinets/key produdt

criteria

11 ENERGY STAR®, “Results Detail” worksheet (Equipment Life), Commercial Kitchen Equipment Savings Calculator, «

(March 2024), https //www energystar. qov/snes/default/ﬂIes/2024 03/CFS%ZOEquHJment%ZOCaIcuIalor xlsx_Lifelime from
ENERGY STAR®C nereial Kitchen Equipment Caleulator, which cites reference as FSTC rescarch on-avatlable models.

20HE
112 ENERGY STAR® https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xlsxAmeren
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS!*?
AkWh = (IdleRategase — IdleRaterr) * Hours * Days/1,000

Where:
IdleRategase = Idle energy rate (W) of baseline HFHC
= 49—&55 V
\% = Interior volume (ft%) of new HFHC
= Custom
IdleRateestar = Idle energy rate (W) of ENERGY STAR® HFHC
= See table below for idle energy rates based on interior volume
0<V<i13 21.5%xV
13<V <28 (2.0 % V) + 254.0
28<V (3.8 % V) + 203.5
Hours = Average daily hours of operation
= Custem-or-H-unknown;-Actual, or if unknown, use 15 hours per
day
Days = Annual days of operation
= Custem-or—funkrown-Actual, or if unknown, use 365.25 days
per year
1,000 = Wh to kWh conversion factor

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Ak = AkWh <x CF

Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.000199894914

113 ENERGY STAR®), ,‘Results Detail” worksheet, Commercial Kitchen Equipment Savings Calculator, (March 2024), Source |

of glgorithms and assumptions for savings, , https //WWW enerqutar qov/snes/default/flIes/2024
03/CFS%20Equipment%20Calculator.xIsxAlgerithm u 0 en .
114 Ameren Missouri TRM Volume l Appendlx G Table 2— CommerC|aI and Industrlal End Use Cateqorv Monthlv Shgpe_s
and Coincident Peak Factors G-Am u d A mercia -

«
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NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMeD O&M CosT ADJUSTMENT CALCULATION
N/A

MEeASURE CODE:
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2.3.8 Pre-Rinse Spray Valve

DESCRIPTION

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

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

To qualify for this measure, the new or replacement pre-rinse spray nozzle must use less than 1.6
galens-perminute-the maximum flow for the product class, as listed by the DOE Energy
ConservationEfficiency Standards, effective January 2019.

__ .

Class 1,<5.0 ozf <1.00 gpm
Class 2, >5.0 ozf to <8.0 ozf <1.20 gpm
Class 3, >8.0 ozf <1.28 gpm

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment will vary based on the delivery method with the maximum flow rate
from the Code-of Federal-RegulationsDOE Enerqy CenservationEfficiency-Conservation
Standards*'®ane-is-defined-belows . The current eedestandard, effective January 2019 is the
baseline for TOS, the previous eedestandard, effective January 2006, the baseline for retrofits
and direct install.

Time of Sale Retrofit, Direct -
Install
Class 1. < 5.0 ozf 1-6.00 gom gatons-pe 1.6 gpm :
Class 2, >5.0 ozf'to <8.0 ozf 1.20 gpm 1.6 gpm «
Class 3, >8.0 ozf 1.28 gpm 1.6 gpm <
15 Us Energy Policy and Cons_ervation Act. “Commercial Prerinse spray Valves, (January 2019), «

gov/eurrent/title-10 pte ubchapter-D/part-4 ubpa
current/title-10/chapter-11/subchapter-D/part-431/subpart-O#431.266

‘‘‘‘‘ e g

r.gov/(

: https://www.écf
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https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-431/subpart-O#431.266
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-431/subpart-O#431.266
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-431/subpart-O#431.266
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 5 years.'”

Formatted: Indent: Left: 0.1", Line spacing: single, No
widow/orphan control

1200-04--CUWCCReport; Feb-2007): Formatted: Indent: Left: 0.1", Right: 0", Line spacing:

117 Consistent with Ameren Missouri MEEIA 2016-18 and KCPL TRM assumptions._Also consistent with DOE Final “ single, No widow/orphan control ‘
Determination Technical Support Document: Commercial Pre-Rinse Spray Valves

https://www.regulations.gov/document/EERE-2019-BT-STD-0034-0020. { Formatted: Hyperlink }
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DeeMED MEASURE COST

When available, the actual cost of the measure should be used. If unknown, a default value of
$92.908 may be assumed.

LOADSHAPE
Cooking BUS

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS (NOTE WATER SAVINGS MUST FIRST BE CALCULATED)
AkWH = AGallons +x 8.33 <x 1 +x (T, Tout — T;,Tin)

#x (1/EFFy . EFEELec) [ 3,413
Where:
AGallons  =amount of water saved as calculated below in Water Impact Calculation
8.33 = specific mass in pounds of one gallon of water (Ibm/gal)
1 = Specific heat of water: 1 Btu/lbm/°F
Tout = Water Heater Outlet Water Temperature
= Custom, otherwise assume Tin + 70°F temperature rise from Tin'°
Tin = Inlet Water Temperature
= Custom, otherwise assume 58-47-9F59.3F1
EFFeiec = Efficiency of electric water heater supplying hot water to pre-rinse spray
valve

=CustemActual, otherwise assume 97%?2

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh <—x CF

Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
118Average of costs recognized by Ameren Missouri ($85.8) and KCPL ($100). « [ Formatted: Indent: Left: 0.1" J
119 1f unknown, assume a 70 degree temperature rise from Tin per Food Service Technology Center calculator assumptions to < - ——

account for variations in mixing and water heater efficiencies.
120 National Weather Service. Average soil temperature at 40" depth during 2015 - 2023 data of six stations in Ameren

Formatted: Indent: Left: 0.1", Space After: 0 pt, Line
spacing: single

Missouri service territory. https //WWW weather gov/ncrfc/LMI SmlTemperatureDepthMaps QsmgAO—deepseMempa&a

121 This efficiency value is based on IECC 2012/2015 performance requirement for electric resistant water heaters rounded
without the slight adjustment allowing for reduction based on size of storage tank.
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=0.0001998949:22

NATURAL GAS ENERGY SAVINGS
ATherms = AGallons *x 8.33 %x 1 *x (Tout - Tin) *x (1/EFFgas) / 100,000

Where:
EFFcas = Efficiency of gas water heater supplying hot water to pre-rinse
spray valve
= CustemActual, otherwise assume 80%*%

Other variables as described above.

WATER IMPACT CALCULATION

AGallons = (FLOyus FLObase — FLO,ppFLEOeff) +x 60 =
X HOURS 3, HOURSday ~+x DAYS, o0, DAYSyear

Where:
FLObase = Base case flow in gallons per minute (gal/min). Use actual when
appropriate if available, otherwise use values in table below. ?*w
Class 1,<5.0 ozf 1.00 gpm 1.6 gpm
Class 2, >5.0 ozf to <8.0 ozf 1.20 gpm 1.6 gpm
Class 3, >8.0 ozf 1.28 gpm 1.6 gpm
FLOesr = Efficient case flow in gallons per minute (gal/min). Use actual

flow rate if known, otherwise use values in table below.

Class 1, <5.0 ozf

122 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes

and Coincident Peak Factors"2016

123 |ECC 2012/2015, Table C404.2, Minimum Performance of Water-Heating Equipment.
24 EPA, https://www.epa.gov/watersense/pre-rinse-spray-valves,
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Class 2, >5.0 ozf to <8.0 ozf 1.20 gpm
Class 3, >8.0 ozf 1.28 gpm
60 = Minutes per hour
HOURSgy = Hours per day that the pre-rinse spray valve is used at the site,

custom, otherwise use values in the table below.?

__ [ Formatted Table

Small, quick- service restaurants
Medium-sized casual dining restaurants
Large institutional establishments with cafeteria

[

.5

\w‘

DAY Syear = Days per year pre-rinse spray valve is used at the site, custom,
otherwise 312 days/yr based on assumed 6 days/wk x 52 wk/yr =
312 dayl/yr.

FLOex 1.06-gal/min- L OC sy
[ Application  [HOURSw|
Sran-aniele sopder molnurnl 1

T - o 3

MEeASURE CODE:

125 Hours primarily based on PG& E savings estimates, algorithms, sources (2005), Food Service Pre-Rinse Spray Valves.
126 Tha haseline-equipmentis-assumed-to-be-1.6-gallons-per-minute—The Energy-Policy-A PA of 2005-se he-maximum

N [ Formatted: Footnotes, Line spacing: single

N [ Formatted: Footnotes, Space After: 0 pt

{ Formatted: Footnotes
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2.4 Hot Water
2.4.1 Low Flow Faucet Aerator

DESCRIPTION

This measure relates to the direct installation of a low flow faucet aerator or low flow faucet in b
commercial building. Expected applications include small business, office, restaurant, or motel.
For multifamily or senior housing, the residential low flow faucet aerator should be used.

This measure was developed to be applicable to the following program type: DI, RF, TOS- |

If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

EfficientLow flow faucets or aerators for bathroomssinks meetmeeting the EPA WaterSense
flow rate of <1.5 gpm."*°nee

Efficientflow-faucetsFaucets or aerators for kitchen sinks exceeding the DOE Federal
Regulationsvalues in the Code of Federal Regulations listed for maximum allowable water flow
at of <2.2 opm."*’-the DOEF

A

Faucets or aerators for public Iavatorles exceeding the IPC Plumbmg Code of <2.20.5 gpm. 181

aFivateB;throom faucet, <1.5 <1.002.21.5gpm

private

Formatted: Indent: Left: 0", Right: 0", Space After: 0
pt, Line spacing: single

{ Formatted: Centered, Line spacing: single

: { Formatted Table

[ Formatted: Font: 11 pt

Formatted: Font color: Accent 1
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29 US EPA “ngh Ef['cu,ncv Lavalory Faucet Specification”, (October 2007).| A
! i € a ateetshttps://www.epa.gov/watersense/bathroom-faucets
“Energy Conscrvatmn Program For Consumer Products

5
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Class2>50-0zf to-<8.0
ozflLavatery publicKitchen

<1.200.52.2 gpm

faucetsink

Class3,>8.0
ezfKitchen;Lavatory faucet,

<1.282.20.5 gpmm

public

DEFINITION OF BASELINE EQUIPMENT
The basellne condltlon fe#a—ewateJavateMa&eeHmn—metenannd%ﬂehen#a&eeHsassumed

GPM-or-mere—flow rate faucet or aerator is the maximum flow requirement by the DOE Federal

Regulations™**inimum

| Formatted: Centered, Line spacing: single

| Formatted: Centered, Line spacing: single

Class3.>8.0-0zf <1-28-gpm

DEeeEMED LIFETIME OF EFFICIENT EQUIPMENT

133 \\/aterSense-at- Work Section-3-3:Faucets (epa 9193 ,)
6 AAAAL L

34 |BID 130436

430443032
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The expected measure life is assumed to be 10 years.**9-years. ¢ |

DeemMeD MEASURE COST

The incremental cost for this measure is $8-009.40% for faucet low flow aerator and $44.40%%
for kitchen swivel low flow or program actual_cost.

LOADSHAPE
Water Heating BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Nete-these-savingsSavings are per faucet retrofitted.?

AkWh = %ElectricDHW ~+—x ((GPM, s, &PMbase
— GPM,,,, GRPMlow) | GPMy . GRPMbase) +x Usage
X EPGgieocrricEPGetectric +x ISR
Where:
%ElectricDHW = Actual <

=If unknown, reference the water heat proportion by fuel type in the

table below“%propertion-of-waterheating-supphed-by-electric
resistance-heating-(see-values-in-table below)

_ -

Electric 10037.5%
Fossil Fuel 062.0%

135 Navigant Consultinq “ComEd Effective Useful Life Research Report’ page 20, (May 14, 2018),

Amel en MFLI dlrect mstall costs. Program ears 2022 to 202"5 Local file: “2.4.1 Low flo
faucet aerator costs MFLI 2022 to 2023 .xIsx”
138 IBID «
139 This algorithm calculates the amount of energy saved per aerator by determlnlng the fractlon of water consumptlon savmgs
forthe upgraded flxture e d Y pe-a a wb ke

A

MOTRC Drodram tracking data, Ameren MO C&I program participants (2014 to 2024), self-reported water heating fuel source,
Local file: “2.4.1. C&I water heat source 2014 to 2024,
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| Unknewn Other | 430.5% |

GPMpase = Lsrgetavs e rn lons oo inste e the-boselno-ees [ Formatted: Centered

“as-used”2Flow rate in gallons per minute, actual, or sourced from

baseline equipment table.

=1.2%2 gor custom-based-on-metering-studiesi+
GPMiow = Avera Wate; j B, oW-HOW-tad
srator“‘as-used”Flow rate in gallons per minute, actual or certified
guipment rate.

=0.94**_or custom-based-on-metering studiess < | Formatted: Indent: Left: -0.09", First line: 0.09", Right:

Usage = Estimated usage of mixed water (mixture of hot water from water 0.04"

heater line and cold-water line) per faucet (gallons per year)

= If data is available to provide a reasonable custom estimate it
should be used, if not use the defaults in the table below (or
substitute custom information into the calculation):
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- A P - ; Formatted: Font: 9 pt, Font color: Text 1
study-abeve Waste Not, Want Not: The Potential for Urban Water Conservation in California - Pacific Institute p

estimates. Meals per faucet estimated as 4 bathroom and 3 kitchen faucets and average meals per day of 250 (bm
acinst.or

250/7 = 36. Fast food assumption estimated. Formatted: Font color: Text 1

{Formatted: Font: 9 pt
{Formatted: Font: 9 pt
- {Formatted: Font: 9 pt
{Formatted: Font: 9 pt
mall Office 1 person 100% 10 employees 250 2,500
per Taucet {Formatted: Indent: Left: 0"
L arge Office 1 person 100% 45 employees 250 11,250 [ Formatted: Font: 9 pt
per Taucet
ast Food 0.7 meal/da 50% 75 meals per 365 9581 { Formatted: Font: 9 pt
Restaurant TEEEr faucet —
— — {Formatted: Font: 9 pt
it-Down 54 cal/da P 26 meals per 2pE 1E 700
Restaurant = ecifoey S = faucet 222 200 ' [ Formatted: Font: 9 pt
. employees
Retail 2 employee 100% 2 er faucet 365 3,650 [Formatted: Font: 9 pt
employees
Grocery 2 employee 100% 5 or faucet 365 3,650 { Formatted: Font: 9 pt
employees
2 employee 100% 5 er faucet 250 2500 { Formatted: Font: 9 pt
School 0.6 erson 50% 50 Stu?:Séther 200 3.000 [ Formatted: Font: 9 pt
“::—hr(];ﬂ;cmm 18 erson 50% 50 StU?:SCtZtDET 200 9-000 { Formatted: Font: 9 pt
Health 90 patient 25% 2 Pjé_f,t;fr:tf)er 365 16.425 [Formatted: Font: 9 pt
Formatted: Font: 9 pt
[Motel 2 room 25% L foucetper | 365 1825 [
= { Formatted: Font: 9 pt
faucet per
otel 14 room 25% 1 room 365 1278 {Formatted: Font: 9 pt
employees
Other 1 employee 100% 20 er-faucet 250 5,000 { Formatted: Font: 9 pt
EPGelectric = Energy per gallon of mixed water used by faucet (electric water [Formatted: Font: 10 pt
heater)
=(8.33 *x 1.0 *x (WaterTemp - SupplyTemp)) / (REeiectric *x 3412)
= (8.33 *x 1.0 *x (90 — 57.9)) / (0.98 *x 3412) = 0.0800 kWh/gal
8.33 = Specific weight of water (Ibs/gallon)
1.0 = Heat Capacity of water (btu/lb-F)
WaterTemp = Assumed temperature of mixed water
146 ASHRAE, “Fable2-45 Chapter 49_Chapter 51: Service Water Heating”, Table 6: Hot Water Demands and Use for Various
Types of Buildings, 20072023 ASHRAE HandbeekHVACHVAC Applications Handbook (2023).
47 pacific Institute, Eestimated based on data provided in-Appendix-E. “Appendix E: Waste-Net-\Want-Not: The Potential-far { Formatted: Font color: Text 1
Urban—Water Conservation—in—CaliforniaDetails of Commercial Water Use and Potential Savings, by Sector,” (2003), K
"""""""""""""""" ) { Formatted: Font: 9 pt, Underline, Font color: Text 1
148 Based on review of the Illinois plumbing code (Employees and students per faucet). Retail, grocery, warehouse and health arp { Formatted: Underline
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=9091 F e
SupplyTemp = Assumed temperature of water entering building
= 57.959.863259.3584 F 10
REelectric = Recovery efficiency of electric water heater
= 98% 151
3412 = Converts Btu to kWh (Btu/kWh)
ISR = In service rate of faucet aerators

= Assumed to be 1.0

{ Formatted: Underline

) J J U J

{ Formatted: Underline
employees-per
ij%qe—@f—ﬂee person 100% 45 faueet | 250 | 1250 | [ Formatted: Underline
\FastFood 07 al/da cno 75 meals-perfaucet | 365 oca [Formatted: Underline
[Ei-Dawa 24 mealiday 50% 36 |mealsperfaueet| 365 | 15768 | Formatted: Underline
employees-per
[Retat 2 employee 106% 5 faucet 365 3:650 [Formatted: Underline

149 Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum dated June 2013, directed to
Michigan Evaluation Working Group. If the aerator location is unknown an average of 91% should be used which is based on the

assumption that 70% of household water runs throuqh the krtchen faucet and 30% throuqh the bathroom
(0. 7*><93)+(0 3*><86) 0.91Fempe e

40 depth durrnq 2015 2023 data of six statrons in Ameren Missouri service territory.

https //WWW weather. qov/ncrfc/LMI SmlTemperatureDeDthMaps Natrenal—WeatheréermegLM@%eﬂ-temp%t@]@@l%@

{ Field Code Changed

151 Electrrc water heater have recovery efficiency of 98%, as sourced from available products on the AHRI Certification

Dlrectorv https //beta. ahrldlrectory orq/search/24htte4MWahrmePerq#AR4¢um¢skmwdeea_spﬂde%16

. [ Formatted: Indent: Left: 0.01"
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh *x CF

Where:

AkWh = calculated value above on a per faucet basis
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001811545%5

FossiL FUEL IMPACT DESCRIPTIONS AND CALCULATION
ATherms = %FossilDHW %X ((GPMbase - GPMiow) / GPMpase) *x Usage *x EPGgas X ISR |

Where:

%FossilDHW

EPG_gas

RE_gas

100,000

= proportion of water heating supplied by fossil fuel heating (see
table below)

= Energy per gallon of mixed water used by faucet (gas water
heater)

=(8.33 #x 1.0 =x (WaterTemp - SupplyTemp)) / (RE_gas *x
100,000) = 0.00772 Therm/gal

= Recovery efficiency of gas water heater

= 67%115

= Converts Btus to Therms (Btu/Therm)

Other variables as defined above.

DHW fuel %Fossil_DHW
Electric 0%

155 Ameren Missouri TRM Volume 1 - Appendix G: “Table 2 — Commercial and Industrial End Use Category Monthly Shapes

and Coincident Peak Factors"
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Fossil Fuel 100%
Unknown 57%15¢

WATER IMPACT DESCRIPTIONS AND CALCULATION
Agallons = ((GPMbase - GPMIow) / GPMbase) iﬁ Usage iﬁ ISR
Variables as defined above

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEeASURE CODE:

156 Default assumption for unknown fuel is based on EIA Commercial Building Energy Consumption Survey (CBECS) 2012 for
Midwest North Central Region (see ‘HC8.9 Water Heating in Midwest Region.xls’). If utilities have specific evaluation results
providing a more appropriate assumption for buildings in a particular market or geographical area, then they should be used. *°
Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units of 70-87%. Average of existing
units is estimated at 75%. Commercial properties are more similar to MF homes than SF homes. MF hot water is often provided
by a larger commercial boiler. This suggests that the average recovery efficiency is somewhere between a typical central boiler
efficiency of .59 and the .75 for single family home. An average is used for this analysis by default.
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2.4.2 Circulator Pump

DESCRIPTION

Demand control recirculation pumps seek to reduce inefficiency by combining control via
temperature and demand inputs, whereby the controller will not activate the recirculation pump
unless both (a) the recirculation loop return water has dropped below a prescribed temperature
(e.g. 100°F) and (b) a CDHW demand is sensed as water flow through the CDHW system.

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

Re-circulating pump shall cycle on based on (a) the recirculation loop return water dropping below
a prescribed temperature (e.g. 100°F) and (b) a CDHW demand is sensed as water flow through
the CDHW system.

DEFINITION OF BASELINE EQUIPMENT

The base case for this measure category is an existing, un-controlled recirculation pump on a gas-
fired Central Domestic Hot Water System.

DEeEMED LIFETIME OF EFFICIENT EQUIPMENT
The effective useful life is 15 years.’

Deemeb MEeASURE CosT

The assumed measure cost is $1,200 per pump.1%®
LOADSHAPE

Miscellaneous BUS

Algorithm

CALCULATION OF ENERGY SAVINGS
Savings shown are per pump.
ELECTRIC ENERGY SAVINGS

157 Benningfield Group. (2009). PY 2009 Monitoring Report: Demand Control for Multifamily Central Domestic Hot Water.
Folsom, CA: Prepared for Southern California Gas Company, October 30, 2009 (see page 11).
158 Gas Technology Institute. (2014).,1003: Demand-based domestic hot water recirculation Public-public project report. Des | «
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Plaines, IL: Prepared for Nicor Gas, January 7, 2014, (see-page-5https://www.ilsag.info/wp-

content/uploads/SAG_files/Portfolio_Planning_Process/Small_Group_Follow-
up_Calls/Grundfos/1003_Demand CDHW _Public_Project Report REVISED FINAL_08-06-2014.pdf)
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Deemed at 651 kWh _per pump.*®

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh +x CF -
Where:
AkWh = calculated value above on a per faucet basis
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.00013794391%0

NATURAL GAS SAVINGS
ATherms = 55.9 =x number of dwelling unitste

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

159 Gas Technology Institute. (2014). 1003: Demand-based domestic hot water recirculation public project report. Des Plaines, <
IL: Prepared for Nicor Gas, January 7, 2014. Average of 725 kWh and 578 kWh reported savings per pump, page 9. Value is
pump only savings and not water heater savings. (https://www.ilsag.info/wp-
content/uploads/SAG_files/Portfolio_Planning_Process/Small_Group_Follow-

up CaIIs/Grundfos/1003 Demand_CDHW Publlc Pr0|ecl Rg)ort REVISED FINAL 08 06 2014 pdf)Basedr%Fesuks#em

160 Ameren Mlssoun TRM Volume 1- Appendlx G Table 2 Commercnal and Indusmal End Use Cateqory Monthly Shapes <«
and Coincident Peak Factors",
161 1B|D 159159155, AverageB on
therms saved per dwelling unit for water heatlng
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2.4.3 Heat Pump Water Heater

DESCRIPTION

This measure applies to the installation of a heat pump water heater (HPWH) in place of a standard
electric storage water heater in a commercial building. Savings are presented dependent on thh
heating system installed in the building due to the impact of the heat pump water heater on the
heating and cooling loads.

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

To qualify for this measure, the installed equipment must be a heat pump water heater meeting
program efficiency requirements.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be a new, electric storage water heater meeting federal
minimum efficiency standards.'®? Residential storage water heaters greater than 55 gallons ma
not be eligible as the baseline is near that of a heat pump water heater.

Equipment Size Draw </
Residential-duty-commereial <
S12kW and<58.6 kW Al 080 UE -
Residential storage, <75 “
kBTUhResidential-storage <55 gal Very small .8808 - (0.0008 X V/ated)
=I5B YA
Residential storage, <75 N
kBTUhResidential-storage <55 gal Low .9254 - (0.0003 X Vieted)
ek
Residential storage, <75
kBTUhResidential-storage <55 gal Medium .9307 - (0.0002 X Vyateq)
=I5B YA
Residential storage, <75 . .9349 - (0.6041-0001 x
KBTUhResidential storage <55 gal High Viaed)

Residential storage, <75 kBTUh, >,5 ?ﬂgal ,and, Very small 1.9236 - (0.0011 X Vyateq)
S1Z0 gal=gar
S >55 gal and
Residential storage, <75 kBTUh, <120 gal gal Low 2.0440 - (0.0011 X Vateq)

162 CFR:: 10 Part 430, Electric storage water heater efficiency. “Energy Conservation Program For Consumer Products”y

https://www.ecfr.gov/current/title-10/chapter-11/subchapter-D/part-430/subpart-C#p-430.32(d) (1) for residential water heaters
and CFR:: 10 Part 430, Electric storage water heater efficiency. “Energy Conservation Program For Industrial Products”, for
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 43-15 years.1®
DeemMeD MEASURE COST

Actual costs should be used where available. Incremental capital costs are presented in the table

below for heat pump water heaters with-energy-factors(EF}-of 2.0-and-2-4-and-ratedfrom 40
gallons to 80 gallons of storage volume.'%s-of-40-gallons-and-50-gaHonsrespectivehys

Rated Volume (gal) Incremental Cost

2:0Heat Pump 40-40 to 50 $1,340:30154
2-4Heat Pump 5055 to 65 $1,487.58269
Heat Pump 66 to 80 $1,646

For larger HPWHSs, incremental capital costs are presented below based on heating capacity.

Heating Capacity (MBtu/hr) Incremental Cost

10-50 $4,000-09
>50-100 $7,000-09
>100-300 $10,000-09
>300-500 $14,000-60

>500 $18,000-60

LOADSHAPE
Water Heating BUS

183DOE, Table 1.2, lifetime of storage water heaters, “Energy Conservation Program: Energy Conservation Standards for

Consumer Water Heaters”, https://www.federalregister.gov/documents/2024/05/06/2024-09209/energy-conservation-program-

energy-conservation-standards-for-consumer-water-heaters 2010-Residential-Heating-Products-Final-Rule-Fechnical- Suppert

Document, U.S. DOE. Table 8.7.2

164 Big box retail online pricing (August 2024), Comparison of electric resistance to heat pump water heater for three

manufacturer s Wlth the same model series, Local file: “2.4. 3 Elecmc water heater retall cost Auqust 2024 data xIsx”

28 2014 See“NR HW Heater WAOL7 MCS- Results Matri ol A 420165 ds £ i i {See
5 - ateF—VY — t & Vo1t - &

166 MEMD, Commercial heat Dump Wdter hedter incremental costs. Commercidl worksheet Cell range Q332:Q336, 2024

Residential storage, <75 kBTUh, | >55 gal and N 2.1171 - (0.0011 X Viateq) <
S120 galgal wicuirui

Residential storage, <75 kBTUh, | >55 gal and - 2.2418 - (0.0001X Vjateq)
<120 gal gal R

Commercial storage, all All Medium 0.98
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = ((1/UEFgase - 1/UEFgg) *x HWUgaL *x yWater %x (Tout — Tin) #x 1.0 ¥x 3,412) + kWhcoo

- kWhmugar
kWhcoov = ((1-1/UEFgg) *x HWUgaL *x yWater *x (Tout — Tin) *x 1.0 *x LF *x 53% *x LM) /

(COPcooL *x 3,412) *x %Cool

kWhngar = ((1-1/UEFEE) £x HWU aL £x yWater #x (Tout — Tin) #x 1.0) %x LF *x 43%) / (COPHEAT

*x 3,412) *x %ElectricHeat

Where:

kWh_cool = Cooling savings from conversion of heat in building to water heat®¢”

kWh_heat = Heating cost from conversion of heat in building to water heat
(dependent on heating fuel)

UEFsase = Efficiency of baseline water heater according to federal standards, ‘
expressed as Uniform Energy Factor (EF) er-Thermal-Efficieney{Ey
= See table below

UEFee = UEF of heat pump water heater |
= Actual

HWUoeaL = Estimated annual hot water consumption (gallons)
= Actual if possible to provide reasonable custom estimate. If not, two
methodologies are provided below to develop an estimate.

yWater = Specific weight of water
= 8.33 pounds per gallon

Tour = Tank temperature
= Actual, if unknown assume 125 °F 18

Tin = Incoming water temperature from well or municipal system
= 57.89859.384 °F 10 ‘

1.0 = Heat capacity of water (1 Btu/Ib*x°F)

the total water heating energy delivered. This is then adjusted to account for location of the heat pump unit and the coincidence
the waste heat with cooling requirements, the efficiency of the central cooling, and latent cooling demands.

188 1deally, the actual set point of the water heater should be used. If not available, 125 degrees is provided as an estimate of
unmixed output temperature. While plumbing code generally limits temperatures at the end use, it typically does not limit the water
heater system, which can be anywhere in the range 120 -201 degrees. For applications such as laundry and dishwashing, health and
safety regulations may require water to be initially heated to higher temperatures. Since temperature set points can vary widely,
market, program, or site-specific data should be used whenever possible.

169 National Weather Service. Average soil temperature at 40" depth during 2015 - 2023 data of six stations in Ameren Missouri |
service territory. https://www.weather.gov/ncrfc/LMI_SoilTemperatureDepthMaps National-\Weather ServicelMO-soil-temp
40"|6-station 0 o020 https-/Aamanaweather-aovin M ol a

167 This algorithm calculates the heat removed from the air by subtracting the heat pump water heater electric consumption fro;r
f

hMa e 0
n
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3,412 = Conversion factor from Btu to kWh

LF = Location Factor
= 1.0 for HPWH installation in a conditioned space
= 0.5 for HPWH installation in an unknown locationt™
= 0.0 for installation in an unconditioned space

53% = Portion of reduced waste heat that results in cooling savings'’
43% = Portion of reduced waste heat that results in increased heating load?
LM = Latent multiplier to account for latent cooling demand*’®
= 3.0 for St. Louis, MO
COPcooL = COP of central air conditioner
= Actual
COPheaT = Actual. Note: electric resistance heating and heat pumps will have an
efficiency greater than or equal to 100%
%Cool = Percentage of buildings with central cooling

=100% for cooling in the home and 0% for no cooling in the home
%ElectricHeat = Percentage of buildings with electric heat
= 100% for electric heating fuel and 0% for gas heating fuel

Equipment Type Size Category Federal Standard Minimum Efficiency
HPWH <12 kW <55 gallon EF: 0.96 — (0.0003 *x rated volume in gallons)
HPWH >12 kW >120 gallon Et: 98%:*7

Method 1 to estimate HWUgaL — Consumption per water heater capacity
HWUHWUGAL = Consumption/cap +x Capacity

170 professional judgment.

171 Based on 193 days where CDD 65>0, divided by 365.25. CDD days determined from TMY data with a base temp of 65°F.

172 Based on 157 days where HDD 60>0, divided by 365.25. HDD days determined from TMY data with a base temp of 60°F.

73 The Latent Multiplier is used to convert the sensible cooling savings calculated to a value representing sensible and latent
cooling loads. The values are derived from the methodology outlined in Infiltration Factor Calculation Methodology by Bruce
Harley, Senior Manager, Applied Building Science, CLEAResult 11/18/2015 and is based upon an 8760 analysis of sensible and
total heat loads using hourly climate data.

174 Efficiency of baseline water heaters >120 gallons based on search of electric storage water heaters >120 gallons available on
AHRI directory.
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Where: “ Formatted: Normal, Space After: 8 pt, Line spacing:
i A i i Multiple 1.08 li
Consumption/cap = Estimate of consumption per gallon of tank capacity, dependent
on Building Type (see table below)!"™®
Capacity = Capacity of hot water heater in gallons
= Actual
Building Type Consumption/cap
Grocery, Convenience Store, and Restaurant 803
Lodging, Hospital, and Multifamily 630
Health Clinic, Church, Warehouse 433
Education, Office, and Retail 594
Industrial 558
Agriculture 558
Average Non Residential 558
Method 2 to estimate HWUGAL — Consumption by facility size’ | { Formatted: Font: Not Italic
ildi Gallons HW per . Units/1000 Days per Gallons /1000 ] - -
Building Type unit per day Unit f2 year T [ Formatted: Keep with next, Keep lines together
Small Office 1 person 2.3 250 575 “ [ Formatted: Keep with next, Keep lines together
Large Office 1 person 23 250 575 " { Formatted: Keep with next, Keep lines together
Fast Food Restaurant 0.7 meal/day 784.6 365 200,458465 || { B ;
- Formatted: Keep with next, Keep lines together

Sit-Down Restaurant 2.4 meal/day 340 365 297,840 N - -
Retail 2 employee 1 365 730 e { Formatted: Keep with next, Keep lines together
Grocery 2 employee 1.1 365 803 le { Formatted: Keep with next, Keep lines together
Warehouse 2 employee 0.5 250 250 [« { Formatted: Keep with next, Keep lines together
Elementary School 0.6 person 9.5 200 1,140 B [ Formatted: Keep with next, Keep lines together
Jr High/High School 18 person 95 200 3,420 " { Formatted: Keep with next, Keep lines together

Health 90 patient 3.8 365 124,830 [« [ - ;
Formatted: Keep with next, Keep lines together

Motel 20 room 5 365 36,500 B - -
Hotel 14 room 29 365 11,242 [ Formatted: Keep with next, Keep lines together
Other 1 employee 0.7 250 175 [ Formatted: Keep with next, Keep lines together

o o JC U JC U L

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Font color: Auto

(removed outliers of 1,000 kBtu/hr or less) to calculate hot water usage. Annual hot water gallons per tank size gallons based o
the tank sizing methodology found in ASHRAE 2011 HVAC Applications. Chapter 50 Service Water Heating. Deman
assumptions (gallons per day) for each Building Type based on ASHRAE Chapter 50 and “Technology Data Characterizing Water
Heating in Commercial Buildings: Application to End Use Forecasting,” Lawrence Berkeley National Library, December 1995.
VEIC considers these values to be relatively conservative estimates that may benefit from future evaluation.

176 Technology Data Characterizing Water Heating in Commercial Buildings: Application to End Use Forecasting,” Lawrence
Berkeley National Library, December 1995 (See Table 2, page 6).

175 Based on Cadmus analysis. Annual hot water usage in gallons based on CBECS (2003) consumption data for West North Centrﬁ [ Formatted:

2025 MEEIA 4 Plan MEEIA-2019-21Plan-Revision 56.0 Page 7#




Ameren Missouri Appendix H - TRM - Vol. 2: C&I Measures

AKW = AkWh x #+CF { Formatted: Font: Cambria Math, ltalic

Where:

AkWh = Electric energy savings, as calculated above

CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.000181154577

NATURAL GAS SAVINGS

B S e e e e e

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

. {Formatted: Font color: Text 1

177 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors'2016—AmerenMissouti-Coincid Peak-Di | Factorfor G ial-Water Heating—See

M
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2.4.24 Low Flow Showerheads [ Formatted: Font color: Text 1
DESCRIPTION
This measure relates to the direct installation of a low flow faucetaerator-ortow-flowshowerheafl
faueet in a commercial building or common areas in other building types. Expected applicationk {Formatted: Font color: Text 1
include small business, office, restaurant, or motel. FerFor—in-unit multifamily or senigr
heusingliving units, the residential low flow faucet-aeratershowerhead should be used.
This measure was developed to be applicable to the following program type: DI, RF,TOS
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT
Low flow faucets-oraeratorsfor-bathroemsshowerheads meeting the EPA WaterSense flow rate
of <1.52.0 gpm, 1798 [ Formatted: Font color: Text 1
€ [Formatted: Font color: Text 1
—— ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, b {Formatted: Font color: Background 1
Bathroom-fadeet; 1590 [Formatted' Centered
privateShowerhead =t -
[ Formatted Table
— [Formatted: Font color: Text 1
Lavatory faucetpublic <6:5 ‘[Formatted: Font color: Text 1
. [ Formatted: Font color: Text 1
DEFINITION OF BASELINE EQUIPMENT [ Formatted: Font color: Red
The baseline condition flow rate faucet-oraeratershowerhead is the-maximum-flow-reguirement [F°"“a"ed= Font color: Text 1
by-the DOE Federal Regulations*®32.5 gpm. [Formatted: Font color: Text 1
h [Formatted: Font color: Background 1
< head 252 [ Formatted Table
ae;ater owerhea
[ Formatted: Font color: Text 1
[ Formatted: Font color: Text 1
19 DOE, Showerhead regulatlons “ { Formatted: Font; 9 pt
re%@@than%QO%Q%@qumhttps //www epa. nov/watersense/showerheads# - text D|d%20v0u%20know%ZOthat%ZOStandard oo [ Formatted: Font: 9 pt
o%20more%20than%202 O%ZOqu N R B
Y wWwW.ena.aoviwatersense/bathroom o P \ [Formatted: Left, Indent: Left: 0", First line: O
{ Field Code Changed
[ Formatted: Footnote

G U
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GPMpase = Flow rate in gallons per minute, actual, or seureed-from-baseline [Formatted; Font color: Text 1
equipmenttable-2.675 gpm if unknown.
Lbase =Shower length in minutes with baseline showerhead {Formatted: Font color: Text 1
w ) o . {Formatted: Font color: Text 1, Subscript
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. ormatted: Font color: lex
NSPD =Estimated showers per day per showerhead N -
=Actual. If unknown, apply 1.0 conservative assumption, [ Formatted: Font color: Text 1, Subscrpt
EPGelectrig =Energy per gallon of hot water supplied by electric [F°fmatted= Font color: Text 1
A =(8.33 Ibs/gatlon xABTUAB-F*x1.0 *x(ShowerTemp- : [ Formatted: Font color: Text 1
upply Temp)/(REelectric=x3412) { Formatted: Font color: Text 1
. =0.125 kWh/gallon {Formatted: Font color: Text 1
8.33 =Specific weight of water (Ibs/gallon) [ Formatted: Font color: Text 1, Subscript
1.0 =Heat capacity of water (BTU/Ib-°F) [Formatted: Font color: Text 1
ShowerTemp  =Assumed mixed water temperature [FOfmaﬂed: Font color: Text 1
— 190101°F F tted: Font color: Text 1
. _1050 F o [ ormatte ont color: Tex
SupplyTemp  =Assumed water temperature entering water heater | Formatted: Font color Tet
) —61.59 33 F19158.41%2 %Formatted: Font color: Text 1
\ Formatted: Font color: Text 1
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growqu amore @propnate assumptlon for bqulnqs ina pamcular market or qeoqraphlcal area, then thev should be used. *‘]“

190 Ameren Missouri Efficient Kits Evaluation: PY2018, https://www.efis.psc.mo.gov/Document/Display/15870, page 32.

191 National Weather Service. Average soil temperature at 40" depth during 2015 - 2023 data of six stations in Ameren Missouri

service temtorv https //www Weather qov/ncrfc/LMI SmlTemperatureDepth MW
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=2 =Specificweight of water (Ibs/gallon)

Eo—  =HeatCapacity-ofwater(btuflb-F}
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A | _ : . i
=584 F 197

REcelectric = Recovery efficiency of electric water heater
= 989% 18

3412 = Converts Btu to kWh (Btu/kWh)

ISR = In service rate of faucet aerators

= Assumed to be 1.0

A
SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW_= AkWh *x CF,

{
[
{
)
[ Formatted: Font color: Text 1
[
{
{
[

Where:
AkWh = calculated value above on a per showerhead faueet-basis
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
. =0.0001811545'%° unless installed in the common area of multi-family
housing.

=0.0000887318%% if installed in the eommen-arealiving area of multi-
family housing,,

FossiL FUEL IMPACT DESCRIPTIONS AND CALCULATION

ATherms == %FossilDHW «x (GPMy . 6PMbase +x LLy,.base — GPM,,, GPMlow<+

#X Ligwhkiow) +x NSPD-+x 365 25-+x EPGgasEPGgas ~x ISR

Where:
%FossilDHW = proportion of water heating supplied by fossil fuel heating (see

table below
Electric 0%
[Fossil Fuel 100%

98 Elecmc water heater have recovery efﬁcnency of 98% http //www.ahrinet.org/ARI/util/showdoc.aspx?doc=576

199 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors"
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R &Jnknown \ 57%* \
EPG gas = Energy per gallon of mixed water used by showerheadfaucet
(gas water heater)

= (8.33 =x 1.0 =x (WaterTemp - SupplyTemp)) / (RE_gas *x,

100,000) = 0.00772 Therm/qgal

RE gas = Recovery efficiency of gas water heater
= 67%*®
100,000 = Converts Btus to Therms (Btu/Therm)
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WATER IMPACT DESCRIPTIONS AND CALCULATION

Agallons = %X (GPMpase®X Lbase = GPMiow®XLiow) X NSPD#*x 365.25*xISR
H{GPMyase—GPMiou}-GPMuase} - Usage = ISR

Variables as defined above

DEeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:
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2.5 HVAC
Fable:Table 1 Effective Full Load Heating and Cooling Hours, by Building Type, <
Whiteman AFB Lincoln, NE Fort Madison, 1A Kaiser Cape Girardeau . .
(Avg) (NW) ‘ (NE) (SW) (SE) St Louis Metro Kansas City
Building Type Heating Cooling ‘ Heating ‘ Cooling ‘ Heating Cooling  Heating Cooling Heating Cooling Heating Cooling Heating Cooling
EFLH EFLH | EFLH EFLH | EFLH EFLH | EFLH EFLH EFLH EFLH EFLH EFLH EFLH EFLH
Large Office 1039 1846 1141 1756 1088 1539 997 1918 861 1784 988 1869 1056 1792
Medium Office 649 1350 740 1245 728 1146 567 1412 528 1323 645 1386 708 1325
Small Office 946 1114 1030 1041 1029 975 926 1165 769 1082 893 1159 989 1097
Warehouse 991 415 1201 380 1227 357 1189 457 851 391 1059 433 1207 400
Stand-alone Retail 1012 1000 1125 903 1139 808 968 1076 891 965 994 986 1036 946
Strip Mall 1030 970 1124 884 1148 794 984 1044 905 944 1001 956 1039 916
Primary School 806 1019 892 958 898 852 798 1155 666 1016 785 1195 840 971
Secondary School 719 812 803 724 867 677 754 911 603 800 712 873 779 779
Supermarket 1279 875 1367 800 1405 672 1330 902 1120 837 1248 846 1344 820

Quick Service 1233 | 1013 | 1414 916 1513 819 1316 | 1127 | 1025 973 1262 | 1035 | 1387 970

Restaurant
Full Service 1367 | 1119 | 1499 | 1014 | 1655 952 1442 | 1234 | 1156 | 1114 | 1380 | 1124 | 1473 | 1059
Restaurant
Hospital 3388 | 3318 | 3205 | 3055 | 3467 | 2733 | 3891 | 3448 | 2913 | 3312 | 3170 | 3413 | 3372 | 3215
g;tga“e”t Health 3203 | 3113 | 3261 | 2834 | 3150 | 2627 | 3128 | 3217 | 3001 | 3109 | 3013 | 3265 | 3164 | 2994

Small Hotel - Building | 602 | 2247 | 697 | 2097 | 760 | 1914 | 620 | 2386 | 436 | 2304 | 575 | 2277 | 669 | 2207
Large Hotel - Building | 1656 | 2148 | 1472 | 2016 | 1980 | 1916 | 1943 | 2369 | 1202 | 2186 | 1551 | 2363 | 1692 | 2155
g&ﬂ;’f:g’“panmem © | 1462 | 1132 | 1599 | 1028 | 1710 901 1500 | 1214 | 1208 | 1085 | 1433 | 1171 | 1580 | 1090
C&I Average™ 1067 | 1018 | 1196 | 937 | 1217 | 865 | 1118 | 1085 | 910 996 | 1060 | 1053 | 1164 | 986

208 See Volume 1 for details on modeling calculations and assumptions.
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2.5.1 Small Commercial Learning Thermostats

DESCRIPTION

This measure characterizes the energy savings from the installation of a new e&egrammablf
learning thermostat for reduced cooling and heating energy consumption through temperature set-
back during unoccupied or reduced demand times as well as automatic adjustments based on
occupancy patterns and various independent variables such as weather. This measure is limited to
small businesses as defined by programs,®* as they have smaller HVAC systems that are similar
to residential HVAC systems and may be controlled by a simple manual adjustment thermostat.
Mid- to large-sized businesses will typically have a building automation system or some other
form of automated HVAC controls. This measure is only appropriate for single zone heating
systems. Custom calculations are required for savings for learning thermostats installed in multi-
zone systems.

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

The criteria for this measure are established by replacement of a manual-only temperature control
with one that has the capability to adjust temperature set-points according to various independent
variables without manual intervention.

DEFINITION OF BASELINE EQUIPMENT

For new thermostats the baseline is a non-programmable thermostat requiring manual intervention
to change the temperature set-point.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

equipment-life-only-2%a residential EUL analysis.

DeeMED MEASURE COST

The expected measure life of a learning thermostat is assumed to be 16-9 years® based upo\v

Actual material and labor costs should be used if the implementation method allows. If unknown,
the capital cost for this measure is assumed to be $264224. 207

LOADSHAPE
Cooling BUS

204 The square footage of the small offlce prototype burldmg modeled inis7, 500 sf

ASSQG&a&eS—ZQQl( ADMUS, * EUL dndl ysis of 1esrdenndl smart communicating thermostdt Vendor A and B”, Memorandum
for Southern California Edison, (February 2019), for the California gTRM, Residential Smart Thermostat Measure

https //www caetrm com/measure/SWHC039/08/

usmg%@ﬁeregrameet&DSM Busmess Program partlmpants 1/2019 through 7/2024 |nc|udes eqmpmenteespand—laber
eost:Local file: “2.5.1 Measure Cost.xIsx”
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Heating BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Formatted: CambriaTextFormula, Indent: Left: 0",
Right: 0", Space Before: 3 pt, After: 3 pt, Line spacing:

DAKWR = DKW hppyingbleWheooling + AAKW hyoqpin  AeWhheating «

AkWhcooling coiingARWheooling « single
- e EFLHcoo [Formatted' Space Before: 3 pt, After: 3 pt
+ kBtuhgpo BtuhCOOL /1009 x (1/SEER2) +—x ESFpo ESECOOL - : . -

AW hpeating = EFLHppar ¥ kBTUhygar x (1/HSPF2) X ESFygar

Formatted: CambriaTextFormula, Right: 0", Space
After: 0 pt, Line spacing: single

Where:

efFEFFSEER2 = Efficiency-of- HV AC-unitSeasonal Energy Efficiency <« [Formatted Table

Ratio for cooling
= Actual; H-noetavailableassume10-SEERor if unknown
assume 13.4 SEER2.

HSPF2 =Heating Seasonal Performance Factor

= Actual; or if unknown, assume 8.2 HSPF2.

A JC U )

EFLHcooL = Effective Full Load Cooling Hours
= Actual; or if unknown, refer to Table 1FabletFablel [Formatted: Font: ltalic, Font color: Text 1
Table 14_3able—]:bv building vae. [Formatted: Font: Italic
ook = Effective F_u“ Load g H Hours i ) [Formatted: Font: Italic, Font color: Text 1
EFLHHEAT = Actual; or if unknown, Actual-H-netavatable-refer to [
Table 1Table 1Table L Table, 1Table by building Formatted Table
t {pe.seetien 2 7 HVAC '[Formatted: Font: Italic, Font color: Text 1
[ Formatted: Font: Italic
BtuhcooL = Cooling System-system Gapacitycapacity; 1,000 Btu/h [ Formatted: Font: Italic, Font color: Text 1
KBTUhcooL = Actual
kBTUhpeaT =Heating system capacity: 1,000 Btuh/h [Formatted: Subscript
=Actual
-ESFcooL = Cooling energy savings factor
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= Assume 0.1397%
ESHueatESFHEAT=Heating energy savings factor

=Assume 0.125%%

A

SUMMER COINCIDENT PEAK DEMAND SAVINGS

ARW = AkWh,p-AHW <x CF | <
Where:
AkWh = Eleetric-Cooling electric energy savings, as calculated above |
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

= 0.0009106840%1 |

NATURAL GAS ENERGY SAVINGS

ATherms=-SQFET *Savingskactor * PFE /(100 * AFUEpxusr) A ThermsSheating = EFLH1EAT X
kBTUhcas x (1/AFUE) x ESEnear

A

Where:

SOFF = Square footage of building-controlled by-thermeostat
EFLHueaTSavingsFaeter= Effective Full Load Heating Hours
= Actual; or if unknown, refer to Table 1Table 1Table-1 Table

1Table by building type=9.940 kBtu/sf-yre+

AFUEexstkBTUhgas = Heating system capacity: 1,000 Btuh/h
=Actual

100-AFUE = Converts kBtu-to-therms;-1-therm=2100-kBtuAnnual Fuel
Utilization Efficiency
=Actual, or if unknown, assume 0.80.

ESFHeAT, =Heating energy savings factor

=Assume 0.125%'2

208 Cadmus (Aarish, C., M. Perussi, A. Rietz, and D. Korn). Evaluation of the 2013-2014 Programmable and Smart Thermostat | < 4

45http://www.cadmusgroup.com/wp-
content/uploads/2015/06/Cadmus_Vectren_Nest_Report Jan2015.pdf?submissionGuid=7cbc76e9-41bf-459a-94f5-
2b13f74c4e52%20%20.

209 |BID “
210 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes | <«
and Coincident Peak Factors"

converted 1o kB,
212 Cadmus (Aarish, C., M. Perussi, A. Rietz, and D. Korn). Evaluation of the 2013-2014 Programmable and Smart Thermostat

| building load-divided by th foot: i the protob
g e

building (5.500-sf)-and
g P & -5+

| a
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEeASURE CODE:
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Algerithm

“ | Formatted: Cambrial12, Right: 0", Space After: 0 pt,
Line spacing: single

s [Formatted: Cambria12 J

ATherms—=SOQFETft+xSavingsEactor—+xPF /{100 x AFUE o AFUEEXISTY+ | Formatted: Cambria12, Right: 0", Space After: 0 pt,
Where: Line spacing: single

Prog: bieTH S DOE Building Technologies Pr December 2042_p35: “low ton-ofhousehold

that-ended up ncing thermostat. bled in wH 2

~| Formatted: Left, Indent: Left: 0", Don't keep lines
together
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Sorepceocior =000 el e
100 =Converts kBiu-to-thermsttherm=100-kBty
AFYEExsT =Efficieneyrating-ofexisting-heating-equipment-(AFJE)n-decimal-form-

WATER HIMPACT DESCRIPTIONS AND-CALCULATION
NA

DEEMED O&M-CoSTADIUSTMENT-CALCULATION

MEASURE CODE+
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2.5.23 Demand Controlled Ventilation

DESCRIPTION

Demand control ventilation (DCV) automatically adjusts building ventilation rates based on
occupancy. DCV is part of a building's ventilation system control strategy. It may include
hardware, software, and controls as an integral part of a building's ventilation design. Active
control of the ventilation system provides the opportunity to reduce heating areé-& cooling energy
use.

The primary component is a control sensor to communicate either directly with the economizer or
with a central computer. The component is most typically a carbon dioxide (CO) sensor,
occupancy sensor, or turnstile counter. This measure is modeled to assume night time set backs
are in operation and minimum outside air is being used when the building is unoccupied.

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

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment condition is defined by new CO- sensors installed on return air systems
where no other sensors were previously installed. Additionally, commissioned control logic and
installed hardware must be capable of reducing ventilation rates based on sensor input. For heating
savings, this measure does not apply to any system with terminal reheat (constant volume or
variable air volume). For a terminal reheat system, a custom savings calculation should be used to
determine the heating savings; cooling savings are still applicable to the measure.-

DEFINITION OF BASELINE EQUIPMENT

The base case for this measure is a space with no demand control capability, and is not required
by the local building code. The current code minimum for eutside-outdoor air (OA) is 175 CFM
per occupant (ASHRAE 62.1-2022) for office buildings, which is the value assumed in this
measure.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The deemed measure life is 10 years.?*
DeeMeED MEASURE COST

As a retrofit measure, the actual cost of installation should be used for screening. Costs should
include the hardware and labor costs to install the sensors. Additional purchase and installation
costs for any other component of the DCV system that was not previously existing should also be
included.

LOADSHAPE
Cooling BUS

221 Based on COz sensor estimated life, determined through conversations with contractors to have a minimum lifetime of 10
years. It is recommended that they are part of a normal preventive maintenance program, as calibration is an important part of
extending useful life. Although they are not subject to mechanical failure, they can fall out of tolerance over time.
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

For facilities heated by natural gas, cooling savings are:

AkWh = SQFTcona / 1000 ~—x SF cooling | < [Formatted: Cambria12, Indent: First line: 0"
For facilities heated by heat pumps, heating and cooling savings are:
AkWh = SQFTcond / 1000 <—x SFcooting + SQFTcond /1000 ~—x SFeat np | - [Formatted: Cambria12, Indent: First line: 0"
For facilities heated by electric resistance heating and cooling savings are:
AkWh = SQFTcond / 1000 <+—x SFcooling + SQFTcond /1000 <X SFHeat ER | “ [Formatted: Cambria12, Indent: First line: 0"
Where:
SQFTwnd = Square footage of conditioned space commissioned with DCV
SFeoling = Cooling Savings Factor, including cooling and fan energy savings
SFreattp = Heating Savings factor for facilities heated by Heat Pump (HP)
SFheater = Heating Savings factor for facilities heated by Electric Resistance (ER)

Savings factors are based on Building Type and weather zone — see tables below.?2

SFcooling (KWh/1000 SgFt)
North East North  South East | South St Kansa  Average/

Building Type (Fort West (Cape West Louis s Unknown
Madison, (Lincol Girardeau, | (Kaiser,| Metro, City, (Knob
1A) n, NE) \Y[@)] \Y/[@)] MO MO  Noster, MO)

Office - Low-rise 475 533 535 634 649 555 579 — [ Formatted Table
Office - Mid-rise 448 502 504 597 611 523 545
Office - High-rise 468 525 527 624 639 547 570
Religious Building 567 635 639 756 774 662 690
Restaurant 561 629 632 748 765 655 683
Retail - Department Store 654 734 737 873 893 764 797
Retail - Strip Mall 399 447 449 532 544 466 486
Convenience Store 631 708 711 842 862 737 769
Elementary School 353 395 397 470 481 412 430
High School 340 382 384 454 465 398 415
College/University 442 495 498 589 603 516 538
Healthcare Clinic 384 431 433 513 525 449 468
Lodging 605 679 682 808 827 707 738
Manufacturing 500 560 563 666 682 584 609

222 Energy savings factors were calculated using weather data and methodology consistent with ASHRAE standards. Savings are
calculated on an annual basis for each given weather zone in Missouri. Original energy savings for DCV were developed for
Ilinois utilizing standards, inputs and approaches as set forth by ASHRAE 62.1and 90.1. These savings factors were then
translated into Missouri-specific values using adjustment factors based on differences in heating and cooling degree hours. See
DCV savings factors v1.xIsx for derivation.
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Special Assembly

- 476 534 536 635 650 556 580
Auditorium

SF Heat vp (KWh/1000 SqFt)

- North East ~ North  South East  South St_ Kansas Average/
Building Type (Fort West (Cape West Louis City Unknown
Madison, (Lincoln, Girardeau, (Kaiser, Metro, MO’ (Knob
1A) NE) MO) \Y/[®)} MO Noster, MO)

Office - Low-rise 171 191 145 151 156 176 159 AR [ Formatted Table
Office - Mid-rise 114 128 97 100 104 117 106
Office - High-rise 154 172 130 135 140 158 143
Religious Building 1,118 1,248 945 983 1,018 | 1,149 1,036
Restaurant 799 892 675 702 727 821 740
Retail - Department Store 277 310 234 244 252 285 257
Retail - Strip Mall 184 205 155 161 167 189 170
Convenience Store 134 150 114 118 122 138 125
Elementary School 475 531 402 418 433 488 440
High School 465 519 393 409 423 478 431
College/University 923 1,031 780 812 840 949 856
Healthcare Clinic 331 370 280 291 301 340 307
Lodging 157 175 132 138 143 161 145
Manufacturing 122 136 103 107 111 125 113
Special Assembly 1,335 1,490 1,128 1173 | 1,215 | 1371 1,236
Auditorium

SF Heater (KWh/1000 SqFt)

North North  South East South st Average/
Building Type East (Fort West _(Cape West Louis Ke}nsas Unknown
Madison, (Lincoln, Girardeau, (Kaiser, Metro City, (Knob
1A) NE) MO) MO) ‘ MO ' MO Noster,

MO)
Office - Low-rise 514 574 434 452 468 528 476 I [ Formatted Table
Office - Mid-rise 343 383 290 301 312 352 318
Office - High-rise 461 515 390 406 420 474 428
Religious Building 3,354 3,744 2,835 2,948 3,053 3,446 3,108
Restaurant 2,396 2,675 2,025 2,106 | 2,181 2,462 2,220
Retail - Department Store 832 929 703 731 757 855 771
Retail - Strip Mall 551 615 465 484 501 566 510
Convenience Store 403 450 341 354 367 414 374
Elementary School 1,426 1,592 1,205 1,253 1,298 1,465 1,321
High School 1,395 1,557 1,179 1,226 1,270 1,433 1,292
College/University 2,770 3,093 2,341 2,435 2,521 2,846 2,567
Healthcare Clinic 993 1,109 839 873 904 1,020 920
lodging 470 525 397 413 428 483 436
Manufacturing 365 408 309 321 332 375 338
Special Assembly 4,004 4,470 3,384 3519 | 3,644 | 4114 3,709
Auditorium
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWhcooling x +CF

Where:

A kWheooing = Electric energy savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.0009106840%%
NATURAL GAS SAVINGS
ATherms = SQFTecona / 1000 < SF Heat as ‘
Where:
SFHeatcas  Savings factor for facilities heated by natural gas — see table below

SFheat cas (Therm/1000 sq ft)

- North East ~ North South East South St Kansas Average/
Building Type (Fort West (Cape West Louis City Unknown
Madison, (Lincoln, Girardeau, | (Kaiser, Metro, MOY (Knob
1A) IN[S)] MO) MO) MO Noster, MO)
Office - Low-rise 22 24 19 19 20 23 20 — [ Formatted Table
Office - Mid-rise 15 16 12 13 13 15 14
Office - High-rise 20 22 17 17 18 20 18
Religious Building 143 160 121 126 130 147 133
Restaurant 102 114 86 90 93 105 95
Retail - Department 35 40 20 31 2 36 3
Store
Retail - Strip Mall 23 26 20 21 21 24 22
Convenience Store 17 19 15 15 16 18 16
Elementary School 61 68 51 53 55 62 56
High School 60 66 50 52 54 61 55
College/University 118 132 100 104 108 121 109
Healthcare Clinic 42 47 36 37 39 44 39
lodging 20 22 17 18 18 21 19
Manufacturing 16 17 13 14 14 16 14
Special Assembly 171 191 144 150 | 155 | 175 158
Auditorium

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

223 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors"
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DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

Formatted: Indent: Left: -0", Right: 3.12", Space After:
5 pt
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2.5.34 Advanced Roof Top Unit (RTU) Controls

DESCRIPTION

A traditional packaged HVAC rooftop unit uses a zone thermostat to control the operation of the
compressor or the gas furnace, depending on whether the zone thermostat is calling for cooling or
heating. Under a conventional control scheme, the compressor or furnace is cycled on or off to
maintain the zone thermostat set point with the supply fan operating continuously (when the
building is occupied) to provide sufficient ventilation air and provide comfort heating and cooling
for the space. The supply-fan speed is typically not capable of modulation, so it supplies constant
air volume under all modes of operations.

Modulating the supply fan in conjunction with demand-controlled ventilation (DCV) can reduce
both heating/cooling energy and fan energy requirements. This measure describes the energy
savings realized by retrofitting traditional RTUs with advanced controllers that enable integrated
air-side economization, supply-fan speed control (by installing a variable speed drive), and
demand-controlled ventilation.

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

A traditional RTU retrofitted and commissioned with advanced controls that allow for modulation
of supply fan speed in conjunction with demand-controlled ventilation (DCV).

DEFINITION OF BASELINE EQUIPMENT

Packaged heating and cooling equipment with constant speed supply fans providing ventilation at
the design rate at all times when the fan is operating and when the building is occupied.

DEeMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life for HVAC application is 15 years.?

DeeMED MEASURE COST

As a retrofit measure, actual costs should be specified when available. Default measure costs are
listed below based on RTU supply fan horsepower rating:?

Supply Fan Size 1]9)] \ Controller = Installation Labor Total Retrofit Cost |
1 $2,200 $750 $2,950
2 $2,600 $750 $3,350
3 $3,500 $750 $4,250
5 $4,000 $750 $4,750
7.5 $4,142 $750 $4,892

224 ASHRAE, Chapter 38: Owning and Operating Costs, Table 4, “Heating, Ventilating and Air Conditioning Applications”,
(2023 edition) for electronic building controls. i i i ive lifetimes.

225 Advanced Rooftop Control (ARC) Retrofit: Field-Test Results, PNNL-22656. U.S. Department of Energy, (July 2013).
226_|nterpolation-may-be-used-to-estimate-con er-costfor-motor-sizes-not-listed-

6,
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LOADSHAPE
HVAC BUS

Algorithm

CALCULATION OF SAVINGS

Although advanced RTUs controls can enable operating strategies that result in heating and
cooling savings, field testing has shown variable results (in some instances increased
heating/cooling energy consumption has been observed). Field testing has suggested that upwards
of 90% of total energy savings can be attributed to reduced fan energy requirements, and therefore
the following savings estimates are limited to those relating to fan energy consumption.

ELECTRIC ENERGY SAVINGS

AKWh = PgpPsf <x SF -x Hoursg,,Hewrsfan «
Where:
Pst = Nominal horsepower of supply fan motor
SF = Fan energy savings factor **-(kWh/hour/horsepower)
=0.5582%¢

Hoursen = Annual operating hours for fan motor based on Building Type. Default hours
are provided for HVAC applications by Building Type.?* When available, actual
hours should be used, especially in instances where RTU operation is seasonal.

228 US Department of Energy, “Advanced Rooftop Control (ARC) Retrofit: Field-Test Results, PNNL-22656.”, page 86, (July <«
2013). https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-
22656.pdf?__hstc=249664665.3c4d37ff926a6dchd64478550ad8bal6.1723665944789.1723665944789.1723665944789.1& hss
€=249664665.1.1723665944789& hsfp=2087961721. Savings factors were consistent across the capacity range. See “RTU
Control Savings.xIsx” for additional details.

229 Hours per year are estimated using the modeling results and represent the total number of hours the fans are operating for
heating, cooling and ventilation for each Building Type.
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. Fan Run

Building Type Y .
Large Office 6753
Medium Office 6968
Small Office 6626
Warehouse 6263
Stand-alone Retail 6679
Strip Mall 6687
Primary School 5906
Secondary School 6702
Supermarket 6900
Quick Service Restaurant 7679
Full Service Restaurant 7664
Hospital 8760
Outpatient Health Care 8760
Small Hotel - Building 8760
Large Hotel - Building 8760
Midrise Apartment Building 8728
Nonresidential Average 6773

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh <x CF
Where:

AkWh = As calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0004439830%°

NATURAL GAS ENERGY SAVINGS

If fossil fuel impacts are expected, a custom analysis should be used to support them.
WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

230 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes

and Coincident Peak Factors"
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2.5.45 Electric Chiller

DESCRIPTION

This measure involves the installation of a new electric chiller meeting the efficiency standards
presented below. This measure could relate to the replacement of an existing unit at the end of its
useful life or the installation of a new system in an existing building (i.e., time of sale). Only single-
chiller applications should be assessed with this methodology. For multiple chiller projects, a
custom analysis should be used to establish savings.

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

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to exceed the
efficiency requirements defined by the program.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to meet the 2015
IECC energy efficiency requirements. Chillers are rated for both the full load efficiency and the
integrated part load efficiency. Chiller efficiency can be sourced by either Path A when the system
is designed for full load efficiency, or Path B when designed for part load efficiency.—effective

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 26-23 years.?!
DeeMED MEASURE COST

The incremental capital cost for this measure-is-$106.23 per-ton.**?measure is based on the IPLV
efficiency improvement over a code based minimum efficient chiller. The cost is per 0.01 IPLV
improvement over code, per ton. A 150 ton screw chiller with an IPLV of 0.374, has an
incremental cost of $27,834, when the minimum code based efficiency is 0.44.

nia Py Cormmission. DecermberL16.2008(Cell DS ble" sheet). ASHRAE, Chapter 38:

Ownlnq and Operatlnq Costs, Table 4 Hcatmg Vcnulatm,q and A1r Condmomng Anpllcatlons (2023 edition) for centrifugal
chillers (page 38.3).

23 - : . . , . .
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<56 $76 $126 A nla
>=50-and-<100 $38 $63 e nla
>=100-and-<150 $25 $42 e nfa
>=150 and-<200 <o $61 $122 $183
>=200 $0 $31 $61 $92
[Formatted: Font: 11 pt, Bold, Font color: Background 1
Water cooled screw chiller $28 2015 IECC or better [ Formatted: Font: 11 pt, Bold, Font color: Background 1
Water cooled centrifugal chiller $35 2015 IECC or better -\ \ | Formatted: Centered
! [Formatted Table
PR [Formatted: Font: 11 pt, Bold, Font color: Background 1
‘[Formatted: Font: 11 pt
[Formatted: Centered
[Formatted: Font: 11 pt
[Formatted: Centered
[Formatted: Font: 11 pt
[ Formatted Table
LOADSHAPE
Cooling BUS
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

For a chiller operating primarily at full load, (Path A compliance).

AkWh = TONS ~x (IPLVg g tPEV-BASE — [PLVyptPLVEE) +x EFLH
For a chiller operating primarily at part load, (Path B compliance).

233 Incremental cost aggregated from Southern California Edison data in the California eTRM,”Water Cooled Chiller” measure

incremental cost data (November 2020), https://www.caetrm.com/measure/SWHC005/03/, Aggregated data in file

2025 MEEIA 4 Plan MEEIA-2019-21 Plan-Revision 56.0

Page 10£

/| Formatted: Footnotes

(

/ [ Formatted: Font: 9 pt, Font color: Blue
(
(

o U U A L

[ Formatted: Indent: Left: 0", Right: 0.1" J

Formatted: Font: (Default) Times New Roman, Not ‘
Italic

Formatted: Cambria12, Space Before: 4 pt, After: 4 pt,
Line spacing: single, Tab stops: Not at 3.01" + 4.8"

Formatted: Font: 9 pt

Formatted: Font: 9 pt

o



https://www.caetrm.com/measure/SWHC005/03/

Ameren Missouri Appendix H - TRM — Vol. 2: C&l Measures

AkWh = TONS x (FLgasg - FLgg) x EFLH

Where:

TONS = Chiller nominal cooling capacity in tons (note: 1 ton = 12,000 Btu/hr) “
= Actual installed

IPLVease =Efficiency of baseline equipment expressed as Integrated Part Load Value
(kW/ton). Chiller units are dependent on chiller type. See “Chiller Units,
Conversion Values’ and ‘Baseline Efficiency Values by Chiller Type’ and
Capacity in the Reference Tables section.
=Code based minimum part load efficiency for same type, capacity installed

FLease = Efficiency of baseline equipment expressed as Full Load (kW/ton).

=Code based minimum part load efficiency for same type, capacity installed

IPLVee* = Efficiency of high efficiency equipment expressed as Integrated Part Load
Value (kW/ton)=*
= Actual installed

FLeg = Efficiency of high efficiency equipment expressed as Full Load (kW/ton)
=Actual installed
EFLH = Equivalent Full Load Hours for cooling are provided in_Table 1Fable

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWH —-x CF <
Where:
AkWh = Annual electricity savings, as calculated above «
CF _ = Summer peak coincidence demand (kW) to annual energy (kWh) factor+fer <
Ceolng
_ =0.0009106840%6 “

NATURAL GAS ENERGY SAVINGS
N/A

236 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes

and Coincident Peak Factors"

2025 MEEIA 4 Plan MEEIA-2019-21Plan-Revision 5.0 Page 104

[ Formatted Table

[ Formatted: Subscript

[ Formatted: Subscript

{ Formatted: Font color: Text 1

[ Formatted: Cambria12

[ Formatted Table

{Formatted: Line spacing: single

[Formatted: Line spacing: single




Ameren Missouri Appendix H - TRM — Vol. 2: C&l Measures

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

REFERENCE TABLES

Chillers Ratings - Chillers are rated with different units based on equipment type as shown below

Equipment Type ~ Unit |
Air cooled, electrically operated EER
Water cooled, electrically operated, positive displacement (reciprocating) kW/ton
Water cooled, electrically operated, positive displacement (rotary screw and scroll)|  kW/ton

In order to convert chiller equipment ratings to IPLV the following relationships are provided
kWi/ton =12/EER
kWiton =12/ (COP x 3.412)

COP  =EER/3412

COP =12/ (kWiton)/3.412
EER  =12/kWiton

EER  =COPx3.412
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line Effici | " .

TABLE 503.2.3(7)
WATER CHILLING PACKAGES, EFFICIENCY REQUIREMENTS*

BEFORE 1/1/2010 AS OF 1/11/2010°
PATH A PATH B
SIZE FULL TEST
Q TYPE UNITS FULL LOAD 1PLV FULL LOAD IPLV LOAD | IPLV
< 150 tons EER >9.362 = 12,500 NAd NAd
Air-cooled chillers Z9.3562 10416
= 150 tons EER =9.562 = 12.730 NAd NAd
A i Air-cooled chillers without condensers must
Air cooled without .
condenser, electrical All, EER 21058 | 211782 |Deried with matching condensers and
operated capacities comply with the air-cooled chiller efficiency
requirements
Water cooled, All Reciprocating units must comply with water
electrically operated, Soites kW/ton <0.837 <0.69 |cooled positive displacement efficiency
reciprocating o requirements
<75 tons kW/ton <0.780 <0630 <0.800 |<0.600
=75 tons <0.79% <0676
and kWiton <0773 <0613 <0.7% |<0.386
Water cooled, < 150 tons AHRI
electnically operated, 5504590
positive displacement | = 150 tons
and kW/ton <077 <0627 < 0.680 < 0.380 <0.718 |£0.540
< 300 tons
2300 tons kW/ton <0639 <057 <0.620 < 0.540 <0.639 |£04%
< 150 tons kWiton <0.703 < 0.669
= 150 tons <0634 <0.59% <0639 |£0450
and kW/ton <0634 <0.5%
Water cooled, <300 tons
electrically operated,
centrifugal 2 300 tons
and kW/ton <0576 <0549 <0.576 <0549 £0.600 |<0.400
< 600 tons
2 600 tons KkW/ton <0.376 = 0.549 =0.570 = 0.539 <0.590 |<0.400
Alrcoole, sborption|. 41 COP | zo600 | NRe | 20600 | NRe | Nad [ Nad
single effect capacities
Water-cooled, All
absorption single ities cop >0.700 NRe =0.700 NRe Nad | Nad
effect capact
AHRI560
Absorption double All
effect, indirect-fired . cop = 1.000 Z 1050 2 1.000 Z 1050 NAd | Nad
Absorption double All
effect, direct fired it cop = 1.000 Z 1.000 = 1.000 Z 1000 NAd | NAd

For SI:

1 ton =907 kg, | British thermal umit per hour =0.2931 W

a. The chiller equipment requirements do not apply for chillers used in KOMT<semperature applications where the design leaving flusd temperature is < 40°PF,

b. Section 12 contains a

ofthe

test

the

¢« Compliance with thes standard can be obtained by meeting the

the requirements of Path A or B,

d. NA means that thes requirement 55 not applicable and cannot be used for compliance.

ofPath Aor B

year Wrsion of the test procedure.
, both the full foad and IPLV must be met to fulfill
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2012 |ECC Baseline Efficiency-Values by Chiller Type-and Capaeity * | Formatted: Indent: Left: 0", Space After: 8 pt, Line
spacing: Multiple 1.08 li
TABLE C403.2.3(7) [ . iaht: 0" :
MINIMUM EFFICIENCY REQUIREMENTS: ‘ Formatted: Left, Right: 0", Space After: 8 pt
WATER CHILLING PACKAGES*
BEFORE 1/1/2010 AS OF 11172010"
PATHA PATHB
SIZE FULL FULL FULL TEST
EQUIPMENT TYPE CATEGORY [ UNITS LOAD IPLV LOAD PLV LOAD IPLV | PROCEDURE®
<150 tons | EER B >104 |29562|=12500f NA NA
Alcooied iy >T50tns | EER | 02| "16 [59562[212750] NA | NA
Alr-cooled chillers without condens-
Air cooled without condenser, electrical Al ne £ ers shall be rated with matching con-
operated capacities R, (210588211782 densers and comply with the air-cooled
chiller efficiency requirements
Reciprocating units shall comply with
Water cooled, electrically operated, All
- kW/ton | <0.837 | <0.696 |water cooled positive displacement
SO capacities efficlency requirements
< 75tons | kXW/ton <0.780 [ <0.630 | <0.800 | <0.600
275 tons
and | kWhon | <0190 [ <0678 (4725 | <0615 | <0790 | <0588 .
Water cooled, electrically operated, posi- | < 150 tons 550/500
tive displacement > 150 tons
and kWhon | <0717 | <0627 [ <0.680 | <0.580 | <0.718 | <0.540
<300 tons
2300 tons | kW/ton | <0.639 | <0571 | <0.620 | <0.540 | <0.639 | <0.490
< 150 tons | kWiton | <0.703 | <0.669 “
2 150 tons
<0.634 | <0.596 | <0639 [ <0.450
and | KWion | <0634 [ <0506 & >
Water cooled, electrically < 300 tons
centrifugal 2300 tons
and kW/ton | <0.576 | <0.549 | <0.576 | <0.549 | <0.600 | <0.400
< 600 tons
2600 tons | kW/ton | <0.576 | <0.549 | <0.570 [ <0.539 | <0.590 | < 0.400
Alr cooled. absorption single effect cap':ll"es COP |=20600( NR ([=0600| NR NA NA
Water cooled, absorption single effect Al COP |20700( NR [=20700| NR NA NA
Casackies AHRI 560
Absorption double effect, Indirect fired All COP |=1.000(=1.050|=1000=1080( NA NA
capacities
Absarption double effect, direct fired cap;"c“'"os COP |=>1000(=1000]|>1000]|=1000] NA | NA
For Sk | ton = 3517 W, 1 British thermal unit per hour = 0.2631 W, °C = [("F) - 32)/1.8.
NA = Not applicable, not 1o be used for ¢ e; NR =No
a Thec fugal chiller after in accordance with Section C403.2.3.1 or Section C403.2.3.2, do not apply to chillers used

in low-temperature applications whera the design leaving fluid temperature is less than 36°F. The requirements do not apply to positive displacement chillers
with leaving fluid temperatures less than o equal 10 32°F. The requirements do not apply to absorption chillers with design leaving fluid temperatures less than
40°F.

Compliance with this standard can be obtained by meeting the ménimum requirements of Path A or B. However, both the full load and IPLV shall be met to fulfill
the requirements of Path A or B.

Chapter 6 of the referenced standard contains a complete specification of the referenced test procedure, Including the referenced year version of the test
procedure.

=

n

iy [ Formatted: Space After: 8 pt
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2015 IECC Baseline Efficiency Values by Chiller Type and Capacity

TABLE C403
WATER CHILLING PACKAGES — EFFICIENCY REQUIREMENTS* * ¢

—-— v s BEFORE 1112015 AS OF 112015 TEST
EQUIFMENT TYPE TEGOR Path B Path A PanB | PROCEDURE
e o R [
. i EER 2137 2 15,
Arcooledd = BuW) | Z10100FL | Z970FL
2150 Tons NA: :
212500 IPLV 2 14.000 IPLV |2 16.100 IPLV
Air cooled EER Aur-cooled chillers without condenser shall be rated with
without condanser, All capacities BuwW) matching condensers and complymz with air-cooled chiller
elactrically operated efficiency requirements.
- 75 Tons Z0780FL | £0S00FL | <0750FL | <0780FL

£0.630IPLV [£0.600 IPLV| £0.600 IPLV | £0.500 IPLV
Z0.775FL | S07%FL | < S0750FL
S06I5IPLV [£0586IPLV| 20560 IPLV | S0.400 IPLV

275 tons and < 150 tons

Watrcoold.decmicaly [———— - T0G0FL | SOTISFL | SO6GFL | Z06R0TL
o .| oresnd = 00tns | KWAOR Iy SoTRLV [0S0 PLV | S0SWPLV | S0H0BLV

TOSWFL | SOG9FL | CUGIOFL | COGHEL | AHRISSY
Z050 DLV 0280 LV | 050 LV | S0410BLV]| 0
Z060FL | S0639FL | SO0S60FL | SOSSSEL
Z0540IPLV |Z02%0 LV 0500 PLV | £0380 LV
Zo6 T0639FL | SOGI0FL | S0695FL
Z0596 DLV |Z0450 LV | 0550 LV | S0430 LV
TOSAFL | SOG9FL | SO6I0FL | C0635FL
T0306 0LV |Z0550 BLV| S0350 LV | S0300 LV
: i ) Z0376FL | Z060FL | SOS60FL | SOSSSEL
b conmfuga | 2300 tons and <4001ons | EWhon Z059 LV |Z020 LV | £0520 TLV | 0390 BLV
Z0576FL | SO0600FL | S0S60FL | SOSSSEL
Z059 LV | <020 LV | 0500 LV | Z0380 BLV
TOST0FL | S0S00FL | S0360FL

Z 300 tons and < 600 tons

2600 tons

<150 Tons

2 150 tons and < 300 tons

2400 tons and < 600 tons

2000 Toes 20539 IPLV | <0200 IPLV | £ 0500 IPLV
Air cooled. abserption, - » Tac S .
Sngle effecy Al capacities COP | 20800FL Na 20.600 FL NA
W d ab s . . - .
“";":ﬁ | aboce pticn, Al capacities COP | 20700FL Na 20700 FL NA
> 1560
Absorption. double N 2100 FL . 2100 FL - AHRIS

effect, indirect fired Al copacitizs O Eigomv| W [Timov]| ¢
Absorption double sffect 2 1000 FL T =100 FL .
direct fired AR copacities P —romrv] [Trommv]

2 The requirements for cenmrifugal chiller shall be nting condit with Section C403.2.3.1 and are only applicable for

adjustad for
the of conditions Listed m Secton C40323.1. Ihemqtmsﬁu‘m-cooled.m—coded ve displacement and absorption challers are at
rtng cond:tions defined in the reference test procadure. Posiive diy
b Both the full-load and IPLV requirements shall be met or exceeded to comply with this standard Where there is a Path B, commpliance can be with either Path
A or Path B for any application.
cMmuwnwwm‘«mBmmhmAmuwhcme
d FLreg the fll and IPLV the part-load performance requirements.

2025 MEEIA 4 Plan MEEIA-2019-21 Plan-Revision 5.0 Page 108




Ameren Missouri

Appendix H - TRM — Vol. 2: C&l Measures

2018 IECC Baseline Efficiency Values by Chiller Type and Capacity

TABLE C403.2.2(T)

WATER CHILLING PACKAGES — EFFICIENCY REGUIREMENT 52 & ¢

EQUIFMENT TYPE SIZE CATEGORY UNITS BEFORE 11112013 AS OF 1172015 TEST
Path A Path B Path A Path B FROCEDURE®
= 9.552 FL =10.100 FL =0.700FL
< 150 Tons A
. i EER | = 12.500IPLY = 13.700 IPLV | = 15,200 IPLV
Air-cooled chillers o e — —
(EtuY =0E3EFL =10.100 FL =9.700FL
z 150 Tons MHAs -
= 12.500 IPLY = 14.000 IPLV | = 18100 IPLV
Air cooled EER Air-gocled chillers without condenser shall be rated with
without condenser, Al czpacitizs Btu matching condensers and complying with air-cooled chiller
electricaly operated s efficiancy requirements.
. £0.TBD FL £0.800 FL £0.750 FL Z0.780FL
<75 Tons
=0.530 1PV | =0.600 IPLV | =0.6800 IPLV | = 0.500 IFLV
20775 FL <0.780 FL =0.T20FL Z0.750 FL
= 75 tons and = 150 tons
20815 IPLY | =0.585 IPLV | =0.580 IPLV | = 0.400PLV
Water cooled, electrically - 20680FL | =ODTIBFL | =08G0FL | =0820FL
operated pasitive = 150 tons and < 300 tans | KWiton - T - n - T —
displacement z 0580 IPLY | 20540 IPLV | =z 0.540 IPLV | = D.440 IPLV
£ 0.620 FL Z0.830FL 20610 FL Z0.825FL 150
= 300 tons and < 600 tons - AHRISE0EE0
0540 IPLY | =0.480 IPLV | =0.520IPLY | = 0410 IPLV
< 0.620 FL <0.830 FL £ 0.550 FL Z0.585 FL
= 300 tons
=0.540IPLY | <0480 IPLV | <0.900 IPLV | = 0.280 IFLV
= 0834 FL <0.838 FL =060 FL Z0.895FL
= 150 Tons p—— = =
20598 IPLY | <0450 IPLV | <0550 IPLV | = 0.440 1PLV
_ $0.634 FL £0.830FL s 0.610FL =0835FL
= 150 tons and < 300 tons — — —
20598 IPLY | =0.450 IPLV | <0550 IPLY | = 0.400 IPLV
! y 20576 FL <£10.600 FL £ 0.550 FL 20595 FL
Vister cocled, |_5Iac1rcal ¥ = 300 tons and < 400 tons | KWiton
operated centrifugal =0548 IPLV | =0.400 IPLV | =0.520IPLY | = 0.300 IFLV
= 0.576 FL <10.600 FL = 0.550 FL Z0.585 FL
= 400 tons and < 800 tons
20540 IPLY | =0.400 IPLV | =0.500 IPLV | = 0.2801PLV
= 0.570 FL <0.580 FL < 0.550 FL =0.585FL
z 600 Tons - - —
20538 IPLY | <0400 IPLV | <0.500 IPLV | <0.280 IPLV
Air cocled, absarption, AN czpacities COP | =0800FL S 20,500 FL NAE
single =ffect
Water cooled absorption. AN capacitis coP | :o700FL A :0.700FL NAS
single =ffect
. 3 3 AHRI1580
2 1.000 FL 2 1.000 FL
Abserptian. doutlz AN cspacities cor Nae Nas
efiect, indirect fired = 1.050 IPLW =1.050 IPLV
Ab tion double effect = 1.000 FL = 1.000 FL
DECrption dousE & ANl capacities copP NAE NAS
direct fired = 1.000 IPLW = 1.050 IPLY

a. Tha requiremen

Tha
Hoad and IFLY

for cantrifugal chilier shal b 2

mquFnmants shal be met or axcerdod b comply with Fis

s ane nal

appicabla for Path B and only Path

sind tor Fonslandant raling condbians in accondance with Section C403
s for Sir-oociod, waler-conied posiive dsplanement and absorplon chikers 2

E ]
rand. Whane thare is

an ba used for complance.

d. FL nepresents fe Ll kioad periormantce recuirements and IFLY the par-ioad perormanc s requirements.

MEeASURE CODE:
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2.5.56 Heat Pump Systems

DESCRIPTION

This measure applies to the installation of high efficiency air-cooled, water source, ground water
source, and ground source heat pump systems. This measure could apply to replacing an existing
unit at the end of its useful life, or installation of a new unit in a new or existing building.

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

DEFINITION OF EFFICIENT EQUIPMENT

For this characterization to apply, the efficient equipment is assumed to be a high-efficiency air-
cooled water source, ground water source, or ground source heat pump system that exceeds beth

Deﬁnrtrenet—Basehne—Equrpment—the heatlnq and cooling efflClencv Ilsted in Federal Energy
ConservationEfficiency Standards.

Federal Energy CenservationEfficiency Standards (effective January 20123)%7 [Formatted: Font: Not Bold

[Formatted: Font: Not Bold

Formatted: Font: 9 pt

Formatted: Font: 9 pt

. Field Code Changed
21 DOE|Title10,Part

43l\https [lwww.ecfr. qov/current/tltle lO/Ci’Lptel’ II/subchapter D/part 43 Formatted: Font: 9 pt

[
[
[Formatted: Font: 9 pt, Font color: Black
[
[

G JC L
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Capacity

kBTUh

Appendix H - TRM — Vol. 2: C&l Measures

| Formatted: Centered

Formatted: Font: Bold

| Formatted: Font: Bold, Font color: Background 1

DEFINITION OF BASELINE EQUIPMENT

Time of Sale, New Construction: For this characterization to apply, the baseline equipment is |

assumed to be a standard-efficiency air- cooled, water source, ground water source, or ground

Formatted: Font: Not Bold, Font color: Text 1

Formatted: Font: Not Bold, Font color: Text 1

Formatted Table

Formatted: Font color: Text 1

Formatted: Font color: Text 1

134 $11013.4 SEER?2 13.4 SEER2 [
< 100-65 SEER2Packaged$73 6.7 HSPF2 6.7 HSPF2$183 | [Formatted: Font: Bold, Font color: Background 1
1 or 3 phase, [Formatted: Centered, Indent: Left: 0.03"
<65 Split 14.3 SEER2 14.3 SEER2 [Formatted: Font: 11 pt, Bold, Font color: Background 1
Lor3 phase 7.5 HSPFa, 7.5 HSPFa [Formatted' Font: 11 pt, Bold, Font color: Background 1
>65 and $7314.1 IEER $12213.9 IEER || AR S 2o
<135>=100 $49Packaged 3.4 COP. 3.4 COP. [Formatted: Font: Bold, Font color: Background 1
Air Source and <150 [Formatted: Font: Bold, Font color: Background 1
=135 and $5513.5 IEER $9213.3 IEER ““1 [Formatted: Font color: Text 1
<240 $37Packaged 3.3 COP, 3.3 COP, ! [Formatted: Font: Not Bold, Font color: Text 1
ane-<200,
>240 and 59412_5 IEER %212‘3 IEER [Formatted: Font: Not Bold, Font color: Text 1
<760and< $61Packaged 3.2 COP. 3.2 COP. (Formatted: Font: Not Bold, Font color: Auto
<760>=200 [ Formatted: Font color: Text 1
ane-=300
[ Formatted: Font color: Text 1
12.2 EER
<17 Packaged 4.3 COP RN {Formatted: Centered
13.0 EER fl {Formatted: Font color: Text 1
Water Source >17 and <65 Packaged - L
~ 4.3 COP L [Formatted: Font color: Text 1
13.0 EER . . .
>65 and <135 Packaged 74 3 COP Formatted: Font: Not Bold, Font color: Text 1
- . {Formatted: Font: Not Bold, Font color: Text 1
{ Formatted: Font color: Text 1
>>760=300 M $46 §76 [ Formatted: Font color: Text 1
“\ ‘ [ Formatted: Centered
\ [ Formatted: Font: Not Bold, Font color: Text 1
[ Formatted: Font: Not Bold, Font color: Text 1
[ Formatted: Font: Not Bold, Font color: Auto
. | [ Formatted: Font color: Text 1
For VRF Heatpumps-heat pumps, vertical heat pumps, and other heat pumps, refer to the tables
within the Federal Enerqy CenservationEfficiency Standards. %F“"‘a“e"‘ Font color: Text 1

source heat pump system that meets the 20151ECCenergy-efficieneyrequirementseffective

January-1-2024-Federal Energy CenservationEfficiency Standards.
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Retrofit, Early Replacement: For this characterization to apply, the existing equipment is
working with a remaining useful life. After, remaining useful life period, the baseline is the
Time of Sale baseline meeting the Federal Energy SenservationEfficiency Standards.

For unit with a capacity less than 65 kBTUh, the baseline efficiency may be converted to the
newer ratings expressed by SEER2 and HSPF2.

The rating conditions for the baseline and efficient equipment efficiencies must be equivalent.
Equipment capacities less than 65 kBtu/hr may be rated with the SEER2 efficiency (single phase,

residential units), while larger units rated with EER or IEER.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 15 years.2®
DeeMED MEASURE COST

For analysis purposes, the incremental capital cost for this measure is assumed as $166-104 per
ton per SEER or IEER unit increase over the base case efficiency for air-cooled units.?® The
incremental cost for all other equipment types should be determined on a site-specific basis.

For a 120,000 BTUh, 16.1 IEER air cooled heat pump without auxiliary heat, the incremental

cost is:
10 tons x (16.1 IEER — 14.1 IEER) x $104 = $2,080
LOADSHAPE
Cooling BUS
Heating BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
For units with cooling capacities less than 65 kBtu/hr: < [Formatted: Space After: Auto

238 ASHRAE, Chapter 38: Owning and Operating Costs, Table 4, “Heating, Ventilating and Air Conditioning Applications”,

(2023 edmon) for commermal air to air heat pumps (pq 651 or 38 3) Measu#e—l:#e—Repeﬁ—Resrden&aLand—@emmeFe&aMﬁdusm [Formatted: Footnotes Char, Font: 10 pt
a Formatted: Footnotes Char, Font: 10 pt, Underline,
Font color: Blue

ria-AESC Inc, ASK Energy

Inc SDGI: Induslrv Slandard PractiGe Slud of Commcrcual Umlarv Alr (ondmonm and Hcat Pumps Systems”, page 36
(September 2021) https://www.caetrm.com/media/reference-documents/Unitary HVAC ISP_Report Final.pdf, [Formatted: Font color: Accent 1
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AkWh = Annual kWh Savings,, . -Annuettdih-Savingscool +
Annual kWh Savingspe.. AnnuvallWh-Savingsheat

__ Annual kWh Savings ., = —Annual-kWh-Savingscool—,

Appendix H - TRM — Vol. 2: C&l Measures

€kBtu/hr oy kBt hreoot -
w2 [(1/SEER2 4. SEER2base) - (1/SEER2;;SEER2¢ee)]
wx EFLH o BELHeo0l
Annual kWh Savingsyeqc-AnrualddW h-Savingsheat =

£kBtu/htyeq keBtwthrheaty-
+x [(1/HSPF2y 5. HSPE2base) - (1/HSPF2pHSPE2ee)]
+x EFLHy,q BEELHheat
For units with cooling capacities equal to or greater than 65 kBtu/hr:
AkWh = Annual kWh Savings.,,; + Annual kWh Savingspeq:
Annual kWh Savings .o =,

kBtu/hrcool X [(1/1EERbase) - (1/1EEREE)] X EFLHcaol

Annual kWh Savingspeq: =

kBtu/hrpeq: x [

1
(COPygspx 3.412)  (COPgg x 3.412)

] x EFLHheaC

kBtu/hreor = Capacity of the cooling equipment in kBtu per hour (1 ton of cooling
capacity equals 12 kBtu/hr).

= Actual installed

= Seasonal Energy Efficiency Ratio of the baseline equipment

= SEER from-tables-below -based on current DOE energy efficiency

SEERbase

standards for TOS,NCthe-apphicable {ECC-
=SEER based on existing efficiency for Retrofit
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= For units with cooling capacity <65kbtu/hr and efficient unit is measured
in terms of SEER2, convert SEERpase t0 SEER2psge.24

SEERee = Seasonal Energy Efficiency Ratio of the energy efficient equipment.
= Actual installed
EFLHco = Equivalent Full Load Hours for cooling are provided in Table 1 Effective

Full Load Heatmq and Coollnq Hours, by Bmlqu TypeIable—l—EﬁeeWe

HSPFuwasse = Heating Seasonal Performance Factor of the baseline equipment
= HSPF from tables below, based on the applicable IECC. For units with
cooling capacity <65kbtu/hr and efficient unit is measured in terms of
HSPF2, convert HSPFpase t0 HSPF2pase.24*

HSPFee = Heating Seasonal Performance Factor of the energy efficient equipment.
= Actual installed. If rating is COP, HSPF = COP #x 3.413
EFLHa = Heating mode equivalent full load hours are provided in_Table 1 Effective

Full Load Heatlnq and Coollnq Hours, by Bmlqu Tvpelable—l—Etfeewe

IEERbase = Integrated Energy Efficiency Ratio of the baseline equipment
= IEER from tables below, based on the applicable IECC.

IEERee = Integrated Energy Efficiency Ratio of the energy efficient equipment.
= Actual installed

kBtu/hrneat = Capacity of the heating equipment in kBtu per hour.
= Actual installed

3.412 = Btu per Wh.

COPpase = Coefficient of performance of the baseline equipment
= COP from tables below, based on the applicable IECC. If rating is HSPF,
COP = HSPF / 3.413412. If rating is HSPF2, COP2 = HSPF *x 87% /
3.413412

COPee = Coefficient of performance of the energy efficient equipment.
= Actual installed

240 SEER to SEER?2 conversion factor: SEER2 = SEER x 96%. Conversion factor for SEER to SEER? is used when converting an
existing system that is rated in SEER to SEER2. This is to meet the DOE M1 CFR Standard beginning January 1, 2023. The
efficiency levels of the existing, baseline, and efficient case must be expressed in the same metrics (e.g., both SEER or SEER?2)
before applying formulas.

241 HSPF to HSPF2 conversion factor: HSPF2 = HSPF x 87%. Conversion factor for HSPF to HSPF2 is used when converting an
existing system that is rated in HSPF to HSPF2. This is to meet the DOE M1 CFR Standard beginning January 1, 2023. The
efficiency levels of the existing, baseline, and efficient case must be expressed in the same metrics (e.g., both HSPF or HSPF2)
before applying formulas.
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TABLE 503.2.3(2)

UNITARY AIR CONDITIONERS AND CONDENSING UNITS, ELECTRICALLY OPERATED, MINIMUM EFFICIENCY REQUIREMENTS

SUBCATEGORY OR
EQUIPMENT TYPE SIZE CATEGORY RATING CONDITION MINIMUM EFFICIENCY® TEST PROCEDURE?
Split svstem 13.0 SEER
< 65.000 Bu/h®
Single package 13.0 SEER
10.1 EERe AHRI210/240
265,000 Bt/ Split system and fore Jan 1, 2010
A 32 tgl,yste:‘ (beo;eloan . 2010)
y single package 0 EERc
135,000 5k (s ofJan 1, 2010)
Air cooled, ) 9.3 EERc
(Cooling mods) = 135.(:0’3 L Split system and (before Jan 1, 2010)
<240,000 Bavh single package 10.6 EERc
"‘ (a5 ofJan 1, 2010)
9.0 EERe AHRI 340/360
22 LYC
7 Split system and (before Jan 1, 2010)
240,000 Brwh single package 9.5 EERc
921PLYc
(as ofJan 1, 2010)
109 SEER
- (before Jan 23, 2010)
Sphit system 12.0 SEER
Through-the-Wall (as ofJan 23.2010)
(Axr cooled, cooling <30,000 Bawh?® AHRI210/240
mode) 10.6 SEER
Shasadi (before Jan 23, 2010)
InES paciaEn 120 SEER
(as ofJan 23.2010)
< 17,000 Bavh 86°F entering water 112 EER AHRUASHRAE 13256-1
Water Source
: = 17,000 Brwh
(Cooling mode) and 86°F entering water 120EER AHRIASHRAE 13256-1
< 135,000 Bavh
G’?&"E:;‘;ﬁ;“;“ < 135,000 Ba/h 59°F entering water 162 EER AHRIVASHRAE 13256-1
Ground source / o . 3 g / o
(Conling mode) < 135,000 Bavh 77°F entering water 134 EER AHRU/ASHRAE 13256-1
< 65.000 Bauh® Split system 7.7 HSPF
(Cooling capacity) Single package 7.7 HSPF
> 65,000 Biuh 32CoP AHRI210/240
5 s fore Jan 1, 2010
Aot cpasad o w | 47T DM wb Outdoorair|  Befere Tz 12010
(Heating mode) (Cooling capacity) (as of Jan 1, 2010)
3.1COP
= 135,000 Bavh s - 4 (before Jan 1, 2010)
(Coating conacityy 47°F db/43°F wb Outdoor air 12 CoP AHRI 340/360

(as ofJan 1, 2010)
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TABLE 503.2.3(2)-continued
UNITARY AIR CONDITIONERS AND CONDENSING UNITS, ELECTRICALLY OPERATED, MINIMUM EFFICIENCY REQUIREMENTS

SUBCATEGORY OR
EQUIPMENT TYPE SIZE CATEGORY RATING CONDITION MINIMUM EFFICIENCy" TEST PROCEDURE?
7.1 HSPE
s (before Jan 23, 2010)
Split System 74 HSPF
T ile 1 = (as ofJan 23.2010)
- Pras =30,000 Btu'h AHRI210/240
(Axr cooled, heating mode) & 7.0 HSPF
Sinsl X (before Jan 23, 2010)
A PACKIES 7.4 HSPF
(as ofJan 23,2010)
Water source < 135,000 Btwh % g o
(Heating mode) (Cooling capacity) 68°F entenng water 42cCopP AHRI/ASHRAE 13256-1
Groundwater source < 135,000 Bruh . . &
(Heating mode) (Cooling capacity) S50°F entering water 3.6 COP AHRI/ASHRAE 13256-1
Ground source < 135,000 Brwh . ]
(Heating mode) (Cooling capacity) 32°F entering water 3.1cop AHRI/ASHRAE 13256-1

ForSI. °C=[(OF) - 32)/1.8, 1 British thermal unit per hour =0.2031 W

db = dry-bulb temperature, of; wb =wet-bulb temperature, of.

a. Chapter 6 contains a complete specification of the referenced test procedure, including the referenced year wisinm of the test procedure.
b. IPLVs and Part load rating conditions are only applicable to equipment with capacity modulation.

< Deduct 0.2 from the required EERs and IPLVs for units with a heating section other than electric resistance heat.

d Single-phase air-cooled heat pumps < 65,000 Btu/h are regulated by the National Appliance Energy Conservation Actof 1987 (NAECA) , SEER and HSPF values
are those set by NAECA.
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Minimum-Efficiency-Requirements: 2012 1ECC “ [ Formatted: Indent: Left: 0", Space After: 0 pt
TABLE C403.2.3| . M
MINIMUM EFFICIENCY REQ%’!REMENTS: [ Formatted: Right: 0", Space After: 1.9 pt
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS
EQUIPMENT TYPE SIZECATEGORY | HEATING SECTIONTYpE | SHECATECORY OR e || ettt o
Split System 13.0 SEER
; '\'l' cmaled < 65,000 Bugh® All
coaling mode) Single Packaged 13.0 SEER
: Split System 13.0 SEER AHRI
ez the al, 30,000 Buyt* Al 2024
Single Packaged 13.0 SEER
Single-duct high-velocity A .
ne o mfh,d ) < 65,000 Buh® All Split System 10.0 SEER
Electric Resistance Split System and 11.0 EER
> 65,000 Buyh and (or None) Stngle Package 11.2 IEER
< 135,000 Buw'h Split System and 10.8 EER
All atter Single Package 1.0 IEER
Electric Resistance Split System and 10.6 EER
Alr cooled > 135,000 Btwh and (or Noae) Single Package 10.7 IEER AHRI
(cooling moda) < 240,000 Buvh Al other Split Syslon? and 10 :1 l{l-l_R 340/360
Single Package 10.5 IEER
Electric Reslstance Split Systemn and 9.5 EER
" (or Noae) Single Package 9.6 IEER
=200 Naaak Split System and 9.3 EER
Split System .3 EE
Al gther Single Package 9.4 [EER
< 17.000 Buw/h All 86°F entering water 11.ZEER “
Water source = 17,000 Buvh and 3 . E
(coaling mode) < 65.000 Bwh All 86°F entering water 120 EER
2 65,000 Buvh and 8 ? = S
< 135,000 Bu/h All 86°F entering water 120 EER IS0 13256-1
SOF > E
Crikiil wiakiis soinie T ; All S59°F entering water 162 EER
(cooling ) < 135,000 Bus'h - -
All TT°F entering water 134 EER
W 86°F entering water 10.6 EER
‘ater-source water 1o water < 135,000 B‘Il"h All
(cooling mode) 59°F entering water 16.3 EER
R = E | 1so13z2s6-2
Ground water source
Brine to water < 135,000 Buvh All T7°F entering fluid 12.1 EER
(cooling mode)
Alr cooled S——— Split System 7.7 HSPF
(heating mode) g - 2 =
— Single Package 7.7 HSPF
- Split System 7.4 HSPF AHRI
Through-the-wall, < 30,000 Buy'h* 210240
(alr cooled. heating mode) (cooling capacity)}
Single Package 7.4 HSPF
Small-duct high velocity =S 2 2 s
(alr cooled. heating i) < 65,000 Bt/ Split System 6.8 HSPF
{contimed)
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L T R
ELECTRICALLY Ol RAETED UNITARY BID APPLIED HEAT PUMPS
SUB-CATEGORY OR MINBMUM TEST
EQUIPMENT TYPE SIZE CATEGORY | HEATING SECTION TYPE | pari i oinin o erricENCY | PrOCEDURE®
ATF dV43'F wb =
> 65,000 Btuh and Outdoor Al 33coe
< 135,000 Btwh I7°F GU/15F wb
(cooling capacity) w >
Alr cooled Outdoor Air e AHRI
{Reating mode) ATF db/A3F wh ST 3401360
2 135,000 Buwh Outdoor Alr )
(cooling capacity) 17T°F dbV15°F wb
Outdoor Alr 205600
Water source < 135,000 Btwh .l
(be: ie) (cooling capacity) 68°F entering water 42cop
Ground water source < 135,000 Btwh -
(haattng mode) Gcioling cagacity) 50°F entering water 36cop 1SO 13256-1
Ground source < 135,000 Buwh 5
(heating mode) (cooling capacity) 32°F entering fluid 31cop
Water-source < 135,000 Buh 68°F entering water 37cop
momw:;') cooling capacity) 50°F entering water 3.1cop
g 5 1SO 13256-2
Ground source o
brine to water (col?lfmng:/l’yh) 32°F entering fluid 25COP
(heating mode)
For SI: 1 British thermal unit per hour - 0.2931 W, "C - [('P) - 32)/1.8.
a. Chapter 6 of the referenced standard contains 3 complete specif of the ref test ch the ref year version of the test

procedure.

b. Single phase, air-cooled air conditioners less than 65,000 Bush are regulated by NAECA. SEER values are those set by NAECA.
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Minimum Efficiency Requirements: 2015 IECC

TABLE C403.2.3(2)

MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

MINIMUM
HEATING SUBCATEGORY OR EFFICIENCY TEST
EQUIPMENT.TYPE SZECATEGORY; SECTIONTYPE | RATING CONDITION PROCEDURE®
Before As of
1112016 1/1/2016
) Split System | 13.0 SEER® | 14.0 SEER®
A“mf”'z‘;e < 65.000 Btwh? All
(cooling mode) Single Package | 13.0 SEER® | 14.0 SEER®
Split System 12.0 SEER | 12.0 SEER AHRI
o S ol 30,000 Bruk® An 2107240
Single Package 12.0 SEER | 12.0 SEER
Single-duct 63 e i
high-velocity i cooled < 65,000 Bro/h All Split System | 11.0 SEER | 11.0 SEER
Electric Resistance | Split Systemand | 11.0EER | 11.0EER
> 65,000 Btwh and (or None) Single Package | 112IEER | 12.0 IEER
<135.000 Brwh All other Split Systemand | 108 EER | 108 EER
Single Package 11.0IEER | 118 IEER
Electric Resistance | Split System and 10.6 EER | 10.6EER
Air cooled >135.000 Btwh and (or None) Single Package 10.7IEER | 11.6 [EER AHRI
(cooling mode) <240.000 Btuh All ofs Split Systemand | 104 EER | 104EER 340/360
qiner Singlé Package | 10.5IEER | 114 IEER
Electric Resistance [ Split System and 9.5 EER 9.5 EER
240,000 Bth (or None) Single Package 9.6IEER | 10.6IEER
o il cies Split Systemand | 93EER | 93EER
i Single Package 94IEER | 94IEER
<17.000 Btwh All S6°F entering water | 122 EER | 122EER
Wate; ctgo-l\lgg ‘312::) Loop |2 1762?8013%;;“ All 86°F entering water | 130 EER | 130EER | 1SO 13256-1
B Al $6°F entering water | 130 EER | 130EER
Water (‘goﬁl‘fngfo“:g“ ater | _ 135000 Bruh All SOF entering water | 180EER | 1S0EER | ISO 13256-1
e iy ® | “<135000 B Al 77 entering water | 141EER | 141EER | IS0 132561
Water ('fof)‘h*ﬁ;' ;]‘ﬁ:g*uw <135,000 Buh Al S6°F entering water | 106 EER | 10.6 EER
> hy ?
e i ey, €% | <135.000 B An SO°F entering water | 163EER | 163EER | ISO 1325622
. =
. “()c‘éoﬁ g’o‘:,‘;‘;d Loop | _ 135000 Bt All 77°F entering fluid | 121EER | 12.1 EER
(continued)
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TABLE C403.2.3(2)—continued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS
MINIMUM
HEATING SUBCATEGORY OR EFFICIENCY TEST
EGUEMENTINPE SIESCATEGORY SECTION TYPE RATING CONDITION PROCEDURE*
Before As of
1112016 | 11172016
Air cooled T — Split System 7.7 HSPF | 8.2 HSPF*
(heating mode) S0 : :
— Single Package 7.7 HSPF® | 8.0 HSPF*
— Split System 7.4 HSPF | 7.4 HSPF AHRI
Through-the-wall, <30.000 Brwh® 2101240
(air cooled. heating mode) (cooling capacity)
— Single Package 7.4 HSPF | 7.4 HSPF
Small-duct high velocity i ab 2
(air cooled, heating mode) < 65.000 Bru/h' — Split System 6.8 HSPF | 6.8 HSPF
47°F db/43°F wb
> 65,000 Brwh and outdoor air ey
< 135,000 Btwh — —
) (cooling capacity) ITFAIST Wb | 555 cop | 225 COP
Air cooled outdoor air AHRI
heating mode D ¥ 340/360
eg i) ATEA3TWo | 35 cop | 32c0p
> 135,000 Brwh _ outdoor air
(cooling capacity) 17°F db/15°F wb z
otibonait 2.05 COP | 2.05 COP
Water to Air: Water Loop < 135,000 Btwh _ o s
(heating mode) (cooling capacity) 68°F entering water | 4.3 COP | 4.3 COP
Water to Air: Ground Water < 135,000 Btwh 5= 2 ) %
(heating mode) (cooting capacity) — S0°F entering water | 3.7COP | 3.7COP | ISO 13256-1
Brine to Air: Ground Loop < 135,000 Btwh . g 5
(heating mode) {cooling capacity) — 32°F entering fluid | 3.2 COP | 3.2COP
Water to Water: Water Loop < 135,000 Btwh - o ——
(heating mode) (cooling capacity) 68°F entering water | 3.7 COP | 3.7 COP
Water to Water: Ground Water < 135,000 Brwh 2o 2 ncs 9
(heating mode) (cooling capacity) — S0°F entering water | 3.1 COP | 3.1COP | ISO 13256-2
Brine to Water: Ground Loop < 135.000 Btwh . y B
(heating mode) (cooling capacity) — 32°F entering fluid | 2.5COP | 2.5COP

For SI: 1 Bntish thermal unit per hour =0.2931 W, °C = [(°F) - 32)/1.8.
a. Chapter 6 contains a complete specification of the referenced test procedure, including the reference year version of the test procedure.
b. Single-phase, air-cooled air conditioners less than 65,000 Btwh are regulated by NAECA. SEER values are those set by NAECA.

c. Minimum efficiency as of January 1, 2015.
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkW Hcoot+ CF

Where:
AKWH = Annual cooling electricity savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0009106840%2

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

242 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors"
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2.5.67 Packaged Terminal Air Conditioner (PTAC) - Packaged Terminal Heat Pump
(PTHP)

DESCRIPTION

A PTAC is a packaged terminal air conditioner that cools and provides heat through an electric
resistance heater (heat strip). A PTHP is a packaged terminal heat pump. A PTHP uses its
compressor year-round to heat or cool. In warm weather, it efficiently captures heat from inside a
space and pumps it outside for cooling. In cool weather, it captures heat from outdoor air and
pumps it into a space, adding heat from electric heat strips as necessary to provide heat.

This measure characterizes:
1) Time of Sale: the purchase and installation of a new efficient PTAC or PTHP.

2) Early Replacement: the early removal of an existing PTAC or PTHP from service, prior to its
natural end of life, and replacement with a new efficient PTAC or PTHP unit. Savings are
calculated between existing unit and efficient unit consumption during the remaining life of
the existing unit, and between new baseline unit and efficient unit consumption for the
remainder of the measure life. The measure is only valid for non-fuel switching installations
— for example replacing a cooling only PTAC with a PTHP can currently not use the TRM.

This measure was developed to be applicable to the following program types: TOS, NC, and
EREP.

If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be PTACs or
PTHPs that exceed the Federal Energy Efficiency Standards.?*® The non-standard size
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N

.5 EER
PTHP Standard Size >15 kBtuh 957,\ -~
<. 1 CUF
: 9.3 EER
PTHP Non-Standard Size <7 kBtuh
2.7 COP
. 10.8-(0.213 x Cap) EER
PTHP Non-Standard Size 7kBtuh>Cap<15 kBtuh
"""" 2.9-(0.026 x Cap) COP
7.6 EER
PTHP Non-Standard Size >15 kBtuh
B 2.5 COP

DEFINITION OF BASELINE EQUIPMENT

TOS: the baseline conditions is the mirimum efficiency that meetshistedfor the equipment-type
inthe Federal Energy Efficiency Standards by size and type.

EREP: the baseline is the existing PTAC or PTHP for the assumed remaining useful life of the
unit and the new baseline as defined above for the remainder of the measure life. When the
existing model data is not available, the baseline efficiency is the federal standard in effect when
installed.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 15 years.?*

Remaining life of existing equipment is assumed to be 5 years.2*
DeemeD MEeASURE CosT
TOS: The incremental capital cost for this equipment is estimated to be $84/ton.2#

EREP: The measure cost is the full cost of removing the existing unit and installing a new one.
The actual program cost should be used. If unknown assume $1,047 per ton.?*”

244 ASHRAE, Chapter 38: Owning and Operating Costs, Table 4, “Heating, Ventilating and Air Conditioning Applications”
(2023 edmon) for commercnal throuqh the waII air condmoners Measu;eJ:#e—Repen—RestdemaLand-Gemme&etal#ﬂdasmaJ

5. Standard assumptlon of one thlrd of effectlve useful Ilfe
246 DEER 2008. This assumes that baseline shifts between IECC versions carries the same incremental costs. Values should be

verified during evaluation
247 Based on DCEO — IL PHA Efficient Living Program data.
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The assumed deferred cost (after 5 years) of replacing existing equipment with new baseline unit
is assumed to be $1,039 per ton.2* This cost should be discounted to present value using the
utilities’ discount rate.

LOADSHAPE
Cooling BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Electric savings for PTACs and PTHPs should be calculated using the following algorithms

ENERGY SAVINGS

TOS:

PTAC AkWh2# = AkWhcool

PTHP AkWh = AkWhcoot + AkWhheat

AkWhecoot = kBtll/hrcool *x (I/EERbase - Z/EERee) #*x EFLHcool

AkWhheat = kBtll/hrheat/ 3412 *x (Z/COPbase - I/COPee) *x EFLHneat
EREP:

AkWh for remaining life of existing unit (1% Syears)

AkWh = AkWhcool + AkWhheat

AkthuoI = kBtU/hrconl ik)_( [J/EERexist - 1/EERee] ik)_( EFLHCDOI

AkWhheat = kBl'Ll/hl"heat/ 3412 *x (1/COPexist - 1/COPee) *x EFLHneat

AkWh for remaining measure life (next 10 years)

AkWh = AkWhcool + AkWhheat
AkWhcoot = kBtll/hrcool *x (I/EERbase - I/EERee) #*x EFLHcool
AkWhheat = kBtu/hrheat/ 3.412 i)j (I/COPbase - 1/COPee) ikX EFLHheat

Where:

kBtu/hrcoor = Capacity of the cooling equipment in kBtu per hour (1 ton of cooling
capacity equals 12 kBtu/hr).
= Actual installed

EFLHco = Equivalent Full Load Hours for cooling are provided in section
27Table 1 HVAC End Use

EFLHhea: = Equivalent Full Load Hours for heating are provided in Table
1seetion27 HVAC End Use

248 Based on subtracting TOS incremental cost from the DCEO data and incorporating inflation rate of 1.91%.
24 There are no heating efficiency improvements for PTACs since although some do provide heating, it is always through
electric resistance and therefore the COPbase and COPee would be 1.0.
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EERexist

EERbase

EERee

kBtU/ h rheat

3.412
COPexist

COPhase

COPee
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= Energy Efficiency Ratio of the existing equipment,actual.

= Actual-If unknown-, determine by federal efficiency standard in
effect when manufactured. assume-8-1-EERThe baseline efficiency for

a standard size, 1 ton unit is listed in the following table.**

A

Formatted: Font: 11 pt

Formatted: Font: 12 pt

Formatted: Font: 11 pt

Formatted Table

| Formatted: Font: 11 pt, Bold, Font color: Background 1

PTAC 104 EER 10.2 EER 8.1 EER

PTHP 104 EER 104 EER 8.1 EER

= Energy Efficiency Ratio of the baseline equipment.

= Equal to-See-the-table-below forrequirements-based-on Federal
Energy Efficiency Standard.StandardsSee-the-table-below-for

= Energy Efficiency Ratio of the energy efficient equipment. For air-
cooled units < 65 kBtu/hr, if the actual EERee is unknown, assume the
following conversion from SEER to EER for calculation of peak
savings:%t EER = (-0.02 #x SEER?) + (1.12 *x SEER) |
= Actual installed

= Capacity of the heating equipment in kBtu per hour.

= Actual installed

= Btu per Wh.

= Coefficient of performance of the existing equipment, actual.

= |f unknown, determine by federal efficiency standard in effect when
manufactured. The baseline efficiency for a standard size, 1 ton unit is
listed in the following tableActual-tH-unknewn-assume-1-0-COP-for

PTAC units-and 2.6-COP*2 for PTHPs,

[
[
[
[
[
AN
A\ [Formatted: Centered
(
(
[
[
[
[

Manufactured 1/1/2017 - 1/8/2012- Prior to

Date Current 12/31/2016 1/8/2012
PTAC 1.0 COP 1.0 COP 1.0 COP
PTHP 3.1 COP 3.1 COP 2.6 COP

= Coefficient of performance of the baseline equipment; equal to

Federal Energy Efficiency Standardsee-table-below-for

values Coetleientoi-perormance-o-the-hasene-squipment—seetable

below forvalues:

= Coefficient of performance of the energy efficient equipment.

= Actual installed

251 Based on Wassmer M (2003) A Component Based Model for Resndentlal Air Condmoner and Heat Pump Energy

Calculations. Masters Thesis, University of Colorado at Boulder. Note this is appropriate for single speed units only.
252 Estimated-using-the HECC building-energy-code-up-untiyear 2003-(p107:
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

TOS:
| AkW = AkWH,,, -AkWHeool +x CF “ [Formatted: Cambria12, Indent: First line: 0"
EREP:
AkW for remaining life of existing unit (1% Syears)
| AkW = AW @stsyears) +x CF I [Formatted: Cambria12, Indent: Left: 0"
AkW for remaining measure life (next 10 years)
| AW = AKW (next 10 years) +x CF I [Formatted: Cambria12, Indent: Left; 0"
Where:
AkWHceoor = Annual cooling electricity savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kwWh)
factor for cooling
= 0.0009106840

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DeemMeD O&M CosT ADJUSTMENT CALCULATION
N/A
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MEASURE CODE:
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2.5.78 Single-Package and Split System Unitary Air Conditioner

DESCRIPTION

This measure promotes the installation of high-efficiency unitary air-, water-, and evaporatively
cooled air conditioning equipment, both single-package and split systems. Air conditioning (AC)
systems are a major consumer of electricity and systems that exceed baseline efficiencies can save
considerable amounts of energy. This measure could apply to the replacement of an existing unit
at the end of its useful life or the installation of a new unit in a new or existing building.

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

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a high-
efficiency air-, water-, or evaporatively cooled air conditioner that exceeds beth-the-full-oad-and

ad\w a¥a a)
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g 67 HSPF2 [Formatted: Font: Bold J
>65 and <135 Packaged 1481 IEER 14.6 IEER Formatted: Centered, Line spacing: single, No
Air Source 3466 widow/orphan control, Don't keep with next, Don't
>135and <240 |  Packaged 13?—154';2;' EFER 14.0 IEER keep lines together
’ Formatted: Line spacing: single, No widow/orphan
>240 and <760 Packaged +2:513.23 IEER 13.0 IEER control, Don't keep with next, Don't keep lines together
- [Formatted: Font: Bold J
kaded.Spli 12.1 EER
<65 Packaged.Split [Formatted: Font: 11 pt J
>65 and <135 Packaged 12.1 EER 11.9 EER Formatted: Line spacing: single, No widow/orphan
- —— control, Don't keep with next, Don't keep lines together
Water Source 125 EER
>135 and <240 Packaged = 12.3 EER [Formatted: Font: 11 pt J
[Formatted: Font: 11 pt J
>240 and <760 Packaged 124 EER 12.2 EER

DEFINITION OF BASELINE EQUIPMENT

TOS, New Construction: In order for this characterization to apply, the baseline equipment is
assumed to be a standard-efficiency air-, water, or evaporatively cooled air conditioner that meets

253 DOE|Title10,Part 431 https://www.ecfr.gov/current/title-10/chapter-11/subchapter-D/part-431
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the 2015 1ECCenergy—efficiencyrequirements,—effectiveJanuary—1,—2024.—Federal Energy
ConservationEfficiency Standards.

Retrofit, Early Replacement: For this characterization to apply, the existing equipment is working
with a -remaining useful life. The efficiency is the actual if known, else the standard efficienc

when manufactured. After, remaining useful Iife period the baseline is the Time of Sale baselin

The rating conditions for the baseline and efficient equipment efficiencies must be equivalent.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.?*

DeemeD MEASURE COSsT

For analysis purposes, the incremental capital cost for this measure is assumed Fhe-treremental

capital-costfor-this-measure-is-asstimed-to be $100-104 per ton_per SEER or IEER unit increase

over the base case efficiency for air-cooled units.?s

The incremental cost for all other equipment types should be determined on a site-specific basis.

For a 144,000 BTUh, 16.2 IEER air source packaged air conditoner without heat, the incremental
cost is:

12 tons x (16.2 IEER — 14.2 IEER) x $104 = $2,496

LOADSHAPE
Cooling BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
For units with cooling capacities less than 65 kBtu/hr:

254 ASHRAE, Chapter 38: Owning and Operating Costs, Table 4, “Heating, Ventilating and Air Conditioning
Apnllcauom (2023 edmon) for commerC|aI roof top air condltloners smqle zone or multi zone. Measure%#e%eperk

255 AFSC Im ASK Fneruy Inc, SDGF lndustrv Standdrd Pramce Study of Commercnal Unltary Alr CondmonJ
and Heat Pumps Systems”, page 36 (September 2021) https://www.caetrm.com/media/reference-

documents/Unltarv HVAC ISP Rg)ort Final. pdeaseeLenﬁewewefiFRM-u%rementaLeeseassmwuensﬂem ‘
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Ameren Missouri

Where:

Appendix H - TRM — Vol. 2: C&l Measures

AkWH = kBtu/hr #x (1/SEERZpase — 1/SEERZ¢e) *x EFLH
For units with cooling capacities equal to or greater than 65 kBtu/hr:
AKWH = kBtu/hr *x (1/|EERpase — 1/IEERge) *x EFLH

kBtu/hr

= Capacity of the cooling equipment actually installed in kBtu per hour (1 ton
of cooling capacity equals 12 kBtu/hr)

SEER2nsse = Seasonal Energy Efficiency Ratio of the baseline equipment

SEER2ee

IEERbase

IEERee

EFLH

= SEER values from tables below, based on the applicable IECC.

= For units with cooling capacity <65kbtu/hr and efficient unit is measured in
terms of SEER2, convert SEERpase t0 SEER2pase.2%5.

= Seasonal Energy Efficiency Ratio of the energy efficient equipment (actually
installed)

= Integrated Energy Efficiency Ratio of the baseline equipment

= IEER values from tables below, based on the applicable IECC.

= Integrated Energy Efficiency Ratio of the energy efficient equipment
(actually installed.)

= Equivalent Full Load Hours for cooling are provided in Table 1section2-7
HVAC End Use

256 SEER to SEER2 conversion factor: SEER2 = SEER x 96%. Conversion factor for SEER to SEER? is used when converting an
existing system that is rated in SEER to SEER2. This is to meet the DOE M1 CFR Standard beginning January 1, 2023. The
efficiency levels of the existing, baseline, and efficient case must be expressed in the same metrics (e.g., both SEER or SEER2)
before applying formulas.
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- frici .

TABLE 503.2.3(1)

UNITARY AIR CONDITIONERS AND CONDENSING UNITS, ELECTRICALLY OPERATED, MINIMUM EFFICIENCY REQUIREMENTS

For SI. 1 British thermal unit per hour =0.2931 W

SUBCATEGORY OR
EQUIPMENT TYPE SIZE CATEGORY RATING CONDITION MINIMUM EFFICIENCY® TEST PROCEDURE®
Split system 13.0 SEER
< 65,000 Btu/h*
Single package 13.0 SEER
10.3 EERe AHRI210/240
= 65‘?;0(1Bm’h Split system and (before Jan 1, 2010)
7 single package 11.2 EERc
133,000 Bufh (as of Tan 1, 2010)
9.7 EERe
Bl ek Split system and (before Jan 1, 2010)
<240.000 Btwh single package 11.0 EERe
. w (as ofJan 1. 2010)
Aur conditioners,
Air cooled 3-; Iﬁf
> 240 000 BRen'h . c,
il Split system and Tbefore Jan I, 2010)
single package
2 7 ¢
< 760,000 Bruh 10.0 EERc 9.7 IPLyg AHRI 340/360
(as ofJan 1. 2010)
9.2 EERe
94 PLYc
7 Split system and (before Jan 1, 2010)
=60.000B0/k single package 97 EERe
94 PLYc
(as ofJan 1, 2010)
10.9 SEER
~ (before Jan 23, 2010)
Sphit system 1.0 SEER.
fJan 23,2010
Thronghfha wall, <30,000 Bru/k ot 3 AHRI210/240
Air cooled T08SEER
Sinel & (before Jan 23, 2010)
NSRS 12.0 SEER
(as ofJan 23.2010)
< 65,000 Btk Split system and 121 EER
single package
> 65.000 Btw'h AHRI210/240
and sp:’gl:":;:“: 11.5 EERe
Air conds Water < 135,000 Bru/h ShEepache
and evaporatively cooled > 135,000 Btuh i
and g 11.0 EERe
<240,000 Bru'h S AHRI 3401360
240,000 Bu'h Split zystem and 115 EERe
single package

a Chapter 6 contains a complete specification of the referenced test p

including the

b. 1PLVs are only applicable to equipment with capacity modulation.

c. Deduct 0.2 fom the required EERs and 1PLV's for units with a heating section other than electric resistance heat.

d. Single-phase air-cooled air conditioners < 65,000 Brulh are regulated by the National Appliance Energy Conservation Act of 1987 (NAECA); SEER values arg

those set by NAECA

2025 MEEIA 4 Plan MEEIA-2019-21 Plan-Revision 56.0
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- frici .

TABLE 040342.30(‘1])
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

HEATING SUBCATEGORY OR MINIMUM EFFICIENCY TEST
EQUIPMENT TYPE SIZE CATEGORY | gpcmon TYPE RATING CONDITION | Bafore 6172011 | As of 6172011 | PROCEDURE*
‘Alr cxioditinaees - Split System I30SEER | 13.0SEER
: 65,000 Bhwh* All
air cooled R ; t Single Package | 130SEER | I30SEER
Through-the-wall Split system 12.0 SEER 120 SEER AHRI
< 30,000 Buwh® All
(alr cooled) = i ! Single Package | 120SEER | 120SEER | 2107240
Sm“‘f;;:‘c‘:g;;”‘“‘O' < 65,000 Btu/h®* Al Split System 100SEER | 10.0SEER
Electric Resistance | Split System and 11.2 EER 11.2 EER
2 65-‘25 Bu {or None) Single Package | 11.41EER 11.4 IEER
135,000 Buh Split System and 11.0 EER 11.0 EER
S All o Single Package | 112IEER | 112IEER
e e A 110 EER
2 ‘35%’ Bu/h {or None) Single Package 11.2 IEER 11.2 [EER
240,000 Buvh , Split System and 10.8 EER 10.8 EER
At | o All oftier Single Package | 1LOIEER | 1L0IEER | Aumi
alr cooled Electric Resistance | Spilit System and 10.0 EER 10.0 EER 3407360
2 240":";’ Bruh (or None) Single Package 10.1 IEER 10.1 IEER
60.000 3 Split System and 08 EER 0.8 EER
R All ottier Single Package 9.9 [EER 9.9 IEER
Electric Resistance | Split System and 9.7 EER 9.7EER
> 760,000 Bush (or None) Single Package 98 IEER 98 [EER
: A Split System and 05 EER 9.5 EER
Single Package 9.6 IEER 9.6 IEER
> . Split System and 121 EER 121 EER AHRI
5,000 Bl Al Single Package | 123IEER | 123IEER | 210240
Electric Resistance | Split System and 11.5 EER 12.1 EER
z 65-033&'"‘1 {or None) Single Package 11.7IEER 123 IEER
125,000 Buh Split System and 1.3 EER 1.0 EER
S All other Single Package | 115IEER | 121IEER
Electric Resistance | Split System and 11.0 EER 125 EER
2 '35%’ B {or None) Single Package 11.2 IEER 127 IEER
Alr condttioners, < 240,000 Buwh Split System and 10.8 EER 123 EER
water cooled 0 Ry All offier Single Package | 1LOIEER | 1251EER | Aumi
Electric Resistance | Spllt System and 11.0 EER 124 EER 3407360
2 240?‘3 Buvh (or None) Single Package 11.1 IEER 12.6 IEER
60,000 B : Split Systerm and 108 EER 12.2 EER
i — All otter Single Package | 1091EER | 1241EER
Electric Resistance | Split System and 11.0 EER 12.0 EER
—— (or None) Single Package 111 IEER 124 IEER
: ’ e Split System and 108 EER 120 EER
Al oder Single Package 109 IEER 12.2 IEER
(contimed)
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TABLE C403.2.3(1)—continued [Formatted: Right: 0.21", Space After: 0 pt
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS
HEATING SUB-CATEGORY OR MINIMUM EFFICIENCY TEST
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE RATING CONDITION [ Befors 67172017 | A< of 67172011 | PROCEDURE®
c 5 Split System and 12.1 EER 12.1 EER AHRI
<55,000 Bk L Single Package 123 IEER 1231EER | 210/240
Electric Resistance | Split System and 11.5 EER 12.1 EER
= 55-%5‘“/'1 (or None) Single Package 11.7 [EER 12.3 [EER
35.000 Split System and 11.3 EER 11.9 EER
i B Allgther Single Package 115 [EER 12.1 [EER
Electric Resistance | Split System and 11.0 EER 12.0 EER
e (or None) Single Package | 1L2IEER | 122IEER
an
Alr conditioners, < 240,000 Btu/h All other Split System and 10.8 EER 11.8 EER
evaporatively cooled Single Package 11.0 [EER 12.0 IEER AHRI
Electric Resistance | Split System and 11.0 EER 11.9 EER 340/360
2 240-003 Buwh (or None) Single Package 11.1 IEER 12.1 IEER <
an
< 760,000 Btu/h All oth Split System and 10.8 EER 12.2 EER
other Single Package 10.9 [EER 11.9 [EER
Electric Resistance Split System and 10.0 EER 11.7 EER
766650 B (or None) Single Package 11.1 IEER 11.9 IEER
s All oth Split System and 10.8 EER 11.5 EER
ooy Single Package 10.9 [EER 11.7 IEER
Condensing units, 10.1 EER 10.5 EER
alr cooled =135,000 Bl 114 IEER 14.0 IEER
Condensing units, 13.1 EER 13.5 EER AHRI
water cooled 2185000 Bk 1361EER | 14.01EER 365
Condensing units, 13.1 EER 13.5 EER
evaporatively cooled 185,000 Biwh 13.6 IEER 14.0 [EER
For SI: 1 British thermal unit per hour = 0.2931 W.
a. Chapter 6 of the referenced standard contains a complete specification of the referenced test procedure, including the reference year version of the tes|
procedure.
b. Single-phase, air-cooled air conditioners less than 65.000 Btu/h are regulated by NAECA. SEER values are those set by NAECA.
“ [ Formatted: Right, Indent: Left: 0", Right: 0.21"
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2015 IECC Minimum Efficiency Requirements

TABLE C403.2.3(1
MINIMUM EFFICIENCY :
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS
HEATING SUBCATEGORY OR MINIMUM EFFICIENCY TEST
EQUIPMENTTYPE | SZECATEGORY |  ¢ecTioNTYPE | RATINGC Betors T12016 | s of 1772016 | PROCEDURE"
System T30SEER | 13.0SEER
Aircondiicners, | _ 55 000 Bra® Al ek, ]
air cooled Single Package | 13.0SEER | 14.0SEER"
Tz tewall | < 30 000 Bras - Split system DOSEER | DOSER | AHMI
(air cooled) = SinglePackaze | 120SEER | 120SEER | 210240
Somall-duct izh-velocity | s
g < 65,000 Bruk' A Split System 110SEER | 110SEER
N Electic Resistance | SphitSysemand | 112 EER T12EER
-65@_%30!1 (or None) Single Package 114EER 128 EER
- 135.000 Bruh e SphtSystemand | 110EER T1.0EER
Single Package 112[EER | 126EER
S Electic Resistance | SphitSysemand | 110 EER 1L.0EER
e 135%’ Buh (or Noae) Single Package 112IEER 124 EER
< 240,000 Buh Split System and 108 EER 10.8 EER
Air condi Aot SmglePackage | 1L0EER | 122[EER | amm
ar cooled s Electric Resistance |  Split System and 100 EER 10.0EER 340360
2 ~4°~2Bmh (or None) Single Package 10.1 [EER 11.6 EER
760, Split System and 08 EER OSEER
60,000 B AR ofhar Single Package 99 IEER 114 EER
Electic Resistance | Sphit Systemand O7EER S7EER
(or None) Single Package 98 IEER 112 EER
2760,
60,000 B’ e Split System and OSEER OSEER
Single Package 96 EER 11.0 [EER
R SphtSysemand | 121EER 121EER ARRI
65,000 B Al SinglePackage | 123IEER | 123IEER | 210240
N Electic Resistance | SphitSysemand | 121 EER 121EER
- 55«03&“11 (or None) Single Package 123IEER 139 [EER
135,000 Bh Aot SphitSysemand | 119 EER T19EER
Single Package 121EER | 137EER
. Electic Resistance | SphitSysemand | 125 EER 125EER
= 135,000 B (or None) Single Package 125IEER 139 EER
Air conditioners, | . ,,,03';3,“ SphtSysemand | 123 EER 123 EER
‘water cooled i Alotias SinglePackage | 125IEER | 137EER | ammr
-~ Electric Resistance | Split System and 124EER 124EER 340360
= -ﬂgﬁmh (or None) Single Package 126 [EER 136 [EER
-7 SplitSystemand | 122 EER 122EER
60,000 Bt All other Single Package | 124IEER | 134IEER
Electic Resistance | SphitSystemand | 122 EER T22EER
(or None) Single Package 124IEER | 135EER
2760,
00,000 B/t e Split Systemand | 120EER 120EER
Single Package 122[EER | 133EER
(conninued)
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MINMOM EFEICENCY REGUREMENTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS
HEATING SUBCATEGORY OR MANIMOM EFFICIENCY TEST
EQUIPMENTTYPE | SZECATEGORY |  ¢ecroNTYPE | RATING CONDITION | Befors 11172016 | A8 of 1172016 | PROCEDURE®
SphtSysemand | 121 EER 121 EER ATRI
5,000 Beolk- an SinglePacksge | 123[EER | D3EER | 210240
5 Elecoc Resistance | Sphit Systemand | 121 EER. TRI1ER
2 55‘29“‘1‘ (or Nome) Single Package 123IEER 123 [EER
. SplitSystemand | 119 EER NSER
135,000 Bk All othar SinglePackage | I121IEER | I121IEER
- 135,000 Bra | ECEC Resistance | SpitSysemand | 120EER T20EER
=Ee (0r Nome) SinglePackaze | 122IEER | 122IEER
Air conditioners, 2 SplitSystemand | 11SEER N SER
wipaatvilycon | S2T0% Bavk Allother SinglePackage | 120IEER | I120EER AHRI
. Elecmic Resistance | Split System and 119EER 119EER 3401360
z -”-2&“" (or None) Single Package 121 IEER 121 EER
A Sphit Systemand | 117EER N7EER
U000 5wk All other Single Package | 119IEER | 119IEER
Elecoic Resistance | Sphit Systemand | 117EER N7EER
' (or None) SinglePxckage | 119IEER | 119IEER
2760,
0,000 et AN Split Systemand | 11SEER TSEER
SinglePackage | 117IEER | NJ7IEER
Condensing wits, | - 105 EER 105 EER
air cooled 2135000 Bk 11SEER | 1SER
Condensmg wis, | - I3SEER SEER AHRI
‘water cooled 2135000 Bwh 140EER | 140IEER 365
Condensing units, N 135EER 135EER
evaporatively cooled | = 135000 B 14.0IEER 140 EER

For SI: 1 British thermal unit per hour =0.2031 W.

a Chapter 6 contamns a conplate speciSication of the referenced test procedure. including the reference year versicn of the test procedre.
b. Single-phase. ar-cooled ar conditioners less than §5,000 Bruh are regulated by NAECA. SEER values are those set by NAECA.

¢. Meninmm efficiency as of Jamuary 1, 2015

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkKWH -x CF

Where:
AKWH = Annual electricity savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
for Cooling
=0.0009106840%%"

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
DeemMeED O&M CosT ADJUSTMENT CALCULATION

257 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors"
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N/A

MEeASURE CODE:
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2.5.89 High Volume Low Speed Fans ‘

DESCRIPTION
The measure applies to 2016-24 foot diameter horizontally mounted ceiling high volume low speefl
(HVLS) fans that are replacing multiple non HVLS fans that have reached the end of useful life.

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

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

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

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 10 years. 29+

DeeMED MEASURE COST+
The incremental capital cost for the fans are as follows:**

Fan Diameter Size (feet) Incremental Cost «
16 $4,072
18 $4.110
20 $4150
22 $4180
24 $4225
LOADSHAPE
HVAC BUS
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS™ ‘

"Illinois Statewide Technical Reference Manual for Energy Efficiency Version 8.0, Volume 2: Commercial and Industrial
Measures Sectlon 4 1.2, High Volume Low Speed Fans
59 a

..... Mrchrgan Energy
Measures DatabaseMrchrgLn Energy Measures Database | 2024 MEMD Master Database | Hrqh Volume Low Speed Fans |
https: //WWW mlchlq_n qov/mpsc/requlatorv/ewr/mlch|q_n enerqv measures- database (See CommerC|aI tab rows 426:431),

(s

{ Formatted Table
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https://www.michigan.gov/mpsc/regulatory/ewr/michigan-energy-measures-database
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The annual electric savings from this measure are deemed values depending on fan size and
apply to all building types:

. . in «

Fan Diameter Size Saving -«
(feet) .
16 3,218 <«
18 4,938 «
20 6,577 «
22 8,543 <
24 10,018 “

SUMMER COINCIDENT PEAK DEMAND SAVINGS*?

AkW = AkWh +x CF «
Where:
AkWh = Electric energy savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.000443983252

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION

N/A

MEeASURE CODE:

261 Michigan Energy Measures Database | 2024 MEMD Master Database | High Volume Low Speed Fans | </

https://www.michigan.gov/mpsc/requlatory/ewr/michigan-energy-measures-database (See "Commercial” tab cells M861:M865),

253 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors",
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2.5.918 Chiller Tune Up

DESCRIPTION

This measure is the tune-up of an existing air-cooled or water-cooled electric chiller. The tune-up
consists of tube cleaning, chilled and condenser water temperature adjustments, and reciprocating
compressor unloading switch adjustments.

DEFINITION OF EFFICIENT EQUIPMENT
The efficient condition is an existing chiller post tune-up.

DEFINITION OF BASELINE EQUIPMENT
The baseline condition is an existing chiller prior to receiving the tune-up.

DEeEeMED LIFETIME OF EFFICIENT EQUIPMENT
The expected lifetime of the measure is 5 years.

DeemMED MEASURE COST
The incremental cost for this measure varies. Use actual cost.

DeeMED O&M CoST ADJUSTMENTS
There are no expected O&M cost adjustments for this measure.

BASELINE EFFICIENCY VALUES BY CHILLER TYPE AND CAPACITY
Refer to 2012 IECC Minimum Efficiency Requirements in Reference Tables section of this
measure.

LOADSHAPE
Cooling BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS?*
AkWh = TONS % IPLVpsotPLV-Basi~x EFLH ~x ESF, | <

Where:

TONS = Chiller nominal cooling capacity in tons (= actual; 1 ton = 12,000 Btu/hr)

IPLVease = Efficiency of baseline equipment expressed as Integrated Part Load Value

(kW/ton). Chiller units are dependent on chiller type. See ‘Chiller Units,
Conversion Values’ and ‘Baseline Efficiency Values by Chiller Type’ and
Capacity in the Reference Tables section within this measure section.

EFLH = Equivalent full load hours (= dependent on location and building type,
see table 2.5 in Appendix H)

264 "IndianaTechnical-Reference-Manual-Version-2.2."New York TRM, Savings factor 5%, page 838 “Tune Up Chiller S sstem’] <
Page 217, pys-trm-vi1 filing-pdfhttps://dps.ny.qgov/system/files/documents/2023/12/nys-trm-v11 filing.pdf
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ESF = Energy savings factor (= 0.6805)

For example, energy savings for the tune-up of a 350-ton chiller with an IPLV of .540 kW/Ton
serving a Medium Office in St Louis is calculated as:

AKWh = TONS * pLvsase* EFLH * ESF = 350 * .540 » 1386 * 0.68-05 = 2013,956098
kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS**®

AkW = AkWh <x CF “ [Formatted: Cambria12
Where:
AkWh = Electric energy savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=for-Cooling{0.0009106840%5)

For example, demand reduction for the tune-up of the above chiller resulting in 20,956 kWh of
energy savings is calculated as:
AKW = 20,956 kWh #x 0.0009106840 = 19.08 kW

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

REFERENCE TABLES
Chillers Ratings - Chillers are rated with different units based on equipment type as shown below

Equipment Type Unit

Air cooled, electrically operated EER
‘Water cooled, electrically operated, positive displacement (reciprocating) kWi/ton
‘Water cooled, electrically operated, positive displacement (rotary screw and scroll)| kW/ton

In order to convert chiller equipment ratings to IPLV the following relationships are provided:

%WMMQM%G—MMMG%—Q—Z—% i i 2= g
266 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors"
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kW/ton =12/EER

kW/ton =12/ (COP x 3.412)
COP =EER/3.412

COP =12/ (kW/ton) / 3.412
EER =12/ kW/ton

EER =COP x 3.412

2012 IECC Baseline Efficiency Values by Chiller Type and Capacity?®’

257 Note: Efficiency requirements depend on the path (Path A or Path B) that the building owner has chosen to meet compliance
requirements. For air cooled and absorption chillers, Path A should be assumed. For water cooled chillers, the building owner
should be consulted, and the relevant path used for calculations. When unknown, Path A should be used.
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TABLE C403.2.3(7)
MINIMUM EFFICIENCY REQUIREMENTS:
WATER CHILLING PACKAGES*
BEFORE 111/2010 AS OF 1172010"
PATHA PATHB
SIiZe FULL FULL FULL TEST
EQUIPMENT TYPE CATEGORY | UNITS LOAD IPLV LOAD PLV LOAD IPLV | PROCEDURE®
<150 wns | EER = >104 [29562 (212500 NA NA
A0 cooied e >T50tms | EER |2 02| "16 [Sosez[=127:0] NA | NA
Alr-cooled chillers without condens-
Air cooled without condenser, electrical Al - . ers shall be rated with matching con-
operated capacities EER [>10.586]>11.782 densers and comply with the air-cooled
chiller efficiency requirements
Reciprocating units shall comply with
Water cooled, electrically operated, Al -
= kW/ton | <0.837 | <0.696 [water cooled positive displacement
FEClncu capaciiies efficlency requirements
< T5tons | kW/ton <0.780 | <0.630 | <0.800 | <0.600
275 tons
and kW/ton =010 <05 <0.775 | <0615 | <0.790 | <0.586 AHRI
Water cooled, electrically op d, post- | <150 tons 550/590
tive displacement > 150 tons
and kW/hon | <0.717 | <0627 [ <0.680 | <0.580 | <0.718 | <0.540
< 300 tons
2300 tons | kW/ton [ <0639 [ <0571 [ <0.620 | <0.540 [ <0.639 | <0.490
< 150 tons | kWihon [ <0.703 | < 0.669
2150 tons <0634 [ <0596 | <0630 | <0.450
and | kWion | <0.634 | <0506 | & ' o
Water cooled, electrically | < 300 tons
centrifugal 2300 tons
and kW/ton | <0576 | <0.549 [ <0.576 | <0.549 | <0.600 | <0.400
< 600 tons
2600 tons | kW/ton | <0.576 | <0.549 | <0.570 | <0.539 | <0.590 | <0.400
Alr cooled, absorption single effect . ap?c]:ll o COP |[=0600( NR |[=0600| NR NA NA
Water cooled, absorption single effect - A(]:ucs COP |=20700| NR |=0700| NR NA NA
B AHRI 560
Absorption double effect, Indtrect fired Al COP (=1.000|=1.050(=1000]|=1050] NA NA
capacities
Absorption double effect, direct fired cap‘::“cs COP (=1.000|=1.000(=1000]|=1000]| NA NA

For SE- 1 ton = 3517 W, | British thermal unit per hour = 0.2031 W, °C = [('F) - 32|/1.8.
NA = Not applicable, not 1o be used for compliance; \'R No requirement.

a Thec chiller equip in accordance with Section C403.2.3.1 or Saction C403.2.3.2, do not apply to chillers used
in low temperature applications whera the design le:nmg fluid temperature is less than 36°F. The requirements do not apply to positive displacement chillers
with leaving fluid temperatures less than oe equal 1o 32°F. The do not apply to akx chillers with design leaving fluid temperatures less than
40°F.

b. Compliance with this standard can be obtained by meeting the ménimum requirements of Path A or B. However, both the full load and IPLV shall be met to fulfill
the requirements of Path A or B

Chapter 6 of the referenced standard contains a complete spacification of the referenced test procadure, including the referenced year version of the test
procedure.

n

2015 IECC Baseline Efficiency Values by Chiller Type and Capacity
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TABLE mzzgc
WATER CHILLING PACKAGES — EFFICIENCY REQUIREMENTS* * ¢

2: C&l Measures

- v . BEFORE 11/2015 AS OF V12015 TEST
Path A Path B Path A Patn B8
> 2 > > 0.7
e L N e
. . EER 2125 J 213.7 V|2 15, J|
Air-cooled = BuwW) 9362 FL [ S10100FL | S0.700FL
2150 Tons — Nas .
2123500 IPLV 214.000 PLV |2 16.100 IPLV]
Air cooled EER Awr-cooled chillers without condenser shall be rated with
without condenser, Al capacities BuW) mz condensers and complyms with air<ooled chiller
elactrically operated efficiency requirements.
& <O0780FL | <0SOOFL | <0.750FL
<75 Tons - -
<0.630IPLV |<0.600 IPLV | £0.600 IPLV
<077 <0.78 <072
275 tons and < 150 tons v'o .SFL 2 WFL. z o
<061SIPLV | <0586 IPLV | 0.560 IPLV
ancooleéi electrically [ 150 tome amd < 300 w ZOGS0FL | O7ISFL | ZO0.660FL
et | P 08 [Z03s0ILV |Z0SHPLV | Z0590 LV
P Z0G60FL | Z0.639FL | Z0610FL AHRI 550/
=300 Yous and < 500 Yoes 2059 LV 0280 LV | TosomLv| 0
00 Z060FL | <0.639FL Z0385FL
= <0540IPLV | <0400 PLV <0380 PLV
% Z0634FL | Z0639FL | Z0610FL | <0605FL
<150 Tons = = == = =
<0596 IPLV [S0450 IPLV| S050IPLV | <0440 IPLV
Z063AFL | S0639FL | <O0610FL | Z0635FL
Z Pl ouy mnl = 300 s ZUSOETLY [0S0 BLV | 0SS BLY [ S0 DBLY
Water cooled, electrically | > 300 tons and < 400tons | kWiton | R0 R | ORI |f SONE
operatad ¢ Z0549IPLV |£0400 IPLV | <0520 PLV | £ 0390 PLV
3700 tons aoh =600 tacs »:05.'51-1 Z0.600FL | S0360FL 7-.»0.535}1
059 PLV [S0200PLV| 0500 IPLV [ Z0.380 PLV
SO0ST0FL | S0300FL | S0360FL | <0.385FL
2600 Tons — = 1= =
<0539 PLV |<0400PLV | <0500 IPLV | 0380 IPLV
Air Z . . .
e iz, Al capacities cop | zosorL | wa Na
e e i | Al capacitis cop Na© Na®
AHRI 560
Absorption, double - . Ia¢
effect, indirect fired AL capacities cop —_ 100y NA NA
Absorption double effect ~ = 1000 FL ac = 1009 FL .
durect fired AN capacites oop Z1.000IPLV ne 21050 PLV b
a The for cenmifugal chiller shall be for nonstandard ting conditions @ accordance with Sectior: C403.2.3.1 and are only applicable for
the ufcmd:mhndm&cnmow:blDemqlmmﬁtm«ohiwmmgdpom\edsplxmmdmchnmmm

ntng condstions defined in the reference test procedure.

b Both the full-load and IPLV requirements shall be met or exceeded to comply with this standard Where there is a Path B, commpliance can be with either Path
A or Path B for any application.
o ansmer!qwmnmapplxablefamBmdmh Path A can be usad for commpliance.

d FLrep the fall-load

and IPLV the part-load performance requirements.
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2018 IECC Baseline Efficiency Values by Chiller Type and Capacity

TABLE C403.2.2(T)

WATER CHILLING PACKAGES — EFFICIENCY REGUIREMENT 52 & ¢

EQUIFMENT TYPE SIZE CATEGORY UNITS BEFORE 11112013 AS OF 1172015 TEST
Path A Path B Path A Path B FROCEDURE®
= 9.552 FL =10.100 FL =0.700FL
< 150 Tons A
. i EER | = 12.500IPLY = 13.700 IPLV | = 15,200 IPLV
Air-cooled chillers o e — —
(EtuY =0E3EFL =10.100 FL =9.700FL
z 150 Tons MHAs -
= 12.500 IPLY = 14.000 IPLV | = 18100 IPLV
Air cooled EER Air-gocled chillers without condenser shall be rated with
without condenser, Al czpacitizs Btu matching condensers and complying with air-cooled chiller
electricaly operated s efficiancy requirements.
. £0.TBD FL £0.800 FL £0.750 FL Z0.780FL
<75 Tons
=0.530 1PV | =0.600 IPLV | =0.6800 IPLV | = 0.500 IFLV
20775 FL <0.780 FL =0.T20FL Z0.750 FL
= 75 tons and = 150 tons
20815 IPLY | =0.585 IPLV | =0.580 IPLV | = 0.400PLV
Water cooled, electrically - 20680FL | =ODTIBFL | =08G0FL | =0820FL
operated pasitive = 150 tons and < 300 tans | KWiton - T - n - T —
displacement z 0580 IPLY | 20540 IPLV | =z 0.540 IPLV | = D.440 IPLV
£ 0.620 FL Z0.830FL 20610 FL Z0.825FL 150
= 300 tons and < 600 tons - AHRISE0EE0
0540 IPLY | =0.480 IPLV | =0.520IPLY | = 0410 IPLV
< 0.620 FL <0.830 FL £ 0.550 FL Z0.585 FL
= 300 tons
=0.540IPLY | <0480 IPLV | <0.900 IPLV | = 0.280 IFLV
= 0834 FL <0.838 FL =060 FL Z0.895FL
= 150 Tons p—— = =
20598 IPLY | <0450 IPLV | <0550 IPLV | = 0.440 1PLV
_ $0.634 FL £0.830FL s 0.610FL =0835FL
= 150 tons and < 300 tons — — —
20598 IPLY | =0.450 IPLV | <0550 IPLY | = 0.400 IPLV
! y 20576 FL <£10.600 FL £ 0.550 FL 20595 FL
Vister cocled, |_5Iac1rcal ¥ = 300 tons and < 400 tons | KWiton
operated centrifugal =0548 IPLV | =0.400 IPLV | =0.520IPLY | = 0.300 IFLV
= 0.576 FL <10.600 FL = 0.550 FL Z0.585 FL
= 400 tons and < 800 tons
20540 IPLY | =0.400 IPLV | =0.500 IPLV | = 0.2801PLV
= 0.570 FL <0.580 FL < 0.550 FL =0.585FL
z 600 Tons - - —
20538 IPLY | <0400 IPLV | <0.500 IPLV | <0.280 IPLV
Air cocled, absarption, AN czpacities COP | =0800FL S 20,500 FL NAE
single =ffect
Water cooled absorption. AN capacitis coP | :o700FL A :0.700FL NAS
single =ffect
. 3 3 AHRI1580
2 1.000 FL 2 1.000 FL
Abserptian. doutlz AN cspacities cor Nae Nas
efiect, indirect fired = 1.050 IPLW =1.050 IPLV
Ab tion double effect = 1.000 FL = 1.000 FL
DECrption dousE & ANl capacities copP NAE NAS
direct fired = 1.000 IPLW = 1.050 IPLY

a. Tha requiremen

Tha
Hoad and IFLY

d. FL nepresents fe Ll kioad periormantce recuirements and IFLY the par-ioad perormanc s requirements.

MEASURE CODE:

for cantrifugal chilier shal b 2

s ane nal

appicabla for Path B and only Path

mquFnmants shal be met or axcerdod b comply with Fis

an ba used for complance.

rand. Whane thare is

sind tor Fonslandant raling condbians in accondance with Section C403
s for Sir-oociod, waler-conied posiive dsplanement and absorplon chikers 2

E ]
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DEFINITION OF BASELINE EOUIPMENT

DEEMED LIFETHIME OF EFFICIENT EQUIPMENT
DEEMED MEASURE COST
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DEEMED-O&M-COST-ADIUSTMENTS

TFhereareno-expected O& M costadjustmentsfor this-measure:

_ ”7 [Formatmd: T

LOADSHAPE

CALCULATION OF SAVINGS

ELECTRIC ENERGY-SAVUNGS?®

[ Formatted: Font: 12 pt

[Formatted: Font: 11 pt

ESF——=FEnergy-savingsfactor{=0.08) S [ Formatted: Indent:; First line: 0"

268 1 i T ; Ref nce Manual Version 2.2 Page 217.

2025 MEEIA 4 Plan MEEIA-2019-21 Plan-Revision 5.0 Page 146




Ameren Missouri Appendix H - TRM — Vol. 2: C&l Measures

ES ES
= - AKWR=TONS s« 1pLvpase+
402 580

AW h=15:348-kWh

SUMMER COINCIDENT PEAK DEMAND - SAVANGS??

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND-CALCULATION

ALLA
TNI7 X

DEEMED O&M-COST ADJUSTMENT-CALCULATION

Equipment Type Unit

Air cooled, electrically operated EER

‘Water cooled, electrically operated, positive displacement (reciprocating) kWi/ton

‘Water cooled, electrically operated, positive displacement (rotary screw and scroll)| kW/ton

269_|ndiana-TFechnical-Reference p4anual_\#e{:5mn_2_2_gw on - |
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EER =12 HWiton

EER =COP %3412
2.5.1041 Efficient Cooling Towers

DESCRIPTION

This measure characterizes the replacement of cooling towers used for heat rejection with an
efficient cooling tower. The measure is applicable to open circuit, closed circuit cooling towers
and fluid coolers.

DEFINITION OF EFFICIENT EQUIPMENT
The efficient condition is a replacement cooling tower exceeding the 2021 IECC efficiency for
heat rejection equipment, listed in the following table.

Propeller, or axial fan open
circuit

95°F entering water >40.2 gpm/hp
85°F leaving water
85°F entering WB
Centrifugal fan open circuit 95°F entering water .>20.0 gpm/hp
85°F leaving water
85°F entering WB
Propeller, or axial fan closed 102°F entering water >16.1 gpm/hp
cireuit 90°F leaving water
75°F entering WB
Centrifugal fan closed circuit | 102°F entering water .>7.0 gpm/hp
90°F leaving water
75°F entering WB
Propeller, or axial fan dry 115°F entering water >4.5 gpm/hp
cooler (fluid cooler) 105°F leaving water

95°F entering WB

DEFINITION OF BASELINE EQUIPMENT
The baseline condition is a cooling tower meeting the 2021 IECC efficiency for heat rejection

equipment.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected lifetime of the measure is 20 years®”°

270 ASHRAE, Chapter 38: Owning and Operating Costs, Table 4, “Heating, Ventilating and Air Conditioning Applications”
(2023 edition) for galvanized metal cooling towers.
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DeEeMED MEASURE Co
The incremental cost for this measure varies. Use actual cost.

DEEMED O&M CosT ADJUSTMENTS
There are no expected O&M cost adjustments for this measure.

L OADSHAPE
Cooling BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS?*
AKWh =T 3 ! ! 0.7457x EFLH
=Tonsx3x — x 0. X
(GPM/HP)base (GPM/HP)eff
Where:
TONS = Chiller tons required on design day for HVAC space cooling
= Average chillers tons required for process heat rejection
3 = Assumed condenser water gpm/ton, use actual if known
GPM/HPpase ~ =2021 IECC heat rejection efficiency
GPM/HPe = Installed cooling tower heat rejection efficiency, use weighted values for
multiple cooling towers
0.7457 =kW/hp; convert horsepower to kilowatt
EFLH = Equivalent full load hours (= dependent on location and building type, see tablg¢

2.5 in Appendix H)

For example, energy savings for a three chiller plant, 200 Tons, with two required on design day
for a medium office building in St Louis, when efficient axial fan open circuit cooling towers (8
gpm/hp) replace the existing towers is calculated as:

1 1
AkWh = (200x2)Tons x 3 x (m - %) x 0.7457 x1386 hours

AkWh = 15,348 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWhx CF

Where:

21 Standard condenser water flow sizing of 3 gpm/ton with flow efficiency of two pumps |

2025 MEEIA 4 Plan MEEIA2019-21Plan-Revision 56.0 Page 14%




Ameren Missouri Appendix H - TRM — Vol. 2: C&l Measures

AkWh = Electric energy savings, as calculated above

CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0009106840%7

For example, demand reduction for the above cooling tower replacement with 15,348 kWh of
energy savings is calculated as:
AKW = 15,348 kWh x 0.0009106840 = 13.98 kW

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeEeMED O&M CosT ADJUSTMENT CALCULATION
N/A

REFERENCE TABLES

272 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors"
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2.5.112 Dedicated Outdoor Systems (DOAS)

DESCRIPTION

This measure promotes the installation of high-efficiency dedicated outdoor systems (DOAS
utilizing direct expansion (DX) cooling (DOAS) to precondition the outside air brought into p
building for ventilation.

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

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a high
efficiency dedicated outdoor air system that exceeds Federal Energy Efficiency Standards. The
efficiency ratings are assumed to be based on the AHRI1920-2020 testing method for ISMRE?2 ang
ISCOP2.

ISMRE?Z? is the integrated seasonal moisture removal efficiency, pounds of moisture per kilowatt
hour. ISCOP2 is the integrated seasonal coefficient of performance for heating efficiency. Th
measure is applicable to DOAS equipment with and without ventilation recovery systems (VERS
with a capacity less than 324 Ib of moisture/hour.

T

3%

Federal Energy Efficiency Standards (effective May 2024) for direct expansion dedicated
outdoor air systems.?”

Air Conditioning No 3.8 ISMRE2
Air Conditioning VERS 5.0 ISMRE2

i 3.8 ISMRE2
Air source heat pump No 5 05 ISCOP2

. 5.0 ISMRE2
Air source heat pump VERS 3.2 1ISCOP2
Water cooled No 4.7 ISMRE2
Water cooled VERS 5.1 ISMRE2

3.8 ISMRE2

Water source heat pump No 2 13 1ISCOP2
4.6 ISMRE2

Water source heat pump VERS 4.04 1SCOP2

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment for all program types is assumed to be a standard-efficiency DOASY,
without a ventilation.

218 DOE CFR::429,431, Effective May 2024, https://www.federalregister.gov/documents/2022/11/01/2022-23185/energy- | <

conservation-program-energy-conservation-standards-for-direct-expansion-dedicated-outdoor-air
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The rating conditions for the baseline and efficient equipment efficiencies must be equivalent.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 20 years®’

DEEMED MEASURE COST

For analysis purposes, the incremental equipment cost?”® for this measure is assumed to $2.00
per CEM for DOAS without VERS, and $4.6 per CEM for DOAS with VERS.

L OADSHAPE
Cooling BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
A—AkWh = Akthehumidification,cooling + AkWhheatingA ‘

For dehumidification energy savings or dehumidification with cooling:
AkWh = MRC x (1/ISMRE245e - 1/ISMRE2gg) x EFLHpo 45,
For units with heat pump heating:
AkWh = KBTU/hr x (1/(ISCOPpqse x 3.412) = 1/(ISCOP2gg x 3.412) x EFLHpg 45,

Where: .
MRC = Moisture removal capacity, Ib/hour -
=AHRI rating or manufacturer specification if installed system
ISMRE 2pase = Integrated seasonal moisture removal efficiency of the baseline equipment

=Federal code compliant system of same category, capacity without VERS
ISMRE2ee = Integrated seasonal moisture removal efficiency of the efficient equipment
=Actual
EFLHpoas = Effective full load hours for dehumidification or dehumidify with cooling

= Actual, or from table below by city, and operating schedule

274 REDCAR Analytics, Page 32 DOAS lifetime,“Economic Analysis of Heat Recovery Equipment in Commercial Dedicated
Outside Air Systems” (2019).https://betterbricks.com/uploads/resourcessINEEA-DOAS-Analysis-Report_Red-Car_Final.pdf
215 REDCAR Analytics, Page 19 cost per CFM for mid tier and high tier DOAS compared to low tier,“Economic Analysis of
Heat Recovery Equipment in Commercial Dedicated Outside Air Systems”

(2019) https://betterbricks.com/uploads/resourcess/NEEA-DOAS-Analysis-Report Red-Car_Final.pdf
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kBTU/hr =Heat pump heating capacity at 47F < Formatted ﬁ
=Actual installed Formatted o
ISCOP2pase = Integrated seasonal coefficient of performance of the baseline equipment Formatted [—j
=Federal code compliant system of same category, capacity without VERS i [Forma“ed [—j
ISCOP2¢e = integrated seasonal coefficient of performance of the efficient equipment [Forma“ed [—j
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3.412 =Convert COP to BTU/watt ﬁ
EFLHpoas = Effective full load hours at 32F or cold climate heat pump at 17F Formatted Table
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St Louis 24/7 1,213 1,611 1,976 1,544 < | Formatted L]
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" " [ Formatted [_j
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- - \\ [ Formatted [—j
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Where:
AkWh = Electric energy savings from dehumidification or dehumidify with
cooling
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0009106840%7

> line Effici | il - e

276 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors"

277_Note: Efficien &
ote: h [Formatted: Footnote
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2.6 Lighting
C&I Lighting Deemed Hours and Waste Heat Factors by Building Type

Waste
Waste Heat Heat
Electric
Resistance Heat
Heating?®° Pump
(IFkWh) Heating
(IFKWh)

Fixture Annual
Operating

Waste Heat
Cooling Energy
Hours?’® Factor?™

Hours) (WHFe)

Building Type

Waste Heat
Gas
Heating?®*

(NICTharm
A priciini

Formatted: Font: 11 pt

Formatted: Font: 11 pt

| Formatted: Font: 11 pt

280 Electric heat penalty assumptions are based on converting the IFTherm multiplier value into kWh and then applying relative heating system efficiencies. The gas efficiency was

Formatted: Font: 11 pt

[

[

Automotive Services 3.010 1.04 0.26 0.11 0.011 [
Education - Primary School 2172 1.08 0.28 0.12 0012 - |Formatted: Fort:11pt
Education - Secondary School 2772 1.14 0.30 0.13 0.013 | Formatted: Font: 11 pt
Entertainment/Recreation 3858 1.07 0.26 0.11 0.011 | Formatte: Font: 10 pt
Large OfficeOffice - Large 31703220 1.06 0.32 0.14 0.014 ( Formatted: Font: 10 pt
Medium-OfficeOffice - Medium 31703220 1.14 0.19 0.08 0.008 {Formatted: Font: 10 pt
Smal-OfficeOffice - Small 28843220 1.11 0.21 0.09 0.009 {Formatted: Font: 10 pt
Government - offices 3788 1.14 0.19 0.08 0.008 {Fo,matted: Font: 11 pt
Grocery/Convenience Store 5646 1.07 0.26 0.11 0.011 {Formatted: Font: 11 pt

Hotel/Motel — Guest roomsWarehouse 23902827 1.211.04 0.220:26 0.096-1 | 0.0090-64% |« {Formatted Table
Hotel/Motel — Common area 6138 1.24 0.01 0.00 0.000 {Formatted, Font: 11 pt
Hospital/Senior Living - Corridors 8608 1.11 0.34 0.15 0.015 {Formatted Font 11 pt
Hospital/Senior Living — Guest rooms 995 1.11 0.34 0.15 0.015 [Formatted: Font 11 pt
[Formatted: Font: 11 pt
(Formatted: Font: 11 pt
each-Bu e e W P e {Formatted Table
glgeeﬁ:lre, pamcmants from 2014 through June 2024, Local ﬁle 2024 C&l nghtlng Hours Review. xlsx » ) ) { Formatted: Font: 11 pt
e Waste Heat Factor for Energy is developed using computer models for the various Building Types- g a
i . Similar building types aggregated. Indoor agriculture waste heat effects to be determined bv bqumq modellnq bv aggllcatlon {
(

assumed to be 80% AFUE, electric resistance is assumed to be 100%, Heat Pump is assumed to be 2.3 COP.
281 |FTherms value is developed using computer models consistent with methodology for Waste Heat Factor for Energy.
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Fixture Annual
Operating
Hours?’®

Hours)

Waste Heat
Cooling Energy
Factor?™
(WHFe)

Waste Heat

Electric
Resistance
Heating?®°

ED)

WEN G
Heat

Heat
Pump
Heating
(IFKwh)

Waste Heat

(
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AC&I Lighting Effective Useful Life (EUL) by Equipment Category

Measure Category
2.6.3 LED Bulbs and Fixtures

Lighting Type [1]

Fixture

Effective Useful Life

(EUL) [2]
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Effective Useful Life

Measure Category Lighting Type [1] (EUL) [2]
2.6.4 LED Screw Based Omnidirectional Bulb Type A & Hybrid 10
2.6.7 LED Specialty Lamp Type B 15
Type C 11
Retrofit Kit 15
HID Replacement 15
Lamp Replacement 10
2.6.6 LED Exit Sign Exit Signs 7
2.6.8 Lighting Power Density Lighting Power Density 15
Notes:

[1] Ameren Missouri maintains a table that “maps” each lighting measure code to the appropriate Lighting Type.

[2] These effective useful lives were researched by Opinion Dynamics as part of the PY19/PY20 Ameren Missouri Evaluation efforts. EUL
values for each measure group were developed through a benchmarking review of TRMs and analysis of equipment specifications (e.g., lamp
life) and annual operating hours from PY19/PY20 project tracking data. See Memorandum: Recommended EUL Values for Ameren Missouri
Business Lighting Measures, January 6, 2021.
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=0.00018996352%°

WATER HIMPACT DESCRIPTIONS AND-CALCULATION
N/A

BEEMED O&M-COSTADIUSTMENT-CALCULATION
NIA

MEASURE CobE+
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2.6.13 LED Bulbs and Fixtures (Available for Income Eligible and BSS programs)

DESCRIPTION

This measure provides savings assumptions for a variety of light emitting diode (LED) -efficien

lighting fixtures-including lamps, bulbs, fixtures, and retrofit kits internal-and-ext. The effectiv|

useful life varies dependent on the lighting category.erral-EED-fixtures—+ecess{troffer)—canopy
and-polefixtures-as-well-as-refrigeraterand-display-case-lighting-

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

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, all LED bulbs, lamps, fixtures, retrofit kits -fixtures-ar
assumed-to be certified or registered with a-at least one recognized independent agency. Th
following tables lists the requirements for two-three of those agencies.

Agency Requirement Version Lighting Types
Technical requirement
versions: Lampslamps,
De5|g|n nggt:;%r:lsor::mg? g DLC Listed 4.0 to current fixtures, retrofit kits,
A Premium or Standard LLLC

classification

=T |(|) =3

O (D

[y

Technical requirement
DLC Hort versions:
1.0 to current

Design Lights Consortium

Agrietitral
designtightsDesignlights.org horticulturaltighting

Formatted: Font: Bold, Font color: Background 1

Formatted: Font: Bold, Font color: Background 1
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E&;ﬁ@ gov Certified Version 2.1 to current | Lampslamps, fixtures
i lamps, fixtures,

horticultural, LLLC

LED Fixtures and Retrofit Kits with Network Controls achieve additional savings similar to the
savings described in the Occupancy Controls section.

DEFINITION OF BASELINE EQUIPMENT

For TOS-and-RF and EREP installations, the baselines-efficiency-case-is—project-specific-and-i
determined-using-aetual-fixture-types-and-ecountstrom-the-existing-space:baseline is the lamp d

U)

fixture being replaced. Fhe-existingFortinearfluorescent fixtures-the-end-connectors-and-halast
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must-be-completelyremoved-to-guatify-whenretrofitting——A midlife baseline adjustment occurs

at the end of the remaininq useful life, approximated at 1/3 of the EUL. For

eL;seharg&thtsewee%&me&aMahdeim&wDeemed flxture wattages are prowded in- Table 2
LED New and Basellne AssumptlonsIaHe—Z—EED—Ne&%and—Basehﬂe—Asswanenslable—Z—I:ED

For TOS installations, the baseline is determined by the Federal Energy-Censervation Efficiency
Standards, expressed in minimum lumens per watt.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
See Lighting EUL Reference Table for EUL values by Lighting Measure Group.
DeEeMED MEASURE COST

Actual incremental costs should be used if available. For default values, refer to the reference tables
below.

LOADSHAPE

Lighting BUS
Ext Lighting BUS
Miscellaneous BUS

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
Watts, — Watts
AkWh = Base EE « x Hours +x WHE, +x ISR
1000
Where:
WattSpase = Actual wattage of the existing or baseline system. Reference the
“LED New and Baseline Assumptions” table for default values.
Wattsee = Actual wattage of LED fixture purchased / installed. If unknown,
use default provided in “LED New and Baseline Assumptions.”
Hours = Average annual lighting hours of use as provided by the customer

or selected from the Lighting Reference Table in Section 2.6 by
Building Type. If hours or Building Type are unknown, use the C&I
Average value.

WHFe = Waste heat factor for energy to account for cooling energy savings
from efficient lighting is selected from the Lighting Reference Table
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in Section 2.6 for each Building Type. If building is un-cooled, the
value is 1.0.

seNote that LED Fixtures and Retrofit Kits with Network Controls achieve additional savings

similar to the savings described in the Occupancy Controls section.

Heating Penalty:
If electrically heated building:2*’

Wattsgase — Wattsgg

AkWhhgatpenalty = 1000

Where:

IFkwh = Lighting-HVAC Interaction Factor for electric heating impacts; this
factor represents the increased electric space heating requirements
due to the reduction of waste heat rejected by the efficient lighting.
Values are provided in the Lighting Reference Table in Section 2.6.
If unknown, use the C&I Average value.

+x Hours <+x ISR * (—IFyywy)

SuMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh = CF
Where:

CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001899635%%¢ for indoor lighting
= 0.0000056160 for exterior lighting
=0.0001379439 for exterior 24/7 lighting

NATURAL GAS ENERGY SAVINGS
Heating penalty if fossil fuel heated building (or if heating fuel is unknown):

297 Negative value because this is an increase in heating consumption due to the efficient lighting.
2% Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes

and Coincident Peak Factors"
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Wattsgase — Wattsgg

ATherms = 1000

* Hours * ISR * (—IFperms)
Where:

IFtherms = Lighting-HVAC Interaction Factor for gas heating impacts.? This factor
represents the increased gas space heating requirements due to the reduction
of waste heat rejected by the efficient lighting. Values are provided in the
Lighting Reference Table in Section 2.6. If unknown, use the C&I Average
value.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
See Reference Tables below for default assumptions.

299 Negative value because this is an increase in heating consumption due to the efficient lighting.
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 JU )

REFERENCE TABLES %3
Table 222 LED New and Baseline Assumptions:, “ [Formatted: Font: 12 pt, Font color: Text 1
LED Category EE Measure Baseline Incremental [ [F°rmatted: Font.COIOK Text 1
Description Wattsee Description Wattssase Cost [FOTmatted: Caption
LED Downlight | - Recessed, Surface, Pendant Downlights 17.6 40% CFL 26W Pin Based & 60% 54.3 $27 N [ Formatted Table
Fixtures PAR30/38
LED Interior LED Track Lighting 12.2 10% CMH PAR3_8 & 90% Halogen PAR38 60.4 $59
Directional LED Wall-Wash Fixtures 8.3 40% CFL 42W Pin Base & 60% Halogen 17.7 $59
PAR38
LED Display Case Light Fixture #14.0/ft 50% 2’TS5 Linear & 50% 50W Halogen 36.2/ft $11/ft
LED Display Case LED Undercabinet Shelf-Mounted Task Light Fixtures +14.0/ ft 50% 2°T5 Linear & 50% 50W Halogen 36.2/ft $11/ft
LED Refrigerated Case Light, Horizontal or Vertical 784.0/ft 5'T8 15.2/ft $11/t
LED Freezer Case Light, Horizontal or Vertical 774.0 [ ft 6’T12HO 18.7 / ft $11/ft
LED Linear LED 4' Linear Replacement Lamp,<2400 lumens 18.713.7 Lamp-Only-32w T8 32:028.0 $2415
Replacement LED 2' Linear Replacement Lamp 9.78.6 Lamp-Only-17w T8 1715.0 $13
Lamps LED 4’ Linear Replacement Lamp, >2400 lumens 24.7 40WT8HO 41.8 $13
LED 2x2 Recessed Light Fixture, 2000-3500 lumens 34:122.4 2-Lamp 32w T8 (BF < 0.89) 57.0 $5348
LED 2x2 Recessed Light Fixture, 3501-5000 lumens 42.834.2 3-Lamp 32w T8 (BF < 0.88) 84.5 $9169
LED 2x4 Recessed Light Fixture, 3000-4500 lumens 3#929.9 2-Lamp 32w T8 (BF < 0.89) 57.0 $6255
LED Troffers LED 2x4 Recessed Light Fixture, 4501-6000 lumens 54.342.1 3-Lamp 32w T8 (BF < 0.88) 84.5 $9976 ] |
LED 2x4 Recessed Light Fixture, 6001-7500 lumens 727515 | 4-Lamp 32w T8 (BF < 0.88) 112.6 $150104 | Formatted Table
LED 1x4 Recessed Light Fixture, 1500-3000 lumens 18:119.2 1-Lamp 32w T8 (BF <0.91) 29.1 $3622
LED 1x4 Recessed Light Fixture, 3001-4500 lumens 30.89-6 2-Lamp 32w T8 (BF < 0.89) 57.0 $7675
LED 1x4 Recessed Light Fixture, 4501-6000 lumens 53:140.2 3-Lamp 32w T8 (BF < 0.88) 84.5 $13083
. LED Surface & Suspended Linear Fixture, < 3000 lumens 19.-717.6 1-Lamp 32w T8 (BF <0.91) 29.1 $1054
LED Linear LED Surface & Suspended Linear Fixture, 3001-4500 [ Formatted Table
Ambient Fixtures lumens ' 37.828.0 2-Lamp 32w T8 (BF < 0.89) 57.0 $10452

iohting 10 G, n\vwl T”um;r\ t1ion A Lications > 'T‘“I«I\ Al S "TED L+ l{in Sst TRM ReferenceTabl lox" formoretnfe rmattinn anﬂ opar\ifi

3011 TRM V13, Measure 4.5.4 LED Fixture Wattage, TOS Baseline and Incremental Cost Assumptions”, which aggregated data from CLEAResults, DLC, VEIC and otherg.
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EE Measure

Description
LED Surface & Suspended Linear Fixture, 4501-6000

Wattsee

Baseline
Description

Wattssase

Incremental
Cost

55.939.2 3-Lamp 32w T8 (BF < 0.88) 84.5 $15878
lumens
:Ijlfnl?e:surface & Suspended Linear Fixture, 6001-7500 62.649.9 T5HO 2L-F54T5HO - 4 1200 $215131
LED Surface & Suspended Linear Fixture, > 7500 lumens 95.490.6 T5HO 3L-F54T5HO - 4' 180.0 $374173
LED Low-Bay Fixtures, < 10,000 lumens 90-351.8 3-Lamp T8HO Low-Bay 157.0 $19143
LED High-Bay Fixtures, 10,001-15,000 lumens 127.589.2 4-Lamp T8HO High-Bay 196.0 $33132
LED High & Low LED H?gh-Bay F?xtures, 15,001-20,000 lumens 191.0118.5 6-Lamp T8HO Hfgh-Bay 294.0 $48262
Bay Fixtures LED High-Bay Fixtures, > 20,000 lumens 249.7171.4 8-Lamp T8HO High-Bay 392.0 $81851
LED High-Bay Fixtures, 20,001-30,000 lumens 230.5 750 Watt Metal Halide 850 $114
LED High-Bay Fixtures, 40,001-50,000 lumens 306.2 1000 Watt Metal Halide 1080 $166
LED High-Bay Fixtures, >50,000 lumens 443.7 1500 Watt Metal Halide 1610 $284
LED Ag Interior Fixtures, < 2,000 lumens 170129 25% 73 Watt EISA-nc75% 11 T8 42.029.1 $3318
LED Ag Interior Fixtures, 2,001-4,000 lumens 27-:845:129.7 | 25% 146 Watt EISA-tne, 715%-2L T8 814:057.0 $545748
LED Ag Interior Fixtures, 4,001-6,000 lumens 51.245.1 25% 217 WallEISA-the, 75%3L T8 121.0 $8812557
LED Agricultural | LED Ag Interior Fixtures, 6,001-8,000 lumens H459.7 25%-292 Watt ENSAtne75%-4L T8 159.0 $88190
Interior Fixtures LED Ag Interior Fixtures, 8,001-12,000 lumens 103.584.9 200W Pulse Start Metal Halide 227.3 $168298
LED Ag Interior Fixtures, 12,001-16,000 lumens 143.8113.9 320W Pulse Start Metal Halide 363.6 $151450
LED Ag Interior Fixtures, 16,001-20,000 lumens 183:3143.7 350W Pulse Start Metal Halide 397.7 $205595
LED Ag Interior Fixtures, > 20,000 lumens 305.0193.8 (2) 320W Pulse Start Metal Halide 727.3 $356998
LED Exterior Fixtures, < 5,000 lumens 42.627.531.0 | 100W Metal Halide 113.6 $19068
LED Exterior LED Exterior Fixtures, 5,001-10,000 lumens 68-257:664.0 | 175W Pulse Start Metal Halide 198.9 $28760 [ Formatted Table
Fixtures LED Exterior Fixtures, 10,001-15,000 lumens 122.594.9101.0 | 250W Pulse Start Metal Halide 284.1 $391129
LED Exterior Fixtures, >-15,001-30,0000 lumens 215.0141.0 400W Pulse Start Metal Halide 454.5 $793156
LED Exterior Fixtures, 30,001-40,000 lumens 236.0 750W Metal Halide 850 $446 [ Formatted Table
LED Exterior Fixtures, >40,000 lumens 295.0 1000W Metal Halide 1080 $629
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| Formatted

Formatted

| Formatted Table

| Formatted

i “[ Formatted [_j
‘ [ Formatted [_j
‘ [ Formatted [—j
‘[Formatted [—j
LFormatted ﬂ
[Formatted [—j
EE Measure Baseline [Formatted ﬁ
Total e Total_ o Lam ot Ballast fotal [Formatted [—j
o Driver Driver me Lamp . Ballast Jif [Formatted [_j
LED Category EE Measure Description Lamp . Replace Cost Life Life
Life eplace Cos Replace Replace | [ Formatted [—j
Replace Cost (hrs) (hrs) |
(hrs) Cost Cost / [Formatte d [_j
LED Downlight | LED Recessed, Surface, Pendant | 50,000$62.56 | $30.75 15,000 | 70,000$58-00 | $47.50 46,000 | 2,500$162.50 40,00035,000 L ﬁ
Fixtures Downlights $62.50 o/ Formatted
I 50,000$62:50 | $39.00 15,000 | ,70,000$58-00 | $47.50 40,000 | 2,500$102.50 | $12.71 | 40,00015,000 [FOfma“ed [—j
. LED Track Lighting
LED Interior $62.50 [Formatted ﬁ
Directional . 50,000$62- 30.75 15;000 | 70,000$58- 47.50 46,000 ,500 : 8.86 | 40,00015,000
trectiona LED Wall-Wash Fixtures 36250 |8 $98.00.1.8 2200510220 $$62 50 [meatted [—j
. [ Formatted [_j
) LED Display Case Light Fixture 50,000$62.50 |$9.75/ft15,000 | ,70,000$58-00 |$11.88/ft40,000 | 2,500$162.50 | $6.70 | 40,00015,000 [ [—j
LED Display L Formatted
Case LED Undercabinet Shelf- 50,000$62.50 |$9.75/ft15,000 | ,70,000$58-00 |$11.88/ft40,000 | 2,500$162.50 | $6.70 | 40,00015,000 [Formatted [—j
Mounted Task Light Fixtures $62.50 [Formatted [_j
LED Refrigerated Case Light, 50,000$62.50 | $8.63/ft15,000 | ,70,000$58-00 | $9.50/ft46,000 | 15,000$102.50 | $1.13 | 40,00015,000
LED Display Horizontal or Vertical $62.50 [Formatted [_j
Case LED Freezer Case Light, 50,000$62.50 | $7.88/ft15;000 | ,70,000$58-00 | $7.92/ft46,000 | 12,000$102.50 | $0.94 | 40,00015,000 (Formatted ﬁ
Horizontal or Vertical $62:50 ‘ [Formatted [—j
LED Linear LED 4-2' Linear Replacement 50,000$62.50 | $5.76 15,000 | ,70,000$58-00 | $13.67 40,000 | 30,000$102.50 | $6.17 | 40,00015,000 [ [—j
Replacement | Lamp $62.50 \ (F"matted [—j
\| Formatted
( Formatted [_j
Formatted [—j
302 Costs-are-based-on-actual-costs-and-measure-Hives-are-based-on-analysis-o vaHamplife-and-hou use-Costs for baseline and LED lamps sourced from Illinois TRM V13, which Formatted [—j
aggregated data from the Design Light Consortium (DLC) Qualifying Product Lists, Efficiency Vermont projects, PGE refrigerated case study ists Formatted ﬂ
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EE Measure

Total
Lamp
Replace Cost

LED
Driver
Life
(hrs)

Total LED
Driver
Replace Cost

Lamp

Life
(hrs)

Baseline

Total
Lamp

Replace

Cost

EEUESS
Life
(hrs)

Total
Ballast

Replace

Cost

Formatted

Y

' /| Formatted

—

Formatted Table

| Formatted

Formatted

Formatted

Formatted

(
/1
(
Lamps LED 2-4' Linear Replacement 50,000$62.50 | $8.57 15,000 | 70,000$58-00 | $13.67 40:000 | 24,000$10250 | $6.17 | 40,00015:000 | $11.96 | /~ [F°"“a“ed
Replacement Lamp,<2400 lumens oo $58.00 | |\ [Formatted
LED 4’ Linear Replacement 50,000 $8.57 70,000 $13.67 18,000 $6.17 240,000 $11.96 [ Formatted
Lamp. >2400 lumensEED4> \ O { Formatted
lumens MW\ [Formatted
LED 2x2 Recessed Light Fixture, | 50,000$62.50 | $78.07 45,000 | 70,000$58-00 | $40.00 40,000 | 24,000$10250 | $26.33 | 40,00015.000 | $35.00 | [Formatted
2000-3500 lumens $62.50 $58.00 \ '\ (Formatted
LED 2x2 Recessed Light Fixture, | 50,000$62.50 | $89.23 15,000 | 70,000$58.00 | $40.00 40,000 | 24,000$102.50 | $39.50 | 40,00015,000 | $35.00
3501-5000 lumens $62.50 $58.00 ||| [Formatted
LED 2x4 Recessed Light Fixture, | 50,000$62.50 | $96.10 15,000 | 70,000$58.00 | $40.00 40,000 | 24,000$102.50 | $12.33 | 40,00015,000 | $35.00 | |/ [Formatted
3000-4500 lumens $62.50 |\ [F ormatted
LED 2x4 Recessed Light Fixture, | 50,000$6250 | $114.37 | 70,000$58.00 | $40.00 40,000 | 24,000$102.50 | $18.50 | 40,00015,000 ( rormatted
LED Troffers 4501-6000 lumens 15,000 $62.50
LED 2x4 Recessed Light Fixture, | 50,000$6250 |  $137.43 | 70,000$58.00 | $40.00 40,000 | 24,000$102.50 | $24.67 | 40,00015,000 [ Formatted
6001-7500 lumens 15,000 $62.50 { Formatted
LED 1x4 Recessed Light Fixture, | 50,000$62.50 | $65.43 15000 | 70,000$58.00 | $40.00 40:000 | 24,000$10250 | $6.17 | 40,00015.000 \ (Formatte 4
1500-3000 lumens $62.50
LED 1x4 Recessed Light Fixture, | 50,000$62.50 |  $100.44 | 70,000$58.00 | $40.00 40,000 | 24,000$10250 | $12.33 | 40,00015,000 “ [F°"“a“ed
3001-4500 lumens 15,000 $62.50 [ Formatted
LED 1x4 Recessed Light Fixture, | 50,000$62.50 |  $108.28 | 70,000$58.00 | $40.00 40,000 | 24,000$102.50 | $18.50 | 40,00015,000 Formatted
4501-6000 lumens 15,000 $62.50
LED Surface & Suspended Linear | 50,000$62.50 | $62.21 15,000 | 70,000$58.00 | $40.00 40,000 | 24,000$102.50 | $6.17 | 40.00015,000 Formatted
Fixture, < 3000 lumens $62.50 Formatted
LED Linear LED Surface & Suspended Linear | 50,000862.50 [ $93.22 15,000 | 70,000858.00 | $40.00 40,000 [ 24,0008102:50 [ $12.33 | 40,00015,000 Formatted
Ambient Fixture, 3001-4500 lumens $62.50 Formatted
Fixtures LED Surface & Suspended Linear | 50,000$6250 | $114.06 | 70,000$58.00 | $40.00 40,000 | 24,000$102.50 | $18.50 | 40,00015.000
Fixture, 4501-6000 lumens 15,000 $62.50 Formatted
LED Surface & Suspended Linear | 50,000$62:50 $152.32 70,000$58-00 | $40.00 46,000 | 30,000$162:50 | $26.33 | 40,00015;000 Formatted
Fixture, 6001-7500 lumens 15,000 $62:50 Formatted
Formatted
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EE Measure

Lamp

Life
()]

Total
Lamp
Replace Cost

LED
Driver
Life
(hrs)

Total LED
Driver
Replace Cost

Lamp
Life
(hrs)

Baseline

Total
Lamp
Replace
Cost

Ballast
Life
(hrs)

Total
Ballast
Replace

Cost

Formatted

| Formatted

Formatted Table

‘| Formatted

Formatted

/| Formatted

 ' Formatted

(
(
(
(
(
{
(
LED Surface & Suspended Linear | 50,000$62:50 $183.78 70,000$58-00 | $40.00 40,000 | 30,000$10250 | $39.50 | 40,000145;000 | $60.00 [Formatted
Fixture, > 7500 lumens 15,000 $62.50 $58:00 || \ [Formatte d
LED Low-Bay Fixtures, < 10,000 | 50,000$62:50 | $90.03 15,000 | 70,000$58-00 | $62.50 40,000 | 18,000$102.50 | $64.50 | 40,00015:000 | $92.50
lumens LED-Low-Bay Fixtures; < $62.50 $58.00 k [ Formatted
10,000 lumens [Formatted
LED High-Bay Fixtures, 10,001- | 50,000$62:50 $122.59 70,000$58:00 | $62.50 40,000 | 18,000$102.50 | $86.00 | 40,00015;000 | $92.50 [ Formatted
15,000 lumens LED-High-Bay 15,000 $62.50 $58.00 [Formatted
LED High-Bay Fixtures, 15,001- | 50,000$62:50 $157.22 70,000$58:00 | $62.50 46,000 | 18,000$102.50 | $129.00 | 40,00015:009 | $117.50 [Formatted
LED High & 20,000 lumens LED-High-Bay 15,000 $62.50 $58.00 [Formatted
Low Bay — [Formatted
Fixtures LED quh-Bav_letures, > 20,000 | 50,000$62:50 $228.52 70,000$58-00 | $62.50 40,000 | 18,000$102:50 | $172.00 | 40,00015;000 | $142.50 )
lumens LED-High-Bay-Fixtures,> 15,000 $62.50 $58.00 [ Formatted
20,000 umens ( Formatted
LED High-Bay Fixtures, 20,001- 50,000 $294.00 70,000 $62.50 15,000 $82.00 40,000 $143.00 ‘ {Formatte "
30,000 lumens
LED High-Bay Fixtures, 40,001- 50,000 $324.00 70,000 $62.50 15,000 $88.00 40,000 $149.00 Formatted
50,000 lumens Formatted
LED High-Bay Fixtures, >50,000 50,000 $382.00 70,000 $62.50 15,000 $96.00 40,000 $200.00 Formatted
lumens
LED Ag Interior Fixtures, < 2,000 | 50.000$62.50 | $41.20 15,000 | 70.000$58.00 | $40.00 40,000 | 1.000$102.50 | $1.23 | 40,00015,000 | $26.25 Formatted
lumens $62.50 $58.00 Formatted
LED Ag Interior Fixtures, 2,001- | 50,000$62:50 | $65.97 15,000 | ,70,000$58-00 | $40.00 40,000 | ,1,000$102.50 $1.43 | 40,00015;000 | $26.25 Formatted
LED 4,000 lumens $62.50 $58.00 Formatted
Agricultural LED Ag Interior Fixtures, 4,001- | 50,000$62.50 | $80.08 15,000 | ,70,000$58-00 | $40.00 40,000 | ,1,000$102.50 $1.62 | 40,00015;000 | $26.25 Formatted
Interior Fixtures 6,000 lumens $62:60 $68.00
LED Ag Interior Fixtures, 6,001- | 50,000$62.50 $105.54 70,000$58-00 | $40.00 40,000 | 1,000$102.50 $1.81 | 40,00015:000 | $26.25 Formatted
8,000 lumens 15,000 $62.50 $58.00 Formatted
LED Ag Interior Fixtures, 8,001- | 50,000$62.50 $179.81 J70,000$58-00 | $62.50 46,000 | 15,000$162.50 | $63.00 | 40,00015;000 | $112.50 Formatted
12,000 lumens 15,000 $62.50 $58.00
Formatted
Formatted
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Lamp

Life
(hrs)

EE Measure

Total
Lamp
Replace Cost

LED
Driver
Life
(hrs)

Total LED
Driver
Replace Cost

Lamp
Life
(hrs)

Baseline

Total
Lamp
Replace
Cost

EEUESS
Life
(hrs)

Total
Ballast
Replace

Cost

Formatted

Formatted

Formatted Table

/| Formatted

Formatted

Formatted

Formatted

LED Ag Interior Fixtures, 12,001- | 50,000$62.50 | $190.86 | ,70,000$58.00 | $62.50 40,000 | 15,000$102.50 | $68.00 | 40,00015,000 | $122.50 | / [F°"“a“ed
16,000 lumens 15,000 $62.50 $58.00 | [ Formatted
LED Ag Interior Fixtures, 16,001- | 50,000$62.50 |  $237.71 | ;70,000$58.00 | $62.50 40,000 | 15,000$102.50 | $73.00 | 40,00015,000 | $132.50 | [ Formatted
20,000 lumens 15.000 $62.50 $58.00 | | 7
LED Ag Interior Fixtures, > 5000086250 | $33L73 | 70,000858.00 | $62.50 40,000 | 15000810250 | $136.00 | 40,00015000 | $20250 | | Formatted
20,000 lumens 15.000 $62.50 $58.00 | |1\ [Formatted
LED Exterior Fixtures. < 5.000 | 50,000$62.50 | $73.80 15,000 | 70,000$58.00 | $62.50 40,000 | 15.000$102.50 | $58.00 | 40.00015,000 | $102.50 | | \\\ [Formatted
lumens < $62.50 $58.00 \ [Formatte d
LED Exterior Fixtures, 5,001- 50,000$62.50 |  $124.89 | 70,000$58.00 | $62.50 40,000 | 15,000$102.50 | $63.00 | 40,00045,000 | $112.50 [F°"“a“ed
10,000 lumens LED- Exterior 15.000 $62.50 $58.00 {Formatted
LED Exterior | Fixtures;-5:001-10,000-lumens | [Formatted
Fixtures LED Exterior Fixtures, 10,001- | 50,000$62.50 |  $214.95 | 70,000858.00 | $62.50 40,000 | 15.000$102.50 | $68.00 | 40,00015,000 | $122.50 (
15,000 lumens LED- Exterior 15.000 $62.50 $58.00 { Formatted
Fixtures, 10,001-15.000-lumens | | Formatted
LED Exterior Fixtures, 15001- | 50,000$62.50 | $321.06 | 70,000$58.00 | $62.50 46,066 | 15.000$62.50 | $73.00 | 40.00045.000 | $132.50 { Formatted
30,000 lumens LED-Exterior 15,000 $62.50 $58.00 \ Formatted
LED Exterior Fixtures, 30,001- 50,000 $546.00 70,000 $62.50 15,000 $82.00 40,000 $143.00 | ||| [ Formatted
40,000 lumens Formatted
A:_ED Exterior Fixtures, >40,000 50,000 $722.00 70,000 $62.50 15,000 $88.00 40,000 $149.00 Formatted
umens
LED Exterior Fixtures, < 5,000 50,000 $870.00 70,000 $62.50 15,000 $96.00 40,000 $200.00 Formatted
lumens Formatted
LED Exterior Fixtures, 5,001- 50,000 $73.80 70,000 $62.50 15,000 $58.00 40,000 $102.50 Formatted
10,000 lumens Formatted
Formatted
MEeAsURE CODE: Formatted
Formatted
Formatted
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2.6.24 LED Screw Based Omnidirectional Bulb (RetiredAvailable for Income Eligible and
BSS programs.-effective-8/1/2023)3%

DESCRIPTION

LEDs lighting systems convert electricity to light and emit more lumens per watt when compared
to baseline EISA incandescent, halogen, or compact fluorescent lamps.

This specific characterization provides savings assumptions for LED lamps that replace standard
screw-in connections (e.g., A-Type lamp) such as interior/exterior omnidirectional bulb options.

This characterization assumes that the LED is installed in a commercial location. This is, therefore,
appropriate for commercially targeted programs, or, if the implementation strategy does not allow
for the installation location to be known (e.g., an upstream retail program), utilities should develop
an assumption of the residential versus nonresidential split and apply the relevant assumptions to
each portion.

Federal legislation stemming from the Energy Independence and Security Act of 2007 (EISA)
requires all general-purpose light bulbs between 40W and 100W to be approximately 30% more
energy efficient than standard incandescent bulbs. Production of 100W, standard efficacy
incandescent lamps ended in 2012, followed by restrictions on 75W in 2013 and 60W and 40W in
2014. The baseline for this measure has therefore become bulbs (improved incandescent or
halogen) that meet the new standard.

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

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, new LED screw-based lamps must be ENERGY STAR®
qualified based upon the ENERGY STAR® specification v2.0 which will become effective on
1/2/2017 (https://www.energystar.gov/sites/default/files/L uminaires%20V2%200%20Final.pdf).

Qualification could also be based or on the Design Light Consortium’s qualified product list.3**
DEFINITION OF BASELINE EQUIPMENT

The baseline condition for this measure is assumed to be an EISA-qualified halogen or
incandescent.® A midlife adjustment example is provided but not applied to measures installed
prior to 2022.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
See Lighting EUL Reference Table for EUL values by Lighting Measure Group.

B |

304 https://www.designlights.org/QPL

305 A provision in the EISA regulations requires that by January 1, 2020, all lamps meet efficiency criteria of at least 45 lumens per
watt, in essence making the baseline equivalent to a current day CFL. However, in 2019, the Department of Energy issued two final
rules and clarified that a) the EISA backstop provision had not been triggered and therefore b) the efficiency standard would not
change in 2020. As of 10/15/2020, the 45 lumen per watt EISA standard is not effective.

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0 Page 174

{ Formatted: Not Highlight

[ Formatted: Font color: Background 2

{ Formatted: Font color: Blue



https://www.energystar.gov/sites/default/files/Luminaires%20V2%200%20Final.pdf
https://www.energystar.gov/sites/default/files/Luminaires%20V2%200%20Final.pdf
https://www.energystar.gov/sites/default/files/Luminaires%20V2%200%20Final.pdf
https://www.designlights.org/QPL
https://www.designlights.org/QPL

Ameren Missouri Appendix H - TRM - Vol. 2: C&I Measures

DeeMED MEASURE CosT

Actual incremental costs should be used if available. If unavailable, assume $3.26 (baseline cost of

$1.80 and efficient cost of $5.06).%
LOADSHAPE
Lighting BUS

Ext Lighting BUS
Miscellaneous BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Wattsgase — Wattsgg

AkWh = 1000 * Hours * WHE, x ISR
Where:
WattSgase = Based on lumens of LED bulb installed
Wattsee = Actual wattage of LED purchased/installed. If unknown, use
default provided below.®”
Hours = Average hours of use per year as provided by the customer or

selected from the Lighting Reference Table in Section 2.6 and based
upon Building Type. If unknown, use the C&I Average value.

WHFe = Waste heat factors for energy to account for cooling energy savings
from efficient lighting are provided for each Building Type in the
Lighting Reference Table in Section 2.6. If unknown, use the C&lI
Average value.

ISR = In-Service Rate represents the percentage of reported lamps or
fixtures that is installed and operating and varies with the program
delivery approach. Use 100% for programs with direct installation
and/or installation verification procedures (e.g., verification
inspections for a sample of projects); use 98.7% for program delivery

306 Incandescent/halogen and LED cost assumptions based on Cadmus “LED Incremental Cost Study: Overall Final Report,”
February 2016
(http://ma-geac.org/wordpress/wp.content/uploads/MA-Task:5b.l EDgIncrementalCostStudy FINAL_01FEB2016.pdf), p.19.

|

307 Wattsee defaults are based upon the average available ENERGY STAR® product, accessed 06/18/2015. For any lumen range
where there is no ENERGY STAR® product currently available, Wattsee is based upon the ENERGY STAR® minimum luminous
efficacy (55Lm/W for lamps with rated wattages less than 15W and 65 Lm/W for lamps with rated wattages > 15 watts) for the
mid-point of the lumen range. See calculation at “cerified-light-bulbs-2015-06-18.xIsx.” These assumptions should be reviewed
regularly to ensure they represent the available product.
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without installation verification.*® The ISR may also be set to 100%
if the installation verification is embedded in other evaluation

adjustments.

250 309 25 4.0 21

310 749 29 6.7 22.3

750 1,049 43 10.1 32.9
1,050 1,489 53 12.8 40.2
1,490 2,600 72 17.4 54.6
2,601 3,000 150 43.1 106.9
3,001 3,999 200 53.8 146.2
4,000 6,000 300 76.9 223.1

Mid-Life Baseline Adjustment Example

During the lifetime of a standard omnidirectional LED, the baseline incandescent/halogen bulb
would need to be replaced multiple times. Since the baseline bulb changes to a CFL equivalent in
2020 due to the EISA backstop provision (except for <310 and 2600+ lumen lamps), the annual
savings claim must be reduced within the life of the measure to account for this baseline shift. This
reduced annual savings will need to be incorporated in to cost effectiveness screening calculations.
The baseline adjustment also impacts the O&M schedule. However, in 2019, the Department of
Energy issued two final rules and clarified that a) the EISA backstop provision had not been
triggered and therefore b) the efficiency standard would not change in 2020. As of 10/15/2020, the
45 lumen per watt EISA standard is not effective.

For example, for 43W equivalent LED lamp installed in 2016, the full savings (as calculated above
in the Algorithm) should be claimed for the first four years, but a reduced annual savings (calculated
energy savings above multiplied by the adjustment factor in the table below) should be claimed for
the remainder of the measure life. &30

308 1SR is based on results presented in Ameren Missouri Lighting Impact and Process Evaluation: Program Year 2015. This value
takes into account the time-delay of when bulbs are installed over subsequent program years. The reported ISR is based on the net
present value (NPV) of the savings over 4 year installation period from the PY15 bulbs, discounted back to Year 1 at 6.95%
(utility discount rate). These evaluation results are from a retail-based lighting program with multiple delivery channels including
point-of-sale markdown, online website, coupons, and social marketing distribution.

309 These adjustments should be applied to kW and gas impacts as well.

310 Calculated with EISA requirement of 45lumens/watt.

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0 Page 18]|

[ Formatted: Font color: Auto




Ameren Missouri Appendix H - TRM - Vol. 2: C&I Measures

O o 0 0 A U A U U U L

[ Formatted: Font color: Auto
[ Formatted: Font color: Auto
[ Formatted: Font color: Auto
250 309 . 100.0% [ Formatted: Font color: Auto
310 749 530 6.7 29 223 9.4 27 12.1% [ Formatted: Font color: Auto
750 | 1049 | 900 | 10.1 43 32.9 134 33 10.0% | Formatted: Font color: Auto
1050 | 1489 | 1270 | 128 53 40.2 189 6.1 15.2% | Formatted: Font color: Auto
1490 | 2600 | 2045 | 17.4 72 54.6 24.8 7.4 13.6% [ Formatted: Font color: Auto
2,550 | 3,000 | 2,775 | 43.1 150 106.9 150 106.9 100.0% [ Formatted: Font color: Auto
3,001 | 3999 | 3500 | 538 200 146.2 200 146.2 100.0% [ Formatted: Font color: Auto
4,000 6,000 5,000 76.9 300 2231 300 2231 100.0% [ Formatted: Font color: Auto
[ Formatted: Font color: Auto
MQM)L [ Formatted: Font color: Auto
If electrically heated building:3 [ Formatted: Font color: Auto
Wattsgase — Wattsgg [ Formatted: Font color: Auto
AkWhpeatpenatty = 1000 * Hours ISR * (—IFywn) [Formatted: Font color: Auto
Where: [ Formatted: Font color: Auto
IFkwh = Lighting-HVAC Interaction Factor for electric heating impacts; this [Formatted: Font color: Auto
factor represents the increaseq electric space hegting_reqyirements due to { Formatted: Font color: Auto
the reduction of waste heat rejected by the efficient lighting. Values are Formatted: Font color: Auto

provided in the Lighting Reference Table in Section 2.6 and based upon

Building Type. If unknown, use the C&I Average value.
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AkW=dEW) * CF,

Where:
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CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001899635°% for indoor lighting
=0.0000056160 for exterior lighting
=0.0001379439 for exterior 24/7 lighting

NATURAL GAS ENERGY SAVINGS

Heating penalty if fossil fuel heated building (or if heating fuel is unknown):21132207

Watts — Watts
ATherms = Baie()OO EE + Hours * ISR * (—IFserms)

311 Results in a negative value because this is an increase in heating consumption due to the efficient lighting.
312 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes < Formatted: Left, Indent: Left: 0", Don't keep lines
and Coincident Peak Factors" together
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Where:

IFtherms = Lighting-HVAC Interaction Factor for gas heating impacts; this factor
represents the increased gas space heating requirements due to the
reduction of waste heat rejected by the efficient lighting. Values are
provided in the Lighting Reference Table in Section 2.6 and based upon
Building Type. If unknown, use the C&I Average value.

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
DeeMED O&M CosT ADJUSTMENT CALCULATION

In order to account for the falling EISA-Qualified backdrop provision, an equivalent annual
levelized baseline replacement cost over the lifetime of the LED bulb is calculated. The key
assumptions used in this calculation are documented below:33
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$1.80 $2.20 $5.06

The present value of replacement lamps and annual levelized replacement costs using utilities’
average real discount rate of 6.91% are presented below:

C&l Average $18.66 $14.70 $10.46 $2.04 $1.60 $1.14

Note: incandescent lamps in lumen range <310 and >2600 are exempt from EISA. For these bulb
types, an O&M cost should be applied as follows. If unknown Building Type, assume C&l
Average:

313 All cost assumptions based on Cadmus “LED Incremental Cost Study: Overall Final Report,” February 2016 page 19
Dttps://ma-eeac.org/wordpress/wp-content/uploads/MA-Task-5b-LED-Incremental-Cost-Study FINAL_01FEB2016.pdf
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Larg? Ofﬁce_ 0.32 [ Formatted: Font color: Auto
gﬂrs:;;jgﬁ?glce 8;?) [ Formatted: Font color: Auto
Warehouse 0.35 [ Formatted: Font color: Auto
Stand-alone Retail 0.29

Strip Mall 0.27

Primary School 0.29

Secondary School 0.29

Supermarket 0.27 $1.80%15

Quick Service Restaurant 0.16

Full Service Restaurant 0.16

Hospital 0.26

Outpatient Health Care 0.26

Small Hotel - Building 0.27

Large Hotel - Building 0.27

Midrise Apartment - Building 0.35

C&lI Average 0.30

MEASURE CODE:
. [ Formatted: Font color: Background 2

314 Calculated by dividing assumed rated life of baseline bulb by hours of use. Assumed lifetime of EISA-qualified
halogen/incandescent is 1000 hours (manufacturers are simply using a regular incandescent lamp with halogen fill gas rather
Halogen Infrared to meet the standard (as provided by G. Arnold, NEEP and confirmed by N. Horowitz at NRDC)).

315 Incandescent/halogen cost assumptions based on Cadmus “LED Incremental Cost Study: Overall Final Report,” February

2016 (http://ma-eeac.org/wordpress/wp-content/uploads/MA-Task-5b-LED-Incremental-Cost-Study_FINAL_01FEB2016.pdf),
p.19.
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Algorithm
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SUMMER COINCIDENT-DEMAND-SAVINGS
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2.6.36 LED Exit Sign (Available for Income Eligible and BSS programs)

This measure characterizes the savings associated with installing a new LED exit sign (or retrofit
kit) in place of a CFL or incandescent exit sign in a commercial building. LED exit signs use less
power (< 5 watts), have a significantly longer lifetime, and have less maintenance costs compared
to incandescent or CFL exit signs.?%

This measure applies to the following program types: RF and DI.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is an LED exit sign with an input power demand of 5 watts or less.?
DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is the existing exit sign (either a CFL or incandescent unit).
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

See Lighting EUL Reference Table for EUL values by Lighting Measure Group.

DEEMED MEASURE COST

Actual program delivery costs should be used if available. If not, use the full cost of $39%% for a
new LED exit sign and $25 for a retrofit kit, plus $6.25 in labor,*® for a total measure cost of
$45.25 and $31.25, respectively.

LOADSHAPE
Lighting BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS®®
Watts — Watts
AkWh = Base EE  Hours = WHE,

1000
Where:

326 ENERGY STAR® ‘“Save Energy, Money and Prevent Pollution with LED Exit Signs.”

327 ENERGY STAR® “Program Requirements for Exit Signs Version 3.0.” While the EPA suspended the ENERGY STAR® Exit
Sign specification effective May 1, 2008, Federal requirements specify minimum efficiency standards for electrically-powered,
single-faced exit signs with integral lighting sources that are equivalent to ENERGY STAR® levels for input power, demand ofb
watts or less per face.

328 Cost of new LED exit sign from ENERGY STAR® Exit Signs Calculator.xIsx.

329 Assumption based on 15 minutes (including portion of travel time) and $25 per hour, which is in line with the typical prevailing
wage of a General Laborer, as per the Annual Wage Order No. 23 published by the Missouri Department of Labor.

330 There is no ISR calculation. Exit signs and emergency lighting are required by federal regulations to be installed and functional
in all public buildings as outlined by the U.S. Occupational Safety and Health Standards (USOSHA 1993).
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Wattseasse = Actual wattage if known, if unknown assume the following:
Baseline Type | Wattsease
Incandescent (dual sided) 50 W
Incandescent (single sided) 25W
CFL (dual sided) 14 W 32
CFL (single sided) TW
Wattsee = Actual wattage if known; if unknown assume 2W for singled sided and 4W for
dual sided.>®
Hours = Annual operating hours = 8,766
WHFe = Waste heat factor for energy to account for cooling energy savings from efficient

lighting is selected from the Lighting Reference Table in Section 2.6 for each
Building Type. If building is un-cooled, the value is 1.0.

HEATING PENALTY
If electrically heated building:®*

Wattsggse — Wattsgg
1000

AkWhheatpenalty =
Where:

IFkwh = Lighting-HVAC Interaction Factor for electric heating impacts; this
factor represents the increased electric space heating requirements
due to the reduction of waste heat rejected by the efficient lighting.
Values are provided in the Reference Table in Section 2.8. If
unknown, use the C&I Average value.

* Hours * ISR * (—IFyyy)

SuMMER COINCIDENT PEAK DEMAND SAVINGS
AW = AkWh + CF

331 Average incandescent single sided (5W, 10W, 15W, 20W, 25W, 34W, 40W, 50W) from Appendix B 2013-14

Table of Standard Fixture Wattages. Available at: https://www.aesc-

inc.com/download/spc/2013SPCDocs/PGE/App%20B%20Standard%20Fixture%20Watts.pdf (See rows 9-22 middle
f page# B-26)

332 Average CFL smgle S|ded (5W 7W 9W) from Appendlx B 2013 14 Table of Standard leture Wattages Available at:
https://www.aesc-inc. com/downIoad/spc/ZOlSSPCDocs/PGE/ADD%ZOB%ZOStandard%ZOF|xture%20Watts pdf (See rows 1-47.8

333 Average Exit LED watts are assumed asa 2W as Ilsted in Appendlx B 2013 14 Table of Standard leture Wattages Avallable

pafhttps://www.aesc-
inc. com/downI0ad/spc/2013SPCDocs/PGE/App%ZOB%ZOStandard%ZOleture%ZOWatts pdf (See last two rows on page# B-26)
334 Negative value because this is an increase in heating consumption due to the efficient lighting.
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Where:
AkWh = Electric energy savings, including cooling savings, as calculated above.
= Summer peak coincidence demand (kW) to annual energy (kWh) factor
CF =0.0001899635

NATURAL GAS ENERGY SAVINGS
Heating penalty if fossil fuel heated building (or if heating is unknown):3*

Wattsgase — Wattsgg
1000

ATherms = * Hours * ISR * (—IFperms)
Where:

IFtherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor
represents the increased gas space heating requirements due to the
reduction of waste heat rejected by the efficient lighting. Please select
from the Reference Table in Section 2.6 for each Building Type.

Other factors as defined above.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeEeMED O&M CosT ADJUSTMENT CALCULATION

The annual O&M cost adjustment savings should be calculated using the following component
costs and lifetimes.

Baseline Measure

Component -
P Cost33* Life (yrs) %"
CFL lamp $8.91 0.63 years “ { Formatted Table
Incandescent lamp $7.39 0.14 years

MEeAsSURE CODE:

335 Negative value because this is an increase in heating consumption due to the efficient lighting.

336 Includes cost of labor and new replacement bulb. Labor cost of $6.25 based on 15 minutes (including portion of travel time) and
$25 per hour, which is in line with the typical prevailing wage of a General Laborer, as per the Annual Wage Order No. 23 published
by the Missouri Department of Labor. Cost of new 7W CFL bulb is $2.66, from Itron “2010-2012 WO017 Ex Ante Measure Cost
Study Final Report.” Prepared for California Public Utilities Commission, May 27, 2014.

337 ENERGY STAR® “Save Energy, Money and Prevent Pollution with LED Exit Signs” states that CFL bulbs for exit signs
typically have an average rated life of 5,000-6,000 hours. Given 24/7 run time, assume a CFL in an exit sign will require replacement
every 0.63 years (5,500 hours/8,766 hours).
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2.6.47 LED Specialty Lamp (RetiredAvailable for Income Eligible and BSS programs;
effective 8/1/2023)

DESCRIPTION

This characterization provides savings assumptions for LED directional, decorative, and globe
lamps. This characterization assumes that the LED is installed in a commercial location. This is
therefore appropriate for commercially targeted programs, or, if the implementation strategy does
not allow for the installation location to be known (e.g., an upstream retail program), utilities should
develop an assumption of the Residential v Nonresidential split and apply the relevant assumptions
to each portion.

Federal legislation stemming from the EISA requires all general-purpose light bulbs between 40W
and 100W to be approximately 30% more energy efficient than standard incandescent bulbs.
Production of 100W, standard efficacy incandescent lamps ended in 2012, followed by restrictions
on 75W lamps in 2013 and 60W and 40W lamps in 2014. The baseline for this measure has
therefore become bulbs (improved incandescent or halogen) that meet the new standard.

A provision in the EISA regulations requires that by January 1, 2020, all lamps meet efficiency
criteria of at least 45 lumens per watt, in essence making the baseline equivalent to a current day
CFL. However, in 2019, the Department of Energy issued two final rules and clarified that a) the
EISA backstop provision had not been triggered and therefore b) the efficiency standard would not
change in 2020. As of 10/15/2020, the 45 lumen per watt EISA standard is not effective.

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

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, new lamps must be ENERGY STAR® labeled based
upon the ENERGY STAR® specification v2.0 which will become effective on
1/2/2017 https:Hhwenan-e a ite ile b b 620

09420 Ravicad0a20ALIG
= Sea

Lo O VT I/ A

2016 pdf(https://www.energystar.gov/ia/partners/prod_development/revisions/downloads/eps_spec_v2.pdf). Qualification
could also be based on the Design Light Consortium’s qualified product list.**®

DEFINITION OF BASELINE EQUIPMENT

The baseline condition for this measure is assumed to be an EISA-qualified halogen or
incandescent.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

See Lighting EUL Reference Table for EUL values by Lighting Measure Group.
DEEMED MEASURE COST

339 https://www.designlights.org/QPL,
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Wherever possible, actual incremental costs should be used. If unavailable, assume the following

incremental costs:3°

. . < 20w $14.52 $8.21
Directional 20w $45.85 $6.31 $39.54
<15W $8.09 $4.17
Decorative 15 to <25W $15.86 $3.92 $11.94
>25W $15.86 $11.94
LOADSHAPE
Lighting BUS
Ext Lighting BUS
Miscellaneous BUS
Algorithm |

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Wattsgase — Wattsgp

AkWh = * Hours * WHE, * ISR

Where:
WattSgase

Wattsee

Hours

WHFe

1000

= Based on bulb type and lumens of LED bulb installed. See table
below.

= Actual wattage of LED purchased / installed - If unknown, use default
provided below:3#

= Average hours of use per year as provided by the customer or selected
from the Lighting Reference Table in Section 2.6 and based upon
Building Type. If unknown, use the C&I Average value.

= Waste heat factors for energy to account for cooling energy savings
from efficient lighting are provided for each Building Type in the

product.

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0 Page 194

Formatted: Font color: Auto

Formatted: Font color: Auto

Formatted: Font color: Auto

[
[
[ Formatted: Font color: Auto
[
{

Formatted: Font color: Auto

U L

[ Formatted: Font color: Auto

{ Formatted: Font color: Background 1




Ameren Missouri Appendix H - TRM - Vol. 2: C&I Measures

Lighting Reference Table in Section 2.6. If unknown, use the C&I
Average value.

ISR = In Service Rate represents the percentage of reported lamps or fixtures
that is installed and operating and varies with the program delivery
approach. Use 100% for programs with direct installation and/or
installation verification procedures (e.g., verification inspections for a
sample of projects); use 98.7% for program delivery without installation
verification.?* The ISR may also be set to 100% if the installation
verification is embedded in other evaluation adjustments.

o U

| Bulb Type | Lower Lumen Range | Upper Lumen Range | Wattsss | Wattsee | DeltaWatts | ormates: ont coer Ao
250 349 25 5.6 194 [ Formatted: Font color: Auto
350 399 35 6.3 28.7 ( Formatted: Font color: Auto
Directional 400 599 40 7.5 325 [ Formatted: Font color: Auto
600 749 60 9.7 50.3 [ Formatted: Font color: Auto
750 999 75 12.7 62.3 [ Formatted: Font color: Auto
1000 1250 100 16.2 83.8
70 89 10 1.8 8.2
90 149 15 2.7 12.3
Decorative 150 299 25 3.2 218
300 499 40 4.7 35.3
500 699 60 6.9 53.1
250 349 25 4.1 20.9
350 499 40 5.9 34.1
500 574 60 7.6 52.4
Globe 575 649 75 136 614
650 1099 100 175 825
1100 1300 150 13.0 137.0

Heating Penalty:
If electrically heated building:3+

Wattsgase — Wattsgg
1000

AW hpeatpenaity = * Hours * ISR * (—IFyyy)

>

[ Formatted: Font color: Background 1
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Where:

IFkwh = Lighting-HVAC Interaction Factor for electric heating impacts; this factor
represents the increased electric space heating requirements due to the
reduction of waste heat rejected by the efficient lighting. Values are
provided in the Lighting Reference Table in Section 2.6 and based upon
Building Type. If unknown, use the C&I Average value.

SuMMER COINCIDENT PEAK DEMAND SAVINGS
AKW = AkWh = CF

Where:

CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001899635* for indoor lighting
= 0.0000056160 for exterior lighting
=0.0001379439 for exterior 24/7 lighting

Other factors as defined above.

NATURAL GAS SAVINGS
Heating penalty if fossil fuel heated building (or if heating fuel is unknown):3%

Wattsggse — Wattsgg
1000

ATherms =

* Hours * ISR * (—IFperms)
Where:

IFtherms = Lighting-HVAC Interaction Factor for gas heating impacts; this factor
represents the increased gas space heating requirements due to the reduction
of waste heat rejected by the efficient lighting. Values are provided in the
Lighting Reference Table in Section 2.6 and based upon Building Type. If
unknown, use the C&I Average value.

DeeMED O&M CosT AbJUSTMENT CALCULATION
O&M cost should be applied as follows:

<

34 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors"
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O JC A

[ Formatted: Font color: Auto
Large Office 0.32 [ Formatted: Font color: Auto
Medium Office 0.32
Small Office 0.35 [ Formatted: Font color: Auto
Warehouse 0.35 [ Formatted: Font color: Auto
Stand-alone Retail 0.29 [ Formatted: Font color: Auto
Strip Mall 0.27
Primary School 0.29 Decorative:
Secondary School 0.29 $6.31
Supermarket 0.27
Quick Service Restaurant 0.16 Directional:
Full Service Restaurant 0.16 $3.92
Hospital 0.26
Outpatient Health Care 0.26
Small Hotel - Building 0.27
Large Hotel - Building 0.27
Midrise Apartment - Building 0.35
C&I Average 0.30
MEASURE CODE:

Formatted: Font color: Auto

346 Calculated by dividing assumed rated life of baseline bulb by hours of use. Assumed lifetime of EISA qualified Halogen/ Formatted: Font color: Auto

Halogen Infrared to meet the standard (as provided by G. Arnold, NEEP and confirmed by N. Horowitz at NRDC).

Incandescent is 1000 hours. The manufacturers are simply using a regular incandescent lamp with halogen fill gas rather than [ Formatted: Font color: Auto

347 Incandescent costs based on “2010-2012 WA017 Ex Ante Measure Cost Study Draft Report,” Itron, February 28, 2014. Formatted: Font color: Auto

O U
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2.6.58 Lighting Power Density (Available for Income Eligible and BSS programs) ‘

DESCRIPTION

This measure entails the installation of efficient lighting systems in either new construction or
during substantial renovation of commercial buildings that triggers compliance with code. This
methodology applies to situations where code specifies maximum lighting power densit
allowances (W/ft?). Either the Building Area Method or Space-by-Space_(not recognized by IEC<E
2009) method as defined in IECC 2009, 2012, 2015, 2018, 2021, or 2024 can be used for calculatin
the Interior Lighting Power Density (LPD).3*® The measure consists of a design that has a lower
LPD than code requires.

This measure was developed to be applicable to the following program types: NC and TOS. The
measure is application for any project for which the project requires compliance with building code.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the lighting system must be more efficient than the
baseline energy code maximum lighting power density in watts/square foot for either the interior
space or exterior space.the interior space.

DEFINITION OF BASELINE EQUIPMENT

The baseline is assumed to be the maximum lighting power density that meets the building code
recognized by the local jurisdiction. In the absence of local energy building codes, and for areap
with an IECC code version prior to 2018, the IECC 2018 is the baseline. For illustrative purpose
in this characterization, IECC 2009, 2012, 2015, and 20182018, 2021 and 2024, are highlighted t
demonstrate the methodology.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
See Lighting EUL Reference Table for EUL values by Lighting Measure Group.

DeeMED MEASURE COST

The actual incremental cost over a baseline system should be collected from the customer if
possible or quantified using an alternative suitable source.

LOADSHAPE
Lighting BUS

Ext Lighting BUS
Miscellaneous BUS

Algorithm
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CALCULATION OF SAVINGS

ENERGY SAVINGS

WSFgase — WSF,
AkWh = W * SF * Hours * WHE,

Where:

WSFbase = Baseline lighting watts per square foot or linear foot as determined by
building or space type. IECC example whole building analysis values are
presented in the Reference Tables below.3*°

WSFee = The actual installed lighting watts per square foot or linear foot.

SF = Provided by customer based on square footage of the building area
applicable to the lighting design for new building.

Hours = Annual site-specific hours of operation of the lighting equipment

collected from the customer or selected from the Reference Table in
Section 2.8 if unavailable.

WHFe = Waste Heat Factor for Energy to account for cooling savings from
efficient lighting is as provided in the Reference Table in Section 2.8 for
each Building Type. If building is not cooled, the value is 1.0.

Heating Penalty
If electrically heated building:°
WSFgase — WSFgg

AkWhheatpenalty = 1000

* SF x Hours * (—IFyyy)
Where:

IFkwh = Lighting-HVAC Interaction Factor for electric heating impacts; this
factor represents the increased electric space heating requirements due to
the reduction of waste heat rejected by the efficient lighting. Values are
provided in the Reference Table in Section 2.8. If unknown, use the C&l
Average value.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh *x CF

Where:

CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001899635% for indoor lighting

meren Missoy A\ olume soend . "Table ommercial-andtndustrial End-Use Catecorv-Monthlv-Shapes < Formatted: Left, Indent: Left: 0", Don't keep lines
and Coincident Peak Factors” together
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=0.0000056160 for exterior lighting
=0.0001379439 for exterior 24/7 lighting

Other factors as defined above.

NATURAL GAS ENERGY SAVINGS
Heating interactive loss is calculated as:

WSFgqse — WSFgg
1000

ATherms = * x SF * x Hours * x (—IFperms)
Where:

IFmherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor
represents the increased gas space heating requirements due to the
reduction of waste heat rejected by the efficient lighting. Please select from
the Reference Table in Section 2.8 for each Building Type.

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A
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REFERENCE TABLES

Lighting Power Density Values from IECC 2009, 2012 and 20152015, 2018, 2021 for Interior
Commercial New Construction and Substantial Renovation Building Area Method. The IECC
2024 has not been published as of June 2024.The IECC 2015 values are provided for comparison,
as the base models for developing the LPD standard did not include LED lighting.

Building Area Type 3%

Automotive
facilityAutomotive Facility

IECC 2009
Lighting Power
Density (w/ft?)
0.80.80.80.9

IECC 2012
Lighting Power
Density (w/ft?)
0.710.710.710.9

IECC 2015
Lighting Power
Density (w/ft?)
0.750.750.750.80

Convention
centerConvention Center

1.011.011.011.2

0.760.760.761.2

0.640.640.641.01

CourthouseCourt House

1.011.011.011.2

0.90.90.91.2

0.790.790.791.01

Dining: bar
lounge/leisureDining: Bar
Lounge/Leisure

1.011.011.011.3

0.90.90.91.3

0.80.80.81.01

Dining: cafeteria/fast

toodDining: Cafeteria/Fast
Food

0.90.90.91.4

0.790.790.791.4

0.760.760.760.9

Dining: familyDining:
Family

0.950.950.951.6

0.780.780.781.6

0.710.710.710.95

Dormitory Dormitory

0.570.570.571.0

0.610.610.611.0

0.530.530.530.57

Exercise centerExercise
Center

0.840.840.841.0

0.650.650.651.0

0.720.720.720.84

Fire station Fire station 0.670.670.671.0 | 0.530.530.530.8 | 0.560.560.560.67
GymnasiumGymnasium 0.940.940.941.1 | 0.680.680.681.1 | 0.760.760.760.94
Health care clinicHealthcare 0.90.90.91.0 0.820.820.821.0 | 0.810.810.810.90
— clinic

Hospital Hospital 1.051.051.051.2 | 1.051.051.051.2 | 0.960.960.961.05
Hotel/MotelHotel 0.870.870.871.0 | 0.750.750.751.0 | 0.560.560.560.87
LibraryLibrary 1.191.191.191.3 | 0.780.780.781.3 | 0.830.830.831.19
Manufacturing 1.171.171.171.3 0.90.90.91.3 0.820.820.821.17
facilityManufacturing Facility

Motion picture theaterMotel | 0.760.760.761.0 | 0.830.830.831.0 | 0.440.440.440.87
Multiple FamilyMotion 0.510.510.511.2 | 0.680.680.681.2 | 0.450.450.450.76
Picture Theater

MuseumMultifamily 1.021.021.020.7 | 1.061.061.060.7 | 0.550.550.550.51
OfficeMuseum 0.820.820.821.1 | 0.790.790.791.1 | 0.640.640.641.02
Parking garageOffice 0.210.210.211.0 | 0.150.150.150.9 | 0.180.180.180.82
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PenitentiaryParking Garage

0.810.810.810.3

0.750.750.750.3

0.690.690.690.21

Performing arts
theaterPenitentiary

1.391.391.391.0

1.181.181.181.0

0.840.840.840.81

Office

Police stationPerforming Arts | 0.870.870.871.6 0.80.80.81.6 0.660.660.661.39
Theater

Post officePolice Station 0.870.870.871.0 | 0.670.670.671.0 | 0.650.650.650.87
Religious buildingPost 11111 0.940.940.941.1 | 0.670.670.670.87

RetailReligious Building

1.261.261.261.3

1.061.061.061.3

0.840.840.841.0

School/universityRetail®®

0.870.870.871.5

0.810.810.811.4

0.720.720.721.26

Sports 0.910.910.911.2 | 0.870.870.871.2 | 0.760.760.760.87

arenaschool/University

Town hallsports Arena 0.890.80.891.1 0.80.710.81.1 0.690.750.690.91

TransportationTown Hall 0.70.71.1 0.610.611.1 0.50.50.89

WarehouseTransportation 0.660.661.0 0.480.481.0 0.450.450.70

WorkshopWarehouse 1.191.19.8 0.90.90.6 0.910.910.66
0.81.4 0.711.4 0.751.19

Lighting Power Density Values from IECC 2012 for Interior Commercial New Construction and

Substantial Renovation Space by Space Method
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TABLE C405.5.2(2) TABLE C405.5.2(2)—continued
INTERIOR LIGHTING POWER ALLOWANCES: INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD SPACE-BY-SPACE METHOD
COMMON SPACE-BY-SPACE TYPES LPD (w/ft?) COMMON SPACE-BY-SPACE TYPES LPD (w/ft’)
Atrium — First 40 feet in height 0.03 per ft. ht. Healthcare clinic/hospital
Atrium — Above 40 feet in height 0.02 per ft. ht. Eomdors/lransxlmn :(7)8
Audience/seating area — permanent Emergency 270
For auditorium 0.9 Public and staff lounge 0.80
For performing arts theater 2.6 Medical supplies 1.40
For motion picture theater 12 Nursery 09
Classroom/lecture/training 1.30 Nurse station 1.00
Conference/meeting/multipurpose 12 Physical therapy 0.90
Corridor/transition 0.7 Patient room 0.70
Dining area Phur_mucy ) ) 1.20
Bar/lounge/leisure dining 1.40 Radiology/imaging 1.3
Family dining area 1.40 Operating room 2.20
e e Recovery 1.2
Dressing/fitting room performing arts theater 1.1 Lounge/recreation 0.8
Electrical/mechanical 1.10 Laundry — washing 0.60
Food preparation 1.20 Hotel
- ke " Dining area 1.30
Laboratory for classrooms 13 GiiESt A0S 110
Laboratory for medical/industrial/research 1.8 Hotel lobby 2.10
Lobby 1.10 Highway Iu:}ging dining : %8
Highway lodging guest s
Lobby for performing arts theater 33 = ey e gretoom
ra
Lobby for motion picture theater 10 s 190
Locker room 0.80 Card file and cataloguing 1.10
ing ares 2
Lounge recreation 08 Readingares 12
e M: ing
Ut.tfce enclosed 1.1 Corride 0.40
Office — open plan 1.0 Detailed manufacturing 1.3
Restroom 1.0 Equipment room 1.0
- - Extra high bay (> 50-foot floor-ceiling height) 1.1
Salesiarea 16 High bay (25- ~ 50-foot floor-ceiling height) 120
Stairway 0.70 Low bay (< 25-foot floor-ceiling height) 12
Storage 0.8 Museum
Workshop 1.60 Senera] _exhlbmon :%
“ourthous: lice stati iz =
Cngm[::::;‘e)g:n ice station/penetentiary 160 Parkiing gaage = pitags s 02
Confinement cells 1.1 Convention center
Judge chambers 1.30 Exhibit space 1.50
Penitentiary audience scating 0.5 Audience/seating area 0.90
Pen!len[fary c]'a%%r(mm 1.3 Fire stations
Penitentiary dining 11 Eilsihe oo 0.80
BUILDING SPECIFIC SPACE-BY-SPACE TYPES Sleeping quarters 0.30
Automotive — service/repair 0.70 Post office 0.9
Bank/office — banking activity area I:5 Sorting area )
Dormitory living quarters 1.10 Religious builgh;g
o a—r Fellowship hall 0.60
(:y};?ll:;::l?n/t:lness center 5% Audience 'sealing 240
are: - Worship pulpit/choi 240
Gymnasium audience/seating 0.40 fm D REPIVChAL:
Playing area 1.40 Retail
Dressing/fitting area 0.9
(continued) Mall concourse 1.6
Sales area 1.6"
(continued)
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TABLE C405.5.2(2}—continued [ Formatted: Right: 0", Space After: 0 pt
INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD
BUILDIMG SPECIFIC SPACE-BY-SPACE TYPES | LPD (witt)

Sports arena

Audience seating | 04

Court sports area — Class 4 07

Coun spors area — Class 3 1.2

Court sports area — Class 2 1.9

Cou spoits area — Class | £ <«

Ring sports arca 27
Transporation

Alrfirain'bus baggage aca | (R

At coneourse | 0ab

Terminal — ticket counter 1,50
‘Warchouse

Fine material storuge 140

Medivn/balky materal {160

“ [ Formatted: Right
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Lighting Power Density Values from IECC 2015 for Interior Commercial New Construction and
Substantial Renovation Space by Space Method:

TABLE C405.4.2(2) TABLE C405.4.2(2 tinued
INTERIOR LIGHTING POWER ALLOWANCES: INTERIOR LIGHTING ALLOWANCES:
SPACE-BY-SPACE METHOD SPACE-BY-SPACE METHOD
COMMON SPACE TYPES® | LPD (watts/sq.f) COMMON SPACE TYPES* LPD (wattalaq.f)
Atnum Food preparation area 121
i < 0.03 per foot Guest room 047
Less than 40 feet mn height in total height Laboratory -
In oras a classroom A
3 5
Greater than 40 feet in heizht Qﬁ:&fﬁﬂm Otherwise T8l
= Laundry/washing area 06
Audierce seatnz area Toadinz dock, mtenor 047

In an auditorum 0.63 Tobby

In a convention center 0.82 In a facility for the visually impaired (and 18

In a gymnasium 0.6 not used primarily by the staff) i

= T o BT} For an elevator 0.64

a motion picf er § e 106

In a pemitentiary 028 In 2 motion picture theater 0.39

In a performmg arts theater 243 In a performuing arts theater 20

In a relizous bulding 153 Otherwise 09

In a sports arena 043 t“k“ oo e

ounge/

Otbervaze 043 Tn 2 bealtheare Bacility I 09
Bankinz actrity area 101 Ofcrnie I Kz}
Breakroom (See Lounge Breakroom) Office
Classroom/lecture hall/traming room Enclosed L1l

In a pemifentiary 134 Open plan 098

Oberves 53 Parking area. mtenior 0.19

erwise - Pty avea 168
Conference/meeting/multipurpose room 123 Rastroon
Copy/print room 0.72 In a facility for the visually mparred (and 5
121
Comidor not used primanly by the staff* =
- - Otherwis 0.98
Ina facthity for the visually mpaired (and 092 S = %]
not used primarily by the staff)’ s el .
Z s Seating area, general 054

In a hospital 0.79 Stairway (See space contaming starway)

In a manufacturing facility 041 Starwell 069

Otherwize 0.66 Storage room 0.63
Cowtroom 172 Vehicular area 0.67

Work<h 1.59
¥ P
Computer room, En BUILDING TYPE SPECIFIC SPACE TYPES® LPD (wattelaq.f)
Dining area Facility for the vasually mmpaired”
In a pemutenhary 0.96 In 2 chapel (and not used prmanly by the 291
T 2 facliy for the visually mmpared (wd 2l __
not wsed primanily by the staf)’ 13 I";‘mm(‘“‘“‘“‘““‘m“y 241

In barlounge or letswre dining 107 Amon;ou\'e (See Vehicular Maintenance Area above)

In cafetena or fast food dining 0.65 Convention Center—exthubit space 145

In fanuly dinmg 0.89 Dormutory—Iining quarters 038

Otherwize 0.65 Fue Staton—sleeping quarters 0.22

G /fitness
Electneal/mechamical room 095 = == )
L an exercise area [ .72
Emergency vehicle garage 056 In 2 playing area [ 12
{continued) {continued)
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TABLE Clﬂs.l.%aminued
INTERIOR LIGHTING P ALLOWANCES:

SPACE-BY-SPACE METHOD
BUILDING TYPE SPECIFIC SPACE TYPES® I LPD (wattsisq.f)
healthcare facility
In an exam/treatment room 1.66
In an magzng room 151
In a medical supply room 0.74
In a nursery 088
In a nurse’s station 0.71
In an operating room 248
In a patient room 0.62
In a phy=ical therapy room 091
In a recovery room 115
Library
Inareading area 1.06
In the stacks 171
Manufactunng facility
In a detailed manufactuning area 129
In an equpment room 0.74
Inanexu:highbaygma(gm:terthm 50° 105
floor-to-cetling height)
In a high bay area (23-30" floor-to-ceiling 123
height)
Inal_oy\' ba_v_ma (less than 25" floor-to- 119
ceiling height)
Museum
In a general exhibition area 105
In a restoration room 1.02
Per ing arts theater—dr room 0.61
Post Office—Sorting Area 094
Relizious buldings
In a fellowship hall 0.64
In a worship/pulpit/choir area 153
Retal facilihes
In a dressing/fithng room 0.71
In a mall concourse 11
Sports arena—playing area
For a Class I facility 368
For a Class II facality 24
For a Class ITI facihity 1.8
For a Class IV facility 12
Transportation facihity
In a baggage/carousel area 0.53
In an anport concourse 036
At a ternunal ticket counter 08
Warshouse—storage area
For medium to bulky. palletized items 0.58
For smaller, hand-camied items 095

a In cases where both 2 common space type and a building area specific
space type are listed, the building area specific space type shall apply

b. A ‘Facility for the Visually Impaired’ is a facility that is licensed or will be
licensed by local or state suthorities for semior long-term care, aduit
daycare, senior support or people with special visual needs.
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The exterior lighting design will be based on the building location and the applicable “Lighting
Zone” as defined in IECC 2015 Table C405.5.2(1) which follows. This table is identical to IECC
2012 Table C405.6.2(1) and IECC 2009 Table 505.6.2(1).

TABLE C405.5.2(1)
EXTERIOR LIGHTING ZONES

DESCRIPTION

LIGHTING
ZONE

1 Developed areas of national parks, state parks, forest
land. and rural areas

Areas predominantly consisting of residential zoning,
neighborhood business districts, light industrial with
Iimited nighttime use and residential mixed-use areas

9

3 All other areas not classified as lighting zone 1, 2 or 4
High-activity commercial districts in major metropoli-

4 tan areas as designated by the local land use planning
authority

The lighting power density savings will be based on reductions below the allowable design levels
as specified in IECC 2009 Table 505.6.2(2), IECC 2012 Table C405.6.2(2) or IECC 2015 Table
C405.5.2(2).
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TABLE 505.6.2(2)
INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS
Zone 1 Zone 2 Zone 3 Zone &
Base Site Allowance
Gaseallowancs ity e 500W 600w 750W 1300W
rontradable surfaces.)
Uncovered Parking Areas
Parking areas and dnives 0.04 W/a? 0.06 Wia® 0.10 W/a? 0.13 Wia?
Bullding Grounds
Wiy Jeu flon 0.7 Wkinear foot 0.7 W/kinear foot 0.8 Wiiinear foot 1.0 Wiinear foot
Walkways 10 feet wide 7 l
or greater, plaza areas 0.14 w/a? 014 wia’ 0.16 Wia? 02 Wi’
special feature areas
Stairways 0.75 W/a? 1LOW/AR? LOW/a? Lowa’
| Padectrian tunpels 015 Wifi2 015 Wift? 02 Wift2 03 Wig?
Tradable Surfaces
(Lighting power Buliding Entrances and Exlts
densities for uncoversd
i s buildi 2 g 20 Wilkinear foot 20 Wilinear foot 30 Wilinear foot 30 Wlinear foot
areas, bmldmg
mmg' building Main entries of door width of door width of door width of door width
entrances and exits, - e 7 P,
2 20 W/linear foot 20 Wlinear foot 20 Wilinear foot 20 W/linear foot
Chiopies an overhans Oer dooes of door width of door width of door width of door width
may be traded) y canopies 025 W/? 025 Wi 04 WiR? 04 Wia?
Entry canopi
Sales Canopies
Free-standing and a2 e ;2 —,
hed 0.6 W/ 0.6 Wit 08Wik 10w
Outdoor Sales
03“‘, ey saf:‘g;"g 025 Wik? 025 Wia' 05 Wia? 0.7 Wit
Street frontage for
a;;ﬁ‘x‘w"lfpz“ﬁa. No allowance 10W/linear foot 10W/kinear foot 30 Wikinear foot
allowance
0.1 Wt for each 0.15 W/st? for each 0.2 W/ft? for each
illuminated wall or lluminated wall or illuminated wall or
Building facades No allowance surface or 2.5 W/linear | surface or 3.75 W/linear | surface or 5.0 W/linear
foot for each illuminated | foot for each illuminated | foot for each illuminated
Nontradable S\m"dlces wall or surface length | wall or surface lenzth | wall or surface length
power density
calculations for the Automated teller 270 W per location plus | 270 W per location plus | 270 W per location plus | 270 W per location plus
following applications machines and night 90 W per additional 90 W per additional 90 W per additional 90 W per additional
can be used only for the depositories ATM per location ATM per location ATM per location ATM per location
specific application and %
cannot be traded berween| EMances and gatehouse | 475 f207 coverad | 0.75 Wii?of coversd | 0.75 WiAiZofcoversd | 0.75 W/A? of covered
surfaces or with other =P e and uncovered area and uncovered area and uncovered area and uncovered area
exterior lizhting The guarded facilities
:uow“?fn?;?"s 2| Loading areas for law
allowance otherwise M"f‘“ﬁ?&“ 0.5W/ ofcovered | 0.5W/k’ofcovered | 0.5W/R’ofcoverad | 0.5W/ft’ofcoversd
permitted in the ety and uncovered area and uncovered area and uncovered arsa and uncovered area
“Tradable Surfaces” e
saction of this table)
Drive-up windows/doors | 400 W per dnive-through | 400 W per drive-through | 400 W per dnve-through | 400 W per drive-through
Parking near 24-hour S = 2 = 2 - 2
retail entrances 800 Wpermamnentry | 800 W permainentry | 800 W per main entry | 800 W per main entry

For SI:

1 foot =304.8 mm. 1 watt per square foot =W/0.0920 o’

Allowable Design Levels from IECC 2012
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Ameren Missouri
Il

TABLE caos.alzé?
INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS
LIGHTING ZONES
Zona 1 Zone 2 Zone3 Zono 4 |
Base Site Allowance |
(Base allowance is ) 1 |
Koerpha el oSl 500 W 600 W 750'W 1300 W |
nontradable surfaces.) |
Uncovered Parking Areas |
|
Parksng ureas and drives 0.04 WY 0.06 Wit l 010 WiE ] 013 Wi
Building Grounds |
Wolkways lom.than 0.7 Wilinear foot 0.7 Wilinear foot 0.8 Wilinear foot 1.0 Witinear foat
10 feet wide
Walkways 10 feet wide 3 |
or greater, plaza arcas 014 W' 0.14 Wit 0.16 Wi 0.2 Wiy’
special feature arcas |
Stairways 0.75 Wire 1.0 Wi 1.0 War Lowine |
Trodable Surfaces Pedesteian unnels 0.15 Wit 0.15 Wi’ 0.2 Wh* | 03wm’ |
(Lighting power ) Bullding Entrances and Exits |
ok for uncovered ~ = - -
parking aseas, building Main anitios 20 Whinear foot 20 Wiinear foorl 30 Wilinear foot M Wilinear foot |
grounds, buikding of door width of doar width of door widih of door width |
entrances and exits, Other dotis 20 Wolinear foot 20 W/linear fool 20 Wilineas foot 20 Wilinear fool |
curw;v::l o\:vluwx af door width of door width of door width of door widdh |
e radabley S T By canoies | 025 WT .25 Wit D2 Wie 0 Wi ‘
Sales Canopies |
Pres:standing and 0.6 Wi 0.6 Wi 0.8 Wit 1.0 Wi |
uttached <
Outdoor Sales
Open areas (including el 2 e el
vehiche sales lots) 0.25 Wifr 0.25 Wifr 0.5 Wiy 0Iwin
Street frontage lor
m“’f‘:'l":‘“’;“'z;‘::;:‘u No allowance 10 Wilinear foor 10 Wiinsar foot 30 Wilinear foot
allowance
0.1 WY for each 0.15 WA for each 02 W for each
wall or d wall or illuminased wall or
Nontradable Surfaces Building fucudes No allowince surface oc 2.5 Wilinear | serface or 375 Wilinear | surface or 5.0 Wilinear
(Lighting power foee for each {1 g | foot for cach il 11 foot for cach illuminated
density calculations wall or surfsce length wall or surface length wall or surfuce length
:nr IIMI‘I‘:.I)L‘? m:be Automated teller 270 W per locaboa plus [ 270 W per Jocation plus | 270 W per locarion plus | 270 W per locaton plus
'::l':“ = :I;| machines and night 90W per additional S0 W per adklitioal 90 W per additional 90W per additional
hzanc depositories ATM per Jocation ATM perlocation | ATM per location ATM per location
specific upplication miscacs
and canpot be taded | Entrances and gatehouse c . ’ e oy
o " % 0 0.75 Wit of covered | 0.75 W/ of covered | 075 WNE of covered | (075 WAL of covered and
berween surfaces or SBRprctomsunes Al and d arey and d area and uncovered area uncovered ares
with other exterior | guarded facilines
"‘fmm!" 'I‘hc‘ | Loadling areas for law
e t [ i . s . .
arc in addition to any | 8 EET Jm'l':h'cr 05 Wi of coveredand | 0.5 WiIE of covered and | 0.5 WA of coversd and | 0.5 WAF* of coversd
allowance otherwise ¥ 2 bp d area area uncovered area and uncovered area
CIMSIEENCY service
permitted in the veliicles
“Tradable Surfaces"”
section of this table ) | Dave-up windows/doars [400 W per drive-through | 400 W per drive-throagh | 400 W per drive-through | 400 W per drive-theough
— azbadss
h'z&fl";l‘:ni:;m" 00 W per main eatry | 800 W per main entry 800 W per main entry SO0 W per main entey

For SE: | foot = 3048 men, | watt per square foot = WAL0929 m’.
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Allowable Design Levels from IECC 2015
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TABLE C405.5.2(2)
INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS

between surfaces or
with other exterior
lighting. The
following allowances
are in addition to any
allowance otherwise
permitted in the
“Tradable Surfaces™
section of this table.)

guarded facilities

LIGHTING ZONES
Zone 1 Zone 2 Zone 3 Zone 4
Base Site Allowance
(Base allowance is ; - 7 7
tablo ttradabls o 500 W 600 W 750 W 1300 W
nontradable surfaces.)
Uncovered Parking Areas
Parking areas and drives 0.04 Wi | 0.06 W/t 0.10 W/ 0.13 Wi
Building Grounds
Walkways less than | 7 wninear foot 0.7 Wiinear foot 0.8 Wiinear foot 1.0 Wilinear foot
10 feet wide
Walkways 10 feet wide
or greater, plaza areas 0.14 Wi 0.14 W/ 0.16 Wit 0.2 Wife
special feature areas
Stairways 0.75 Wi 1.0 Wi 1LOWif? 1.0 Wi
Tradable Surfaces Pedestrian tunnels 0.15 Wiy 0.15 Wi 0.2 Wi 0.3 Wife
@§¥m§ power - Building Entrances and Exits
densities for uncover
ring areas. buildin: 20 W/linear foot 20 W/linear foot 30 W/linear foot 30 W/linear foot
g?ul:fs. building = Maiientiies of door width of door width of door width of door width
entrances and exits, Othe dovis 20 W/linear foot 20 W/linear foot 20 W/linear foot 20 W/linear foot
chnopics xad overhimes of door width of door width of door width of door width
are tradable.) Entry canopies 0.25 Wi 0.25 Wi 0.4 W/t 0.4 W/fe
Sales Canopies
Free standing and 06 Wi 06 Wi 08 Wi Lo Wi
Outdoor Sales
Opéniareas (inchiding 025 Wi 025 Wi 05 Wi 07 Wi
vehicle sales lots)
Street frontage for
veuclesales lote i, No allowance 10 W/linear foot 10 W/linear foot 30 W/linear foot
addition to “open area
allowance
" » : 0.075 W/t of gross 0.113 W/ of gross 0.15 W/ of gross
?anl;igdable Surfaces Bufl ding ficades Noallownice above-grade wall area above-grade wall area above-grade wall area
tin,
de:agsity cgaf:‘:f:;ons Automated teller 270 W per location plus | 270 W per location plus [ 270 W per location plus | 270 W per location plus
for the following machines (ATM) and 90 W per additional 90 W per additional 90 W per additional 90 W per additional
applications can be night depositories ATM per location ATM per location ATM per location ATM per location
used only for the N : ,
specific application | —ances and gatehouse | ¢ 75 gy of covered | 0.75 W/AF of covered | 0.75 W/F of covered | 075 WA of covered and
and cannot be traded P and uncovered area and uncovered area and uncovered area uncovered area

Loading areas for law
enforcement, fire,
ambulance and other
emergency service

0.5 W/ of covered and
uncovered area

0.5 WA of covered and
uncovered area

0.5 W/ of covered and
uncovered area

0.5 W/#t* of covered
and uncovered area

vehicles
Drive-up windows/doors (400 W per drive-through [ 400 W per drive-through | 400 W per drive-through | 400 W per drive-through
Parki 24-h = . . . ]
arrel:la%;:;::]rmc esoux 800 W per mainentry | 800 W per main entry | 800 W per main entry 800 W per main entry

For SI: 1 foot = 304.8 mm, 1 watt per square foot = W/0.0929 m’.

W = watts.

MEASURE CODE
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CALCULATION-OF SAVINGS

ELECTRICENERGY-SAVINGS
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2.6.610 Oceupaney-Lighting-Sensor-Centrols-Lighting Controls

DESCRIPTION

<

The lighting controls measure is applicable to the installation of occupancy sensors, daylighting
Sensors, networked Irqhtrnq controls (NLC) and Iumrnarre Ievel Irqhtrnq controls (LLLC)

&h&presenee—(ehabsenee)—ef—peeple—rrha—deﬁnedaarea—Assocrated energy savmgs depends on the
Buiding-building Fypetype, location area covered, type of lighting-and, activity, and-occupancy
pattern_and control strategies.**®

This measure relates to the installation of interioroccupaney-sensors-on-Rew-fixtures-in-an-existing
lighting—system-—lighting controls with a new or existing interior lighting system, that are not

requrred by local burldrnq energy codes. l:rghtmg—eentrel—type&ee%red—by—tms—measere%elede

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

DEFINITION OF EFFICIENT EQUIPMENT

H-is-assumed-that-thisThe measure characterization applies to enby-fixture-mounted occupancy
sensors, -ane-remote mounted occupancy sensors, networked lighting controls (NLC) and LED
fixtures equipped with light level luminaire control (LLLC). For LLLC fixtures, this measure
applies to the control strategies (trimming the base wattage, dimming, occupancy, daylighting).
The base watt reduction for LLLC fixtures over the existing or code based fixture is not
characterized by this measure, but by measure 2.6.31 LED Bulbs and Fixtures. Also, not
characterized for LLLC fixtures are HVAC temperature and humidity setback sensing.-

DEFINITION OF BASELINE EQUIPMENT

The baseline efficiency case assumes lighting fixtures with -with-ne-occupaney-controls.only
manual controls or no controls. When controls are installed with new fixtures, replacing existing

fixtures, the controlled wattage is based on the new system.

DEeMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life for al-tighting-contrelsoccupancy sensors and daylight sensor is
assumed to be 10 years.%%

The expected measure life for NLC and LLLC controls is assumed to align with the fixture life, at
15 years.
DeeMED MEASURE COST

366 Measure Llfe Repon Re5|dent|al and Commerual/lndustrlal Lighting and HVAC Measures, GDS Associates, June 2007
(See page 1-3).
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When available, the actual cost of the measure shall be used. When not available, the following
default values are provided:

Full cost of fixture mounted occupancy sensor, <200W $4565 per sensor%®
Full cost of fixture mounted occupancy sensor, >200W $138 per sensor
Full cost of remote (ceiling) mounted occupancy sensor $205-105 per sensor
Luminaire lighting level controls with fixture $53 per fixture®s®
Network lighting controls, less than 10,000 SF $0.86 per SF3™°
Network lighting controls, 10,000 SF to 100,000 SF $0.59 per SF
Network lighting controls, more than 100,000 SF $0.44 per SF
LOADSHAPE

Lighting BUS
Miscellaneous BUS
Ext Lighting BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = Z( kWeontrotea = Hours <«x(ESFye + ESFprim + ESFpuner ) ESE+x(WHF,

- IFheat))
Where:
AkWh = Summation of controlled watts, hours of use, savings factors, waste
heater factor for each unique usage area
kWcontrolled = Fetal-lghting-leadLighting load eennected-to-the-contro-n

kitewatts-controlled, kilowatts.-Savings-is-percontrol—Fhe-total

=Actual, default from table below may be used for fixture or remote
occupancy sensing. NLC and LLC to use actual only.

{Formatted: Font: 11 pt

{Formatted: Font: 11 pt

368 Ameren DSM participant reported costs, 266 participants, 1/1/2019 through 7/1/2024, weighted average of 14,228 sensor coq

<

with installation.
39NEEA, Northwest Energy Alliance, Table 11 page 11, Average of three systems, “2022 Luminaire Level Lighting Controls

Incremental Cost Study”, (March 2023), https://neea.org/img/documents/2022-L uminaire-L evel-Lighting-Controls-Incremental- |

Cost-Study.pdf
370 | awrence Berkeley National Laboratory, Energy Solutions, for the California Energy Commission (April 2019), Average
incremental cost of three building types by area, Page 62-63 Table 18 to 20, https://www.energy.ca.gov/sites/default/files/2021-

A

06/CEC-500-2019-041.pdf
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Ameren Missouri

Fixture-mounted occupancy sensor

0.138 (per fixture

Remote (ceiling) mounted occupancy sensor

0.338 (per control)

Network, Luminaire level control

Custom

Appendix H - TRM — Vol. 2: C&l Measures

A
Hours

ESFocc

ESFTrim.

- | | - iahtine £ ﬁ
building-before-occupancy-sensers:Annual operating hours per

unique usage area.
=Actual, if unknown the hours by Building Type may be applied.

This-number-should-be-collected from-the-customer—fno-data-is

e

= Energy Savings facter-Factor (represents the percentage reduction
to the operating Heurs-hours for occupancy sensing from the non-
controlled baseline lighting system).

=Actual, if unknown, the -Determined-en-a-site-specific-basis-or
using-the-default values below.:

=Energy Savings Factor for high end trim adjustment or tuning with

ESFother,

Network Lighting Controls with or without Luminaire Lighting Level
Controls (represents percentage reduction to the base fixture wattage)
=(Fixture full wattage — Trimmed wattage)/Full wattage

=Energy Savings Factor for NLC with additional strategies beyond

Occupancy Sensing — Fixture, Remote, NLC, LLC 0.24

occupancy sensing or scheduling. Includes daylight harvesting,
dimming, luminaire level lighting control, personal control.
=Actual, if unknown the default values below may be used.

High End Trim - NLC

0.1137

High End Trim —NLC + LLLC 0.28

Other strategies - NLC + LLLC 0.10

S71Efficiency Vermont Technical Reference Manual 12.31.2018, Page 47;

Dttps://puc.vermont.govi/sites/psbnew/files/doc_library/\Vermont%20TRM%20Savings%20Verification%202018%20Version_FIN

AL.pdf

372 | awrence Berkeley National Laboratory. A Meta-Analysis of Energy Savings from Lighting Controls in Commercial Buildings.

Page & Associates Inc. 2011 (Page 1).

https://eta.Ibl.gov/publications/meta-analysis-energy-savings-lighting.

LBNL’s meta study of energy savings from lighting controls in commercial buildings bases its savings analysis on over 240 actual

field installations. The report found that savings are over-represented and do not filter for external factors such as building orientation

location, use, weather, blinds, commissioning, changes in behavior after controls are set, etc. As such, their value of 24% represen ted

the best conservative estimate of occupancy controls energy savings achievable in the field today.

SSNEEA, Northwest Energy Efficiency Alliance, Table 10 page 56, “Energy Savings from Networked Lighting Control Systems <

With and Without Luminaire Level Lighting Controls™, https:/neea.org/img/documents/Energy-Savings-from-Networked-

Lighting-Control-Systems-With-and-Without-LLLC.pdf, The Table 10 Control Factor values for NLC and NLC + LLLC , were

set as incremental values from a typical occupancy sensor savings factor of 0.24. The sum of all ESF total the reported values of

0.63 for NLC + LLLC and 0.35 for NLC.

2025 MEEIA 4 Plan MEEIA-2019-21Plan-Revision 56.0

Page 216

Formatted: Font: Not Bold, Font color: Background 1

Formatted: Font color: Background 1

Formatted: Font: Not Bold, Font color: Background 1

Formatted: Font color: Background 1

[
|
{ Formatted: Font: Not Bold, Font color: Background 1
(
[
[

) Formatted: Font: 11 pt, Font color: Background 1

o JC

[ Formatted: Subscript

[Formatted: Font: Italic

- [ Formatted: Subscript

[ Formatted Table

[ Formatted: Font: 9 pt, Underline, Font color: Blue

[ Formatted: Footnotes

[Formatted: Font: 9 pt, Underline, Font color: Blue

{Formatted: Underline, Font color: Blue

(N N



https://puc.vermont.gov/sites/psbnew/files/doc_library/Vermont%20TRM%20Savings%20Verification%202018%20Version_FINAL.pdf
https://puc.vermont.gov/sites/psbnew/files/doc_library/Vermont%20TRM%20Savings%20Verification%202018%20Version_FINAL.pdf
https://neea.org/img/documents/Energy-Savings-from-Networked-Lighting-Control-Systems-With-and-Without-LLLC.pdf
https://neea.org/img/documents/Energy-Savings-from-Networked-Lighting-Control-Systems-With-and-Without-LLLC.pdf

Ameren Missouri Appendix H - TRM — Vol. 2: C&l Measures

WHF = Waste heat factor for energy to account for cooling energy savings
from more efficient lighting is provided in the-the table , “C&I
Lighting Deemed Hours and Waste Heat Factors by Building
Type T EightnePetorepenable-n-Sestian 26

1Fhea, = Lighting-HVAC Interaction Factor for electric heating impacts; this

factor represents the increased electric space heating requirements
due to the reduction of waste heat rejected by the efficient lighting.
Values are provided in the table , “C&I Lighting Deemed Hours and
Waste Heat Factors by Building Type”.

0.138 {per fixture)

0-338-(per-contral}

Fixture-mounted-sensor 24% “
Remete-{eethng)-mounted-occupancy-sensor 24% <
Nebwoerk-Connected-controls 24% <
¢ aloctricall iHding: s
AW eampenam——FWeonmromea - Howrs + ESF s~
Where:
o e . for-electri L - thi

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AW =AkWh*x CF
Where:
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AkWh = As calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor.
= 0.0001899635%* for indoor lighting
=0.0001379439 for Miscellaneous
= 0.0000056160 for exterior lighting
Natural Gas Energy Savings
If gas heated building (or unknown), the heating penalty is:
ATherms = kW onironiea * Hours * ESF * (—IFporms)

ATherms = Z( kWContralled * Hours * (ESFOCC + ESFT‘rL'm + ESFOther) * (_IFheat))

Where:

IFtherms = Lighting-HVAC Integration Factor for gas heating impacts; this factor
represents the increased gas space heating requirements due to the
reduction of waste heat rejected by the efficient lighting and is provided in
the table , “C&I Lighting Deemed Hours and Waste Heat Factors by
Building Tyvpe” Hghting-Reterenesable-in-Seetion2.5-y - Bullding
Fype-

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADIUSTMENT CALCULATION
N/A

MEeAsURE CODE:

377 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors"”
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CALCULATION-OF SAVINGS
ELECTRICENERGY-SAVINGS®
Weattsgage—Weattsry
MelWh—= «Howrs
1000
Where:
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NIA
WATERIMPACT DESCRIPTHONS AND-CALCULATION
NIA

DEEMED O&M-CosT ABIUSTMENT CALCULATION
| . . light.

MEASURE CODE:
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WATER AND-OTHER NON-ENERGY - IMPACT DESCRIPTIONS AND-CALCULATION
NA

DEEMED O&M-COST ADIUSTMENT-CALCULATION

NIA

MEASURE CODE:
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NATURAL GAS ENERGY-SAVINGS
NIA

WATERIMPACT DESCRIPTHONS AND-CALCULATION

N/A

DeEEMED O&M-CosT ABIUSTMENT-CALCULATION
N/A

MEASURE CODE:
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2.7.14 Computer Server

DESCRIPTION

This measure estimates savings for an energy efficient computer server with that has been
certified by-to ENERGY STAR® (ES) Version 24.0.

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

DEFINITION OF EFFICIENT EQUIPMENT

The efficient product is computer server meeting the requirements set forth by ENERGY STAR®
Version 24.0. The measure characterization includes computer server, blade systems (one or more
blade servers), resilient server, and multi-node server. Power supply efficiency must meet the PSU
criteria for 10%,20%, 50% and 100% load. The power supply must also meet the power factor
criteria for ENERGY STAR® Version 4.0. The server must also meet the active state efficiency
score requirements, which include the CPU efficiency, memory efficiency and storage efficiency.
The table lists the minimum active efficiency by server type and installed processors.-

DEFINITION OF BASELINE EQUIPMENT

Non ENERGY STAR® qualified computer server.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is 4 years.*’

DeeMED MEASURE COST##

TFhe-incremental-cost-is-$9:80-The actual incremental cost of the equipment should be used, if
unknown, the following estimates may be used.

Rack $331

1 Tower $323
Resilient $5000

2 Rack $452

407 Consistent with Energy Star® computing equipment. It is important to note that lifetime doesn’t necessarily reflect the
expected functional lifetime of mechanical components, but rather the lifetime of operating system technology, which is generally

assumed to become pbsolete after a period of four years. { Formatted: Font color: Auto
a) /o A orni a

BAWAAA-eRergy-ca-goviapphiance wlemakin urments/propesa R ) o {Formatted: Font color: Auto

d uantity

4% Internet online manufacturer product pricing difference for rack and tower, resilient and blade servers estimated with«—— { Formatted: Indent: Left: 0", First line: 0"

20% incremental cost for ENERGY STAR certified equipment. Local file: “Server incremental cost.xIsx”
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Footnotes

Tower $668
Blade or Multi-Node $1225
Resilient $5000
>3 Rack $452
Blade or Multi-Node $1225
LOADSHAPE
Miscellaneous BUS
Algorithm
CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS*?
Annual energy savings are based on the rated-output of the server’s powersupplynumber of | Formatted: Subscrpt
installed processor and equip;ment type, as estimated by the ENERGY STAR® Computer Server [F°’"‘a“e"= Font: 11 pt
Analysis calculator, with the results summarized aceerding-tein the following table*!: [Formatted: Font: 11 pt
{Formatted: Centered, Space Before: 2 pt, After: 2 pt
{Formatted: Centered, Space Before: 2 pt, After: 2 pt
[Formatted: Font: 11 pt
{Formatted: Centered, Space Before: 2 pt, After: 2 pt
{Formatted: Font: 11 pt
{Formatted: Font: 11 pt
1 Rack 26.4 1459 {Formatted: Centered, Space Before: 2 pt, After: 2 pt
:F_ Tower 244 723 { Formatted Table
Resilient Resilient 6.6 1,474 {Formatted: Font: 11 pt
Twol | { Formatted: Centered, Space Before: 2 pt, After: 2 pt
: Processors [Formatted: Font: 11 pt
2Rack Rack 30.4 2,542 {Formatted: Font: 11 pt
Fower Tower 26.5 2,028 {Formatted: Centered, Space Before: 2 pt, After: 2 pt

41 ENERGY STAR®, “Computer Servers Final Data and Analysis Package”, Energy and Cost Savings worksheet

%2Fdocument%2FENERGY %2520STAR%2520Version%25204.0%2520Computer%2520Servers%2520Final%2520Data%252

and%2520Analysis%2520Package.xIsx&wdOrigin=BROWSEL INK,

-
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Bladeor Blade or Multi-Node 291 1574
Resilient 6.0 0
Resitient 0
Ereobhon
Sas—psinlod
Procostos
>3Rack Rack 31.9 10,218
Blade-or Blade or Multi-Node 26.8 3,903
Multi-Nede
SUMMER COINCIDENT PEAK DEMAND SAVINGS
AKW = AkWh = CF
Where:
AkWh = Energy Savings as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.0001379439 412

NATURAL GAS SAVINGS
N/A

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CosT ADIUSTMENT CALCULATION
N/A

MEeAsURE CODE:

412 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes

and Coincident Peak Factors"”
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2.8 Motors_ and Pumps
2.8.1 Motors

DESCRIPTION

This measure applies to the one-for-one replacement of an old, working or failed/near failure 1-350
horsepower, constant speed, uniformly loaded HVAC fan or pumping motor with a new motor of
the same rated horsepower that meets or exceeds National Electrical Manufacturers Association
(NEMA) Premium efficiency levels. The measure includes general——purposg
motorsinduetioninduction, —and-reluctance, electronically commutated, and permanent magnet
motors. Fire pump motors are excluded.

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

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the installed equipment must be a new motor that meets or exceeds
NEMA Premium efficiency levels.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment efficiency is the efficiency of the existing motor for early replacements, jr

ifunknown,-thefederal-minimum-required-efficieney-is-assumed.the Federal Energy Standards f

normal replacements. *13

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 15-18 years.*!* ‘
DeeMED MEASURE COST

Actual incremental costs should be used if available. If actual costs are unknown, use default
installed cost from table below.*!®

Motor Size (HP) Installed Cost |

1 $730
15 $725
2 $800
3 $840
$860

75 $1,165

10 $1,298

15 $2,242

20 $2,522

213, DOE|Motors|https://www.ecfr.gov/current/title-10/chapter-I1/subchapter-D/part-431,

i ASHRAE. Chapter 38: Owning and Operating Costs Tabl«. 4, “Heating. Vc.nu]almg and Air Conditioning
Applications”, (2023 edition) for electric motors.

Estimated-Useful- Life (EUL) Table Update—("Updated 2014 EUL table" rows 40,52,131,134,627)

45 Installed costs from 2015-2016 Demand-Side Management Plan, Xcel Energy,

https://www.xcelenerqy.com/slaticfiIes/xe/PDF/RequIatory/CO—DSM-2015—16-DSM—PIan.pdf (page 440).
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Motor Size (HP) Installed Cost |

25 $2,873
30 $3,095
40 $3,716
50 $4,073
60 $5,128
75 $5,888
100 $7,392
125 $9,076
150 $9,401
200 $11,250
250 $13,958
300 $17,744
350 $25,653

LOADSHAPE

Motors BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = HP* LF + 0.746 * (l/T]Bmotor— 1/77EEm0[0T)°k Hours

Where:

HP = Nominal horsepower (HP) of new motor
= Actual

LF = Load Factor; Motor Load at Fan/Pump Design CFM
- 75%416

0.746 = Conversion factor from HP to kwh

T)Bmotor = Actual efficiency of existing motor;-e+ ; i
rominalnameplate-motor-efficiency-as-shown-i e w for early
replacement
=Federal Energy Standards for normal replacement

neemotor = Efficient motor nominal/nameplate motor efficiency
= Actual

Hours = Annual hours of operation for motor; see table below for HYAC
motors

416 Motor efficiency curves typically result in motors being most efficient at approximately 75% of the rated load. Determining
Electric Motor Load and Efficiency, US DOE Motor Challenge, a program of the US Department of Energy,
| Dttps://energy.gov/sites/prod/files/2014/04/f15/10097517.pdf. (see page 1)

| 2025 MEEIA 4 Plan MEEIA-2049-21-Plan-Revision 56.0 Page 234
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Open Drip Proof (ODP) and Totally Enclosed Fan Cooled (TEFC)*7

Open Drip Proof (ODP) # Totally Enclosed Fan-Cooled (TEFC)
. of Poles # of Poles
Motor Size 4 6 ‘ 4
(HP) Speed (RPM) Speed (RPM)
1800 3600 1200 \ 1800

1 82.50% 85.50% 77.00% 82.50% 85.50% 77.00%
15 86.50% 86.50% 84.00% 87.50% 86.50% 84.00%
2 87.50% 86.50% 85.50% 88.50% 86.50% 85.50%
3 88.50% 89.50% 85.50% 89.50% 89.50% 86.50%
5 89.50% 89.50% 86.50% 89.50% 89.50% 88.50%
7.5 90.20% 91.00% 88.50% 91.00% 91.70% 89.50%
10 91.70% 91.70% 89.50% 91.00% 91.70% 90.20%
15 91.70% 93.00% 90.20% 91.70% 92.40% 91.00%
20 92.40% 93.00% 91.00% 91.70% 93.00% 91.00%
25 93.00% 93.60% 91.70% 93.00% 93.60% 91.70%
30 93.60% 94.10% 91.70% 93.00% 93.60% 91.70%
40 94.10% 94.10% 92.40% 94.10% 94.10% 92.40%
50 94.10% 94.50% 93.00% 94.10% 94.50% 93.00%
60 94.50% 95.00% 93.60% 94.50% 95.00% 93.60%
75 94.50% 95.00% 93.60% 94.50% 95.40% 93.60%
100 95.00% 95.40% 93.60% 95.00% 95.40% 94.10%
125 95.00% 95.40% 94.10% 95.00% 95.40% 95.00%
150 95.40% 95.80% 94.10% 95.80% 95.80% 95.00%
200 95.40% 95.80% 95.00% 95.80% 96.20% 95.40%
250 95.40% 95.80% 95.00% 95.80% 96.20% 95.80%
300 95.40% 95.80% 95.40% 95.80% 96.20% 95.80%
350 95.40% 95.80% 95.40% 95.80% 96.20% 95.80%

417 For 1-200 HP motors, baseline efficiency is from NEMA MG 1 Table 12-12. For motors over 200 hp, baseline efficiency is from
NEMA MG 1 Table 12-11.
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Building Type ‘ Hot Water = Chilled Water Fan Motor
Pump Hours Pump Hours Run Hours
Large Office 5,233 6,385 6,753
Medium Office 3,437 5,921 6,968
Small Office 3,715 3,774 6,626
Warehouse 4,587 1,292 6,263
Stand-alone Retail 4,040 2,713 6,679
Strip Mall 3,908 2,548 6,687
Primary School 4,754 5,160 5,906
Secondary School 5,594 5,279 6,702
Supermarket 4,868 4,255 6,900
Quick Service Restaurant 4,231 3,378 7,679
Full Service Restaurant 4,595 4,897 7,664
Hospital 8,760 8,717 8,760
Outpatient Health Care 8,760 8,689 8,760
Small Hotel - Building 3,533 7,976 8,760
Large Hotel - Building 5,538 8,308 8,760
Midrise Apartment - Building 5,197 4,347 8,728
Nonresidential Average 4,411 3,539 6,773
SUMMER COINCIDENT PEAK DEMAND SAVINGS*®
AKW = AkWh = CF
Where:
AkWh = Energy Savings as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.0001379439°%

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

418 Hours per year are estimated using the eQuest models as the total number of hours the heating or cooling system is operating
for each Building Type. “Heating and Cooling Run Hours” are estimated as the total number of hours fans are operating for
heating, cooling and ventilation for each Building Type. This may over claim certain applications (e.g. pumps) and so where

possible actual hours should be used for these applications.

419 Since savings will be constant and without fluctuation over the period of operation, demand savings are simply the energy
savings divided by the hours of operation. Demand savings are expected to coincide with peak demand period definitions,
consistent with assumptions in VFD measures on HVAC pumps and fans.

420 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes

and Coincident Peak Factors"”
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DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEeAsURE CODE:
2.8.2 Pool Pump

DESCRIPTION

This measure applies to the installation of a variable frequency drive (VFD) on an existing single-
speed pool pump at a commercial location. VFDs save energy by reducing the speed of the pool
pump motor to match the pool’s required flow rate. Additionally, VFD’s soft-starting extends motor
life by reducing wear.

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

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the installed equipment must be a new VFD meeting program
requirements. The hydraulic horsepower must exceed 2.5 khpHHP, which is approximately equal
to a 5 hp motor, as their minimum efficiency is regulated by the dedicated pool pump (DPPP
standard.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is an existing, single-speed pool pump without a VFD or other motor
control device.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 10 years.**
DeeMED MEASURE COST

Actual costs (equipment and labor) should be used if available. If actual costs are unknown, assume
equipment costs of $200/motor horsepower and labor cost of $46.4%

LOADSHAPE
Motors BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh =1,747 » HP

421 EUL set to 10 years based on 2021 comparison with other TRM values; Database for Energy Efficient Resources (2014).
hitpAwaanandeeresources-comihttp://www.deeresources.com/, ("Updated 2014 EUL table, row 592)

422 Costs from 2017 Michigan Energy Measures Database ("Commercial” tab row 356). |
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Where:
1,747 = Average annual energy savings per pool pump motor horsepower
(KWh/HP)*22
HP = Pool pump motor horsepower

= Custom input, actual horsepower rating of the pump motor.
SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = AkWh * CF

Where:
kWh = Electric energy savings, as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.00013794394%

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADIUSTMENT CALCULATION
N/A

MEeAsURE CODE:

423 Energy savings based on monitoring performed at commercial pool facilities, from "Commercial Variable Speed Pool Pump
Market Characterization and Metering Study,” Southern California Edison, February 2015 (page "i" and 22 https://www.etcc-

ca.com/sites/default/files/reports/et13sce1170_comm_vfd_pool_pumps_final.pdf).

424 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes <
and Coincident Peak Factors"”
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NATURAL GAS ENERGY-SAVINGS

NAA

WATERIMPACT DESCRIPTIONS AND-CALCULATION
A

DEEMED O&M-COST ADIUSTMENT-CALCULATION
NIA

MEASURE CODE:

Formatted: Footnotes
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2.8.34 Pump Optimization

DESCRIPTION

Pump improvements can be done to optimize the design and control of centrifugal water pumping
systems, including water solutions with freeze protection up to 15% concentration by volume. Other
fluid and gas pumps cannot use this measure calculation. The measurement of energy and demand
savings for commercial and industrial applications will vary with the type of pumping technology,
operating hours, efficiency, and existing and proposed controls. Depending on the specific
application slowing the pump, trimming or replacing the impeller may be suitable options for
improving pumping efficiency. Pumps up to 40 HP are allowed to use this energy savings
calculation. Larger motors should use a custom calculation (which may result in larger savings than
this measure would claim).

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is proven to be an optimized
centrifugal pumping system meeting the applicable program efficiency requirements:

e Pump balancing valves no more than 15% throttled; and
e Balancing valves on at least one load 100% open.
DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be the existing
pumping system including existing controls and sequence of operations.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 10 years.*?’
DeeMED MEASURE COST

The incremental capital cost for this measure can vary considerably depending upon the strategy
employed to achieve the required efficiency levels and should be determined on a site-specific basis.

LOADSHAPE
Process BUS

Algorithm

CALCULATION OF SAVINGS

427 Martin, N. et al., Emerging Energy-Efficient Industrial Technologies: New York State Edition, American Council for an Energy
Efficient Economy (ACEEE) Page 126, March 2001 (as stated in the OH State TRM, page 269).
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ELECTRIC ENERGY SAVINGS

AkWh = (HPmotor X 0.746 *X LF / nimotor) X HOURS *x

ESF
Where:
HPmotor = Installed nameplate motor horsepower
= Actual
0.746 = Conversion factor from horsepower to kW (kW/hp)
LF /nmmer = Combined as a single factor since efficiency is a function of load
= 0.65428
LF = Load Factor; Ratio of the peak running load to the nameplate rating of
the motor
Tmotor = Motor efficiency at pump operating conditions
HOURS = Annual operating hours of the pump
=Actual
ESF = Energy Savings Factor; assume a value of 15%.4%

SuMMER COINCIDENT PEAK DEMAND SAVINGS

AKkW = AkWh *x CF
Where:

CF = Summer Coincident Peak Factor for measure
=0.00013794394
NATURAL GAS ENERGY SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADIUSTMENT CALCULATION
N/A

MEeAsURE CODE:

428 “Measured Loading of Energy Efficient Motors - the Missing Link in Engineering Estimates of Savings,” ACEEE 1994

Summer Study Conference, Asilomar, CA (page 3.95 Table 3).

429 published estimates of typical pumping efficiency improvements range from 5 to 40%. For analysis purposes, assume 15%. United
States Industrial Electric Motor Systems Market Opportunities Assessment December 2002, Table E-7, Page 18,
https://www1.eere.energy.gov/manufacturing/tech_assistance/pdfs/mtrmkt.pdf.

430 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes | <
and Coincident Peak Factors"Based-on-Ameren-Missouri-2016-Process-Loadshape-
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2.8.45 Variable Frequency Drives for Pumps and Fans on Hydronic HVAC Systems

DESCRIPTION

This measure applies to VFDs installed on HVAC chilled water distribution pumps, hot water
distribution pumps, condenser water pumps and cooling tower fans. Back-up pumps/fans do not
qualify for this measure. There is a separate measure for HVAC supply and return fans. The VFD
will modulate the speed of the motor when it does not need to run at full load. Since the power of
the motor is proportional to the cube of the speed for these types of applications, significant energy
savings will result.

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

DEFINITION OF EFFICIENT EQUIPMENT

The VFD is applied to a pump or fan motor that does not have a VFD. The hydronic system that the
VFD is applied to must have a variable or reduced load. Installation is to include the necessary
control points and parameters (example: differential pressure, differential temperature, return water
temperature) as determined by a qualified engineer.

DEFINITION OF BASELINE EQUIPMENT

The time of sale baseline is a new motor installed without a VFD or other methods of control.
Retrofit baseline is an existing motor operating as is.

Installations of new equipment with VVFDs which are required by regional code adoption should not
claim savings.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life for HVAC application is £5-15 years.*t
DeeMED MEASURE COST

Customer provided costs will be used when available. Default measure costs are listed below for
up to 100 hp motors.*2 The tables values can also be extrapolated with:

Incremental cost = 300 x Hp+ $1,500.

431 ASHRAE, Chapter 38: Owning and Operating Costs, Table 4, “Heating, Ventilating and Air Conditioning Applications”, (2023
edition) for electronic building controls.Censistent-with-Ameren-Missouri-program-assumptions— California Database for Energy
Efficiency Resources (DEER) 2014 Estimated Useful Life (EUL) Table Update. ("Updated 2014 EUL table" row 108) Consistent
with Ameren Missouri program assumptions.

432 TRC, Ameren MO C&al participant self reported cost data for completed projects (2019 to 2024).
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_ -

1-2.5 HP 1,593 N
2.6-5 HP 2,383 <
6-10 HP 3,610 <
11-20 HP 8,786 <
21-50 HP 13,082 -
51-75 HP 18,867 -
75-100 HP 21,760 «

>100 HP 23,116 <

LOADSHAPE
Cooling BUS
Heating BUS
HVAC BUS
Algorithm

CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = BHP /EFFi #x Hours *x ESF ‘
Where:

BHP = System Brake Horsepower

= Nominal motor HP *x Motor load factor) |
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Motors are assumed to have a load factor of 65% for calculating kW if
actual values cannot be determined.* Custom load factor may be
applied if known.

EFFi = Motor efficiency, installed. Actual motor efficiency shall be used to
calculate kW. If not known, a default value of 93% is an appropriate
assumption.

Hours = Default hours are provided for HVAC applications which vary by

HVAC application and Building Type.“s When available, actual hours
should be used.
ESF = Energy savings factor varies by VFD application. Units are KW/HP.

Annual Hours of Use for VFD Pumps and Fans

Building Type Heating Run Hours Cooling Run Hours < [Formaued Table

Large Office 5233 6385
Medium Office 3437 5921
Small Office 3715 3774
Warehouse 4587 1292
Stand-alone Retail 4040 2713
Strip Mall 3908 2548
Primary School 4754 5160
Secondary School 5594 5279
Supermarket 4868 4255
Quick Service Restaurant 4231 3378
Full Service Restaurant 4595 4897
Hospital 8760 8717
Outpatient Health Care 8760 8689
Small Hotel - Building 3533 7976
Large Hotel - Building 5538 8308
Midrise Apartment - Building 5197 4347
Nonresidential Average 4411 3539

ESF for VFD Pumps and Fans
Application ESF
Hot Water Pump 0.3577-249%"

434 Del Balso, Ryan J. “Investigation into the Reliability of Energy Efficiency/Demand Side Management Savings Estimates for
Variable Frequency Drives in Commercial Applications,” University of Colorado, Department of Civil, Environmental and
Architectural Engineering, 2013 (page 24).

435 Hours per year are estimated using the eQuest models as the total number of hours the heating or cooling system is operating
for each Building Type. “Heating and Cooling Run Hours” are estimated as the total number of hours fans are operating for
heating, cooling and ventilation for each Building Type. This may over claim certain applications (e.g. pumps) and so where
possible actual hours should be used for these applications.

436_Daveloped

[ Formatted: Footnotes

S it 33 a - A Soxcksx” 0
437 VEIC, workpaper to support VFD savings,Local file: “VSD ESF Calculation.xlsx”
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Cooling Water Pump 0.3389-358*%
Cooling Tower Fan 0.4265024%

SuMMER COINCIDENT PEAK DEMAND SAVINGS

AW = AkWh = CF
Where:

AkWh = Energy Savings as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.000910684%4% Cooling Water Pumps
=0.000443983 Hot Water Pumps
=0.000443983 Cooling Tower Fans
FossiL FUEL IMPACT DESCRIPTIONS AND CALCULATION
If fossil fuel impacts are expected, a custom analysis should be used to support them.
WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEeAsSURE CODE:

439

440 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes | <
and Coincident Peak Factors"”
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2.8.56 Variable Frequency Drives for HVAC Supply and Return Fans

DESCRIPTION

This measure applies to VFDs installed on HVAC supply fans and return fan. Back-up fans do not
qualify for this measure. There is a separate measure for HYAC Pumps. The VFD will modulate
the speed of the motor when it does not need to run at full load. Since the power of the motor is
proportional to the cube of the speed for these types of applications, significant energy savings will
result.

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

DEFINITION OF EFFICIENT EQUIPMENT

The VFD is applied to an HVAC fan motor that does not have a VFD. The air distribution system
must have a variable or reduced load, and installation is to include the necessary control point as
determined by a qualified engineer (example: differential pressure, temperature, or volume).
Savings are based on the application of VFDs to a range of baseline system conditions, including
no control, inlet guide vanes, outlet guide vanes, relief dampers, and throttling valves.

DEFINITION OF BASELINE EQUIPMENT

The TOS baseline is a new motor installed without a VFD or other methods of control. The RF
baseline is an existing motor operating as is. RF baselines may or may not include guide vanes,
throttling valves, or other methods of control.

Installations of new equipment with VVFDs which are required by regional code adoption should not
claim savings.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life for HVAC application is £5-15 years.*t
DeeMED MEASURE COST

Customer provided costs will be used when available. Default measure costs are listed below for

up to 100 hp motors.*? The average-of the-valuesbelow-is-$168/HP-tables values can also be
extrapolated with:

Incremental cost = 300 x Hp+ $1,500.

441 ASHRAE, Chapter 38: Owning and Operating Costs, Table 4, “Heating, Ventilating and Air Conditioning Applications”, (2023

edition) for electronic bundlnq controls (paqe 38. 3) Gensos&emmhAmeﬁenMssew—pmgramﬁassumpnen&
442 Ave o, in-towa-TRC, Ameren MO C&l participant self reported cost data for
completed pr0|ects (2019 to 2024)
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HP Cost
1-9-2.5 HP 1,593 $1.874
10-192.6-5 HP | 2,383 $2,967
206-10-29 HP | 3.610 $4.060
30-3911-20 HP | 8.786 $5,154
40-4921-50 HP | 13,082 $6.247
50-5951-75 HP | 18,867 $7.340
Mi 775100 21,760,$8,433
70-79-HP $9.526
80-89HP $10.620
90-100-HP $11.743
>100 HP $168/HP23.116

LoADSHAPE
HVAC BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS*?
AkWhian = KWhgase — KWhRetrofit
AKWhtotat = AkW hfan * (1 + [Eenergy)
LF 100%
KWhgase = 0.746 * HP * 3 t) * RHRSpqse Z (%FF * PLRRem,ﬁt)
mote 0.0%
LF 100%
KWheeoti = 0.746 * HP * ) « RHRS g0 Z (%FF * PLRperrogit)
Tmoto 30%
Where:
AKWhean = Fan-only annual energy savings
AKkWhiotal = Total project annual energy savings
kKWhgase = Baseline annual energy consumption (KWh/yr)
KWhegetrofit = Retrofit annual energy consumption (kWh/yr)
0.746 = Conversion factor for HP to kWh
HP = Nominal horsepower of controlled motor
LF = Load Factor; Motor Load at Fan Design CFM (Default = 65%)%4

443 Methodology developed and tested in Del Balso, Ryan Joseph. “Investigation into the Reliability of Energy
Efficiency/Demand Side Management Savings Estimates for Variable Frequency Drives in Commercial Applications.” A project
report submitted to the Faculty of the Graduate School of the University of Colorado, 2013.

444 Lawrence Berkeley National Laboratory, and Resource Dynamics Corporation. (2008). “Improving Motor and Drive System
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nmotor = Installed nominal/nameplate motor efficiency
= Actual. If unknown, default can be assumed as a NEMA Premium
Efficiency, ODP, 4-pole/1800 RPM fan motor, with efficiency indicated in
the table below.

RHRSgase = Annual operating hours for fan motor based on Building Type.
%FF = Percent of time at flow fraction
PLRgase = Part load ratio for a given flow fraction range based on the baseline flow

control type (see table below)

PLRecor = Part load ratio for a given flow fraction range based on the retrofit flow
Retroft control type (see table below)

Eenergy = HVAC interactive effects factor for energy (default = 15.7%)*°

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AKW = AkWh = CF

Where:
AkWh = Energy Savings as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.004439830*46

Performance; A Sourcebook for Industry,” U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,
Golden, CO: National Renewable Energy Laboratory (page 42).

445 Del Balso, Ryan Joseph. “Investigation into the Reliability of Energy Efficiency/Demand Side Management Savings
Estimates for Variable Frequency Drives in Commercial Applications.” (page 123) A project report submitted to the Faculty of the
Graduate School of the University of Colorado, 2013.

446 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors"
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2.8.67 4 Pump OptimizationEfficient Pumps

DESCRIPTION

thrs—measure—weutd—elatm)—ﬂhe Federal Enerqv GenservattenEfflmencv Standards set minimurn
energy ratings for clean water pumps. The types of pumps characterized in this measure includ
clean water commercial & industrial pumps, circulator pumps and dedicated purpose pool pumps.
The Federal Energy CenservationEfficiency Standards for C&I clean water pumps was effective
Apri24-2023January 27, 2020. The standards for circulator pumps are effective May 2028, but
are included in the measure characcharacterization. The Federal Energy CenservationEfficienc
Standards for dedicated purpose pool pump with VFD motors, setting a minimum weighted energ
factor (WEF) effective date was July 19, 2021. The measure requires exceeding the minimum
standard by 10% or more of the rated efﬁmency The measure does not mclude fire pumps..magngt

b
m .l . nm Q . ae 1 g a q
N
£

DEFINITION OF EFFICIENT EQUIPMENT
In order for thls characterlzatlon to apply, the C&I pump |sthe~eﬂ+erent~eera+ament—r&|s~reven4e—be

o Pump-balaneing-valves-no-merethan-15% throttledandClean water pump

o Balancingvalvesonatleastoneload-100%open—Flow rate of >25 egpm (BEP, full impellgr
diameter); 1 to 200 hp

e Electric motor driven—{may-be-included-in-energy-rating)

e Variable load pump energy index (PElvi) or constant load pump energy index (PElc
rated-exceed-the-minimum-standard<1.000.90 with varying C-values.

The motor and motor controls may be included in the system energy rating. «

The PEHisegualto-1 - 1/Energy Rating{ER}ollowing formula may be used to convert the PEI tg
the Energy Rating, ER.to-the-pump-energy-indexPE}

PEIEnergy Rating = (1 — PEI) x 100 —

For circulator pumps

e Hydraulic horsepower <2.5 HHP.

e Flow rate of >25 gpm (BEP, full impeller diameter)

e Circulator Energy Index, CEI <0.90.

For dedicated dedicated purpose pool pumps
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o CleanwaterpumpHydraulic horsepower <2.5 HHP, (HHP is approximately % of total motor | Formatted:
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hp, THP) {Formatted

: Font: (Default) Times New Roman

e Flow rate of >25 gpm (BEP, full impeller diameter) [Formatted

: Font: (Default) Times New Roman

e Weighted energy factor (WEF) exceeds the minimum standard by 10% or more
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Pumps with efficiency expressed in ER units.

Akwh = 2 foso % x Pump Motor (hp)x 0. 746 W x Annual HoursAleW-h=HP

# LF % 0.746 * (1 /35,0600 — 4 /BEEmotorys Howrs

Where:

HPER = Nominal-horsepower{HP)-ofnew-meter-Energy rating of pump (may
include motor and controls) »
= Actual, as listed by the Hydraulic Institute*4%

LF = Load Factor; Motor Load at Fan/Pump Design CFM
- 75%450

0.746 = Conversion factor from HP to kwh

TBmotor = Actual efficiency of existing motor, or if unknown, use federal baseline
nominal/nameplate motor efficiency as shown in table below.

T EEmotor = Efficient motor nominal/nameplate motor efficiency
= Actual

Hours = Annual hours of operation for motor

=Actual, or if unknown,; see table below-for H\VAC meotorsin 2.8.1 for
Annual Hours of Use for HVAC motors

ELECTRIC ENERGY-SAVINGS

Pumps with efficiency expressed in WEF units.

249 Hydraulic Institute, Hydraulic-tnstitutelhttps:Her pumps-orglratingsisearchhttps://er.pumps.org/ratings/search

0 Motor efficiency curves typically result in motors being most efficient at approximately 75% of the rated load. Determining
Electric Motor Load and Efficiency, US DOE Motor Challenge, a program of the US Department of Energy,
Dttps://energy.qovi/sites/prod/files/2014/04/f15/10097517.pdf,, (page # 1)
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AkWh

1 1
WEFyase WEF,;

= |——=x Volume x Turnover x OpenHeursDays Pwmp-Motor{hpyx0-746———xAnnnal Hours
T
o e rnove e Vs

Where:
WEFbase, =Federal Energy Efficiency Standard ( Formatted: subscript
= -2.3 x hydraulic horsepower + 6.59,
ERWEFer, = Energy-rating-of pump-{may-include-motor and-controls)\Weighted  « [Formatted: Subscript

energy factor, kgal/kWh [ Formatted Table

= Actual-as-isted by the Hydraulic tastitute*s*

EFVolume = Load FactorMeotor Load-at Fan/Pump-Design CFM
=75%*?Pool volume, 1,000 gallons

0:746Turnover = Conversionfactorfrom-HP to-kWhWaterturnoversper-house;Pool
water turnover per day, actual
= 254.0 if unknown*>?

iei - - ‘..- *

Heurs-Days moetorshoursdays pool is open requmnq filtration

- {Formatted: Font: 10 pt, Font color: Text 1

{ Formatted: Font color: Text 1

Z-QMQQEFR-M%EGGGaeMH—eem}VSDforPOOI&SpaPumDIETRM(caetrm com) https //clearcomfort com/whv is- SW|mm|nq pool- { Formatted: Footnotes

circulation-important/#:~:text=Circulating%20your%20pool%20disperses¥%20any,to%20disinfect%20your%20entire%20pool.
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ELECTRIC ENERGY SAVINGS
é]iqui _ F}{P * ‘)5146 * [ F [,H ) * HQ' |RS * ES':

Where:

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh *x CF

Where:

CF =Summer-Coincident PeakFactorformeasure
= Summer peak coincidence demand (kW) to annual energy (KWh)

factor

= 0.000910684°¢ Cooling Water Pumps
=0.000443983 Hot Water Pumps
=0.0001379439 Process Pumps9-00013794394*

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

456 Ameren Mi

ssouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes

and Coincident Peak Factors"

457-Based-on-Ameren-Missouri-2016-ProcessLoadshape-
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WATER IMPACT DESCRIPTIONS AND-CALCULATION
N/A

DEEMED O&M -CosT ABJUSTMENT CALCULATION
NIA

MEASURE CODE:

“ Formatted: Indent: Left: -0", Right: 3.12", Space After:
5 pt, Line spacing: Multiple 1.08 li
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. [Formatted: Body Text

SUMMER COINCIDENT PEAK DEMAND SAVUINGS
AR =AW hiota+CE

Where:

455 Apneren Misseuri TRM Volume 1 —Appendix G:-—"Table 2 Commercial-and Industrial End Use Category-Monthly Shapes
Coincident Peak Factors”
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2.9 Refrigeration
2.9.1 Commercial Solid and Glass Door Refrigerators & Freezers

DESCRIPTION

This measure applies to ENERGY STAR® vertical closed and horizontal closed refrigerators or
freezers installed in a commercial kitchen. ENERGY STAR® commercial refrigerators and freezers
are more energy efficient because they are designed with components such as ECM evaporator and
condenser fan motors, hot gas anti-sweat heaters, or high-efficiency compressors, which will
significantly reduce energy consumption.

This measure was developed to be applicable to the following program type: TOS.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the installed equipment must be a new ENERGY STAR® certified
vertical closed or horizontal closed, solid or glass door refrigerator or freezer meeting energy
consumptions requirements as determined by door type (solid or glass) and refrigerated volume (V).

ENERGY STAR® Requirements (Version 35.0, Effective October1-2014December 22, 2022) 462

Maximum Daily Energy Consumption (kWh/day)

Volume (ft3)
Refrigerator Freezer
Vertical Closed
Solid Door
0<V<15 <0.026V + 0.81.60 <0.25V-21V+ 1£550.9
155V <30 < 0.09MV-05V + 0.5545 <0.20M-12V + 2.30248
30V <50 <0.08\V05V +2.950.45 | <0.2578V — 1.8864+0-80
V=50 <0.06\-025V + <0.14V + 4.06:30
6-451.6991
Glass Door
0O<Vv<i15 <0.09510V + 445167 <0:56\0.232V +2.36
6%
15<V <30 <0.0535V +1.120.32 <0.232V + 2.36<630V+
550
30V <50 <0.076V + 3.620.34 <0.232V + 2.36<0655V—
R
V=50 <0.10508V — 1.111+2.02 | <0.232V +2.36<032V+
o8
Horizontal Closed
Solid or Glass Doors
All Volumes | <0.056V +0.2860 <0.05710V + 0.5520
Formatted: Footnote Char, Font: 10 pt, Font color:
41 ENERGY STAR® | Commercial Refrigerators & Freezers | - Black
https://www.energystar.gov/products/commercial_food_service_equipment/commercial_refrigerators_freezers/key product criteri
a [ Formatted: Left, Indent: Left: 0"
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DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a new vertical closed or horizontal closed, solid or glass door refrigerator
or freezer that is not ENERGY STAR® certified— and meets the Federal Energy Efficienc
Standards for units built as of March 2017 for TOS. Existing, working equipment may use the valug
in the baseline table determined by the manufacturing date.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

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

DeemMEeD MEASURE CosT

The incremental capital cost for this measure varies by size as shown in the table below:

Measure Incremental
Cost
Commercial Glass Door Freezers less than 15 ft® $220-50
Commercial Glass Door Freezers 15 to 30 ft? $950-100
Commercial Glass Door Freezers 30 to 50 ft3 $1.367300
Commercial Glass Door Freezers more than 50 ft® $2,300500
Commercial Glass Door Refrigerators less than 15 ft® $250-50
Commercial Glass Door Refrigerators 15 to 30 ft3 $500-200
Commercial Glass Door Refrigerators 30 to 50 ft® $1,367450
Commercial Glass Door Refrigerators more than 50 ft° $2,300700
Commercial Solid Door Freezers/Refrigerators- less than 15 ft® $150-100
Commercial Solid Door Freezers/Refrigerators 15 to 30 ft $400-350
Commercial Solid Door Freezers/Refrigeraters 30 to 50 ft® $550-500
Commercial Solid Door Freezers/Refrigerators more than 50 ft® $700-600
Commercial Solid Door Refrigerators less than 15 ft3 3150
Commercial Solid Door Refrigerators 15 to 30 ft3 $200
Commercial Solid Door Refrigerators 30 to 50 ft3 $250
Commercial Solid Door Refrigerators more than 50 ft3 $350
Horizontal Closed - Solid or Glass Door Refrigerator (all volumes) $525-0
Horizontal Closed - Solid or Glass Door Freezer (all volumes $595-0

LOADSHAPE
Refrigeration BUS

| Formatted: Font: 11 pt

h&ps#mweae&rmeemlepue#able#eﬁuse#ulm#ENERG%IARENERGY STAR® | Commercial Food Serwce Ca culator
Freezer Calcs Refrlqerator Calcs Worksheets | https: //WWW energystar qov/cfs/calculatorGal#emeiRM%ﬂeeﬂveﬁseM#e

463 ENERG STAR | Commercial —Food—Service—Caleulator | Freezer Cales—Refrigerator —Cacs—worksheets |}«

hﬁp&#mwe%qm#eﬁsle&leul—a&erhtms /Iwww.energystar.gov/sites/default/files/2024-
03/CFS%20Equipment%?20Calculator.xlsx
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Custom calculation below.44

AkWh = (kW hgase — kW hesrar) * Days

Where:

kWhgase = Maximum daily energy consumption (kWh/day) of baseline
refrigerator or freezer
= Calculated as shown in the table below using the actual refrigerated
volume (V)

Solid Door Refrigerator 0.10V + 2.04 0.05V +1.36
Glass Door Refrigerator 0.12V + 3.34 0.1V +0.86

Solid Door Freezer 0.40V +1.38 0.22V +1.38
Glass Door Freezer 0.75V +4.10 0.29V + 2.95

kWhestar = Maximum daily energy consumption (kWh/day) of ENERGY STAR®
= Custom-or-Hunknewn;Actual, if unknown calculated as shown in the

Efficient Equipment table below-using the actual refrigerated volume (V)

\Y = Refrigerated volume (ft®) calculated in accordance with the Department

of Energy test procedure in 10 CFR 8431.64
= Actual installed
Days = Days of refrigerator or freezer operation per year
= Custom, or if unknown assume 365.25 days per year

Glass-DoorFreezer | 0.75V+4.10

SUMMER COINCIDENT PEAK DEMAND SAVINGS

464 Algorithms and assumptions from ENERGY STAR® Commercial Kitchen Equipment Savings Calculator.

465 Federal Energy Efficiency Standards | Commercial Refrigerators and Freezers | https://www.ecfr.gov/current/title-

10/chapter-11/subchapter-D/part-431/subpart-C

466 22510 CER. S/I’21 66 l:norn Consean, af on-St: | s for G ial Dcfr Freezers and Daﬁ'i:j
oSy

2025 MEEIA 4 Plan MEElA—gg}Q—%l—FllawRewsmn 56 0

Freazar:

Page 264

[ Formatted Table

{ Formatted: Centered

{ Formatted: Left, Indent: Left: 0"



https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-431/subpart-C
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-431/subpart-C

Ameren Missouri Appendix H - TRM — Vol. 2: C&l Measures

AKW = AkWh = CF
Where:

AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001357383%7

NATURAL GAS ENERGY SAVINGS

N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M cosT ADJUSTMENT CALCULATION
N/A

MEeAsURE CODE:

467 Ameren Missouri TRM Volume 1 - Appendlx G: Table 2— Commerual and Industrial End Use Cateqory Monthl

Shapes and Comudent Peak Factors"2016 VHssou d a d-Facto
meren M ’7(\1[ Av\r\ ndi E Ryxllll< Sl:' ‘uni(: H { *':.,.f ‘plfﬁ
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2.9.2 Refrigerated Beverage Vending Machine

DESCRIPTION

This measure applies to new ENERGY STAR®, Class A or Class B refrigerated vending machines.
ENERGY STAR® vending machines incorporate more efficient compressors, fan motors, and
lighting systems as well as a low power mode option that allows the machine to be placed in low-
energy lighting and/or low-energy refrigeration states during times of inactivity.

This measure was developed to be applicable to the following program type: TOS.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the installed equipment must be a new or rebuilt ENERGY STAR®,
Class A or Class B*® refrigerated vending machine meeting energy consumptions requirements as
determined by equipment type (Class A or Class B).

ENERGY STAR® -Requirements (Version 3.14.0, Effective Mareh-1,-2013April 2020) #6°

Maximum Daily Energy Consumption (kWh/day)

Equipment Type

Class A <0.0523V +2.432
Class B <0.0657V +2.844

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a new or rebuilt, Class A or Class B refrigerated vending machine that
is not ENERGY STAR® certified.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.*
DeeMEeD MEASURE CoST

The incremental cost of this measure is $140125.47
LoADSHAPE

Refrigeration BUS

468 Class A means a refrigerated bottled or canned beverage vending machine that is fully cooled, and is not a combination vending
machine. Class B means any refrigerated bottled or canned beverage vending machine not considered to be Class A, and is not a
combination vending machine. See 10 CFR §431.292 “Definitions concerning refrigerated bottled or canned beverage vending

machines.”

469 ENERGY STAR® | Refrigerated Vending Machines Key Product Criteria, - [ Formatted: Footnotes
Dttps://www.energystar.gov/products/vending_machines/key_product_criteria

470 Average of measure lives recognized by Ameren Missouri (10 years) and KCPL (14 years). Also consistent with Energy { Formatted: Underline, Font color: Blue

StarENERGY STAR® ® commercial refrigerator lifetime ("Refrigerator Calcs" tab row 42).
471 Serving Up Savings: The New Value Equation for Energy Efficient Vending Machines (Average of $100 for Tier Il on pag 4-
211 and $150 for a kit to refurbish an old machine on page 4-216.

https://www.aceee.org/files/proceedings/2006/data/papers/SS06_Panel4_Paper18.pdf Censistent-with-Ameren-Missouri-MEEIA [Formatted: Hyperlink

2016-18 and KCPL TRM assumptions.
2025 MEEIA 4 Plan MEEIA-2019-21 Plan-Revision 56.0 Page 266



https://www.energystar.gov/products/vending_machines/key_product_criteria

Ameren Missouri Appendix H - TRM — Vol. 2: C&l Measures

Algorithm

CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
Custom calculation below.

AkWh = (kW hpase — kW hesrar) * Days

Where:
kWhgase = Maximum daily energy consumption (kWh/day) of baseline
vending machine
= Calculated as shown in the table below using the actual refrigerated
volume (V
s { Formatted Table
Class A 0.055V + 2.56
Class B 0.073V + 3.16
kWhestar = Maximum daily energy consumption (kWh/day) of ENERGY
STAR® vending machine
= Custem-orifunknown;Actual, if unknown calculated as shown in |
the table below using the actual refrigerated volume (V)
“l { Formatted Table
Class A <0.0523V +2.432
Class B <0.0657V +2.844
\Y, = Refrigerated volume* (ft%)
= Actual installed
Days = Days of vending machine operation per year
= 365.25 days per year
[ —EquipmentType | kwhBase™ |
ClassA 0:0550\ =256
Class B 0073+ 316
[ EquipmentType [  kwhEE™ |
Class-A e
Class B B
472 33010 CFR §431.296 - Energy Conservation Standards for Refrigerated Bottled or Canned Beverage Vending Machines
43 ENERGY STAR® | Refrigerated Vend_inq Machines Key Product Cri_te@ - { Formatted: Footnotes, Indent: Left: 0"
https://www.energystar.gov/products/vending_machines/key product_criteria
474/ is measured by the American National Standards Institute (ANSI)/Association of Home Appliance Manufacturers (AHAM) { Formatted: Underline

HRF-1-2004, ‘‘Energy, Performance and Capacity of Household Refrigerators, Refrigerator-Freezers and Freezers.”” Measurement

of refrigerated volume must be in accordance with the methodology specified in Section 5.2, Total Refrigerated Volume (excluding
subsections 5.2.2.2 through 5.2.2.4), of ANSI/AHAM HRF-1-2004.
475 R §4 9 i ard i
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SuMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = AkWh * CF

Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001357383"

MEeAsSURE CODE:

477 Ameren Missouri TRM Volume 1 - Appendlx G Table 2— Commerual and Industrial End Use Cateqorv Monthlv Shapes <«
and Comudent Peak Factors" _Se ence
LA aran N 1 2016-A PP

Formatted: Footnotes, Indent: Left: 0", Space After: 0
pt
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2.9.3 Door Heater Controls for Cooler or Freezer

DESCRIPTION

This measure applies to door heater controls installed on commercial coolers or freezers. There are
two main categories of commercially available control strategies that achieve “on-off” control of
door heaters based on either (1) the relative humidity of the air in the store or (2) the “conductivity”
of the door (which drops when condensation appears). In the first strategy, the system activates door
heaters when the relative humidity in a store rises above a specific set point and turns them off when
the relative humidity falls below that set point. In the second strategy, the sensor activates the door
heaters when the door conductivity falls below a certain set point and turns them off when the
conductivity rises above that set point. Savings result from a reduction in electric energy use due to
heaters not running continuously and from reduced cooling loads when heaters are off. The
assumptions included within this measure assume that door heater controls which are properly
designed and commissioned will achieve approximately equivalent savings, regardless of control
strategy.

This measure applies to the following program type: RF.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the installed equipment must be a door heater control installed on a
commercial glass door cooler or freezer.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a door heater without controls, installed on a commercial glass door
cooler or freezer.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years.*®
DeeMED MEASURE CoST

Actual incremental costs should be used if available. The incremental capital cost $151-150 per |
door.#™

LOADSHAPE
Refrigeration BUS

Algorithm

CALCULATION OF SAVINGS

478 Database for Energy Efficient Resources (2014). http://www.deeresources.com/. ("Updated 2014 EUL table, cell D35)

rees—{(DEER),Version2008-2.05Effective/R ini Useful Life

Life—Values

Database for Enerav-Efficiencyv—Res
tor—Ehergy-tieten ResoH DEETC);

Public Utilities CommissionDecember-16-2008.

4719 Ameren-Missouri-Technical Re

controls, 2014 to 2024. Loca file:

2025 MEEIA 4 Plan MEEIA-2019-21Plan-Revision 56.0
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ELECTRIC ENERGY SAVINGS

AkWh = kW Base ié DOORS ié (%ONBase - %ONControl) ié Hours

Where:
kWaase = Per door electric energy consumption of door heater without
controls
= Assume 0.130 kW per door*®
DOORS = Number of doors controlled with door heater controls
= Actual or if unknown, use 1 (a per door savings)
%ONgase = Effective run time of uncontrolled door heater
= Actual or if unknown, use 90.7%:!
%ONcontrol = Effective run time with anti-sweat door heater controls
= Actual or if unknown, use 45.6% ‘eueieiszn | Formatted: Superscript
Hours = Annual hours of cooler or freezer operation

= Assume 8,766 hours per year

BF = Cooling Bonus factor for reduction in waste heat inside of the
refrigerated space.
= 1.3 for a refrigerator (medium/high temp), 1.5 for freezers (low
temp)m

SUMMER COINCIDENT PEAK DEMAND SAVINGS

——AkW = AkWh « CF

Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh)
factor.
=0.0001357383%*

Savings calculated with default values as defined above.

Door Heater Control Application AkWh/door AkW/door | Formatted: Font: 11 pt

Refrigerator 668.1 0.0907

480 The Cadmus Group, Commercial Refrigeration Loadshape Project Final Report, Northeast Energy Efficiency Partnerships,
Regional Evaluation, Measurement, and Verification Forum, Lexington, MA 2015. Page 75, Table 42.

481 The Cadmus Group, Commercial Refrigeration Loadshape Project Final Report, Northeast Energy Efficiency Partnerships,
Reglonal Evaluation, Measurement and Verlflcatlon Forum Lexmgton MA 2015 Page 6169 Table 37.

483 The Cadmus Group, Commermal Refngeratlon Loadshape PrOJect Flnal Report Northeast Energy Efficiency Partnerships,
Regional Evaluation, Measurement, and Verification Forum, Lexington, MA 2015. Page 78, Figure 54.

484 Ameren Missouri TRM Volume 1 - Anpendlx G Table 2 Commercial and Industrial End Use Cateqorv Monthlv Shapes <«
and Comt:ldenl Peak Factors"Ameren-M

Formatted: Footnotes, Space After: 0 pt, Line spacing:
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Freezer 7709 | 01046 |
NATURAL GAS ENERGY SAVINGS

N/A

MEeAsURE CODE:
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B [Formatted: CambriaTextFormula, Indent: First line: 0" J

WATERIMPACT DESCRIPTHONS AND-CALCULATION
NIA

DEEMED O&M-COST ADIUSTMENT-CALCULATION
NIA

MEASURE CObE:

B [ Formatted: Footnotes J
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CALCULATION-OF- SAVINGS
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ELECTRICENERGY-SAVINGS*?

‘e {Formatted: CambriaTextFormula, Indent: First line: 0" ]

BIRIRIRIRIE|R

SUMMER COINCIDENT-PEAK-DEMAND-SAVINGS

ivation-NW.— Council
NW-—Couneik,

2025 MEEIA 4 Plan MEEIA-2019-21 Plan-Revision 56.0 Page 276




Ameren Missouri Appendix H - TRM — Vol. 2: C&l Measures

NATURAL GAS ENERGY-SAVINGS
NIA

WATER IMPACT DESCRIPTHONS AND-CALCULATION
NIA

DEEMED O&M-COST ADIUSTMENT-CALCULATION
NIA

MEASURE CODE:

| Formatted: Footnotes, Indent: Left: 0", Space After: 0

LA Miss 1 2016-A Lix E - End Use Shanes-and-Coineident-Eactorspdf? pt
tH PP € pes-ane actorspe
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2.10 Shell
2.10.1 Windows

DESCRIPTION

Energy and demand saving are realized through the installation of windows that offer performance
improvements over baseline windows. Savings may be realized from reducing air infiltration,
improved insulating properties, and changes to solar heat gain through the glazed surfaces of the
building.

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

In order for this characterization to apply, the efficient equipment is assumed to exceed the
efficiency requirements defined by the program.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline is assumed to meet the efficiency
requirements set forth by local jurisdictions. In most cases, this will be some version of the IECC.
For retrofit applications, the baseline condition is the existing condition and requires assessment of
the existing window assemblies.

Local code shall be referenced to define baseline where applicable. As an example, the following is
set forth by IECC 20422015. An efficient window would have specifications not exceeding these

values.
Climate Zones 4 & 5

U-Factor,

Fixed Windows 0.38 Btu/ft>.°F.h

Operable Windows, 0.45 Btu/ft2.°F.h

SHGC, 0.40

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 20 years.*%
DeeMED MEASURE COST

For retrofit projects, full installation costs should be used, including both material and labor costs
to install the windows.

In all other scenarios, the incremental cost for this measure is assumed to be $1.50 per square foot
of window area.*%

495 Database for Energy Efficient Resources (2014). http://www.deeresources.com/. ("Updated 2014 EUL table, cell
D21)Consistent with-window-measure-Hves specified-by-Ameren-Missouri-and-KCP&L.
4% Alliance to Save Energy Efficiency Windows Collaborative Report, December 2007. Consistent with other market reports

(Page C-5-2).
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LOADSHAPE

Cooling BUS
HVAC BUS

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

Electric energy savings is calculated as the sum of energy saved when cooling the building and
energy saved when heating the building.

AkWh = AkWhgooling + AkWhpeating | b [ Formatted: Subscript ]
He_ating a}nd cooling savings_ are 90mp05_ed of three components: infil_trqtion,_ conductior_1 and solar [Formatted: Subscript J
gains. In instances where infiltration savings do not apply or are not eligible, it may be disregarded. - - —

If central cooling, the electric energy saved in annual cooling due to the added insulation is: | Formatted: CambriaTextFormula, Indent: Firstline: 0" |
AkWhcooling = /nf1ltrationcooling + Conaductioncooling + S0Larcooting < Formatted: Cambria12, Right: 0", Space After: 0 pt, ‘
Inﬁ[tratiOHCOOIing = (CFMPRE - CFMPOST) *x 60 *x EFLHcouling ik)_(ATAVC.‘,cuall'ng *x 0.018 *x LM/ Line spacing: single
(1 000 *x T]cooling)
Where:
CFMpgre = Infiltration at natural conditions as estimated by blower door testing
before window upgrade
= Actual
CFMeost = Infiltration at natural conditions as estimated by blower door testing after
window upgrade
= Actual
60 = Converts Cubic Feet per Minute to Cubic Feet per Hour

EFLHcooing = Equivalent Full Load Hours for Cooling [hr] are provided in Table
1Seetion2-#, HVAC End Use

ATaveeooling = Average temperature difference [°F] during cooling season between
outdoor air temperature and assumed 75°F indoor air temperature — see

table below
0.018 = Specific Heat Capacity of Air (Btu/ft® °F)
LM = Latent Multiplier to account for latent cooling demand 7
= 3.0 for St. Louis, MO
1,000 = Conversion from Btu to kBtu
= Seasonal energy efficiency ratio (SEER) of cooling system (kBtu/kWh)
Tcooling = Actual

497 The Latent Multiplier is used to convert the sensible cooling savings calculated to a value representing sensible and latent
cooling loads. The values are derived from the methodology outlined in Infiltration Factor Calculation Methodology by Bruce
Harley, Senior Manager, Applied Building Science, CLEAResult 11/18/2015 and is based upon an 8760 analysis of sensible and
total heat loads using hourly climate data.
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Weather Basis (City based upon) OAAVG,cooling [°F1*® AT ave,cooling [°F]
St Louis, MO 80-882:83.0 57.88.0

Conductioncooling = (UBASE - UEFF) #*x Awindow *X EFLH cooling *x ATAVG,cooling/ (1 000 *x T]cooling) b { Formatted: CambriaTextFormula

Where:

Usase = U-factor value of baseline window assembly (Btu/ft?.°F.h)
= Dependent on Weather Basis and window type. See table-belewfor lECC
2012 requirements:baseline description for values.

Uerr = U-factor value of the efficient window assembly (Btu/ft2.°F.h)
= Actual.

Awindow = Area of insulated window (including visible frame and glass) (ft?)

Other variables as defined above.

Solarcooling = (SHGCpase — SHGCEFF) *x Awindow *X Weooling / (1000 *X Ncooling) « { Formatted: CambriaTextFormula

Where:

SHGCgase = Solar Heat Gain Coefficient of the baseline window assembly
(fractional)

SHGCerr = Solar Heat Gain Coefficient of the efficient window assembly
(fractional)
= Incident solar radiation during the cooling season (Btu/ft?):4%°

lFcuuling = 40,996 for St. LOUiS, MO

Other variables as defined above.

If the building is heated with electric heat (resistance or heat pump), the electric energy saved in
annual heating due to the window upgrade is:

AkWhheating = /nfltrationneating + Conductionneating — S0larheating ~ { Formatted: Cambria12
Inﬁltrationheating = (CFMPRE - CFMPOST) iX 60 ;—'X EFLHheating i{)_( ATAVG,heating i()_( 0. 018/ (3,412 iX
r]heating)
Where:

EFLHneating = Equivalent Full Load Hours for Heating [hr] are provided in Table
1Section-2-7, HVAC end use

Onebunqu orqIMO TMYx weather .

[ Formatted: Font: 9 pt, Font color: Text 1
datalhttps://climate. onebunlqu orq/WMO Reqnon 4 North and Central Amerlca/USA Umted States_of_America/index.html#
IDMO Missouri-http: A al. CoolingHeating-Season [Formatted: Line spacing: Multiple 1.08 li

‘“Weughﬁpm%‘"%ehng season deflned as May 20 through August 15, For cooling season, { Formatted: Font: 9 pt

temperatures from 8AM to 8PM were used to establish average temperatures as this is when cooling systems are expected to be
loaded.
49 See “Windows SHG.xlsx” for derivation ("Summary" tab cell E3).
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ATaveneatng = Average temperature difference [°F] during heating season between
outdoor air temperature and assumed 55°F heating base temperature
3,412 = Conversion from Btu to kWh.

Theating = Efficiency of heating system
= Actual. Note: electric resistance heating and heat pumps will have an
efficiency greater than or equal to 100% Other variables as defined above.

Weather Basis OAAVG heating ATAVG heating
CFE [
St Louis, MO 43:244.346.4 | 11.810-78.6
Conductionheatmg = (UBASE - UEFF) #x Awindow *x EFLHheating ik)_(A’1-‘AVG,heating/ (3,412 *x T]heating) | = { Formatted: CambriaTextFormula

Where:
Variables as defined above.

Solaryeating = (SHGCpase — SHGCEFF) %X Awindow *X Wheating / (3,412 *X NHeating) | <« { Formatted: CambriaTextFormula

Where:

Wheating = Incident solar radiation during the heading season (Btu/ft?)
= 66,592 for St. Louis, MO

Other variables as defined above.

SuMMER COINCIDENT PEAK DEMAND SAVINGS
AW = AkWHcooling «CF

Where:
AkWHeooling = Annual electricity savings for cooling, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
ferCeelng
=0.000910684°* Cooling
=0.000443983 HVAC (heating and cooling combined)

Formatted: Font: 9 pt, Font color: Text 1

éenebuﬂqu@rq—)https //cllmate onebunqu orq/WMO Remon 4 North and Central AmerlcajUSA Unlted States_of Americg

findex html#IDMO_Missouri-, http: rel.gov/solar/old data/n 0 y d_city.htm HeatlngSeason Field Code Changed
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NATURAL GAS SAVINGS

If building uses a gas heating system, the savings resulting from the window assembly is
calculated with the following formula.

ATherms = /nfltration e + CONAUCLION gashea, — SOLAT gashear

lﬂﬁ]tfatfongas]zeat = (CFMPRE - CFMPOST) —*X 60 —*L( EFLHhean’ng —*XA TAVG,heating —*/_\' 0018/
(100,000 < fheat)
COHdlICtI'OH‘gasbgeat = (UBASE - UEFF) _*XAWI‘I]dOW_*X EFLHbeating —*XA Ta VG,heating/ (1 00, 000 —*X
Uheal)
SO]aFgasheat = (SHGCBASE - SHGCEFF) 2% Awindow *X WHeating/ (100; 000-*x 7]/1531)

Where:

100,000 = Conversion from BTUs to Therms
Theat = Efficiency of heating system
= Actual

Other variables as defined above.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEeAsURE CODE:
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2.10.2 Ceiling and Wall Insulation

DESCRIPTION

Energy and demand saving are realized through reductions in the building cooling and heating loads.
This measure was developed to be applicable to the following program types: RF and NC.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to exceed the
efficiency requirements defined by the program.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline is assumed to meet the efficiency
requirements set forth by local jurisdictions. In most cases, this will be some version of IECC. For
retrofit applications, the baseline condition is the existing condition and requires assessment of the
existing insulation. It should be based on the entire wall assembly.

Local code shall be referenced to define baseline where applicable. As an example, the following is
set forth by IECC 20422015:

ASHRAE/IECC Climate Zone 5 (A, B, C) Nonresidential
Assembly Maximum Insulation Min. R-Value

Mass U-0.078 R-11.4ci

Metal Building U-0.052 R-13+ R-13ci
Metal Framed U-0.064 R-13 + R-7.5ci
Wood Framed and Other U-0.064 R-13 + R-3.8 ci or R-20

ASHRAE/IECC Climate Zone 6 (A, B, C) Nonresidential
Assembly Maximum Insulation Min. R-Value
\ESS R-13.1ci
Metal Building U-0.052 R-13+ R-13ci
Metal Framed U-0.064 R-13+R-7.5ci
R-13 + R-7.5c¢i or R-20 + R-3.8
ci

Wood Framed and Other U-0.051

Note: ci = continuous insulation

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure expected useful life (EUL) is assumed to be 20 years per DEER 2008. This is
consistent with SDG&E’s 9th Year Measure Retrofit Study (1996 & 1997 Residential
Weatherization Programs), CPUC’s Energy Efficiency Policy Manual v.2, and GDS’s Measure Life
Report Residential and Commercial/Industrial Lighting and HVAC Measures (June 2007).

DeeMEeD MEASURE CoST
For retrofit projects, full installation costs should be used.

For new construction projects, costs should be limited to incremental material and labor costs
associated with the portion of insulation that exceeds code requirements.
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LOADSHAPE
COOLING BUS
HVAC BUS
Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

Electric energy savings is calculated as the sum of energy saved when cooling the building and
energy saved when heating the building:

AkWh = Akthooling + AkWhheating b
If central cooling, the electric energy saved in annual cooling due to the added insulation is

1 1
R * Area x CRF * EFLH, ing * AT .
(Rexisting Rnew > cooling AVG,cooling

AkWhcooling =

A

(1,000 * Neoplin,

If the building is heated with electric heat (resistance or heat pump), the electric energy saved in
annual heating due to the added insulation is:

= <R ,1[. - ﬁ > * Area * CRF * EFLHpeqating * AT Av G heating
AkWhheating esing
e ok a aam s a 312 *Npegting), N
Where: \
Rexisting = Assembly heat loss coefficient with existing insulation [(hr-°F-ft?)/Btu] |
Rnew = Assembly heat loss coefficient with new insulation [(hr-°F-ft?)/Btu] ‘
Area = Area of the surface in square feet.
CRF = Correction Factor. Adjustment to account for the effects the framing has

on the overall assembly R-value, when cavity insulation is used.
= 100% if Spray Foam or External Rigid Foam
=50% if studs and cavity insulation®®

EFLHcooling = Equivalent Full Load Hours for Cooling [hr] are provided in Table
1Seetion2-7, HVAC End Use

ATavecooing = Average temperature difference [°F] during cooling season between
outdoor air temperature and assumed 75°F indoor air temperature

1,000 = Conversion from Btu to kBtu
Tcooling = Seasonal energy efficiency ratio (SEER) of cooling system (kBtu/kWh)
= Actual

EFLHneating = Equivalent Full Load Hours for Heating [hr] are provided in Table
1Seetion-2-7, HVAC end use

502 Consistent with the information listed in ASHRAE, 2001, Table 5-1 Wall Sections with Steel Studs Parallel Path Correction
Factors and experimental findings by the Oak Ridge National Laboratory, “Couple Secrets about How Framing is Effecting the
Thermal Performance of Wood and Steel-Framed Walls.”
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ATaveneatng = Average temperature difference [°F] during heating season between
outdoor air temperature and assumed 55°F heating base temperature

3,412 = Conversion from Btu to kwh.
Theating = Actual Efficieney-COP efficiency of heating system
—_— . : 1 1 1 1
ﬁF';' eeiee ;EEEEIEE Sating aneReat PHMpS >

Weather OAave,cooling ATave,cooling ATave heating
Basi [o F]SOS [° F] OAAVG,heating [OF]

(City based |
upon)
St Louis, MO 80-883.0 5:88.0 43:246.4 11886 |

Formatted: Space After: 0 pt, Line spacing: Multiple
1.08 li

Formatted: Subscript

Formatted: Subscript

Formatted Table

If the building is heated with a gas furnace, there will be some electric savings in heating the
building attributed to extra insulation since the furnace fans will run less.

AkWhheating = ATherms *x Fe *x 29.3 ‘

Where:
ATherms = Gas savings calculated with equation below.
Fe = Percentage of heating energy consumed by fans, assume 3.14%55
29.3 = Conversion from therms to kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AW = AkWHcoaling * CF
Where:

AkWHceooling = Annual electricity savings for cooling, as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

for Cooling

%03 Onebuilding.org]MO TMYx weather Nati
Year3

Dttps: //cllmate onebulldlnq orq/\NMO Remon 4_North_and Central America/USA Unlted States_of America/index.html#IDM
-http: = d & Htmit, Cooling Healing-Season-defined

season deflned as May 20 through August 15th For cooling season, temperatures
from 8AM to 8PM were used to establlsh average temperatures as this is when cooling systems are expected to be loaded.
S04 Onebuilding.orglMO TMYx weather

https //cllmate onebundlnq orq/\NMO Reqlon 4 North_and_Central Amerlca/USA United States of_America/index.html#1DM
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505 Fe is not one of the AHRI certified ratmgs prowded for furnaces, but can be reasonably estimated from a calculation based on
the certified values for fuel energy (Ef in MMBtu/yr) and Eae (kWh/yr). An average of a 300 record sample (non-random) out of
1495 was 3.14% for residential units. This is, appropriately, ~50% greater than the Energy Star® version 3 criteria for 2% Fe. See
“Programmable Thermostats Furnace Fan Analysis.xlsx” for reference. Assumed to be consistent with C&I applications.
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Ameren Missouri

= 0.0004439830°°° Cooling
=0.000443983 HVAC

NATURAL GAS SAVINGS

Appendix H - TRM — Vol. 2: C&l Measures

If building uses a gas heating system, the savings resulting from the insulation is calculated with

the following formula.

= <R .1 - Rnlew ) * Area * CRF * EFLHpeqting * AT AvG heating
ATherms existing
" 100,000 *
Where:
Rexisting = Assembly heat loss coefficient with existing insulation [(hr-°F-ft?)/Btu]
Rnew = Assembly heat loss coefficient with new insulation [(hr-°F-ft?)/Btu]
Area = Area of the surface in square feet. Assume 1000 sq ft for planning.

EFL Hheating = Equivalent Full Load Hours for Heating are provided in Table 1Section

27, HVAC end use

ATaveheaing = Average difference [°F] during heating season (see above)
100,000 = Conversion from BTUs to Therms
Theat = Efficiency of heating system

= Actual

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeeMED O&M CosT ADIUSTMENT CALCULATION
N/A

MEeAsURE CODE:

505 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes

and Coincident Peak Factors"”
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