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Ameren Missouri TRM — Volume 2: C&I Measures Revision Log

Revision

Date

Description

1.0

05/30/2018

Initial version filed for Commission approval.

1.1

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.

12/01/2024

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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Volume 2: Commercial and Industrial Measures

2.1 Appliances
2.1.1 Clothes Washer

DESCRIPTION

This measure relates to the installation of a commercial-grade clothes washer meeting the
ENERGY STAR® minimum qualifications. Note it is assumed the domestic hot water (DHW) and
dryer fuels of the installations are known.

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

The commercial-grade clothes washer must meet the ENERGY STAR® minimum qualifications

(provided—in-thetable-below)in the following table, as required by the program. The current

Version 8.0, —is effective as of February 2018. Or a top load commercial grade clothes washer
exceeding the California Modernized Appliance Efficiency Database (CA MAEDBS) minimum

qualifications.-as-e£ 2024 speeificationis-effective-as-of February 5, 2048-

-
Efficient | CNERGYSTAR. | ) 4o \iEF <702 IWF | 2.2 MEF, <4.0 IWF

******** OrCAMAEDBS | —— [~ |1~

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is a commercial-grade clothes washer meeting the minimum federal
energy efficiency baseline as of January 20432018.!

Efficiency Level Top loading Front Loading
Bascline | Federal Standard |35 MEE. 8.8 IWE=16 |2.00 MEF, 4.1 IWF=2.00 |

ADOE, Commercial Clothes Washer efficienc

htms //www ecfr. Qov/currcnt/tltlc IO/Lhaptcr—

11/subchapter-D/part-43 1#431.97Seefederal dard 10-CER 431152,
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The Modified Energy Factor (MEF) includes unit operation, water heating, and drying energy use,
with the higher the value the more efficient the unit; "The quotient of the capacity of the clothes
container, divided by the total clothes washer energy consumption per cycle, with such energy
consumption expressed as the sum of the machine electrical energy consumption, the hot water
energy consumption, and the energy required for removal of the remaining moisture in the wash
load.”

Fhe-The Integrated Water Factor (IWF) indicates the total water consumption of the unit, with the
lower the value the less water required; “The quotient of the total weighted per-cycle water
consumption for all wash cycleseeld-wash, divided by the capacity of the clothes washer.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 11 years.?

DEEMED MEASURE COST

The incremental cost is assumed to be $200.*

LOADSHAPE
Loadshape — Miscellaneous BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = X

MEFb ,,,,,,,,,,,,,,,,,,
(%Dryerbase +x %E lectrwmyer))] [(Capacity * *N cycles) =x (Y%oCWeff +
(%DHWeff +x %Electriconw) + (%Dryeref f +x %E lectrlcoryer))]

[(Capacity + *N cycles) +x (%C Wbase + (%DHWbase +x Y%Electriconw) +

Where:

Capacity = Clothes washer capacity (cubic feet)

i sov/i WE\IERGY STAR R \ Clothes \’vashels L -
,hllr)s //\M\w cncrgvsnr ooV, /producls/clolhcs waslurs/kcv produul criteris

consenatlon standards-commercial- clothesL
ial-Clothes-Washer-Caleulator

Washer Calcs" tab Cell E11)Base
Catewlator,

4 ENERGY STAR® Attps://dnr.mo.gov/sites/dnr/files/mediay ﬁlc. 2()21/( 1/energy- sldr dnnll(mu Ldl(.u]dl()l xls)g("( lothes « Ll
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= Actual - If capacity is unknown, assume 3.14-8 cubic |

feet

= Aictiuél;l-ﬁuﬂkﬂew&assume—avef&ge—va%&esi “unk
provided-belew for early replacement, else Efederal
Sstandard in following table.-

exceed minimum values in following table.

Baseline- Federal standard | 135MEFS, |  200MEF. | |
Efficient - ENERGY STAR® _ | ~ NA ___ | __ _230MEF* ___|______|
Efficient - CA MAEDBS = _ _ISOMEF, | |

Ncycles = Number of wash Cyeles-cycles per year
=2190"
%CW = Percentage of total energy consumption for clothes
washer operation (different for baseline and efficient
unit — see table below)
%DHW = Percentage of total energy consumption used for |

water heating (different for baseline and efficient unit
— see table below)

Wﬂsheﬁ#resul—&https //www ener;_ystdr Lowproducthnder produat/aertmed commercial- c]othes washers/resu]tsBdsed»eﬂ%he

Based-on-the-average clothes-washer volume-of all-units-that

pass the federal-standard-on the California EnerayC EC) database of clothes-washer products (accessed on 11363045, ~ ~ T~ T T T T T T~~~

¢ Footnote 1
71BID
8 CA MAEDBS & ENERGY STAR, Weighted MEF average, Aggregated in local file “2024 ENERGY STAR®

CA MAEDBY

Clothes Washer.xlsx”
9 CA MAEDBS, MEF average of 110 top load units, “Commercial Top Load Clothes Washers”, (August 2024) Aggregated in
local file “2024 ENERGY STAR® , CA MAEDBS Clothus Washur xlsx”
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%Dryer = Percentage of total energy consumption for dryer
operation (different for baseline and efficient unit —
see table below)

%Electricoun = Percentage of DHW savings assumed to be electric

Ww

%Electricoryer = Percentage of dryer savings assumed to be electric

Percentage of Total Energy Consumption !

Effici Level
SR e %CW %DHW %Dryer
Federal Standard 6.5% 25.9% 67.6%
ENERGY STAR® 3.5% 14.1% 82.4%
DHW fuel % Electricpaw
Electric 100%
Natural Gas 0%
Dryer fuel %Electricpryer
Electric 100%
Natural Gas 0%

Using the default assumptions provided above, the prescriptive savings for each configuration
are presented below.'?

AKWh
Efficiency Level Electric DHW Gas DHW Electric DHW  Gas DHW

Electric Dryer Electric Dryer Gas Dryer Gas Dryer

ENERGY STAR” “ { Formatted Table

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AW = AkWh * CF
Where:
AkWh = Energy Savings as calculated above

11 The percentage of total energy consumption that is used for the machine, heating the hot water, or by the dryer is different
depending on the efficiency of the unit. Values are based on a data provided in the ENERGY STAR® Calculator for Commercial
Clothes Washers.

12 Note that the baseline savings is based on the weighted average baseline MEF (as opposed to assuming front baseline for front-
efficient unit and top baseline for top- efficient unit). The reasoning is that the support of the program of more efficient units
(which are predominately front loading) will result in some participants switching from planned purchase of a top loader to a
front loader.
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CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001379439"

Using the default assumptions provided above, the prescriptive savings for each configuration
are presented below.

AKW
Electric DHW  Gas DHW Electric DHW Gas DHW

Efficiency Level Electric Dryer Electric Dryer  Gas Dryer Gas Dryer

ENERGY STAR® | 041450.0937 | 0:03460.0127 | 040040.1014 | 6:62020.0205

NATURAL GAS SAVINGS

ATherms = [[(Capacity * m +x Ncycles) +x (Y%DHWbase +x %Natural
GasDH W+*R_eff)+ (%Dryerbase +x %GasDryer%Gas _Dryer))]-[(Capacity +x
T Ncycles) +x (%DHWeff +x %GasDHW *x %Natural Gas_DHW=* R_eff) +
(%Dryereff * %GasDryer%Gas_DryeryH+))]]x Therm convert

Where:
%Gaspaw = Percentage of DHW savings assumed to be Natural-natural Gas-gas |
R eff = Recovery efficiency factor
=1.26"
%@Gaspryer = Percentage of dryer savings assumed to be Natural-natural Gas—gas
Therm_convert = Conversion factor from kWh to Fhermtherm
=0.03412

Other factors as defined above.

Electric 0%
Natural Gas 100%

13 Ameren Missouri TRM Volume I- Appendlx G: "Table 2 Commerc1al and lndustrlal End Use Categorv Momhl Shapes anh

14 To account for the different efficiency of electric and natural gas hot water heaters (gas water heater: recovery efficiencies
rangmg from 0.74 to 0.85 (0 78 used) and electric water heater with 0.98 recovery efﬁ01ency

Therefre a factor of 0 98/0 78 (1 26) is apphed ]
2025 MEEIA 4 Plan MEEIA-20149-214-2025 Plan- Revision 5@.1)
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Dryer fuel % Gaspryer

Electric 0%
Natural Gas 100%

Using the default assumptions provided above, the prescriptive savings for each configuration
are presented below:

ATherms
Electric DHW Gas DHW  Electric DHW Gas DHW

Efficiency Level Electric Dryer Electric Dryer  Gas Dryer Gas Dryer

ENERGY STAR®

WATER IMPACT DESCRIPTIONS AND CALCULATION
AWater (gallons) = Capacity +x (IWFbase — IWFeff) +x Ncycles
Where:

WFbase = Water Factor of baseline clothes washer
WFeff = Water Factor of efficient clothes washer
= Actual - If unknown assume average values provided below

Using the default assumptions provided above, the prescriptive water savings for each efficiency
level are presented below.

WF AWater
(gallons per year)
Efficiency Level Top Front Weighted .
Loaders Loaders Average Weighted Average
Federal Standard '* 8.5 5.5 7.4 n/a
ENERGY STAR® 45 19,874

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

15 Weighted average MEF of federal standard rating for frontloading and top- loading units. Baseline weighting is based upon the
relative top v front loading percentage of available non-ENERGY STAR® commercial product in the CEC database (accessed
11/26/2015) and ENERGY STAR® weighting is based on eligible products as of 11/26/2015. The relative weightings are as
follows, see more information in “Commercial Clothes Washer Analysis.xlsx™:

Efficiency Level Front Top
Baseline 37% 63%
ENERGY STAR® 99% 1%

2025 MEEIA 4 2019-21-Plan Revision 56.0 Page 16

“ {Formatted: Left

- { Formatted: Font color: Background 1

‘i ‘{ Formatted Table




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

2.1.2 Clothes Dryer

DESCRIPTION

This measure is for the installation of a residential clothes dryer, utilized in a commercial setting,
meeting the ENERGY STAR® criteria. ENERGY STAR® qualified clothes dryers save energy
through a combination of more efficient drying and reduced runtime of the drying cycle. More
efficient drying is achieved through increased insulation, modifying operating conditions (such as
air flow and/or heat input rate) improving air circulation through better drum design or booster
fans, and improving efficiency of motors. Reducing the runtime of dryers through automatic
termination by temperature and moisture sensors is believed to have the greatest potential for
reducing energy use in clothes dryers.'® ENERGY STAR® provides criteria for both gas and
electric clothes dryers.

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
Clothes dryer must meet the ENERGY STAR® version 1.1 criteria, as required by the program. ‘
Definition of Baseline Equipment

The baseline condition is a clothes dryer meeting the minimum federal requirements for units
manufactured on or after January 1, 2015._As the DOE Federal Efficiency Standard performp
testing with the D1 method in their appendix and the ENERGY STAR® certifies with the D2 tes

the Efederal Sstandard CEF value is adjusted. [mea“ed: Font: 12 pt, Font color: Text 1
Deemed Lifetime of Efficient Equipment [ Formatted: Font: 12 pt, Font color: Text 1
e . [Formatted: Font: Font color: Text 1
The expected measure life is assumed to be 14 years.!” [Formatted- Fort Tl Fort coor Tert 1
Deemed Measure Cost H [ Formatted: Font: Font color: Text 1
{Formatted: Font: Font color: Text 1
Sﬁiﬁ $$17055 ‘ Formatted: Font: Font color: Text 1
LOADSHAPE ‘\ [ Formatted: Font: Font color: Text 1
dsh - Miscellaneous BUS i [ Formatted: Font: 9 pt, Underline, Font color: Blue
Loadshape [Formatted: Font: Font color: Text 1
Aleorith {Formatted: Font: Font color: Text 1
gorichm [Formatted: Font: Font color: Text 1
[ Formatted: Font: Font color: Text 1
{Formatted: Font: Font color: Text 1
/,/ [ Formatted: Font: Font color: Text 1
'y

I,

/ { Formatted:

Font

: 9 pt, Underline, Font color: Blue

{ Formatted:

Underline

- / 2 {Formatted

Font color: Text 1

{ Formatted:

1H Ste z lofault/file: 1, alenlatorxls

Normal, Indent: Left: 0"

RHPSHWWWw-energystar: sites detaulttiles asset/document’appliance FXIS:

Jhttps://dnr.mo.gov/sites/dnr/files/media/file/2021/01/energy-star-appliance-calculator.xlsx ("Clothes Dryer Cales" tab Cell E) | -~ — {Formatted:

Font color: Blue

o A A A A JC A
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CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh= (Load/CEFpase — Load/CEFeff) +x Ncycles +x %Electric - ‘[ Formatted: Subscript

h { Formatted: Subscript

Where:
Load = The average total weight (Ibs.) of clothes per drying cycle. If dryer
size is unknown, assume standard.
Standard 8.45
Compac 3
CEFpase - = ,Cthlnqd,epgrgy factor (CEF) (Ibs./kWh) of the baseline unitis ~ | Formatted: Subscript
based on existing federal standards energy factor and adjusted to CEF
as performed in the ENERGY STAR® analysis.? If product class
unknown, assume electric, standard.
Vented/Ventless Electric, Standard (> 4.4 ft*) 341493
Vented/Ventless Electric, Compact (120V) (< 4.4 ft’) 3.0480
Vented Electric, Compact (240V) (<4.4 ft’) 2.733.45
Ventless Electric, Compact (240V) (<4.4 ft’) 24368
Vented Gas 2.843 48!
CEFerr = = CEF (Ibs./kWh) of the ENERGY STAR® unit based on ENERGY - - { Formatted: Subscript
STAR® requirements. 2 If product class unknown, assume electric,
standard.

/{ Formatted: Font color: Text 1, Superscript

//{ Field Code Changed

/
! {Formatted Font: 9 pt, Underline, Font color: Blue

/ , {Formatted Font: 9 pt

{Formatted Font color: Text 1, Superscript

{Formatted Not Superscript/ Subscript

/{ Formatted: Not Superscript/ Subscript

/
’[Formatted Font color: Auto

‘[Formatted Font color: Auto

o A U U )
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Vented or Ventless Electric, Standard (> 4.4 ft3) 3.93
Vented or Ventless Electric, Compact (120V) (<4.4 {t3) 3.80
Vented Electric, Compact (240V) (< 4.4 ft3) 3.45
Ventless Electric, Compact (240V) (< 4.4 {t3) 2.68
Vented Gas 3.48%
Ncycles = Number of dryer cycles per year. Use actual data if available. If

unknown, refer to the table below.?*

Multi-family 1.074
Laundromat 1.483
On-Premise Laundromat 3,607
%Electric =100% for electric dryers, 5% for gas dryers?

to therms.
24 NOPR analysis for DOE Commercial Clothes Washer standard. Annual use cycles of 1,074 and 1,483 for multifamily and
laundromat applications, respectively. https://www.regulations.gov/document?D=EERE-2012-BT-STD-0020-002 ILanogeLn@eJ _
laundromat cycle average value for dryer cycles in healthcare facility, hotels, drycleaners and laundromats from tests conducted
in Nicor Gas Emerging Technology Program’s Commercial Dryer Modulation Retrofit Public Project Report. Metering data in
local file: “VEIC GTI Analysis.xlsx™
25 9%Electric accounts for the fact that some of the savings on gas dryers comes from electricity (motors, controls, etc.). 5% was
determined using a ratio of the electric to total savings from gas dryers given by ENERGY STAR® Draft-2 Version 1.6-1 Clothe4
Dryers Data and Analysis. Value reported in 2015 EPA EnergySTAR® appliance calculator.
S Based on ENERGY-STAR est-procedures:hitps: star-gov/index-efim:
. terms-of tbs/kW

deral ds-report CEFfor-ga: dryers-in-term:

h T

Vh—Fo-determine-gas-savings:-thisnumber-is-later ‘

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0 Page 1£
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Pented-or-VentessEleetrie-Compaet-H20V=<4-443) e

B e 345

PentlessEleetrie Compaet-240W<44-H413) et

Vented-Gas 3483
Favndromat 83

On-Premise Laundromat Senbe

T {Formatted: Indent: Left: 0"

Using defaults provided above, with the average CEF efficiency of ENERGY STAR certified
dryers:

AKWh

Product CI -Premi
FOCHEC S Multifamily Laundromat On-Fremise

Laundromat

Vented/Ventless Electric, Standard (> 4.4 ft*) 608996 8407132 20449322 |+ - - {Formatted Table
Vented/Ventless Electric, Compact (120V) (< 4.4 f£) | 222.5342 3073472 747-41.149

Vented Electric, Compact (240V) (<4.4 ft*) 24630 34010 82720

Ventless Electric, Compact (240V) (<4.4 ft}) 3464310 4287428 1042.61,040

Vented Gas 2940 40-60 9870

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = h*CF
Where:
AkWh = Energy savings as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh)
factor
=0.0001379439%
Federal ds-report CEF for ga dryers-interm: rmine gas-savingss this numberisater converted

2 Amcrcn Missouri TRM Volumc 1- ADD(,nle G: "Tablc 2— Commcrc1a| and lndusmal End Usc Catcgor Monthlv Shancs and
C01nc1dent Peak Factors"Bu d-use-eatego ap ppend d

asher H tactor,—tRis—1s—a—reasonabre—assumpton—r aata—bH mes—avatabre—to—thtori—a
t

tachnal i neid faet Given-thatbi launde hedule: vlll bl a4 idential—
teennotogy-Speetit Hetaenceractor—Giv at-oustesstaunar t are—1t tore-vartaore-compareatorest St
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Using defaults provided above:

AKW
Product CI: - i
FOCHEEE S Multifamily  Laundromat On-Fremise
Laundromat
Vented Electric, Standard (> 4.4 ft) 0.0840 0.0H-66-182 0.2824-0443
0132
- » 3
Vented Electric, Compact (120V) (<4.4 {t°) 0023724 0. 0651 0. 1584
Vented Electric, Compact (240V) (<4.4 ft’) 0:03400 504690 OO
Ventless Electric, Compact (240V) (<4.4 ft}) 0.0428 0.659+-0589 0.4438-1435
Vented Gas 00040 800560 H-04360

NATURAL GAS ENERGY SAVINGS

Natural gas savings only apply to ENERGY STAR® vented gas clothes dryers.

ATh Load __Load \ .\ ycles-+xTh t 2 %G
rm = - - —% T Tt =
erm (CEFbase CEFeff) x Ncycles <+x Therm_conve x %Gas
Where:
Therm_convert = Conversion factor from kWh to Therm
=0.03413
%Gas = Percent of overall savings coming from gas

= 0% for electric units and 84% for gas units

Using defaults provided above:

ATherms = (8.45/2.84 - 8.45/3.48) *x Ncycles *x 0.03413 *x 0.84

| “. ‘[Formatted: CambriaTextFormula

ATherms
FroduceClass Multi-family Laundromat On-Fremise
Laundromat
Vented Gas 16:80 23.30 56:60 |
All certified models (2024) have efficiency values equal to the standard, resulting in zero
savings. ‘

PEAK GAS SAVINGS

Savings for this measure is assumed to be evenly spread across the year. The Peak Gas Savings
is therefore assumed to be:

ATherms

30 9% Gas accounts for the fact that some of the savings on gas dryers comes from electricity (motors, controls, etc.). 84% was
determined using a ratio of the gas to total savings from gas dryers given by ENERGY STAR® Draft2 Version 1.0 Clothes
Dryers Data and Analysis.

2025 MEEIA 4 Plan MEEIA-2049-21-Plan-Revision 56.0 Page 2%
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APeakTherms =
365.25
Where:
ATherms = Therm impact calculated above
365.25 = Days per year

Using defaults provided above:

APeakTherms

Product Class On-Premise

Multi-family Laundromat
. Laundromat

Vented Gas 0-04610 0-:06370 015490

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

2025 MEEIA 4 2049-21-Plan Revision 56.0 Page 22



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

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 kWcrMx Hours J
Where: ‘\\\f

CFMreduced = Reduced air consumption (CFM) per drain \\
=3 CFM*¥

casure Life

; ite Study.”, by Encrgy & Rcsourcc Solutlons (prcparcd for thc Massachusctls Joint Utilities). “M
Studv 2 Table 1- 1 2005 ot o - : | https://www.er:

c.com/wp- _ _

¢ - .'.Amuu] MO DSM program pamunants 2()20 to "024 equipment and labor cost, 7 pm];cts AN
33 Reduced CFM consumptlon 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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kWerm = System power demand reduction per reduced air consumption
(kw/CFM), depending on the type of compressor control, see table
below?*
Reciproecating—Loaddnload 0136
B e
Serew—Inlet Modulation 0.055
Serew - VED 0178

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 - VFD 0.178

Single shift(8/5) )
scheduled-down time
2-shifte(16/5) heduled d }
3-shift(24/5) scheduled-down-time
dshife247) B e e e
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 compressorcontrok—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
T

3952 hours:

7AM — 11 PM, weekdays, less holidays & scheduled down
ume3932 hours: 7AM- 1 E PM. weekdays. minus some holidays
D e e

5928 hours:

24 hours per day, weekdays, less holidays & scheduled down

time5928 hours: 24 hours per day, weekdays. minus some holidays

Single shift (8/5)

2-shift (16/5)

3-shift (24/5)

D e e
8320 hours:

Aeshift (24/7 24 hours per day, 7 days, less holidays & 'schcdulcd dOV.VIl time8320
bl

Reeiprocating - Load/Unload 0436

Serew—lLoadbnload 0452

B e

Serew —Inlet Modulation-w/ Unloading 0.055

S e

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AW =AeWWh+xCF J - {Formatted: Font: Italic
Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001379439%
MEASURE CODE:
35 Alneren Mlssoun TRM Volume 1- Appendlx G: "Table 2 — Commerual and Industrial ]:nd U%e Categorv Monlhlv Shapes a .- I { Formatted: Font: 9 pt

= ‘[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. 3

DEEMED 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-bin approach model built with trended data is not available, the simplified
approach listed below may be used,

The-folowino-aleorithm-is-annlicable-to-t
e+toHOWRg-argorttmiSappHcanietot

Where:

CFMieak = CFM leaks repairedleavingthe-air-compressorsystem-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 table1-2 on page 1-4)
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= Sum of CFM lessesUse-actual-value-if known-otherwise
appro*}ma%%valu&eaﬁ%&feuﬁérusmg dB from ultrasomc

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 1.1 14
40 dB 0.5 0.8 1.1 14 1.7
50 dB 1.9 2 2.2 1.8 2

60 dB 23 2.6 2.8 3 3.6
70 dB 3 34 3.9 4.9 5.2
80 dB 3.6 5.1 5.6 6.8 1.7
90 dB 5.3 6.8 7.1 1.7 8.4
100 dB 6 7.3 9.6 10 10.6

kW/CFMWepm = System power e —redietions smedhesd i comnns s

from CAGl datasheets(kew/CFEM);generation efficiency, depending
on-the-type-of compressorcontrelsee-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/CFM.

0484
0436
0452
0055
RIS
0153
by

=Trim compressor control type adjustment factor?’
—Values am)llcable to trim air compressor, in followmg table Hﬂ—a

CCAF

Control Method CCAF

37 Values extrapolated from “Compressed Air Ultrasonic Leak Detection Guide” from UE Systems. Readings compensated for
atmospheric pressure and taken at 40 kHz. (See paye 61 Loca] f'le “UE Systems compressed dll‘ ultrasonic leak

detection.jpg https:w

and table 2 on page 9 for centrifugal compressors “Chapter 22: Compressed Air Evaluatlon Protocol”

https: //Www nre] f:ov/docs/fyl7ostl/68577 pd
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RSS

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
Start/Stop 1.00
[ ConrolMehod [ ceAE -« N
Modulation
Displacemient
Serowoad-Hrtoad-toal-ClEM
storageVariable Speed
Serewtoadtntoad Isal-CEM
storageStart/Stop
Sercwload-bnloadS-pabCEM storaue
Serewoad-bdoad-H-onbCEMstorage
e
load-powerto
zero flow power
Hours = Compressed air system pressurized hours

“ ‘[Formatted Table

- {Formatted: Font color: Background 1

AN \{ Formatted: Centered

{ Formatted Table

“ ‘[ Formatted Table

= Use-aetual-hoursActual hours, or if knewsnunknown, etherwise
assume values in table below, based on business-compressor

oieratini schedule

1976 hours:

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

2-shift (16/5) 3952 hours:
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7AM — 11 PM, weekdays, less holidays & scheduled down time;
5928 hours:

3-shift (24/5) 24 hours per day, weekdays, less holidays & scheduled down
timeweekdays—minus some-holidays-and scheduled down time
8320 hours:

4-shift (24/7) -24 hours per day, 7 days-a-week-, less holidays & scheduled down
Pl = he b e b Lo L L e

:
A A

B|L|B[E || B[R [E|B]E

o 3 4 35
(e Y e o
i3 e iR

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
=0.0001379439%

«—

40Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes == { Formatted: Footnotes
meren-Miss +Coinciden Pea Pemand Fa © S .‘ me ‘. :‘5"-‘ €e

and Coincident Peak Factors" 204+6-A
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MEASURE 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 oﬂf

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.*!
DEEMED MEASURE COST

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

Nozzle Diameter Measure Cost <+~ { Formatted Table

1/8” $42
1/4" $5759
5H1463/8” $87236
12" $421335
LOADSHAPE
Air Comp BUS

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. Aecessed-Mareh20; ‘

2044-Data in local file: “2024 Air nozzle incremental cost.xlsx”
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = (SEEM+SCEMY%ReduecedCFMbase - CFMefr) -x kW /CEFM * CCAF%Use-*
Hours x % Use
Where:

SCFMbase = 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 -4+

1/16”
s
1A1/4” 5885
5/1673/8"- 113193
12" 343280

CFMefr =Engineered nozzle rate flow at 80 psi.
SCEM%Reduced- = fon-in-ai
= Estimnated-at-50%*—
kW/100CFM = 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
CCAF =Trim compressor control type adjustment factor*’
=Values applicable to trim air compressor, in following table.

|

[NS)

- ‘[ Formatted Table

- { Formatted Table

Control Method ‘ CCAF - { Formatted Table
InletMedulationReciprocating — On/Off | 6:341.00
control
Lead/nleadReciprocating — 0:460.74
Load/Unload {
Screw-Load/Unload oil free 0.73 -\ Formatted Table
i i Screw — 0-700.43 <+ /{ Formatted: Footnotes
Load/Unload 1 gal CFM ! { Formatted: Font color: Blue
{Formatted: Font: 9 pt, Font color: Blue
/ { Formatted: Font color: Blue
. / /// {Formatted: Font: 9 pt, Font color: Black
%Re’ P sg manufactt F€F 156%% lt'iﬂ PR
ht 4 Formatted: Font: 9 pt, Font color: Black
soc estmate based on average values provided by the Comp A oo Training Prossam. Machiners s Handbook 256 Edition and mansfactsers”cotlos. {Formatted: Font: 9 pt, Font color: Black
47 NREL, Factors based on, power vs capacity guﬁrvgsjrgng table 5,on pdg;eil 6 @1;9@1131’9@@1; rotary screw compressors and /// »[ Formatted: Font: 9 pt, Font color: Black
table 2 on page 9 for centrifugal compressors,, “Chapter 22: Compressed Air Evaluation Protocol”,
https://www.nrel.gov/docs/fy170sti/68577.pdf = { Formatted: Underline, Font color: Blue
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Screw — Load/Unload 3 gal CFM 0.536:90
Sl oo
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
Start/Stoi 1.00
Serew—LoadUnload 045
Serew—nlet Modulation 006
Serew—Inlet Modulationw/ 006
UnloadingSerew—Variable Displacement 015
Serew—VED 018
o USE 7 i ] o] hatd s

Hours

Shift Hours

Single shift (8/5)

=Custe H-oF ifunka OWHASSHE 50448_

= Compressed air system pressurized hours

= Use actual hours if known, otherwise assume values in table
below.

1976 hours:
7 AM - 3 PM, weekdays, minus some holidays and scheduled down time

2-shift (16/5)

3952 hours:
7AM — 11 PM, weekdays, minus some holidays and scheduled down time

3-shift (24/5)

5928 hours:
24 hours per day, weekdays, minus some holidays and scheduled down
time

4-shift (24/7)

8320 hours:
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

“= ‘[Formatted Table

‘T ‘[ Formatted Table
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= Custom, or if unknown, assume 5%

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AW = AkWh x+ CF
Where:

AkWh = Electric energy savings, calculated above

4 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

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

“= ‘[Formatted: Indent: Left: 0"

-«—

50 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes == {Formatted: Footnotes

and Coincident Peak Factors" is

«
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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 vVariable 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*?

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

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

Algorithm

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

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

3 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 (FanuaryJuly) to $220244 (JanuaryJuly). 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 =0.9x hpcompressor x HOURS x (CFb - CFe)
Where:
AkWh = gross customer annual kWh savings for the measure i {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.

1976 hours: 7 AM — 3 PM, weekdays, minus some holidays and scheduled down

Single shift (8/5)

time
e 3952 hours: 7AM — 11 PM, weekdays, minus some holidays and scheduled
2-shift (16/5) down time

5928 hours: 24 hours per day, weekdays, minus some holidays and scheduled
down time

3-shift (24/5)

. 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 average®® | 36% continual

Coub = baseline compressor factor, refer to table below

4Conversion 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.
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. {Formatted: Left

=T {Formatted: Font: 11 pt

Modulating w/ 0.890 0.886 0.863 “ {Formatted Table

Blowdown — -
Load/No-Load w/ 1
Gallon/CFM — — I
Load/No-Load w/ 3 0811
Gallon/CFM T — T
Load/No-Load w/ 5
Gallon/CFM 0.806 0.802 0.786
CF. = 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

3 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

- {Formatted: Footnotes, Line spacing: single

nformation_with40to50hpbucket.xlsx” for more information. _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ ___ ___________ - {Formatted- Font color: Text 1

for the other size ranges. See “VSD Air Compressor — Supporting Information_with40to5S0hpbucket.xIsx” for more information. ‘[ Formatted: Font: Font color: Text 1

N
3 Compressor factors for this size range were developed using DOE part-load data for different compressor control types as well o \[ ) i k
as load profiles from 45 compressors and 20 facilities. This data comes from ComEd Custom and Industrial Systems programs. . | Formatted: Font: Font color: Text 1

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

\{ Formatted: Footnotes

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

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

~ | Formatted: Footnotes, Indent: Left: 0"
from 50 facilities employing air compressors less than or equal to 40 hp. The “variable speed drive” compressor factor has been {

J o J JCU A L

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 — Supporting Information_with40toS0Ohpbucket.xlsx” for more information.
9_Compre facto were-deve i ad-data fferen npPre

- ‘[Formatted: Footnotes, Line spacing: single

I H th40te50hpbucket-xlsx” for mere-inf

ntormation—w i lsx—tor-more-tntormation:

- ¥al factorsforthe size rance between 40-and-50-hp-were i lated-from-data-used-to-derive-th factors « — —
mpressor-tactorstor-the-sizerange between40-and-50-hp-were iterp trom-data-used-to-derrve-the-compressortactors Formatted: Footnotes

for-the-othersi See“VSP-AirC. S tine e 4 ith40teSOhnbucketxlsxf e H

tor-the-othersize-ran VSD-Adr-Compr F—ouppertingintormation—with P tsx—tor-meore-thtormation:

Th filtered-to-reflect-onl tAFV-S b O-and-200h d ine-a-mini £4

Hie-compt rs-were-tHtered-to-rettect-onty rotary-serew-compr 55 R-O0-ane Ap;-aha-operatinga 4

heurs dav—Additionall ith-el d istent-baseload-profiles luded-fi this-analysis—See—“VSP

neurs-per-aay; Y COmpE FS-With-etear-ana-cor profit f from-this-anatysts—> =D

Adr-C. S et H ith40te5S0hnbucketxlsx? £ infe H

YH-COmpPressor —Stpporth; H—W P tsx—tor-meore-thtormation:
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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:

‘e ‘[Formatted: Footnotes, Left, Line spacing: single

% 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-orhalf sized natural sas
fired ENERGY STAR™ combination—ovens—with-apan—eapaeity—=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) *(Version2.2;

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

- {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.°]

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.

DEEMED MEASURE COST

The incremental capital cost for each type of combination oven forthis-measureis
$4:3001:850628is listed in the following table.
ffffffffffffffff
Electric combination oven | =t5pansand | | $18s0 | |
=29 pansAll
sizes, | 0
1 230pans |- $2692 | _______________|]
|
GasElectric combination oven _ | All sizes, ~_ _ _ | styor | __________]
TJ—O
LOADSHAPE
Cooking BUS

/{ Formatted: Font: 11 pt, Font color: Background 1

! {Formatted Font: 11 pt, Font color: Background 1

{Formatted Font: 11 pt, Font color: Background 1

‘[ Formatted: Centered

\{ Formatted Table

h { Formatted: Font: 11 pt

N {Formatted: Font: 11 pt

- { Formatted: Font: 11 pt
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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

Where:

ACookingEnergyconiec

ACookingEnergysiameice

Al dleEnergyConvElec

AIdleEnergysmamElcc

APreHeatEnergyeiec

AldleEnergyconviiect+ AldleEner gysteamEiec+

APreHeatEnergyeiec) x Days/1,000

= Difference in cooking energy between baseline and efficient
combination oven in convection mode
= FoodCookedElec*x (FFOODConvElec / ElecEFEConvBase -

a LA IYAEE

*‘\

%{ Formatted

‘[Formatted: Space Before: 1 pt, After: 1 pt

EFO0DConvElec / ElecEFFConvEE) *x %Conv

= Difference in cooking energy between baseline and efficient
combination oven in steam mode
= FoodCookedFlec*x (EFOODSteamElec / ElecEFFESteamBase

& LAY

7{ Formatted

EFOODSteamElec

A

777777 ElecEFFSteamEE) *x %Steam,

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

/E/ECPCCanVBase) ilx %Canv)) - (E]EC]DLECUHVEEjLY‘ ((HOUI'S -

FoodCookediec /ElecPCConvEE) *x %Convy)))

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

ElecPCSteamBase) *x %Steam)) - (ElecIDLESteamEE*x

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

=Difference in preheat energy between baseline and efficient

=PreHeatconv - PreHeate,
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- ‘[Formatted: Space Before: 1 pt, After: 1 pt

Days = Annual days of operation ‘e ‘[Formatted: Space Before: 1 pt, After: 1 pt
= Castom-Actual. er-if unknown, use 365.25 days per year

1,000 = Wh-Watt-hour to Wh-kilowatt-hour conversion factor i {Formatted: Space Before: 1 pt, After: 1 pt

FoodCookedglec = Food cooked per day for electric combination oven 55 {Forma“ed: Space Before: 1 pt, After: 1 pt

 J L

= Actual, if unknown,Custem;-er—funknewn use 200 lbs if P
=>154 or 250-125 Ibsif P > 15

EFOODconvElec = ASTM energy to food for electric combination oven in il ‘[Formatted: Space Before: 1 pt, After: 1 pt

convection mode
=73.2 Watt-hourh/Ib

ElecEff —— il e {Formatted: Space Before: 1 pt, After: 1 pt

=CookingeEnergy efficiency of electric combination oven
= Custom-orifunknown;Actual, if unknown use, -use values from

table below /[Formatted: Font: Bold, Font color: Background 1

| Equpment | Base [ BEffidens | S p———

ElecEFFcon (5-40 Pan) 12% 18% - \‘\‘\\\\ \[Formatted' Font: Bold
ElecEFF con, (>5 Pan) 65% 70% S —
FlooFFFans (540 Pan) 2% 55% \\ \{ Formatted: Font: Bold
ElooEFFuum (55 Pan) 2% S1% %\\ \\\\ {Formatted: Centered, Space Before: 1 pt, After: 1 pt
YoConv = Percentage of time in convection mode :\\\ ) \[ Formatted: Space Before: 1 pt After: Tpt
= Custom-or—ifunknewnActual, or if unknown, use 50% % \:\\[ Formatted Table
EFOODsteamElec = ASTM energy to food for electric combination oven in steam : ' \\I Formatted: Space Before: 1 pt, After: 1 pt
mode i \\\\‘I Formatted: Space Before: 1 pt, After: 1 pt
= 30.8 Watt-hourh/Ib [ Formatted Table
Yosteam = Percentage of time in steam mode A \\\\{ Formatted: Space Before: 1 pt, After: 1 pt
=1 - Yocons N {Formatted: Space Before: 1 pt, After: 1 pt
ElecIDLERBase = Idle energy rate (W) of baseline electric combination oven N \{ - ) )
= Custom-or—+unknown-Actual, or if unknown, use values from AN Formatted: Space Before: 1 pt, After: 1 pt
table below \\{ Formatted: Space Before: 1 pt, After: 1 pt
o {Formatted: Space Before: 1 pt, After: 1 pt
o ‘[Formatted: Space Before: 1 pt, After: 1 pt
=155 1754680 5:2602,090 e ‘[Formatted: Space Before: 1 pt, After: 1 pt
=15 to <3040 2:9661.320 8:866-5.260 - {Formatted: Space Before: 1 pt, After: 1 pt
=30 4418 H375 :: B {Formatted: Space Before: 1 pt, After: 1 pt
_ «\\\\\\ { Formatted: Space Before: 1 pt, After: 1 pt
EleeEFFcon 2% 768% ﬁ\\l{ Formatted: Space Before: 1 pt, After: 1 pt
ElecEFFsicn 4953% 35 DR {Formatted Table
Hours = Average daily hours of operation :\ . Formatted: Space Before: 1 pt, After: 1 pt
= Custom-or-Hunknown-Actual, or if unknown, use 12 hours per | -
day {Formatted Space Before: 1 pt, After: 1 pt
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ElecPCgase = Production capacity (Ibs/hr) of baseline electric combination - ‘[Formatted: Space Before: 1 pt, After: 1 pt

oven
= Cystom-or—ifunknown-Actual, or if unknown, use values from
table below

7 {Formatted: Space Before: 1 pt, After: 1 pt

<15 1197929 17712645 o \[ Formatted Table
=155 t0 40 201 16607 349295151 o B ‘[Formatted: Space Before: 1 pt, After: 1 pt
0 {Formatted Space Before: 1 pt, After: 1 pt
_ \[Formatted Space Before: 1 pt, After: 1 pt
== | =B84 520 | 0= \{ Formatted: Space Before: 1 pt, After: 1 pt

2H5te36 | o6 | 8866 | t \ N { Formatted Table

=236 | e8| 88 | ; {Formatted Font color: Text 1

ElecIDLEconvee = Idle energy rate of ENERGY STAR® electric combination oven \\ " {Forma“ed Space Before: 1 pt, After: 1 pt

in convection mode {Formatted Font color: Text 1

= (0.083%xP + 0.498€935)*x1,000_for 5-40 pan capacity

\ 4 X .
= (0.05%xP + 055):x1.000 for 3-4 pan capacity \\ {Formatted Space Before: 1 pt, After: 1 pt

. . . \ .
ElecPCeg = Production capacity (Ibs/hr) of ENERGY STAR® electric “ \\ {F°"“a"ed Font color: Text 1
combination oven ), \\{Formatted Space Before: 1 pt, After: 1 pt
= Custom-orifunknewn;-Actual, or if unknown, use values from \ { Formatted: Space Before: 1 pt, After: 1 pt
table below '

| {Formatted: Space Before: 1 pt, After: 1 pt

\
_ {Formatted Space e - - Arer - .

‘[Formatted Space Before: 1 pt, After: 1 pt

_>=<155 1937 197-59
=155 to 40 201174 349047 \ N { Formatted Table
\ . . "
ElecIDLEStcamEE = Idle energy rate of ENERGY STAR® electric combination oven *‘\\ \ 1 Formatted: List Paragraph, Left, Indent: Left: 0.25",
in steam mode Space Before: 1 pt, After: 1 pt
= (0.133%#xP + 0.64)%¥x1,000 for 5-40 pan capacity \\ {Formatted Space Before: 1 pt, After: 1 pt
= (0.60%xP +0-64)%x1,000 for 3-4 pan capacity {Formatted Space Before: 1 pt, After: 1 pt

\{ Formatted: Space Before: 1 pt, After: 1 pt

{Formatted: Space Before: 1 pt, After: 1 pt

o A A A O U U A )

EleeEEEcony 2% F6%

EleeEEEs cam 49% 55%
=15 1320 5260
=15 2280 8740
—= 79 126
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[ =] 166 | 295 |
<15 H9 177
=15 201 349

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:”

AT herms={ACookingEnergyconvcas +ACookingEnergyscancas +-AMdleEnergyconvea—+ |+ — - w Formatted: Indent: Left: 0.1", Right: 0.1", Line spacing: ‘

AldleEnergys casy+Days/100,000 Multiple 1.1 i
Where:
’[ Formatted: Cambria12
ATherms =(AClookinglnergyconvicas + AC00kingEnergysicamscas + « - )
Formatted: Font: Cambria Math

Aldlefnergyconca + Aldlelnergysicamcas+ / - -
APreHeatEneravies) * Davs/100,000 ; /[ Formatted: Cambria12 Char, Font: Cambria

Where: ,///[ Formatted: Cambria12 Char, Font: Cambria, 12 pt

ACookingEnergyconvGas = Difference in cooking energy between baseline and efficient // ’//{ Formatted: Cambria12 Char, Font: Cambria
combination oven in convection mode ’ // {Formatted: Cambria12 Char, Font: Cambria
= FoodCookedGas +x (EFOODConvGas / i, 0 - -
GasEFFConvBase EFOODConvGas/ GasEFFConvEE) = I ,/;/// {Formatted: Cambrial12 Char, Font: Cambria, 12 pt
X %conVL 7777777777777777777777777777777777 K ,/’/// {Formatted: Cambria12 Char, Font: Cambria

ACookingEner ZYSteamGas

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

72 Ameren Missouri TRM Volume 1 - Appendlx G: "Table 2 Commercial and lndu%mal ]:nd Use Categorv Momhl Shapes { Formatted: Cambria12 Char, Font: Cambria
and Coincident Peak Factors"2016-Am e 2 3 \ y d g
reference “Ameren Missouri {Formatted: Cambrial12 Char, Font: Cambria, 12 pt

|

NG ‘[Formatted:

Commercial and Industrial End Use Category Monthly Shapes and Commdent Peak Factors"

73 Algorithms and assumptions derived from ENERGY STAR® Commercial Kitchen Equipment Savings Calculator.
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AldleEnergyconvaas

AIdleEnergysmamGas

APreHeatEnergystcamGas
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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
FoodCookedaas

EFOODconvGas

GasEff

GasEFFc(,nv

= Btu to therms conversion factor
= Food cooked per day for gas combination oven
= Custom, or, if unknown, use 200 Ibs if P <15, 250 lIbsif 15 <P
30, or 400 lbs if P >30
= ASTM energy to food for gas combination oven in convection
mode
=250 Btu/lb
= Cooking energy efficiency of gas combination oven

= Custom-orHunknewn;-Actual, or if unknown, use values from
table below

52% 56%

GasEF FSteum

39% 41%

EFOODsteamGas

GasIDLEBase

= ASTM energy to food for gas combination oven in steam mode
=105 Btu/lb

= Idle energy rate (Btu/hr) of baseline gas combination oven
= Custom-or,-if unknown;-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

GasPCgase

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

A
O

2

N
ke

_.
[
IN
s~
3]
[=)

7

[o)}
[N
—

2

>30 392

GasIDLEconvee

2025 MEEIA 4 2019-21-Plan

= Idle energy rate of ENERGY STAR® gas combination oven in
convection mode
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= 150140%xP + 5,4253.800 |

GasPCeg = Production capacity (Ibs/hr) of ENERGY STAR® gas
combination oven
= Custom-orif unknown-Actual, or if unknown, use values from |
table below
“ ‘[Formatted Table
<15 124 172
15<P30 210 277
=30 394 640
GasIDLESsteamEE = Idle energy rate of ENERGY STAR® gas combination oven in
steam mode
=200%xP +6,511 |

GasEFEc.ny

GasEFEs.cam

<15 47 18656
15=P30 10788 24562
=30 13.000 43300

= I 195
B5=P30 176 2+
=30 392 599

=15 24 2
+5=P30 219 277
=30 394 649

‘WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
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MEASURE CODE:
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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.

Electric Efficiency Requirements Natural Gas Efficiency
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% <10,4060-417 >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.™

DEEMED MEASURE COST

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0 Page 4$
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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, .-

élE”lli_(éFEHEEH 3?:?31 é@gglél'iiggiisil:gfl} 92319[]7990 lqug]fg: «—
AkWh = (AldleEnergy + ACookingEnergy-+-APreHeatEnergy) -x— Days/. _
1,000
Where:
AldleEnergy = Difference in idle energy between baseline and efficient steam cooker

= [(1 - SteamMode) +x(IdleRate, s teteRateBase + SteamMode —+

x Productionyq.PreductionBase +x Pans +xEF00D /
Ef fpase) EffBasey+x (Hours - FoodCooked/(ProductionBase -+
x Pans))] - [(1 - SteamMode) +x(IdleRategsrjpteiteRateESTAR +
SteamMode ~+x Productionggr pProductionESTAR <+x Pans
x EFOOD [Ef frsranEfFESTAR)+x (Hours - FoodCooked/
(Productionggr g ProductionESTAR <+x Pans))]

APreHeatEnergy  =Difference in preheat energy between baseline and efficient cooker

=104.3Watt-hour
ACookingEnergy = Difference in cooking energy between baseline and efficient steam cooker
= (FoodCooked -+~x EFOOD/ Ef fqseEffBase) - (FoodCooked +

x EFOOD[ Ef frsrarEf fESFAR)
Days = Annual days of operation
= Custem-Actual.er; if unknown, use 365.25 days per year
1,000 = Watth to kWh conversion factor
SteamMode = Time (%) in constant steam mode
= ActualCustem-or, if unknown, use 40%
IdleRateBase = Idle energy rate (W) of baseline electric steam cooker

75 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)AmerenMissouri Fechnical Resource

e Algorithms and assumptions derived from ENERGY STAR® Commercial Kitchen Equipment Savings Calculator.
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=1,4606-200 W for steam generator, or 1,000 W for all others”
IdleRateEstar = Idle energy rate (W) of ENERGY STAR® electric steam cooker
= ActualCustem, i-or-+f unknown, use value from table below as determined by

pan capacit
[ETYeT —— { Formatted Table

3 400
4 530
5 670
6to 10 800
10 8660
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 fooker
= Custom-or—+fActual, if unknown, use 16.7 1b/hr

Pans = Pan capacity of steam cooker
= Custom-er;Actual, if unknown, use 6 pans
EFOOD = ASTM energy to food testing standard
=30.8 WhAbatt-hour/lb
EffBase = Cooking efficiency (%) of baseline electric steam cooker’*”
= Actual, if unknown, use 2830%
Effestar = Cooking efficiency (%) of ENERGY STAR® electric steam cooker
= Custom-or+fActual, if unknown, use 50%
Hours = Average daily hours of operation
= Custem-orAcutal, if unknown, use 12 hours per day
FoodCooked = Food cooked per day (Ibs)

= Custom-or;Actual, if unknown, use 100 pounds

3 400
4 530
5 670
6 200
10 200

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

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

000-& 00-in Pl A oke "ol aall YN

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
7 Cookingefficiency for-baseline steam-cooke
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3 37.857 18;438:9 17,642 7:637-6 7.3843 108013
4 45,004 23.018.6 21,543 97841 8.569 13.234.5
5 52,047 27.563-8 25,509 +1,953.8 9.693 15.609.9
6 59.040 32,0917 29,410 +4100-1 10,822 17,9916
10 86,803 501345 41,452 213843 16,564 28,750-1+
Average 56.150 30,2495 27,111 12,9720 10,606 72775

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh +x CF

Where:
AkWh

=0.0001998949%

Other variables as defined above.

NATURAL GAS ENERGY SAVINGS

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

Custom calculation for a natural gas steam cooker below; otherwise use deemed value from the

table that follows.®!

-ATherms = (AldleEnergy + ACookingEnergy + APreHeatEnergy)x - { Formatted: Font: Cambria Math, Italic
Days /100,000

Where:

AldleEnergy

ACookingEnergy

APreHeatEnergy

= [(1 - SteamMode) +x(IdleRateBase + SteamMode
x ProductionBase -+x Pans +xEF00D /EffBase)+

x (Hours - FoodCooked/(ProductionBase

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

EffESTAR)+x (Hours - FoodCooked /ProductionESTAR +

x Pans)]

= (FoodCooked +x EFOOD/ EffBase) - (FoodCooked +
x EFOOD | EffESTAR)
=Difference in daily preheat energy from baseline to efficient

100,000

= Btu to therms conversion factor

80

Coincident Peak Factors"

81 ENERGY STAR®, Algorithms and assumptions derived from Commercial Kitchen Equipment Savings Calculator, (March

meren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and In

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

sderived-f

ENERGY-STAR®C.
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IdleRateBase

IdleRateesTar

ProductionBase

Productionestar

EFOOD

EffBase

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

= 16,500 Btu/hr®

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

below as determined bi ian caiami

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

=233 Ib/hr

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

cooker

= Custom-orifunknown;-Actual, or if unknown, use 20 lb/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;400
6 12500
10 12;500

Energy Consumption of Gas Steam Cookers

Pan Capacity Thermsgase Thermsgsrar 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:
WaterUseBase = Water use (gal/hr) of baseline steam cooker
=40 gal/hr
WaterUseestar = Water use (gal/hr) of ENERGY STAR® steam cooker®s

= Custom-or;-funknown;-Actual, or if unknown, use 9.3 gal/hr

Other variables as defined above

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

8 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 Cales" 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 April22.201HOctober 1, 2016) - ‘[Formatted: Body Text, Justified, Indent: Left: 0"

Electric Efficiency Natural Gas Efficiency

Requirements Requirements
F 3 . 2
ryer Capacity Idle Energy Coo.kmg Idle Energy Coo!(mg
Efficiency Efficiency
Rate " Rate 3
Consumption Consumption

Standard Open Deep-Fat Fryer < 1000800 W >83% <9,000 Btu/hr > 50%
Large Vat Open Deep-Fat Fryer <1,100 W >80% <12,000 Btu/hr =0 - ‘[ 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.®

DEEMED MEASURE COST

The incremental capital cost for this measure is $246-1,500 for standard electric, $0500 for largp
vat electric, $1.000 for standard gas, and $++262.000 for large vat gas fryers.?’

8 ENERGY STARY, “Results Detail” worksheet (Equipment Life), Commercial Kitchen Equipment Savings Calculator, (March +—

- b o o ‘[Formatted: Footnotes, Line spacing: single
2024), https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xIsxEifetimefrom ENERGY

STAR*-Commercial Kitchen-Equipment Savings Caleulator-which-cites-reft asFSTCresearch-onavailable-models; ‘[Formatted: Underline
009" no- ene sovisites/defa FHes/20 0 D ee a

tabYhttns: 1+ 1 default/fil t/d ment 1altateh Gut t lewlator>d

e e e e e S

87 ENERGY STAR®

“Fryer Calcs” hidden worksheet (Incremental Cost), Commercial Kitchen E(;uinment Savings Calculator, | + — — {Formatted: Footnotes, Indent: Left: 0"

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

7777777 R® Com nt Savings (See formulain"Frver Cales"tab | ‘[Formatted: Underline

«
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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 95233 1284231
kWh for standard fryers and 2;537.92.696-720 kWh for large vat fryers.®®
AkWh = (AldleEnergy + ACookingEnergy + ACookingEnergy +
APreHeatEnergy) * Days/1,000
Where:
AldleEnergy = Difference in idle energy between baseline and efficient fryer
= (Elecldleyys EtectdleBase+x (Hours - FoodCooked/
ElecPCy s . ElecPEBase)) - Elecldlegsr pEtecldle ESTAR +
x (Hours - FoodCooked/ElecPCpgyapEleePCESTAR))
APreHeatEnergy  =Difference in daily preheat energy between baseline and efficient
ACookingEnergy = Difference in cooking energy between baseline and efficient fryer
= (FoodCooked +x EFOODElec/
ElecEf fpqaseEtecEffBase) - (FoodCooked <+x EFO0Dgiec/
ElecEf fesrar)
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-or;-funknown;-Actual, or if unknown, use 365.25 days per |
year
1,000 = Wh to kWh conversion factor
Elecldlesase = Idle energy rate of baseline electric fryer
=1,650-200 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 ;600800 W for |
standard fryers and 1,100 for large vat fryers
Hours = Average daily hours of operation
= Custom-or;-unknewn;-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
= Custom-er-ifunknewnr-Actual, or if unknown, use 150 pounds |
ElecPCagase = Production capacity of baseline electric fryer
88 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-

0 v/CFS%ZOEqummenI%’O( alculator. xlsxAlgemhm&aﬂdasswﬂpﬁeﬂ&derﬁed-hem%w @emmesaa-l—léﬁehen
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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
= Custom-er-if unknowns-Actual, or if unknown, use 70 Ib/hr for
standard fryers and 110 1b/hr for large vat fryers

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

= 75% for standard fryers and 70% for large vat fryers
= Cooking efficiency of ENERGY STAR® electric fryer
= Custom-or-ifunknewnr-Actual, or if unknown, use 8883% for beth
ElecEffrstar 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 5679512
therms/yr for standard fryers and 41-5-1420 therms/yr for large vat fryers.*

-ATherms = (AldleEnergy + ACookingEnergy + APreHeatEnergy) ~ W Formatted: Indent: Left: 0", Right: 0", Line spacing:
+x Days/100,000 single
Where: - ‘[Formatted: Indent: Left: 1", Right: 0.3"

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

ACookingEnergy = (FoodCooked <+x EFOODGas/ GasEffBase) (FoodCooked -
X EFOODgas/GasEf fEsrar)
APreHeatEnergy  =Difference in daily preheat energy between baseline and efficient

89 Ameren Missouri TRM Volume 1 - /\Dpendlx G: Tﬁble Commercial and Industrial End Use Category Monthly Shapes
1nd C 0mc1dent Peak ]"nctors ¢ i i i

90

Algorithms and assumptions derived from ENERGY STAR® Commercial Kitchen Equipment Savings Calculator
https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xlsx, (See "Fryer Calcs" tab),
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100,000 = Btu to therms conversion factor

Gasldlepase = Idle energy rate of baseline gas fryer
= 14,000 Btu/hr for standard fryers and 16,000 Btu/hr for large vat
fryers

Gasldleestar = Idle energy rate of ENERGY STAR® gas fryer

= Custom-orif unknown-Actual, or if unknown, use 9,000 Btu/hr for |
standard fryers and 12,000 Btu/hr for large vat fryers
GasPcBase = 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
= Custom-erifunknewnr-Actual, or if unknown, use 65 Ib/hr for

GasPcestar standard fryers and 110 1b/hr for large vat fryers
EFOODgas = ASTM energy to food

=570 Btu/lb
GasEffBase = Cooking efficiency of baseline gas fryer

= 35% for both standard and large vat fryers
= Cooking efficiency of ENERGY STAR® gas fryer
= Custom-or;-Hunknewn;-Actual, or if unknown, use 50% for both |
GasEffestar 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 Oetober72015]anuary 12, 2023) 2L « - - ‘[Formatted: Body Text, Justified, Indent: Left: 0"

Efficiency Requirements

Oven Capacity

Cooking

Idle Energy Rate Efficiency

Electric, Full Size, > 5 pans < 1:60.40 kWKW >H76% e {Formatted: Line spacing: single
Electric, Half Size-Full Size, < 5 <1.00 kW 276% tﬁ\i; ‘[Formatted: Line spacing: single
ans <
Half Size <1.00 kW >71% oo \[Formatted: Centered, Line spacing: single
700 AN ‘[Formatted: Centered, Line spacing: single
Gas, full size <9.500 Btu/hr 249% { : —
Formatted: Line spacing: single
- ‘[Formatted Table

o JU )

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.*

DEEMED MEASURE COST

o - ’[ Formatted: Font: 9 pt

S ‘[Formatted: Font: 9 pt

~_ {Formatted: Indent: Left: 0"

{ Formatted: Underline

o A )
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‘= ‘[Formatted: Indent: Left: 0"

The incremental capital cost for this measure is $8286 for half-size oven and $1.191 for full size
ovens.”
LOADSHAPE
Cooking BUS
Algorithm
CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Custom calculation for an electric convection oven below; otherwise use +5938-51,090 W for >5
pan full-size ovens, 4,576 W for <5 pan and 2.491 W for half-size ovens2:001 kWh for full size
OVens aﬂd () ! 24 4 E“Zh fef ha f S]Z% OVens. 94

QIEMZb — (éldlggﬂe’cgal égegl;in ggﬂg:’ggi,) Daals (J,()()Q

AkWh = (AldleEnergy + ACookingEnergy +
ACoeokingEnergyPreHeatEnergy) +x Days/1,000

Where: ‘

AldleEnergy = Difference in idle energy between baseline and efficient i
vn eeméeeuef*
= (ElecldleBase-+x (Hours — FoodCooked/ElecPCBase)) —
(ElecldleESTAR +x (Hours — FoodCooked /ElecPCESTAR))

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

https://www.energystar.gov/sites/default/files/asset/document/ENERGY %20STAR%20Version%203.0%20Commercial %200 v¢
ns%20Final%20Specification.pdf.>

F26~F43~)ENERGY STARR “Results Detml” worksheet: Cells F26:F43 Commen ial KllL huz Eqmpmenl Sawnos Calc ulalor

(March 2024), Source of algorithms and assumptions for savings, https://www.energystar.gov/sites/default/files/2024-
03/CFS%20Equipment%20Calculator.xlsx
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ACookingEnergy

APreHeatEnergy

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

= Difference in cooking energy between baseline and efficient

convection-oven

= (FoodCooked +x EFOODElec/ ElecEf fBase) —
(FoodCooked <+x EFOODElec/ ElecEf fESTAR)

=Difference in daily preheat energy from baseline and efficient oven

Days

1,000
ElecldleBase

Elecldlegstar

Hours

FoodCooked

ElecPCgase

ElecPCEesTarR

EFOODElec

EleCEffBase

ElecEffestar

2025 MEEIA 4 2019-21-Plan

= Annual days of operation
= Custom-erifunknewn-Actual, or if unknown, use 365.25 days per
year
= Wh to kWh conversion factor
= Idle energy rate of baseline electric convection oven
=2.0001,630 W for >5 pan full-size ovens, 2,000 W for <5 pan and
10361.510-W for half-size ovens
= Idle energy rate of ENERGY STAR® electric convection oven
= Custom-or-Hfunknewn;-Actual, or if unknown, use +600-W-for-ful-
size-ovens-and-1;000-W-for-half-size-ovens-values in efficient
equipment table
= Average daily hours of operation
= Custom-erifunknewns-Actual, or if unknown, use 12 hours per day
= Food cooked per day
= Custom-orif unknewn-Actual, or if unknown, use 100 pounds
= Production capacity of baseline electric convection oven, 1b/hr
=102 for >5 pan full-size ovens, 68 for <5 pan and 45 for half-size
ovens9o-tbhrtortut-size-ovensand-45-tb-hrfor-half-size-ovens
= Production capacity of ENERGY STAR® electric convection oven
= Custom-orif unknewn;-Actual, or if unknown, use 98 for >5 pan
full-size ovens, 60 for <5 pan and 42 for half-size ovens90-tb/hefor
Fut-sizc-ovonsand 3 0-4bdtor-hal-sizc-ovens
= ASTM energy to food for electric convection oven
=73.2 Wh/lb
= Cooking efficiency of baseline electric convection oven
= 74% for >5 pan full-size ovens, 65% for <5 pan and 64% for half-
size ovense3otorfutsiscovensand-68 2 tor-halsizc-ovens
= Cooking efficiency of ENERGY STAR® electric convection oven
= Custom-orfunknewn;-Actual, or if unknown, use H%forfull-size
and-half-size-ovensvalues 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
129:4-711 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/ GasEf fBase) —

(FoodCooked +x EFOODGas/ GasEffESTAR)

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

GasldleBase =1 S 10012 245 Btu/hr
= Idle energy rate of ENERGY STAR® gas convection oven
Gasldlegstar = Custom-or;-funknown;-Actual, or if unknown, use +2;0009.500
Btu/hr
= Production capacity of baseline gas convection oven
GasPCgase _ 8&9_51]3/1’11‘
GasPCestar = Production capacity of ENERGY STAR® gas convection oven

95 Ameren Missouri TRM Volume 1 - Apmndlx G: "Tdblc 2-C mmm.rudl and Indusmal End Use ( m.;orv Momhl Shdnc,s

dnd Coincident Peak Factors"
A ara: V\/I
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= Custom-orifunknown;-Actual, or if unknown, use 86-91 Ib/hr
= ASTM energy to food for gas convection oven

EFOODgGas

=250 Btu/lb
= Cooking efficiency of baseline gas convection oven
GasEffBase _ 44%%
GasEffgstar - = Cooking efficiency of ENERGY STAR® gas convectionoven - { Formatted: Subscript
= Custom-orifunknewn;-Actual, or if unknown, use 494946%.
= Cooking efficiency of ENERGY STAR® gas convection-oven
GasEffestar =Custom-or-ifunknown;use 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? <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-eleetrie-griddle
andGas: $366-1,250 for a single sided gas-griddieand $0 for double sided.”

9 Measure costs from ENERGY STARQg Commermal Knchen Equlpmem Savings Calculator Wthh cites reference as
“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 ;9464

2.641kWh.10
MW h=CAldleEnergy+-ACookingEnergy)+Days/1000 - ‘{ Formatted: Indent: Left: 0" ]
MWhere: ‘. w Formatted: Body Text, Indent: Left: 0", Right: 0", Space
AkWh = (AldleEnergy + ACookingEnergy + After: 0 pt
APreHeatEnergy) X Days/l,OOO { Formatted: No widow/orphan control ]

Where: { Formatted Table ]

AldleEnergy = Difference in idle energy between baseline and efficient griddle
= [(Elecldlepasex, Width *x, Depth) *x (Hours— { Formatted: Font: Italic ]
FoodCooked/ElecPCBase)] [(Elecldlegstar *x, Width *x Depth) ) { Formatted: Font: Italic }

*x, (Hours — FoodCooked/ElecPCrstar)) -

ACookingEnergy = Difference in cooking energy between baseline and efficient { Formatted: Font. Italic }
griddle ! \\ { Formatted: Font: Italic ]
= (FoodCooked *x, EFOODt¢iec/ ElecEffase) — (FoodCooked %y, _ { Formatted: Font: Italic }
EFOODgiec/ ElecEffestar) ) {Formatted Font: Italic J

APreHeatEnergy  =Difference in daily preheat energy baseline and efficient griddle \‘\\ -
=Actual, if unknown, assume 2.000 W, 1 per day \‘\ {mea"ed Font: Italic ]

Days = Annual days of operation { Formatted: Font: ltalic }

= Custom-erifunknewnr-Actual, or if unknown, use 365.25 days { Formatted: Font: Italic ]
er year ’

1,000 i W}Il to kWh conversion factor { Formatted: Font. talic }

ElecldleBase = Idle energy rate of baseline electric griddle
=400 W/ft?

ElecRategstar = Idle energy rate of ENERGY STAR® electric griddle

= Custom-or-ifunknown;-Actual, or if unknown, use 320 W/ft?
Width = Griddle width

= Custom-or;-ifunknewn;-Actual, or if unknown, use 3 feet
Depth = Griddle depth

= Custom-or-ifunknown;-Actual, or if unknown, use 2 feet

pr/www-energystar.gov/index-efim?fuseaction=find_a
https://www.energystar. Lm/mtes/default/f']es/2024 0? /( FS%20Equipment?%20Calculator.xlsx (See ”(mddle Calcs" tab

rows 23 & 51).

100 ENERGY STARP®, “Results Detail” worksheet, Commercial Kitchen Equipment Savings Calculator, (March 2024), Source of +— —

algorithms and assumptions for savings, https:. //v»ww energystar. gm/sm,s dcfdult files, 2()24-

Eg

03/CFS%20Equipment%20Calculator.xlsx:

Caleulator:

Fquipm
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Hours

FoodCooked

EIGCPCBase

ElecPCEesTarR

EFOODElec

EleCEffBase

ElecEffestar

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

= Average daily hours of operation
= Custom-or;-f unknown;-Actual, or if unknown, use 12 hours per |
day
= Food cooked per day
= Custom-or;-ifunknewn;-Actual, or if unknown, use 100 pounds |
= Production capacity of baseline electric griddle
=35 1b/hr
= Production capacity of ENERGY STAR® electric griddle
= Custom-orifunknowns-Actual, or if unknown, use 40 Ib/hr |
= ASTM energy to food
=139 Wh/lb
= Cooking efficiency of baseline electric griddle
=65%
= Cooking efficiency of ENERGY STAR® electric griddle
= Custom-or;-ifunknewn;-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

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.'®

ATherms

Where:
AldleEnergy

ACookingEnergy

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

F OOdCOOked/G(lSPCBase) ] [ GasldleESTAR
(Hours FoodCooked/GasPCESTAR))

EF OODGas/ GasEﬁ’ESTAR)

101 Ameren Missouri TRM Volume 1 - Apmndlx G " [ 1blc 2— Commun.nl md Industrial End Usc ('m,gpr Monlhlv Slnpcs
and Coincident Peak Factors" e e ’ X N -

cofer A Mi :

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
GasldleBase = Idle energy rate of baseline gas griddle
= 3,500 Btu/hr/ft?
Gasldleestar = Idle energy rate of ENERGY STAR® gas griddle
= Custom-orifunknown;-Actual, or if unknown, use 2,650
Btu/hr/ft?
GasPCBase = Production capacity of baseline gas griddle
=25 Ib/hr
GasPCestar = Production capacity of ENERGY STAR® gas griddle
= Custom-orifunknown;-Actual, or if unknown, use 45 Ib/hr
EFOODgas = ASTM energy to food
=475 Btu/lb
GasEffBase = Cooking efficiency of baseline gas griddle
=32%
= Cooking efficiency of ENERGY STAR® gas griddle
GasEffestar = Custom-orfunknewns-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 EQUIPMENT!'®

The expected measure life is assumed to be 15 years.
MEASURE COST!(3103%0

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 Savingg!®® - [ Formatted: Not Highlight
103 Pacific Gas & Electric Company Work Paper PGECOFST116 Demand Ventilation Controls Revision # 4. - { Formatted: Left, Indent: Left: 0.01"

104

ttps://www.nvenergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/rates-regulatory/recent-regulatory-+~_ _ { Field Code Changed
filings/nve/irp/NVE-18-06003-IRP-VOL9.pdf (NVE-18-06003-IRP-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

DVC Control Retrofit 4,197
DVC Control New 4,197

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkW hikWhsavings -+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 80%'%
100,000 = conversion from Btu to Therm

105 Ameren Missouri TRM Volume 1 - Appendix G:
and Coincident Peak Factors"See-refere -
196 "1linois Statewide Technical Reference Manual for Energy Efﬁmency Version 6.0, Volume 2: Commercial and Industnal
Measures," Section 4.2.16, Kitchen Demand Ventilation Controls; JL Statewide TRM IL Statewide TRM Version 6.0 - Illinois |
l:nerg_y l:fﬁmem,y Stakeholder Advmory Group[llmom hnergy hfﬁcmncy Stakeholder Advlsory Group

“Table 2 - Commercial and Industrial End Use Calegor Momhlv Shan s

. 1 S S i 2020-1L-TRM Ver§10n 8. 0 daled Oclober— 17-
2019 l-mal Volumes 1-4 (ommled "AMO TRM Updatesf Heatm Load Estimate for Kitchen DCV_2020-06-12.xIsx":
pdfto 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 - Illinois
Energy Efficiency Stakeholder Advisory Grouplllinois Energy Efficiency Stakeholder Advisory Group

ilsag.info #4s3- - i H-TFRM-Effective 00 H8 v6.0-Veol 2-Cand 1020817 Finalpdf
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S R

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

Measure Code:

«—

o {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) 1

“ romaedTabl )
0<V<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.
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. If actual costs are unknown, assume

$+,7831.000.112
LOADSHAPE
Cooking BUS
"9 ENERGY STAR® , J
e . L~ = | Formatted: Hyperlink, Font: 9 pt, No underline, Font ‘
_criteria N .
11T ENERGY STARY, “Results Detail” worksheet (Equipment Life), Commercial Kitchen Equipment Savings Calculator, RN color: Black
(March 2024). https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xlsx E sifetimefrom | \{Field Code Changed }
ENERGY-STAR"-Commeretal-Kitchen i A-C —which-eites referenee-as—FSTC research-on-available models: b
2009 AN { Formatted: Footnotes, Line spacing: single ]
112 ENERGY STAR® https://www.energystar.gov/sites/default/files/2024-03/CFS%20Equipment%20Calculator.xIsxAseren h R
AR TV SR Formatted: Underline
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS'3
AkWh = (IdleRatepase — IdleRaterk) * Hours * Days/1,000

Where:

IdleRatepase = Idle energy rate (W) of baseline HFHC
=4030%*x V

A% = Interior volume (ft}) of new HFHC
= Custom

IdleRategstar = Idle energy rate (W) of ENERGY STAR® HFHC
= See table below for idle energy rates based on interior volume

0<V<I13 21.5% V
13<V<28 (2.0 %#x V) +254.0
28<V (3.8 #x V) +203.5
Hours = Average daily hours of operation
= Custom-or-ifunknaown;-Actual, or if unknown, use 15 hours per
day
Days = Annual days of operation
= Custom-or,-ifunknaown;-Actual, or if unknown, use 365.25 days
per year
1,000 = Wh to kWh conversion factor

)

{ Formatted:

Footnotes Char, Font: 12 pt

: Footnotes Char

Uy

SUMMER COINCIDENT PEAK DEMAND SAVINGS ,[ Formatted
Ak = AkWh -+x CF " /{

Formatted:

Footnotes Char, Font: 12 pt
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I !
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Formatted:
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AkWh = Electric energy savings, calculated above

Formatted:

Footnotes Char

=0.0001998949"4

Formatted:

Footnotes Char, Font: 12 pt

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

Formatted:
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NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:
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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 +-6

galonsperminute-the maximum flow for the product class. as listed by the DOE Energy
CeonservatienEfficiency Standards, effective January 2019.

- {Formatted Table

Class 1, <5.0 ozf <1.00 gpm
Class 2, >5.0 ozfto <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-ofEederal ResulationsDOE Energy ConservationEfficieney-Conservation
Standards' *and-is-defined-below: . The current eodestandard, 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 S ‘{ Formatted: Centered
6,00 Install { Formatted Table
. 6. IRt by =~ -
Class 1, <5.0 ozf =2 2bi 1.6 gpm DN ‘{Formatted: Centered, Line spacing: single
Class 2. >5.0 0zf to <8.0 ozf 1.20 gpm 1.6 gpm o | Formatted: Line spacing: single
N {Formatted: Line spacing: single
Class 3, >8.0 ozf 1.28 1.6 « O
— — S-=05pm e b {Formatted: Centered, Line spacing: single

115 US Energy Policy and Conservation Act, “Commercial Prerinse spray Valves, (January 2019)

https://www.ecfr. gpv/ourrnt/title» 10/chapter-I1/subchapter-D/part-431/subpart-O#4

31.266
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 5 years.!"’

1200-04) (“CUWCC R > Eeb 2007).
117 Consistent with Ameren Missouri MEEIA 2016-18 and KCPL TRM assumptions.
Determination Technical Support Document: Commercial Pre-Rinse Spray Valves.

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0
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DEEMED MEASURE COST

When available, the actual cost of the measure should be used. If unknown, a default value of
$92.90''® may be assumed.

LOADSHAPE
Cooking BUS

Algorithm

CALCULATION OF ENERGY SAVINGS

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

AkKWH = AGallons +x 8.33 «+x 1 +x (T, Font — T;,Fin)
*x (1/EFFg . 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/Ibm/°F

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

Tin = Inlet Water Temperature
= Custom, otherwise assume 58-479E59.3F120

EFFEiec = Efficiency of electric water heater supplying hot water to pre-rinse spray
valve

=CustomActual, otherwise assume 97%'%!

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
118 Average of costs recognized by Ameren Missouri ($85.8) and KCPL ($100). «[ Formatted: Indent: Left: 0.1"

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_SoilTemperatureDepthMaps. umgA—OLéeepéeﬂ-eemﬁﬂfa

PE + Powell- Gardens-SCAN-site—Averase} ath-of available datafrom3/28/02 104 1/14: 12+

tk
Bt v wee.nres.tsda cov/iwee sie siontin—206
121 This efﬁcwncy 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.

4-
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=0.0001998949'%

NATURAL GAS ENERGY SAVINGS

Where:
EFFGas = Efficiency of gas water heater supplying hot water to pre-rinse

spray valve
= CustomActual, otherwise assume 80%'

Other variables as described above.

WATER IMPACT CALCULATION

AGallons = (FLOpus#EObase — FLO, s FLOeff) +x 60 +
X HOURS 44, HOURSday ~+x DAYS, ., DAY Syear

Where:
FLOpbase = 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
FLOefr = 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 1.00 gpm

122 Ameren Missouri TRM Volume 1 - Appendlx G "Table 2 — Commercial and Industrlal End Use Categorv Monthlv Shapes

and Coincident Peak Factors"20+6-Ame

Fefere%ee “ Ameren Missouti

l - ‘{ Formatted: Font: Times New Roman, Not Italic

single

“. w Formatted: Indent: Left: -0.01", Right: 0", Line spacing:

- {Formatted: Indent: Left: 0", First line: 0"

J

T ‘{ Formatted Table

/{ Formatted: Font: 9 pt

/{Formatted Font: 9 pt

// {Formatted Hyperlink

/// {Formatted Font: 9 pt
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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
HOURS4ay = 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

g
3

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 day/yr.

ELOuq 106 gabimin®® 106 gabimin
[ Applicaion | HOURSu|
‘ : n

Small, quick-service restaurants

MEASURE CODE:

125 Hours prlmarlly based on PG& E savmgs esumates, algorlthms, sources (2005), Food Servlce Pre-. Rmse Spray Valves‘
126 m H he-m M

B {Formatted: Footnotes, Line spacing: single

B { Formatted: Footnotes, Space After: 0 pt

h ‘{ 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 Ia
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

EffieientLow flow faucets or aerators for bathroomssinks meetmeeting the EPA WaterSense
flow rate of <1.5 gpm.'*’nee

Efficient flowfaucetsFaucets or aerators for kitchen sinks exceeding the DPOE Eederal
Reoulatiensvalues in the Code of Federal Regulations listed for maximum allowable water flow

atof <2.2 opm."the DOEE

Faucets or aerators for public lavatorles exceeding the IPC Plumbing Code of <220.5 gpm - -

> L o o 10

privateBathroom faucet,
private

aeetshttps://www.epa.gov/watersense/bathroom-faucets

129 US EPA, “High l:fﬁc:lency Lavalory Faucet Snemﬁcallon” (October 2007),| HS-EPABathroom
Heetity :nmn.n. W-epa-£ wa €RS a
50 ( FR:: 10 Part 430 Km:hm fauu,t maximum ﬂow rate. “Em,r;,v Conscrvauon Program For Consumer Products”

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0
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Class 2.>5.0 0z to<8.0
ezfLavatory—publicKitchen

<31:200-52.2 epm

faucetsink

Class 330
ozfiKitehens[avatory faucet

<3282.20.5 gpmm

public

DEFINITION OF BASELINE EQUIPMENT

GPM—G%HOW rate faucet or aerator is the maximum flow requirement by the DOE F ederal

Regulations ' **ininram

Lavatory —faucet or aeratory;

; 2.2
prrvate _

Kitchen faucet or aerator _ | ____ __ 22 ___
Lavatory faucet, public <0.5

Classh=5.0-07 =-00-gpm
Class 3 >8.0ozf =28 gpm

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

2025 MEEIA 4 2049-21-Plan
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The expected measure life is assumed to be 10 years,**9years> l e

DEEMED MEASURE COST

The incremental cost for this measure is $8-009.40'% for faucet low flow aerator and $44.40'3%
for kitchen swivel low flow or program actual cost.

LOADSHAPE
Water Heating BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Nete-thesesavingsSavings are per faucet retrofitted.'>

AkWh = %ElectricDHW <—x ((GPMy . GPMbase
— GPM,,,,6PMlow) | GPMy,s.GPMbase) +x Usage
*X EPGgpctricEPGelectric +—x ISR
Where:

%ElectricDHW = Actual
=If unknown, reference the water heat proportion by fuel type in the
table below'*'propertion-of water heating supplied by eleetrie
- . - table bl

Electric 10037.5%
Fossil Fuel 062.0%

135 Navigant Consulting, “-ComEd Effective Useful Life Research Report”. page 20, (May 14, 2018)

tt] s//www icc. 11111101% m/dockel/l’2017 0312/ducument§/287811/['116%/501915 dfAs

137 D H H o " o S o

ms&ﬂ-l—ﬂm&e%{%@m&—ﬁé%/\meren MFLI direct mstall costs, Pro;ram ears 2022 to 2023. Local f'le “2.4.1 Low flo

faucet aerator costs MFLI 2022 to 2023.xIsx”

1% IBID e

139 This algorithm calculates the amount of energy s saved per aerator by determmmg the fraction of water consumpuon savmgs
for the upgraded ﬁxture ¥ a ASY . g h

140 TRC program trackm; duta 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%H | .

GPMbase = Averace-Howrate—in-gatonsper-minute—otf the-baschnefaveet o { Formatted: Centered

“asused”Flow rate in gallons per minute, actual, or sourced from

baseline equipment table.

;1T2+4% 3 Taci43
GPMiow = Averageflowratein-gallons-perminute; o w—Howfauce

erator—as-used”Flow rate in gallons per minute, actual or certified

guipment rate.

=094 or custom-based-on-metering studies' --- w 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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. . . employees
mall Office { 1 _ | person | 100%__| __ 0 rfmcet - - 230 | 2300 _f 1
arge Office 1 person 100% 45 mm 250 11,250
-1 - - | - - 7 *grtaucer* ””””””” .
[FastFood [ . | o b spor - |- 45 | mealsper f o ] [ I
Restaurant 07 “mreal/day B = faucet 363 238
Sit-Down | i s s | mealsper f o o} 0 L
Restaurant 24 “nreal/day S56% 36 faucet 365 15768
. o employees
Retail ___ | _ 2 __| employee | 100% | __ I (EN OR[N (R B KGRI R
. . . employees
Grocery __ | _ 2 _ | employee | 100%__) __ RIS (E PR N (SR B KCRIGR R
o employees
Warehouse | _ 2 __| employee | _100%__| __ S erfaucet |- - 20 [ 23000 o}
Elementary | o | . o sy fstudentsper f . ] N I
School 0.6 crson 0% 30 faucet 260 3000
chigh 1 48 person | - 50% - | - 50— - | sudemtsper a0 L 9000~ - {— -
/High School — o = = faucet - R
prcah |90 | patient | 2s% | __ oy |PRESRE o5 o ears |
N faucet per
(Motel | 20 [ room | 25% | LA e | SN N . 2 A
N faucet per
fHotel {14 | room | 25% | __ LA e | 1N N v S N
. . employees
Other _ __ | __ _ 1 __| employee | _100%_ _| __ 20 ) fmcet 4 - - 20 | 5000 _f 1 _
EPGelectric = Energy per gallon of mixed water used by faucet (electric water
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 (lbs/gallon)
1.0 = Heat Capacity of water (btu/Ib-F)
WaterTemp = Assumed temperature of mixed water

146 ASHRAE, “Fable2-45Chapter49.-Chapter 51: Service Water Heating”, Table 6: Hot Water Demands and Use for Various

Types of Buildings, 20072023 ASHRAE HandbookHVACHVAC Applications Handbook (2023).

147 pacific Institute, Eestimated based on data provided in-Appendix—E, “Appendix E: e : =

Urban—Water—Conservation—in—CaliforniaDetails of Commercial WﬁatgriUisei and 7P9t§n7t1a71 _Savings, bz Sector,” (2003).
-content/uploads/2013/02/a

g/w

ttps://pacinst.org

148 Based on review of the Illinois plumbing code (Employees and students per faucet). Retail, grocery, war ehouse and health are
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estimates. Meals per faucet estimated as 4 bathroom and 3 kitchen faucets and average meals per day of 250 (based on @d%mjf { Formatted

dy-abeve Waste Not, Want Not: The Potential for Urban Water Conservation in California - Pacific Institute (pacinst.org))

250/7 = 36. Fast food assumption estimated.
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= g_g_ﬂF 149

SupplyTemp = Assumed temperature of water entering building
=57959.863259.3584 F 150

REdelectric = Recovery efficiency of electric water heater
=98% '3

3412 = Converts Btu to kWh (Btu/kWh)

ISR = In service rate of faucet aerators

= Assumed to be 1.0

= { Formatted: Underline

(SmalOffiee | + | _pemen | _106% | _ 10 ,,,%%,,ﬁi@,,,ié“i,,,,,/"[Formatted:Underline
poreeOffice | & | pemon | 100% | a5 | RSP | 55| 1250 | {Formatted: Underine
w,,,,,ﬂj,,,,m,,,,%,,,,,,ﬁ,,,w,,ﬁ,,,Q_é_&k,,,,//{Formatted:Underline
M””’ﬁ””%”” 0 ,,,,,,ﬁ,,,w,,ﬁ,,,%,,4//{Formatted:Underline
Retait [ 2 | emplovee |  106% | _ i,,,%%,,,ﬁ,,,,_13165‘_f,,,,,//‘[Formatted:UnderIine

. J v Ju J U

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 through the kltchen faucet and 30% through the bathroom
(0.7%x93)+(0.3%x86)=0.9 1 Femnpe e ) e by v
https:/www.efis.psc

40" depth durmg 2015 2023 data of six statlons in Ameren Mlssourl service territory.

httns //www.weather. g Eov/ncrfc/LMI S01lTemDerdtureDeDtthm Mmmwwgm_ﬁ

- ‘[ Field Code Changed

151 Electnc water heater have recovery efﬁc1ency of 98%, as 5ourced from available products on the AHRI Certification

Dlrcctorv htms //beta.. ahndlrcetorv or,q/scarch/24 - - ARFutilshowdoc.aspx?doe=576
@ @ v a aHng o PPHEAtons: - ‘{Formatted: Indent: Left: 0.01"

o {Formatted: Left, Indent: Left: 0.01"

1 and Jont: £4 tail ! and-hes
HPIoYy and-students-per-raucet)etat; gr Y- Wat andanearth-ar
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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'% |

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

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

EPG_gas = 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

RE gas = Recovery efficiency of gas water heater
=67% 115

100,000 = Converts Btus to Therms (Btu/Therm)

Other variables as defined above.

Electric 0%

DHW fuel %Fossil DHW ‘ = | Formatted Table

155 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthl Shapes
and Coincident Peak Factors"

<« — | Formatted: Left, Indent: Left: 0", Don't keep lines
together
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Fossil Fuel 100%
Unknown 57%"%¢

WATER IMPACT DESCRIPTIONS AND CALCULATION

Agallons = ((GPMbase - GPMiow) / GPMbase) #x Usage *x ISR
Variables as defined above

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE 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. 'S
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.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The effective useful life is 15 years.'s’

DEEMED MEASURE COST

The assumed measure cost is $1,200 per pump.'s®
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).

<

Plaines, IL: Prepared for Nicor Gas, January 7, 2014, (see-page Shttps://ww

content/uploads/SAG _files/Portfolio_Planning_Process/Small E}mup Follow-
up_Calls/Grundfos/1003_Demand CDHW_Public_Project Report REVISED_FINAL_08-06-2014.pdf)

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

,,,,,,,,,,,,,,,,, -

{ Formatted: Font: Not Italic

[ Formatted: Font: Not Italic

//{ Formatted: Footnotes, Left, Line spacing: single

i,
% /{ Formatted: Font color: Blue
v

Y ', { Formatted: Underline, Font color: Blue
7

== ‘{ Field Code Changed

» [ Formatted: Font color: Blue

A U U




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

Deemed at 651 kWh_per pump.'*°

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWhs+xCF, - { Formatted: Font: Cambria
Where: : { Formatted: Cambria12
AkWh = calculated value above on a per faucet basis
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.00013794390

NATURAL GAS SAVINGS

ATherms = 55.9 #x number of dwelling units'®'

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

IL: Prepared for Nicor Gas, January 7, 2014. Average of 725 kWh and 578 kWh reported savings per pump, page 9. Value is

159 Gas Technology Institute. (2014). 1003: Demand-based domestic hot water recirculation public project report. Des Plaines. — B <‘ Formatted: Footnotes, Left, Line spacing: single, No

- : . S widow/orphan control
pump only savings and not water heater savings. (https:/www.ilsag.info/wp- /orp

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)Based-onresultsfrom

S O10g; g

7 2014 this-value-isthea < (725 & 2} kWh-sa i
< H the-avera; 155 KW-R-Saveaper-pamp—

tseepage )

160 Ameren Missouri TRM olume 1 - Appendix G: "Table 2 — Coxmercial and Industrial End Use Category Monthly Shapes <« — — { Formatted: Footnotes

and Coincident Peak Factors',
161

IBID 159459455, AverageBas

" { Formatted: Font color: Accent 1

therms saved per dwelling unit for water heating.
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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 thla
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.
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162 CFR:: 10 Part 430, Electric storage water heater efficiency, “Energy Conservation Program For Consumer Products”,

Attps://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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: Font: 11 pt
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commercial water heaters.
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L : Left, Space After: 0 pt ]
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Residential storage, <75 kBTUh, 72?36%:}1 gﬁl{} o Medium - - - | 2.1171 - (0.0011 X Vyated) « = { Formatted: Font: 11 pt }
Residential storage, <75 kBTUR, | >55 gal and | o | 22418 (0000 1x Vi |4 \\ | Formatted: Font 11 pt }
<120 gal gal 18 { Formatted: Font: 11 pt J
Commercial storage, all All Medium 98 b \\\\ [ Formatted: Font: 11 pt, Subscript )
- \ \
‘\ \\\‘ W\ I Formatted: Font: 11 pt ]
«\\‘\ \\{ Formatted: Space After: 0 pt ]
\
\\‘{ Formatted: Space After: 0 pt ]
{ Formatted: Centered, Space After: 0 pt }
DEEMED LIFETIME OF EFFICIENT EQUIPMENT "\ { Formatted: Font: 11 pt J
i s »‘\ F tted: Font: 11 pt
The expected measure life is assumed to be 43-15 years.'s \\\‘\ ‘{ ormattec: fon P }
DEEMED MEASURE COST \\\ { Formatted: Font: 11 pt J
,\“{ Formatted: Font: 11 pt, Subscript J
Actual costs should be used where available. Incremental capital costs are presented in the table \\{ Formatted: Font: 11 pt }
below for heat pump water heaters wﬁh—enepgy—ﬁaekers—é‘é%—ef—z—gﬂaﬂd—}%m—m%from 40 : i
gallons to 80 gallons of storage volume.'**s-of40-sallons-and-50-gallons; respectively-is ‘\\[ Formatted: Space After: 0 pt ]
U F tted: S After: 0 pt
Rated Volume (gal) Incremental Cost ‘\{ ormeTec cpace e TP }
2 OHeat Pum 10-40 to 50 $1.34030154 ‘[ Formatted: Centered, Space After: 0 pt ]
2 4Heat Pump 5055 10 65 $1,187-58269 [ Formatted Table )
Heat Pump 66 10 80 $1.646 { Formatted Table )
For larger HPWHs, incremental capital costs are presented below based on heating capacity.!s
Heating Capacity (MBtu/hr) Incremental Cost - { Formatted Table }
10-50 $4,000-60
>50-100 $7,000-60
>100-300 $10,000-60
>300-500 $14,000-00
>500 $18,000-00
LOADSHAPE
Water Heating BUS
1DOE, Table 1.2, lifetime of storage water heaters, “Energy Conservation Program: Energy Conservation Standards for 7 W Formatted: Left, No widow/orphan control, Don't keep
Consumer Water Heaters”. https://www.federalregister.gov/documents/2024/05/06/2024-09209/energy-conservation-program- lines together

energy-conservation-standards-for-consumer-water-heaters 2040-Residential Heating Produets Final Rule Fechnieal Suppert

DeecumentU-S-DOETable 8.72:
164 Big box retail online pricing

August 2024), Comparison of electric resistance to heat pump water heater for three

165,

mdnutdcturer s wtth the same model serles Local file: “2.4.3 Flectnc water heater l’etdl] cost August 2024 ddld x1sx”

166 MEMD, Commercial heat pump water heater incremental costs

MEMD Master Database.

tt S://WWW. nﬁlbhl an.gov/mpsc

‘Commercml" worksheet Cell range Q332: 0336. 2024
b.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

.  JC JC U JC A JC U )

AkWh = ((1/UEFgast - 1/UEFeg) *x HWU aL *x yWater *x (Tout — Tin) ¥x 1.0 *x 3,412) + kWhcool { Formatted: Font: Cambria, Italic
\\ ~
- kWhiar \\\\\\ { Formatted: Font: Cambria, Italic
kWhcoo = ((1-1/UEFeE) *x HWUgaL *x yWater *x (Tout — Tin) #x 1.0 *x LF *x 53% *x LM) / N { Formatted: Font: Cambria, Italic
* ) | R .
[COPCOOL X 3 412) X—/qugl— —————————————————————————————————————————— :‘ Formatted: Font: Cambiria, Italic
kWheear = ((1-1/UEFge) *x HWUgaL *X yWater *X (Tout = Tin) *x1.0) *x LF *x 43%) / (COPHear | { Formatted: Font: Cambria, Italic
* *v 0
*x3412) *x %ElectricHeat ] = { Formatted: Font: Cambria, Italic
Where: { Formatted: Font: Cambria, Italic
kWh_cool = Cooling savings from conversion of heat in building to water heat'®’ { Formatted: Font: Cambria, Italic
kWh_heat = Heating cost from conversion of heat in building to water heat { Formatted: Font: Cambria, Italic
(dependent on heating fuel) { Formatted: Font: Cambria, Italic
UEFBase = Efficiency of baseline water heater according to federal standards, ——
expressed as Uniform Energy Factor (EF) or Thermal Efficieney(Ed [ Formatted: Font: Cambri, talic
= See table below '| Formatted: Font: Cambria, Italic
UEFee = UEF of heat pump water heater | { Formatted: Font: Cambria, ltalic
= Actual
. . '| Formatted: Font: Cambria, Italic
HWUcac = Estimated annual hot water consumption (gallons) {
= Actual if possible to provide reasonable custom estimate. If not, two  Formatted: Font: Cambria, falic
methodologies are provided below to develop an estimate. [ Formatted: Font: Cambria, Italic
yWater = Specific weight of water { Formatted: Font: Cambria, Italic
= 8.33 pounds per gallon
- P perg { Formatted: Font: Cambria, Italic
Tour = Tank temperature
= Actual, if unknown assume 125 °F ¢ { Formatted: Font: Cambria, Italic
TN = Incoming water temperature from well or municipal system { Formatted: Font: Cambria, Italic
= 57808 OF 169
: M F { Formatted: Font: Cambria, Italic
1.0 = Heat capacity of water (1 Btu/lb*x°F) - -
{ Formatted: Font: Cambria, Italic
{ Formatted: Font: Cambria, Italic
!97 This algorithm calculates the heat removed from the air by subtracting the heat pump water heater electric consumption froh [ Formatted: Font: 9 pt
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.
168 Ideally, 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. Av erage soil temperature at 40" depth during 2015 - 2023 data of six stations in Ameren Missouri | += — — { Formatted: Left

Usine 40" d

HIPS
Hg—4H p-set-temp-asa

service terrnoxv lmps /W\\\\ weather.gov/nerfc/LMI SmlTemperatmeDepthMaps Naﬂeﬂai—\l&ea&her—SeH%e—M@%eﬂ-teﬁm@
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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 location'”
= 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%'™

HWUHWUHEAL = Consumption/cap +x Capacity

170 Professional judgment.

17! 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.

173 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:
. . . . 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
e Gallons HW per . Units/1000 Days per Gallons / 1000 B - -

Building Type unit per day Unit 2 year 2 floor area - ‘[ 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 |« - - { Formatted: Keeo with next. Keeb lines toqether
Sit-Down Restaurant 24 meal/day 340 365 297,840 o ‘{ Formatted: Keez with nextl Keez lines tozether
Retail 2 employee 1 365 730 [~ . d
Grocery 2 employee 1.1 365 803 oo { 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 . { Formatted: Keep with next, Keep lines together
Jr High/High School 1.8 per‘son 9.5 200 3,420 s N : { Formatted: Keep with next, Keep lines together
I\H/Ieilt:l 28 patient 358 ig: 132:’58500 " N { Formatted: Keep with next, Keep lines together

ote room B 0 ) .
Hotel 14 room 22 365 11,242 AN \\[ Formatted: Keep with next, Keep lines together
Other 1 employee 0.7 250 175 { Formatted: Keep with next, Keep lines together

e G A JC U A J 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-2019-21-Plan-Revision 56.0 Page 7{’




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

AkW = AkWh xbeeCF

Where:

AkWh = Electric energy savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001811545'7

NATURAL-GAS-SAVINGS

éfheﬂ:ﬂs = (( ]/EFEE) * HWZWA G—A—I:*““Zatef & I Im) & ‘)) % E k 5304 Z(ﬁHeat %

% 0,

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

177 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
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2.4.14 Low Flow Showerheads

DESCRIPTION
This measure relates to the direct installation of a low flow fauecetaeratorortow-flowshowerhea(l

= ‘{ Formatted: Font color: Text 1

faueet in a commercial building or common areas in other building types. Expected applications -

include small business, office, restaurant, or motel. ForFor—in-unit multifamily—er—senior
heusingliving units, the residential low flow faueet-aeratorshowerhead 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 faueets-oraeratorsforbathroomsshowerheads meeting the EPA WaterSense flow rate

‘{ Formatted: Font color: Text 1

of <1:52.0 gpm /7%

*\\,

= ‘{ Formatted: Font color: Text 1

h { Formatted: Font color: Text 1

{Formatted Font color: Background 1

{ Formatted: Centered

{ Formatted Table

{ Formatted: Font color: Text 1

{ Formatted: Font color: Text 1

‘{ Formatted: Font color: Text 1

‘{ Formatted: Font color: Red

N ‘{ Formatted: Font color: Text 1

aeratorShowerhead

-https://www.epa.gov/wa ersense/showerheads#.~. ext=Di
09 u20m0re° x>20than° ©202. 0%20gpm

83 DQE lfﬁgfgj S!aﬁéa:rfhhn“ .
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 9-years:*10 years. 18

DEEMED MEASURE COST

The incremental cost for this measure is $12.008:09' or program actual-."®

LOADSHAPE

Water Heating BUS. or Water Heating RES if installed in the common area of multi-family
housing.
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=584 F 7
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198 Electnc water heater have recovery efﬁcwncy 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 Monthl Shapes [+ — - Formatted: Left, Indent: Left: 0", Don't keep lines
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B { Formatted: Font: 9 pt

fm_&g@

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0 Page 813




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

L [Unknown |
EPG_gas = Energy per gallon of mixed water used by showerheadfaueet
(gas water heater)

=(8.33 *x 1.0 #x, (WaterTemp - SupplyTemp)) / (RE gas *x

100,000) = 0.00772 Therm/gal

A

WATER IMPACT DESCRIPTIONS AND CALCULATION
Agallons = #X (GPMbase®X Lbase - GPMiow®XLiow) %x NSPD*x 365.25%xISR
H{EPMuuse—GPMiou ) GPMuiuse) - Usage £ ISR

Variables as defined above

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:
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Ameren Missouri

2.5 HVAC

Feable:Table 1 Effective Full Load Heating and Cooling Hours, by Building Type,

it /) A d S AR bt ek i i it

Building Type

Heating Cooling Heating Cooling Heating Cooling Heating Cooling Heating

Lincoln, NE

Fort Madison, IA

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

Cape Girardeau .
(SE) St Louis Metro

S

Lo {Formatted: Font: 12 pt, Font color: Text 1

Kansas City

‘ Cooling Heating Cooling Heating Cooling

EFLH FEFLH EFLH EFLH FEFLH EFLH EFLH FEFLH 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
S:rtga“em Health 3203 | 3113 | 3261 | 2834 | 3150 | 2627 | 3128 | 3217 | 3001 | 3109 | 3013 | 3265 | 3164 | 2994
Small Hotel - Building | 602 2047 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&ﬁg:g}\paﬂmem . 1462 | 1132 | 1599 | 1028 | 1710 901 1590 | 1214 | 1208 | 1085 | 1433 | 1171 1580 | 1090
C&I Average?” 1067 | 1018 | 1196 937 1217 865 1118 | 1085 910 996 1060 | 1053 | 1164 986

203 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 pfeg{-mxmebit
learning thermostat for reduced cooling and heating energy consumption through temperature se
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

The expected measure life of a learning thermostat is assumed to be +0-9 years* based upo

equipmentlife-enly**a residential EUL analysis.

DEEMED MEASURE COST

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 office prototype bulldmg modeled inis 7, 500 sf

Asseeiates—Z—OOlCADMUS, EUL 'malysm of r651dent1al smart eommumcatmg thermostat Vend01 A and B”, Memorandum
for Southern California Edison, (February 2019), for the California eTRM, Residential Smart Thermostat Measure, |
https://www. detrm com/measure/SWHC039/08/.

hel s term-impactsshould-be i

iermostats;-the-longer-term-impaetsshou

seale but ‘ vear study of tl
207 Ameren Missouri :
using PY20-program-data-DSM Business Program partlclpants 1/2019 through 7/2024 includes cqulpmcntfeﬂ—dﬂd-l-dbof

eestLocal file: “2.5.1 Measure Cost.xlsx”

&

s e s of
1€ energy impacts Fprogramma
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Ameren Missouri

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

Heating BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AARWh = AARWheooiingdRWheooting + AARW hyeqpinAkWhheating <=~ = | Formatted: CambriaTextFormula, Indent: Left: 0",
. . Right: 0", Space Before: 3 pt, After: 3 pt, Line spacing:
AkW hcooling oo g AW heoeling R sir?gle P P P pacing
= MeffEFE+EFLHCOOLEFLH oo X

* kBtuheoo, BewhCOOL /1000 x (1/SEER2) +—x ESF ;00 ESECOOL
AW hneating = EFLHygar X kBTUhygar x (1/HSPF2) x ESFypar

Where:

eff EEESEER2 = Efficieney-of HVACunitSeasonal Energy Efficiency
Ratio for cooling
= Actual; Hnotavailable-assumeH0-SEERor if unknown
assume 13.4 SEER2.

HSPE2 =Heating Seasonal Performance Factor
= Actual; or if unknown, assume 8.2 HSPF2.

EFLHcooL = Effective Full Load Cooling Hours
= Actual; or if unknown, refer to Table | FabltetFebled
Jable 1Fabledby building type.

EEEHcoor = Effective Full Load Ceeling-H Hours

EFLHHEAT = Actual; or if unknown, Actual:Hnotavailable-refer to
Table IFabletFabtef Table 1Table by building
type.seetion 27 HVAC

Btuhcoor = Cooling System-system Capaeitycapacity; 1,000 Btu/h

kBTUhcooL = Actual

kBTUhpear  =Heating system capacity: 1,000 Btub/h
=Actual

-ESFcooL = Cooling energy savings factor
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

AW = AKWh,oo -4k W ~x CF,

Where:
AkWh = Eleetrie-Cooling electric energy savings, as calculated above |
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.00091068402'°

NATURAL GAS ENERGY SAVINGS
p— * 3 * *

kBTUhgas x (1/AFUE) x ESEueat

sxisr-AThermsneating = EFLHHEAT X

1Fabletby building type=9-940-kBta/sfyrt

= Heating system capacity: 1,000 Btuh/h

AFYUEexast kBTUhGas

=Actual

= Converts-kBtu-to-therms;—therm—=100-kBtuAnnual Fuel
Utilization Efficiency

=Actual, or if unknown, assume 0.80.

1060-AFUE

ESFugat,

=Assume 0.1252!2

208 Cadmus (Aarish, C., M. Perussi, A. Rietz, and D. Korn). Evaluation of the 2013-2014 Programmable and Smart Thermostat
Program, page 41.: Prepared for Northern Indiana Public Service Company and Vectren Corporation. 2045(January 2015)- fPagp
4bhttp:// www.cadmusgroup.com/wp-

content/uploads/2015/06/Cadmus_Vectren Nest Report Jan2015.pdf?submissionGuid=7cbc76¢9-41bf-459a-9415-
2b13f74c4e52%20%20.

209 IBID

210 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthl Shapes
and Coincident Peak Factors"

21 H for it arecaleulated-asth

al buildine load divided by-th footage ol buildine (5-500-sDand
5 y-these 5 ; P 55

eonverted-to-kBtur

content/uploads/2015/06/Cadmus_Vectren_Nest_Report_Jan2015.pdf?submissionGuid=7cbc76¢9-41bf-459a-94f5-
2b13f74¢4e52%20%20,
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

E— “ {Formatted: Space After: 4.9 pt
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2.5.2 Small Commercial Programmable Thermostats

DESCRIPTION

This measure characterizes the energy savings from the installation of a new programmable
thermostat for reduced heating and cooling energy consumption through temperature set-back
during unoccupied or reduced demand times. 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 programmable thermostats installed in multi-zone
systems.

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

The expected measure life of a programmable thermostat is assumed to be 8 years?'* based upon
equipment life only.?'s

DEEMED MEASURE COST

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 $+81+160.2'6

LOADSHAPE
Cooling BUS

213 The square footage of the small office prototype building modeled in is 7,500 sf.

214 Table 1, HVAC Controls, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS
Associates, 2007.

215 Future evaluation is strongly encouraged to inform the persistence of savings to further refine measure life assumption. As this
characterization depends heavily upon a large scale but only 2-year study of the energy impacts of programmable thermostats, the
longer-term impacts should be assessed.

216 Based upon Nicor, https://www.ilsag.info/wp-content/uploads/Nicor-Gas-2
measure# 239 pg 141, $84 measure cost + $56 labor + $28 material)Hineois Rider

02

2-2025-EE-Plan_filed-March-2021.pdf

P 100

3. If Missouri average costs are availablg,

they sho;ld be used.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = SQETft +x SavingsFactor +x PF [ EERpy;sr EEREXIST N w Formatted: Cambria12, Right: 0", Space After: 0 pt,

Where: Line spacing: single
Sqft = Square footage of building controlled by thermostat
SavingsFactor = 0.578 kWh/sf-yr?"”
PF = Persistence Factor to account for thermostat being placed on hold,
reset or bypassed.
= Actual if provided in program evaluation, else assume 50%2'®
EERExist = Efficiency rating of existing cooling equipment EER (btu hr/W)

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkW <x CF i { Formatted: Cambria12

Where:

AkWh = Electric energy savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0009106840*"

NATURAL GAS ENERGY SAVINGS

ATherms = SQEFft +x SavingsFactor -x PF [/ (100 «+x AFUEgysp AFUEEXIST) « — - w Formatted: Cambria12, Right: 0", Space After: 0 pt,
Where: Line spacing: single

SQEF-SOft = Square footage of building controlled by thermostat

217 Cooling savings factors for the programmable thermostat are calculated as the savings in annual building load divided by the
square footage of the small office prototype building (5,500 sf).

218 This factor is based on consideration of the findings from a number of evaluations, including Sachs et al, “Field Evaluation of
Programmable Thermostats,” US DOE Building Technologies Program, December 2012, p35; “low proportion of households

that ended up usmg thermostat enabled energy saving settmgs

- { Formatted: Hyperlink

Dp ov-oovibuild B v
w and Meler et al "Usabtlzty of reszdentzal thermostats Preltmmary mvesttgatzons Lawrence Berkeley
National Laboratory, March 2011, p1;
“The majority of occupants operated thermostats manually, rather than relying on their programmable features and almost 90% of
respondents reported that they rarely or never adjusted the thermostat to set a weekend or weekday program. Photographs of
thermostats were collected in one on-line survey, which revealed that about 20% of the thermostats displayed the wrong time and
that about 50% of the respondents set their programmable thermostats on “long term hold” (or its equivalent).”
https://eta.lbl.gov/ pub]leatlons usability-residential-

219 Ameren Missouri TRM Volume 1 - Appcndlx 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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Savings Factor = 9.940 kBtu/sf-yr?»

100 = Converts kBtu to therms, 1 therm = 100 kBtu

AFUEExist = Efficiency rating of existing heating equipment (AFUE), in decimal form.
WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

220 Heating Savings Factors for the programmable thermostat are calculated as the savings in annual building load divided by the
square footage of the prototype building (5,500 sf) and converted to kBtu.
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2.5.3 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 and-& 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 (CO2) 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 CO2 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 +7-5 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.?!
DEEMED 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 COx 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 = SQFTcond / 1000 ~+—x SF cooling | i {Formatted: Cambria12, Indent: First line: 0"
For facilities heated by heat pumps, heating and cooling savings are:
AkWh = SQFTconda / 1000 <—x SFcooting + SQFTcona /1000 ~—x SFHeat np | e ‘[ Formatted: Cambria12, Indent: First line: 0"
For facilities heated by electric resistance heating and cooling savings are:
AkWh = SQFTeond / 1000 ~—x SFeooling + SQFTcond /1000 ~—x SFreat £r | <~ = | Formatted: Cambria12, Indent: First line: 0"

Where:

SQFTeond = Square footage of conditioned space commissioned with DCV

SFeooling = Cooling Savings Factor, including cooling and fan energy savings
SFueatnp = Heating Savings factor for facilities heated by Heat Pump (HP)
SFueater = Heating Savings factor for facilities heated by Electric Resistance (ER)

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

SF cooling (kWh/1000 SqFt)
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) MO) )\%(0)} 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
Illinois 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 ie (kWh/1000 SqFt)

North East  North  South East  South St Kansas Average/
Building Type (Fort West (Cape West Louis ) Unknown
Madison, (Lincoln, Girardeau, (Kaiser, Metro, . (Knob
1A) NE) MO) MO) MO Noster, MO)

Office - Low-rise 171 191 145 151 156 176 159 [ - { 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 1,128 173 | 1215 | 1371 1,236
[Auditorium

SF Heat ER (KWh/1000 SqFt)

North North  South East South St Average/
Building Type East {Fort ‘ \"Vest ‘(Cape West Louis Ka}nsas Unknown
Madison, (Lincoln, Girardeau, (Kaiser, Metro City, (Knob
1A) NE) MO) MO) 2 MO Y (0] Noster,

MO)
Office - Low-rise 514 574 434 452 468 528 476 = { 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 | 4,114 3,709
Auditorium

2025 MEEIA 4 Plan MEEIA-2019-21Plan-Revision 5.0 Page 96




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

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWhcooling x +CF

Where:

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

=0.0009106840%%
NATURAL GAS SAVINGS
ATherms = SQFTcond / 1000 ~x SF teat as |
Where:

SF neat Gas  Savings factor for facilities heated by natural gas — see table below

SFHeat Gas (Therm/1000 sq ft)
North East  North South East South N Average/

Building Type (Fort West (Cape West Louis . Unknown
Madison, (Lincoln, Girardeau, (Kaiser, Metro, - (Knob

- {Formatted Table

1A) NE) MO) Noster, MO)
Office - Low-rise 22 24 19 19 20 23 20
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 30 31 32 36 33
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:

‘= 1 Formatted: Indent: Left: -0", Right: 3.12", Space After:
5pt
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2.5.4 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 hp) 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 (osts Table 4, - Heatmg Ventllatm; and Alr C ondmonmg Applications”,
(2023 edition) for electronic building controls.Cens 3
225 Advanccd Rooftop Control (ARC) Rctroﬁt Flcld Tcst Rcsults, PNNL 22656 uU. S Department of Encrgy, (July 2013).

226,
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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
0f 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

AkKWh = PgpPsf <x SF =x Hoursg,,Hewrsfan - {Formatted: Cambria12 }
Where:
Pst = Nominal horsepower of supply fan motor
SF = Fan energy savings factor >**-(kWh/hour/horsepower)
=0.558%¢
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.

J

B { Formatted: Footnotes J

226564pdt‘77llstc:249664665.3c4d37t‘t926a6dcbd644785SOadSbal().1723665944789.1723665944789,1723665944789,1&7hssj S { Formatted: Font: 9 pt, Underline, Font color: Accent 1 J
€=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.

) { Field Code Changed }
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YR Fan Run
Building Type Hours
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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2.5.5 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.—effeetive

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 20-23 years.?!

DEEMED MEASURE COST

efficiency improvement over a code based minimum efﬁment chll]er 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.

21 2008 Datab for-bnerey-k 41 L ey R ¥ {DEEP} Version 7““?’!\, Sl ffeetive R ining-bselub-Life - Valu
ubli H on; e 00 heet)- ASHRAE, Chapter 38:
Ownm,q and Opcratm,q Cosm Tablc 4 Hc,atm,q Vcntllatm,q and Alr Condmomn;, ADD]ILat]On\ (2023 edition) for centrifugal
chillers (page 38.3).
232 M T ical R M | Effective 2018
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=50 $76 $126 A A
== 30 and <100 $38 563 n/a n/a
>=100-and=150 $25 $42 nla Ata
>=150-and=200 $0 $61 $122 $183
i $0 $34 $61 $92

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

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

Water cooled screw chiller $28 2015 IECC or better 4\\

{ Formatted: Centered
\

\
W \{ Formatted Table

ﬁ\ \\ TFormatted: Font: 11 pt, Bold, Font color: Background 1

N \
\\ \\ \{ Formatted: Font: 11 pt

\\ \\ Formatted: Centered

\\\
Nl

Al

{Formatted: Font: 11 pt
W { Formatted: Centered

(

(

\

\
\

' | Formatted: Font: 11 pt

(D D W/ U D U WD | W D |

73 \ Formatted Table
==100 $49 $73 $122
and—130
>=150 $37 $55 592
B
>=200 st Lot $152
and—300
>=300 $30 $46 576
LOADSHAPE
Cooling BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS P { Formatted: Indent: Left: 0", Right: 0.1" }
For a chiller operating primarily at full load, (Path A compliance). < I'i°|fmatt2d‘ Font: (Default) Times New Roman, Not ‘
allc
— _ /
AkWh = TONS +x (IPLVgasp IPLVgg ) =x EFLH S 1 Formatted: Cambria12, Space Before: 4 pt, After: 4 pt,
JFor a chiller operating primarily at part load, (Path B compliance). «7 Line spacing: single, Tab stops: Not at 3.01" + 4.8"

/{ Formatted: Footnotes

7/
/ /{ Formatted: Font: 9 pt, Font color: Blue

23 Incr«,mcmal cost a,q,qn,gatcd from Southc,m California Edison data in the Califomia eTRM ”Watcr Coolcd Chiller” measure *// //// { Formatted: Font: 9 pt

‘ZSWHCOOS Water-Cooled Chiller_Cost Data 202003 aggregated by 0.01 IPLV per ton xlsx” - - {Format‘ted: Font: 9 pt

L
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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

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

IPLVes** = Efficiency of high efficiency equipment expressed as Integrated Part Load
Value (kW/ton)>*
= Actual installed
=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) factorsfer
Conkine
_=0.0009106840%¢

NATURAL GAS ENERGY SAVINGS
N/A

& i3 B

A H ;H\ .p‘rg- h‘ a:// '.ah?iﬂ ‘!.BFg - '
236 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthl Shapes
and Coincident Peak Factors"
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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
kW/ton =12/EER
kW/ton =12/(COP x 3.412)

cor =EER/3.412
cor =12/ (kW/ton) / 3.412
EER =12 /kW/ton
EER =COPx 3412

d
d
W
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2009 IECC Baseline Effici Values by Chiller T L .
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TABLE 5§03.2
WATER CHILLING PAGKAGES, EFFIGIENCY REQUIREMENTS?
BEFORE 1/1/2010 AS OF 1420105
PATH A PATH B
SIZE FULL TEST
EQUIFMENT TYPE CATEGORY UNITS FULL LOAD IPLY FULL LOAD IPLY LOAD IPLY |PROCEDURE®
< |50 tong EER = 9.562 = 12.300 Nad Nad
Ajir-cooled chillers 29562 z 10416
= 150 tons EER = 9.562 = 12.750 Nad Nad
= E Air-cooled chillers without condensers must
Air cooled without .
condenser, electrical All EER 10586 | 1178 |beroved with maiching condensers and
operated capacities comply with the air-cooled chiller efficiency
Tequirements
Water cooled, All Reciprocating units must comply with water
elecirically operated, Sabacities KWon < 0.837 Z 0696  |cooled positive displacement efficiency
reciprocating = requirements
< 75 tons kW ton = 0.780 = 0630 20800 |<0.600
275 tons < 0.790 L0676
and k'W/iton =0.775 = 0615 S0.79%0 |< 03586
Water cooled, = |50 tons AHRI
electrically operated, SETH
positive displacement | 2 150 tons
and kWon <0717 <0627 < 0.680 <0580 | <0718 (<0540
< 300 tons
= 00 tons | KW7ion Z U639 =000 = 0620 = a0 ZO6IT | % 0AR
< 150 tons kW/ion = 0.703 = (669
= 150 tons: =063 =039 | =0.639 |<0.450
and kW fton = 0634 = 0.596
Water cooled, < 100 tons
elecirically operated,
centrifugal = 300 tons
and KWiran <0576 <0549 <0576 <0.549 S0.600 [ 0400
< 600 tons
= 600 tons KW on = 0.576 = 0.549 = 0.570 =0.539 | =0.5%0 |=0.400
Air cooled, absorption Al.l cop > 0,600 NRe = 0600 MRz Nad Nad
single effect capacities
Water-cooled, All
absorption single - cop 2 0.700 MRe =0.700 NRe NAd | Mad
et e AHRISE0
Absorption double All Nad Nad
effect, indirect-fired | capacities cop z L.o0o = 1050 = 1.000 =z 1030
Absorption double All
effict, direci fired PR cop = 1.000 = 1000 = 1.000 = 1000 Nad NAd

For SI:

| tom =907 kg, | British thermal unit per hour ={.293] W

a. The chiller equipment requirements de mat apply for chillers used in KOMT-emperature applications where the design leaving flusd temperature is < 40°F,

b Section 12 contains a complete specification ofthe
«. Compliance with ths standard can be obtained by meeting the minimum

the requirements of Path A or B,

"

dad

test p

the:

ble and cannot be used for

fPathi A or B

vear Wrsion of the test procedure.
. bath the full load and IPLY must be met o fulfill

4. N means that ths
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202 HECC Basehne Elfieieneyv-Values by Chiller Tvpeand-Capacity “= =~ 7 Formatted: Indent: Left: 0", Space After: 8 pt, Line
spacing: Multiple 1.08 li
TABLE CA03.2.3(7) { . ‘aht- 0" . }
MINIMUM EFFICIENGY REQUIREMENTS: | Formatted: Left, Right: 0", Space After: 8 pt
WATER CHILLING PACKAGES* |
BEFORE 1172010 AS OF 112010° “‘
PATH & FATHE “
SIZE FULL FULL FULL TEST
EQUIPMENT TYPE CATEGORY | UNITS LOAD IPLV LOAD IPLV LOAD IPLV FROCEDURE" |
< 150 wns | EER B =104 | 29562 |2 12500 NA NA !
Asr-cooled chill = > 0562 % = =
R =10t | EER |~ 16 |z0562[=12750] NA | WA !
Adr-cooled chillers without condens- |
Aur cooled without condenser, electrical An ] FER = 10.586|= 11.782 ETS s.h:L'!] be rated \h'.llll matching con- |
operated capacities densers and comply with the alr-cooled I
chiller efflciency requirements I
Reciprocating units shall comply with !
Water cooled, electrically operated, Al e 2 i B g ! I
reciprocating capacities EWlon | = 0.837 | = 0,696 |water cooled posttive displacement )
efflclency requirements |
= T5tons | KW/on = (.780 | = 0.630 | <0.800 | =0.600 !
=75 tons i z "
and KWion |~ 0120 | =670 <0775 | <0.615 | <0.700 | <0.586 AR ,‘
Water cooled, elecirically operated, posi- | < 150 tons 5‘5&.590 |
tive displacement =150 tons I
and kWhon | <0717 | <0627 | <0680 | <0580 | <0718 | <0.540 I
<= 300 tons !
=300 tons | KWiion | <0638 | <0.571 | = 0620 [ =0.540 | = 0,635 | =0.490
= T50 o | KWiton | U703 | < U650 “
= <0.634 | = 0.506 | <0630 | = 0.450
and | KWihon | <0634 | <0596 [T | T |
‘Water cooled, electrically operated, < 300 tons
centrifugal =300 tons
anid kWion | <0576 | <0548 | <0576 | <0549 | <0600 | <0.400
< B0 tons
2600 tons | kKWion | <0576 | <0.548 | = 0570 | =0.538 | <0500 | <0400
All s X " I
Adr cooled, absorption single effect capacities COP | =0.600 NR = 0600 NE NA NA
Wiater cooled, absorption single effect A COP 20700 NR |20700{ NR | NA | NA
capacities AHRI 560
Absorption double effect, indirect fired All COP |=1.000(=1050|=1.000|=1.050 NA NA
capacitles
] All g i
Absorption double effect, direct fired capacities COF =1.000 | 21.000 (=1.000 | 21.000 | NA NA
For SI: 1 ton = 3517 W, 1 British thermal unit per howr = 02831 W, °C = [(F) - 32)/1LE.
NA = Nod applicable, not io be used for compliance; NR = No requirement.
2 The centrifugal chiller equipmeant requirements, after adjustment in accordance with Section C403.2.3.1 or Section C403.2.3 2. do naot apply o chillers used
in low-temperature applications whers the design leaving Auid temperatiere is less than 36°F. The requirements do not apply to positive displacement chillers
with Leaving fhid temperatures less than or equal io 32°F. The requirements do not apply io absorption chillers with design leaving Muid temperatures less than
A0°F.
b. Compliance with this standard can be htained by mesting the ménimum requirements of Path A or B. However, both the full Ioad and [PLV shall be met wo ful fill
the requirements of Path A or B
c. Chapter & of ihe referenced standard contains a complete specification of the referenced tesi procedure, including the referenced year version of the test
procedire.
e ‘{ Formatted: Space After: 8 pt
Page 1017
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2015 IECC Baseline Efficiency Values by Chiller Type and Capacity

TABLE Cmi}gﬂc
WATER CHILLING PACKAGES - EFFIC] Y REGUIREMENTS" *

N anee i i BEFORE 1112015 A% OF 112015 TEST
o e Patn & Patn B Patn A Pang |FROCEDURE
29562 FL 210.100FL | 29700 FL
=150 T 'JOIZI'DL\-' o 2 13.700 IPLV |= 15,800 IPLV
L = EER 21250010 z13.7 z15,
Air-cooled chillers
- it EuW) TEosaFL B ZW100FL | 29 7W0FL
2150 Tons — A -
2 12500 TPLW = 14.000 IPLV = 15.100 IPLV
Air coaled EER. Ar-coaled chillers witheat condenser shall be rated with
without condenser. All capacities B} matching condensers and complyimz with air-cooled
elacimically operated * efficiency requirements.
s = 0.730 FL. 0.8 FL =0.750 FL.
= 75 Tons

S0V F[Z0sm LY
7 DL
20586 [PLV | £ 0560 PLV | 0450 IPLV

un%ﬁrﬁ;ﬂw 2150 tons and < 300 tons | KWiten - SOTIRE [ CXOeITE | (SASE0ET
Sisplacoment TO5ELY |S050 PLV | 2050 LV | 2040 LV
TUSWTL | SOGIEL | SOGIOFL | SOGISFL | AHRISSH
Z0SWIPLY |S0S0PLV | S05W LV | S04 BLV | ¢
COGWFL | SO6IOFL | SOSGIFL
Z0SH LV | S04 PLV | £ 050 LV
ZO6FL | 069FL | Z0GI0FL
Z0506 LV | 20450 PLV | 2050 LV
ZO6TL | SO69FL | Z06I0FL
TU306IPLV |Z0 250 LV | Z 050 LV

2 75 toms and < 150 tons

= 300 tons and < 60 tons

Z 600 tons

< 150 Toms

2 150 tons and < 300 tons

Water cooled, elecmically | » 200 s 1g o i Z05T6FL | Z0.600FL | Z0360FL
= 300 tons and < 40 tons EWiton -
openatzd cenmifuzal | =7 Z05W DLV [Z030 LV | Z 050 LY
Z0S5T6FL | ZO06MFL | S0S60FL

2 400 tons and < 600 tons

S0549 PLV |2 0.400 [PLV | = 0.500 IPLV
Z 0570 FL Z05%FL | Z0.360FL

=600 Tms 0539 PLV | < 0400 PLV | < 0,500 IPLV | < 0.380 IPLV
Alr ‘:';Fi Abzorprion. Al capaciis cop Z0800FL Ha: 20,600 FL Has
Nrzier (ol S, All capacitiss cop Z0I00FL Ha: Z0.700 FL Ha:
Absorption, double . e 2 LOM FL Tac 2 1.004 FL Tas LLLIE
affsct, indirect firsd Al capacitiss cop ST HA ESEE BT NA
Absamption deuble sffact s Z100FL s < 1000 FL e
diwct fireed ANl capacities cop BN HA' B RERAT NA

n.Tl:emqmr_mn:ﬁm:m.m.ﬁ.lgald:ul.ls-hnjhen@medﬁmmnmdudmmrmimmn:mﬁmzwﬂﬁMHMSIE amd are only applicable for
the af conditions lsted i Section C405 231, The requirements for air-cooled. water-coaled positive displacement and absorprion chillers ae at
mtnzcmmd.zﬁnenmﬁzmﬁmmetmpmcm
b. Both the fiull-load and TPLY requiremencs shall be met or exceeded o comply with this sandard. Where there is a Path B, commpliance can be with either Path
A or Path B for any application.
. WA means the requirementz are not applicabla for Path B and only Path A can e used for compliance.
d. FL represents the Sill-load performance requirements and DLV the part-load performance requirments
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2018 IECC Baseline Efficiency Values by Chiller Type and Capacity

TAELE C403.2.2(T)
WATER CHILLING PACKAGES — EFFICIENCY REQUIREMENT 52 & ¢

EQUIPMENT TYPE SI7E CATEGORY UNITS BEFORE 1172015 A5 OF 1112015 TEST
Path A Path B Path A Path B FROCEDURE?®
=9.562 FL = 10100 FL =9.700FL
< 150 Tons MAs
EER | = 12500 IFLV =13.700 IFLV | = 15,800 IPLY
Air-conled chillers . = -
(Btu/¥ =20.562 FL 210100 FL =9.700FL
2 150 Tons MAS
= 12.500 IFLV = 14.000 IPLW | = 18.100 IPLV
Air ecoled EER Air-cocled chillers without condenser shall be rated with
without condenser, Al capacities (Bt matching condensers and complying with air-cooled chiller
electrically operated R =fficiency requirements.
=0.7T80FL = 0.800 FL =0.750 FL =0.780FL
< 75 Tons
=0630IPLY | <0600 IPLV | <0.600 IPLV < 0.500 IFLW
<D.IT5FL £0.780 FL <0.T20 FL = 0750 FL
275 tons and = 150 tons = - =
20815 IPLV | <0588 IPLV | =0.580 IPLV | £0.400 IPLV
Wiater cocled, electrically - 20B80FL | =O.TIBFL | =0.850FL | =z0880FL
operated positive z 150 tons and < 300 tons | K\Witon — T - T — T —
displacement = 0580 IPLV | 20540 IPLV | 20540 IPLV | = D440 IPLV
50820 FL S0 FL S008I0 FL <0.625FL 50
= 300 tons and < 800 tons _QL - _D - AHRI 5500
<0540 IPLV | <0480 1PV | 0520 IPLV | <0410 IPLV
£0.520 FL =038 FL £0.560 FL =0.585FL
=300 tons
= 0540 IPLV | <0480 IPLV | =0.500 IPLV | < 02380 IPLV
=0.634 FL <0638 FL <0.610 FL = 0.695FL
= 150 Tons
= 0595 IPLV | <0450 IPLV | <0.550 IPLV < 0440 IPLW
_ 50,5234 FL 20530 FL 20810 FL <0.635FL
z 150 tons and < 300 tons — — —
20598 IPLV | <0430 1PLV | =0.550 IPLV | £0.400 IPLV
- - 50576 FL £0.500 FL £0.560 FL £0.505FL
Viater G}DIEd".:_EWGaU = 300 tons and < 400 tons | K\Witon - - -
operatad cantrifugal S 0548 IPLV | <0400 1PV | 20520 IPLV | <0280 IPLV
_ 30576 FL £0.500 FL £0.560 FL <0.585FL
= 400 tons and < 300 tons — — —
£0548 IPLV | <0400 1PV | <0500 IPLV | < 02380 IPLV
£0.5T0FL £0.580 FL £0.560 FL =0.585FL
= 600 Tons = = -
=0538 IPLV | <0400 1PV | =0.500 IPLV | < 02380 IPLV
Air cooled, absorption, All szpacities COP | =0BO0FL MAS =0.800 FL NAS
single =ffect
Water caoled sbsorption. All ezpacities COP | =D700FL MAS 20.700 FL hAs
single =ffect
- 3 3 AHRI 580
Absarption, doubl = 1.000 FL = 1.000 FL
SSrption. feutis Al eapacities coP hAE NS
=fiect, indirect fired = 1.050 IPLY = 1.050 IPLV
i bl affas z1.000 FL 2 1.000 FL
Absarptian douee Sfact ARl capacities cor NA N
direct fired 2 1.000 IPLY 2 1.050 IPLV

a. The requirements for cantritugal chiler shal be a

iramaents shal b met or auceoded B0 o

ply with This standard. Whene thene is 2

requirements am not appicabie far Fath B and only Fath & £an be used for complianca

d. FL represants e fulkioad periormants requinements and IFLY the pam-ioad perormancs regurements.

MEASURE CODE:

2025 MEEIA 4 Plan MEEIA-2019-21Plan-Revision 56.0
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2.5.6 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,
RetrofitEREP 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 et

Deﬁﬁmeﬂﬂ#Baselm%Equﬂ}menFthe heatmg and coolmg efﬁc1ency llsted in Federal Energy
CeonservatienEfficiency Standards.

Federal Energy CenservationEfficiency Standards (effective January 20-1-‘23)227 - { Formatted: Font: Not Bold

h { Formatted: Font: Not Bold

/{ Formatted: Font: 9 pt

! { Formatted: Font: 9 pt

// {Formatted Font: 9 pt, Font color: Black

2
31DOE|Title10,Part |, //// {F'eld Code Changed

| Formatted: Font: 9 pt

L

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 5.0 Page 110




Ameren Missouri

Capacity

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

‘{ Formatted: Centered

{Formatted Font: Bold

\\ \\ \{Formatted Font: Bold, Font color: Background 1

34 SHOI13.4SEER2 | _ 13.4 SEER2 _ |
< 100-65 SEER2Packaged$73 6.7HSPF2 | | 6.7 HSPF2$183,| 7\\\‘\: . \{ Formatted: Font: Bold, Font color: Background 1
W\
lor3phase, | | ] j\\ \\‘\{ Formatted: Centered, Indent: Left: 0.03"
<65 Split 14.3 SEER2 14.3 SEER2 \\\\\\\\{Formatted Font: 11 pt, Bold, Font color: Background 1
1 or 3 phase 7.5 HSPF 7.5 HSPF2,
=65 and — oL PR 141 IE]%ZTQ ***** ]737971]:ZER 5 ﬁ\ \\\‘\{ Formatted: Font: 11 pt, Bold, Font color: Background 1
an 73 e
>65and | | SBI41IEER | $H2213.9 IEER | ‘
<135==100 $49Packaged 3.4 COP, ___34COP Iy \\ {Formatted: Font: Bold, Font color: Background 1
Air Source and-<l150 “ \ {Formatted: Font: Bold, Font color: Background 1
\ \
=135 and S5S13.51EER | $9213.3 IEER | R ‘\ { Formatted: Font color: Text 1
<<240>=150
=240 $37Packaged 3.3 COR, - 33con ﬂ \\ \\{ Formatted: Font: Not Bold, Font color: Text 1
=240 Mi 1 7§79:] 12:5: I:E}Zi?: : : - 7$:]:52:]:2:3:“E:é]§ : 71 \\\\\\ { Formatted: Font: Not Bold, Font color: Text 1
<760and< S61Packaged 3.2 COP, ~ 3.2CO0pP »“‘\ \\\\{ Formatted: Font: Not Bold, Font color: Auto
<760>=200 \{ Formatted: Font color: Text 1
] :399 \
122 EER \\{ Formatted: Font color: Text 1
< Sl DL\ .1‘ -
<17 Packaged 43 COP 0‘ \‘\ { Formatted: Centered
Water S ~17 and <65 Packaged 13.0 EER "\1‘\\\\\{ Formatted: Font color: Text 1
ater Source >17 and < ackage D
4.3 COP ,u ‘\\ { Formatted: Font color: Text 1
>65 and <135 Packaged % «\\1‘(\\\\\[ Formatted: Font: Not Bold, Font color: Text 1
- w\\u‘\n‘\[ Formatted: Font: Not Bold, Font color: Text 1
\ ,\\ ‘[ Formatted: Font color: Text 1
\
=760 300 $30Packaged $46 $76 \\ uz‘\ny\[ Formatted: Font color: Text 1
777777777777777777 7\ \ 1
\ | \“\»“{ Formatted: Centered
I\ |l
\ \ w\‘[ Formatted: Font: Not Bold, Font color: Text 1
|
\\\ ‘:ﬂ\{ Formatted: Font: Not Bold, Font color: Text 1
N
\\\ \\ ‘Iw‘,[ Formatted: Font: Not Bold, Font color: Auto
. \\\ w‘[ Formatted: Font color: Text 1
For VRF Heatpumps-heat pumps. vertical heat pumps, and other heat pumps, refer to the tables X \‘{
- . ; | . .
within the Federal Energy ConservatienEfficiency Standards. \ Formatted: Font color: Text 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

source heat pump system that meets the 2045 HECC-energy-efficieneyrequirements-effeetive
January152024-Federal Energy ConservationEfficiency 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 ConservatienEfficiency 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.?*
DEEMED MEASURE COST

For analysis purposes, the incremental capital cost for this measure is assumed as $366-104 per
ton per SEER or I[EER 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: e { Formatted: Space After: Auto

238 ASHRAE, Chapter 38: Owning and Operating Costs, Table 4, “Heating, Ventilating and Air Conditioning Applications”. { .
(2023 edition) for commercial air to air heat pumps (pg 651 or 38.3).Measure-Life Report: Residential-and-Commereial/ndustrial / Formatted: Footnotes Char, Font: 10 pt

/
/
;
7

pe w Formatted: Footnotes Char, Font: 10 pt, Underline,

Font color: Blue

Inc, SDGE, “Industry Standard Practige Study of Commercial Unitary Air Conditioning and Heat Pumps Systems”, page 36

/
ﬁ// = { Formatted: Font color: Accent 1
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AkWh = Annual kWh Savings,,, -AnnualkWh-Savingscool +
Annual kWh Savingsy .. Anruel kW h-Savingsheat

“= =~ | Formatted: CambriaTextFormula, Space After: Auto,
Tab stops: Not at 0.5" + 2.84"
__ Annual kWh Savings o, = —AnpualkWhSavingscool=, | - { Formatted: Font: Cambria ]
£kBtu/hr,,, kBtwthreoel - o { Formatted: Indent: Left: 0.2", Line spacing: 1.5 lines ]
- Formatted: CambriaTextFormula, Indent: Left: 0.61"
Sl by — SEERZ2ee \ :
2 [(1/SEERZpqse )= (/SEER2g5 l Space After: 0 pt, Line spacing: 1.5 lines, Tab stops:
+x EFLH,,, BELHeool Not at 1.74" + 6.54"
Annual kW h Savingsyqq.-AnnualtkWh-Seavingsheat = | N - { Formatted: Font: Cambria }
£kBtu/hry oo kBtrthrheaty-
+x [(1/HSPF2,,s. HSPE2base) - (1/HSPF2p HSPE2ee)]
+X EFLHy o EFLHReat

For units with cooling capacities equal to or greater than 65 kBtu/hr:

AkWh = Annual kWh Savings ., + Annual kWh Savingsyeq:

S { Formatted: Font: (Default) Calibri
{ Formatted: Indent: Left: 0.3", Space After: Auto

Annual kWh Savings .01 =,

kBtu/hrcoor x [(1/IEERpqse) = (1/IEERgg)] x EFLH 40 B ‘{ Formatted: Space After: Auto

o J L J

Annual kWh SavingsSpeq: = “ { Formatted: Indent: Left: 0.3", First line: 0"

1 1
kBtu/htryeqe X [ | x EFLHy o0

(COPbasex 3. 412) (COPEE x 3. 412)

“~ = | Formatted: CambriaTextFormula, Space After: 0 pt, Tab
stops: Not at 0.5" + 0.69"

- { Formatted: Font: (Default) Cambria }

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

SEERvase = Seasonal Energy Efficiency Ratio of the baseline equipment
= SEER from-tables-belews-based on current DOE energy efficiency
standards for TOS.NCthe-applicable JECC:

=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 SEERbase to SEER 2base.>**

SEERGce = Seasonal Energy Efficiency Ratio of the energy efficient equipment.
= Actual installed
EFLHcot = Equivalent Full Load Hours for cooling are provided in Zable 1, Effective

peLable 1 Effective

Full Load Heating and Cooling Hours, by Building Ty

HSPFuase = 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 HSPFoase to HSPF2base.*!

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

Full Load Heating and Cooling Hours, by Building TypeZable 1 Effeetive
Eull Load Heati | Cooline Hours._by Buildine TypeTable | Effect]

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.

COPbase = Coefficient of performance of the baseline equipment
= COP from tables below, based on the applicable IECC. If rating is HSPF,
COP =HSPF / 3.443412. If rating is HSPF2, COP2 = HSPF *x 87% /
3.413412

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

240 SEER to SEER2 conversion factor: SEER2 = SEER x 96%. Conversion factor for SEER to SEER2 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.

24 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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Mini Efficiency-Regui 52009 IECC

TABLE 503.2.3(2)

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

(as of Jan 23,2010)

SUBCATEGORY OR
EQUIPMENT TYPE SIZE CATEGORY RATING CONDITION MINIMUM EFFICIENGY® TEST PROCEDURE®
Split svstem 13.0 SEER
< 65,000 Biuh®
Single package 13.0 SEER
10.1 EER: AHRI2Z10v240
= 65,000 Buh . =
nd Split system and (before Jan 1, 2010)
) single package 11.0 EERc
< 135,000 Biwh (a5 ofJan L 2010)
: 93 EERe
Air cooled, w133 ¥
(Cooling mode) e 13:"233 Baih Split system and (before Jan 1, 2010)
<240.000 B’ single package 10.6 EER=
. o (= ofTan 1, 2010)
9.0 EERe AHRIT 340/360
9.2 IFLYe
- - Split system and (before Jan 1, 2010}
240,000 Bh single packape 9.5 EERe
92IPLYe
(s ofJan 1, 2010)
109 SEER
i (before Jan 23, 20100
Split system 19.0 SEER
Through-the-Wall (as of Jan 23.2010)
Ao ooy ST ST ARt 2er
mode} 10.6 SEER
Sinal k (before JTan 23, 2010)
SIECEATIEE 12.0 SEER

< 17,000 Biu/h 86°F entering water 11.2 EER AHRUASHRAE 13256-1
Water Source = 17.000 Bwh
: =17,
(Cooling mode) and §6°F entering water 12.0 EER AHRIASHRAE 132561
= 135,000 Bavh
o L = 135,000 Bawh 58°F entering water 16.2 EER AHRUASHRAE 132561
(Cooling mode)
Gromnd soares, < 135,000 Bavh T7°F entering water 13.4 EER AHRI/ASHRAE 13236-1
{Cooling mode)
< 65,000 Bawh? Split zystem 7.7 HSFF
(Cooling capacity) Single package 7.7 HSPF
= 65,000 Bwh 3.2 COP AHRI210/240
: and o: = 5 (before Jan 1, 2010)
An_moled < 135,000 Bawh 47°F abv43°F wh Outdoor air 33COP
(FHeating mode) (Caoling capacity) (as of Jan 1, 2010)
3.1COP
= 135,000 Bavh 47°F dBV43F wh Outdoor air | (0o ore Jan 1, 2010) AHRI 340960
{Cooling capacity) 32cor

(2= 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 SIEZE CATEGORY RATING CONDITION MINIMUM EFFICIENCY® TEST PROCEDURE?
71 HSPE
e (before Jan 23, 2010)
Split System = 4 HSPF
{as ofJan 23.2010)
! ““&Ehlf*f‘““m =30,000 Btu'h AHRI?10/240
(Awr cooled, heating mode) 7.0 HSPF
s (before Jan 23, 2010)
Single package 74 HSPF
(az of Tan 23 3010)
Water source = 135,000 Btu'h i &
x v T 256
(Heating mode) (Corling camriy) 68°F entening water 42 COP AHRI'ASHRAE 13256-1
Groundwater source = 135,000 Btu'h . ’ .
(Heating mode) (Cooling capacity) 50°F enternng water 3.6 COP AHRI/ASHRAE 13256-1
Ground source = 135,000 Btu'h . E -
(Heating mode) (Cooling capacity) 32°F entening water 3 1COoP AHRIASHRAE 13256-1

ForSI: °C = [[OF) - 32]/1.8, 1 British thermal unit per hour = 02031 W

db = dry-bulb temperature, of, wh =wet-bulb temperamre, of

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

¢. 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 heatpumps = 63,000 Bru'h are regulated by the Mationz] Appliance Energy Conservation Act of 1087 (NAECA) , SEER and HSPF values
are those zat by MAECA.
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LE C403.2.

TAB 3
EINHUH EFFICIENCY REQUIREMENTS:

ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS
EQUIPMENT TYPE SIZECATEGORY | HEATING SECTION Ty | SaoeRTESCEY OF e IO L L
- Split System 13.0 SEER
g *“J[‘-”DL“i, < 65,000 Buwh® Al
rnoing mmie) Single Packaged 13.0 SEER
: : Split System 13.0 SEER AHRI
T < 30,000 Bew't All 210240
! Single Packaged 13.0 SEER
Single-duct high-velocity T i i eE e
PR = 65,000 Buy'h® All Split System 10.0 SEER
Electric Resistance Splir System and
= 65,000 Btw'h and [or None) Single Package |
= 135,000 Btw'h % Sl System and ]
Al odter Single Package !
Elaciric Raslstance Split Systemn and “‘
Alr conled = 135,000 Buwh and for None) Single Package AHRI
(cooling mads) = 240,000 Buu'h A Split System and 340360 !
Single Package )
Elaciric Raslstance Split Systam and |
£ [or MNone) Single Package |
= 240,000 Buv'h P =
&t Split Systemn a )
Aol Single Package |
=TT 000 B 1T BT IR T WAt TIZEFT !
‘Waier source = 17,000 Buw'h and = § LY
{coaling mode) < 65,000 Biwh All BE°F entering water 120 EER
= 65,000 Buv'h and I g st 20 EE 1S0 13256-1
« 135,000 Biu'h All EG°F entering water 120 EER 23
Gt st Soaie : : All 5I°F entering water 162 EER
{cooling mode) < 135,000 Btw'h
All TT°F entering water 13.4 EER
- -— . EG°F entering water 10,6 EER
e o ey || < 125,000 Biuh Al
e E S0°F entering water 16.3 EER 1S0 132562
Grownd water source
Hirine to water = 135,000 Buy'h All TTF entering fluid 12.1 EER
{coaling made)
ST R
Alr coaled S— Split System 7.7 HEPF
(heating mode} e - } B
Single Package T.T HSFF
: Split System 7.4 HSPF AHRI
Through-the-wall, =< 30,000 Bew'h* 2107240
{air cooled. heating maode) (cooling capacity)
Single Package 7.4 HSPF
Small-duct high velocliy - FE Py 5 i e
{alr coaled, heating mode) = 65,000 Bow'h Split System 6.8 HSPF
(comtimed)
Page 11 Jf’
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TABLE C403.2.3(2)—continued
MINIMUM EFFICIENCY RE! EMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

EQUIPMENT TYPE SZECATEGORY | HEATING SECTIONTYPE |  mams contimon | ermcinty | proceoumes
ATF dWASTF wh -
265,000 Bwh and Outdoor Alr 33coe
< 135,000 Buwh
oot capacity) ITF dISF wh 2.25COP
Alr coaled Outdoor Alr 3 AHRI
(heating mode) y—pren s 1U0/360
2 135,000 Bu/h Outdoor Alr .
{cooling capacity) 17°F dVI5°F wh .
Outdoor Alr 205cop
-
‘Waler source < 135,000 Buwh P —— 4.2 COP
ety Ty frootmyE TPty T R —

Ground waler source < 135,000 Bu/h - " - cp
i Prlccplconic! 50°F entering water 16coP | 150 13256.1
Ground source < 135,000 Bu/h ;

(heating mode) {cooling capacity) 32°F entering Muid 3.1cop

¥ 68°F entering water a7 core
Vet < 135,000 Buu/h enieriog W

it ity]

{beating moda) cooling capacity) 50°F entering water ST T [—
Ground source .
brine to water k o:):::':aoﬂxll‘;] 3Z°F entering fluid 25Cop
(beating mode)

For SI: 1 British thermal unit per hour - 0.2931 W, "C - [('F) - 32)/1.8.

a. Chapter 6 of the referenced standard contains 3 complete specification of the referenced test procedure. inchading the reference year version of the test
procedure.

b. Single phase. air-cooled air conditioners less than 65,000 Bush ase regulated by NAECA. SEER values are thene 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

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

MINIMUM
HEATING SUBCATEGORY OR EFFICIENCY TEST
CQURFMENT VI SIEECATECORY SECTIONTYPE | RATING CONDITION PROCEDURE*
Before As of
1112016 112016
sk Lehi o Split System 13.0 SEER’ | 14.0 SEER®
(cooling mode) = . :
- Single Package 13.0 SEER® | 14.0 SEER®
it S 2 AHRI
Ihroggh-the—wall. e o Split System 12.0 SEER. | 12.0 SEER 1070
aicocled Single Package | 12.0 SEER | 12.0 SEER
Smgle-duct L s : ;
high-velocity air cooled < 65.000 Btuh' All Split System 11.0 SEER | 11.0 SEER
Electric Resistance | Split System and 11.0EER | 11.0EER
> §5.000 Bru'h and (or None) Single Package 112 [EER | 120 IEER
< 135,000 Bruh All ofher Split Systemand | 10.8 EER | 10.8 EER
+ Single Package 11.0EER | 11.8IEER
Electric Resistance | Split System and 106 EER | 10.6EER
Air cooled >135.000 Btwh and (or None) Single Package 10.7IEER | 116 IEER AHRI
(cooling mode) < 240,000 Bruh — Split Systemand | 104 EER | 104EER 340/360
i Singlé Package | 10.5IEER | 114 IFER
Electric Resistance | Split System and 9.5EER 95EER
(or None) Single Package 96IEER | 10.6 I[EER
2 240,000 Brwh -
All other Split System and 93 EER 93 EER
‘ Single Package 94IFER | 94IEER
< 17,000 Brwh Al 86°F entering water | 12.2 EER 122 FER
Water to Air: Water Loop | = 17,000 Btwh and o 2 i . -
(cooling mode) - 65.000 Btwh Al 86°F entering water | 13.0EER | 13.0EER | [SO 13256-1
= 65.000 Btwh and . 2
= 135.000 Brwh Al 86°F entering water | 130EER | 13.0EER
Water to Air: Ground Water o e ’ " . neg
(cooling mode) < 135.000 Buw'h Al 59°F entering water | 18.0 EER 18.0EER | ISO 13256-1
Brine to Air: Ground Lo i x
(cooling mode) P < 135,000 Bruw'h Al TT°F entering water | 14.1 EER 14.1 EER | ISO 13256-1
Water to Water: WaterLoap " ’
(cooling modc) < 135,000 Btuh Al 86°F entering water | 10.6 EER 10.6 EER
; ;. "
oL “(’c‘z‘jﬁgg Gﬂfgd“;d“ AT | 135,000 Bk All SO°F entering water | 163 EER | 163EER | ISO 132562
L “(’E‘;’“]E‘é ﬁﬁ‘;" Loop | _ 135000 Brun Al 77°F entering fluid | 121 EER | 12.1 EER
(continued)
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TABLE C403.2.3({2)—continued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

MINIMUM
HEATING SUBCATEGORY OR EFFICIENCY TEST
20 R = et SECTIONTYPE RATING CONDITION PROCEDURE*
Before s 0f
1112016 | 1172016
s 1 . — Split System 7.7 HSPF* | 8.2 HSPF*
(heating mode) < 65.000 Btu/h'
— Single Package 7.7 HSPF* | 8.0 HSPF
— Split System 74 HSPF | 74 HSPF AHRI
Through-the-wall, < 30,000 Bruh® 210/240
(air cooled. heating mode) (cooling capacity)
— Single Package 7.4 HSPF | 74 HSPF
Small-duct high velocity e P 3
(air cooled, heating mode) < 65.000 Btuh' — Split System 6.8 HSPF | 6.8 HSPF
47°F db/43°F wb
> 65.000 Btwh and i o 33COP | 33COP
= 135.000 Btw'h — =
_ (cooling capacity) IFEdASTwh | 5 95 cop | 225 cop
Air cooled outdoor air AHRI
(heating mode) 47°F db/43°F wh S (R—— 340/360
> 135,000 Bruh N outdoor air ) B
(cooling capacity) 17°F db/15F wb : 2
iy 2.05 COP | 2.05 COP
Water to Air: Water Loop = 135,000 Btuw'h _ < TR
(heating mode) (cooling capacity) 68°F entering water | 4.3 COP | 43 COP
Water to Air: Ground Water = 135,000 Bruw'h e = 3 3 = o
(heating mode) (cooling capacity) — 50°F entering water | 3.7 COP | 3.7COP | ISO 13256-1
Brine to Air: Ground Loop < 135,000 Bru'h - :
(heating mode) {cooling capacity) — 32°F entering fluid | 3.2COP | 32COP
Water to Water: Water Loop < 135,000 Bru'h w = - :
(heating mode) (cooling capacity) 68°F entering water | 3.7COP | 3.7COP
Water to Water: Ground Water < 135,000 Bru'h s g ) . : g
(heating mode) (cooting capacity) — 50°F entering water | 3.1 COP | 3.1COP | ISO 13256-2
Brine to Water: Ground Loop < 135,000 Btu'h . - -
(heating mode) (cooling capacity) — 32°F entering fluid 25C0P | 25C0P

For SI: 1 Britich thermal unit per hour=0.2031 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 Btu'h 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 Hcool x CF

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

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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2.5.7 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.

{ Formatted: Font: 10 pt, Font color: Background 1

If applied to other program types, the measure savings should be verified. i
“‘/{ Formatted: Centered, Space After: 2 pt

DEFINITION OF EFFICIENT EQUIPMENT
Q /” Formatted Table

In order for this characterization to apply, the efficient equipment is assumed to be PTACs or i

Formatted: Font: 10 pt

PTHPs that exceed the Federal Energy Efficiency Standards.”** The non-standard size ay !
equipement type applies to installations with wall openings less than 16 high or less than 42” ey

Formatted: Space Before: 2 pt, After: 2 pt

Formatted: Space Before: 2 pt, After: 2 pt

- . |
wide, and only for retrofit applications. i w//{ Formatted: Font: 10 pt

Formatted: Font: 10 pt

/ { Formatted: Space Before: 2 pt, After: 2 pt

TAC Standard Size | <7kBwh ___________JII9BER <)
TAC Standard Size 7kBtuh>Cap<15 kBtuh 14.0-(0.3 x Cap) EER )/ { Formatted: Font: 10 pt

{ Formatted: Space Before: 2 pt, After: 2 pt

{ Formatted: Font: 10 pt

i { Formatted: Space Before: 2 pt, After: 2 pt

{ Formatted: Font: 10 pt

PTHP Standard Size =~ | <7kBwh 3“3‘96% 7777777777777777777 - { Formatted: Space Before: 2 pt, After: 2 pt
1;‘ 0-(03 x Cap) EER — { Formatted: Font: 10 pt
. .0-(0.3 x Ca q
THP Standard Size = _ _ | 7kBtuh>Cap<15 kBtuh 370052 x CapyCOP~ — ————————— haY N { Formatted: Space Before: 2 pt, After: 2 pt

\\{ Formatted: Font: 10 pt

{ Formatted: Space Before: 2 pt, After: 2 pt

° DOE. poE ! - -~ ‘{ Formatted: Hyperlink
D#pa+t—4€rk«4%l—9—7( ommercial _Air Conditioners _and Heat Puanhttns //www.ecfr.gov/current/title-10/chapter- ~ o
11/subchapter-D/part-431#431.97 {Field Code Changed

o JC JC JC G G A U L L L
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9.5 EER

‘{ Formatted: Font: 10 pt

PTHP Standard Si >15 kBtuh R . .
[HP Standard Size | 215 kBt h o] 5T EOP — -] B
9.3 EER
PTHP Non-Standard Size _ _ _ | STkBwh o _____| _
2.7 COP

{ Formatted: Space Before: 2 pt, After: 2 pt

- ‘{ Formatted: Font: 10 pt

- ‘{ Formatted: Font: 10 pt

J U

- ‘{ Formatted: Font: 10 pt

DEFINITION OF BASELINE EQUIPMENT

TOS: the baseline conditions is the mintmum efficiency that meetshistedfor the eguipment-type
in-the 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.?

DEEMED MEASURE COST

TOS: The incremental capital cost for this equipment is estimated to be $84/ton.24

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.?*

(2023 edmon) for commerc1al through the- Wall air condltloners Measw%!:ﬁ%Repeﬁ—Reﬁdeﬂﬁa%aﬂd—Gemmere}a#lﬂdﬁsmai

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

245 Standard assumption of one thlrd of effecnve useful life.
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 $1,039 per ton.>*$ This cost should be discounted to present value using the
utilities’ discount rate.

LOADSHAPE
Cooling BUS

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

Algorithm

CALCULATION OF SAVINGS

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

ENERGY SAVINGS

TOS:
PTAC AkWhz4s = AkWhcool
PTHP AkWh = AkWhcool + AkWhheat
AkWhmol = kBtLl/hrcooI ik)_( (1/EERbase - I/EERee) i()_( EFLH-cool
AkWhheat = kBtU/hrheat/3.412 iX (I/COPbase - 1/COPee) iX EFLHheat
EREP:

AkWh = AkWhcoot + AkWhheat
AkthaoI = kBtll/hrcaoI iX (l/EERexist - l/EERee) iX EFLHcool
AkWhheat = kBtu/hrheat/3.412 *x (I/COPexist - 1/COPee) *x EFLHheat

AkWh = AkWhcoot + AkWhheat
AkWhmol = kBtLl/hrcooI ik)_( (1/EERbase - I/EERee) i()_( EFLH-cool
AkWhheat = kBtU/hrheat/3.412 iX (I/COPbase - 1/COPee) iX EFLHheat

Where:

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

EFLHcoot = Equivalent Full Load Hours for cooling are provided in seetion
27Table | HVAC End Use

EFLHheat = Equivalent Full Load Hours for heating are provided in Table
1seetien2-7 HVAC End Use

248 Based on subtracting TOS incremental cost from the DCEO data and incorporating inflation rate of 1.91%.
249 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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EEReist = Energy Efficiency Ratio of the existing equipment,actual. | - {Formatted: Font: 11 pt }
= Aetual-If unknown-, determine by federal efficiency standard in
effect when manufactured. assume-8+EERThe baseline efficiency for [ - { Formatted: Font: 12 pt }
a standard size, 1 ton unit is listed in the following table.**®
N _ { Formatted: Font: 11 pt }
. ‘{ Formatted Table }
\
o ‘{Formatted Font: 11 pt, Bold, Font color: Background 1 }
PTAC 10.4 EER 10.2 EER 8.1 EER e ﬁ {Formatted Font: Bold, Font color: Background 1 }
PTHP 10.4 EER 10.4 EER 8.1 EER RS . { Formatted: Centered ]
% \
EERbase = Energy Efficiency Ratio of the baseline equipment. e \\ \\ {F““‘a“ed Font: 11 pt, Bold, Font color: Background 1 }
= Equal to-See-the table below-for reguirements-based-on Federal {Formatted Font: 11 pt }
Energy Efficiency Standard StandardsSee-the-table-below-for b \{ Formatted Table }
\\
o \ o .
EERee = Energy Efficiency Ratio of the energy efficient equipment. For air- \ \{ Formatted: Font: 11 pt }
. . . \ . .
cooled units < 65 kBtu/hr, if the actual EERee is unknown, assume the \{ Formatted: Font: 11 pt }
following conversion from SEER to EER for calculation of peak { Formatted: Font: 11 pt }
savings:»' EER = (-0.02 #x SEER?) + (1.12 #x SEER) |
= Actual installed
kBtu/hrheat = Capacity of the heating equipment in kBtu per hour.
= Actual installed
3.412 = Btu per Wh.
COPexist = Coefficient of performance of the existing equipment, actual.
= If 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 tableAetualtHunknownassume-0-COP-for
el L U0 e DL
Manufactured 1/1/2017 - 1/8/2012- Prior to I DS { Formatted: Font color: Background 1 }
Date Current 12/31/2016 1/8/2012 N { Formatted: Centered }
PEAC HOHEER HO2ER SR \ ’
PTAC 1.0 COP 1.0 COP 1.0 COP { Formatted Table }
PTHP 3.1 COP 3.1 COP 2.6 COP
COPpoase = Coefficient of performance of the baseline equipment; equal to
Federal Energy Efficiency Standardsee-table belowfor
s Coetielen o sl e s o lih e bl s conissen e okl
botow—torvatues:
COPee = Coefficient of performance of the energy efficient equipment.

= Actual installed

251 Based on Wassmer M (2003) A Component- Based Model for Resuientlal Air Condmoner and Heat Pump Energy
Calculations. Masters Thesis, University of Colorado at Boulder. Note this is appropriate for single speed units only.

252,
MW%WWM,

httnsL4 blusicodelibelice ’7[\[\[\ dH-and Y 1+ #HCOP=20 (0026 12 0004-000)=
RHPSHAaW-resotree-org/pHors O HH-aRa-asstg-atonuntt; T - 0= 123 15 H

2:6-

https:/daw-r wk de/ibr/icc-iece-2000-pdf)-and-assumingat-ton-unitr BER =1H0—(016-512.0004-000) =81 |
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

TOS:

| AKW = AkWH,,, AW Heool +x CF “ {Formatted: Cambria12, Indent: First line: 0"

EREP:

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

| AW = AKW (1st5 years) +x CF - ‘{Formatted: Cambria12, Indent: Left: 0"

AkW for remaining measure life (next 10 years)

| AW = AW (next 10 years) +x CF ik { Formatted: Cambria12, Indent: Left: 0"
Where:
AkWHcool = Annual cooling 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
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
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MEASURE CODE:
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2.5.8 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-
efﬁ<:1ency alr— water— or evaporatlvely cooled air condltloner that exceeds be%h%h&ﬁuﬂ—leaekaﬂé

= { Formatted: Font: Not Bold
N ‘{ Formatted: Font: Not Bold
{ Formatted: Font: Not Bold

L

Heat Rejection Capacity, kBTUh Type B j\\ {Formatte d: Font: 11 pt, Bold
No heat B {
| Formatted: Font: Bold
<65 Packaged, Split 134 SEER2 \ \\  Formtted: ot 3l
67 HSPE2 \ ormatted: Font: Bol
N 14.8+ IEER \\ ! R ) o
>65 and <135 Packaged 146 IEER | | Formatted: Centered, Line spacing: single, No
Air Source 3:4-COF <, ' | widow/orphan control, Don't keep with next, Don't
>135 and <240 Packaged Q’é —1;4';2 ;IE; ER 14.0 IEER 11| keep lines together
e Ly A AN [\
B \\\\\\ \\ Formatted: Line spacing: single, No widow/orphan
>240 and <760 Packaged +2-513.23 IEER 13.0IEER | \\\\\\\ ‘\ control, Don't keep with next, Don't keep lines together
- 21 EER Y 3 \\\{ Formatted: Font: Bold }
<65 Packaged.Split — A N \‘\{ Formatted: Font: 11 pt }
\
~65 and <135 Packaged 12.1 EER 11.9 EER \\\\ Formatted: Line spac'ing: single, No widoyv/orphan
- \ | control, Don't keep with next, Don't keep lines together
Water Source .
>135and <240 |  Packaged 12.5EER 123 EER | Formatted: Font: 11 pt )
{ Formatted: Font: 11 pt }
>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-II/subchapter-D/part-43 1
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the 20H51ECC—enerey—efficieney—requirements—etfeetiveJanvary——2024—Fcderal Energy
CenservatienEfficiency Standards.

i

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

when manufactured. After, remaining useful life period. the baseline is the Time of Sale baselin|
meetmg the Federal Energy GGHS%I‘—V-&HGHEfﬁCIeHCV Standards Pﬂer—te—J-aﬂaaFy—l—ZO%—t-h

OF o W T

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 COST

For analysis purposes, the incremental capital cost for this measure is assumed Theineremental

eapital-cost for this-measure-is-assumed-to be $106-104 per ton per SEER or IEER unit increase

over the base case efficiency for air-cooled units.25

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 incrementdl
cost is:

12 tons x (16.2 IEER — 14.2 TEER) 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
Annllcatmm (2023 edmon) for commercnal rooflon air conditioners, single zone or multi zone. Mea%%l:l—fekepe&

255 AES(, lnc ASK Energy Inc SDGE Industrv Standard Pracncc Stud ofCommcrc1a1 Umtarv Alr Condmonmg

and Heat Pumps Systems”, page 36 (September 2021) https: //www caelrm com/medla/reference— = { Formatted: Underline

documents/Unita HVAC ISP Re ort Final.pdfBased-on a review of TRM incremental costassumptions from
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Where:

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

SEER2base = Seasonal Energy Efficiency Ratio of the baseline equipment
= 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 SEERbase to SEER 2base.>*°.

SEER2ee = Seasonal Energy Efficiency Ratio of the energy efficient equipment (actually
installed)

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

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

EFLH = Equivalent Full Load Hours for cooling are provided in Table [seetion2-7
HVAC End Use

23 SEER to SEER2 conversion factor: SEER2 = SEER x 96%. Conversion factor for SEER to SEER2 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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Ameren Missouri
TABLE 503.2.3(1) { Formatted: Left
UNITARY AIR CONDITIONERS AND CONDENSING UNITS, ELECTRICALLY OPERATED, MINIMUM EFFICIENCY REQUIREMENTS I
SUBCATEGORY OR |
EQUIPMENT TYPE SIZE CATEGORY RATING CONDITION MINIMUM EFFICIENCY TEST PROCEDURE®
Split system 13.0 SEER
< 65,000 Bruk'
Single package 13.0 SEER |
i 10.3 EERe AHRI210/240 I
2 55-—221213‘“"‘ Split system and (before Tan 1, 2010)
=135 | single package 11.2 EFRe /
135,000 Beah (a5 ofTan 1, 2010)
9.7 EER=
5 7
135.% Buh B ey {before Tan 1, 2010)
single package 11.0 EERe |
<240,000 Btwh ZE s
. (as ofTan 1, 2010) I
Air conditioners, <
Air coaled ;; I?gf [
. c
B y
_40:523 Sty Split system and {before JTan 1, 2010) !
x single package 2
=T /! f I
60,000 Bru'h 10.0 EERc 9.7 IPLyg AHRT 340/360
as ofTan 1, 2010) I
9.2 EERc
94 IPLYe |
Split system and {before JTan 1, 2010) |
760,000 Brwh sinzle package 9.7 EERe :
54 TPLY¢c
(as ofJan 1, 2010)
10.9 SEER
e (before Jan 23, 2010}
Split system 120 SEER
- 5 of Jan 2320107
Through-the-wall, <30,000 Btk iz o e ) AHRI?10/240
Air cocled 106 SEER
e — (before Jan 23, 2010}
e 120 SEER
(as ofJan 23 2010)
< 65,000 Btuk Split system and 121 EER
single package
> 65,000 Bwh . AHRI210/240
and S}’f:‘g;*:’;’::i:g": 11.5 EERe
Air conditioners, Water = 135,000 Bru'h
and evaporatively cooled = 135,000 Bruh .
=9 Selit L and 11.0 EERe
< 240,000 Brwh RESTRCIER AHRI 3401360
240,000 Bru'h Split system and 115 EERe
single package
For SI: 1 British thermal unit per hour =0.2931 W
a Chapter 6 contzins a complete specification of the referenced test procedure, including the referenced year wersirun of the test procedure.
b. 1FLVE are only applicable to equipment with capacity modulation

. Dieduct 0.2 from the required EERs and 1PLVs for units with a heating saction other than eleciric resistance heat
d. Single-phase sir-cooled air conditioners < 63,000 Bmulh are regulated by the MNational Appliance Energy Conservation Act of 1987 (MAECA) ; SEEF. values ard

those set by MAECA.

Page 13l|
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012 IECC Mini Efficiency Requi

TABLE C403.2.3(1)
MINIMUM EFFICIENCY REQUIREMENTS:

ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

= 240,000 B'h
and
< 760,000 Bu'h

{or None}

Split System and
Single Package

All other

Split System and
Single Package

= 760,000 Bush

Electric Resistance | Split System and 12.0 EER
(or None} Single Package 124 IEER
Split System and 120 EER

. Single Package 122 [EER

HEATING SUBCATEGORY OR MINIMUM EFFICIENCY TEST
EQUIFMENT TYPE iy SECTION TYPE RATING CONDITION | Before 6rizol1 | As of6rizoll | PROCEDURE®
Air conditioners, g Split System 13.0 SEER 13.0 SEER
: < 65,000 Buuh® Al
alr cooled Sl Singe Package T30SEER
Through-the-wall = . Split system 12.0 SEER AHRI
. < 30.000 Boyh® Al /74
far cooled) . Single Package | IZOSEER | 1ZDSEER | 210240
Sml”'tﬂﬂ: '{L”t%';;f"x"}' < 55,000 Byt All Split System 10.0 SEER 10.0 SEER
Electric Reslstance Split System and 11.2 EER 11.2 EER
E 55-“'3”'“"”‘1 {or None) Single Package 11.4IEER 114 IEE
ang
< 135,000 B ; Split System and 11.0 EER 11.0EL
5 5 ot Single Parkage | 1L2IEER | 112IEER
Electric Resistance | Split System and 11.0 EER 11.0 EER
2 '35-092 Buih {or None) Single Package 11.2 IEER 11.2 IEER
< 240,000 Bovh All oth Split System and 10BE 10.8 EER
Aur condiicners, o Single Package | 11011 110 IEE AHRI
alr cocled Electric Resistance | Split System and 10.0 EER 10,0 EER MVIE0
= 24"—”?2 Buuh (or None) Single Package 10.1 [EER 10.1 [EER
an % —r
= 760,000 Bouh ; Split System and 9.8 EER 9.8 EER
o Allcllizr Single Package 0.0 1EER 0.0 [EER
Flectric Resistance Split System and M7 EER
> 760,000 Bn'h (or Nonep Single Package OB IEER
e Al other Split System and 9.5 EER
i Single Package 0.6 IEER
e Split System and 1Z1 EER AHRI
< 85,000 Buu/* Al Single Package 31H 2007240
Electric Resistance Split System and
= BE-DDDIH“""l {or None) Single Package
ang
< 135,000 Bow'h ; Split System and
5 5 S gHtiar Single Package
Electric Reslstance Split System and
N '35-00? Buh (or None) Single Package ’E|
ang
Alr conditloners, Split Systemn and 10.8 EER 123 EER
water cooled 240,000 Bicks AR olhex Single Package | 1LOIEER | 125IEER ALRI
Electric Resistance 124 EER 30360

(oot}
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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 I
HEATING SUB-CATEGORY OR MINIMUM EFFICIENCY TEST I
ECRHPARCNT:RNEE: SIZECATEGORY | SpcTiONTYPE | RATING CONDITION | Bafore 612017 | As of 67172011 | PROCEDURE® i
ZRE 5 Split System and 12.1 EER 12.1 EER AHRI
= 55,000 B Al Single Package | 123 IEER 1231EER | 210/240 c
Electric Resistance Split System and 11.5 EER 12.1 EER "
el R (or None) Single Package | 11.7IEER 123 IEER ‘
an
< 135,000 Bwh Split System and 113 EER 119 EER [
= Eillothe Single Package 115 [EER 12.1 IEER [
Electric Resistance Split System and 11.0 EER 12.0 EER |
= 135-””3 iy {or None) Single Package 11.2 IEER 12.2 IEER
Air conditioners, <240 Enﬂ(] Biwh All other Split System and 10.8 EER 11.8 EER
evaporatively cooled 2 Single Package 11.0 [IEER 12.0 IEER AHRI
Electric Resistance |  Split System and 110 EER 11.9 EER 340/360
=>240.000 Btw'h loehlanal soala Dol 1L LIEER 12 LIEER
d
= ;50‘330 Biuh ile Split System and 108 EER 122 EER
other Single Package 10.9 [EER 11.9 IEER
Electric Resistance Split System and 10.0 EER 11.7 EER
(or None) Single Package 11.1 [EER 11.9 I[EER
= 760,000 Btw'h
All oth Split System and 10.8 EER 11.5 EER
s Single Package 10.9 [EER 11.7 IEER
Condensing units, 10.1 EER 10.5 EER
air cooled 135,000 Bou/y 11.4 [EER 14.0 IEER
Condensing units, 13.1 EER 13.5 EER AHRI
water cooled S0 B I3BIEER | 1LOIEER 365
Condensing units, 13.1 EER 13.5 EER
evaporatively cooled | = 13%:000 Btu/h 13.6 [EER 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 test
procedure.
b. Single-phase, air-cooled air conditioners less than 65,000 Btw'h are regulated by NAECA. SEER values are those set by NAECA.
e ‘{ Formatted: Right, Indent: Left: 0", Right: 0.21"
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2015 IECC Minimum Efficiency Requirements

TABLE C403.2.3(1
MINIMUM EFFICIENCY NTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS
HEATING SUBCATEGORY OR MINIMUM EFFICIENCY TEST
EQUIPMENT TYPE SZECATEGORY |  <eCTIONTYPE | RATING CONDITION [“Barors 712078 | 28 of 172076 | PROCEDURE!
; System 150SEER | 130SEER
Afr conditioners, | . 65000 Bru® Al ek
air cooled Single Package | 13.0SEER | 14.0SEER
Twougtewall | gooo0 = = Sphit system DOSEER | DOSERR | AHMI
(air cooled) . ShglePackage | I20SEER | 120SEER | 210240
he (d"‘m'm']"m’ < 65,000 Bruh® An Split System 110SEER | 1L0SEER
‘ Electic Resistance | Sphit Systemand | 112 EER TI2EER
-ﬁf-mﬁwh (or None) Single Package 114IEER 128 EER
- 135,000 Buh All other Splt System and 11L.0EER 11.0EER
Single Package 112[EER | 126IEER
Elecmic Resis it S and 110EER 11.0EER
2135,000 Bruh (atNone;‘xe mﬁ; 11.2IEER 12.4 IEER
and
240,000 Bruh : SpitSywemand | 108 EER 108EER
Air condinoners, A Single Package 11.0IEER 122 [EER AHRI
air cooled Rew ‘ 340360
> qu Brah Elecl(:: R.:su;:nce Split System I;i llgf EER ‘11060 EER
< 760.000 Bruh Al Split System and 98EER 98 EER
ot Single Package 99 [EER 114 EER
Electric Resistance Split System and 9.7EER 97EER
(or Nooe) Single Package 98 EER 112EER
27
27960,000 Boah P Split Sywemand || SSEER SIS EER
Ol Single Package 9.6 [EER 11.0 [EER
<esooBm | AU Topimdam | 133EER | 13EER | 21000
Electric Resistance | Split System and 121EER 121EER
155-09_%3“3 (or None) Single Package 123EER 139 EER
< 135,000 Buh All other Split System and :me S?EER
N Electic Resistance | Split Sywemand | 125 EER T25EER
- ‘35-33“" {or None) Single Package 125IEER | 139IEER
Air condifioners, | ., . SphtSysemand | 123 EER 123 EER
water cooled it AN Single Package 12.5IEER 13.7[EER AHRI
— ‘ 53 7 340360
zop0mn | RS | Loalbiie | demm | iieme
e SpltSysemand | 122 EER 123 EER
5000 T AR ol SmglePackage | 124IEER | 134IEER
Electric Resistance | Split System and 122 EER 122 EER.
(or None) Single Package 124IEER | 135IEER
2%
276000 Ban = SphtSysemand | 120EER 120EER
et Single Package 122[EER | 133EEER
(continued)
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TABLE W
MINIMUM EFFICEM:J{I QUIREMENTS:
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS

HEATING SUB-CATEGORY OR MINIMUM EFFICIENCY TEST
S | | =i SECTIONTYPE | RATING CONDITION | Bafors 1N2016 | A8 of 12016
SpitSystemand | 121EER 1R ARRI
65,000 Buh* Al SinglePackaze | 123IEER | 123IEER | 210240
N Elecmic Restsunce | SphtSystemand | 121 EER 1ER
2 ﬁs-ﬁﬂm (or None) Single Package 123IEER 123IEER
SplitSystemand | 110 EER TS EER
15000 Bl Al Single Package 121 EER 121 EER
135 Elecmc Resistance | Split System and 120EER 120EER
213 ﬁ Buk (or None) Single Packaze 122IEER 122 [EER
Airconditiomers, | o LtSystemand | 118 EER 11 8 EER
eagoratwiycoced | ST B All other szmgem:g! 120IEER 120 EER AHRI
- Elecmc Resistance |  Sphr System and 119EER 119 EER 3401360
2 -“’-ﬂmh (or Nons) Single Package 121IEER 121 IEER
- SphtSystemand | 117 EER TI7EER
i A All other SinglePackage | 119IEER | 119IEER
Elecmic Ressmnce | SphitSysemand | 117EER NIEER
= (or Noe) Single Package 119 [EER 119 EER
SM000 G A SpitSysemand | 11SEER TISEER
i Singls Packaze 117 [EER 11L7[EER
Condensing wits, | - 10.5 EER 105 EER
air cooled 2135,000 Bewk 11L$EER | 118IERR
Condensimg wis, | - 135EER TBSEER AHRI
water cooled 2 135,000 Bk 140EER | 140IEER 365
Condensing units, e 135EER 135 EER
evaporatvely cooled | = 135000 B 140IEER 140 [EER

For ST: | British thermal unit per hour =0.2031 W

a Chapter § contams a complete speciScation of the referenced test procedure, inchuding the reference year versicn of the test procedre
b Single-phase, ar-cooled ar conditioners less than 65,000 Bra'h are regulated by NAECA. SEER values are those set by NAECA

. Meninum efficency as of Jammary 1, 2015

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
for Cooling
=0.0009106840%7

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
DEEMED 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

MEASURE CODE:
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2.5.9 High Volume Low Speed Fans

DESCRIPTION

The measure applies to 2616-24 foot diameter horizontally mounted ceiling high volume low speeh

(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/ Ilf

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.>8

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. >>7*7

DEEMED MEASURE COSTF
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** ’

Measures Sectlon 4.1.2, High Volume Low Speed Fans,L

259 N

Measures DdtdbdseMthlLdn Fneer Measures Ddtdbdse | 2024 MEMD Master Database \ ”th Vo]umc Low Speed Fans

https://www.michigan. gov/mpsc/legulatmy/ewr/mlchlgm energy-measures-database (See "Commercial” tab rows 426:431)

260 o i . w-Sp 1
.L.w,;;; y- Measures-Databas tHich Volume Low SpeedFanst __ _ _ _ __ _ _ |

: seMichigan Energy Measures Database | 202:
MEMD Mastu DAtdbdsL | High Volume Low Spu.d Fans | https://www. mthwan gov/mpsc/regulatory/ewr/michigan-energy-
measures-database (See "Commercial” tab rows 426:431)
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The annual electric savings from this measure are deemed values depending on fan size and
apply to all building types:

Fan Diameter Size

(feet)

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
=0.0004439832%

NATURAL GAS ENERGY SAVINGS
N/A

‘WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

2 Amc,r(,n Mlssoun TRM Volumc, 1 - Appendix G: "Tablc 2 — Commercial and Industrial End Use Category Monthly Shapes
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2.5.10 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.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected lifetime of the measure is 5 years.

DEEMED 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 * IPLVy,so+PLVBass+x EFLH -~x ESF, Jj - [ Formatted: Font: Cambria Math, 12 pt
{Formatted: Cambria12, Indent: First line: 0"
Where:
TONS = Chiller nominal cooling capacity in tons (= actual; 1 ton = 12,000 Btu/hr)
IPLVgase = 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. [ Formatted: Font: 9 pt
EFLH = Equivalent full load hours (= dependent on location and building type,

Formatted: Left, Indent: Left: 0", First line: 0", No
widow/orphan control, Don't keep lines together

see table 2.5 in Appendix H) iy

,” [Formatted Font: 9 pt

{ Formatted: Font: 9 pt
~New York TRM, Savings factor 5%, page 838 “Tune Up Chiller System’ | « //
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ESF = Energy savings factor (= 0.8805)

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 * 1p1veass * EFLH * ESF =350 * .540 * 1386  0.08-05 = 2013,956098
kWh

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
=for Cooling£0.0009106840%°%)

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) 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:

265 Indiana Technical Reference Manual Version 2.2, Page 219
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
kW/ton
cop
cop
EER
EER

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

=12/EER
=12/(COPx 3.412)
=EER/3.412

=12/ (kW/ton) / 3.412
=12 /kW/ton
=COPx3.412

2012 IECC Baseline Efficiency Values by Chiller Type and Capacity®®’

267 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 11/2010 AS OF 11172010"
PATHA PATHB
SIZE FULL FULL FULL TEST
EQUIPMENT TYPE CATEGORY | UNITS LOAD 1PLV LOAD PLV LOAD 1PLV RE®
Roeiran <150 tons | EER sos6z | 2 104 | 29562 (212500 NA NA
e e > 150twns | EER : 16 [>0562[=12750] NA | NA
Alr-cooled chillers without condens-
Arr cooled without condenser, electrical Al T ers shall be rated with matching con-
operated capacities EER (>10.586]211.782 densers and comply with the alr-cooled
chiller efficency requirements
Reciprocating units shall comply with
J. s
::::e' n;lnll::. electrically operated. & '\I:ues kWiton | <0.837 | <0.696 |water cooled positive displacement
e - efficiency requirements
< 75tons | kW/ton <0.780 | <0.630 | <0.800 | <0.600
275 tons
and KWion | = L <0.775 | <0.615 | <0.790 | <0.586 AHRI
Water cooled, electrically operated, post- | < 150 tons SIWSQD
tive displacement > 150 tons
and kWion | <0.717 | <0627 | <0680 | <0.580 | <0.718 | <0.540
< 300 tons
2300 tons | kKW/ton | <0.639 | <0.571 | <0.620 [ <0.540 | <0.639 [ <0.490
< 150 tons | kWhon | <0.703 | < 0.669
2150 tons <0634 | <0.59 | <0630 | <0.450
and | kWion | <0634 | <0596 e S
Water cooled, electrically op d < 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
Al
Aur cooled, absorption single effect capacities COP [20600) NR |[=20600| NR NA NA
Water cooled, absorption single effect An COP |=20700) NR |[=0700| NR NA NA
o AHRI 560
Absorption double effect, Indirect fired All COP [=21.000)=1050(=1000[=1050| NA NA
capacities
Absorption double effect, direct fired cap;\clllues COP |=1.000)=1.000 (=1.000|=1.000( NA NA

For SI: 1 ton = 3517 W, | Bratish thermal unit per hour = 02931 W, °C = [("F) - 32)/1.8.

NA = Not applicable, not 1o be used for ¢

e; NR=No

a Thec 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 :pplk‘m;ms 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 or equal o 32°F. The requirements do not apply to absorption chillers with design leaving fluid temperatures less than

40°F.

b. Compliance with this standard can be obtained by meeting the minimum 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.

c. Chapter 6 of the referenced standard contains a2 complete specification of the referenced test procedure, including the referenced year version of the test

procedure.

2015 IECC Baseline Efficiency Values by Chiller Type and Capacity
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TABLE C-mlﬂglc
WATER CHILLING FPACKAGES — EFFICIENCY REQUIREMENTS **

EQUIPMENT TYPE SIZE CATEGORY UNITS BEFORE 1112015 AS OF 12015 =
Path & Path B Path & PROCEDURE:
i chil EER  [Z12500T EFER; >
s = 15 () s = 10.100 FL
2 150 Toms WA

= 14.000 IPLV |= 16.100 IPLV
Air cooled EER hillers without condenser shall be rated with
without condenser, Al capacitiss BT mbdl:nz condensers and complymz with air-coaled
elacmically operated * efficisncy requirements.
Z0.780FL Z0B0MFL | 0.750FL <0780 FL
S0530IPLYV |=0.600 [PLV | = 0.600 IPLV | = 0.500 LV
<0775 FL Z079FL | <0.720FL <750 FL
SQ6I5TPLV [£0.586 IPLV | 0560 PLV | < 0.400 IPLY

<75 Tons

= 75 tons and <2 150 tons

e F— - TOSWMFL | S0JFL | ZOG6IFL | SO8RIEL
e | T DA " [ E0S80 DLV |Z0540 DLV | L0540 DLV | £040 DLV

Z060FL | %0.639FL | Z0.610FL Z0615FL | AHRI S50

2 300 toms and < 600 £ F
- L TS0 DLV |S0A0 LV | Z05H PV | 2040 PV | ¢
S Z060FL | Z0.630FL SESFL
3 Z0540IPLV | 0480 PLV <0380 PLV
e C0634FL | S0639FL | SOGI0FL | S068SFL
o C0506 LV | S 0430 PLV | <0550 IPLV | < 0.440 IPLV
R S C0634FL | SO639FL | S0610FL
S o Z0S06 LV |2 0450 LV | 050 LV
Water coolsd. electrically | - 30 o 1 - i Z0576FL | SO600FL | SOS60FL
2 300 tons and < 4 tons EWiton
aperated canmifuzal 3 20549 [PLV |£0400 [PLV | £ 0520 IPLV
o e Z0ST6FL | Z0.600FL | Z0.360FL
0 i Z0.540 PLV | 2 0400 PLV | = 0.500 IPLV
s COSTFL | S0580FL | S0360FL
Gt Z0.539 PLV | < 0400 PLV | <0500 IPLV | 0380 LV
= Al capacities cop | zosdFL | MA© | zoswEL A
- “”:"";i“l‘g:c"”m Al capariies cop 20700 FL Has 20700 FL LS
Absorption. double . N 2 100D FL hd 2 1000 FL = AHPRI 360
et indinct fired Al capacitiss cop S TS0V NA S TS0 LV NA
Absarption double effect ATl capacifies cop = 100019, A A A
direct fired SR SO LY : TTO0 DLV g

n.Ttemq.l.lm:mnsﬁm:mm.ﬁ.lgald:u]la.hajbend]usmdﬁmmnmdmmmrmdmmnmmmewﬂ:hcmhmili amd are only applicable for
the of conditions fisted m Section C405.2.3.1. The requirements for air-cocled. water-coolsd positive displacement and absorption chillers are at
mtnzcmmd.zﬁnenmﬁzrzﬁmmetmpmc
b. Both the full-load and IPLV requ...nan:e‘.us]mll':lemurem:eededmcomp]ymidlﬂ:dsmmd.utsedlmisamdlB.cmpﬁmecntenﬂmPat
A or Path B for any application.
. NA means the requirements are not applicable for Path B and only Path A can be used for compliance.
d. FL represents the full-load performance requirements and IPLV the part-load performance requiements
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2018 IECC Baseline Efficiency Values by Chiller Type and Capacity

TAELE C403.2.2(T)
WATER CHILLING PACKAGES — EFFICIENCY REQUIREMENT 52 & ¢

EQUIPMENT TYPE SI7E CATEGORY UNITS BEFORE 1172015 A5 OF 1112015 TEST
Path A Path B Path A Path B FROCEDURE?®
=9.562 FL = 10100 FL =9.700FL
< 150 Tons MAs
EER | = 12500 IFLV =13.700 IFLV | = 15,800 IPLY
Air-conled chillers . = -
(Btu/¥ =20.562 FL 210100 FL =9.700FL
2 150 Tons MAS
= 12.500 IFLV = 14.000 IPLW | = 18.100 IPLV
Air ecoled EER Air-cocled chillers without condenser shall be rated with
without condenser, Al capacities (Bt matching condensers and complying with air-cooled chiller
electrically operated R =fficiency requirements.
=0.7T80FL = 0.800 FL =0.750 FL =0.780FL
< 75 Tons
=0630IPLY | <0600 IPLV | <0.600 IPLV < 0.500 IFLW
<D.IT5FL £0.780 FL <0.T20 FL = 0750 FL
275 tons and = 150 tons = - =
20815 IPLV | <0588 IPLV | =0.580 IPLV | £0.400 IPLV
Wiater cocled, electrically - 20B80FL | =O.TIBFL | =0.850FL | =z0880FL
operated positive z 150 tons and < 300 tons | K\Witon — T - T — T —
displacement = 0580 IPLV | 20540 IPLV | 20540 IPLV | = D440 IPLV
50820 FL S0 FL S008I0 FL <0.625FL 50
= 300 tons and < 800 tons _QL - _D - AHRI 5500
<0540 IPLV | <0480 1PV | 0520 IPLV | <0410 IPLV
£0.520 FL =038 FL £0.560 FL =0.585FL
=300 tons
= 0540 IPLV | <0480 IPLV | =0.500 IPLV | < 02380 IPLV
=0.634 FL <0638 FL <0.610 FL = 0.695FL
= 150 Tons
= 0595 IPLV | <0450 IPLV | <0.550 IPLV < 0440 IPLW
_ 50,5234 FL 20530 FL 20810 FL <0.635FL
z 150 tons and < 300 tons — — —
20598 IPLV | <0430 1PLV | =0.550 IPLV | £0.400 IPLV
- - 50576 FL £0.500 FL £0.560 FL £0.505FL
Viater G}DIEd".:_EWGaU = 300 tons and < 400 tons | K\Witon - - -
operatad cantrifugal S 0548 IPLV | <0400 1PV | 20520 IPLV | <0280 IPLV
_ 30576 FL £0.500 FL £0.560 FL <0.585FL
= 400 tons and < 300 tons — — —
£0548 IPLV | <0400 1PV | <0500 IPLV | < 02380 IPLV
£0.5T0FL £0.580 FL £0.560 FL =0.585FL
= 600 Tons = = -
=0538 IPLV | <0400 1PV | =0.500 IPLV | < 02380 IPLV
Air cooled, absorption, All szpacities COP | =0BO0FL MAS =0.800 FL NAS
single =ffect
Water caoled sbsorption. All ezpacities COP | =D700FL MAS 20.700 FL hAs
single =ffect
- 3 3 AHRI 580
Absarption, doubl = 1.000 FL = 1.000 FL
SSrption. feutis Al eapacities coP hAE NS
=fiect, indirect fired = 1.050 IPLY = 1.050 IPLV
i bl affas z1.000 FL 2 1.000 FL
Absarptian douee Sfact ARl capacities cor NA N
direct fired 2 1.000 IPLY 2 1.050 IPLV

a. The requirements for cantritugal chiler shal be a

only appicable far tha range of conditiors Bsted n
pmants fof sir-cocked, w; 3 acemonk and aheor 3 anda J = dolingd in tha refarance ket procodurd.
iramaents shal b met or auceoded B0 o

ply with This standard. Whene thene is 2 E, compdianca can ba with cithar Fath A ar Path B for 2y appicasion.

requirements am not appicabie far Fath B and only Fath & £an be used for complianca

d. FL represants e fulkioad periormants requinements and IFLY the pam-ioad perormancs regurements.

MEASURE CODE:
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DEEMED BIFETIME OF EFFICIENT EQUIPMENT
UIPMENT

The expected itetime of the measure is 5 vears. 20-years

DEEMED MEASURE COST
—;] ; | corthi s U | _
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PEEMED-O&M-COST-ADIUSTMENTS

Thereareno-expected O&M costadjustmentsfor this measure:

- ‘{ Formatted: Pattern: Clear (Red)

_ 1 1 g:m i ALWh = - { Formatted: Font: 12 pt
CPM HP oz (GPMAHPYerr | S .
A T @9 ,,,,,,,,,,,,,,,,,,,,,,, e

EELH = Eguivalent full load hours (= dependent-onlocation-and buildine tvpe—_see tabl
EHHEH Eaurvalenttii-oad hours{=dependentontoecationand butdinetypeseetable
ESE————— = Energy savingsfactor(=0.08) . { Formatted: Indent: First line: 0"
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+ k3

= ; AKWh =TONS «1pLypase*
40-2 580
EFLH « ESFEF=350-+-540 +1386-+0.08 =20.956 kWh
AW h-=15:3481Wh . {Formatted: Body Text
SUMMER COINCIDENT PEAK DEMAND SAVINGS?
AW =AW h * F - ‘[Formatted: Cambrial12

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
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EER =2-Witen

EER =COPx 32
2.5.11 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 95°F entering water =>40.2 gpm/hp
circuit

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
circuit

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

o

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.

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 5.0 Page 148




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

DEEMED MEASURE CO
The incremental cost for this measure varies. Use actual cost.

DEEMED O&M CoOST ADJUSTMENTS
There are no expected O&M cost adjustments for this measure.

LOADSHAPE
Cooling BUS

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS?™!
AkWh =T 3 ! ! 0.7457x EFLH
=Tonsx3x — x 0. X
(GPM/HP)pase  (GPM/HP) 55
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/HP.¢ = 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 tabl¢

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:

11
AKWh = (200x2)Tons x 3 x (407 - %) x 0.7457 x1386 hours

AkWh = 15,348 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh x CF

Where:

27! Standard condenser water flow sizing of 3 gpm/ton with flow efficiency of two pumps |
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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

DEEMED 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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2.5.12 Dedicated Qutdoor 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 a

building for ventilation.

1>

This measure was developed to be applicable to the following program types: TOS, EREP, RF ang
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. Thg
efficiency ratings are assumed to be based on the AHRI1920-2020 testing method for ISMRE2 an
ISCOP2.

t=ry

ISMRE2 is the integrated seasonal moisture removal efficiency, pounds of moisture per kilowatf
hour. ISCOP?2 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 1b of moisture/hour.

1194

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

. 3.8 ISMRE2

AL source heat pump No

Air source heat pum No 3,05 ISCOP2

. 5.0 ISMRE2
AL source heat pump VERS

Air source heat pum, VERS 32 1SCOP2

Water cooled No 4.7 ISMRE2

Water cooled VERS 5.1 ISMRE2

3.8 ISMRE2

Water source heat pump No 313 ISCOP2

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.

23 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 1
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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 CFM for DOAS without VERS, and $4.6 per CFM for DOAS with VERS.

LOADSHAPE

Cooling BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

« - {Formatted: Font: Cambria Math, Italic

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, =N

For dehumidification energy savings or dehumidification with cooling: \\\\{ Formatted: Font: Cambria Math, Italic }
AkWh = MRC x (1/ISMRE2pas, - 1/ISMRE25g) x EFLHpus. B {Formatted: Indent: Left: 0", Right: 0" }
. X X o ‘{Formatted: Font: Cambria Math, Italic }
For units with heat pump heating:
AkWh = KBTU/hr x (1/(ISCOPyqse x 3.412) - 1/(ISCOP2;; x 3.412) x EFLHppas, - - {Formatted: Font: Cambria Math, Italic }
Where: “= { Formatted: Indent: First line: 0" }
MRC = Moisture removal capacity, Ib/hour “n {Formatted Table }
=AHRI rating or manufacturer specification if installed system
ISMRE2base = 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/resources/NEEA-DOAS-Analysis-Report Red-Car Final.pdf /W Formatted: Hyperlink, Font: 9 pt, No underline, Font ‘
7/

275 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”
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kBTU/hr =Heat pump heating capacity at 47F
=Actual installed

ISCOP2base = Integrated seasonal coefficient of performance of the baseline equipment
=Federal code compliant system of same category, capacity without VERS

ISCOP2ce = integrated seasonal coefficient of performance of the efficient equipment
=Actual

3.412 =Convert COP to BTU/watt

EFLHboas = Effective full load hours at 32F or cold climate heat pump at 17F

= Actual, or from table below by city and operating schedule
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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

Y012 TECC Baseline Effici Values by-Chiller T L .27

276 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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2.6 Lighting
C&I Lighting Deemed Hours and Waste Heat Factors by Building Type

Waste

Fixture Annual Waste Heat /T B G Li CaL Waste Heat

Electric
Operating Cooling Energy R Gas
Hours2” Factor?” Resistance Heat 281

Heating”
Hours) (WHFe) {(IFTherms)

Building Type

Heating*° Pump
(IFkWh) Heating
(IFkWh)

‘[Formatted: Font: 11 pt

\\ N ‘[Formatted: Font: 11 pt

B \\ \\ IFormatted: 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
assumed to be 80% AFUE, electric resistance is assumed to be 100%, Heat Pump is assumed to be 2.3 COP.
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281 [FTherms value is developed using computer models consistent with methodology for Waste Heat Factor for Energy.
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g 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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CALCULATION-OFE-SAVINGS

ELECTRIC ENERGY-SAVINGS™

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 5.0 Page 158




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

“~ = " | Formatted: Cambria12, Right: 0", Space After: 0 pt,
Line spacing: single

2025 MEEIA 4 Plan MEEIA-2019-21Plan-Revision 56.0 Page 1549




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

=0.0001899635%%¢

NATURAL-GAS- ENERGY-SAVINGS
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2.6.3 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.ernalEED-fixturesrecess(trotfer)—eanopy
s nbe e e el e Do e e b el

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

Sl I(U —

peory

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 twe-three of those agencies.

W W

Agency Requirement \ Version Lighting Types
\
Technical requirement
versions:
De31gn Lights Consortium . Lampslamps, .
y lishtsDesignlights.org DLC Listed 4.0 to current fixtures, retrofit kits,
Premium or Standard LLLC
classification

Technical requirement
DLC Hort versions:
1.0 to current

Design Lights Consortium

sl
destentightsDesignlights.org horticulturallishting

N
N
N

{Formatted Font: Bold, Font color: Background 1

\\ ‘{Formatted Font: Bold, Font color: Background 1

Formatted: Centered

{ Formatted Table

{ Formatted: Centered, Space After: 2 pt

o

- ‘{ Formatted: Centered, Space After: 2 pt

ENERGYSTAR . .
Certified Version 2.1 to current | Lampslamps, fixtures
EnergystarEnergystar.gov
. lamps, fixtures,
UL Solutions Certified UL Mark retrofit kits
Ul.com

horticultural, LLLC

ENERGY-STAR® labeled-or-on the Desien Lisht Consortium qualifying fixture Hists ‘
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 T—QS—aﬂd—RF M 1nstallat10ns the basehﬂes—eﬁﬁe}eﬁey—eas%rs—pfejeet—speerﬁ&a&d—th
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mustbe-completelyremoved-to-gqualify-whenretrofitting——A midlife baseline adjustment occurs

at the end of the remaining useful life, approximated at 1/3 of the EUL. Eer

éseh&Pg%hg%ﬁ—seme%ls—a—m%&&H}&hd&fHﬂm&Deemed ﬁxture wattages are prov1ded in-, 7 g[g/ﬁei
LED New and Baselme ASSUthlOHS?&Me—Q—LEDN%W—&ﬂd—BﬂS%LH&%AS&HfHﬁHGﬂS:P&b*%Z—EED

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.

DEEMED 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:
Wattsgase = 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:>”

Wattsgese — Wattsgg
1000

AkWhheatpenalty =
Where:

+x Hours -+x ISR * (—=IFyywy)

IFxwn = 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.

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):

Lichti 1t}

ltinle-delive: g N sale N n s and-soeie
........ program-witn-mthtipie-aetrvery-cnannershcraaii g point-ot-Stre-markaowh-omthe-website; coupons;ana-soeta

297 Negative value because this is an increase in heating consumption due to the efficient lighting.

- -

Formatted: Left, Indent: Left: 0", Don't keep lines
together

298 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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Wattsgese — Wattsgg
1000

ATherms = * Hours = ISR * (—IFeperms)
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.

2% Negative value because this is an increase in heating consumption due to the efficient lighting.
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REFERENCE TABLES **30

e {Formatted: Font: 12 pt, Font color: Text 1
=\

N ‘{ Formatted: Font color: Text 1
N

{ Formatted: Caption

" ‘{Formatted Table

o JU U

. ‘{Formatted Table

EE Measure Baseline Incremental
LED Category S inti
Description Wattsee Description Wattsgase Cost
]Ei?urlzswnhght LED Recessed, Surface, Pendant Downlights 17.6 i?;ﬁ;;;‘g%w Pin Based & 60% 54.3 $27
. LED Track Lighting 12.2 10% CMH PAR38 & 90% Halogen PAR38 60.4 $59
LED Interior 40% CFL 42W Pin Base & 60% Halogen
Directional LED Wall-Wash Fixtures 8.3 17.7 $59
PAR38
LED Display Case Light Fixture 714.0/ ft 50% 2’T5 Linear & 50% 50W Halogen 36.2/ 1t $11/ft
LED Display Case LED Undercabinet Shelf-Mounted Task Light Fixtures FH4.0/ ft 50% 2°T5 Linear & 50% 50W Halogen 36.2/ft $11/ft
LED Refrigerated Case Light, Horizontal or Vertical 764.0/ ft 5°T8 152/t $11/4t
LED Freezer Case Light, Horizontal or Vertical T774.0 / ft 6’T12HO 18.7 / ft $11/ft
LED Linear LED 4' Linear Replacement Lamp,<2400 lumens 1+8713.7 Eamp-Only-32w T8 32.028.0 $2415
Replacement LED 2' Linear Replacement Lamp 9-78.6 EampOnly-17w T8 1+715.0 $13
Lamps LED 4’ Linear Replacement Lamp, >2400 lumens 24.7 40WT8HO 41.8 $13
LED 2x2 Recessed Light Fixture, 2000-3500 lumens 341224 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 37.929.9 2-Lamp 32w T8 (BF < 0.89) 57.0 $6255
LED Troffers LED 2x4 Recessed Light Fixture, 4501-6000 lumens 54342.1 3-Lamp 32w T8 (BF < 0.88) 84.5 $9976
LED 2x4 Recessed Light Fixture, 6001-7500 lumens 72351.5 4-Lamp 32w T8 (BF < 0.88) 112.6 $150104
LED 1x4 Recessed Light Fixture, 1500-3000 lumens +8419.2 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 53-440.2 3-Lamp 32w T8 (BF < 0.88) 84.5 $43083
LED Linear LED Surface & Suspended L?near F%xture, <3000 lumens 19-717.6 1-Lamp 32w T8 (BF <0.91) 29.1 $1054
Ambient Fixtures ﬁfnlznssurface & Suspended Linear Fixture, 3001-4500 37.828.0 2-Lamp 32w T8 (BF <0.89) 570 $10452

. ‘{Formatted Table

301 T, TRM V13, Measure 4.5.4 LED Fixture Wattage, TOS Baseline and Incremental Cost Assumptions”, which aggregated data from CLEAResults, DLC, VEIC and otherq.
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EE Measure Baseline Incremental
LED Category . -
Description Wattsee Description Wattsgase Cost
LED Surface & Suspended Linear Fixture, 4501-6000 559392 3-Lamp 32w T8 (BF < 0.88) 845 $15878
lumens
LED Surface & Suspended Linear Fixture, 6001-7500 62.649.9 TSHO 2L-FS4TSHO - 4' 120.0 $215131
lumens
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 $33432
. LED High-Bay Fixtures, 15,001-20,000 lumens 191.6118.5 6-Lamp T8HO High-Bay 294.0 $48262
Iéffﬁiﬁﬁ fs‘ Low "TED High-Bay Fixtures, > 20,000 lumens 24971714 | 8-Lamp TSHO 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 17612.9 25%73-Watt EISAtne 75% 1L T8 42.629.1 $3318
LED Ag Interior Fixtures, 2,001-4,000 lumens 27.845129.7 | 25% 146 Watt EISA-Tne; 75% 2L T8 84+057.0 $545748
LED Ag Interior Fixtures, 4,001-6,000 lumens 54245.1 25% 247 Watt EISA-dne 75% 3L T8 121.0 $8812557
LED Agricultural | LED Ag Interior Fixtures, 6,001-8,000 lumens 1759.7 e e | R 159.0 $88190
Interior Fixtures LED Ag Interior Fixtures, 8,001-12,000 lumens 103-584.9 200W Pulse Start Metal Halide 2273 $168298
LED Ag Interior Fixtures, 12,001-16,000 lumens 14381139 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 68257.:664.0 | 175W Pulse Start Metal Halide 198.9 $28760 e — - { 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, =15,001-30,0009 lumens 215:6141.0 400W Pulse Start Metal Halide 454.5 $793156
LED Exterior Fixtures, 30,001-40,000 lumens 236.0 750W Metal Halide 850 $446 A ‘{Formatted Table
LED Exterior Fixtures, >40.000 lumens 295.0 1000W Metal Halide 1080 $629
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’[ Formatted ... [194]
,’/[ Formatted .[192]
Ameren Missouri Appendix H - TRM — Vol. 2: C&l Measures ,”’[Formatted Table [ﬂﬂ%]
ifeti +302 !
LED Component Costs and Lifetimes: ’/i Formatted [195]
’,’[ Formatted . [196]
/ ’[ Formatted .. [197]
’[ Formatted ... [198]
‘ "/ /{ Formatted . [199]
{ Formatted ... [200]
/{ Formatted .. [201]
EE Measure Baseline / {Formatted [ 1202 j
LED Total LED Total Total { Formatted (03]
Total ) Driv Lamp Ballast h /
o . Driver river . Lamp > Ballast // ! / Formatted ... [204]
LED Category EE Measure Description Lamp . Replace Cost Life Life /
Life eplace Cos! Replace Replace /// { Formatted [ﬂ
Replace Cost (hrs) (hrs) // ... [205]
(hrs) Cost Cost )
/ i {Formatted ... [206]
LED Downlight | LED Recessed, Surface, Pendant | 50.000$62:50 | $30.75 45,000 | 70.000$58:60 | $47.50 40:6060 | - .86 | 40.00045;000 14.40 | // {F 4 [ﬁ
Fixtures Downlights $62.50 | $58.00 // ' ormatte - [207]
//
- 50.000862:50 | 539,00 15,000 | 7000055800 | 547,50 40:000 | 2500810250 | S12.71_| 20.00015000 | 511,00 1/ - { Formatted . [208]
. LED Track Lighting
LED Interior $62:50 $58.00 \\ ‘( Formatted ... [209]
Directional - . N - - . .
irectional [ Fixtures 500056250 135205 5000 | 000085890 | 5003090 | 230080250 | 856 LA00i2000 | SO, {formatee —m0]
$62.50 $38.00 N
‘ ,. 50.000862:50 | $9.75/1115:000 | 70,000$58-00 | SIL8S/f140:000 | 2500810250 | $6.70 | A0.00045:000 | $5.63 | ?\‘\ [ Formatted L]
. LED Display Case Light Fixture |“—— —~~ 15—~~~ s
LED Display $62.50 $58.00 o { Formatted 2]
Case LED Undercabinet Shelf- 50.000862-50 | $9.75/ft15:000 | 70.000$58-60 | $11.88/ft46:000 | 2.5008462-50 | §$6.70 | 40.00045:000 | $5.63 | \\\\\ {Formatted 213]
Mounted Task Light Fixtures S62.50 S3800 f\ i { Formatted [ﬂ
LED Refrigerated Case Light, | 50.000862:50 | $8.63/(t45,000 | 70.000858.00 | 59.50/7140:000 | 15.0008102:50 | SL.13 | 40.00045:000 | S8.00 | ’:\w 1214
LED Display | Horizontal or Vertical $62.50 $58.00 g“:,\\\\ \\\{ Formatted .. [215]
\
Case LED Freezer Case Light, 50.000862.50 | ST88/ftH5:000 | 70.000858-00 | S7.92/740,000 | 12.0005462:50 | 5094 | 40.000+5000 | 5667 || |\ [ Formatted (216l
)
Horizontal or Vertical $62:50 53800 N ! { Formatted [217]
LED Linear LED 4-2' Linear Replacement 2000086256 | $5.76 45600 | 70.000$58-00 | $13.67 46:606_| 30000816256 | $6.17 | 4000045600 | $11.96 | »“,ﬂ\\ [ﬂ
iy
Replacement Lamp $62.50 $58.00 }““:\\‘ Formatted .. [218]
/4\ ‘ Formatted [W
.. [220]
... [221]
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| w‘ { Formatted
il
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9‘\‘1 Formatted
A
i i i use-Costs for baseline and LED lamps sourced from Illinois TRM V13, which w ,1“»\ Formatted [222]
ggregated data from the Deslgn Llﬁht Consomum ( DLC) Ouallf ing Product Llsts Efﬁc1encv Vermont projects, PGE refrigerated case study Ists ﬁw"«“ “‘
ﬂ: { Formatted [223]
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{ Formatted .. [260]
Ameren Missouri Appendix H - TRM - Vol. 2: C&l Measures {F,,,matted Table [ﬂ[w]
EE Measure Baseline 7 /{ Formatted .. [263]
Total LED / [ﬂ
fotal DI;'liZVI:r Driver IT:\):: : Ballast I;I:;lt:slt / 2 //{ e =[264]
LED Category EE Measure Description i Lamp . Replace Cost i . Life { Formatted ... [265]
Replace Cost Life eplace Cos Replace hrs) Replace
P (hrs) Cost ( Cost ’ ! { Formatted .. [266]
Lamps LED 2'4' Linear Replacement 50,000$62-50 | $8. J70,000$58-60 | $13.67 46,000 3617 | | $11.96 | »- {Formatted ... [267]
Replacement Lamp.<2400 lumens $62.50 $58.00 s ‘{ Formatted .. [268]
LED 4’ Linear Replacement 50000 | $857 | 70000 | 81367 | 18,000 [ $6.17 | 40,000 | $11.96 \\ iFormatted ~ Bed]
Lamp, >2400 lumensEED-4> )
‘ g\\ { Formatted ... [270]
lumens \\ \\\ {Formatted .. [271]
LED 2x2 Recessed Light Fixture, | 50.000$62:50 | $78.07 +5;000 | 70.000$58:00 | $40.00 40,000 | 24.000802:50 | $26.33 | 40.000+5:000 | $35.00 \‘\\ {Formatted (.72 ]
2000-3500 lumens §62.50 $58.00 || ) \{Formatted [ﬂ
LED 2x2 Recessed Light Fixture, | 5000086250 | 589.23 15,000 | 70.000855.00 | $40.00 40600 | 24.0005102.50 | $39.50 | 40,00045,000 | $35.00 X W —
3501-5000 lumens $62.50 $58.00 ?\ { Formatted .. [274]
LED 2x4 Recessed Light Fixture, | 50.000$62:50 | $96.10 455000 | 70.000$58:00 | $40.00 40,000 | 24,0008+02:50 | $12.33 | 40.000+5:000 | $35.00 f\:\ [ Formatted ... [275]
\
3000-4500 lumens _ $62.50 $58.00 (\\\ \{ Formatted [W
LED 2x4 Recessed Light Fixture, | 50.000862:50 | $114.37 | 70,000$58:00 | $40.00 40,000 | 24,0008+02:50 | $18.50 | 40.000+5:000 | $35.00 v\ (i { [ﬂ
LED Troft 4501-6000 lumens 15,000 $62.50 $58.00 f\‘y‘ || Formatted ... [277)
TOU™ TLED 2x4 Recessed Light Fixture, | 50.000862.50 | 513743 | 70.000558.00 | 540.00 40,000 | 24.0005102.50 | 524.67 | 40.00045,000 | $35.00 ( | { Formatted .. 1278]
6001-7500 lumens 15,000 $62.50 $58.00 f/ N‘\\ \{ Formatted (79
LED 1x4 Recessed Light Fixture, | ,50.000$62:50 | ,865.43 +5;000 | 70.000$58:00 | $40.00 46,000 | 24.0008+62:50 | $6.17 | 40.000+5:600 | $35.00 f‘ \‘I {Formatted [ﬂ
1500-3000 lumens $62:50 $58.00 f‘\ﬂ iy . [280]
\
LED 1x4 Recessed Light Fixture, | 50.000$62.50 |  $100.44 | 70.000858-00 | $40.00 46000 | 24.000$+62.50 | $12.33 | 4000045000 | $35.00 ff‘: i { Formatted .. [281]
3001-4500 lumens 15,000 $62.50 $58.00 ;\\‘ ! ‘[ Formatted .. [282]
LED x4 Recessed Light Fixture, | 50.000862:50 | = $108.28 | 70.000$58:00 | $40.00 46,000 | 24,0008102:50 | $18.50 | 40,000+5:000 | $35.00 ‘@': i { Formatted [283]
4501-6000 lumens 15,000 $62:50 $58.00 ? i { . 4 [ﬂ
\)
LED Surface & Suspended Linear | 50.000862:50 | $62.21 +5:000 | 70.000858-60 | $40.00 46.006 | 24,0008462.50 | $6.17 | 40.000+5:6000 | $35.00_ & | Formatte - [2684]
Fixture, < 3000 lumens Lot $58.00 %N“» { Formatted ... [285]
LED Linear LED Surface & Suspended Linear | ,50.000$62:50 | ,$93.22 +5;000 | 70.000$58:00 | $40.00 46000 | 24.0008+62:50 | $12.33 | 40.000+5:000 | $35.00 f/: A 1\‘[ Formatted ... [286]

. Fixture, 3001-4500 lumens $62:50 $58.00 ‘\\‘ [ﬂ
Ambient f\‘ﬂy { Formatted .. [287]
Fixtures LED Surface & Suspended Linear | ,50.000$62:50 | $114.06 | 70.000$58:00 | $40.00 46000 | 24.0008+62:50 | $18.50 | 40.000+5:600 | $35.00 i}ﬁ‘

Fixture, 4501-6000 lumens 15000 $£62.50 $£58.00 /{:ﬁ‘ ‘I Formatted .. [288]
)
LED Surface & Suspended Linear | 50.000$62:50 | $152.32 | 70.000$58:00 | $40.00 46060 | 30.0005+62:50 | $26.33 | 40.000+5:600 | $60.00 / il \“ﬂ‘[ Formatted .. [289]
Fixture, 6001-7500 lumens 15,000 $62-50 $58-00 ‘ /f»:\; ‘“ﬂ‘ [ Formatted L 1290]
i
i é"j‘:‘\\{ Formatted .. [291]
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Ameren Missouri Appendix H - TRM - Vol. 2: C&l Measures {Formatted Table [ﬂ B77]
EE Measure Baseline {Forma tted 379
LED Total LED Total Total [
Lamp Total ) DI eE Ballast { Formatted ... [380]
LED Category EE Measure Description Life Lamp Driver i Lamp Life Ballase
S Life Replace Cost Replace y Replace { Formatted ... [381]
(hrs) Replace Cost . (hrs)
(hrs) Cost Cost // {Formatted .. [382]
LED Surface & Suspended Linear | 50.000862:50 | = $183.78 | 70.000$58:60 | $40.00 46:600 | 30.0005+62:56 | $39.50 | 40.00045:600 | $60.00 ||/ {Formatted 1383]
Fixture, > 7500 lumens 15000 §62.50 §3%.00 \\1\: {Forma“e py [ﬂ
'LED Low-Bay Fixtures. < 10.000 | 50.0008625 | $90.03 45,006 | 70.000858:00 | $62.504:000 | ,18.0005+62.56 | 56450 | 40,00045:600 | $92.50] =2
lumens EED-Low-BayFixtures;< $62:50 $58.00 \\\ N { Formatted .. [385]
'
16,000-tumens \\\ { Formatted ... [386]
LED High-Bay Elztyrgs 10,001~ | 50.000$62:50 | = $122.59 | 70.000858:60 | $62.50 46;600 | ,18.0008162:50 | $86.00 | 40,00045:660 | $92.50 | H\\\ {Formatted . 387)
15.000 lumens EED-High-Bay 15,000 $62.50 $58.00 e\ { : 3 [ﬂ
Ei 10,004-15.0004 \\ \\ ormatte ... [388]
\
LED High-Bay Fixtures, 15.001- | 50.000862:50 | = $157.22 _ | 70.000$58:66 | $62.50 46:666 | ,18.000$162:50 | $129.00 | 40.00045:660 | $117.50) ‘\\\\ IF"““““’ .. [389]
. . ] i ] \\ i
LED High & 29 000 lumens EED-High-Bay 15,000 $62.50 $58.00 X i { Formatted [ﬂ 390]
Fixtures E5.001-20.000-tumens |
Low B L R
F;V:ureiy LED High-Bay Fixtures, > 20,000 | 50.000$62:50 | $228.52 | 70.000$58-60 | $62.50 46;606 |,18.000$+62:56 | $172.00 | 40.000+5:000 | $142.50 / N I ormatted ..[391]
lumens EEDHigh-Bay Fixtures:> 15,000 $62:50 $58.00 fv‘}x‘ { Formatted .. [392]
: F \\‘ W { Formatted ... [393]
LED High-Bay Fixtures. 20.001- | 50.000 _ | $294.00 | _[70.000 _ | _ 86250 _ | _ 15000 _ | $82.00 | _40.000 _|8$143.00 ‘to ’{ Formatted [ﬂm "
30,000 lumens ‘ ! \\ S tie
LED High-Bay Fixtures, 40.001- | 50000 | $32400 | 70000 | 86250 | ~ 15000 | $88.00 | 40,000 [ s$149.00[| \}{} “°"“a““' (5]
50,000 lumens /w“l“ [Formatted ... [396]
LED High-Bay Fixtures, >50,000 | ~_50.000 _ | $382.00 _|__,70.000 _| __ §$62.50 _ | _ ,15.000 _ | §$96.00 | __40.000 __ |8200.00 /‘1“11‘ ‘{ Formatted 1397]
lumens @m‘\ \[ Formatted [ﬂ
LED Ag Interior Fixtures, < 2,000 | 50.000$62:50 | $41.20 $5:600 | 70.000$58-00 | §$40.00 46,000 | ,1.000$+02:56 | $1.23 | 40.000+5:600 | $26.25 | ﬁ(‘l 1‘{ [ﬂ
lumens $62.50 $58.00 »“ | Formatted .. [399]
h
LED Ag Interior Fixtures, 2,001- | 50.000$62:50 | $65.97 $5:000 | 70.000$58-00 | $40.00 46,000 | ,1.000$402:560 | $1.43 | 40.000+5:600 | $26.25 | f:\w’«‘,[ Formatted ... [400]
LED 4,000 lumens $62.50 $58.00 f;\:ﬁ:,\x{ Formatted o]

! LED Ag Interior Fixtures, 4,001- | 50.000$62:50 | $80.08 +5;000 | 70.000$58-00 | $40.00 46,000 | ,1.0008462:50 | $1.62 | 40,00045;000 | $26.25 | 9\‘1 ‘
Agricultural 6.000 humens $62.50 $58.00 /w‘ "{ Formatted .. [402]
Interior Fixtur B - B LA

TEHOTEIEES TLED Ag Interior Fixtures, 6,001 | 50.000862:50 | 510554 _ | 70.000558.00 | 540,00 46,000 | 1000516250 | SI81_| 4000015009 | 52625 // | Formatted -- [403]
8,000 lumens 15,000 $62.50 $58.00 /% i ‘{ Formatted . [404]
I;ZEIODOA(?% Interior Fixtures, 8,001- | 50.000$62:56 | = $179.81 _ | J0.000858:60 | $62.50 46,606 | ,15.0008162-56 | $63.00 | 40.000+5:600 | $112.50|| il /ﬁ‘\\\,\ﬂ[ Formatted 205]
3 umens +5:000 - - “ gw i \{ Formatted
i ... [406]
I

2025 MEEIA 4 Plan MEEIA-2049-24-Plan-Revision 56.0 Page 177 |

==

=
S
K]

‘ ‘W Formatted

=
=)
L

V
)
N
i

.ﬂ‘“ Formatted

~
=
2

iy
[
I\l

4\«___\

=
=
s

Y
\

\

i1l Formatted

===

~
=
S}

=

(
‘ﬂ‘\ Formatted

=
=
X

)
|
!
\

s

|
/il Formatted

\

g
\
)

=
=
=]

ﬂ‘ﬂ || Formatted

il
i
|
{
“M{ Formatted
i
il
i
[

I~
=
2




{ Formatted

\
A ik

—

Formatted

... [493]
{ Formatted .. [491]
Ameren Missouri Appendix H - TRM - Vol. 2: C&l Measures {Formatted Table [m
EE Measure Baseline /{ Formatted ... [494]
Total LED / [ﬂ
Lamp Total L].ZD Driv dotal Ballast dotal / /{ Formatted - [495)
o ] Driver river ] Lamp . Ballast [ K
LED Category EE Measure Description Life Lamp ) Repl Cost Life Formatted ... [496]
- h Replace Cost Life eplace Cos Replace hrs) Replace
(hrs) eplace Cos (hrs) Cost ( Cost ’/ {Formatted ... [497)
LED Ag Interior Fixtures, 12,001- 819086 | 70,000$58-00 | $62.50 40:000 50 | $68.00 | 40,00045:000 | $122.50 4\ {F°"“a“°d .. [498]
16,000 lumens 15,000 $62.50 $58.00 { Formatted (1499
LED Ag Interior Fixtures, 16,001- | 50.000862:50 | $237.71 | 70.000858.00 | $62.50 40.000 | ,15.0008162:50 | $73.00 | 40.00045:000 | $132.50 { Formatted —500]
20,000 lumens 15,000 S50 SA8-00 { "
LED Ag Interior Fixtures, > 5000086250 | $331.73 | 70.000858.60 | $62.50 40:000 | ,15.0008+62:50 | $136.00 | 40.00045:600 | $202.50 Formatte 01
20,000 lumens 15,000 $62.50 $58.00 N A \ f Formatted . [502]
LED Exterior Fixtures, <5.000 | 5000086230 | 573,50 5000 | 70.000858.00 | $62.50 40:000 | 15000810230 | 558,00 | 20.00045:600 | $10250 | | i\ { Formatted (- pos))
lumens EED Exterior Eixtures;< Lot Lesin
‘ \{Formatted ... [504]
ésggg 1&{}}9-&5 ‘\
LED Exterior Fixtures. 5.001- = | 50.000862:50 | = $124.89 | 70.000$58:00 | $62.50 46,006 | ,15,000862:50 | $63.00 | 40.000+5:600 | $112.50 {F“ma“ed (.. [505) j
10,000 lumens EED-Exterior 15,000 56230 S3800 { Formatted ... [506]
i Fixtares, 3,000-10.000 Tumens
LED Exterior 55 ; \{ Formatted . [507]
Fixtures ED Exterior Fixtures, 10,001- | 50.000862.56 | $214.95 | 70.000$58-60 | $62.50 40000 | 15000846256 | $68.00 | 4000045606 | $122.50 ﬂ \{ [ﬂ
15,000 lumens LED-Exterios 15,000 $62:50 $58.00 t’)‘\ i Formatted .. [508]
Fixtures 00015000 lumens i ‘\ \‘[ Formatted ... [509]
ED Exterior Fixtures. 15.001- | 50.000862:50 | $321.06 _ | 70.000858.00 | $62.50 46,000 | ,15.0008+02:50 | $73.00 | 40.00045:000 | $132.50 f | Formatted . p10]
30,000 lumens EED-Exterior +5.000 Lot Lesin /;l” !
. '1\ ) [ Formatted .. [511]
{ .. [512]
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ED Exterior Fixtures, 30.001- | 50.000 | 854600 | 70,000 | 86250 | 15000 | $82.00 | 40.000 | $143.00 @«"v“\‘\
40,000 lumens ‘jw: ‘[ Formatted
LED Exterior Fixtures. >40,000 | 50.000 _ | $722.00 _| 70,000 | _ 86250 _ | _ ,15.000 _ | $88.00 | _40.000 _|3$149.00 {" :u,\ [ Formatted
lumens i‘:"v |
— Nu‘ v‘{ Formatted
LED Exterior Fixtures, <5,000 | 20.000 | $870.00 | 70,000 |  $62.50 | 15000 | $96.00 | 40,000  |3$200.00 | jlil#i 11‘
lumens /v‘\\‘u l Formatted
LED Exterior Fixtures. 5,001- | _ 20000 | $73.80 | 70000 | _ 86250 _ | _ ,15.000 _ | $58.00 | 40,000 _|S8102.50 //4,0‘,:'”1‘1‘[ Formatted
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2.6.4 LED Screw Based Omnidirectional Bulb (RetiredAvailable for Income Eligible and | - [ Formatted: Not Highlight
BSS programs;-effeetive-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/Luminaires%20V2%200%20Final.pdf).

Qualification could also be based or 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.’® 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.

A o __________ i . - - [ Formatted: Font color: Background 2

— - [ Formatted: Font color: Blue

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-2049-24-Plan-Revision 56.0 Page 174




Ameren Missouri

Appendix H - TRM — Vol. 2: C&l 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).3%,

LOADSHAPE

Lighting BUS
Ext Lighting BUS

Miscellaneous BUS

j - [ Formatted: Font color: Auto

g - [ Formatted: Font color: Auto

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Where:
WattSBasc
Wattsee

Hours

WHFe

ISR

WattSBase - WattSEE

AkWh = * Hours * WHF, * ISR

1000

= Based on lumens of LED bulb installed

= Actual wattage of LED purchased/installed. If unknown, use
default provided below.>”

= 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
Lighting Reference Table in Section 2.6. If unknown, use the C&I
Average value.

= 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
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307 Wattseg 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, Wattsr is based upon the ENERGY STAR® minimum luminous
efficacy (S5Lm/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 6.7 223

750 1,049 43 10.1 329
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. %10

308 ISR 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 PY 15 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.
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\\\\

250 309 280 4.0 25 21 25 21 100.0%
310 749 530 6.7 29 22.3 9.4 2.7 12.1%
750 1049 900 10.1 43 329 13.4 33 10.0%
1050 1489 1270 12.8 53 40.2 18.9 6.1 15.2%
1490 2600 2045 17.4 72 54.6 24.8 7.4 13.6%
2,550 3,000 2,775 43.1 150 106.9 150 106.9 100.0%
3,001 3,999 3,500 53.8 200 146.2 200 146.2 100.0%
4,000 6,000 5,000 76.9 300 223.1 300 223.1 100.0%
Heating Penalty:
If electrically heated building:*'!
Watts — Watts,
AW Rneatpenatty = o+ Hours ISR x (=IFuys)
Where:
IFiwn = Lighting-HVAC Interaction Factor for electric heating impacts; this

AR W= AW * CF,

Where:
CF

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 peak coincidence demand (kW) to annual energy (kWh) factor
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=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):311326%

ATherms =

Wattsgase — Wattsgg
1000

* Hours * ISR * (—IFiperms)

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

and Coincident Peak Factors"

2025 MEEIA 4 Plan MEEIA-20149-214-Plan-Revision 5.0

Page 182

P Formatted: Left, Indent: Left: 0", Don't keep lines
together




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

Where:

IFmherms = 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:*'3

$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&I 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&I
Average:

313 All cost assumptions based on Cadmus “LED Incremental Cost Study: Overall Final Report,” February 2016 page 19
J1ttps // ma-eeac.org, Wordpress/wp content/uploads/MA Tdsk 5b LED-Incremental-Cost-. Stud FINAL 01FEB2016.pdf
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Ameren Missouri

Large Office 0.32
Medium Office 0.32
Small Office 0.35
Warehouse 0.35
Stand-alone Retail 0.29
Strip Mall 0.27
Primary School 0.29
Secondary School 0.29
Supermarket 0.27
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&I Average 0.30

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

$1.80%1°

MEASURE CODE:

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.

2025 MEEIA 4 Plan MEEIA-20149-214-Plan-Revision 5.0

.- = { Formatted: Font color: Auto

B { Formatted: Font color: Auto

~
~
AN

YN \{ Formatted: Font color: Auto
N

AY
\\{ Formatted: Font color: Auto

Formatted: Font color: Auto

(N U U W |

]~ { Formatted: Font color: Background 2




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

. {Formatted: Font color: Background 2

i
S
ek
iE
i
5

— " ‘[Formatted: Font color: Background 1

Nl {Formatted: Font color: Background 1

\{ Formatted: Left

2025 MEEIA 4 Plan MEEIA-20149-214-Plan-Revision 56.0 Page 185%




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

Algorithm

Font color: Background 2

Font color: Background 2

Font color: Background 2

Font color: Background 2

Font color: Background 2

2025 MEEIA 4 Plan MEEIA-20149-214-Plan-Revision 5.0 Page 186




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

SUMMER COINCIDENT-DEMAND SAVINGS

Shamp IS HighBay | 476 | 200 WatPulseStartMetal Halide | 227 | $400-00 |
ALamp TS HighBay | 235 | 320 WatPulseStartMetal Halide | 364 | $400-00 |
Slamp IS HighBay | 352 | 400 WatPulseStartMetal Halide | 455 | $400-00 |
Shamp TS HighBay | 470 | 750 WatPulseStartMetal Halide | 825 | $400-00 |
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2.6.6 LED Exit Sign (Available for Income Eligible and BSS programs) | ay {Formatted: Normal

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?

Wattsgese — Wattsgg
1000

AkWh =
Where:

* Hours x WHE,

326 ENERGY STAR® “Save Energy, Money and Prevent Pollution with LED Exit Signs.”
27T 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 of § [ Formatted: Font: 9 pt
watts or less per face.

328 Cost of new LED exit sign from ENERGY STAR® Exit Signs Calculator.xlIsx.

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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Wattsase = Actual wattage if known, if unknown assume the following:
Baseline Type Wattspase
Incandescent (dual sided) 50 W 3!
Incandescent (single sided) 25 W
CFL (dual sided) 14 W 3%
CFL (single sided) 7TW
Wattsee = Actual wattage if known; if unknown assume 2W for singled sided and 4W for
dual sided.?*
Hours = Annual operating hours = 8,766
WHF. = 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:**

Wattsgase — Wattsgg
1000

AkVl/hheatpenalty =
Where:

* Hours * ISR * (—IFyyy)

IFiwn = 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.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh «CF

o ‘{ Formatted Table

331 Average incandescent single sided (SW, 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
of page# B-26

Font color: Auto

| Formatted: Font: (Default) Times New Roman, 9 pt,

332 Average CFL smgle sided (SW TW, 9W) from Appendlx B 2013-14 Table of Standard Fixture Wattages Available at:

https://www.aesc-inc.com, download/spc 2013SPCDOCS/PGE//\DD° uZOB%ZOStar1d1rd%20Fmture0 020Watts. pdt (See rows 1-4,7 8 _ { Formatted: Font color: Auto
top of page# B-26)http: v H A .
333 Average Exit LED watts are assurned asa 2W as hsted in Appendlx B 2013 14 Table of Sta.ndard leture Wattages. Avallable { Formatted: Font color: Auto

athﬁ&w

o/

ttps://Www.aesc

inc.com/dow! 11]0dd/spU2()13SP( Do«,s/P(JE/App%Z()B%2()Stdnddrd%ﬂ)letulO‘oZ()Wdtts 1)(lf(,§cnilgs£t\j 0 rows on page# B-26) _ _ - { Formatted: Font color: Auto

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):**

Wattsgase — Wattsgg
1000

ATherms = * Hours * ISR * (—IFiperms)
Where:

IF Therms = 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

DEEMED 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
L Cost™¢ Life (yrs) Y’ ‘
CFL lamp $8.91 0.63 years - ‘{Formatted Table
Incandescent lamp $7.39 0.14 years

MEASURE 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.

37 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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2.6.7 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- nersvstar-o 1t defaultfiles/ ENERGY%20STARY%20 amps2%2082
OHPSTWWWECT yStar- 2oV SHES/actath S

09220 Revised%20A UG

Y7oz£Y CVISCG

%—Bd{\(hllp\ www.energystar.gov/ia/partners/prod _development/revisions/downloads/eps_spec_v2. pdD Quahﬁcatlon j - - [ Formatted: Font color: Auto

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
{ Formatted: Font color: Background 1
,//{ Formatted: Font color: Auto
, // { Formatted: Font color: Auto

sipated to be offered through an-Ameren-Missouri-administered demand-side _ _ _/ /g//{ Formatted: Font color: Auto

J,//f = [ Formatted: Font color: Background 1

 J U
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Wherever possible, actual incremental costs should be used. If unavailable, assume the following
incremental costs:**

L <20W $14.52 $8.21
Directional 20w $45.85 $6.31 33954
<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 |

. - - ’{ Formatted: Font color: Auto

‘\\\\ N { Formatted: Font color: Auto

o
\\ \\{ Formatted: Font color: Auto
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CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Where:

Wattspase

Wattsee

Hours

WHFe

Watts — Watts
AkWh = Baie()OO EE  Hours WHE, * ISR

= 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.
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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.

N

e U

250 349 25 5.6 19.4 [ Formatted: Font color: Auto
350 399 35 6.3 28.7 \\\i\\{ Formatted: Font color: Auto
Sietion 400 599 40 75 325 [ 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 21.8
300 499 40 4.7 353
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 61.4
650 1099 100 17.5 82.5
1100 1300 150 13.0 137.0

Heating Penalty:
If electrically heated building:*+

Wattsgase — Wattsgg
1000

AW hpeatpenaity = * Hours * ISR * (—1Fyyy)

4 _Based on results presented in_ Ameren MiIssour Lighting impact and rrocess tvaluation: frogram rear 2u1). 1S value takes ;== { Formatted: Font color: Background 1
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Where:

IFkwn = 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+

Wattsgese — Wattsgg
1000

ATherms =

* Hours * ISR * (—1Fperms)
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 ADJUSTMENT CALCULATION
O&M cost should be applied as follows:

and Coincident Peak Factors"

34 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes <‘ h
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Large Office 0.32
Medium Office 0.32
Small Office 0.35
Warehouse 0.35
Stand-alone Retail 0.29
Strip Mall 0.27
Primary School 0.29
Secondary School 0.29
Supermarket 0.27
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&l Average 0.30

Decorative:

$6.31

Directional:

$3.92

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

MEASURE CODE:

Incandescent is 1000 hours. The manufacturers are simply using a regular incandescent lamp with halogen fill gas rather than
Halogen Infrared to meet the standard (as provided by G. Arnold, NEEP and confirmed by N. Horowitz at NRDC).
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2.6.8 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 IECE
2009) method as defined in IECC 2009, 2012, 2015, 2018, 2021, or 2024 can be used for calculatin,
the Interior Lighting Power Density (LPD).>*® 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 areas
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 = WSFgg

AkWh = 1000

* SF x Hours * WHE,

Where:

W SFbase = 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.**’

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.

WHEF. = 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:
WSFpase — WSFgg

AkWhheatpenalty = 1000

* SF « Hours * (=1 Fyyy)
Where:

IFkwn = 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.

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
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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:

WSFBase B WSFEE
1000

ATherms = *x SF * x Hours * x (—IFiperms)
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 2.8 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
facility Automotive 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

TECC 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: 0.950.950.951.6 | 0.780.780.781.6 | 0.710.710.710.95
Family

Dormitory Dormitory 0.570.570.571.0 | 0.610.610.611.0 | 0.530.530.530.57
Exercise centerExercise 0.840.840.841.0 | 0.650.650.651.0 | 0.720.720.720.84
Center

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
— clinic

0.90.90.91.0

0.820.820.821.0

0.810.810.810.90

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

1.391.391.391.0

1.181.181.181.0

0.840.840.840.81

theaterPenitentiary

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
Office

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
arenaSchool/University

0.910.910.911.2

0.870.870.871.2

0.760.760.760.87

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 1.191.190.8 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

2025 MEEIA 4 Plan MEEIA-20149-214-Plan-Revision 56.0

— - { Formatted: Font color: Background 1




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

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
- . Corridors/transition 1.00
Atrium — Above 40 feet in height 0,02 per ft. ht. Froificdtinais 170
Audiencefseating area — permanent Emergency 270
For auditorium 09 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 130 Nurse station 1.00
Conference/meeting/multipurpose 12 Physical therapy 0.90
Corridor/transition 0.7 Patient room 0.70
Dining area Phal:mucy X 1.20
Bar/lounge/leisure dining 140 Radiology/imaging 1.3
Family dining area 1.40 Operating room 220
- Recovery 12
Dressing/fitting room performing arts theater 1.1 Lounge/recreation 0.8
Electrical/mechanical 1.10 Laundry — washing 0.60
Food preparation 120 Hotel
. TN N Dining area 1.30
Laboratory fnr Llassbmoms i I35 Giigst miomis! 110
Laboratory for medical/industrial/research 1.8 Hotel lobby 2.10
Lobby 1.10 Highway lodging dining :?:)
Highway lodging guest s )
Lobby for performing arts theater 33 S eI EE BUESL oM
rary
Lobby for motion picture theater 1.0 gtz 190
Locker room 0.80 Card file and cataloguing 1.10
Lounge recreation 08 Reading area 120
S Manufacturing
Olﬁf\.: age ! Corridors/transition 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
Sales area L6 High bay (25- - 50-foot floor-ceiling height) 120
way 0.70 Low bay (< 25-foot floor-ceiling height) 152
Storage 0.8 Museum
Workshop 160 Eeneml 'exhlhltmn 1.00
1.70
rthous lice stati ia 3
Cn&\...‘;:i;ig“ ice station/penetentiary 6 Farking garge - goes 1roas 02
Confinement cells 11 Convention center
Judge chambers 1.30 Exhibit space 1.50
Penitentiary audience scating 0.5 Audience/seating area 0.90
Penitentiary classroom 3 Fire stations
Penitentiary dining 11 Engine room 0.80
BUILDING SPECIFIC SPACE-BY-SPACE TYPES Sleeping quarters 0.30
Automotive — service/repair 0.70 Post office o0
Bank/office — banking activity arca 15 Sorting area
Dormitory living quarters 1.10 Religious building
T = Fellowship hall 0.60
Ll :‘"355 SEiE 5% Audience seating 240
SRR ’ g Worship pulpit/choir 2.40
Gymnasium audience/seating 040 St o ol bl
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 ALLOWAMNCES: g
SPACE-BY-SPACE METHOD d
BUILDIMG SPECIFIC SPACE-BY-SPACE TYPES LPR (W) //
Sports arena /
Audience seating 04 /
Court sports anea — 07 //
Coum spors ares 1.2 )
Cour sports area — @ P
Coun sports anes — Class 30 -«
Ring sports arca 27
Transportation
Airftrain'bus haggage area | 1,00
Adrpant coneonrse | a0
Tenminal - ticket counter 150
‘Warchouse
Fine material storage 140
Mediumbalky materal 060 |

‘. { 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 CA05.4.212)_contiued
INTERIOR LIGHTING POWER ALLOWANCES: INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD SPACE-BY-SPACE METHOD
COMMON SPACE TYPES® | LPD (watteieq.f) COMMON SPACE TYPES* LFD (wattalaq )
Atum Food preparation area 121
Guest room 047
: 0.03 per foot
=5 than 40 feet mn height in total height Taboratary
- In or as a claszroom 143
. 0.40+0.02 per foot -

Greater than 40 faet in haizht in total height Ot.hen.n_‘e . 18T
e Laundry/washing arez 0.6
Andience seafing area Toadiag dock, mharor 047

In an anditormm 053 Tobby

In 2 convention center 0.32 Tn 2 facility for the visually imparred (and 18

o mymoem 06 not used primanlty by the staff)’ ¥

— = For an elevator 0.6

In 2 metion preture theater 114 kel 10

In 3 penitentiary 0.28 In 2 motion picture theater 0.39

In 3 parformung arts theater 243 In a performing arts theater 20

In a relizions buldmg 1.53 Otherwise 0.9

In 3 sports arena 043 imm‘ :W”" s

Oﬂ.:emue . 043 To 2 hiee Earlhly I 09
Banking actrvify area 1ol Py w— | RE]
Breakroom (See Lounge Brezkroom) Office
Classroom lechure hall'traming room Enclosed L

Tn 2 penitentiary 13 Open plan 0.98

Parking area. interior 0.19
= 3 E

Othermse : _ LM Pharmacy area 168
Conference meeting mulfipurpose room 1.23 | p—

Copy/print room [§7] Tn a Facilify for the visually impaired (and 0
Comidor not used primariby by fhe staf® =

- - . Otherwize 0.98

In 3 facility for the visually impaired (and 09 [ p— 155
not wsed primarily by the staff)* = e .

— = Seatmg area, general 0.54

In 2 hospital 0.719 Statrway (See space confaming staorway)

In 3 manufacturing facility 04l Stamrwell 0.69

Othermse .66 Storage room 0.63
Courtroom 172 Vehicular maintenance area 067
Computer room 171 Workshop 2]

i BUILDING TYPE SPECIFIC SPACE TYPES" LPD (waltalaq i)
Dimnmg area Facility for the visually mpaired®

In 2 penitentiary 0.96 Tn 2 chapel (and not used primanily by the 291

T 2 Eacility Tor the visually mpaired (and o= h““ﬁ) R e

not used primanly by the staff)* ; ;;Eﬁ:glmm {and not used primarily 241

In barlounge or leisure ding L7 T ——" ] T 7 S —— — —

In cafetena or fast food dining 0.65 Convention Center—exhibit space 145

In fanuly dimmg 0.89 Dormitory—living quarters 0.38

Othernize 065 Fire Station—zleeping quarters 022
Elecmeal mechameal room 095 B exmi__;m:m d I T
Emergency vehucle garage 0.3 In a playing area | 12

(continued) (comtimued)
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TABLE C405.4.2 ntinued
INTERIOR LIGHTING POWER ALLOWANCES:
SPACE-BY-SPACE METHOD
BUILDING TYPE SPECIFIC 8PACE TYPES® | LPD (watfa/sq.m)

healtheare faciliey

In an exam/freatment room 1.66

In an mmagmge reom 1.51

In a medical supply reom 0.74

In a mursery 038

In a mmrse’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

In a reading area 106

In the stacks 1.7l
Manufactning faciity

In a detailed manufachning area 129

In an aquipment room 0.74

In an extra hizh bay area (greater than 50 105

floor-to-ceilins height)
In a high bay area (25-50" floor-to-ceiling

height) 123
Ina '._u_:r_w bay area (less than 25" Soor-to- 119
celling height)

Museum

In 3 general exlubition avea 105

In a restoration room 1.02
Performung arts theater—dressmg room 0.61
Post Office—Sorting Area 094
Rebzious bnldings

In a fellowship hall 064

In a worship/pulpit/chear area 1.33
Fetal facilihes

In a dressing/fithng room 071

In a mall concourse 11
Sports arena—playing area

For a Class I facility 368

For a Clasz II facility 24

For a Class III faculity 1.8

For a Class IV facility 12
Transportztion facility

In a baggage/carousel area 0353

In an airport concourse 036

At a teroinal icket counter 0.8
Warshouse—storage area

For medium to bulky, palletized items 0.58

Faor zmaller, hand-caried items 095

2 In cases where both a common space type and a building area specific
space type are listed, the building srea specific space rype shall apply

b. A ‘Faciliry for the Visually Impaired” is a facility that is licensed or will be
Licenzed by local or state suthorifies for sendor lonz-term came, adnlt
daycare, senior support or people with special visusl 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

Developed areas of national parks, state parks, forest

. land. and rural areas

Areas predominantly consisting of residential zoning,
2 neighborhood business districts, light industrial with
limited nighttime use and residential mixed-use areas

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 planming
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

allowance otherwise
permitted in the
"Tradable Surfaces"

ambulance and other
EMETEENCY service
hiclas

0.5 W/ of coversd
and uncoversd area

0.5 W/ of covered
and uncovered area

Zona 1 Zone 2 Zong 3 Zone 4
Base Site Allowance
(e llowace iy e S00W 600W 750W 1300W
nontradable surfaces.)
Uncovered Parking Areas
Parking areas and drives 004 Wie? 0.06 Wi’ 0.10 Wie? 0.13 Wii?
Bullding Grounds
Walkways less than infentd S ek o,
10 fet wide 0.7 Wilinear foot 0.7 Wilinzar foot 0.8 W/linear foot 1.0 Wilinear foat
Walkways 10 feet wide 5 z z %
«or greater, plaza arsas 014 Wik* 014 Wi 0.16 Wi 032 Wi
special feafure areas
Stairways 0.75 WiE? Lowie? L0 WiE? 10Wia?
DPedpsirian fugnels 015 Wik? 015 Wi 02 Wif? 03 wWE?
Tradable Surfaces
(Lighting power Bullding Enfrancss and Exita
densities for uncoverad
parking areas, buiiding —— 20 Wilknzar foot 20 Wilinear foot 30 Wikinear fogt 30 W/lnear foot
Erounds, building M e of door width of door widih of door width of doar width
enirances and exits, 0 W = e s
E . 20 Wilinear foot X0 Wilinear foot 20 Wilinear foot 20 Wilinear foot
N A Other doors of door width of door width of doer width of door widh
may be maded ) Eniry canopies 025 WiA? 025 Wa? 0.4 Wik? 0.4 Wia?
Sales Canopies
Free-standing and T} — _— e
atached 0.8 Wit 0.6 Wi 0.8 Wik 1.0Wi:
Dutdoor Sakss
Open areas (inchudi = sl 25 WiEd 5 WS WS
vehicle sales lots) 025 Wikt 025 Wit 03 Wikt 0.7 Wit
Sizeat frontage for
vehicle sales lofs in L A "
addition to "open area” No allowance IO'W linear foot IOW Ninear foot 30 Wilinear foot
0.1 Wi for each 0.15 Wikt fior each 0.2 Wit for each
illuminated wall ar iluminated wall ar ilhminated wall or
Building facades Mo allowance surface or 2.5 W/linear | surface or 3.75 Wilinear | surface or 5.0 W/linear
foot for each illuminated | foot for each illuminated | foot for each illuminated
Noniradable Surfaces wall or surface length wall or surface lensth | wall or surface lenpth
(Lighting power density
calrulations far the Amtomated tellar 270 W per location plos | 270 W per location plus | 270 W per location phus | 370 W per location phus
following applications machines and night 90 W per additional 80 W per additional S0 W per additional 90 W per additional
can ba used only for the deposiiories ATM per location ATM per location ATM per location ATM per location
specific application and ¥ B
cannot be raded between| EOTANCES 30 EAEhONSE | (55 gl ascovered | 0.75 WRTofcoversd | 075 WiRi%ofcovered | 0.75 Wit ofcoverad
surfaces or with other ? a e and uncoversd area and uncovered area and uncovered arss and uncovered area
exterior lighting. The guarded facilides
following allowances are Loading areas for law
I addition to any enforcement, fire,

0.5 Wikt" of coversd
and uncovered area

0.5 Wit of coverad
and uncovered area

section of this mhie)

Drive-up windows /doors

400 W per drive-throush

400'W per drive-throngh

200 W per dnwe-through

400 W per drive-throngh

Parking near 24-hoar
refail enrances

B00 W per main entry

800 W per main entry

800 W per main entry

B00 W per main entry

For SI:

1 foot =304 5 mm. | watt per square foot = W/0.0920 o’

Allowable Design Levels from IECC 2012
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TABLE C405.6.2(2

FOR BUILDING EXTERIORS

Montradable Surfaces
iLighting power
density calcu latsons
far the followi
applications cin be
uscd only For the
specific upplication
and eanpot be triged
beraesn surfaces or
with uther exterior
Tighting. The

permitted in the
“Tradable Surface
section of this 12

following allowances
arz in addition to any |
allowance otherwise |

witll e surface length
I W per lcation plus

ZV0W e loeation plus
SOW per additional

INDIVIDUAL LIGHTING POWER ALLOWARNCI
LIGHTING ZOMES
Zone 1 Zone 2 Zone 3 Zone 4
Hase Sile Allowance
(Basse: allowanee is ; 0w 140 W
wsshle in tradahle or 00 X L b
nomiradahle surfaces.) |
Uncovered Parking Areas
Parking areas amd drives 0,04 W 006 Wik 10 W .13 W'
Building Grounds
Walkways lews than 0.7 Wilinear foor 7 Willinear foo 0.5 Wilinear foat 1.0 Wilinear foot
14 feer wide
| Walkways 10 fret wide ;
OF gredten. plaza areass A 14 WoR! 0.14 Wi 16 Wi 2 win!
apociil fealire aneas
Snairways 0.75 Wit 10 Wi 1.0 Wi o wme
Trdahle Surfaces Peddesirian wnnels 0,15 Wi [ELTTS 0.2 Wi | 0.2 wimn’
(Lighting power y Bullding Entrances and Exits
densitles for uncovered + o 3 =
E,,,-c,l,,;mn Dl‘ailding il it 200 W limear fo 20 W linear fom 30 Wilinear font U Willinegar foot
Bl ng RS of doar width of doar widih af door widih of door width
an i exits, e 20 Wlinear foot 20 Wilinear feal 200 Wilinear fool 20 Wilinear fool
canopies upsd overhangs el af door width of doar width of doar width of door width
and outdoor sabss areas (- = - - v )
sy Entry canogies 0,25 Wil 025 Wit 02 Wik 0.4 Wi
Sales Canopies
Free-standing and o i : 215
L6 Wi 0.6 Wi T8 Wit 1.0} Wi
uttuched B
Quldoot Sales
Open arees Lincheling 0.25 Wit 025 Wit 0.5 Wi 07 Wi
vehicle sabes lat)
Street ronlage ler
vehicle sl fopt Ho allowance 10 Wilincar foot 10 Wilinear foat 30 Wlinear fisal
addition fo “open ared
allowance
.1 Wi for sach 0,15 Wi for each 02 W for sach
iluminated wall or iluminaned wall ar illuminased wall or
Buildding Fucides Mo allvw s surface of 2.5 Wlinenr | suiface of 3,75 Wilinear | sorfice or 5.0 W/linear
foet for each Muminated | foot for esch illuminated | feot for each illuminasted
wall or surface length wall or surface length

IT0W per lovaticn plas
A0 W per sdditional
ATM per location

Awiomaicd teller
machines and nighi

depositories

270 W per locatioa plus
90W per acdditional
ATM per bosasion

W per addilivanl
ATM per location

ATM per locatin

075 Wi of covered

TS W of covered and
uncovered area

Entrances and gatehouse
inspection statlons a
soarded lacline:

0,75 Wt af covered
and wacovered arca

0,75 WA of covered
and uncovered area

and uncovered area

05 WP of covered and

0.5 Wi of coversd
aml ungovered ares

‘[ Formatted: Right: 0", Space After: 0 pt

I

Lamaling areus for law
enfercement, lirg,

ambalance ond other
EMSTEENEY service

vehicles

(15 Wit of covered and | (1.5 WU of covered and
uneaversl area urevered ang uncovered area
400 W per drive-throagh | 400 W per drive-through | 400 W per drive-through
S0 W per matn entry

"

)

Drivie-up w o wdoars

400 W per drive-through

B W per main ent

v

BODW per main aniry

Parking near 24-howr

S0 W per min entry

relail enirances

For 81: 1 foot = 3048 mm, | watl per sguare foot = WAo249 m’,
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TABLE C405.5.2(2)
INDIVIDUAL LIGHTING POWER ALLOWANCES FOR BUILDING EXTERIORS

addition to “open area”
allowance

LIGHTING ZONES
Zone 1 Zone 2 Zone 3 Zone 4
Base Site Allowance
(Base allowance is . : e = = =
Sl hadskiE ox 500 W 600 W 750 W 1300 W
nontradable surfaces.)
Uncovered Parking Areas
Parking areas and drives 0.04 Wi 0.06 Wit 0.10 Wi 013 Wit
Building Grounds
Wilkeways less fhian 07 Whinear foot 0.7 Whinear foot 08 Wihinear foot 1.0 Wihinear foot
10 feet wide
Walkways 10 feet wide
or greater, plaza areas 0.14 Wi 0.14 Wit 0.16 Wi 02 Wi
special feature areas
Stairways 0.75 Wit L0 Wi LOW/f 1.0 Wife
Tradable Surfaces Pedestrian tunnels 0.13 Wit 0.15 Wi 0.2 Wi 0.3 Wife
(Lighting power Building Entrances and Exits
densities for uncovered = E = =
parking areas, building Nesin sniticg 20 Wilinear foot 20 W/linear foot 30 W/linear foot 30 Wilinear foot
crounds, building 2 of door width of door width of door width of door width
entrances and exits, Other d 20 W/lnear foot 20 W/lnear foot 20 W/linear foot 20 W/lnear foot
canopies and overhangs Leeas of door width of door width of deor width of door width
and outdoor sales areas
are tradable.) Entry canopies 0.25 Wit 0.25 Wi 0.4 Wi 04 Wite
Sales Canopies
Free-standing and —— e e T
attached 0.6 Wit 0.6 Wit 0.8 Wift' 1.0 Wifet
Outdoor Sales
Open areas (including s iR _— pr——
vehicle sales lots) DM e win Ly
Street frontage for
wetiicle saleslot No allowance 10 Wilinear foot 10 Wlinear foot 30 W/linear foot

Nontradable Surfaces
(Lighting power
density calculations
for the following
applications can be
used only for the
specific application
and cannot be traded
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.)

Building facades

No allowance

0.075 Wit of gross
above-grade wall area

0.113 W/t of gross
above-grade wall area

0.15 W/t of gross
above-grade wall area

Automated teller
machines (ATM) and
night depositories

270 W per location plus
90 W per additional
ATM per location

270 W per location plus
90 W per additional
ATM per location

270'W per location plus
90 W per additional
ATM per location

270'W per location plus
90 W per additional
ATM per location

Entrances and gatehouse
nspection stations at
guarded facilities

0.75 Wit" of covered
and uncovered area

0.75 W/ft* of covered
and uncovered area

0.75 W/ft" of covered
and uncovered area

0.73 Wit of covered and
uncovered area

Loading areas for law
enforcement, fire,
ambulance and other
emergency service
vehicles

0.5 WY of covered and
umcovered area

0.3 Wi of covered and
uncovered area

0.5 W/f" of covered and
uncovered area

0.5 Wit of covered
and uncovered area

Drive-up windows/doors

400 W per drive-through

400 W per drive-through

400 W per drive-through

400 W per drive-through

Parking near 24-hour
retail entrances

800 W per main entry

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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2.6.10 Ocecupaney Lighting Sensor-Controls-Lighting Controls

DESCRIPTION

—— —

The lighting controls measure is applicable to the installation of occupancy sensors, daylighting

Sensors networked lrghtmg controls (NLC) and lumrnarre level lrghtrng controls (LLLC)

th&presene&ée&abseﬂee)—oﬁpeop{%m—a—deﬁﬂed—area—Assocmted energy savmgs depends on the
Building-building Fypetype, location area covered, type of lighting-and, activity, and-occupancy

pattern and control strategies.***

This measure relates to the installation of interior-oceupaney-sensors-on-new-fixturesn-an-existng
Lighting—system—lighting controls with a new or existing interior lighting system, that are not

required by local bulldlng energy codes. I:tgh%mg—eomrel—types—eovered—by—&ns—measﬁe—mem&e

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

Tt-is-assumed-that-thisThe measure characterization applies to enly-fixture-mounted occupancy
sensors, -aand-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-eceupaney-centrols-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 all-ishtingeontrolsoccupancy 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 Life Report, Residential and Commercial/Industrial 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:

Lighting control type Cost

Full cost of fixture mounted occupancy sensor, <200W $4565 per sensor’®®
Full cost of fixture mounted occupancy sensor, >200W | _S138persensor | |
Full cost of remote (ceiling) mounted occupancy sensor $465-105 per sensor
Luminaire lighting level controls with fixture $53 per fixture®®
Network lighting controls, less than 10,000 SF $0.86 per SF*"°
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

AWh = Z( KWeontrotiod +x Hours +x(ESFy.. + ESFpim + ESFoiner) ESE-+x(WHE,

—IF, heat))
Where:
AkWh = Summation of controlled watts, hours of use. savings factors, waste
heater factor for each unique usage area
kW controlled = TotallightingloadLighting load eonnected-to-thecontrolin

owatts.

kilowatts-controlled, kil i i

=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

- { Formatted: Indent: Left: 0", First line: 0"

398 Ameren DSM participant reported costs, 266 participants, 1/1/2019 through 7/1/2024, weighted average of 14,228 sensor coft+ [ ) /{ Formatted: Footnotes

with installation.

3NEEA, Northwest Energy Alliance, Table 11 page 11, Average of three systems, “2022 Luminaire Level Lighting Controls « { Formatted: Underline, Font color: Blue

March 2023). https://neea.org/img/documents/2022-Luminaire-Level-Lighting-Controls-Incremental-

Incremental Cost Study”

Cost-Study.pdf
370 Lawrence Berkeley National Laboratory, Energy Solutions, for the California Energy Commission (April 2019), Average

o ‘[Field Code Changed

06/CEC-500-2019-041.pdf
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Fixture-mounted occupancy sensor

0.138 (per fixture)

Remote (ceiling) mounted occupancy sensor

0.338 (per control)

Network, Luminaire level control

Custom

unique usage area.

— - Tiehtine f ] ¢
building-before-oceupaney-sensers:Annual operating hours per

=Actual, if unknown the hours by Building Type may be applied.

This-numbershould-be-collected-from-the customer—I{f no-datais

ESFocc = Energy Savings faetorFactor (represents the percentage reduction
to the operating Heurs-hours for occupancy sensing from the non-

controlled baseline lighting system).

=Actual, if unknown, the -Determined-on-a-site-speeific-basisor

using-the-default values below.:

ESFrrin =Energy Savings Factor for high end trim adjustment or tuning with

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

occupancy sensing or scheduling. Includes daylight harvesting

dimming, luminaire level lighting control, personal control.
=Actual, if unknown the default values below may be used.

Occupancy Sensing — Fixture, Remote, NLC, LLC 0.24
High End Trim - NLC 0.11°7
High End Trim — NLC + LLLC 0.28
Other strategies — NLC + LLLC 0.10

37'Efficiency Vermont Technical Reference Manual 12.31.2018, Page 47;

AL.pdf
37

Page & Associates Inc. 2011 (Page 1).

https://eta.lbl.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% represented

the best conservative estimate of occupancy controls energy savings achievable in the field today.
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Lawrence Berkeley National Laboratory. A Meta-Analysis of Energy Savings from Lighting Controls in Commercial Buildings.

3’NEEA, Northwest Energy Efficiency Alliance, Table 10 page 56, “Energy Savings from Networked Lighting Control Systems <+ — — { Formatted: Footnotes
With and Without Luminaire Level Lighti

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.
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= 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™ bishting ReferenceFablein-Section2-6-

= 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”.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AW =AkWhZx CF

Where:

1ol Buildir
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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 onirotiea * Hours * ESF * (—IFporms)
ATherms = Z( kWeontrotiea * Hours  (ESFoce + ESFrrim + ESForner) * (—IFpeat))

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 Typc™ EightinsReferencetTable-in-Section2-6-by Buildins
Fype-

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

and Coincident Peak Factors"
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NA
WATER IMPACT DESCRIPFIONS AND-CALCULATION
-t

DEEMED O &M-COST-ABJUSTMENT- CALCULATION
Y . . E i
MEASURE-CODBE:
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2.7 Miscellaneous
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Off Caleulator_See “Off Caleulator-xlsx2
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2.7.3 Heat Pump Pool Heater

DESCRIPTION

This measure applies to the installation of a heat pump pool heater in place of a standard electric

pool heater on an outdoor pool at a commercial location.

This measure was developed to be applicable to the following program type: TOS and 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 heat pump pool heater meeting

program requirements.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a new, standard efficiency electric resistance pool heater.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

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

DEEMED MEASURE COST

The incremental equipment cost difference between an electric resistance pool heater and a heat
pump pool heater is $1,000 per unit.**

LOADSHAPE
Miscellaneous BUS

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = QPoolHeating* (1/EffBase - 1/EffEE)
Where:
QproolHeating = Required annual heat transfer to pool water (kWh), calculated as
follows:*%
For an uncovered pool: [53.075 #x (SQFT)] + 1631.1

For a pool that is regularly covered when not in use: [8.079 *x (SQFT)]
+1295.4

403 Measure life is for a high-efficiency pool heater, from 2017 Michigan Energy Measures Database (row 246).
404 Measure cost based on “The Definitive Guide to Heating Your Swimming Pool,” page 7, AquaCal, July 2013.

405 Based on the results of a swimming pool energy calculation tool found at jtt
energy-temperature-calculator/energy-temperature-calculator/. Results use St. Louis weather-related assumptions and assume a
pool season of May through October (per Energy Star® guidelines), with a water temperature of 80 degrees Fahrenheit.

e ‘[Formatted: Footnotes, Left, Line spacing: single

N { Formatted: Font color: Blue
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Where SQFT is the total surface area of the pool.

Effbase = Efficiency of electric resistance pool heater
=100%

Effie = Efficiency (COP) of heat pump pool heater
= Actual

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AKW = AkWh #x CF |
Where:
AkWh = Calculated value 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

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

and Coincident Peak Factors"
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2.7.4 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**

Theincremental-costis-$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

Qars. - ‘[Formatted: Font color: Auto

. {Formatted: Font color: Auto

On produet directory Base-and processer-quantity

49 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.xlsx”
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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*!?

. R Formatted: Subscript
Annual energy savings are based on the number of //{ P
installed processor and equipsment type, as estimated by the ENERGY STAR® Computer Server //[ Formatted: Font: 11 pt
Analysis calculator, with the results summarized aeeerdingtoin the following table*!: i //{ Formatted: Font: 11 pt
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh «CF
Where:

AkWh
CF

= Energy Savings as calculated above
= 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 ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

412 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
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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—purposp
metersinduetioninduction, —and-reluctance, electronically commutated, and permanent magng
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, i
i

fﬁuﬂkﬁeﬂh&h&fedemi—mﬂﬁmﬁﬁﬁeqﬂﬁed—eﬁﬁe&eﬂey—ts—ass&med—the Federal Energy Standards

normal replacements. *

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 15-18 years.*!4 |
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

1.5 $725

2 $800
$840
$860

7.5 $1,165

10 $1,298

15 $2,242

20 $2,522

25 DOE|Motors|https:/www. ecfr.gov/current/title-10/chapter-1l/subchapter-D/part-431, jr/

‘”4 ASHRAE, Chapter 38: Owning and Operating Costs, Table 4, “Heating, Ventilating and Air Conditioning
Applications”, (2023 edition) for electric motors.CaliforniaDatabaseforE Effici Resou (DEER)2014

Estimated Useful Life (EUL) Table Update—("Updated 2014 EUL table" rows 40 52.131 134 627)
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415 Installed costs from 2015-2016 Demand-Side Management Plan, Xcel Energly, .~ {Formatted
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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 * (1/7’]8motnr— 1/T]EEmotor)* Hours

Where:
HP = Nominal horsepower (HP) of new motor
= Actual
LF = Load Factor; Motor Load at Fan/Pump Design CFM
= 75%*16
0.746 = Conversion factor from HP to kWh

T|Bmotor = Actual efficiency of existing motor;-erifunknown;use-federal baseline
serisems e e tes e e e e b L beles o carly

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 HVAC
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,

Attps://energy.gov/sites/prod/files/2014/04/£15/10097517.pdf. (see page 1)

,,,,,,,,,,,,,,,,, ——= [ Formatted: Underline, Font color: Blue

2025 MEEIA 4 Plan MEEIA-2049-21-Plan-Revision 56.0 Page 234




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

Open Drip Proof (ODP) and Totally Enclosed Fan Cooled (TEFC)*”

Open Drip Proof (ODP) # Totally Enclosed Fan-Cooled (TEFC)
of Poles # of Poles
Motor Size
(HP) Speed (RPM) Speed (RPM)
1800 3600 1200 1800

1 82.50% 85.50% 77.00% 82.50% 85.50% 77.00%
1.5 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 4411 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
=0.00013794392°

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

MEASURE 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 equdl
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

4“1 EUL set to 10 years based on 2021 comparison with other TRM values; Database for Energy Efficient Resources (2014).
http/Avww-deeresources-comphttp://www.deeresources.com/, ("Updated 2014 EUL table, row 592) _ _ _ _ _ _ _ _ _ __ __ — - '[ Formatted: Default Paragraph Font, Font color: Auto ]

422 Costs from 2017 Michigan Energy Measures Database ("Commercial" tab row 356). T~

\[ Formatted: Font color: Auto ]
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Where:
1,747 = Average annual energy savings per pool pump motor horsepower
(kWh/HP)*23
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
=0.0001379439%*
NATURAL GAS ENERGY SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE 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/et13scel 170_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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2.8.3 Pool Pump Timer

DESCRIPTION

This measure applies to the installation of a pump timer on an existing single-speed pool pump at a
commercial location. Many times, it is not necessary to run a pool’s circulation pump 24 hours a
day.

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 pump timer meeting program
requirements.

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 $100.4

LOADSHAPE
Motors BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = HRS « HP *.746

Where:

HRS = Hours Timer will shut off pump annually

= Actual.
HP = Pool pump motor horsepower

= Custom input, actual horsepower rating of the pump motor.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

425 https://pooltimerdoor.com/how-much-does-it-cost-to-replace-a-pool-timer/ Costsfrom-Ameren-Missouri- MEEIA2016-18
e
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AKW = AkWh * CF
Where:

kWh = Electric energy savings, as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.00013794392¢
NATURAL GAS ENERGY SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

426 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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2.8.4 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 iﬁ 0.746 ié LF/ T]motor) i& HOURS iﬁ

ESF
Where:
HPmotor = Installed nameplate motor horsepower
= Actual
0.746 = Conversion factor from horsepower to kW (kW/hp)
LF /nmetr = Combined as a single factor since efficiency is a function of load
=0.658
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

AKW = AkWh #x CF
Where:
CF = Summer Coincident Peak Factor for measure
=0.0001379439+0

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE 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.

- - h - - — - [ Formatted: Underline, Font color: Blue ]
430 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes | +~ -
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2.8.5 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
VED 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 VFDs 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.*!
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 O cratmz (osls Table 4, ¢ Huatm and Air Conditioning Applications”, (2023
edition) for electronic building controls.Cens ions— California Database for Energy
Efficiency Resources (DEER) 2014 bslmnlud Useful Llll (I:UL) Tabl&. Upd"ug ("Undalud 2014 EUL table" row 108) Consistent
with Ameren Missouri program assumptions.

42 TRC, Ameren MO C&I participant self reported cost data for completed projects (2019 to 2024).
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1-2.5 HP 1.593
2.6-5 HP 2383

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

25 P motors 5 The ,,V%,:,H%Bﬁh o valuos below.is S 1 79/HP.
[ =P [ Cowt |
19HP | $1.874

-

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)
433_Averace eosts obs 11 £] Mid 1+ tot, £ . fie dat flocte oo 14c 3 I
\verage-costs-observedk a y-efficiency | Sf data Sresu o
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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.*> 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 i { Formatted 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%7

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.

436D, ] 1 £ {at vy 1 1 £ the N 1 4+ X
Devetopeatont pf trom-thervortheast-Ener

m
o
5
i
©
L
.
L
7
2]

Drive Loadshape Project:+— — - {Formatted: Footnotes

ST VEIC woringpcr to support VFD savings,Local file: “VSD ESF Calculation.xlsx”
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Cooling Water Pump 0.3389-358%%
Cooling Tower Fan 042650247

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
=0.000910684**° 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

MEASURE CODE:

438 VEIC, workpaper to support VFD savings.Local file: “VSD HVAC Pump Savings.xlsx”
439 R - royEfficieneys 74 Edition(2049). VEIC, workpapel + — — {Formatted: Footnotes, Space After: 0 pt

to support VFD savings. Lo;l] file: “VSD ESF Calculation.xIsx”

-«—

449 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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2.8.6 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 HVAC 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 VFDs 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.*!
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-values-below-is-$16&/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
ith AmerenMi ;

edition) for electronic building controls (page 38.3).€
2 Avera (s observed by energy cffic g

completed projects (2019 to 2024). ’
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HP Cost N ‘[Formatted: Keep with next
1925 HP L3S ] i\ . : \{ Formatted Table
Y T A FLN T
30-3911-20 HP 878685454 | ] *‘\ N Formatted: Keep with next

40-4921-50 HP 13,082 $6;247 N \\{ Formatted: Font: 11 pt

50-5951-75 HP | 18.867 $%346
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60-6975-100 .
P— 21,760, % ' | Formatted: Font: 11 pt
= aTe0se43s | | { ‘
7079 HP $9.526 \I Formatted: Keep with next
80-89 HP $10-620 \IFormatted: Font: 11 pt
90-100 HP $HL713 Formatted: Keep with next

>100 HP $168HP23.116 Formatted: Font: 11 pt

! { Formatted: Keep with next
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LOADSHAPE
Formatted: Font: 11 pt
HVACBUS Formatted: Keep with next
Algorithm Formatted: Keep with next
Formatted: Font: 11 pt
CALCULATION OF SAVINGS X Formatted: Keep with next
“““[ Formatted: Keep with next
443 '
ELECTRIC ENERGY SAVINGS { Formatted: Keep with next
AKWhgan = KkWhBase — kWhRetrofit [ Formatted: Keep with next
AKkWhiotat = Akthan * (1 + IEenergy)
LF 100%
KWhise = 0.746 * HP * ) x RHRSq5c Z (%FF * PLRgerrosit)
mote 0.0%
LF 100%
KWhieron = 0.746 = HP ) x RHRS 50 Z (%FF * PLRpetrogit)
moto 30%
Where:
AkWhga, = Fan-only annual energy savings
AkWhiotal = Total project annual energy savings
kWhsgase = Baseline annual energy consumption (kWh/yr)
kWhgerofit = 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%)*+

43 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.
RHR Sgase = Annual operating hours for fan motor based on Building Type.
%FF = Percent of time at flow fraction
PLRBase = Part load ratio for a given flow fraction range based on the baseline flow

control type (see table below)

= Part load ratio for a given flow fraction range based on the retrofit flow
control type (see table below)

Eenergy = HVAC interactive effects factor for energy (default = 15.7%)**

PLRRetrofit

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*4¢

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).

45 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"

2025 MEEIA 4 Plan MEEIA-2049-21-Plan-Revision 56.0 Page 250




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

2.8.7 imizationEfficient Pumps

DESCRIPTION

B e The Federal Energy GeﬂseiﬂvaﬂeﬂEfﬁmency 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 ConservationEfficiency Standards for C&I clean water pumps was effective
April 242023 January 27, 2020. The standards for circulator pumps are effective May 2028, but
are included in the measure eharaecharacterization. The Federal Energy CenservationEfficienc
Standards for dedicated purpose pool pump with VED motors, setting a minimum weighted energy
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 1nclude fire pumps.-magnet

o Pump balancine valvesno-more than15% throttled:-andClean water pump

o Balaneinevalves-on-atleastonetoad100% open—Flow rate of >25 gpm (BEP, full impeller
diameter); 1 to 200 hp

e Electric motor driven—nay-beincludedinenergyrating)

e Variable load pump energy index (PEIvL) or constant load pump energy index (PElcl
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 PEHs-equal-to—1/Energy Rating-(ER)ollowing formula may be used to convert the PEI to|
the Energy Rating, ER.to-the pump-enereyindexc PEI

PEIEnergy Rating = (1 — PEI) x 100

For circulator pumps

e Hydraulic horsepower <2.5 HHP.

o Flow rate of >25 gpm (BEP, full impeller diameter)

e Circulator Energy Index, CEI <0.90.

For dedieated dedicated purpose pool pumps
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o Clean-waterpumpHydraulic horsepower <2.5 HHP. (HHP is approximately % of total motor J
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Algorithm
CALCULATION OF SAVINGS
Algorithm
CALCULATION-OF-SAVINGS
ELECTRIC ENERGY SAVINGS
Pumps with efficiency expressed in ER units. <~ w Formatted: Indent: Left: 0", Right: 0", Space After: 0 ‘
EREnergy-Rating i ing: si
AkWh = o0 x Pump Motor (hp)x 0. 746 W x Annual HoursAkWih=HP <~ Pt Line spacing: single
b7 4o Ve Hours \[Formatted: Left }
Where:
HPER = Nominal - horsepower{HP) of newmetor-Energy rating of pump (may
include motor and controls) '
= Actual, as listed by the Hydraulic Institute****
LF = Load Factor: Motor Load at Fan/Pump Design CFM
— 75%450
0.746 = Conversion factor from HP to kWh
T Bmotor = Actual efficiency of existing motor, or if unknown, use federal baseline
nominal/nameplate motor efficiency as shown in table below.
TEEmotor = Efficient motor nominal/nameplate motor efficiency
= Actual
Hours = Annual hours of operation for motor
=Actual, or if unknown,; see table belowfor HVAC metorsin 2.8.1 for
Annual Hours of Use for HVAC motors
LPumps with efficiency expressed in WEF wnits. ] - {Formatted: Font: Not Bold ]

/{ Formatted: Font color: Text 1

! {Formatted Footnotes

{ Field Code Changed

o {Formatted Underline, Font color: Blue

24 Hydraulic Institute
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AkWh

/1 1
WEFpase WEF,zf
= Vol T OpenHewrsD s

= |— P et Do e L L
Tog* Volume x Turnover x Open. ays o

Where:
WEFuasq ~~ =Federal Energy Efficiency Standard - {Formatted: Subscript
= -2.3 x hydraulic horsepower + 6.59
ER-WEFer; = Energyrating of pump-(may-include moetorand-eontrolsWeighted <. e = {Formatted: Subscript
energy factor, kgal/kWh - { Formatted Table
= Actual;as listed by the Hydraulie Institute™!
LEE Volume = Load Factor: Motor Load-at Fan/Pump Desien CEM

=75%*%2Pool volume, 1,000 gallons
0.746Turnover = Conversion-factorfromHP to-kWhWater turnoversperhouse;Pool

water turnover per day, actual

=2.54.0 if unknown*>

HBmotor

Heours-Days metoershoeursdays pool is open requiring ﬁltratlon

- {Formatted: Font: 10 pt, Font color: Text 1

== ‘[Formatted: Font color: Text 1

\[ Formatted: Footnotes

circulation-important/#:~:text=Circulating%20your%20pool%20dis Qerses%ZOanv 10%20disinfect%20your%20entire%20pool.
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ELECTRIC ENERGY SAVINGS

S

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh *x CF

Where:

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

factor

=0.000910684*° Cooling Water Pumps
=0.000443983 Hot Water Pumps
=0.0001379439 Process Pumps9-6001379439+7

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

hitps-wwwl-eere-en v manufacturine/tech—assistan sdfs/mtrmktpdf
456 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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WATER IMPACT DESCRIPTIONS AND-CALCULATION
N

DEEMED O&M-COST ADJUSTMENT CALCULATION
NAA

MEASURE CODE:

* | Formatted: Indent: Left: -0", Right: 3.12", Space After:
5 pt, Line spacing: Multiple 1.08 li
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* 7~ | Formatted: Space After: 8 pt, Line spacing: Multiple
1.08 li, Tab stops: Not at 3.03" + 4.91" + 6.01"

NEMA |)¥emi“m Efzﬁeieﬁefl Moeotors |)ef‘au t E#ﬁGi%ﬂEieSﬁg

+ 0825 0855 0776 0825 0855 0770
15 0865 0865 0-840 0875 0865 0-840
2 0875 0-865 0855 0-885 0-865 0855
3 0885 0895 0855 0895 0895 0865
5 0895 0895 0865 0895 0895 0885
7S 0902 0910 0885 0910 0917 0895
10 09147 0947 0895 0910 0947 0992
15 0917 0930 0902 0947 0924 0-910
20 0924 0930 0910 0947 0930 0910
25 0930 0936 0917 0930 0936 0947
30 0936 094 09147 0930 0936 0947
40 094 094 0924 094 094 0924
50 094+ 0945 0930 094+ 0945 0939
60 0945 0950 0936 0945 0-950 0936
> 0945 0950 0936 0945 0954 0936
109 0950 0954 0936 0950 0954 094+
125 0950 0954 094+ 0950 0954 0950
150 0954 0958 094 0958 0958 0950
200 0954 0958 0950 0958 0962 0954
250 0954 0958 0950 0958 0962 0958
300 0954 0958 0954 0958 0962 0958
350 0954 0958 0954 0958 0962 0958
400 0958 0958 0958 0958 0962 0958
450 0962 0962 0958 0958 0962 0958
500 0962 0962 0958 0958 0962 0958
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avatlableaetual-hoursshould-be-used:
Earge Office 6753
Medium-Oftiee 6968
S et
Warehouse 6263
Stand-alone Retail 6679
Strip Mall 6087
Do — b2l 5906
Sceondar—School 6702
Supermarket 6900
Quick Service Restaurant 7679
Full Service Restaurant 7664
Hespital &760
Outpatient Health-Care 8760
SerH-Hotch—Buiding 8760
Large Hotel—Building 8760
e e e e
10% to20% 1.0%
20% t0 30% 5.5
30%t0-40% 15:5%
40%t0-50% 22:6%
50% t0-60% Lo
60%t0-70% 19.0%
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‘- ‘[Formatted: Body Text

SUMMER-COINCIDENT-PEAK-DEMAND-SAVINGS

A=Al W horarwCE
b
Al et el b o
CE =0.0004439834%

NATURAL-GAS ENERGY-SAVINGS

DEEMED O &M-COST-ABJUSTMENT-CALCULATION
N/AA
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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 Qetober1;2014December 22, 2022) 4L

Maximum Daily Energy Consumption (kWh/day)

Volume (ft’)
Refrigerator \ Freezer

Vertical Closed

Solid Door

0<V<li15 <0.026V + 0.84-60 <0.2583-21V+ 15509

15<V <30 <0.09%-05V + 0.5545 <0.208-12V +2.30248

30<V<50 <0.68405V +295045 | <0.2578V — 1.8864+0-80

V=50 <0.06M-025V + <0.14V +4.06:30

0:451.6991

Glass Door

0<V<l15 <0.09510V + .445+67 <0:56V0.232V +2.36
6+

15<V <30 <0.0515V +1.12032 <0.232V + 2.36<030V+
Eete

30<V <50 <0.076V + 3.620.34 <0.232V + 2.36<0655V—
-

V=50 <0.10508V — 1.1114+2:02 | <0.232V + 2.36<032V~+
Lo

Horizontal Closed

Solid or Glass Doors

All Volumes <0.056V + 0.2860 <0.05746V + 0.5520

_ “| Formatted: Footnote Char, Font: 10 pt, Font color:
461 ENERGY STAR® | Commercial Refrigerators & Freezers | < Black

VRN

https://www.energystar.gov/products/commercial_food_service_equipment/commercial refrigerators_freezers/key_product_criteri

\[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.*
DEEMED 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 $+367300
Commercial Glass Door Freezers more than 50 ft3 $2,360500

Commercial Glass Door Refrigerators less than 15 ft® $256-50

Commercial Glass Door Refrigerators 15 to 30 ft* $500-200
Commercial Glass Door Refrigerators 30 to 50 ft* $14:367450
Commercial Glass Door Refrigerators more than 50 ft® $2,300700
Commercial Solid Door Freezers/Refriserators- less than 15 ft® $150-100
Commercial Solid Door Freezers/Refrigerators 15 to 30 ft $400-350
Commercial Solid Door Freezers/Refrigerators 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 more than 503 _ $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

= ¢ i - ENER(:Y STAR® | Commercial Fuod Service Calculator
Frcn,a,r Calcs Rcfrlgcralor Calcs worksln.ct% | hltps //www.energystar. gov/ufvcalculator@ah—?erm&#&M—}%ﬁee%u@eﬁal—h&

PS/WWW-eRergystar-g ato https /[ WWW. energvstd_gpv/s|te5/defau]t/f1e5/’2024—
)3/CFS%2()Egu1pmwt(‘/oZ()Ldlulldtor xlsx
2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0
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Algorithm

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

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

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®
= Custem-or-if unknewn;Actual, if unknown calculated as shown in the
Efficient Equipment table belew-using the actual refrigerated volume (V)

A" = Refrigerated volume (ft*) calculated in accordance with the Department

of Energy test procedure in 10 CFR §431.64
= Actual installed

Days = Days of refrigerator or freezer operation per year
= Custom, or if unknown assume 365.25 days per year

Gilass Doorbreczer | 073V =410

SUMMER COINCIDENT PEAK DEMAND SAVINGS

464 Algorithms and assumptions from ENERGY STAR® Commercial Kitchen Equipment Savings Calculator.

- ‘[ Formatted Table

‘= {Formatted: Centered

T ‘[Formatted: Left, Indent: Left: 0"

465 Federal Energy Efficiency Standards | Commercial Refrigerators and Freezers | https://www.ecfr.gov/current/title-

lO/Lthter II/subch 1apter- D/Dcu’t 43l/budert C
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AkW = AkWh « CF
Where:

AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.000135738347

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

MEASURE CODE:

467 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthl
Shapes and Coincident Peak Factors" S issourt-Coineide ot S “ac - creial-Relrigerati
co rafara S Ama n Missouri20 A n

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0 Page 26%




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

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-152013April 2020) 42

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.*
DEEMED 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
Attps://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 o ’{ 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 II on pag 4-
211 and $150 for a kit to refurbish an old machine on page 4-216.

Attps:/www.aceee.org/files/proceedings/2006/data/papers/SS06_Panel4 Paperl8.pdf Consistent-with-Ameren-MissourtMEEIA i _ - ‘{Formatted: Hyperlink
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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

“a ‘[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
= Custemorifunknewsn;Actual, if unknown calculated as shown in |
the table below using the actual refrigerated volume (V)

“= { Formatted Table

Class A <0.0523V +2.432
Class B <0.0657V +2.844
\ = Refrigerated volume*™ (ft°)

= Actual installed
Days = Days of vending machine operation per year

=365.25 days per year

ClassA 0055V 256
ClassB 0073V 316
ClassA =00523V+2432
ClassB 0065V +2844

47233010 CFR §431.296 - Energy Conservation Standards for Refrigerated Bottled or Canned Beverage Vending Machines

473 ENERGY STAR® | Refrigerated Vending Machines Key Product Criteria.
ttps://www.energystar.gov/products/vending_machines/ke

“ {Formatted: Footnotes, Indent: Left: 0"

47V is measured by the American National Standards Institute (ANSI)/Association of Home Appliance Manufacturers (AHAM)ﬁ o { 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.

495, ER 8431 ) servati A S Refricera

476,
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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+"

MEASURE CODE:

477 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors" i issouri-Coinei 2 4 actorf 6 Cricerat For

“ w 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 $15+150 per |
door.#”

LOADSHAPE

Refrigeration BUS

Algorithm

CALCULATION OF SAVINGS

). http://www.deeresources.com/. ("Updated 2014 EUL table, cell D35
Y—Version—20082-05,Effeetive/R ining-Usetul-LifeValues;”Cali

478 Database for Energy Efficient Resources (201
IL\ tahg f T L Ltf; 1 r R RET Y (]\

FeaES

479 . chpic
controls, 2014 to 2024. Loca file:

2025 MEEIA 4 Plan MEEIA-2019-214-Plan-Revision 56.0 Page 26
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ELECTRIC ENERGY SAVINGS

AkWh = kW Base i& DOORS EX (%ONBase — %ONControl) ix 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)
%ONBase = 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% jstesiasz0 - {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)483

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 j - [ 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,
Regional Evaluation, Measurement, and Verification Forum, Lexington, MA 2015. Page 6769, Table 37.

Effiet o o "
v-Efficieney Partnerships:

+1 " HR—lexir

483 The Cadmus Group, Commercial Refrigeration Loadshape Project Final Report, Northeast Energy Efficiency Partnerships,
Regional Evaluation, Measurement, and Verification Forum, Lexington, MA 2015. Page 78, Figure 54.
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Freezer 7709 | 0.1046 |
NATURAL GAS ENERGY SAVINGS

N/A

MEASURE CODE:
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2.9.4 Electronically Commutated Motors (ECM) for Walk-in and Reach-in Coolers/Freezers

DESCRIPTION

This measure consists of replacement of an existing, uncontrolled, and continuously operating
standard efficiency shaded-pole evaporator fan motor in refrigerated display cases or fan coil in
walk-ins.

This measure achieves savings by installing a more efficient motor, thereby moving the same
amount of air with less energy requirements. Additionally, less waste heat is produced, resulting in
a decreased refrigeration load.

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

This measure applies to the replacement of an existing standard-efficiency shaded-pole evaporator
fan motor in refrigerated display cases or fan coil in walk-ins. The replacement unit must be an
electronically commutated motor (ECM). Savings assume that efficient motors operate
continuously.

DEFINITION OF BASELINE EQUIPMENT

The baseline is the existing shaded-pole motor(s) with no fan control operating 8760 hours
continuously in a refrigerated display case or fan coil unit of a walk-in cooling unit.

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

The measure cost is assumed to be $+77-$358 per motor for a walk in cooler and $208 walk in
freezer, labor cost was assumed equal for a code compliant motor and ECM motor, ineludingthe

costol the motor plus-installation ¢
LOADSHAPE
Miscellaneous BUS

Algorithm

CALCULATION OF SAVINGS

Savings are based on a measure created by Energy & Resource Solutions for the California
Municipal Utilities Association and supported by PGE workpaper PGE3PREF126. Note that

485 Database for Energy Efficient Resources (2014). https://www.deeresources.com/("Updated 2014 EUL table, cell D52)BEER
atabage.

486 CA eTRM.,, “High Efficiency Fan *, Southern California Edison, “SWCROO4-02Cost analysis.xlsx” (2022),Equipment cost for

ECM motorBifferenee tn-thefully-installed-eost($ Fe > and-e ortisted-in-Work Paper PGE3

ECM-for-Walk-InEvaperator-with-Fan-Controler,”

June-20,2042-and-the-measur s
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climate differences across all California climate zones resulted in negligible savings differences,
which indicates that the average savings for the California study should apply equally as well to
Missouri. Savings found in the aforementioned source are presented in combination with savings
from controllers, however for the purposes of this measure only those associated with the ECM
upgrade are considered.

ELECTRIC ENERGY SAVINGS

AkWh = Savings per motor *x motors [« - ‘[Formatted: CambriaTextFormula, Indent: First line: 0" ]
Where:
Savings per motor*” = based on the motor rating of the ECM motor — see table below.
Motors = number of fan motors replaced
16W 408
1/15 - 1/20HP 1,064
1/5HP 1,409
1/3HP 1,994
1/2HP 2,558
3/4HP 2,782

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
=0.0001379439%¢

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

47 See reference workbook “ECM Savings.xlsx™ for derivation.

and Coincident Peak Factors"
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2.9.5 Strip Curtain for Walk-in Coolers and Freezers

DESCRIPTION

This commercial measure pertains to the installation of infiltration barriers (strip curtains) on walk-
in coolers or freezers. Strip curtains impede heat transfer from adjacent warm and humid spaces
into walk-ins when the main door is opened, thereby reducing the cooling load. As a result,
compressor run time and energy consumption are reduced. The engineering assumption is that the
walk-in door is open for varying durations per day based on facility type, and the strip curtain covers
the entire door frame. All assumptions are based on values that were determined by direct
measurement and monitoring of over 100 walk-in units in the 2006-2008 evaluation for the CA
Public Utility Commission.*®

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 strip curtain added to a walk-in cooler or freezer. The new strip curtain
must cover the entire area of the doorway when the door is opened.

DEFINITION OF BASELINE EQUIPMENT

The baseline assumption is a walk-in cooler or freezer that previously had either no strip curtain
installed or an old, ineffective strip curtain installed.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 4 years.*°

DEEMED MEASURE COST

The incremental capital cost for this measure is $10.22/sq ft of door opening.*”!
LOADSHAPE

Refrigeration BUS

Algorithm

CALCULATION OF SAVINGS

489 The scale factors have been determined with tracer gas measurements on over 100 walk-in refrigeration units during the
California Public Utility Commission’s evaluation of the 2006-2008 CA investor owned utility energy efficiency programs. The
door-open and close times, and temperatures of the infiltrating and refrigerated airs are taken from short term monitoring of over

Al ac 4 i N

100 walk-in units. https://www.calmac.org/publications/ComFac_Evaluation V1 Final Report 02-18-

,,,,,,, —E [ Formatted: Font color: Blue
2010, pdf:

49 Database for Energy Efficient Resour N { Formatted: Font color: Blue

491 The reference for incremental cost is $10.22 per square foot of door opening (includes material and labor). 2008 Database for
Energy-Efficiency Resources (DEER), Version 2008.2.05 "NR - Commercial Refrigeration” tab cells E18 & G18 , “Cest-Valaes |

{ : D » Calife Public Utilities-C. D 1 16-2008-
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ELECTRIC ENERGY SAVINGS*?

AkWh = AkWh/SQFT *x A ke ‘[Formatted: CambriaTextFormula, Indent: First line: 0" }
Where:

AkWh/SQFT = Average annual kWh savings per square foot of infiltration barrier.
Based on application type, as indicated by the table below.*”

A = Doorway area. Use actual measurements, if unknown use the
values in the table below.

Pre-Existing Energy Savings
Curtains AKkWh/sq ft
Supermarket - Cooler Yes 3740
Supermarket - Cooler No 108-120
Supermarket - Freezer Yes +H9-170
Supermarket - Freezer No 349490
Convenience Store - Cooler Yes 510
Convenience Store - Cooler No 20
Convenience Store - Freezer Yes &10
Convenience Store - Freezer No 27-30
Restaurant - Cooler Yes 810
Restaurant - Cooler No 30-20
Restaurant - Freezer Yes 34-30
Restaurant - Freezer No HO-110
Refrigerated Warehouse Yes 254-50
Refrigerated Warehouse No 729-150
Facility Type Doorway Area (sq ft) \
Supermarket - Cooler 35
Supermarket - Freezer 35
Convenience Store - Cooler 21
Convenience Store - Freezer 21
Restaurant - Cooler 21
Restaurant - Freezer 21
Refrigerated Warehouse 80

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AW = AkWh * CF

492 The source algorithm from which the savings per square foot values are determined is based on Tamm’s equation (an
application of Bernoulli’s equation) [Kalterveluste durch kuhlraumoffnungen. Tamm W,.Kaltetechnik-Klimatisierung
1966;18;142-144;] and the ASHRAE handbook [American Society of Heating, Refrigeration, and Air-Conditioning Engineers
(ASHRAE). 2010. ASHRAE Handbook, Refrigeration: 13.4, 13.6].

93 See——referen file—Strip—Curtain—Savines—Calesdoex™—for—detatls n—derivatiorsNW___ Council
hitps://rtf.nweouncil.org/measure/strip-curtains/. “ComGroceryStripCurtain_v3_1.xlsm” savings calculator, Local files: Revised _ - { Formatted: Font: 9 pt, Font color: Blue ]
effectiveness against infiltration value to 0.58 for existing curtains.
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Where:
AkWh = Electric energy savings, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001357383%+

NATURAL GAS ENERGY SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

494 Ameren Missouri TRM Volume 1 - Appendix G: "Table 2 — Commercial and Industrial End Use Category Monthly Shapes
and Coincident Peak Factors" i issouri-Coinei : 4 actorfor-C Cricerat For
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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 26422015. An efficient window would have specifications not exceeding these

values.
Climate Zones 4 & 5 B D { Formatted: Font: Bold, Font color: Background 1

\U-Factor, | | . ) \\\{ Formatted: Font: Bold
[Fixed Windows | ,0;3,8,]31‘[9/}1,2313 B \\\\ N { Formatted Table
Operable Windows,|  { 045BwWf'°Fh | \\\\\\\\\{ Formatted: Font: Not Bold, Font color: Text 1
saGc, 0/ 0004 000/ ‘\‘\\\\\\\\\\{ Formatted: Font color: Text 1

v \\ 0 {Formatted: Font: Not Bold, Font color: Text 1
DEEMED LIFETIME OF EFFICIENT EQUIPMENT AN

b \\‘{ Formatted: Font color: Text 1

The expected measure life is assumed to be 20 years.* A

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

W\
W

DEEMED MEASURE COST

\

For retrofit projects, full installation costs should be used, including both material and labor costs  Formatted: Font: Not Bold, Font color: Text 1

{ Formatted: Font color: Text 1
to install the windows. %

Formatted: Font color: Text 1

O A A )

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
DZ] 71 71 ' as 1 1 P al -
49 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.

Heating and cooling savings are composed of three components: infiltration, conduction and solar
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:

AkWh = AkWhgooling + AkWhpeating J N [ Formatted: Subscript

AkWhmo[ing = /ﬂﬁ]ffﬂf!bﬂfao/[ny + fOﬂleCflbﬂma/fﬂg + fﬂlﬂrma/ﬁly “= “

Infiltrationcooling = (CFMpre — CFMpost) *x 60 *x EFLHcooling *x ATavG,cooling *x 0.018 *x LM /
(1 000 *x T’]caoling)
Where:
CFMprre = Infiltration at natural conditions as estimated by blower door testing
before window upgrade
= Actual
CFMpost = 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
EFLHcooling = Equivalent Full Load Hours for Cooling [hr] are provided in Table
1Seetion2-7, HVAC End Use
ATAVGooling = 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) OAAVGcooting [°F1**® | ATAvG cooting [°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]caaling) - { 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 IECC

2012 requirements-baseline description for values.

Ukrr = U-factor value of the efficient window assembly (Btu/ft>.°F.h)
= Actual.
Awindow = Area of insulated window (including visible frame and glass) (ft%)

Other variables as defined above.

Solarcooling = (SHGCpase — SHGCEFr) *x Awindow *X Weooling / (1000 *x Ncooling) “ ‘[ Formatted: CambriaTextFormula
Where:

SHGCpase = 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?):**°

Weooling = 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:

AkWhieating = Infltrationneating + Conductionneating — S0larhneating ““ ‘[ Formatted: Cambria12

Infiltrationneating = (CFMpre - CFMpost) *x 60 *x EFLHneating *X ATavG heating*x 0.018 / (3,412 *x

T’]heating]
Where:

EFLHhneating = Equivalent Full Load Hours for Heating [hr] are provided in Table
1Seetion2-7, HVAC end use

IDMO Mmoun W&éﬁw 19912005 /tmy3/b a%md_twhm (oolm ﬁw, - \[Formatted: Line spacing: Multiple 1.08 li

" through-April-13% cooling season defined 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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ATavGheaing = 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 OAAVGheating  ATAVGheating

[OF] 500 [OF]

St Louis, MO 43-244346.4 | H-810-78.6

Conductionneating = (Uask - Ugrr) %X Awindow *X EFLHhneating X ATavG heating /' (3,412 *X Nheating) | i { Formatted: CambriaTextFormula

Where:

Variables as defined above.

Solarteating = (SHGCpase — SHGCEFr) *x Awindow *X WHeating / (3,412 *X NHeating) | e {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
AKW = AkWHcauling «CF

Where:
AkWHeooling = Annual electricity savings for cooling, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
for-Cooling
=0.000910684>' Cooling
=0.000443983 HVAC (heating and cooling combined)

- ‘[Formatted Font: 9 pt, Font color: Text 1

7 l{eatmg Season| \[ Field Code Changed

- ;,F 'm )

) ‘[Formatted Font color: Text 1

{Formatted Font color: Text 1

301 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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NATURAL GAS SAVINGS

If building uses a gas heating system, the savings resulting from the window assembly is
calculated with the following formula.

Infiltr. atI'OHgasheat = ( CFMprE - CFMPUST) jx_\' 60 ik/_Y EFLHheatiﬂg ik/_Y ATy VG heating ik/_\' 0.018 /
(100,000« njheat)

4

7]1793[)
SOlargasbeat = (SHGCBASE - SHGCEFF) 2% Awindow X WHeaﬁng/(Ioo; 000*%x Tlheat)
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

MEASURE 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 26422015:

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-13 ci
Metal Framed U-0.064 R-13+R-7.5¢ci
Wood Framed and Other U-0.064 R-13 + R-3.8 ¢i or R-20

ASHRAE/IECC Climate Zone 6 (A, B, C) Nonresidential
Assembly Maximum ‘ Insulation Min. R-Value
Mass R-13.1ci
Metal Building U-0.052 R-13 +R-13 ci
Metal Framed U-0.064 R-13+R-7.5ci
R-13 +R-7.5ci 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).

DEEMED 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.

2025 MEEIA 4 Plan MEEIA-2019-21-Plan-Revision 56.0 Page 2813




Ameren Missouri

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

Formatted

Formatted

[
[
‘[ Formatted
[
[

o||o||lo]|o]||o] |
B R IR] =] 2] [|L

Formatted
LOADSHAPE /[ Formatted
COOLING BUS /Ii/| Formatted
HVAC BUS il Formatted

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

Electric energy savings is calculated as the sum of energy saved when cooling the building and Formatted ... [701]
energy saved when heating the building: f { Formatted 7021
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ATavGheaing = 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 Eﬁﬁﬂeney—COP efﬁc1ency of heatlng system

“ w Formatted: Space After: 0 pt, Line spacing: Multiple ‘
1.081i

Weather OA\ve,cooling AT avg,cooling AT avgheating -
Basi [°F]%% [°F] OA \vg;heating [°F] 3 (
(City based [°F]3%

{Formatted Subscript
\[Formatted Subscript

{ Formatted: Subscript

upon)
St Louis, MO 80-883.0 5:88.0 43:246.4 +H-88.6 | \{ Formatted Table

\

o U )

{ Formatted: Subscript

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.

AkWheating = 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%°%
29.3 = Conversion from therms to kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWHcooling * CF

Where:
AkWHeooling = Annual electricity savings for cooling, as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
Lomme ek

303 Onebuilding.orgMO TMYx weather Nation:
Year3
https://climate. oncbu1ldm .org/WMO_Region 4 North and Central America/USA United States of Amurlca/mdcx hlml#ID o
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as-Septembe — season defined as May 20 through August 15th. For cooling season, temperatures N \[Field Code Changed
from 8AM to 8PM were used to estabhsh average temperatures as this is when cooling systems are expected to be loaded. > \‘
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505 Fe is not one of the AHRI certified ratmgs provlded for fumaces, but can be reasonably estlmated from a calculation based on \‘ { Formatted: Font: 9 pt
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 \{ Formatted: Font: 9 pt
“Programmable Thermostats Furnace Fan Analysis.xIsx” for reference. Assumed to be consistent with C&I applications. { Formatted: Font color: Text 1
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=0.0004439830°" Cooling
=0.000443983 HVAC

NATURAL GAS SAVINGS

If building uses a gas heating system, the savings resulting from the insulation is calculated with
the following formula.

(1 1
Rexisting Rnew

) * Area * CRF * EFLHpeqting * AT AVG heating

AThermS A AA A A AM A A(lfog'gog imﬂllﬁ)A — — — AA A
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.

EFLHheatinge = Equivalent Full Load Hours for Heating are provided in Table 1Seetien
2.7, HVAC end use

ATaveheaing = Average difference [°F] during heating season (see above)
100,000 = Conversion from BTUs to Therms
T)heat = Efficiency of heating system

= Actual

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

506 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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