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Revision

Date

Description

1.0

05/30/2018

Initial version filed for Commission approval.

2.0

12/21/2018

Updated "Deemed Tables" with PY2017 Evaluation results per Stipulation and
Agreement (File No. EO-2018-0211). Added Demand Response language per
Stipulation and Agreement.

3.0

1/01/2020

Updated "Deemed Tables" with PY2018 Evaluation results. Also includes
revisions to HVAC measures and multifamily measures, based on feedback
from evaluation contractor. This includes updates to Volume 3 of the TRM.

4.0

10/15/2020

Updated “Deemed Tables” with PY2019 Evaluation results and other revisions
to improve consistency with Deemed tables.

5.0

09/15/21

Updated “Deemed Tables” with PY2020 Evaluation results and other revisions
to improve consistency with Deemed tables.

6.0

09/26/2022

Updated “Deemed Tables” with PY2021 Evaluation results and other revisions
to improve consistency with Deemed Tables. Other revisions include updates to
incremental costs for low flow showerheads, in-service rates for low flow
showerheads and faucet aerators based on PY 2021 evaluation, incorporation of
SEER to SEER2 and HSPF to HSPF2 conversion factors due to upcoming Code
of Federal Regulation testing procedures, and updates to PTHP and PTAC
baseline code efficiencies.

7.0

10/05/2023

Addition of Pay As You Save (PAYS®) ISR’s. Added language to clarify that
ccASHP’s must meet the majority of a home’s heating needs. Updated HVAC
baselines for heat pumps to CFR standards, with a TRM effective date of
1/1/2024 to allow for sell-through; Updates to lighting measures to address
EISA updates to general service lamps (GSL), effective 8/1/2023. Updated
deemed costs of light bulbs to reflect first year cost per bulb.

1201/4xx15/20245

Removed measures to align with approved measure list from Commission on

01/%x15/25. Removed several measures currently not active in the programs
and added cool roof measures. Updated incremental cost for some measures
including Heating and Cooling CAC/ASHP. Reviewed and updated all
measures including source documentation.
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Ameren Missouri

317311 Refrigerator

DESCRIPTION
A refrigerator meeting either ENERGY STAR®/CEE Tier 1 specifications or the higher efficiency specifications of CEE Tier 2 or CEE Tier 3 is
installed instead of a new unit of baseline efficiency. The measure applies to TOS and early replacement programs.

This measure also includes a section accounting for the interactive effect of reduced waste heat on the heating and cooling loads.
This measure was developed to be applicable to the following program types: TOS, NC, and EREP.
If applied to other program types, the measure savings should be verified.

Energy usage specifications are defined in the table below (note, Adjusted Volume is calculated as the fresh volume + (1.63 * Freezer Volume): <

Appendix | - TRM — Vol. 3: Residential Measuresz .

[ Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal

[ Formatted: Indent: Left: 0", Space After: 6 pt

[For ted: Font: 11 pt

1. Refrigerators and Refrigerator-freezers 6.79AV + 6.11 * AV +
with manual defrost 193.6 174.2
2. Refrigerator-Freezer--partial automatic 7.99AV + 7.19* AV +
defrost 225.0 202.5
3. Refrigerator-Freezers--automatic defrost
with top-mounted freezer without through- 8.07AV + 7.26 * AV +
the-door ice service and all-refrigerators-- 233.7 210.3
automatic defrost
4._ Refrlqerator—Freezers——auFomatlc defrost | Method to 851AV + 766* AV +
with side-mounted freezer without through- measure to 297.8 268.0
the-door ice service estimate — —
5. Refrigerator-Freezers--automatic defrost | existing unit
with bottom-mounted freezer without consumption 8251’;\\6 + 7.972g5/-§))v +
through-the-door ice service defined — —
- - — - below.
5A Refrigerator-freezer automatic defrost | below 9.25AV + 8.33% AV +
with bottom-mounted freezer with through- 475.4 1363
the-door ice service T -
6. Refrigerator-Freezers--automatic defrost .
with top-mounted freezer with through-the- 8.40AV + 156 Z AV +
: b 3854 355.3

door ice service
7. Refrigerator-Freezers--automatic defrost

. . 8.54AV + 7.69 * AV +
with §|de—mopnted freezer with through-the- 1328 397.9
door ice service 7 —

DEFINITION OF EFFICIENT EQUIPMENT
The high-efficiency level is a refrigerator meeting ENERGY STAR® specifications effective September 15th, 2014 (10% above federal standard), a
refrigerator meeting CEE Tier 2 specifications (15% above federal standard), or CEE Tier 3 specifications (20% above federal standards).

DEFINITION OF BASELINE EQUIPMENT
Time of Sale: Baseline efficiency is a new refrigerator meeting the minimum federal efficiency standard for refrigerators-effective-September15th;

82 See Department of Energy Federal Standards (10 CFR Part 430.32(a)), effective September 15", 2014.
83 See Version 5.1 ENERGY STAR specification.
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Early Replacement: the baseline is the existing refrigerator for the assumed remaining useful life of the unit and the time of sale baseline as
defined above for the remainder of the measure life. Application of early replacement baseline is applicable to low income programs and requires
information on pre-existing unit age and configuration.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be 157 years.®

Remaining life of existing equipment is assumed to be 5 years.8s

DEEMED MEASURE COST
The full cost of a baseline unit is $742.%

The incremental cost to the ENERGY STAR® level is $2811, to CEE Tier 2 level is $11220, and to CEE Tier 3 is $13459.8"

LOADSHAPE
Refrigeration RES

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
SSavings by-medelmay-be-putled-directly-fromwill be calculated based on model ENERGY STAR® data, if available. Alternativelylf applicable
model ENERGY STAR® data is unavailable, savings by product class may be calculated according to the algorithm below:

[ Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal

Time of sale:
AkWhynit = KWhpase - KWhee
MW b=t W hpase =W hpew+—YoSavingsy)— -

Early replacement:
AkKkWH for remaining life of existing unit (1st 5 years):

= KWhexist - KWhee

AKWH for remaining measure life (next 10 years):

84 |1linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM Effectlve 010124 _v12.0_Vol_3_Res_092220:
DOE Rulemaking Technical Support Document ‘DOE LCC Spreadsheet.xIsm*Mean - i

lards for Resi ial Refrig Freezers-and-F

{pdfsiefrig_finalrule_tsd-pdfpage 8-32,

8 Standard assumption of one third of effective useful life.
86 Configurations weighted according to table under Energy Savings. Values inflated 8.9% from 2009 dollars to 2015. Table 8.1.1, DOE, 2011-08-23 Technical Support Document < —
for Energy Conservation Standards for Residential Refrigerators, Refrigerator- Freezers and Freezers.

o/

Hagulatieasy Seajece=Co0C L Snfos dtlaisy } &contentType=pafhttps://wwwl.eere.energy.gov/buildings/appliance_standards
ludfs/refrlu finalrule_tsd.pdf-; ‘refrig_finalrule tsd pdf’.

87 III|n0|s TRM Versmn 12 0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res 09222023_FINAL_clean.pdf, p. 35. Costs are estimated
S ‘Rcl‘u erator, Refri erator- Freezer, and Freezer Llfe C LIC (,osl L(C Anal sle readsheet” posted Novcmbcr9 2021 as
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= KWhpase - KWhee
Where:
KWhee = Actual. If unknown, calculate by product class: h [ Formatted: Space After: 0 pt J
= (KWhpase * (1 — %Savings))
KWhpase = Annual electric eneray consumption of baseline unit as calculated in algorithm provided in table above.™ if new model+-.. ( Formatted: subscript )
known; otherwise, assuming 22.5 ft® adjusted volume® using “all-refrigerators-automatic defrost” formula 8.07AV + 233.7, [F rmatted: Indent: Left: 0.5" Hanging: 1"
use value 415.28. ormattec: Indent: et 0~ Hanging:
KWheyist = If pre-existing unit age and configuration known: see table below to determine electric energy consumption of pre-existing<+ [ Formatted: Indent: Left: 0.5", Hanging: 1"
unit based on unit age and configuration.
If pre-existing unit age and configuration not known: do not apply early replacement baseline. - [ Formatted: Indent: Left: 1", First line: 0.5"
<
%Savings = Specification of energy consumption below Federal Standard — see table below. < [F°rmaued: Indent: Left: 2", First line: 0
KWhpase =Baseline-consumption,*-assuming-22.5-ft°-adjusted-volume® [Formatted: Indent: First line: 0.5", Space After: 0 pt
%Savings

Tier %Savings <«

Energy Star®and CEE Tier 1 10%
Energy Star® Most Efficient and CEE Tier 2 15%
CEE Tier 3 20%

If an early replacement baseline is applicable, the following table may be used to calculate the baseline usage used to

calculate savings for the first six years of measure life:

Bottom S;]d?' S;d?' s;dt}' Top Top Top Top Top
Freezer ” ¥ V" | Freezer | Freezer | Freezer | Freezer | Freezer
Age Side Side Side
(16 cu (cu ft (15cu | (16cu | (17cu (18 cu
ff) (14cu | (15cu (16 14) ) ) 0 )
) ft) cuft)
2011-2015 483 592 592 592 374 374 374 412 412
2001 (after July-2010 724 747 747 747 556 556 556 613 613 «
1993-2001(before June) 962 1,139 | 1,139 | 1,139 861 861 861 962 962
| 1990-1992 1,519 | 1,617 | 1,617 | 1,617 | 1,272 1,272 1,272 1,432 1,432
1980-1989 1992 | 2119 | 2119 | 2119 | 1668 | 1668 | 1668 | 1877 | 1877
Before 1980 2523 | 2684 2684 | 2684 | 2112 2,112 2,112 2377 2,377

Additional Waste Heat Impacts
For units in conditioned spaces in the home (if unknown, assume unit is in conditioned space).

AkWhywasterieat

= AkWh * (WHFeHeatElectric + WHFeCool)

[ Formatted Table

[ Formatted: Centered

[ For

Al R = AlWh +« (WHFEeHeatElectri

4+ WHEaCaal)
L a4 = t}

8 According to Federal Standard effective 9/15/14.
89 DOE Building Energy Data Book https://ieer.org/wp/wp-con em/ugload /2012/03/DOE 2011- Bullqus Energy-DataBook-BEDB.pdf; ‘DOE-2011-Buildings-Energy-

DataBook BEDB.pdf’A

ing-to-Federal
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Formatted

Where:

AkWh = kWh savings calculated from either method above
WHFeHeatElectric = Waste Heat Factor for Energy to account for electric heating increase from removing waste heat from
refrigerator/freezer (if fossil fuel heating — see calculation of heating penalty in that section).
= - (HF / nHeateectic) * %ElecHeat
HF = Heating Factor or percentage of reduced waste heat that must now be heated
=58% for unit in heated space or unknown ®?
= 0% for unit in unheated space

[
[
(
[ Formatted
(
(

Formatted

Formatted

|| Formatted

| Formatted

| Formatted

Formatted

9 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 and 2015 the federal standard for heat pumps was adjusted. While one would
expect the average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time mean that using the minimum standard is appropriate.

9_Calculation-assumes-13%-heat pump-and-879

which-is-based-upon-data-from-Energ: ion 009-R ial-Eneray-Consumption-Sury e
0 P gy g gy P Y

“HC6.9-Space-Heating in-Midwest Region-xls A ge-efficiency-of heat pump-is-based-on-the-assumption-that 50%-are-units-from-before-2006-and-50%-2006-2014-
% Calculation assumes 35% Heat Pump and 65% Resistance, which is based upon data from Ener i

https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls ; *he6.9.x1s’, Average effic

Information Administration, 2009 Residential Energy Consumption Survey, ; <~

50% from 2006-2014. Program or evaluation data should be used to improve this assumption if available.
96 Based on data from Energy Information Administration, 2009 Residential Energy Consumption Survey, see-

Formatted Table

‘| Formatted

Formatted

Fori ted

https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls-; *hc6.9.xls’.>
97 Based on 148 days where CDD 65>0, divided by 365.25.air

nHeaterectic = Efficiency in COP of Heating equipment il ( Formatted o
= Actual - If not available, use table below:* ‘ [ Formatted [_j
%ElecHeat = Percentage of home with electric heat [ Formatted Table [—j
Formatted [_j
Formatted [_j
Before 2006 68 2.00 Formatted o
Heat-Pump 2006-2014 Z fg [ Formatted [—j
Resistance NAA NA 260 | Formatted .
Unknown NA NA 128" ( Formatted o)
Formatted [_j
Formatted [_j
F tted
Before 2006 58 1.44 ormatte O
i e | After 2006 - 2014, 6.5 1.62 Formatted ﬁ
2006-2014), 2015 on 7.0 1.74 /{ Formatted ﬁ
Resistance, N/A N/A, 1.0,
Unknown® NIA N/A 128 Formatted [q
_ | Formatted
- : [ Formatted [_j
Heating Fuel | %ElecHeat
Electric 100% | Formatted =
Fossil Fuel 0% Formatted [_j
Unknown 35%°% Formatted [—j
i . X Formatted [_j
WHFeCool = Waste Heat Factor for Energy to account for cooling savings from removing waste heat from [ v tted ﬁ
refrigerator/freezer. ormatte
= (CoolF / (nCool / 3.412) * %Cool [ Formatted o
CoolF = Cooling Factor or percentage of reduced waste heat that no longer needs to be cooled [ Formatted [_j
= 40% for uruF in cooled space or unknown { Formatted [—j
= 0% for unit in uncooled space [_j
nCool = Efficiency in COP of Cooling equipment Formatted ﬁ
Formatted
Formatted [_j
92 Based on 212 days where HDD 65>0, divided by 365.25. Formatted [_j
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= Actual - If not available, see table below Actual—-Rot-avaiable-assume2.8-COR*®
%Cool = Percentage of home with cooling

Before 2006 9.5
2006 - 2014 124
Central AC After 1/1/2015 124
Heat Pump After 1/1/2015 133
Home ‘ %0Cool “3 { Formatted Table
Cooling 100%
No Cooling 0%
Unknown 91%*°
s . :
TopFreezer (PC3) 840AV+3854 | 574 574 861 | 1148 -0.9 14 | 19 56:5 847 | 1129 f+ { Formatted Table
@9_7_)) 8.54AV +432.8 625 62.5 93.75 125 -1.0 -1.5 -2.1 615 922 | 1229
Bottom Freezer w/ TTD
(PS5A)

Fop-Freezer(PC3) 52% - Formatted Table
5 5 = RVITeR] >

E F PCS - 59.2 88.8 118.4 -1.0 -1.5 -19 58.2 87.3 1165
Boteh-reszapy—FR-PCSAY ot

4 - Formatted: Font: (Default) Times New Roman, Not
AKW = AkWh sing * CF Italic, Check spelling and grammar

Where:
AKWhyasiersaicesting = 9ross customer connected load kWh savings for the measure. Including any cooling system savings.

d-Model-for-Resi ial-Air-Conditi and-Heat-Pump-Ener

gy-Calculations—Masters Thesis-Uni ity-of Colorade-at- Boulder),-converted-to-COP=

o)
0

9 Based on 2009 Residential Energy Consumption Survey, see “HC7.9 Air Conditioning in Midwest Region-xls.”,
https://www.eia.gov/consumption/residential/data/2015/hc/php/hc7.9.php.
0. Personal-Communication-from-Melisa F'ﬂeF, ENERGY-STA R@ /\"F i

o . M. EPA10/26/14
g gers d
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CF = Summer Peak Coincident Factor
=0.0001285253

h [ Formatted Table

- [ Formatted Table

NATURAL GAS SAVINGS

Heating penalty for reduction in waste heat, only for units from conditioned space in gas heated home (if unknown, assume unit is from conditioned
space).

ATherms = AKWhynit * WHFeHeatGas * 0.03412 ( Formatted: Subscript

ATherme = ALWWh «wWHEoHoatCac v 03412
TT v

Where:

AkWhunit =kWh savings calculated from either method above, not including the AkKWhwastereat
WHFeHeatGas = Waste Heat Factor for Energy to account for gas heating increase from removing waste heat from
refrigerator/freezer
= - (HF / nHeatcss) * %GasHeat
HF = Heating Factor or percentage of reduced waste heat that must now be heated
=58% for unit in heated space or unknown'%
= 0% for unit in unheated space

nHeatcas = Efficiency of heating system
= T4%%
%GasHeat = Percentage of homes with gas heat
0.03412 = Converts kWh to therms
h [ Formatted: Indent: Left: 0", First line: 0"
‘e [ Formatted: Indent: Left: 0"

101 Ameren Missouri TRM Volume 1 - Appendix G: "Table 1 — Residential End Use Category Monthly Shapes and Coincident Peak Factors"Based-en-Ameren-Missouri-2016
L for-Resk i Ry H on-End-Use.

P &) -
102 Based on 212 days where HDD 65>0, divided by 365.25.
103 This has been estimated assuming that natural gas central furnace heating is typical for Missouri residences (the predominant heating is gas furnace with 52% of Missouri
homes - based on Energy Information Administration, 2009 Residential Energy Consumption Survey). Assuming typical efficiencies for condensing and non-condensing furnaces
and duct losses, the average heating system efficiency is estimated as follows: ((0.60*0.92) + (0.40*0.8)) * (1-0.15) = 0.74.
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Heating Fuel | %GasHeat .
Electric 0%
Gas 100%
Unknown 65%:°*

Default values for each product class and unknown building characteristics are provided below:

ATherms
FIOGUCECIAS ng;g‘f:gfrl ! CEETier2  CEETier3 :
Top Freezer (PC 3) -1.19 -1.78 -2.37 -
Side-by-Side w/ TTD (PC 7) -1.29 -1.94 -2.58
Bottom Freezer (PC 5) -1.07 -1.60 -2.13
Bottom Freezer w/ TTD (PC 5A) -1.41 -2.12 -2.83

If product class is unknown,
level:

the following table provides a market weighting that is applied to give a single deemed savings for each efficiency

ATherms
i 105 ® pu
Product Class Market Weight Energy Star ! CEE Tier 2 CEE Tier 3
CEE Tier 1
Top Freezer (PC 3) 52% ~
Side-by-Side w/ TTD (PC 7) 22% L
Bottom Freezer (PC 5) 13% 122 184 245
Bottom Freezer w/ TTD (PC 5A) 13%
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
MEASURE CODE:

104 Based on data from Energy Information Administration, 2009 Residential Energy Consumption Survey, see-“HC6.9-Space Heating-in-Midwest Regionxls.;
https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls-; ‘hc6.9.xls’.

105 personal Communication from Melisa Fiffer, ENERGY STAR® Appliance Program Manager, EPA 10/26/14.
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3.2 Electronics
3.2.1 Advanced Tier 1 Power Strips

DESCRIPTION

This measure applies to Tier 1 Advanced Power Strips (APS), which are multi-plug power strips with the ability to automatically disconnect specific
connected loads depending upon the power draw of a master control load, also plugged into the strip. Power is disconnected from the switched
(controlled) outlets when the master control load power draw is reduced below a certain adjustable threshold, thus turning off the appliances plugged
into the switched outlets. By disconnecting, the standby load of the controlled devices, the overall load of a centralized group of equipment (i.e.
entertainment centers and home office) can be reduced. Uncontrolled outlets are also provided that are not affected by the control device and are
always providing power to any device plugged into it. This measure characterization provides savings for use of an APS in a home entertainment
system, home office, or unknown setting.

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

DEFINITION OF EFFICIENT EQUIPMENT
The efficient case is the use of a 4-8 plug Tier 1 master-controlled APS.

DEFINITION OF BASELINE EQUIPMENT
For TOS and NC applications, the baseline is a standard power strip that does not control connected loads.
For DI and KITS, the baseline is the existing equipment used in the home.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The assumed lifetime of the Tier 1 APS is 10 years.*®

DEEMED MEASURE COST

ostof-an-ARS-o ndard-powe o with ge-Bre ion-i med-to-be-$20.4+

installation cost of an APS (including equipment and labor) should be used. If DI cost is unknown, cost is

For DI&Hd—KH’S: the actual full
assumed to be $30.00. 8

LOADSHAPE
Miscellaneous RES

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

116 “Advanced Power Strip Research Report,” NYSERDA, August 2011, https:/www.nyserda.ny.gov/-/media/Project/Nyserda/Files/EERP/Residential/Power-Management-
Research-Report.pdf;; ‘“NYSERDA Advanced Power Strip Research Report.pdf’. page 30 -
7 n b Renort” httns-//v nvserdan

17y I eostbased-on-“Advanced Power-Strip R

Prees f

Research-Report-pdf:NYSERDA-Ad dPower Strip Research-Report:

is$15;
18 Ibid

2025 MEEIA 4 2019-21-Plan Revision 87.0 Page 45

[Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal



https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/EERP/Residential/Power-Management-Research-Report.pdf
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/EERP/Residential/Power-Management-Research-Report.pdf

Installation Location

Home Office

Formatted:

Keep with next

Hopn=piraalems pESysios

Formatted:

Keep with next

| Formatted:

Keep with next

| Ameren Missouri Appendix | - TRM — Vol. 3: Residential Measuresz . [Formaned: Font: (Default) Arial, 12 pt
[ Formatted: Normal
‘ AkWh = (kWhpttice * Weightingpffice + KWhen * Weightingen) * ISR [Formatted: Subscript
Where: \ [ Formatted: Subscript
KWhotfice = Estimated energy savings from using an APS in a home office { Formatted: Subscript
=31.0 kwh® -
Weightingorrice = Relative penetration of use in home office « [F°"“°“e“' Subscript
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Based on the default values above, default savings are provided in the table below:

Installation Location Program Type \ AkWh

. TOS, NC, DI 23.039:45
Home Office :
System KIS 70.44
nknown TOSNGDI 56.26
KITS 50.59

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh * CF

19 “Advanced Power Strip Research Report.” https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/EERP/Residential/Power-Management-Research-Report.pdf;
‘NYSERDA Advanced Power Strip Research Report.pdf”. -Note that estimates are not based on pre/post metering but on analysis based on frequency and consumption of likely

products in active, standby, and off modes. This measure should be reviewed frequently to ensure that assumptions continue to be appropriate.
120 palats: H 1 £ hy £ d- H e s15-by d- SCA M + Effiet Produet] 2 t Py Eval 3

.... efis-pse-m men B page have-their-own-evaluations-of-weial
b gov H b pla pag prog :

thev-should-be-used-
y -

122 palati iohti £h £5 d i ystems-is-based-on-A Mi i Efficient Product Impact and P Evaluation:P: 201452 Cad

124 i

Ameren-Missouri Efficient Produets Evaluation:PY-2019 Table 6-9-https:
125 Ameren Missouri Pay As You Save (PAYS®) Evaluation Appendices: PY20
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KITS: 52%
ISR = In-service rate. Actual, or if unknown, reference values in the table belowr-servicerate; dependent on program type <« [ Formatted:
Program Type ISR « [ Formatted Table
TOS NG, DI 950
KITFSH 93.8%
Pay As You Savel? 74.3%


https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/EERP/Residential/Power-Management-Research-Report.pdf
https://www.efis.psc.mo.gov/Document/Display/17591

Ameren Missouri Appendix | - TRM — Vol. 3: Residential Measuresg
Where:
AkWh = Electric energy savings, as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
AW =AW h+CF
R

=0.0001148238'%

NATURAL GAS SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

126 Based on Ameren Missouri TRM Volume 1 - Appendix G: "Table 1 — Residential End Use Category Monthly Shapes and Coincident Peak Factors"Ameren-Missouri-2016
loadshape-for residential miscellaneous end-use. This is deemed appropriate, because savings occur during hours when the controlled standby loads are turned off by the APS. This
is estimated to be approximately 7,129, which representing the average of hours for controlled TV and computer from “Advanced Power Strip Research Report.”,
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/EERP/Residential/Power-Management-Research-Report.pdf: ‘“NYSERDA Advanced Power Strip Research
Report.pdf’.
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3.2.2 Tier 2 Advanced Power Strip — Residential Audio Visual

DESCRIPTION

This measure relates to the installation of a Tier 2 Advanced Power Strip / surge protector for household audio visual environments (Tier 2 AV
APS). Tier 2 AV APS are multi-plug power strips that remove power from audio visual equipment through intelligent control and monitoring
strategies.

By utilizing advanced control strategies such as a countdown timer, external sensors (e.g. of infra-red remote usage and/or occupancy sensors, true
RMS (Root Mean Square) power sensing; both active power loads and standby power loads of controlled devices are managed by Tier 2 AV APS
devices.*?” Monitoring and controlling both active and standby power loads of controlled devices will reduce the overall load of a centralized
group of electrical equipment (i.e. the home entertainment center). This more intelligent sensing and control process has been demonstrated to
deliver increased energy savings and demand reduction compared with ‘Tier 1 Advanced Power Strips’.

[ Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal

DEFINITION OF EFFICIENT EQUIPMENT
The efficient case is the use of a Tier 2 AV APS in a residential AV (home entertainment) environment that includes control of at least 2 AV devices,
one being the television.'?

DEFINITION OF BASELINE EQUIPMENT
The assumed baseline equipment is the existing equipment used in the home (e.g., a standard power strip or wall socket) that does not control loads
of connected AV equipment.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The assumed lifetime of the Tier 2 AV APS is assumed to be 10 years.*®

DEEMED MEASURE COST
Direct Install: The actual installed cost (including labor) of the new Tier 2 AV _APS equipment should be used, less baseline cost of $20.13

7, Tier 2 AV APS identify when people are not engaged with their AV equipment and then remove power, for example a TV and its peripheral devices that are unintentionally left

on when a person leaves the house or for instance where someone falls asleep
while watching television.
oL Yo"

128]

~Mhen-a-person-leaves-the-hous r-falls-asleen-w
g )

129 Gjven this requirement, an AV environment consisting of a TV and DVD player or a TV and home theater would be eligible for a Tier 2 AV APS installation.

130 “Advanced Power Strip Research Report,” NYSERDA, August 2011, https:/www.nyserda.ny.gov/-/media/Project/Nyserda/Files/EERP/Residential/Power-Management-

Research-Report.pdf; ‘NYSERDA Advanced Power Strip Research Report.pdf”, page 30.

24 1llinois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0 Vol_3_Res 09222023 FINAL _clean.pdf, page 93. Price survey
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performed by Illume Advising LLC for IL TRM workpaper, see ‘Current Surge Protector Costs and Comparison 7-2016.xlsx,
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LOADSHAPE
Miscellaneous RES

[ Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal

[ Formatted: Heading 4
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Algorithm
CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = ERP * BaselineEnergyav * ISR
Wh—ERP+ B inek ISR : [ Formatted: Normal
Where:
ERP = Energy Reduction Percentage of qualifying Tier2 AV APS product range as provided below. Savings are based

upon independent field trials of two product manufacturers and the savings differences are assumed to relate to
the product classifications provided below. Additional evaluation will be reviewed in future cycles to confirm if
additional classification categories are appropriate.

Fori ted: Font: (Default) Times New Roman

|Infrared Only 409133

Formatted Table

A 55—-60% 55% -
B 50 —54% 50% «
c 45 —49% 45% -
B 40 —44% 40% -
E 35—39% 35% -
F 30—34% 30% -
& 25—-29% 25% -
H 20-24% 20% -
Average'®® - 37.5% -

BaselineEnergyav

= 46632 kWh?

% Representative savings assumption based on the following independent field tests on Embertec’s IR-only product. This includes both simulated saving results (based on
recording what action the APS would have taken, but where equipment is not actually switched off allowing evaluation of the expected length of savings), and pre/post metering
studies.
e AESC (page 30) - Valmiki, MM., Corradini, Antonio PE. 2015. Tier 2 Advanced Power Strips in Residential and Commercial Applications. Prepared for San Diego Gas &
Electric by Alternative Energy Systems Consulting, Inc. (Simulated 50%, pre/post 32%).
¢ AESC- Valmiki, MM., Corradini, Antonio PE., Feb 2016. Energy Savings of Tier 2 Advanced Power Strips in Residential AV Systems. (Simulated 50%, pre/post 29%)
e CalPlug research (Page 12) - Wang, M. e. 2014. “Tier 2 Advanced Power Strip Eval; for Energy Saving Incentive”. California Plug Load Research Center (CalPlug), UC
Irvine. (Simulated 51%
e NMR Group Inc., RLPNC 17-3: Advanced Power Strip Metering Study, Revised March 18, 2019, submitted to Massachusetts Program Administrators and EEAC. (Pre/post
with regression 50%, Pre/post only 20%).
34 o a o

135,

36, ge-of product-ck B-and-G-

137 “Energy Savings of Tier 2 Advanced Power Strips in Residential AV Systems,” AESC, Inc., February 2016. Note this load represents the average controlled AV devices only
and will likely be lower than total AV usage, https:/www.aesc-inc.com/wp-content/uploads/2017/07/tier_2_aps_final _report_et13pgel441.pdf;;

‘tier_2_aps_final_report_et13pge1441.pdf’, page 7.
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ISR ——————=1n Service Rate, the percentage of units rebated that are actually in service. Actual, or if -
unknown, referencing the table below:
Program/Channel In Service Rate (ISR)
TFOSNG; Btincome Eligible!®® 95%
SF-Low-lncomeKits**® 93.8%

Based on the default values above, default savings are provided in the table below:

-
]
Ny
o
{3

FOS NE BHncome Eligible

SF-Low-thcomeKits 15196

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh * CF
Where:

AkWh = Electric energy savings, as calculated above.

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

AW =AW h+=CE

Where:

=0.00011482384

NATURAL GAS SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

138 Ameren Missouri Single Family Low Income Program Evaluation: PY2019, Table 10-10, https://www.efis.psc.mo.gov/Document/Display/15877, page 214.
139 Ameren Missouri Efficient Products Proaram Evaluation: PY2010_Table 6-0_httns:/wma is.pse.m ocument/Displa page 140,

g PSHAWANWLEHSH OV DOEHMER I HSPrayrroo//Pad

140, Assume-same-as-EfficientKits.

141 Based on Ameren Missouri TRM Volume 1 - Appendix G: "Table 1 — Residential End Use Category Monthly Shapes and Coincident Peak Factors"

loadshape-for residential miscellaneous end-use. This is deemed appropriate, as savings occur during hours which the controlled standby loads are turned off by the APS, estimated
to be approximately 7,129 representing the average of hours for controlled TV and computer from “Advanced Power Strip Research Report.”, https://www.nyserda.ny.gov/-
/media/Project/Nyserda/Files/EERP/Residential/Power-Management-Research-Report.pdf: ‘NYSERDA Advanced Power Strip Research Report.pdf”.
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3.3 Hot Water

3.3.1 Low Flow Faucet Aerator
This measure relates to the installation of a low flow faucet aerator in a household kitchen or bath faucet fixture.

This measure may be used for units provided through efficiency kits. However, the in-service rate for such measures should be derived through
evaluation results specifically for this implementation methodology.

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

DEFINITION OF EFFICIENT EQUIPMENT
To qualify for this measure the installed equipment must be a low flow faucet aerator for bathrooms rated at 1.5 gallons per minute (GPM) or less
or for kitchens rated at 2.2 GPM or less. Savings are calculated on an average savings per faucet fixture basis.

DEFINITION OF BASELINE EQUIPMENT
The baseline condition is assumed to be a standard bathroom faucet aerator rated at 2.25 GPM or greater or a standard kitchen faucet aerator rated
at 2.75 GPM or greater. Average measured flow rates are used in the algorithm and are lower, reflecting the penetration of previously installed low
flow fixtures-{and-therefore-the-freeriderrate-for-this-measure-should-be-0}, use of the faucet at less than full flow, debris buildup, and lower water
system pressure than fixtures are rated at.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 10 years.!#?

DEEMED MEASURE COST
The incremental cost for this measure is $11.33% or program-actuatactual cost.

*“

LOADSHAPE
Water Heating RES

[ Formatted:

Font: (Default) Arial, 12 pt

[ Formatted:

Normal

Space After: 6 pt

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
Note these savings are per faucet retrofitted™*® (unless faucet type is unknown, then it is per household). N [ Formatted:
AkWh = %ElectricDHW * (GPMpese * L_pese - GPMiow * Lyow) * Household * 365.25 *DF / FPH * EPG _electric * ISR* (1 - < [por ted:
Leakage) ) [Formatted:
ARWh = O EloctricDIIA * (/‘Dl\/lga{'e * ’Be—se f‘Dll/IH;w * IW) + Household—x QAE_'?E *hl?/ EDH [Formatted:
~-liPGoelectrie-«-ISR ( Formatted:
Where:
%ElectricDHW = proportion of water heating supplied by electric resistance heating « [Formatted:
DHW fuel YoElectricDHW

142 ComEd Effective Useful Life Research Report, Navigant, May 14, 2018, Measure-lifetime-is-derived-from-the-California DEER Effective Useful-Life Tabl 014 Tab}
Update httns //www icc. |Ilmors qov/dockel/P2017 0312/documents/287811/f|Ies/501915 ndf 1 ComEd Effecuve Useful Life Research Report.pdf’, page 20.

143 Dlrect |nstal| prlce per showerhead assumes cost of showerhead (market research average of $3 and assess and install cost of $8.33) and also assumes 20min at $25 per hour,
Whrch is |n line wrth the typrcal prevarlmg wage of a General Lahorer as per lhe Annual Wage Order No. 23 published by the Missouri Department of Labor.
0 A A R 0922202 EINAL

145 This algorlthm calculates the amount of energy saved per aerator by determlnlng the fractlon of water consumptlon savings for the upgraded flxture
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Electric 100%
Natural Gas 0% T [ Formatted Table
Unknown 4296446

GPMpase = Average flow rate, in gallons per minute, of the baseline faucet “as-used.” This includes the effect of existing

low flow fixtures «nc therefore the Treericder rate for this measure should be 0,
=2.217 or custom based on metering studies'® or if measured during DI:
= Measured full throttle flow * 0.83 throttling factor+®

GPMiow = Average flow rate, in gallons per minute, of the low-flow faucet aerator “as-used”
= 1.5" or custom based on metering studies** or if measured during DI:
= Rated full throttle flow * 0.95 throttling factor's?

Lbase = Average baseline daily length faucet use per capita for faucet of interest in minutes
= if available custom based on metering studies, if not use:

Lbase (Min/person/day)

FENEEUYS Kitchen Bathroom
EfficientKits (SchooliKits MF-ARPKits) _ 4.51% 16 [ Formatted Table
Income Eligible; MFEMR, PAY S-EfficientKits{SF-L}
cone 3.7 3.7
I locationunknown (total for household): Single-Family 7.81%0 D — [ Formatted Table
Hocation-unknown{total-forhousehold)-Multi-Family 6.7
Liow = Average retrofit daily length faucet use per capita for faucet of interest in minutes

= if available custom based on metering studies, if not use:

Liow
Faucet Type (min/person/day)
Kitchen Bathroom

Efficient Kits(School Kits, ARPKits) —4.5%% . i -~ [ Formatted Table
Income EI glble—MFMR PAYS—Emerem—Kns%SFH
150 3.7 3.7

47 Federal rated maximum ﬂow rate for faucets, https://www.energy. gov/femp/besl management-pracuce- -faucets- and showerhead

148 Measurement should be based on actual average flow consumed over a period of time rather than a one-time spot measurement for maximum flow Studies have shown
maximum flow rates do not correspond well to average flow rate due to occupant behavior, which does not always use maximum flow.

1492008, Schultdt, Marc, and Debra Tachibana, “Energy related Water Fixture Measurements: Securmg the Baseline for Northwest Smgle Family Homes,” 2008 ACEEE Summer
Study on Energy Efficiency in Buildings, pp. 1-265. - - petfhttps://1 testi /wp-
content/uploads/2022/11/2008_Seattle_Study.pdf-; ‘2008 Seattle Studv D
150 program data, including PY2016 Program Data, per Community Savers 2016 EM&V report. https://www.efis.psc.mo.gov/Document/Display/35141, page 3-8.

151 Measurement should be based on actual average flow consumed over a period of time rather than a one-time spot measurement for maximum flow. Studies have shown
maximum flow rates do not correspond well to average flow rate due to occupant behavior, which does not always use maximum flow.

1522008, Schultdt, Marc, and Debra Tachibana, “Energy related Water leture Measurements Securmg the Baselme for Northwest Single Family Homes,” 2008 ACEEE Summer
Study on Energy Efficiency in Buildings, pp. 1-265. ww : R /

content/upload l2022/11/2008 Sealtle Study udf 2008 Seattle Study udf’

for-effici head-and-faucet-aerators.

135 single-and-multifa g gy p
155 Cadmus P'Y112003 metering study. Cited in Ameren Missouri Low Income and Process Evaluation: program Year 2015. p.23
jps l/www efis.psc.mo. qov/Docum nt/DlsgIay/lZOlB

160 Cadmus PY112993 metenng study. Cned in Ameren Mlssoun Low Income and Process Evaluatlon program Year 2015 p. 23
mps //www efis.. psc mo. qov/DocumenllDlsgIay/lZOl
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Liow
Faucet Type (min/person/day)

Kitchen Bathroom
163

3 ‘[ Formatted Table
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Household = Average number of people per household =
Prog elivery and Household Unit Type Value \

Single-Family 267 «

- ag

Income Eligible, EfficientKits{SFLIHKs); 168

PAYS 1564

ARP Kits s

Actual Occupancy or Number of

Custom Bedrooms*™®
365.25 = Days in a year, on average. -
DF = Drain Factor “

- ain Factor
Program Delivery

Kitchen Bath
Non SFLIKits** 75% 90% «
Income Eligible, MFMR-SFLIKts; 100%
PAYS!? ’ 100% ’
Unknown 79.5% NIA «
FPH = Faucets Per Household «

FPH
Program Delivery Kitchen Bathroom
(KFPH)

Mutkti-Family- ((MEMRIncome Eligible), PAYS 1007 1.861

Hocation-tnknown-total-for household): Single-Family 304 .
EPG_electric = Energy per gallon of water used by faucet supplied by electric water heater

=(8.33 * 1.0 * (WaterTemp - SupplyTemp)) / (RE_electric * 3412)

168 PY2006 program data (not repaned in PY2016) meren "

69_Ameren-Missouri-App g Evaluation:PY2019 https:/AvaaA efi 0.0
170-Badh ra suitabl pr 1esf rh useh IA up n]randm]h p to-actual upancy
7ip ola - .

nd-non-adult-population-impacts.
PeF pacts:

turnoverratesin

is-unk N rage-of 79-5% should-be-used-which-is-based-on-th umption-that 70%-of household-waterruns-through-the-kitchen-faucet and-30%-through-the-bath

* 0 Q) —f

172 Ameren Missouri Community Savers Evaluation PY2018, https:/www.efis.psc.mo.gov/Document/Display/36053.
meren-Missouri-Ene fficient K aluati p 8_https-/iwann.efis. ov/Document/Displa 8

_Areren-Missouri-Energy-EfficientCommunity-Savers-Evaluation—PY.2018 _htips:Hwww-efis-p f
179 Ameren Missouri EE Kits PY2018 Program Data https://www.efis.psc.mo. qov/DocumemIDlsglay/15870 page 34.
180 Ameren Mlssoun Communlty Savers Evaluatlon PY2018 https l/www efls DSC mo. qov/DocumentlDlsgI v/36053 pa ge 23.
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- 833 = Specific weight of water (Ibs/gallon)
1.0 ————=Heat Capacity of water (btu/Ib-°F) -«
WaterTemp = Assumed temperature of mixed water

= 86F for Bathroom (80F for Income Eligible, PAYS and MFMR), 93F for “

Kitchen, 91F for Unknown!&

SupplyTemp = Assumed temperature of water entering house -«
- = @&Agpaa

RE_electric = Recovery efficiency of electric water heater «
—_———————= 08%'®

3,412 = Converts Btu to kwh (btu/kWh) <«

ISR = In-service rate. Actual, or if unknown, reference applicable assumed value in the table below:n-service-rate-of-faueet

In-Service Rate

SElEHE Kitchen Bathroom
Direct-InstallEfficiency-Kit—Low-lhcome'®® 89% 89% -~
Efficiency Kit—Appliance Recycling™” 20% 24%
Efficiency Kit (School)—Multi Family: 100% 100%
Income Ellglble PAY SPecthsial-hreameSlgiblernd 95% 95%
Pay-Aea-sava 80-9% 80-9%
Leakage = Percent homes outside service territory

School Kits
OtherProgramsincome
Eligible, PAYS

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh * CF

Where:

AW =AW h-+-CF
Where:

182 Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum, dated June 2013, directed to Michigan Evaluation Working Group. If the aerator
location is unknown, an average of 91% should be used which is based on the assumption that 70% of household water runs through the kitchen faucet and 30% through the
bathroom (0.7*93)+(0.3*86)=0.91.

183 National Weather Service. Average soil temperature at 40" depth during 2015 - 2023 data of snx statlons in Ameren Missouri service terrltory

https: //wwwweather qov/ncrfc/LMI SmlTemperatureDepthMj@ maren Missouri 2012 Tech SOUF nual-Appendix A pp-43. Ble online:

184 Electrlc water heaters have recovery efflmency of 98%: hitp:/h L S i Sl -aspx:NREL Building America Research Benchmark Definition
December 2009 naqe 12 hmas l/wvvvv nrel qovldocslfleostl/4724G pdf
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AkWh = as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0000887318

NATURAL GAS SAVINGS

ATherms = %GasDHW * (GPMpase * L_pase - GPMiow * Liow) * Household * 365.25 *DF / FPH * EPG_gas * ISR * (1 — Leakage)
AT herms——=Y%GasDHW +({GP Mo tpase GPMygr—t—trgm—+—Household +-36525+« DE [ EPHY « EPGgas—+ISR
Where:
%GasDHW = proportion of water heating supplied by Natural Gas heating
DHW fuel | %GasHW
Electric 0%
Natural Gas 100%
Unknown 48%'%*
EPG_gas = Energy per gallon of Hot water supplied by gas
=(8.33 * 1.0 * (WaterTemp - SupplyTemp)) / (RE_gas * 100,000)
RE_gas = Recovery efficiency of gas water heater
= 78% For SF homes'*
= 67% For MF homes'®
100,000 = Converts Btus to therms (btu/therm)

Other variables as defined above.
WATER IMPACT DESCRIPTIONS AND CALCULATION

AGallons

= ((GPMbase * L_pase - GPMiow * Liow) * Household * 365.25 *DF / FPH) * ISR * (1 — Leakage)

Agallons——(LGPM base—+ L base
Y TC = =

——Variables as defined above.

GPM low—x L1 u:) + Hou hold—+-365.25 wnn‘// E‘DIJ) « JSR -

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

193 Based on Ameren Missouri TRM Volume 1 - Appendix G: "Table 1 — Residential End Use Category Monthly Shapes and Coincident Peak Factors"Ameren-Missouri-2016
for residential water heating end-use.

194 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for Midwest Region, data for the state of Missouri. ‘HC8.9 Water

Heating in Midwest Region.xls’— utilities h pecifi luation-results providing-a-more-appropriate-assumption-for- homes-in-a-particular market or geographical-area,then

that-should-be-used.

195 DOE final rule discusses recovery efficiency with an average around 0.76 for gas- fired storage water heaters and 0.78 for standard efficiency gas fired tankless water heaters up
to 0.95 for the highest efficiency gas fired condensing tankless water heaters. These numbers represent the range of new units however, not the range of existing units in stock.
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 78%.

196 Water heating in multifamily buildings is often provided by a larger central boiler. This suggests that the average recovery efficiency is somewhere between a typical central
boiler efficiency of 0.59 and the 0.75 for single family homes. An average efficiency of 0.67 is used for this analysis as a default for multifamily buildings.
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3.3.2 Low Flow Showerhead
DESCRIPTION
This measure relates to the installation of a low flow showerhead in a single or multifamily household.

This measure may be used for units provided through efficiency kit’s. However, the in-service rate for such measures should be derived through
evaluation results specifically for this implementation methodology.

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

To qualify for this measure the installed equipment must be a low flow showerhead, typically rated at 2.0 gallons per minute (GPM) or less. Savings
are calculated on a per showerhead fixture basis.

DEFINITION OF BASELINE EQUIPMENT
For DI programs the baseline condmon is assumed to be a standard showerhead rated at 2 5 GPM" or greater.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 10 years.'%

DEEMED MEASURE COST

For low flow showerheads provided in RF-er-DI programs, the actual program delivery costs should be utilized; if unknown assume $15.33%° for
standard showerheads and $23.35 for handheld showerheads.

LOADSHAPE
Water Heating RES

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
Note these savings are per showerhead fixture
AkWh = %ElectricDHW * ((GPMpase * Lpase -~ GPMjow * Lyow) * Household * SPCD * 365.25 / SPH) * EPG_electric * ISR * (1«
— Leakage)
AW h = OUE‘I/; triceDHIA * ((FD’MB&-SQ * ’Ba-se FD’”&GW * ’eew) + Household-—+« SPCD 36525 (‘DLI)
P e e el S R
Where:
%ElectricDHW = proportion of water heating supplied by electric resistance heating

197 Maximum showerhead flow rate at 80 PSI is 2.5 GPM in accordance with federal standard 10 CFR Part 430.32(p). See docket filed at

https://www.regulations.gov/document?D=EERE-2011-BT-TP-0061-0039

198 Table C-6, “Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures,” GDS Associates, June 2007. Evaluations indicate that consumer

dlssatlsfactlon may lead to reductions in persistence, partlcularly in Multlfamlly, https //www caetrm com/medla/reference documems/HVAC Ltg_measure_life GDS_2007.pdf;
HVAC Lig measure_ life_ GDS_2007.pdf’, page C-6 http: d Y e % .

200 Direct-install price per showerhead assumes cost of showerhead (market research average of $7) and also assumes assess and install cost of $8.33 (20min at $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).

2025 MEEIA 4 2019-21-Plan Revision 87.0 Page 58

[Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal

Formatted: Subscript

Formatted: Subscript

Formatted: Subscript

[
[
[ Formatted: Subscript
[
[

Formatted: Indent: Left: 0", Hanging: 1.5"



https://www.regulations.gov/document?D=EERE-2011-BT-TP-0061-0039
https://www.caetrm.com/media/reference-documents/HVAC_Ltg_measure_life_GDS_2007.pdf

Ameren Missouri Appendix | - TRM — Vol. 3: Residential Measuress._ [Formaned: Font: (Default) Arial, 12 pt

[ Formatted: Normal

DHW fuel YElectricDHW

Electric 100%
Natdral Gas 0% h [ Formatted Table
Unknown 429%6%*
“ [ Formatted: Space Before: 6 pt
GPMpase = Flow rate of the baseline showerhead
Program Delivery GPM_base |
Direct-install, - SFLI-Kits 2,222
Retrofic Cfficiency Kits NC or TOS 2357 - [ Formatted Table
MEMR 255
GPMiow = As-used flow rate of the lowflow showerhead?®, which may, as a result of measurements of program -~ [ Formatted: Space After: 0 pt

evaulations deviate from rated flows. If the as-used flow rate is not available, the rated flow rate should be
applied;.see-table-belows:

2.0 GPM
1.75GPM
15GPM
Custom-or-Actual?®
Lbase = Shower length in minutes with baseline showerhead b [ Formatted: Space Before: 0 pt
= 7.8-min**-and-8.66 for Income Eligible and PAY S;- MFMR-SFIE-Kits?%®
Liow = Shower length in minutes with low-flow showerhead
= 7-8-min**-and-8.66 for Income Eligible and PAY S;-MFEMR-SFHE-Kits?10
Household = Average number of people per household
Single-Family TOStncome Eligible {SFIE Kits) 2.6721
SchoolKits 4.00%%2

202 Ameren Mlssourl Communlty Savers Evaluatlon PY2018 https l/www efls psc. mo qov/Document/DuLv/36053

value from-sour 2. 6—and-7{See-Source Table at end-of measure section)-adiusted-slichth/ upward-t untfor icipati which-is
T 5-6; € ae grty-ap Preg P P g
| to-taraet customers with existing higher flow devices rather than those with existina low flow.d - TRM 120 - H
f ) g-Hg &) 2

Eﬁﬂiﬁ‘ﬂff B §§g§z IRM Eﬁ%(;e 919424 v12.0-Vol-3-Res 09222023 FINAL w
A t/Di

-DSE:MO-g
205 Note that actual values may be elth r: a) program-specific minimum flow rate or b) proqram specific evaluation-based value of actual effective flow-rate due to increased
duration or temperatures. The latter increases in likelihood as the rated flow drops and may become significant at or below rated flows of 1.5 GPM. The impact can be viewed as
the inverse of the throttling descnbed in the footnote for baselme flowrate

206_p,

duration-or ros. The latter i ir\m i a5 the rated. flow.drone Ad-may-becorme-sigrifi tor-below-rated-flows-of 1.5-GPM-The impactcan-be-viewed-a
P g P g P
the-inverse-of theth ling-ch ibed-in-thefootnote-for-baseline-flowrate-

20 DeOreo William, P Mayer L. Martlen M Hayden A. Funk M Kramer Duff'eld and R. Davis (20I1) “Cahfomra Single Family

Water Use Efficiency Study.”, https://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/byron_bethany/docs/exhibits/pt/wr71.pdf-; ‘California Single Family
Water Use Study.pdf’, page 91.

209, i

;ggs'ngeandm tifamiy-homi in-Michi metered nergy-p Frf—hu 15y h JanAfn t-aerators:

210 peOreo, William, P. Mayer, L. Martien, M. Hayden, A. Funk, M. Kramer-Duffield, and R. Davis (2011). “California Single Family

Water Use Efficiency Study.”, https://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/byron_bethany/docs/exhibits/pt/wr71.pdf;; ‘California Single Family
Water Use Study.pdf”, page 91.

211 Ameren Missouri Efficient Products Impact and Process Evaluation: Planning Year 2015, provided by Cadmus, https:/www.efis.psc.mo.gov/Document/Display/13805, page
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Program Delivery Household
tncome-Eligible-Multi-FamilyPAYS Multi- 214
. 1.52
Family
Custom Actual Occupancy or Number of Bedrooms?!

214 Ameren Missouri Community Savers Evaluation: PY2018, https://www.efis.psc.mo.gov/Docum
235_Amaren Missouri-A H R 1iy

ent/Display/36053, page 39.
Evalu PY2019 (A dix-Table 55). Ihanannsefi " Do ment/Disp 876-paa
s . PP € o4 g =V i PP 7 o jOvrDecHmERSpray/ o6, Pag
27 Bedrooms are suitable proxies for household occupancy and may

be preferable to actual occupancy due to turnover rates in residency and non-adult population impacts.
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SPCD = Showers Per Capita Per Day
= 0:832*%-and-0.66 for Incomem Eligible; MFMR-SFHE-Kits-and PAY S#°
365.25 = Days per year, on average.
SPH = Showerheads Per Household so that per-showerhead savings fractions can be determined

Program Delivery SPH

Single-Family-Income Eligible Single 20522
Family, PAY S{SFIEKits) )
School-Kits 21478
Income Eligible Multi-FamilyPAY-S Muti- 102
. .
MFMR 14
Custom Actual

EPG_electric = Energy per gallon of hot water supplied by electric - [ Formatted: Indent: First line: 0.5", Space Before: 6 pt ]
=(8.33 * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_electric * 3412)
=(8.33*1.0 * (101 - 60.83)) / (0.98 * 3412)
=0.100 kWh/gal
8.33 = Specific weight of water (Ibs/gallon)
1.0 = Heat capacity of water (btu/lb-°)
ShowerTemp = Assumed temperature of water
=105.0 F%%
SupplyTemp = Assumed temperature of water entering house
= 58.4F?2%61.3 F**
RE_electric = Recovery efficiency of electric water heater
= 98%228
3,412 = Converts Btu to kwWh (btu/kWh)
ISR = In service rate of showerhead
= Actual, or if unknown, reference applicable assumed value in the table belowBependant-on-program-delivery-method-as
listed-in-table-belovy:

Program Delivery ISR - { Formatted Table }

29 DeOreo Wllllam P. Mayer L. Martlen M Hayden A Funk M Kramer Duff'eld and R. Davls (ZOI ). “California mgle Famlly

Water Use Efficiency Study-”, https://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/byron_bethany/docs/exhibits/pt/wr71.pdfs;
Water Use Study.pdf’.

220 Ameren Missouri Efficient Products Impact and Process Evaluation: Planning Year 2015, provided by Cadmus, https://www.efis.psc.mo.gov/Document/Display/12014, page
38.

221_Ameren-Missouti-Eneray-Efficient KitsPi g

°C

alifornia Single Famil

Inpact-and-Pr

Ma{ehes—@emmunﬁ*Saver—s—EM&-v
225 Ameren Missouri Efficient Kits Evaluation: PY2018, https:/wwwv.efis.psc.mo.gov/Document/Display/15870, page 32.

226 National Weather Service. Average soil temperature at 40" depth during 2015 - 2023 data of six stations in Ameren Missouri service territory.
https://www.weather. qov/ncrfc/LMI SmlTemperatureDepthMaps

227 Based on-the DOE s Buildi Jard- DHW-Event Jule-caleul axe-¢ alwatermai S 4 ined-for-each-defined-weather-zone-in

Missouri—The-overall-average-of 60-83-is-taken-t the icl race input-water e

228 Electric Water heaters have recovery efficiency of 98%: http:. l/www ahrldlrectorv orulahrldlrectorvln ges/home aspx.
229 it B
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https://www.weather.gov/ncrfc/LMI_SoilTemperatureDepthMaps
http://www.ahridirectory.org/ahridirectory/pages/home.aspx
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Program Delivery ISR -

Income Eligible (Single Family Direct Install), PAY S%% 94%
Income Ellglble (Multifamily Direct Install},-MFMR -Direct 96.4%
nstall®
Install) SFLIKits**
Pay-As-You-Save’® 65%

3,412 = Converts Btu to kWh (btu/kWh)

Leakage = Percent homes outside service territory

School Kits 28%%7 .
OtherProgramsSFIE,
MFIE, PAYS Q6
SUMMER COINCIDENT PEAK DEMAND SAVINGS -
AkW = AkWh * CF
Where:
AW = AkWh * CE
el
AkWh = as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0000887318%*
NATURAL GAS SAVINGS
ATherms = %GasDHW _* ((GPMuase * Lpase - GPMiow * Liow) * Household * SPCD * 365.25 / SPH) * EPG_gas * ISR * (1 —«

Leakage)

Where:
%GasDHW = proportion of water heating supplied by natural gas heating
Electric 0%
Natural Gas 100%
Unknown 48%%%°
EPG_gas = Energy per gallon of Hot water supplied by gas

=(8.33 * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_gas * 100,000)
-=0.00429 therm/gal for SF homes

23 Ameren Missouri Single Family Low Income Evaluation PY2019 (Table 10-10), https://www.efis.psc.mo.gov/Document/Display/15877, page 214.
234 Ameren Mlssourl Communlty Savers Evaluation PY2018 Tenant Surveys and Slte Visits, https://www.efis.psc.mo.gov/Document/Display/36053, page 22.

238 Based on Ameren Missouri TRM Volume 1 Apnendlx G: Table 1 Resujermal End Use Cateqorv Monthlv Shﬁ and Comudent Peak Factors"Ameren-Missouri-2016
loadshape for residential water heating end-use.

239 Default assumption for unknown fuel is based on EIA Re5|dem|al Energy Consumgl on Sun/ey (RECS) 2009 for Mldwest Regmn data for lhe state ol‘Mmoun ‘HC8.9 Water
Heating in Midwest Region.xls’De nown-fuel-isb A e
state-of-Hlinois—H-utih

ties-have pn ifi luation-results-providing-a-mor iate-assumption-for hnma in-a-particularmarket-or-geo ical-area-then that

ld-be-used.
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=0.00499 therm/gal for MF homes

RE_gas = Recovery efficiency of gas water heater <
————=78% For SF homes?®
———=67% For MF homes?*

100,000 = Converts Btus to therms (btu/Therm) -
Other variables as defined above.

WATER IMPACT DESCRIPTIONS AND CALCULATION

AGallons = ((GPMpase * Lbase - GPMiow * Liow) * Household * SPCD * 365.25 / SPH) * ISR * (1 — Leakage)

Variables as defined above

DEeEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

240 DOE final rule discusses recovery efficiency with an average around 0.76 for gas-fired storage water heaters and 0.78 for standard efficiency gas fired tankless water heaters up
t0 0.95 for the highest efficiency gas-fired condensing tankless water heaters. However, these numbers represent the range of new units, not the range of existing units in stock.
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 78%.

241 Water heating in multifamily buildings is often provided by a larger central boiler. This suggests that the average recovery efficiency is somewhere between a typical central
boiler efficiency of 0.59 and the 0.75 for single family homes. An average efficiency of 0.67 is used for this analysis as a default for multifamily buildings.

2025 MEEIA 4 2019-21-Plan Revision 87.0 Page 63

[ Formatted:

Font: (Default) Arial, 12 pt

[ Formatted:

Normal

[ Formatted:

Indent: Left: 0"

[ Formatted:

Indent: Left: 0"

[ Formatted:

Normal




Ameren Missouri Appendix | - TRM — Vol. 3: Residential Measuresy [Formaned: Font: (Default) Arial, 12 pt

[ Formatted: Normal

3.3.3 Water Heater Wrap_(Retired, effective 1/1/2025) >

i [For ted: Font color: Background 1

AkWh = ((Aase/Rease — Aee/Ree) * AT * Hours) / (nNDHWeiec * 3,412)

Formatted: Font color: Background 1

Formatted: Font color: Background 1

i PPN A AaAxaia "N Aloca

Formatted: Font color: Background 1

| Formatted: Font color: Background 1

Formatted: Font color: Background 1

Formatted: Font color: Background 1

Formatted: Font color: Background 1

Formatted: Font color: Background 1

Formatted: Font color: Background 1

Formatted: Font color: Background 1

Formatted: Font color: Background 1

Formatted: Font color: Background 1

Formatted: Font color: Background 1

Formatted: Font color: Background 1

(
[
(
(
[
[
[
(
[ Formatted: Font color: Background 1
(
(
(
(
[
(
[

Formatted: Font color: Background 1

2025 MEEIA 4 2019-21Plan Revision 87.0 Page 64



Ameren Missouri Appendix | - TRM — Vol. 3: Residential Measuresg

Capacity (gal) Asase (ft?)?0
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AkW = AkWh * CF

Where:
AkWh -«
ATherms = ((ABase/Rpase — Aee/Ree) * AT * Hours) / ("NDHWas * 100,000)
248_A couimy, 125°F hotwater-tank re-and-average b .
P <) P
ngl:l tric-water-heater fficien ]If?‘ m-AHRId: k s ,;,‘"'M' hridi

250_Surface area-asst jons-from-the-June-2016-P Ivania TRM-Area values were cal 1ons-o iall ilable-units-with-radiu

p
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3.3.4 Heat Pump Water Heater

DESCRIPTION

This measure applies to the installation of a heat pump water heater (HPWH) in place of a standard electric water heater in a home. Savings are
presented dependent on the heating system installed in the home 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, and 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 an ENERGY STAR® heat pump water heater with a storage volume < 55 gallons.2*®

DEFINITION OF BASELINE EQUIPMENT
The baseline equipment is assumed to be a new, electric storage water heater meeting federal minimum efficiency standards®” for units <55 gallons:

Very small UEF = 0.8808 — (0.0008 * Rated Storage Volume in Gallons)
Low UEF = 0.9254 — (0.0003 * Rated Storage Volume in Gallons)
Medium UEF = 0.9307 — (0.0002 * Rated Storage Volume in Gallons)
High UEF = 0.9349 - (0.0001 * Rated Storage Volume in Gallons)

0.96 — (0.0003 * rated volume in gallons).The same draw pattern (very small, low, medium and high draw) should be used for both baseline and
efficient units.

If unknown, assume a 50 gallon resistance tank baseline, at medium draw, therefore 0.9207 UEF. 259 «

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 13 years.?®

DEEMED MEASURE COST
Actual costs should be used where available. The Ddefault incremental cost valuese for incremental capital costs is $588are provided in the table
below.?!
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<2.6 UEF $1,032 $2,062 $1,030
| >2.6 UEF | $1,032 | $2,231 | $1,199 |
LOADSHAPE
Water Heating RES
Algorithm
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CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = [(((1/EFgase_— 1/EF_ge) * GPD * Houschold * 365.25 * yWater * (Tour_— Tyn) * 1.0)) / 3.412) + kWhgoo— KWhiee ] * <
ISR \
1/EF, - 1/EFEE) * GPD * Household * 365.25 * yWater * (Toyt - Tin) * 1.0
AkWh = [( (1/EFpask - 1/EFgE) ouseho yWater * (Tout - Tin) * 1.0) ) + kWheo — kWhheat] + ISR -
3,412
Where:
UEFgase = UEF of standard electric water heater according to federal standards
= If new unit draw pattern unknown,0.96 — (0.0003 * rated volume in gallons 0.9207262.)
U= If rated volume is unknown, assume 0.945 for a 50-gallon water heater
EFee = UEF of heat pump water heater
= Actual
GPD = Gallons per day of hot water use per person
= 17.6263
Household = Average number of people per household
Household Unit Type®* \ Household
Single-Family—DeemedAll 2.65%5
Multi-Family-Deemed 2.072% e
Actual Occupancy or
Custom Number of Bedrooms?®’
365.25 = Days per year
yWater = Specific weight of water
= 8.33 pounds per gallon
Tour = Tank temperature
= Actual, if unknown assume 125°F
Tin = Incoming water temperature from well or municipal system
= 58.4F?%%57.898°F2%°
1.0 = Heat capacity of water (1 Btu/lb*°F)
3,412 = Conversion factor from Btu to kWh
ISR = In-service rate. Actual, or if unknown, assume In Service Rate = 100%?™
kWh_cool = Cooling savings from conversion of heat in home to water heat?’*

= [(((1- 1/UEF_ge) * GPD * Household * 365.25 * yWater * (Tour — Tin) * 1.0) * LF * WHF¢ *LM) / (COPgooL *

3,412)] * %Cool

P

play/to8//page140:
tric consumptionfrom-the total water heating-energy-deli
P G 24

and-non-adultpopulation-im

20_An odu va s Hwanw-efis-psc-mo-gov/Document/Dis
271 Thi i aleulates-the heat d-from-the airbv-st } <} the heat PUP-W ater heater-ele
then-adiusted- unt-forl tion-of-the-h 'pllmpuni' nd-th H f-the waste-heat-with
demands.
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,r((1 - Wlm) * GPD * Household * 365.25  yWater * (Toyr - Tiy) * 1.0) « LF x WHF; « LM

. % 0
= COPeooyL * 3,412 * %Cool
V\Ilhere: J
LF = Location Factor
= 1.0 for HPWH installation in a conditioned space
= 0.0 for installation in an unconditioned space
= 0.81 if unknown??
WHFc = Portion of reduced waste heat that results in cooling savings (if unknown, assume 53%) 2
COPcooL = COP of central air conditioner
= Actual, or if unknown, assume 2.8 COP?™
LM = Latent multiplier to account for latent cooling demand 2
St. Louis, MO 1.33

275_Tha | atent Multiphier is-used-to-convert the sensiblecooling-savings-caleulated-to-a value ing-sensible-and-latentcooling-loads—The values-are derived-from-th
hodol tined-in-“Infiltration Factor Calenlation Methodelosy” by B Harley.-SeniorManagerApphied-Building-Seience CLEAResut 11/18/2015and-are-based-upen
n-8760-analysis-of sensible-and-total-heat loads-using-hourly-climate data—(Ameren-Missouri-Efficient Products Evaluation P¥2018

B 869 page
prayr1o869pag
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%Cool = Percentage of homes with central cooling
Home | %Cool
Cooling 100%
No Cooling 0%
Unknown 95%?2°
kWh_heat = Heating cost from conversion of heat in home to water heat (dependent on heating fuel)

= [(((1- L/UEF _ge) * GPD * Household * 365.25 * yWater * (Tour — Tin) * 1.0) * LF * WHFy *LM) / (COPpeat *
3,412)] * %ElectricHeat

1
/((1 - WEE) * GPD * Household * 365.25 * yWater * (Toyr - Tin) * 1.0) * LF *WHFH\

B %ElectricHeat
COPygat * 3,412 * %ElectricHea

\ /

Where:
WHFy = Portion of reduced waste heat that results in increased heating load (if unknown, assume 43%) 27
COPheat = COP of electric heating system
= Actual, or if unknown, assume:?7®

) [ Formatted Table

Heat Pump Before 2006

(if age unknown After 2006 - 2014
assume 2006-2014) 2015 on

Resistance N/A
Unknown?”® N/A
Heating
Seasonal (Effective
Age of Performance COP
SR TR Equigpment Factor Estimate)
(GEE) (HSPF/3.412)*
Estimate 0.85
Before 2006 6.8 .
Heat Pump 2006 - 2014 7.7 1.92
2015 and after 8.2 2.04
Resistance N/A N/A 1

%ElectricHeat = Percentage of homes with electric heat

Heating fuel %ElectricHeat
Electric 100%
| Natural Gas | 0% |

60 ead o o PSHAWWW-EHS-PSE-MB-GOV DOEUHMER HSP1aY 20689, Pag
278 These default system-efficiencies-are-based-on the i minimum-federal —1n-2006,-the federal for-heat-pum)

ps-was-adjusted—While-one-would-expect
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Heating fuel %ElectricHeat
Unknown 35%%%°

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh * CF

Where:
AKkWhAKW = kWh x CF h | Formatted: Indent: Left: 0", First line: 0.5", Space
Where: « After: 0 pt
kWh = Electric energy savings, as calculated above T
I —— L ! F H t: Left: 0", First line: 0.5"
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor [ ormatted: Indent: Left: 0" First line: 0.5

=0.0000887318%*

| forresi ial-water heating-end-use-

P )
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NATURAL GAS SAVINGS

ATherms =[(((1- 1/EF_ge) * GPD * Household * 365.25 * yWater * (Tour — Tin) *1.0) * LF * 0.43) / (nHeat* 100,000)] * <~

%GasHeat

((1— EF‘ )* GPD * Household * 365.25 * yWater = (T oyt - Tin) * 1.0) * LF % 43%

— _ EE 0,
ATherms = Heat 100,000 * %GasHeat «
Where:
ATherms = Heating cost from conversion of heat in home to water heat for homes with Natural Gas heat*®?
100,000 = Conversion factor from Btu to therms
nHeat = Efficiency of heating system
= 71%283
%GasHeat = Percentage of homes with gas heat
Heating Fuel | 9%GasHeat
Electric 0%
Gas 100%
Unknown 65%%%

Other factors as defined above

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

Survey))-See HC6:9- Space Heating-in-Mid Resi Js2
dential/data/20 6.9 > _1n-2000-29% of furn. purchased-in-Missouri-wer ing-{based-on-data-from-GAM
ided-to-D f Energy-during-the-federal setting-processforresi ial-heating-equipment - see Furnace Penetrationxds)—Furnaces-tend-to-last up-to-20-vears
P Y &) P eGP KIS) i ¥
and-so-units-purchased-15vears-ago-provide a broxy-for-the current-mixcof furnaces-in-the State—Assuming-typical-efficienciesfor i nd i
L Y go-p proxy g gHyp £ £l

inMidwest Reci g2

2025 MEEIA 4 2019-21Plan Revision 87.0 Page 74

[ Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal

[ Formatted: Indent: Hanging: 1.5"

[ Formatted: Normal

[Formatted: Indent: Left: 0"




Ameren Missouri Appendix | - TRM — Vol. 3: Residential Measuresg

3.3.5 Hot Water Pipe Insulation

DESCRIPTION
This measure applies to the addition of insulation to uninsulated domestic hot water (DHW) pipes. The measure assumes the pipe wrap is installed
on the first length of both the hot and cold pipes up to the first elbow or the first three feet of pipe length, whichever is longer. This is the most cost-

effective section to insulate since, close to the tank, the Water pipes act as an extensron of the hot water tank, WhICh actsas a heat trap. Insulatmg
this section helps to reduce standby Iosses hi

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 condition is a domestic hot or cold water pipe with pipe wrap installed that has an R value that meets program requirements.

DEFINITION OF BASELINE EQUIPMENT
The baseline condition is an uninsulated, domestic hot or cold water pipe.

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

DEEMED MEASURE COST

The measure cost is the actual cost of material and installation. If the actual cost is unknown, %ﬁ%
otherwise-assume a default cost of $7.10 267 per linear foot, including material and installation. Fera-kit-program—assume-a-defauli-cost

$2.87%

LOADSHAPE
Water Heating RES

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Custom calculation below for electric systems, otherwise assume 24.7 kWh per 6 linear feet of % in, R-4 insulation or 35.4 kWh per 6 linear feet
of 1in, R-6 insulation:

AKWh = %ElectricDHW * ((Cgase/Rgase — Cee/R_ge) * L * AT * Hours)/(nDHWgiec * 3,412) * ISR * (1 — Leakage)

Where:
%ElectricDHW = proportion of water heating supplied by electric resistance heating
DHW fuel YoElectricDHW
Electric 100%

285 2014 Database for Energy-Efficiency Resources (DEER), Version 2014, “Cost Values and Summary Documentation,” California Public Utilities Commission, January 2014.
Average of values for electric DHW (13 years) and gas DHW (11 years).
7 Costbasad 01 RS Means 2018 data

287 Average cost of R-5 plpe wrap mstallatlon from the National Renewable Energy Laboratory’s National Residential Efficiency Measures Database, https://remdb.nrel.gov/.
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[ Natural Gas [ 0% | - [Formatted Table
Chase = Circumference (ft) of uninsulated pipe

= Diameter (in) * n/12
= Actual or, if unknown, assume 0.144” based on a weighted average of 80% 0.50-inch diameter pipe and 20% 0.75-inch
diameter pipe.

Reese = Thermal resistance coefficient (hr-°F-ft?)/Btu) of uninsulated pipe
=1.02%0
Cee = Circumference (ft) of insulated pipe

= Diameter (in) * n/12

= Based on actual pipe diameter and insulation thickness; if unknown, assume 0.55” pipe diameter based on a weighted
average of 80% 0.50-inch diameter pipe and 20% 0.75-inch diameter pipe and 0.5” insulation thickness — using both
assumed values results in Cee of (0.55 + (0.5 * 2)) * n / 12 = 0.4058

. For instance, for a pipe insulated with 3/4 in, R-4 wrap, assume 0.524 ft for a 0.46 in diameter pipe ((0.75 + 1/2 + 1/2) *

/12

Ree = Thermal resistance coefficient (hr-°F-ft?)/Btu) of insulated pipe
=1.0 + R value of insulation
= Actual-er-H-unknown,-asstime-5.0-for-R-4-wrap-or-7-0-for R-6-wrap
L = Length of pipe from water heating source covered by pipe wrap (ft)
= Actual-er+ ;
AT = Average temperature difference (°F) between supplied water and outside air
= Actual or if unknown, assume 58.9°F%* for low income programs or 60°F?% for other programs.
Hours = Hours per year
= 8,766
NDHWEeiec = Recovery efficiency of electric hot water heater
= 0.98293
3,412 = Conversion factor from Btu to kWh
ISR =InstaHation-rate-(varies-by-program Actual, or if unknown, dBependent on program delivery method as listed in table
elow)
ISR
SehoohKits 56%> b [ Formatted Table
Mudtifamidy 100%*%
SFIE-KitsIncome 206
Eligible, PAYS 96%
PAYS 100%*%
Leakage = Percent homes outside service territory
289 A maren Missouri-Enerav-EfficientKits tmpact-and-Pr Evaluation:PY2019 -/ hAPAAA isp 6 g
24 P - P prayioc+oPag

290 “Measures and Assumptions for Demand Side Management (DSM) Planning; Appendix C Substantiation Sheets,” Navigant, April 2009,
https://www.oeb.ca/oeb/_Documents/EB-2008-0346/Navigant_Appendix_C_substantiation_sheet 20090429.pdf;: ‘Navigant_Appendix_C_substantiation_sheet_20090429.pdf’
page C-77.

291 Ameren Missouri Community Savers Evaluation PY2018, page 24.

292 Assumes 125°F water leaving the hot water tank and average basement temperature of 65°F.

293 Electric water heater recovery efficiency from AHRI database: http://www.ahridirectory.org/ahridirectory/pages/home.aspx.

294 Ameren-Missouri-EE-Kits-Evaluation-PY-2019-Appendi Page78

295

29 Ameren Missouri Community Savers Evaluation PY2018, page 24.
297 H 1 i i
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Program Leakage
SeheolKits 8.13%*8 «
Income
Eligible, PAYS 0%

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh * CF

Where:
AkWh A e «
Where:
AleWh—== -Electric energy savings, as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor

=0.0000887318

NATURAL GAS SAVINGS
Custom calculation below for gas DHW systems, otherwise assume 1.1 therms per 6 linear feet of % in, R-4 insulation or 1.5 therms per 6 linear
feet of 1 in, R-6 insulation:

ATherms = (1 - %ElectricDHW) * ((Cgase/Rpase — Cee/R_ee) * L * AT * Hours)/(nDHWeas * 100,000)

Where:
NDHWas = Recovery efficiency of gas hot water heater
= 0.78299
100,000 = Conversion factor from Btu to therms

Other variables as defined above.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

298]
299 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 78%.
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| to-target customers-with-existing-higherflow-devicesrather-than-those-with-exi s
t ) AR g
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= 58.4F*961 3F

electric = i : .

EXAMPLE

For example, a direct installed valve in a single-family home with electric DHW:
AkWh =1.0*(2.67 *0.89* 1.5* 0.66 * 365.25/ 2.05) * 0.108 * 0.91
=42 kWh
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EXAMPLE

For example, a direct installed thermostatic restrictor device in a single family home with electric DHW where
the number of showers is not known. -
AkW  =85.3/34.4 * 0.0022

=0.0055 kW

WaterHeating RES
EXAMPLE

For example, a direct installed thermostatic restrictor device in a single family home with electric DHW where
the number of showers is not known.
AKW  =85.3/34.4 * 0.0022
=0.0055 kW

* ((FDIM bhase-S—+ L h d icey+ Household +« SPCD + 365 7l:ll ('DLI) + EPG e JCR

[ Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal

[Formatted: Indent: First line: 0"

[ Formatted: Indent: First line: 0"

| Formatted: Keep with next

Electric 0% «
Natural- Gas 100% - Formatted: Font color: Background 1
Ynakrown 84%°+ h | Formatted: Keep with next
EPG_gas = Energy per gallon of Hot water supplied by gas
— * * *

=0.00501 Oharmlgal for SE homes

=0.00583 therm/gal for MF homes

= 7804 Ear SE hameag322

— szgi FBF ME hemesSZ—S
2100.000———=Converts Blus-to-therms-(blu/therny)

321 Dafault assumption-for-unk fuel-is-based-on-EFA-Residential-Energy-Consumption-Survey(RECS) 2009 for Midwest Reaion—data-for-the-state-of Hlinois—H utilitiesh:

a P gy 24 PA Vi GHOR; 3

322 DOE final-rule-discusses-recovery-efficiency-with-an-average-around-0.76-for gas-fired-storage-water-heaters-and-0.78-for y-gas-fired-tankless-water-heaters-up
10-0-95-for the-highestefficiency-gas-fired lensing-tankless water-heaters—These-Rumber: the-ranae-of-new-units-h notthe range-of-existing-units-in-stock:

oA P £) v ) £
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EXAMPLE

For example, a direct installed thermostatic restrictor device in a gas fired DHW single family home
where the number of showers is not known:
ATherms =1.0*((2.67 *0.89) * 2.56 * 0.6 * 365.25/ 1.79) * 0.00501 * 0.98
= 3.7 therms

EXAMPLE

For example, a direct installed thermostatic restrictor device in a single family home where the
number of showers is not known:
Agallons =((2.67 *0.89) * 2.56 * 0.6 * 365.25/ 1.79) * 0.98
=730 gallons
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3.4 HVAC
3.4.1 Advanced Thermostat

DESCRIPTION

This measure characterizes the household energy savings from the installation of a new thermostat(s) for reduced heating and cooling consumption
through a configurable schedule of temperature setpoints (like a programmable thermostat) and automatic variations to that schedule to better match
HVAC system runtimes to meet occupant comfort needs. These schedules may be defaults, established through user interaction, and be changed
manually at the device or remotely through a web or mobile app. Automatic variations to that schedule could be driven by local sensors and software
algorithms and/or through connectivity to an internet software service. Data triggers to automatic schedule changes might include, for example:
occupancy/activity detection, arrival & departure of conditioned spaces, optimization based on historical or population-specific trends, or weather
data and forecasts.®* This class of products and services are relatively new, diverse, and rapidly changing. Generally, the savings expected for this
measure aren’t yet established at the level of individual features, but rather at the system level and how it performs overall. Like programmable
thermostats, it is not suitable to assume that heating and cooling savings follow a similar pattern of usage and savings opportunity, so this measure
treats these savings independently. This is a very active area of ongoing study to better map features to savings value and establish standards of
performance measurement based on field data so that a standard of efficiency can be developed.®?® That work is not yet complete but does inform
the treatment of some aspects of this characterization and recommendations. Energy savings are applicable at the household level; installation of
multiple advanced thermostats per home does not accrue additional savings.

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

DEFINITION OF EFFICIENT EQUIPMENT

This measure involves replacement of a manual-only or programmable thermostat with one that has the default-enabled capability or the automatic
capability to establish a schedule of temperature setpoints according to driving device inputs above and beyond basic time and temperature data of
conventional programmable thermostats. As summarized in the description, this category of products and services is broad and rapidly advancing
with regard to thermostat capability, usability, and sophistication. At a minimum, a qualifying thermostat must be capable of two-way
communication®?® and exceed the typical performance of manual and conventional programmable thermostats through the automatic or default
capabilities described above.

DEFINITION OF BASELINE EQUIPMENT

The baseline is either the actual thermostat type (manual or programmable), if known,*7 or an assumed mix of both types based upon information
available from evaluations or surveys that represent the population of program participants. This mix may vary by program, but as a default, 44%
programmable and 56% manual thermostats may be assumed.3?®

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life for advanced thermostats is assumed to be 11 years.

324 For example, the capabilities of products and added services that use ultrasound, infrared, or geofencing sensor systems, automatically develop individual models of a home’s
thermal properties through user interaction. The thermostats optimize system operation based on equipment type and performance traits, such as using n weather forecasts, to
demonstrate the type of automatic schedule change functionality that apply to this measure characterization.

325 The ENERGY STAR® program discontinued its support for basic programmable thermostats effective 12/31/09 and is presently developing a new specification for "Residential
Climate Controls."

326 This measure recognizes that field data may be available, through the thermostat’s two-way communication capability, to more accurately establish efficiency criteria and make
savings calculations. It is recommended that program implementations incorporate this data into their planning and operation activities to improve understanding of the measure to
manage risks and enhance savings results.

327 |f the actual thermostat is programmable and is found to be used in override mode or otherwise is effectively being operated like a manual thermostat, then the baseline may be
considered to be a manual thermostat.

328 Value for blend of baseline thermostats comes from an Illinois potential study conducted by ComEd in 2013; Opinion Dynamics Corporation, “ComEd Residential
Saturation/End Use, Market Penetration & Behavioral Study,” Appendix 3: Detailed Mail Survey Results, April 2013, p. 34.

329 ||linois TRM Version 12.0, https://www.ilsag info/wp-content/uploads/IL-TRM _Effective_010124 v12.0 Vol 3 _Res 09222023 FINAL _clean.pdf, page 204. Based on 2017

Residential Smart Thermostat Workpaper, prepared by SCE and Nest for SCE (Work Paper SCE17HC054, Revision #0,
https://www.peakload.org/assets/'SCE17HC054.0_Residential_Sma.pdf: ‘SCE17HC054.0_Residential_Sma.pdf’). Estimate ability of smart systems to commue providing savings

after disconnection and conduct statistical survwal analysis which yields 9.2-13.8 year rangeFable-1-HVAC-Controls;- Measure-Life-ReportRi Industrial
! |n|rﬁmg nd-H C-Measux GDb:
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DEEMED MEASURE COST
For DI and other programs where installation services are provided, the actual material, labor, and other costs should be referenced, and incremental
cost of the advanced thermostat is equal to the actual total advanced thermostat material Iabor and other costs minus the $50 baseline thermostat

—For retail or other program types where actual advanced thermostat costs are known, the incremental cost of the advanced thermostat is equal to
the total cost of the advanced thermostat, minus the $50 baseline thermostat costFerretail-Bring-YourOwnTFhermoestat-{BYOF)-programs;**-of
otherprogram-types,-actual-costs-are-still-preferable 3%

-If actual costs are unknown, then the incremental cost for the advanced thermostat is assumed to be $79H-actual-costs-are-unknown;then-the-average
incremental cost-for the new installation measure is-assumed to-be $125.3%

LOADSHAPE
Cooling RES
Heating RES

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Electrical savings are a function of both heating and cooling energy usage reductions. For heating, this is a function of the percent of electric heat
(heat pumps) and fan savings in the case of a natural gas furnace.

AkWh = AkWheating + AkWhgooling Formatted: Subscript

Formatted: Subscript

AkWheating = %ElectricHeat * HeatingConsumptiongiecric * HF * HeatingReduction* Eff ISR + (ATherms * Fe * 29.3)

Formatted: Subscript

Formatted: Subscript

) Formatted: Subscript

AkWhyeg = %AC* ((EFLHyo * Capacityzoo* 1/SEER2)/1000) * CoolingReduction * Eff_ISR { Formatted: Subscript

Formatted: Subscript

Where: h [ Formatted: Indent: Left: 0", First line: 0"

%ElectricHeat = Percentage of heating savings assumed to be electric

Heating fuel %ElectricHeat

Electric 100%
Natural Gas 0%
Unknown 33%%%
331 i Hize ffiliated or-other-trade nll\ partners-that support-customer eH H through distribution-
prog P PP g g
installati A nd-other-senvi S B nT nroll-cL fter-the tim f ourch. Mr uah-onlinerebat nd- H K SIGR-HBS-
g P g P gR-Ups-

332 Actual costs include any one-time software integration, annual software maintenance, and/or individual device energy feature fees
333 Market prices vary considerably in this category, generally increasing with thermostat capability and sophistication. The core suite of functions required by this measure's
eligibility criteria are available on units readily available in the market roughly in the range of $100 and $150, excluding the availability of time or market-limited wholesale or
volume pricing. Analysis of the 2021 Pricing data from AIC’s Retail Products Program finds an average retail cost of $129 for Advanced Thermostats.The assumed cost for the
baseline equipment (blend of manual and programmable thermostats) is $50 which leads to an incremental cost of $79 for the measure. Illinois TRM Versmn 12.0

ttgs Iwww. |Isag |nfo/wg content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res 09222023 FINAL_clean.pdf, page 204'\/'“'/0' e L

g-with apability-and histication—The-core-suite-of functionsrequired-by-this measure's eligibi

- volurmo di Th assumed-i t is-based-on-th

LRt

B e
33 Ameren Missouri Efficient Products Evaluation: PY2020, https:/www.efis.psc.mo.gov/Document/Display/13830, page 40.

2025 MEEIA 4 2019-21Plan Revision 87.0 Page 85


https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124_v12.0_Vol_3_Res_09222023_FINAL_clean.pdf
https://www.efis.psc.mo.gov/Document/Display/13830

Ameren Missouri Appendix | - TRM — Vol. 3: Residential Measuress._ [Formaned: Font: (Default) Arial, 12 pt

[ Formatted: Normal

HeatingConsumptioneiectric = If heating equipment characteristics are known, equals ((EFLHheat * CapacityHeat * 1/HSPF2)/1000);
otherwise, eEstimate of annual household heating consumption for electrically heated single-family-homes.®

: Elec_Heating_ Consumption (kWh)3%
Weather Basis = =

(Ameren Missouri Average) Elgctrlc Electric Heat Unknoyvn

Resistance Pump Electric

SF or MF 14,202 8,355 11,456
| MFc (comprehensive envelope) | 4,832 [ 2,843 | 3,898 |
“ [ Formatted: Space Before: 6 pt, After: 6 pt
EFLHheat = Equivalent Full Load Heating Hours: **’

SF or MF
CapacityHeat = Capacity of air cooling system (Btu/hr) (Note: One ton is equal to 12,000 Btu/hr.) 3 [ Formatted: Space Before: 6 pt
= Actual
HSPF2 = the cooling equipment’s Seasonal Energy Efficiency Ratio rating (kBtu/kWh)
= Actual

335 Ameren Missouri Efficient Products Evaluation PY2018 workpapers. For Comprehensive Envelope (CompE) Measures, the ratio of MF effective full load hours (1496) to the

Opinion Dynamic recommendation for Comprehensive Envelope full load hours (509) was used to scale heating consumption values.

33 |id.

337 Evaluation - Opinion Dynamics review PY2019. The recommended values are constructed based on weather conditions (heating degree days and cooling degree days) in select
i i citi i e Gi K Ci ighted b | 19

Missouri cities (St. Louis, Ca artial year 2019 installations.
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HF = Household factor, to adjust heating consumption for non-single-family households. <«
Household Type HF
Single-Family 100%
Multi-Family 65%°3%
If heating equipment -
characteristics are 100%
referenced to calculate aa—
HeatingConsumptiongiectic
Actual Custom3*
HeatingReduction = Assumed percentage reduction in total household heating energy consumption due to advanced thermostat «

Existing Thermostat

Manual 8.8%
Programmable 5.6%
Blended Average 6.67%
Eff_ISR = Effective In-Service Rate, the percentage of thermostats installed and configured effectively for 2-way communication

ving F = Actual, or if unknown, for Efficient Products, use
programs, i+f using default savings, use 100%.%%2

98.8%.%, and for other

ATherms = Therm savings if natural gas heating system
= See calculation in natural gas section below
Fe = Furnace fan energy consumption as a percentage of annual fuel consumption
=3.14%3%
29.3 =KkWh per therm
%AC = Fraction of customers with thermostat-controlled air-conditioning
%AC ‘
Yes 100%
No 0%
Unknown Actual population data, or 91%3*
EFLHcool = Equivalent full load hours of air conditioning:

338 Multifamily household heating consumption relative to single family households is affected by overall household square footage and exposure to the exterior. This 65%
reduction factor is applied to multifamily homes with electric resistance, based on professional judgment that average household size, and heat loads of multifamily households are
smaller than single family homes.

339 program-specific household factors may be utilized on the basis of sufficiently validated program evaluations.

340 These values represent adjusted baseline savings values for different existing thermostats, as presented in Navigant’s IL TRM Workpaper on Impact Analysis from Preliminary
Gas savings findings (page 28) https://www.ilsag.info/wp-

content/uploads/SAG_files/Meeting_Materials/2015/December_2015_Meetings/Presentations/Smart_Tstat Preliminary_Gas_Impact Findings_2015-12-08_to_IL_SAG.pdf:;
‘Smart_Tstat_Preliminary_Gas_Impact_Findings 2015-12-08 to_IL_SAG.pdf’. The unknown assumption is calculated by multiplying the savings for manual and programmable
thermostats by their respective share of baseline. Further evaluation and regular review of this key assumption is encouraged. Ameren Missouri Efficient Products Evaluation
PY2017, https://www.efis.psc.mo.gov/Document/Display/14206, page 47.

341 Ameren Missouri Efficient Products Evaluation PY2019, https://www.efis.psc.mo.gov/Document/Display/15877, page 140-(Fable

342 As a function of the method for determining savings impact of these devices, in-service rate effects are already incorporated into the savings value for heating reduction above.
343 Fe is not one of the AHRI certified ratings provided for residential furnaces but can be reasonably estimated from a calculation based on the certified values for fuel energy (Ef
in MMBTU/yr) and Eae (kWh/yr). An average of a 300- record sample (non-random) out of 1495 was 3.14%. This is appropriately ~50% greater than the ENERGY STAR®
version 3 criteria for 2% Fe. See ““Programmable Thermostats Furnace Fan Analysis.xlsx’> for reference.

344919 of homes have central cooling in Missouri (based on 2009 Residential Energy Consumption Survey, see ““RECS 2009 Air Conditioning_hc7.9.x1s’?),
https://www.eia.gov/consumption/residential/data/2009/.
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Weather Basis (Ameren Missouri EFLHcool
Average ) (Hours)
SF or MF 869%°
| MFe(comprehensive envelope) [ 63234 |

CapacityCool = Capacity of air cooling system (Btu/hr) (Note: One ton is equal to 12,000 Btu/hr.)
= Actual installed - If actual size unknown, assume 36,000 Btu/h

SEER2 = the cooling equipment’s Seasonal Energy Efficiency Ratio rating (kBtu/kWh)
= Use actual SEER2 rating where it is possible to measure or reasonably estimate. If unknown assume 13.4 SEER213.%47
1/1000 = kBtu per Btu
CoolingReduction = Assumed percentage reduction in total household cooling energy consumption due to installation of advanced
thermostat

= If programs are evaluated during program deployment then custom savings assumptions should be applied.
Otherwise use:
= 8.0%*®

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = AkWhCoolmg *CE

Where:
AkWheooling Ak =AW hegsrmg+CF [Formatted: Subscript
Where:
JW-hermg—= Electric energy savings for cooling, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0009474181%°

NATURAL GAS ENERGY SAVINGS

ATherms = %FossilHeat * HeatingConsumptiong,s * HF * HeatingReduction * Effysz [For ted: Subscript
. r . L [ Formatted: Subscript
Where: o [Formatted: Normal, Space Before: 0 pt
%FossilHeat = Percentage of heating savings assumed to be nNatural gGas { Formatted: Indent: Left: 0"
Heating fuel %FossilHeat |

Electric 0%

Natural Gas 100%

Unknown 67%3°

HeatingConsumptiongas

345 pY2019 evaluation report, https://www.efis.psc.mo.gov/Document/Display/15876, page 30Based-on-full-oad-hour-assumpti (for St Louis and Kansas City) taken from th

ENERGY-STAR' ealeulaior

uri-territorywhich

aluationresults-in-Ameren-Mi

-/ hAAARA govli i hasin ing \ and-redu
e belk—purcha e a xds) €

d-by-28-5% based-on-the

Astructed-based-on-w tina-dearee-days-and i
< g-aegl Y g-aeg

review-PY.2019_Th

346_Eyaluation—Opinion-D: days)-in-select
P b4 YSr

Missouri-citi (St} nic Cape-Gi - +—Kan: r‘ih\ ':" b p rtial-yvear-2019-installations-

%7 Based on minimum federal standard: p-thwnwi-eere-energy-gov/buildings/appliance_standards/residential/residential cac_hp-

348 This assumption is based upon the review of many evaluations from other reglons in the United States. Cooling savings are more vanable than heating due to significantly more
variability in control methods and potential population and product capability.

349 Based on Ameren Missouri TRM Volume 1 - Appendix G: "Table 1 Re5|demlal End Use Cateqow Monthly Shapes and Comudem Peak Factors" QO%AmeFen—MlsseuH
GCoineidentPeak-Demand-Factor-for Residential Cooling.-Seeref = e e

30 Ameren Missouri Efficient Products Evaluation: PY2020, https://www.efis.psc.mo. qoleocumenUDlsglay/BBSO page 41.
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= Estimate of annual household heating consumption for gas heated single-family homes.®s

Weather Basis
(City based upon)
St Louis, MO 682
Other variables as provided above.

Gas_Heating_ Consumption (Therms)

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

351 Values in table are based on average household heating load (834 therms) for Chicago based on Illinois furnace metering study (:(Table E-1, Energy Efficiency/Demand
Response Nicor Gas Plan Year 1: Research Report: Furnace Metering Study, Draft, https://www.icc.illinois.gov/docket/P2012-0528/documents/201939/files/355536. udf
<355536.pdf’, Navigant, August 1 2013Fable-E-1-Energy-Efficiency/Demand-R Nicor-Gas-Plan-Year1-Ri h-Report—Furnace-Metering-Study;-DraftNavi

) and adjusted for Missouri cllmate region values using the relative climate- normal HDD data wnh a base temp ratio of 60°F. This load value is then divided by
standard assumption of existing unit efficiency of 83.5% (estimate based on 29% of furnaces purchased in Missouri were condensing in 2000 (based on data from GAMA,
provided to Department of Energy) (see ‘Thermostat FLH and Heat Load CalcsT FiH-and-Heat-Load-Cales.xls’). The resulting values are generally supported by data
provided by Laclede Gas, which showed an average pre-furnace replacement consumption of 1009 therms for St Louis, and a post-replacement consumption of 909. Assuming a
typical hot water consumption at 225 therms (using defaults from http://energy.qov/eere/femp/energy-cost-calculator-electric-and-gas-water-heaters-O#output), this indicates a
heating load of 684-784 therms. Ameren Missouri Efficient Products Evaluation PY2017, https://www.efis.psc.mo.gov/Document/Display/14206, page 47.
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3.4.2 Air Source Heat Pump Including Dual Fuel Heat Pumps

DESCRIPTION

An air source heat pump (ASHP) provides heating and/or cooling by moving heat between indoor and outdoor air. A cold climate air source heat
pump (ccASHP) operates the same as a traditional ASHP, but is able to meet a home’s full heating load at lower outdoor temperatures approaching
0°F. A dual fuel heat pump (DFHP) pairs an air source heat pump with a gas furnace such that the air source heat pump provides heating in mild
weather, and as temperature drops the heat pump shuts off and the furnace provides heating. This measure may also apply to replacing a Central Air
Conditioner with non-electric heating with an Air Source Heat Pump. In this case, only cooling savings (ER1, ER2, ROF) may be claimed using the
ASHP cooling algorithm. This measure applies to central ducted systems and single zone split-systems with ductless indoor units that are capable
of meeting a home’s full cooling and heating demand.

This measure characterizes:

1. TOS, NC: The installation of a new residential sized (<= 65,000 Btu/hr) air source heat pump that is more efficient than required by federal
standards. This could relate to the replacement of an existing ASHP at the end of its useful life or the installation of a new ASHP in a new
home.

2. EREP: The early removal of functioning electric heating and cooling systems from service, prior to its natural end of life, and replacement
with a new high efficiency ASHP unit. For the early replacement baseline to apply, program participants or installation contractors must
provide documentation asserting that the existing units operated when turned on—whether or not they provided cooling—and the existing
unit brand name and model number must be documented or, if the nameplate |s not readable a photoq@ah of the unit in context and the

nameplate specifically must be provided A . If the SEER
and/or HSPF of the existing unit are known, the basellne SEER and/or baselme HSPF should be the actual values of the umt replaced If
unknown use the assumptlons prowded in the variable Ilst below

# (SEERZeqs and HSPF2eas). If the

operatlonal status of the eX|st|ng unlt is unknown, use TOS assumptlons.

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

DEFINITION OF EFFICIENT EQUIPMENT
A new residential-sized (<= 65,000 Btu/hr) air source heat pump with specifications to be determined by the program.

The heating capacity of the efficient heat pump should be within 90% to 120% of the capacity of the existing equipment, unless the trade ally can
provide documentation confirming the existing system is oversized. It is recommended to collect the existing and new unit capacities to confirm
that the heat pump has sufficient capacity to minimize use of backup electric resistance heating.

Using a dual fuel heat pump, which uses a gas furnace for heating at lower outside air temperatures, or a cold climate rated heat pump are two
options to ensure minimal use of backup electric resistance heating.

DEFINITION OF BASELINE EQUIPMENT
A new residential-sized (<= 65,000 Btu/hr) air source heat pump meeting federal standards.

bew@%%%dep&w&tandard&ﬁhe baselme for the TOS measure is the federal standard ef'fluency Ievel 1—55&%&&438&%2—)14 3
SEER?2 and 8:6-HSPF{75-HSPF2}7.5 HSPF2, when replacing an existing air source heat pump; and $4-SEER{13.4-SEER2)13.4 SEER2 and 3.41
HSPF when replacing a central air conditioner and electric resistance heating. Non-electric heating replaced with an air source heat pump can only
claim cooling savings. Under the new federal standards, the M1 testing protocol was revised, resulting in new SEER and HSPF performance metrics,
now called SEER2 and HSPF2. When quantifying energy savings, the SEER2 and HSPF2-same metrics should be used for the existing, baseline,
and new equipment. The following conversion formulas can be used to convert between efficiency metrics:

SEER2 = SEER x-* 0.96
HSPF2 = HSPF x-* 0.87
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The baseline for the early replacement measure is the efficiency of the existing equipment for the assumed remaining useful life of the unit and the
new baseline as defined above for the remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 18 years.®?
Remaining life of existing ASHP/CAC equipment is assumed to be 6 years®*® and 18 years for electric resistance.

DEEMED MEASURE COST

PralFug-Heat-Puip:

SEER 15 $1,019.81 1L TRM V8.0
SEER 16 $1,154.81 1L TRM V8.0
SEER 19 500098 ($iunit) and-the percent
SEER 2L $2406.74 VO{$hon)
Zayaatactzalbvalinsealenlaina-hasndaaattorsysion:

[ Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal

[ Formatted: Not Highlight

new baseline 80% AFUE furnace or $4,053 for a new 84% AFUE boiler®>® and $3,338 for new baseline Central AC replacement®*).

352 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007,
/lenergizect.com/sites/default/files/documents/Measure%20L ife%20Report%202007.pdf;
Rep pdfpage1-3-: ‘Measure Life Report 2007.pdf’, page 1-3.

353 Assumed to be one third of effective useful life.
I

Field Code Changed

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

3% See ‘Technical Standard Document APPENDIX_E.pdf’.
3% See “CAC Costs 09.02.2024.x1Isx’.,
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Early Replacement: The actual full installation cost of the ASHP (including any necessary electrical or distribution upgrades required) should be
used. The assumed deferred cost (after the appropriate number of years described above) of replacing existing equipment with a new baseline unit

is assumed to be $7,722 + $674 per ton for a new baseline ASHP, or $2,296 for a new baseline 80% AFUE furnace or $4,627 for a new 84% [ Formatted: Not Highlight

AFUE boiler and $3,670 for new baseline Central AC replacement.?s” This future cost should be discounted to present value using a 2.31%
nominal societal discount rate, based on the ten year average (1/1/2014 — 12/31/2023) of the 10 year Treasury bond yield rates. 38

If the install cost of the efficient ASHP is unknown, assume the following (note these costs are per ton of unit capacity);3%°

15.2 $7,000 + $600/ ton
16.2 $7,286 + $600/ ton
17.1 $7,495 + $600/ ton
18.1 $7,720 + $600/ ton
19.0+ $7,946 + $600/ ton

When a non-electric heating system is replaced with an ASHP, and the program administrator is only claiming energy savings from cooling (i.e.,
no heating savings are claimed due to the fuel switch), the incremental costs should be adjusted to reflect the proportion of claimed savings.

The incremental cost of the ASHP shall be adjusted by applying a factor that represents the ratio of the claimed cooling savings to the total
potential energy savings (inclusive of both cooling and unclaimed heating savings). This adjustment ensures that the incremental cost used in cost-
effectiveness testing is proportional to the benefits being claimed, thus avoiding a mismatch between costs and benefits.

Calculation Method:

1. Determine Total Potential Savings: Calculate the sum of the potential energy savings from both cooling and heating (even if heating S [Formmed; Underline

Formatted: List Paragraph,TT - List Paragraph,

g' Numbered + Level: 1 + Numbering Style: 1, 2, 3, ... +
- - - Startat: 1+ Ali t: Left + Aligned at: 0.25"
then applied to the full incremental cost of the ASHP. | ane ,+  nment: tett = Allgned @ *
ndent at: 0.5
Adjusted Incremental Cost=___ (Claimed Savings (kwh) / Total Potential Savings (kwh)) * Full Incremental Cost) [ Formatted: Underline

[ Formatted: Underline

LOADSHAPE
Cooling RES
Heating RES

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

TOS:

[ Formatted: Font: (Default) Times New Roman

Formatted: Font: (Default) Times New Roman

257 All baseline replacement costs are consistent with their respective measures and include inflation rate of 1.98%.

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

( Formatted: Not Highlight

Incremental Cost Analysis Update”, December 19, 2016 study results.
360 thid.-$1381 per-ton-({ TRM-V/8.0)-inflated-using rate-of 2.0% [ Formatted: Font: (Default) Times New Roman, 9 pt
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AkWh = [((EFLHgoo_* Capacitygool * (1/SEER2pase - L/SEER2;)) / 1000) + ((EFLHpear * Capacitypea * (1/HSPF2psse - 1/HSFP2c)) / /{ Formatted [—j
1,000)] * ISR ]

[ Formatted: Indent: Left: 0", Hanging: 1"

Cooling only for Central Air Conditioning and Non-Electric Heating Backup

AkWh = [((EFLHgoo1_* Capacitygool * (1/SEERZpase - 1/SEERZze)) / 1000) * ISR /{ Formatted

EREP:*%

AkWh for remaining life of existing unit (1st 6 years for replacing an ASHP, 18 years for replacing electric resistance):

= [((EFLHgoo * Capacitygool * (1/SEERZxist - 1/SEERZ;e)) / 1000) + ((EFLHpear * Capacitypear * (1/HSPF2pxist - 1/HSFP2;e)) / <‘/{ Formatted

1,000 * ISR

[ Formatted: Indent: Left: 1"

Hal

Cooling only for Central Air Conditioning and Non-Electric Heating Backup

AkWh =[((EFLHgo0 * Capacitygool * (1/SEERZpst - 1/SEER2e)) / 1000) *ISR /{ Formatted

AkWh for remaining measure life (next 12 years if replacing an ASHP):

=[((EFLHgo0 * Capacitygool * (1/SEERZpase - 1/SEERZ)) / 1000) + ((EFLHpeat * Capacitypeat * (1/HSPF2pese - 1/HSFP2e)) / ‘/{ Formatted

*
1,000)] * ISR [Formatted: Indent: Left: 1"

Hallal

Cooling only for Central Air Conditioning and Non-Electric Heating Backup

AkWh = [((EFLHgoo1_* Capacitygool * (1/SEERZpase - 1/SEERZze)) / 1000) * ISR /{ Formatted

-«
[ Formatted: Normal

“3 [ Formatted: Indent: Left: 0"
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- [ Formatted: Indent: Left: 0", First line: 0
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Where:

31 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to efﬂment) and the remaining phase (new baseline to

effluem . n ractice. the screenin tools used may either re U|re a first car savi ings usm hy i - ears to adjustment” and “savings
362-Tha hax guations-are ided-to-show-how-savings-ar | rhmnn the-initial nhac f-the-m L isth 14 fficient)-and-th A oh {new-baseline-t
&) P g g ) g-phase{
effi lnnr). 1 prar\n . the. } tools-used ma:y aither rnqnira afirst ¥ it {ust thefirst H ) d-th - b. £ Y d4 S v 1
di S t—which-would-be-the-either-the-new-base-to Tt savinas-or-the isti to- cH CXVITTo13
t Pty g 8 g gs-
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EFLHcool = Equivalent full load hours of air conditioning:3®

Weather Basis (Ameren Missouri

EFLHecool (Hours)

Capacitycool = Cooling Capacity of Air Source Heat Pump (Btu/hr)
= Actual (1 ton = 12,000Btu/hr)
SEER2exist = Seasonal Energy Efficiency Ratio of existing cooling system (kBtu/kWh)

= Use actual SEER2 rating where it is possible to measure or reasonably estimate. If using rated efficiencies, derate the
efficiency value based on the age of the existing equipment (up to a maximum of 30 years) to account for degradation
over time.*® If age is unknown, use 12 years.

= SEER2 * (1-0.011-1.449%)A%

If rated efficiency is unknown, use defaults provided below, which are already adjusted to account for age-related
degradation:

Existing Cooling System SEER exist®®®
Air Source Heat Pump #26.91
Central AC 6.853
No central cooling®®’ Let ‘1/SEER2exist” = 0
SEER 2base = Seasonal Energy Efficiency Ratio of baseline Air Source Heat Pump (kBtu/kWh)368

= 14°%-through-12/31/2023-and-15(14.3 SEER2)-beginning-1/1/202437° when replacing an ASHP
14(SEER?2 13.4) when replacing a CAC

SEER2ee = Seasonal Energy Efficiency Ratio of efficient Air Source Heat Pump (kBtu/kWh)
= Actual
EFLHneat = Equivalent full load hours of heating:3"*

Weather Basis (Ameren Missouri EFLHeat (Hours)

1496 for ASHP, 1119 for DFHP,
and 1769%72 for ccAHSP

Average)

SF or MF

363 Y2019 HVAC Evaluation, https://www.efis.psc.mo.gov/Document/Display/13830, page 4.
TAR®. leulator

the ENERG

Opinion-D review PY2019 The values are constructed-based-on-weather it {heating-d ys-and-cooling degree-days)-in-select

Missouri-cities{St—Louis—Cane-Girardeau—Kansas-City) hted-byv-partial r2019 instalation
- g T Y £} Y Y -

p
365 |1linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res_09222023 FINAL_clean.pdf, page 112. Justification for

degradation factors can be found on page 14 of ‘AlIC HVAC Metering Study Memo FINAL 2 28 2018.docx’. Estimate efficiency as (Rated Efficiency * (1-0.01)"Equipment

Age) i iustification-fordecradation fack page 21 of ‘AIC HVAC Metering Study M. EINAL 2 28 2018’ Default of 12 years based-on
th o

measure ife-of the equipment.

g P
366 ASHP existing efficiency assumes degradation and is sourced from the Ameren Missouri Heating and Cooling Program Impact and Process Evaluation: Program Year 2015.
CAC assumed to follow the same trend in degradation as the ASHP: 9.12 SEER nameplate to 7.2 (6.91 SEER?2) operations SEER represents degradation to 78.9% of nameplate.
78.9% of 8.6 SEER CAC nameplate gives an operational SEER of 6.8 (6.53 SEER2).

367 1 there is no central cooling in place but the incentive encourages installation of a new ASHP with cooling, the added cooling load should be subtracted from any heating
benefit.

368 SEER to SEER2 conversion factor: SEER2 = SEER *x 96%. Conversion factor for SEER to SEER? is used when converting an existing system that is rated in SEER to
SEER?2. 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 SEER2 terms

i e S isting o H icien Faatit 1 iR same-metri o '3 e Vit
before apph{mg formulasThe-effi v } J f-th T I8 b } . d-effi - b p thy f ( G both-SEER. I:I:D7) bef palying
formulas.

369 g 0

370 Based on minimum federal standard effective 1/1/2023: 10 CFR 430.32(c)(5)

371 Ameren Missouri HVAC Evaluation PY2017, https://www.efis.psc.mo.gov/Document/Display/14208, page 37.

372 Evaluation — Opinion Dynamics review PY2022. The recommended values are constructed based on weather conditions (heating degree days and cooling degree days) for St.
Louis and technological differences between traditional and cold climate heat pumps, which are capable of meeting whole home heating requirements at lower temperatures than
traditional heat pumps, resulting in increased effective full load operating hours.
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Weather Basis (Ameren Missouri
Average)

EFLHneat (Hours)

Capacityneat = Heating Capacity of Air Source Heat Pump (Btu/hr)
= Actual (1 ton = 12,000Btu/hr)

HSPF2exist = Heating Seasonal Performance Factor of existing heating system (kBtu/kWh)
= Use actual HSPF2 rating where it is possible to measure or reasonably estimate. If using rated efficiencies, derate the
efficiency value based on the age of the existing equipment (up to a maximum of 30 years) to account for degradation
over time.*’ If age is unknown, use 12 years.
= HSPF2 * (1-0.01)"%
=If rated efficiency is unknown, use defaults prowded below which should not be furth er ad usted to account for age-
related degradation a va :

h [ Formatted: Indent: Left: 0"
Existing Heating System HSPFexist
Air Source Heat Pump 444913
| Electric Resistance | 3.4157 |
HSPF2base = Heating Seasonal Performance Factor of baseline Air Source Heat Pump (kBtu/kWh)377
= 8.33*-through-12/31/2023-and-8-6(7.5 HSPF2)-beginning 1/1/2024°%7
HSFP2ee = Heating Seasonal Performance Factor of efficient Air Source Heat Pump
(kBtu/kWh)
= Actual
ISR = In-s-Service rRate. Actual, or if unknown, assume—= 100%°3°
SUMMER COINCIDENT PEAK DEMAND SAVINGS
AKW = AkWhcooling * CF
Where:
AkWheooling = Electric energy savings for cooling, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0009474181
Al = AW « CF
Al M b 1
O =0.0009474181
NATURAL GAS SAVINGS
N/A
373_Eyaluation r'\nini nl’\ H review-P¥Y.2019 Th: {ad-values-ar nstructed-based-on-weather {iti Ih cinnd g Aa s and- Iinn:l gr Aa c\ n lect
Missouri-citi IQ' L |||c I" n Gi d b Kan: Cib) Tt { by nartial mnr 2019 § on:

Y Y

374 11linois TRM Version 120 https: //WWWlIsaq info/wp-con ent/ugloadslIL TRM Effective 010124 v12.0_Vol_3_Res 09222023 FINAL_clean.pdf, page 112. Justlflcanon for
degradation factors can be found on page 14 of ‘AIC HVAC Metering Study Memo FINAL 2_28_2018.docx’. Estimate efficiency as (Rated Efficiency * (1- "E

Age).
375 |bid., page 110Fhis-
0-596-and-applyin

376 Electric resistance has a COP of 1.0 which equals 1/0.293 = 3.41 HSPF.
377 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 HSPFZ
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

HSPF2 terms) before applying formulas.

% Ameren-Missouri-HVAG Evaluati A-PY201

379 Based on minimum federal standard effective 1/1/2023: 10 CFR 430.32(c)(5)
380 Ameren Missouri HVAC Evaluation: PY2020, https://www.efis.psc.mo.gov/Document/Display/13831, page 53.
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WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
MEASURE CODE:
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Duct Sealing and Duct Repair

DESCRIPTION

This measure describes evaluating the savings associated with performing duct sealing to the distribution system of homes with central cooling
and/or a ducted heating system. While sealing ducts in conditioned space can help with control and comfort, energy savings are largely limited to
sealing ducts in unconditioned space where the heat loss is to outside the thermal envelope. Therefore, for this measure to be applicable at least 30%
of ducts should be within unconditioned space (e.g., attic with floor insulation, vented crawlspace, unheated garages; basements should be considered
conditioned space).

Three methodologies for estimating the savings associate from sealing the ducts are provided.

1.

Modified Blower Door Subtraction — this technique is described in detail on p. 44 of the Energy Conservatory Blower Door Manual;
http://dev.energyconservatory.com/wp-content/uploads/2014/07/Blower-Door-model-3-and-4.pdf.

It involves performing a whole house depressurization test and repeating the test with the ducts excluded.

Duct Blaster Testing - as described in RESNET Test 803.7:

httpHwananresnetus/standards/DRAFT-Chapter—8—July—22 pdf-https://energyconservatory.com/wp-content/uploads/2014/09/RESNET-
Standards-Chapter-8.pdf
This involves using a blower door to pressurize the house to 25 Pascals and pressurizing the duct system using a duct blaster to reach
equilibrium with the inside. The air required to reach equilibrium provides a duct leakage estimate.

Deemed Savings per Linear Foot — this method provides a deemed conservative estimate of savings and should only be used where
performance testing described above is not possible.

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 condition is sealed duct work throughout the unconditioned space in the home.

DEFINITION OF BASELINE EQUIPMENT
The existing baseline condition is leaky duct work with at least 30% of the ducts within the unconditioned space in the home.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The assumed lifetime of this measure is 20 years.3*

DEEMED MEASURE COST
The actual duct sealing measure cost should be used.

LOADSHAPE
HVAC RES

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Methodology 1: Modified Blower Door Subtraction

Formatted: Indent: First line: 0.5"

a. Determine Duct Leakage rate before and after performing duct sealing:
b [Formatted: Indent: Left: 0.5, No bullets or
Duct Leakage (CFM50p.) = (CFM50whole House = CFM50gnvelopeonty) * SCF b [ -
a P Formatted: Subscript
DuetLeakage(CEMSO 5 —=(CEMSO e CEMSO o Y+ SCE [Formatted: Subscript
Where: [ Formatted: Subscript

381 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007, https://www.caetrm.com/media/reference-

Formatted: Normal, No bullets or numbering

documents/HVAC_Ltg_measure_life GDS_2007.pdf; ‘HVAC_Ltg_measure_life GDS_2007.pdf’, page 1-3.

2025 MEEIA 4 2019-21-Plan Revision 87.0 Page 97


http://dev.energyconservatory.com/wp-content/uploads/2014/07/Blower-Door-model-3-and-4.pdf
https://www.caetrm.com/media/reference-documents/HVAC_Ltg_measure_life_GDS_2007.pdf
https://www.caetrm.com/media/reference-documents/HVAC_Ltg_measure_life_GDS_2007.pdf

Ameren Missouri Appendix | - TRM — Vol. 3: Residential Measuresgs
CFM50whole House = Standard Blower Door test result finding Cubic Feet per Minute at 50 Pascal pressure differentials
CFM50gnvelope only = Blower Door test result finding Cubic Feet per Minute at 50 Pascal pressure differentials with all supply and
return registers sealed
SCF = Subtraction Correction Factor to account for underestimation of duct leakage due to connections between the

duct system and the home. Determined by measuring pressure with respect to the building in the sealed duct
system, with the building pressurized to 50 Pascals with respect to the outside. Use the following look up table
provided by energy conservatory to determine the appropriate subtraction correction factor:

House  Subtraction House  Subtraction
to Duct ~ Correction to Duct ~ Correction
Pressure Factor Pressure Factor
50 1.00 30 2.23
49 1.09 29 2.32
48 1.14 28 2.42
47 1.19 27 2.52
46 1.24 26 2.64
45 1.29 25 2.76
44 1.34 24 2.89
43 1.39 23 3.03
42 1.44 22 3.18
41 1.49 21 3.35
40 1.54 20 3.54
39 1.60 19 3.74
38 1.65 18 3.97
37 171 17 4.23
36 1.78 16 451
35 1.84 15 4.83
34 191 14 5.20
33 1.98 13 5.63
32 2.06 12 6.12
31 2.14 11 6.71

b. Calculate duct leakage reduction, convert to CFM25p, *2and factor in Supply and Return Loss Factors:

Duct Leakage Reduction (ACFM25p,) = (PreCEM50p.— PostCFM50p.) * 0.64 * (SLF + RLF)

(
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0.64 = Converts CFM50p, to CFM25p, 38

SLF = Supply Loss Factor®
= % leaks sealed located in Supply ducts * 1
Default = 0.5%%

382 25 Pascals is the standard assumption for typical pressures experienced in the duct system under normal operating conditions.

383 To convert CFMS50 to CFM25, multiply by 0.64 (inverse of the “Can’t Reach Fifty” factor for CFM25; see Energy Conservatory Blower Door Manual).

384 Assumes that for each percent of supply air loss there is one percent annual energy penalty. This assumes supply leaks are direct losses to the outside and are not recaptured
back to the house. This could be adjusted downward to reflect regain of usable energy to the house from duct leaks. For example, during the winter some of the energy lost from
supply leaks in a crawlspace will probably be regained back to the house (sometimes 1/2 or more may be regained). More information provided in “Appendix E Estimating HVAC
System Loss From Duct Airtightness Measurements™ from Energy Conservatory Blower Door Manual.

385 Assumes 50% of leaks are in supply ducts.
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RLF = Return Loss Factor®®
= % leaks sealed located in Return ducts * 0.5
Default = 0.25%"

c. Calculate electric savings
AkWh = AkWhgooling + Ak Whyieating

[ Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal

If the home has central cooling, the electric energy saved in annual cooling due to the duct sealing and repair is:

b AKWhcooling = (ACFM25p/((Capacitycoo/12,000 * 400)) * EFLHcool * Capacitycon)/(1,000 *SEER2) -
Wh = AW hCooli KW hHeati
. ACEMZ S5y « EELHeool+ CapacityCool
MW hCooling—— L pEEHC oS R =D b
. ACEM2Sy « EELHheat—+CapacityHeat
MW hHeating _ {CapaeityHeat/12;000—+400)
COP-=-3:412

B e St
Where:

ACFM25pL = Duct leakage reduction in CFM2 as calculated above

CapacityCool = Capacity of Air Cooling system (Btu/hr)

= Actual

12,000 = Converts Btu/H capacity to tons

400 = Conversion of Capacity to CFM (400CFM / ton) %8

EFLHcool = Equivalent Full Load Cooling Hours:%®

Weather Basis (Ameren Missouri EFLHcool
(Hours)

1,000 = Converts Btu to kBtu
SEER2 = Seasonal Energy Efficiency Ratio of Air Conditioning equipment (kBtu/kWh)
= Actual - If not available, following: 39

Before 2006 9.5

38 Assumes that for each percent of return air loss there is a half percent annual energy penalty. Note that this assumes that return leaks contribute less to energy losses than do
supply leaks. This value could be adjusted upward if there was reason to suspect that the return leaks contribute significantly more energy loss than “average” (e.g., pulling return
air from a super-heated attic), or can be adjusted downward to represent significantly less energy loss (e.g., pulling return air from a moderate temperature crawl space). More
information provided in “Appendix E Estimating HVAC System Loss From Duct Airtightness Measurements” from Energy Conservatory Blower Door Manual.

387 Assumes 50% of leaks are in return ducts.

388 This conversion is an industry rule of thumb. E.g., see htip:/wan-hvaesalesandsupp

- https://www.brinco.com/2016/02/04/is-there-a-! rule of-| thumb that-i-can-use-that- would tell-me-how-many-cfms-an-ac-would-need-

(at 65F
A\

leulatedusi ing-the-+ Lativ

i
lues-ar limate-normals

A ystar-g
EFLH6f869-Th

Mps //www efis.psc.mo. qov/DocumentlDlsgIa /15876, page 30

3% Evaluation—Opinion-Dy review PY2019 The Jad values-areconstructed-based-on-weather diti (heating-degree-days-and-cooling-degree-days)-in-select

therweatherbasi

t noint)
PoiRt)

Missouri-cities{ r Loui P:nar deauKansas-City)-weighted by partial-year 2019 i

391 These default system efflmenues are bas d on the applicable minimum Federal Standards. In 2006 the Federal Standard for Central AC was adjusted. While one would expect
the average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time mean that using the minimum standard is appropriate. Note all
ratings have been converted to SEER2 equivalents — since the new rating better reflects the actual efficiency of the units.
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2006 - 2014 12.4
Central AC After 1/1/2015 12.4
Heat Pump After 1/1/2015 133
use:*
L 10
2006
After 13
2006
Before 10
2006
2006- 13
eat-Pump 2014
2015 14
on

If the home is heated with electric heat (resistance or heat pump), the electric energy saved in annual heating due to the added insulation is:
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AkWhHeatinggiectic = (ACEM25p./((Capacitypea/12,000 * 400)) * EFLHhea * Capacitypea)/(COP * 3,412) 3
Where; .
CapacityHeat = Heating output capacity (Btu/hr) of electric heat
= Actual
EFLHheat = Equivalent Full Load Heating Hours: 3
Weather Basis (Ameren Missouri EFLHheat
SF or MF 1496
COP = Efficiency in COP of Heating equipment

= Actual - If not available, use:**

Heat Pump Before 2006 5.8 1.44
(if age unknown After 2006 - 2014 6.5 1.62
assume 2006-2014) 2015 on 7.0 1.74
Resistance N/A N/A 1.00
Unknown®% N/A N/A 1.28
392 Thy default sustam effici H are based-on-th £t licable minimum-federal {ards—n-2006-the federal i, { for ntral AC was-adiusted \Whil newould pn + tha

393 Evaluation - Opinion Dynamics review PY2019. The recommended values are constructed based on weather conditions (heating degree days and cooling degree days) in select
Missouri cities (St. Louis, Cape Girardeau, Kansas City), weighted by partial year 2019 installations.

394 Thasa default system-effici are based-on-th minimum-federal lards—n-2006-the federal
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n assumes 35% Heat Pump and 65% Resistance, which is based upon data from Energy Information Administration, 2009 Residential Energy Consumption Survey, ;

39 Calcula
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https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xIs: ‘hc6.9.x1s, Average efficiency of heat pump is based on assumption that 50% are units from before 2006 and ]

50% from 2006-2014. Program or evaluation data should be used to improve this assumption if available,
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Before 2006 6.8 17
Heat-Pump 2006-2014 737 192
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If the home is heated with natural gas, the electric energy saved in annual heating due to the added insulation is: - Formatted: Widow/Orphan control, Tab stops: 2", Left
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Where:
Pre_CFM25 = Duct leakage in CFM25 as measured by duct blaster test before sealing
Post CFM25 = Duct leakage in CFM25 as measured by duct blaster test after sealing
| All other variables as provided above
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3% F, is not one of the AHRI certified ratings provided for residential furnaces but can be reasonably estimated from a calculation based on the certified values for fuel energy (Ef
in MMBtu/yr) and Eae (KWh/yr). An average of a 300 record sample (non-random) out of 1495 was 3.14%. This is, appropriately, ~50% greater than the ENERGY STAR®
version 3 criteria for 2% Fe.

397 Savings per unit are based upon analysis performed by Cadmus for the 2011 lowa Joint Assessment of Potential. It was based on 10% savings in system efficiency. This would
represent savings from homes with significant duct work outside of the thermal envelope. With no performance testing or verification, a deemed savings value should be very
conservative and therefore the values provided in this section represent half of the savings — or 5% improvement. These values are provided as a conservative deemed estimate for
Missouri, while encouraging the use of performance testing and verification for determination of more accurate savings estimates.
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Ameren Missouri

Where:
= Annual cooling savings per linear foot of duct®

CoolSavingsPerUnit

398 MO TRM, page 97, https://dnr.mo.gov/document-search/missouri-technical-reference-manual-2017-volume-3-residential-measures
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Building Type HVAC System CoolSavingsPerUnit (kWh/ft)
Multifamily Cool Central 0.70
Single-family Cool Central 0.81
Manufactured Cool Central 0.95
Multifamily Heat Pump—Cooling 0.70
Single-family Heat Pump—Cooling 0.81
Manufactured Heat Pump—Cooling 0.95
Ductiength = Linear foot of duct
= Actual
HeatSavingsPerUnit = Annual heating savings per linear foot of duct22®
Building Type HVAC System HeatSavingsPerUnit (kWh/ft) |
Manufactured Heat Pump—Heating 5.06
Multifamily Heat Pump - Heating 3.41
Single-family Heat Pump— Heating 4.11

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Where:

AkW = AkWh * CF

AkWh

= Electric energy savings, as calculated above

Where:
CF

AW ——— = MW h €

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

=0.0004660805*°

NATURAL GAS SAVINGS
For homes with Natural Gas Heating:

Methodology 1: Modified Blower Door Subtraction
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ATherm = (ACFM25DL/((CapacityHeat * 0.0136)) * EFLHheat * CapacityHeat * nEquipment / nSystem)/100,000 ,
% + EELHheat—+ CapacityHeat—~ nEquipment
ATherm— : e
106,000
Where:
ACFM25pL = Duct leakage reduction in CFM25
= As calculated in Methodology 1 under electric savings
CapacityHeat = Heating input capacity (Btu/hr)
= Actual
0.0125 = Conversion of Capacity to CFM (0.0125CFM / Btu/hr)**
nEquipment = Heating Equipment Efficiency

399 MO TRM, page 97, jttps: //dnr mo.gov/document-: search/missouri technical reference manual-2017-volume-3-residential- measures

Coincident Peak Demand-Factor for Re5|dent|al Cooling.-See-refe
401 Based on natural draft furnaces requiring 100 CFM per 10,000 Btu, |nduced draft furnaces requmng 130CFM per 10,000Btu, and condensing furnaces requiring 150 CFM per

10,000 Btu (rule of thumb from https://www. contractmgbusmess com/archive/article/20861289/calculating-heating-system-
airflowhitp: n/enevysle 8

i 2046-Appendix E—End-Use Shapes-and-C Jent Factorspdf"”

. Data provided by GAMA during the federal rulemaking process for furnace efficiency standards, suggested

p:Heontractingbusiness.comienewslettersich—imp 0
that in 2000, 29% of furnaces purchased in Missouri were condensing units. Therefore, a weighted average required airflow rate is calculated assuming a 50:50 split of natural v
induced draft non-condensing furnaces, as 125 per 10,000Btu or 0.0125/Btu.
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= Actual*®? - If not available, use 83.5%%*

nSystem = Pre duct sealing Heating System Efficiency (Equipment Efficiency * Pre Distribution Efficiency)**
= Actual - If not available use 71.0%%®
100,000 = Converts Btu to therms

Methodology 2: Duct Blaster Testing

ATherms = ((Pre_CFM25 — Post_CFM25)/(ACFM25DL/CapacityHeat) * 0.0136 * EFLHgasheat * Equipment / nSystem)/100,000 « [Formatted: Indent: Left: 0", Hanging: 1"
AT e CapacityHeat-+-0-0136 9 t J nSystem
Where:
All variables as provided above ““ [ Formatted: Space After: 6 pt
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Where: \
Formatted: Indent: Left: 0"
HeatSavingsPerUnit = Annual heating savings per linear foot of duct0” “ Formatted: Check spelling and grammar
- : Formatted: Indent: Left: 0"
o HeatSavingsPerUnit
TGN e [RR/AC S ‘ (Therms/ft) Formatted: Font: Not Bold, Not Small caps
Multifamily Heat Central Furnace 0.19 N B
- > F tted: Indent: First line: 0.5
Single-family Heat Central Furnace 0.21 ormattec: ‘ndent: First ine
Manufactured Heat Central Furnace 0.26
Ductiength = Linear foot of duct
= Actual

402 The actual Heating Equipment Efficiency can be obtained either by recording the AFUE of the unit, or performing a steady state efficiency test. If there is more than one
heating system, the weighted (by consumption) average efficiency should be used.

If the heating system or distribution is being upgraded within a package of measures together with the insulation upgrade, the new average heating system efficiency should be
used.
403 1n 2000, 29% of furnaces purchased in Missouri were condensing (based on data from GAMA, provided to Department of Energy during the federal standard setting process for
residential heating equipment; see Furnace Penetration.xls). Furnaces tend to last up to 20 years, so units purchased 16 years ago provide a reasonable proxy for the current mix of
furnaces in the state. Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system efficiency is estimated as follows:
(0.29*0.92) + (0.71*0.8) = 0.835.
404 The distribution efficiency can be estimated via a visual inspection and by referring to a look-up table such as that provided by the Bundlng Performance Insmute -
(https://www.bpi.org/__cms/docs/Guidance%200n%20Estimating%20Distribution%20Efficiency.pdfhttp:tAnmn

‘Guidance on Estimating Distribution Efficiency.pdf’) - or by performing duct blaster testing.
405 Estimated as follows: 0.835 * (1-0.15) = 0.710.
406 Savings per unit are based upon analysis performed by Cadmus for the 2011 Joint Assessment of Potential. It was based on 10% savings in system efficiency. This would
represent savings from homes with significant duct work outside of the thermal envelope. With no performance testing or verification, a deemed savings value should be very
conservative and therefore the values provided in this section represent half of the savings — or 5% improvement. These values are provided as a conservative deemed estimate for

Missouri, while encouraging the use of performance testing and verification for determination of more accurate savings estimates. [ Formatted: Font: 9 pt
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WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
MEASURE CODE:
2025 MEEIA 4 2619-21-Plan Revision 87.0

Page 105



Ameren Missouri Appendix | - TRM — Vol. 3: Residential Measuresg

3.4.4  Mini/Multi-Split Air Source Heat Pump and Air Conditioners

DESCRIPTION
This measure is designed to calculate electric savings from retrofitting existing electric HVAC systems with ductless and/or ducted mini/multi-split
heat pumps (MMSHPSs) or mini/multi-split air conditioners. MMSHPs save energy in heating mode because they provide heat more efficiently than

electric resistance heat and central ASHP systems. Additionally, MMSHPs use less fan energy to move heat and don’t incur heat loss through a
lengthy duct distribution system while operating at very low static pressure. Often MMSHPs are installed in addition to (do not replace) existing
heating or cooling equipment because the existing heating or cooling equipment is inadequate to efficiently heat or cool the space. Both ductless and
ducted indoor units can be installed as a mixed mini/multi-split heat pump or air conditioner under this measure. Duct runs for a ducted mini/multi-
split indoor unit should be installed within the conditioned envelope, be well-sealed and insulated ducts, and maintain low static pressure per
manufacturer specifications for the installation configuration to maximize energy savings.

For cooling, the proposed savings calculations are aligned with those of typical replacement systems. MMSHPs save energy in cooling mode because
they provide cooling capacity more efficiently than other types of unitary cooling equipment. A MMSHPs installed in a home with an existing
central ASHP or CAC system will save energy by offsetting some of the cooling energy of the ASHP or CAC. In order for this measure to apply,
the control strategy for the heat pump or air conditioner is assumed to be chosen to maximize savings per installer recommendation.*%

This measure was developed to be applicable to the following program type: NC, ROF, and ER.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT
In order for this characterization to apply, the new equipment must be a high-efficiency, variable-capacity (typically “inverter-driven” DC motor)
ductless and/or ducted mini/multi-split heat pump or air conditioning system that exceeds the program minimum efficiency requirements.

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, baseline equipment must include a permanent electric resistance heating source or a ducted air-source heat
pump or ducted air conditioner. For residences with central air conditioner/non-electric heating, cooling savings will only apply. For multifamily
buildings, each residence must have existing individual heating equipment. Multifamily residences with central heating do not qualify for this
characterization. Existing cooling equipment is assumed to be standard efficiency. Note that in order to claim cooling savings, there must be an
existing air conditioning system (e.g. central air conditioning, Window ACs, or air source heat pump).

New federal standards affecting heat pumps became effective January 1, 2023. y
1-2024-Under the new standards, the baseline for a ROF measure is the federal standard ef'fluency, 1—5§EEFL&43$EER2—)14 3 SEERZ and 8—6
HSPF{(7.5-HSPF2)7.5 HSPF2 when replacing a ducted air-source heat pump; 13.4 SEER2 and 3.41 HSPF2 when replacing
a central air conditioner and electric resistance heating; 14-SEER-{13.4-SEER2}13.4 SEER2 when replacing central air conditioner with non-electric
heating or no heating.

Under the new federal standards, the M1 testing protocol was revised, resulting in new SEER and HSPF performance metrics, now called SEER2
and HSPFZ When quantlfqu energy savmqs the SEERZ and HSPFZ metrlcs should be used for the existing, baseline, and new equipment. When
W ~The following conversion formulas can

be used to convert between effluency metrics:

SEER2 = SEER *x 0.96
HSPF2 = HSPF x* 0.87

408 The whole purpose of installing ductless heat pumps is to conserve energy, so the installer can be assumed to be capable of recommending an appropriate control strategy. For
most applications, the heating setpoint for the ductless heat pump should be at least 2F higher than any remaining existing system and the cooling setpoint should be at least 2F
cooler than the existing system (this should apply to all periods of a programmable schedule, if applicable). This helps ensure that the ductless heat pump will be used to meet as
much of the load as possible before the existing system operates to meet the remaining load. Ideally, the new ductless heat pump controls should be set to the current comfort
settings, while the existing system setpoints should be adjusted down (heating) and up (cooling) to capture savings.
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For the early replacement baseline to apply, program participants or installation contractors must provide documentation asserting that the existing
units operated when turned on—whether or not they provided cooling—and the existing unit brand name and model number must be documented;
or, if the nameplate is not readable, a photograph of the unit in context and the nameplate specifically must be provided. The baseline for the early
replacement measure is the efficiency of the existing equipment for the assumed remaining useful life of the unit and the new baseline as defined
above for the remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 18 years.“® =
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:Default full cost of the MMSHP is provided below. Note, for smaller units a minimum Formatted: Font: Not Italic

cost of $2,000 should be applied:4:*

8.1-8.9 $1,443 ( Formatted: Not Highlight )
9-9.8 $1,605 ) —
9%9_115 $1.715 [Formatted. Not Highlight ]
11.7+ $2,041 e [Formatted: Not Highlight ]
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New Construction and Time of Sale: If the unit is not displacing electric resistance heating or facilitating fuel switching, apply the incremental cost
[ Formatted: Font: Not Italic J
[ Formatted: Font: Not Italic ]
8.1-8.9
9-9.8 $224
9.9-11.6 334
11.7+ 660

Otherwise, the incremental cost should be calculated as the greater of:
o Actual installed cost of the MMSHP should be used (defaults are provided above), minus the assumed installation cost of the baseline “ { Formatted: List Paragraph, TT - List Paragraph, }
equipment ($2,011 for a new baseline 80% AFUE furnace,** and $3,338 for new baseline Central AC replacement *%). If replacing Bulleted + Level: 1 + Aligned at: 0.25" + Indent at:
electric resistance heat, there is no deferred cost for replacing the electric resistance heating unit.
e Applicable incremental cost relative to MMSHP identified in the table above.
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409 Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, Inc., June 2007, https://www.caetrm.com/media/reference-
documents/HVAC_Ltg_measure_life_GDS_2007.pdf: ‘HVAC_Ltg_measure_life GDS_2007.pdf’, page 1-3.

410 Assumed to be one third of effective useful life. |
JL The cost per ton table provides reasonable estimates for installation costs of DMSHP, which can vary significantly due to requirements of the home. It is estimated that all units /
even those 1 ton or less will be at least $2000 to install. f
212 Full costs based upon full install cost of an ASHP plus incremental costs provided in Memo from Opinion Dynamics Evaluation Team, Ductless Mini-Split Heat Pumps: / /
Incremental Cost Analysis, April 27, 2017. 11/ Formatted: Font: (Default) Times New Roman
13 Memo from Opinion Dynamics Evaluation Team, Ductless Mini-Split Heat Pumps: Incremental Cost Analysis, April 27, 2017 W/ Formatted: Font: (Default) Times New Roman
14 See “Technical Standard Document APPENDIX_E.pdf’ g - d

418 See “CAC Costs 09.02.2024.xIsX’,
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Ameren Missouri

Early Replacement/retrofit (replacing existing equipment): Fhelf available, the actual full installation cost of the MMSHP should be used; if
unavailable, the default full cost specified above should be used. The assumed deferred cost of replacing existing equipment with a new baseline
unit is assumed to be $7722+$6741,518416 per ton for a new baseline Air-Seuree-HeatPumpMMSHP, or $2,296 for a new baseline 80% AFUE
furnace and $3,670 for new baseline Central AC replacement.*” If replacing electric resistance heat, there is no deferred replacementeostcost for
replacing the electric resistance heating unit. This future cost should be discounted to present value using a 2.31% nominal societal discount rate,
based on the ten year average (1/1/2014 — 12/31/2023) of the 10 year Treasury bond yield rates. 48

If the deferred replacement cost exceeds the full installation cost of the MMSHP, the incremental cost shall be set to zero.

savings from cooling

Appendix | - TRM — Vol. 3: Residential Measuress

[ Formatted: Font: (Default) Arial, 12 pt

[ Formatted: Normal

(i.e., no heating savings are claimed due to the fuel switch), the incremental costs should be adjusted to reflect the proportion of claimed savings.

[ For ted: Font: Not Italic

The incremental cost of the MMSHP shal sents the ratio of the claimed cooling savings to the total

potential energy savings (inclusive of bof claimed h gs). This adjustment ensures that the incremental cost used in cost-
effectiveness testing is proportional to the benefits being claimed, thus avoiding a mismatch between costs and benefits.

Calculation Method:

1. Determine Total Potential Savings: Calculate the sum of the potential energy savings from both cooling and heating (even if heating
savings are not being claimed).

2. Determine Claimed Savings: Identify the portion of energy savings that is being claimed, typically the cooling savings only.

3. _Apply the Adjustment Factor: The adjustment factor is calculated as the ratio of claimed savings to total potential savings. This factor is
then applied to the full incremental cost of the MMSHP.

[ For ted: Font: Not Italic

[ For ted: Font: Not Italic

Adjusted Incremental Cost = (Claimed Savings (KWh) / Total Potential Savings (kWh)) * Full Incremental Cost)

LOADSHAPE
Cooling RES
Heating RES

Algorithms

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Electric savings

AkWh = AkWhpeating + AkWhgooling

[ Formatted: Subscript

Heating savings:

TOS:

AkWheesting = ((CapaCityhes: * EFLHhear * (1/HSPF2ese - 1/HSPF2e)) / 1000) * HF * ISR
EREP:

AkWhieaing = ((Capacityhest * EFLHhexr * (1/HSPF 26 - 1/HSPF2e)) / 1000) * HF * ISR

416 Based on implicit standard efficiency cost of $1,381 per ton (8.1-8.9 HSPF2 per ton full cost minus incremental cost), account for inflation rate of 1.91%.

417 All baseline replacement costs are consistent with their respective measures and include inflation rate of 1.91%.
418 «
S 08

ocietal _Discount_Rate_Calculation_08082024.xIsx’.
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Where:
Capacityneat = Heating capacity of the ductless heat pump unit in Btu/hr
= Actual

EFL Hheat = Equivalent Full Load Hours for heating. See table below:

SF or MF 1,034
MFe(comprehensive
‘Mi —

HSPF2exist = Use actual HSPF2 rating where it is possible to measure or reasonably estimate. HSPF2 rating of existing equipment. If «— { Formatted: Indent: Left: 0.5", Hanging: 1"

rated efficiency is unknown, use defaults provided below

Electric resistance heating 3.412
Air Source Heat Pump [ 6.58 |

HSPF2base = HSPF2 rating of baseline equipment (kBtu/kWh)
= 7.5 HSPF2%?* when replacing an ASHP
= 3.412 when replacing electric resistance heating
HSPF2e = HSPF rating of new equipment (kBtu/kWh)
= Actual installed
ISR =In-service rate. Actual, or if unknown, assume 100%°*?

“ [ Formatted: Space After: 0 pt

Eleetrie-savings—Ceooling savings calculated only in presence of non-electric heating or MMAC (Mini/Multi-Split AC):

TOS:

AkWheooling = ((Capacitycoo™ EFLHcoo1 * (1/SEER2base - 1/SEER2¢e)) / 1000) * HF * ISR
EREP:

AkWheooling = ((Capacitycoo* EFLHcool * (1/SEERZexist - 1/SEER2¢e)) / 1000) * HF * ISR
Where:

419 Evaluation - Opinion Dynamics review PY?2019. The recommended values are constructed based on weather conditions (heating degree days and cooling degree days) in select
Missouri cities (St. Louis, Cape Girardeau, Kansas City), weighted by partial year 2019 installations.

420 Ameren Missouri Heating and Cooling Evaluation PY2018, https://www.efis.psc.mo.gov/Document/Display/15871, page 36.

421 Based on minimum federal standard effective 1/1/2023: 10 CFR 430.32(c)(5)

422 Ameren Missouri HVAC Evaluation: PY2020, https:/www.efis.psc.mo.gov/Document/Display/13831, page 53.
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ST .
- = ctual

SFor MF 1.034
s
envelope) 3%

HSPFyae =
—a ; A :
HSPF.——=HSPFrating-ofnew-equipment-(kBtu/kWh)

= Actual-installed

ACtH

Capacitycool = the cooling capacity of the ductless heat pump unit in Btu/hr.%??
= Actual installed
SEERZexist = SEER rating of existing equipment (kBtu/kWh)

= Use actual SEER rating where possible to measure or reasonably estimate. If using rated efficiencies, derate the
efficiency value based on the age of the existing equipment (up to a maximum of 30 years) to account for degradation
over time.*? If age is unknown, use 12 years.

= SEER2 * (1-0.01)A% SEER*{1-1.44%) %

If unknown, see table below

423 Eyaluation - Opinion-D: ics review-PY2019. The lad values-areconstructed-based-on-weather diti (heating-degree-days-and-cooling-dearee days)-in-select
P ¥ - A% g-aeg Y g-aeg YST
Missouri-cities{StLouis—Cape-Girardeau—Kansas-City) ighted-by-partial-year2019-
ok oAt T Yk g YP ¥
2 ; " . "
425 Baced on-minimum-federal Jard-effective-1/1/2015:

10-vol3/pdf/CFR-2012-title10-vol3-5e6430-32.pdf.

426_Basad on-minimum-federal effective1/1/2023: 10 CFR 430.32(c}{5) o
4271 Ton = 12 kBtu/hr.

428 ||linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res_09222023 FINAL_clean.pdf, page 112. Justification for
degradation factors can be found on page l4 of AIC HVAC Metennq Sludv Memo FINAL 2 28 2018.docx’. Estimate efficiency as (Rated Efficiency * (1-0.01)"Equipment
Age)B d TE-TFRM- _n‘ ‘hich-t fe 1 21 of ‘ATC HVAC My 4 Qc A Me; EINAL2 ’HZ 018> Default f‘l’) ars-based-on

Pags
e ife of . :
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Existing Cooling System SEER exist™?? \ -

Air Source Heat Pump 72691 -

Central AC 6.853 -

Room AC 6.34% -

No existing cooling** Let ‘1/SEER _exist’ =0 <
SEERZpsse = Seasonal Energy Efficiency Ratio of baseline equipment (kBtu/kWh)*32

= 1443 through-12/31/2023-and-15(14.3 SEER2)-beginning-1/1/20244 when replacing an ASHP
= 14-(13.4 SEER2) when replacing a CAC
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SEER2ee = SEER rating of new equipment (kBtu/kWh)
= Actual installed*s
EFLHcool = Equivalent Full Load Hours for cooling. See table below
Weather Basis
(Ameren Missouri Average) EAU Rk
SF or MF 635
MFc (comprehensive envelope) 417
SR = In Sepvice Rate = 1000446
SUMMER COINCIDENT PEAK DEMAND SAVINGS [ Formatted: Normal
AKW = AkWhcooting * CF
Where:
AkWhcooling = Electric energy savings for cooling, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0009474181
MW =MW hegrizg=—CH
Where:
CF——=0.0009474181

NATURAL GAS SAVINGS
N/A

429 ASHP existing efficiency assumes degradation and is sourced from the Ameren Missouri Heating and Cooling Program Impact and Process Evaluation: Program Year 2015.
CAC assumed to follow the same trend in degradation as the ASHP: 9.12 SEER nameplate lo 7 2 (6 91 SEERZ) operations SEER reDresents degradatlon to 78 9% of nameglale
78.9% of 8.6 SEER CAC nameplate gives an operational SEER of 6.8 (6.53 SEER?2). A ada

Heating-and-Cooling-Prog Impact-and-Process-Evaluation:-Prog r 2015_CAC-assumed-to-follow-the-same-trepd-in i thy HP: 912 SEER t

-2 operati SEERfep legradation-to78-9%-of plate-78.9%0f 8.6 SEER-CAC plate-gi n-operational- SEER 0f6.8,-78.9% of 8.0 SEER RAC nameplate
gives an operational SEER of 6.3.
430 Estimated by converting the EER assumption using the conversion equation; EER_base = (-0.02 * SEER_base?) + (1.12 * SEER). From Wassmer, M. (2003), “A Component-
Based Model for Residential Air Conditioner and Heat Pump Energy Calculations,” (Masters thesis) University of Colorado at Boulder. Adjusted to account for degradation per
above footnote.
“3L1f there is no existing cooling in place but the incentive encourages installation of a new DMSHP with cooling, the added cooling load should be subtracted from any heating
benefit.
432 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
SEERZ 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

SEER2)- terms before applying formulas

434 Based on minimum federal standard effectlve 1/1/2023. 10 CFR 430.32(c)(5)
435 Note that if only an EER rating is available, use the following conversion equation; EER_base = (-0.02 * SEER_base?) + (1.12 * SEER). From Wassmer, M. (2003). A
Component-Based Model for Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder.

436_ Ameren-Missouri-HVAGC-EvaluationPY.2020-
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WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
MEASURE CODE:
2025 MEEIA 4 2619-21-Plan Revision 87.0
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3.45 Standard Programmable Thermostat

DESCRIPTION
This measure characterizes the household energy savings from the installation of a new standard programmable thermostat for reduced heating and
cooling energy consumption through temperature set-back during unoccupied or reduced demand times.

Energy savings are applicable at the household level; installation of multiple programmable thermostats per home does not accrue additional savings.

If the home has a heat pump, a programmable thermostat specifically designed for heat pumps should be used to minimize the use of backup electric
resistance heat systems.

This measure was developed to be applicable to the following program types: RF-and DI. This measure is only applicable for low income programs.
Savings will not be claimed for this measure for programs other than low income programs.

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 setpoints 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 temperature set point.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected equipment life of a programmable thermostat is assumed to be 10 years.**’

DEEMED MEASURE COST
Actual material and labor costs should be used if the implementation method allows. If unknown (e.g., through a retail program), the capital cost for
the new installation is assumed to be $70.%®

LOADSHAPE
Cooling RES
Heating RES
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
For central air conditioners and air source heat pumps: -
AkWhgool = EFLHgoo1 * Capacitygooing* (1/SEER2) * SBdegrees * SF * EF /1,000 * ISR

437 Table 1, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures

https://energizect.com/sites/default/files/documents/Measure%20L ife%20Report%202007.pdf: ‘Measure Life Report 2007.pdf’. page 1-3.

H lallaf nfrnI.I\II ure- L i Dp rr‘r“ id ial-and-Ci ialdlndustri IIEQHHnn:mrII—I C-Measures-GDS i ’)(1{\l

pef page-1-3. Future evaluation is strongly encouraged to inform the persistence of
heavily upon a large scale but only 2-year study of the energy impacts of programmable

ps://energ _com/sites/defay easurel%20L ifel —
savings to further refine measure life assumption. As this characterization depends
thermostats, the longer-term impacts should be assessed.

438 Market prices vary significantly in this category, generally increasing with thermostat capability and sophistication. The basic functions required by this measure's eligibility
criteria are available on units readily available in the market for $30. Labor is assumed to be one hour at $40 per hour.
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SEER
JFor air source heat pumps there are additional heating savings:
AkWhheat = EFLHhea ™ Capacityneaing* (1/HSPF2) * SBdegrees * SF* EF / 1,000 * ISR
AW h — FELH + Cavacity: o \WCD,J,,M-M +SE « FE /1000
heat heat i J Heating \H—S—FZF} 7
Where:
EFLHcool = Equivalent full load hours of air conditioning*®:
Weather Basis (Ameren Missouri EFLHcool
(Hours)
SF or MF 869

Capacitycooiing = Cooling capacity of system in BTU/hr (1 ton = 12,000 BTU/hr)
= Use Actuals based upon units served

SEER2 -= Seasonal Energy Efficiency Ratio of cooling system (kBtu/kWh)
= Actual. If unknown, use defaults provided below:
Cooling System SEER
Air Source Heat Pump 1040
[ Central AC | 10%1 |
HSPF2 = Heating Season Performance Factor of heating system (kBtu/kWh)
= Actual. If unknown, use defaults provided below:
Existing Heating System HSPF
Air Source Heat Pump 7.00%2
| Electric Resistance | 3.4148 |
EFLHpeat ————=Equivalent full load hours of heating:***

Weather Basis (Ameren Missouri EFLHhneat
(Hours)

Capacityheaiing._-= Heating capacity of system in BTU/hr (1 ton = 12,000 BTU/hr)
_—=Use Actuals based upon units served

49 Based on-Full-Load- Hour assumptions-(for St Louis-and-Kansas Gity) taken-from-the ENERGY-STAR®caleulator
/AN govfialbusiness/by h 'rszanrA..Ahaa:ok.n.u 1

Ameren MISSOUI’I Proqram Year 2019 Annual EM&V RJ)ort VOIume 2: Re5|dentlal Portfollo Aggendlces https //Www efls nsc mo.| qov/Docum nt/DlspIav/15876 pa ge 30
m o d 992 and 2006

440 Ameren Missouri Community Saver Program Evaluation PY2018

Ameren Missouri Community Saver Program Evaluation PY2018,

Aps.//www.efls.psc.mo.qov/Docum nt/DlsgIa /36053 page 26.

442 1L-TRM (Based on minimum federal standards between 1992 and 2006) — Ameren Missouri Community Saver Program Evaluation PY2018.

443 Electric resistance has a COP of 1.0 which equals 1/0.293 = 3.41 HSPF.

444 Evaluation - Opinion Dynamics review PY2019. The recommended values are constructed based on weather conditions (heating degree days and cooling degree days) in select
Missouri cities (St. Louis, Cape Girardeau, Kansas City), weighted by partial year 2019 installations, https://www.efis.psc.mo.gov/Document/Display/15876, page 76.
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SBdegrees -= weighted sum of setback degrees to comfort temperature
-= SBdegrees Heating = 1.8%°
= SBdegrees Cooling = 1.91%6

SF = Savings factors from ENERGY STAR® calculator
-= 3% / degree heat, 6% / degree cool

EF = Efficiency ratio from Cadmus metering study
= 13% heat*’
-=100% cool*8

ISR = In-service rate

= Actual, or if unknown, assume 100%.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWhcooling * CF
Where:
AkWhcooling = Electric energy savings for cooling, calculated above
CF =0.0009474181
CF i < [ Formatted Table
NATURAL GAS ENERGY SAVINGS
ATherms = %FossilHeat * HeatingConusmptiong,s * HF * Heatingreauction * Effysr * PF [Formatted: Subscript
- [ Formatted: Subscript
ATherms—=Y%FossilHeat—+HeatingConusmptiongs+HE+Heating s+ Effrog+PE [Formatted: Subscript
Where: ) . ) [ Formatted: Normal
%FossilHeat = Percentage of heating savings assumed to be nNatural gGas
Heating fuel %FossilHeat
Electric 0%
Natural Gas 100%
Unknown 65%*°
HeatingConsumptioncas = Estimate of annual household heating consumption for gas heated single-family homes.*>

445 Ameren Missouri Community Saver Program Evaluation PY2018 Site Visit Thermostat SB Data.

446 Ameren Missouri Community Saver Program Evaluation PY2018

Site Visit Thermostat SB Data.

447 Ameren Missouri Community Saver Program Evaluation PY2014 Cadmus metering study. https://www.efis.psc.mo.gov/Document/Display/15857, (PY2014 pg. 31).

448 Ameren Missouri Community Saver Program Evaluation PY2017, https://www.efis.psc.mo.gov/Document/Display/28281.

449 Average (default) value of 65% gas space heating from 2009 Residential Energy Consumption Survey for Missouri. If utilities have specific evaluation results providing a more
appropriate assumption for homes in a particular market or geographical area, then they should be used.

450 \/alues in table are based on average household heating load (834 therms) for Chicago based on Illinois furnace metering study (:Table E-1, Energy Efficiency/Demand
Response Nicor Gas Plan Year 1: Research Report: Furnace Metering Study, Draft, https://www.icc.illinois.gov/docket/P2012-0528/documents/201939/files/355536. pdf
<355536.pdf’, Navigant AugustlZOl’“’ ble E-1-En rg’ Efficiency/Demand-Resp Nicor-Gas-Plan 1R h-ReportFurnace-Metering-Study DraftNavi

A pshwwan-iceiHinois-gov/idocket/P2012-0528/documents/201039/files/355536-pdf) and adjusted for Missouri weather basis values usmg the relatlve cllmate
normals HDD data W|th a base temp ratlo of 60°F. Thls load value is then d|V|ded by standard assumptlon of existing unit efficiency of 83.5% (estimate based on 29% of furnaces
purchased in Missouri were condensing in 2000 (based on data from GAMA, provided to Department of Energy) (see ‘Thermostat FLH and Heat L oad CalcsFhermestat—FLH

and-Heat-Load-Cales.xIs). The resulting values are generally supported by data provided by Laclede Gas, which showed an average pre-furnace replacement consumption of 1009

therms for St Louis, and a post-replacement consumption of 909. Assuming a typical hot water consumption at 225 therms (using defaults from
http://energy.gov/eere/femp/energy-cost-calculator-electric-and-gas-water-heaters-O#output), this indicates a heating load of 684-784 therms.
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Weather Basis Gas_Heating_ Consumption

(City based upon) (Therms)
St Louis, MO 680

Other variables as provided above.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:
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3.4.6 HVAC Tune-Up (Central Air Conditioning or Air Source Heat Pump)

DESCRIPTION

This measure involves the measurement of refrigerant charge levels and airflow over the central air conditioning or heat pump unit coil, correction
of any problems found, and post-treatment re-measurement. Tune-up activities include a general tune-up, refrigerant charge, indoor coil cleaning,
and outdoor coil cleaning. These tune-up actions may be performed individually or as a packaged service with more than one tune-up activity.

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
A tuned and commissioned residential central air conditioning unit or air source heat pump.

DEFINITION OF BASELINE EQUIPMENT
An existing residential central air conditioning unit or air source heat pump that has required tuning to restore optimal performance.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be 2 years.**

DEEMED MEASURE COST
As a RF measure, actual costs should be used. If unavailable, the measure cost should be assumed to be $175.42 The table below identifies more
specific costs for varying services.

Tune- up Service for HP or AC Incremental Cost ($) <

[ Formatted:

Font: (Default) Arial, 12 pt

[ Formatted:

Normal

[ Formatted Table

451 Sourced from DEER Database Technology and Measure Cost Data.
452 Based on personal communication with HVAC efficiency program consultant Buck Taylor of Roltay Inc., 6/21/10, who estimated the cost of tune up at $125 to $225,
depending on the market and the implementation details.
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General-Tune-Up-{no-charge-orcoil-clean) $70.00
Tune-up / refrigerant charge $81.00
Tune-Up / Packaged Service $185%°
LOADSHAPE
Cooling RES
Heating RES
Algorith [ Formatted: Subscript
orithm
g [ Formatted: Subscript
CALCULATION OF SAVINGS [ Formatted: Subscript
ELECTRIC ENERGY SAVINGS [ Formatted: Subscript
AkWhgenal ac = ((EFLHzo0 * Capacityzoo * (1/SEERestin — 1/SEER:estou)) / 1,000) | Formatted: Subscrpt
[ Formatted: Subscript
AkWhasre = (EFLHo * Capacityzon * (USEERgstin — USEERgstau)) / 1,000) + ((EFLHpe * Capacitypes: * (HSPFyesiin— * " { Formatted: Subscript
1/HSFPyest.our)) / 1,000) \ .
< [ Formatted: Subscript
MeWheemprarar———(EF L egor—+—Capacityeer——(H/SEE R HSEER oH-+5006) [Formatted: Subscript
AUk — ((EELH « Cavacita: « (1/SEER 1/SEER N /1000 + ((EELH « Capacits: [Formatted: Subscript
YVTUASHE ANY €6t i J€o6et AY ST 7 2 J7T 7 7 T XC heat P JReat [Fo ma“ed Subscript
i H
[ Formatted: Subscript
[ Formatted: Subscript

453 Estimated average packaged tune-up cost based on implementer data from 2015-2016.
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Where:
EFLHcool = Equivalent full load hours of air conditioning
= dependent on location:*>*
Capacitycool = Cooling Capacny of Air Source Heat Pump (Btu/hr)
= Actual
SEERest-in = Seasonal Energy Eff|C|ency Ratio of existing cooling system before tuning (kBtu/kWh)

= In most instances, test-in EER will be determined and noted prior to tuning. SEER rating can be estimated by using the
following relationship:*®® EER = (-0.02 * SEER?) + (1.12 * SEER)
When unknown,*% assume SEER = 11.9
SEERtest-out = Seasonal Energy Efficiency Ratio of existing cooling system after tuning (kBtu/kWh)
= In most instances, test-out EER will be determined and noted after tuning. SEER rating can be estimated by using the
following relationship:**” EER = (-0.02 * SEER?) + (1.12 * SEER); if unknown, reference applicable assumed value in

table below,
EFLHneat = Equivalent full load hours of heating:
Capacityheat = Heating Capacity of Air Source Heat Pump (Btu/hr)
= Actual-{-ten=12,000Btuthr)
HSPFest-in = Heating Seasonal Performance Factor of exwtlng ASHP before tunlng (kBtquWh)

= Actual, or if unknown, Y

assume HSPF = 6.3.%58
HSPFest-out = Heating System Performance Factor of existing ASHP after tuning (kBtu/kWh)

= Actual, or if unknown, reference applicable assumed value in table belowUse-actual-HSPErating-where-i-ispossible-to

measure or reasonably estimate.

her Basis (Ameren Missouri Average) EFLHcool (Hours) EFL Hneat (Hours) «
SF or MF 869 149640

When SEER test-in and test-out values are unknown, tune-ups are assumed to improve efficiency as follows:

SEERtest-out
(based on default 11.9 test-in value)

Measure % Improvel

454 Y2019 Residential Evaluation Report Appendices, https://www.efis.ps:
“caleulator

Kansas-City) taken-from-the ENERGY-STAR®.

s Based on Wassmer, M (2003) 7 A Component Based Model for Resldemlal Air Condmoner and Heat Pump Energy Calculatlons," (Masters thesls) University of Colorado at
Boulder. Note this is appropriate for single speed units only.

456 Using aforementioned relationship and test-in efficiency of 10.5 EER, as listed in “Ameren Missouri Heating and Cooling Program Impact and Process Evaluation: Program
Year 2015:” https://www.efis.psc.mo.gov/Document/Display/13806, page 43.

%7 Based on Wassmer, M. (2003), “A Component-Based Model for Residential Air Conditioner and Heat Pump Energy Calculations,” (Masters thesis), University of Colorado at
Boulder. Note: this is appropriate for single speed units only.

458 Based on evaluation results outlined in “Ameren Missouri Heating and Cooling Program Impact and Process Evaluation: Program Year 2015.”,

mps //www efis. Dsc mo. qov/Documem/DlsgIay/BSO

th uati sultsi cen-Missouriservie P
sting-an jate EFLH mc:a-rh ther-weather basis-values-are-caleulated-using-the-relative-climate-normals-cooling-degree-day-ratios(at 65F-set-point),
) g-aeg > \ potAt).

{emte&y—sugg
PY2019 Evaluation Report ADD ndices, https://www.efis.psc.mo.gov/Document/Display/15876, page 76.
460 Evaluation - Opinion Dynamics review PY2019. The recommended values are constructed based on weather conditions (heating degree days and cooling degree days) in select
Mlssoun cities (St. Louis, Cape Glrardeau Kansas City), weighted by partial year 2019 installations, https://www. efls psc.mo. qov/Documem/DlsgIay/15876 page 76.
461 Cyaluation ﬁmm nl'\’ review PR 2019 Th { values-ar nstructed-based-on-weather o
Mi uri-cith L Q Imuc Cape Girardeau Kansas-Cit) Tt 'h nartial mnr 2019 § RS-

T P T Y £ Y
462_{hid-
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Refrigerant charge adjustment | 22.0%28.4%%%% 15.3
General-tune-up 5.6%456 12.6
Packaged Service 13.6%"7 13.8

e [ Formatted: Indent: Left: 0"

When HSPF test-out values are unknown, use the following default test-out values based on the tune-up service(s) performed:

HSP|
Measure - [ Formatted: Keep with next
Refrigerant charge adjustment 6.72 ‘ { Formatted Table
CondenserCleaning Only 6.42
General-tune-up 6.38
Packaged Service 7.29%8
SUMMER COINCIDENT PEAK DEMAND SAVINGS
AKW = AkWhCoolmg *CF
Where:
AkWhecooling = Electric energy savings for cooling, calculated above
CF =0.0009474181
MeAL = AW h + CE
cooting
Where:
CcF =0.0009474181
NATURAL GAS SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
MEASURE CODE:

[ Formatted: Font: 9 pt

AN [Formatted: Font: 9 pt

page x4, RapS/raht-me.¢

{ Formatted: Font: 9 pt

centage improvement across 74 packaged service tune-up measures in the Ameren Missouri PY2019 Low Income Multifamily program.
468 Average percentage improvement across 74 packaged service tune-up measures in the Ameren Missouri PY2019 Low Income Multifamily program.
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3.4.7 Blower Motor

DESCRIPTION

This measure describes savings from a brushless permanent magnet (BPM) motor (known and referred in this measure as an electronically
commutated motor (ECM)) compared to a lower efficiency motor. Time of Sale and New Construction replacement scenarios no longer apply to
this measure, as federal standards make ECM blower fan motors a requirement for residential furnaces. Savings however are available from
retrofitting an ECM motor into an existing furnace, or replacing an operational inefficient furnace with a new furnace with an ECM prior to the end
of its life.

This measure characterizes the electric savings associated with the fan and the interactive negative therm savings due to a reduction in waste heat of
the fan when operating in heating mode.

Savings decrease sharply with static pressure so duct improvements, and clean, low pressure drop filters can maximize savings. Savings occur when
the blower is used for heating, cooling as well as when it is used for continuous ventilation, but only if the non-ECM motor would have been used
for continuous ventilation too. If the resident runs the ECM blower continuously because it is a more efficient motor and would not run a non-ECM
motor that way, savings are near zero and possibly negative. This characterization uses a 2009 Focus on Energy study of BPM blower motor savings
in Wisconsin, which accounted for the effects of this behavioral impact.

Retrofitting an existing blower motor with a new ECM reduces the potential impact of the high efficiency motor over a new system designed for an
ECM blower motor because existing systems were not designed to capitalize and take advantage of the ECM’s multi-staging features. Energy and
demand savings are limited to the efficiency gains from the motor itself.

Note: as part of a Time of Sale measure, it is not appropriate to claim additional ECM fan savings due to installing a new furnace or CAC unit as
ECM motors are now baseline for new furnaces and the SEER2/EER? ratings of a CAC unit already account for this electrical load.

In an early replacement furnace situation, ECM fan heating savings can be claimed for the RUL of the existing furnace, and cooling savings can be
claimed for the RUL of the CAC if an existing cooling unit is not replaced.

If a new CAC unit is installed in a home where the existing furnace is not replaced, heating ECM savings should only be claimed if it can be
demonstrated that the new CAC motor will be used for the heating load.

This measure was developed to be applicable to the following program types: RF, EREP

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT
A furnace with a brushless permanent magnet (BPM) blower motor, also known by the trademark ECM, BLDC, and other names.

DEFINITION OF BASELINE EQUIPMENT

A furnace with a non-BPM blower motor. As part of the Code of Federal Regulations, energy conservation standards for covered residential furnace
fans became effective on July 3, 2019 (10 CFR 430.32(y)). This code requirement effectively makes ECMs part of the baseline for New Construction
(NC), Replace-on-Fail (ROF), Time-of-Replacement (TOS), and Early Replacement (EREP) scenarios.
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 6 years, which is the remaining life of existing furnacesThe-expected-measure-Hfe-is-assumed-to-be-20
years, 40

DEEMED MEASURE COST

The capital cost for this measure as a retrofit should be actual if known if unknown assume $350.470 In cases of furnace early replacements, itis <+ [ Formatted: Normal
assumed the incremental cost of the ECM is $0. 2 o [
- Formatted: Font: Bold
$74.33%% Fimeof Sale [ Formatted Table
LOADSHAPE
HVAC RES
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWhpieating Mode = (1-%_with_New_ASHP) * (400 kWh/vear * HeatingEFLH / WisconsinHeatingEFLH) * HF * ISR [Fo, ted: Subscript
AkWhgooling Mode = (1 . .
AkWhauo ciruation = (25 kWh/yeal , { Formatted: Subscript
AkWhcon - a A o [Formatted: Subscript
“ [ Formatted: Normal

Where:
Parameter Value ‘ < [ Formatted Table
Wisconsin Cooling Savings kWh/year 70.00478
Cooling Savings All Systems 25.0044
Wisconsin Cooling EFLH 542.50475 -
Wisconsin Heating Savings kWh/year 400.00476 [ Formatted: Font: (Default) Arial
Wisconsin Heating EFLH 2,545.2541 [ Formatted: Font: (Default) Arial
[ Formatted: Font: (Default) Arial
[ Formatted: Font: 9 pt
469 |1linois TRM Version 12.0, https://www.ilsag. mfolwo content/uploads/IL-TRM_Effective 010124 v12 0_Vol_3 Res 09222023 FINAL _clean.pdf, page 150Censistent-with [Formatted: Font: 9 pt
umed-Hif f-a-new g:\ furn: . —Table8 ’2»’) “Fp v-f-rl uments-for-federal PPl [Formatted. Font,g pt
470 1bid., p. 151. The cost ofa tvmcal renlacement motor is estimated at $180 based on quotes from online suppliers, plus $17 for the bracket. Typical labor costs are estimated at / [ Formatted: Font: (Default) Arial
between $140 and $190 based on proqram expenence provided by Staples in April 2022. A total retroflt measure cost is therefore estimated at $350. [ v e 5
q g ‘ormatted: Font: 9 pt
A
m'émeren Missouri HVAC Proqram Evaluatlon PY2017, page 41 hnus //www efis.psc.mo. qov/DocumenUDlsgIay/MZO / y [ Formatted: Font: (Default) Arial
474 Ibid. ) { Formatted: Font: 9 pt
475 1hi /
476 :E:[dj / { Formatted: Font: (Default) Arial
477 Ibid. [Formatted: Font: 9 pt
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Parameter Value ‘ «
Wisconsin Circulation -
Savings kWh/year 2960007
RT=Percent additional run time factor 8.81%°
Standby losses 30480
Saint Louis Heating EFLH 2,009.0045%
Saint Louis Cooling EFLH 1,215.00482
% with New Central Cooling 82093
% with New ASHP 10169%%*
ISR Actual, or if unknown

assume 1009

HF 1009

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh * CF

Where:
AkWh = Electric energy savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0004660805 -
cF .

NATURAL GAS SAVINGS

Atherms*® = - Heating Savings * 0.03412 / AFUE

Where:
0.03412 = Converts kWh to therms
AFUE = Efficiency of the Furnace

= Actual. If unknown assume 95%°* if in new furnace or 64.4 AFUE%"® if in existing furnace

Using defaults:

For new Furnace =-(430*0.03412) / 0.95
=-15.4 therms

For existing Furnace = - (430 * 0.03412) / 0.644
=-22.8 therms

478 Ibid.

479 Ameren Missouri HVAC Program Evaluation PY2019, page 39, https://www.efis.psc.mo.gov/Document/Display/15876.
480 Ameren Missouri HVAC Program Evaluation PY2017, page 41, https://www.efis.psc.mo.gov/Document/Display/14208

451 Ibid.

482 |bid.

283 Ameren Missouri HVAC Program Evaluation PY2019, https://www.efis.psc.mo.gov/Document/Display/15877, page 90.
284 1bid.

ia

285 Ameren Missouri HVAC Program Evaluation PY2020, https://www.efis.psc.mo.gov/Document/Display/13831, page 53.

288 Household Factor (HF) is assumed to be 100%. 65% multifamily value is not applicable for this measure, as savings should be based upon pressure drop in the system.

487 The blower fan is in the heating duct so all, or very nearly all, of its waste heat is delivered to the conditioned space. Negative value since this measure will increase the heating
load due to reduced waste heat.

488 Minimum efficiency rating from ENERGY STAR® Furnace Specification v4.0, effective February 1, 2013,

Dttps://www.ener )

489 Average nameplate efficiencies of all early replacement qualifying equipment in Ameren IL PY2003-PY2004.
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WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
MEASURE CODE:
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3.4.8 Central Air Conditioner

DESCRIPTION
This measure characterizes:

1. TOS: The installation of a new residential sized (<= 65,000 Btu/hr) central air conditioning ducted split system meeting ENERGY STAR®
efficiency standards presented below. This could relate to the replacement of an existing unit at the end of its useful life, or the installation
of a new system in a new home.

2. EREP: For the early replacement baseline to apply, program participants or installation contractors must provide documentation asserting
that the existing units operated when turned on—whether or not they provided cooling—and the existing unit brand name and model nhumber
must be documented; or, if the nameplate is not readable a photograph of the unit in context and the nameplate specifically must be
provided. A - All other conditions will be considered TOS. The
baseline SEERZ of the eX|st|ng central air condltlonmg unlt replaced If the SEER2 of the existing unit is known and, the baseline SEER2
is the actual SEER2 value of the unit replaced. If the SEER2 of the existing unit is unknown, use assumptions in variable list below
(SEER2_exist).

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

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a ducted split central air conditioning unit meeting the
minimum ENERGY STAR® efficiency level standards;-15-SEER-and-12-EER. For reference, the minimum ENERGY STAR® version 6.1
efficiency level standards are provided below;:

e Split system central air conditioners — 15.2 SEER2 and 12.0 EER2 “

e Single package central air conditioners — 15.2 SEER2 and 11.5 EER2
e Space constrained units — 13.4 SEER2**

The measure characterization recommends sourcing the efficiency specifications from the actually installed equipment. If those values are not -
known, the default equipment efficiency recommendations are conservatively based on ENERGY STAR® version 6.1 specifications,

DEFINITION OF BASELINE EQUIPMENT

e#ﬂe}eneyeﬁeemrakmeendmamThe basellne for the TOS measure is based on the current federal standard efflmency Ievel‘“’z 14 SEER (134
SEER?2)-and-11 EER(10.6 EER2).

Standard sized Split system air conditioners — 13.4 SEER2 -

.

e Standard sized Single-package air conditioners — 13.4 SEER2

e Space constrained air conditioners — 11.7 SEER2

20 ENERGY STAR Program Requirements Product Specification for Central Air Conditioner and Heat Pump Equipment, v6.1, effective January 1, 2023
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https://www.energystar. gov/sites/defauIt/fiIes/ENERGY%ZOSTAR%ZOVersion%ZOG 1%20Central%20Air%20C0nditioner%ZOand%ZOHeat%ZOPumn%ZOFinaI%ZOSnecification

terms of an ugdaled metric, depicted as SEERZ and EER2. The updated test melhod as well as the updated ENERGY STAR spemflcatlons mimic lhe updated federal apgllance
standards. An equivalent stringency of these new standards for split system air conditioners are 16 SEER and 13 EER and for single-package air conditioners are 16 SEER and
EER 12, as detailed in: Consortium for Energy Efficiency (CEE) Residential HVAC Specifications, Estimated Appendix M1 Equivalents, January 15 2021.

f‘?}AThe ENERGY STAR specification does not provide an efficiency level for space constrained products but this is a proposed level for this product type that the marketplace has 4

developed solutions to meet.

2°2 The 2023 federal standards (10 CFR 430.32(c)(5)) are in terms of an updated metric, depicted as SEER2 and manufacturers must certify their products meet the standard
according to the new test procedure and new metrics. The updated test method as well as the updated energy conservation standards were negotiated under the appliance standards
and rulemaking federal advisory committee (ASRAC) in accordance with the Federal Advisory Committee Act (FACA) and the negotiated rulemaking act. An equivalent
stringency of these new standards for split system air conditioners are 14 SEER and for single-package air conditioners are 14 SEER, as detailed in: Federal Code of Regulations
Energy Conservation Program: Energy Conservations Standards for residential Central Air Conditioners and Heat Pumps; Confirmation of effective date and compliance date for
direct final rule, May 26, 2017, Docket: EERE-2014-BT-STD-0048 (https://www.regulations.gov/document/EERE-2014-BT-STD-0048-0200).
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Under the new federal standards, the M1 testing protocol was revised, resulting in a new SEER performance metric called SEER2. When guantifying
enerqy savmqs the SEERZ metrlc should be used for the existing, baseline, and new equipmentWhen-quantifying-energy-savings-the-same-metrie
. The following conversion formula can be used to convert between efficiency metrics:
SEER2 = SEER x-* 0.96
The baseline for the early replacement measure is the efficiency of the existing equipment for the assumed remaining useful life of the unit and the< [ Formatted: Normal, Justified ]

new baseline as defined above*® for the remainder of the measure life.

-DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 18 years.**

Remaining life of existing equipment is assumed to be 6 years.*®

DEEMED MEASURE COST

Time of sale: The incremental capital cost for this measure is dependent on efficiency. Assumed incremental costs are provided below:*%
ﬁ h [ Formatted Table ]

139 $111
144 $230
149 _$453
154 _$635
16.3 _$861
16.8 $891
173 $921
19.2 $1,006
21.1 $1,120
22.4 $1,240
139 $111
14.4 $230
14.9 $453
15.4 $635

Early replacement: The full install cost for this measure is the actual cost of removing the existing unit and installing the new one. If this is

unknown, assume defaults below.*%”
_ ) [ Formatted Tahle ]

139 $3,450
144 $3,569
149 $3,791
154 $3,973
16.3 $4,200
16.8 $4,229

493 Baseline SEER and EER should be updated when new minimum federal standards become effective.
494 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures s [ Formatted: Footnote ]
Itps //energlzect comlsnes/defauIt/flIes/documents/Measure%ZOLlfe%ZOReport%202007 gdf ‘Mcasurc thc chon 2007 gdf Measwe—l;#e#epen—ResedenﬂaJ—and

dustrial-Lighting-and-HV.AC Measures-GDS-Associates June-200

[Formatted: Default Paragraph Font, Font: 11 pt ]

495 Assumed to be one thlrd of effectlve useful Ilfe
% See “CAC Costs 09.02.2024.x1sx’.

497 1bid.
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- N

173 $4,259
19.2 $4,345
211 $4,458
224 $4,579
139 $3,450
144 $3,569
149 $3,791
154 $3,973

Assumed deferred cost (after 6 years) of replacing existing equipment with new baseline unit is assumed to be $3,670.8 This future cost should <

be discounted to present value using a 2 31% nominal sometal dlscount rate, base based on the ten year averaqe (1/1/2014 12/31/2023) of the 10 year
Treasury bond yleld rates. “9FOS:

LOADSHAPE
Cooling RES

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Time of sale:

AkWh = ((FLHcool * Capacity * (1/SEER2pase - 1/SEER2e))/1,000) * HF * ISR

ey 7

498 |bid.
499 ‘Societal Discount_Rate Calcu]atmn 08082024 x1sx”.

arelikelto-shiftin-the-future—there-is-currenthy-no-good
Hikely - Hureth Y
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SEER 14 $0.00 $447.06 H-TFRM-v8.0 .
SEER 15 $108 $555-06 H—TRMVv8.0 .
SEER 16 $221 $668:06 H—TRMVv8.0 .
SEER-20 $1,240.00 $1,687.06 pereentage-change-in -
Average $686.96 $1.134.02 .
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Early replacement:5%
AkWh for remaining life of existing unit (1st 6 years):
=((FLHeoot _* CMC“V * (LU/SEER2exist - 1/SEER2¢))/1,000) * HF * ISR =T LH g -+-Capacity-—=(UHfSEER o ——+ { Formatted: Body Text, Indent: Left: 0.5", Space After: }

1//crrpee)),/1'nnn)w HE + JCD Opt
- [ Formatted: Body Text, Space After: 0 pt ]
AkWh for remaining measure life (next 12 years):
= ((FLHcoo * Capacity * (1/SEER2pxe - 1/SEER?2.))/1,000) * HF * ISR < Formatted: Indent: Left: 05", First line: 05" )
b [ Formatted: Indent: First line: 0" ]
— - i
Where:
FLHcoor = Full load cooling hours:5
Weather Basis (Ameren EFLHcool - [ Formatted Table ]
Missouri Average) (Hours)
Capacity = Size of new equipment in Btu/hr (note 1 ton = 12,000Btu/hr)
= Actual installed, or if actual size unknown 33,600Btu/hr for single-family buildings®®
SEER2base = Seasonal Energy Efficiency Ratio of baseline unit (kBtu/kWh)s6
13.4 SEER? for standard sized units or 11.7 SEER?2 for space constrained units13-4-SEER257
SEER 2exist = Seasonal Energy Efficiency Ratio of existing unit (kBtu/kWh)
= Use actual SEER2 rating where it is possible to measure or reasonably estimate. If using rated efficiencies, derate the
efficiency value based on the age of the existing equipment (up to a maX|mum of 30 vears) to account for degradation
over time. 508 If @g is unknown use 12 years
= SEER2 * (1-0.01)A% SEER * (1-1.4406)"¢
If unknown, assume 8.930-8.5°, which is already adjusted to account for age-related degradation. [Forma“ed; Not Highlight ]
SEERZ¢e ————= Seasonal Energy Effl(:lency Ratio of ENERGY STAR® unit (kBtu/kWh)
502 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to efficient) and the remaining phase (new baseline to
efficient). In practice, the screening tools used may either require a First Year savings (using the first equation) and then a “number of years to adjustment” and “savings
adjustment” input which would be the (new base to efficient savings)/(existing to efficient savings).
503 B, d-on-Full-lLoad-Hour 1L H (f St ou nd-Kan f‘i'}) taken-from-the ENERG STAR®. leulator
H \ nd-redu Nh] 7Q_l:0 b: d-on-th luation-resulisn-Ameren-territ r\] 1 1<} a1
i i int): Evaluation - Opinion : [For ted: Font: 9 pt ]
504_Eyaluation r‘\pm. sl I’\/v reviey D 7mo Th ther H (h hr\gd gr N;\]c and- Imgd gr d Y ):n lect o {Field code changed J
(St—Louis-Cape GirardeaKansas-City) weigh year-2019-installations-

505 Actual unit size required for multifamily building, no size assumption provided because the unit size and resulting savings can vary greatly depending on the number of units.
506 SEER to SEER2 conversion factor: SEER2 = SEER *x 96%. Conversion factor for SEER to SEER?2 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 SEER2 terms

befor? applying formulas. Fhe-efficiency-levels-of th isting-baselineand-efficient case-must b B in-the-same-metrics{e-g—both-SEER or both- SEER2) befor

applying-formulas:

507 Based on minimum federal standard effective 1/1/2023: 10 CFR 430.32(c)(5)

598 |1linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res_09222023 FINAL_clean.pdf, page 112. Justification for
degradation factors can be found on page 14 of ‘AlIC HVAC Metering Study Memo FINAL 2 28 2018.docx’. Estimate efficiency as (Rated Efficiency * (1-0.01) Equipment

Age).
509 Baced H-TFRM- ‘ﬂ’ hich-bas J ) o for-d dati factors p 21 of “AIC HVAC Meteri Stuadyv-Mo EINAL2 2 20482 P fault F|’7] based
the A ure-life f-th qlllpm Nt
510 [[linois TRM Versmn 12.0 hj Www. |Isaq |nf0/wp -con ent/upload s/IL-TRM_Effective_010124 v12.0_Vol_3 Res_09222023_FINAL_clean.pdf, page 130Estimate-based
} hawv pn i Juation-result: = idH = Aok e i1 a nmpii n-for-homes-in pnﬂi ular-marketor
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= Actual installed or 44.515.2 if unknown.

HF = For Multifamily units, use a factor of 65% to convert residential single family to multifamily capacity. If actual

capacity is used apply 100%.
ISR = In service rate
= Actual, or if unknown, assume 10095

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh * CF

Where:
AkWh = Electric energy savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0009474181
[& =0.0009474181
NATURAL GAS SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
MEASURE CODE:

511 Ameren Missouri HVAC Evaluation: PY2020, https://www.efis.psc.mo.gov/Document/Display/13831, page 53.
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3.4.9 Filter Cleaning or Replacement and Dirty Filter Alarms

DESCRIPTION

An air filter on a central forced air heating system is replaced prior to the end of its useful life with a new filter, resulting in a lower pressure drop
across the filter. As filters age, the pressure drop across them increases as filtered medium accumulates. Replacing filters before they reach the point
of becoming ineffective can save energy by reducing the pressure drop required by filtration, subsequently reducing the load on the blower motor.

This measure was developed to be applicable to the following program type: RET.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT
A new filter offering a lower pressure drop across the filter medium compared to the existing filter.

DEFINITION OF BASELINE EQUIPMENT
A filter that is nearing the end of its effective useful life, defined by having a pressure drop twice that of its original state.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 1 year>:? for a filter replacement and 5 years>'314 years-for a dirty filter alarm.

DEEMED MEASURE COST
Actual material and labor cost should be used if known, since there is a wide range of filter types and costs. If unknown,5 the cost of a fiberglass
filter is assumed to be $7.33 and the cost of a pleated filter is assumed to be $15.66. If unknown, the cost of a dirty filter alarm is assumed to be $5.

LOADSHAPE
HVAC RES

Algorithm

CALCULATION OF SAVINGS
Electric energy savings are calculated by estimating the difference in power requirements to move air through the existing and new filter and
multiplying by the anticipated operating hours of the blower during the heating season.

ELECTRIC ENERGY SAVINGS

AkWh = KWh_peating + KWh_gooling
KWHh_peating = %Heating * KWnotor * EFLHpeat * E1 * (1 — Leakage) * ISR <
KWh_gooling = %AC * KWnotor * EFLHgoot * E1 * (1 — Leakage) * ISR \

512 Many manufacturers suggest replacing filters more often than an annual basis, however this measure assumes that a filter will generally last one full heating season before it
needs replacement.
513 CPUC Support Tables: Effective Useful Life and Remaining Useful Life. Air Filter Alarm. Accessed on June 11, 2024, https://www.caetrm.com/cpuc/table/effusefullife/
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514 Assumes an average price of $1.08 for fiberglass and $9.41 for pleated, plus $6.25 in labor (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 Annual Wage Order No. 23 documents published by the Missouri Department of Labor). Average filter costs
sourced from “Air Filter Testing, Listing, and Labeling,” Docket #12-AAER-2E prepared for the California Energy Commission, July 23, 2013.
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Where:
Factor School Value L [ Formatted Table
YoHeating Fraction of participants with electric heating /Actual95.65%515) s [ Formatted: Font color: Black
YAC Fraction of participants with central cooling, /Actual95-65%516) [ Formatted: Font color Black
Average motor full load electric demand (kW) —K-Kits 0.5547 - .
KWinotor ; - ME 0.43 ‘ [ Formatted: No widow/orphan control
i 9370 \ [ Formatted: Font color: Black
Equivalent Full Load Hours (EFLH) Heating (hours/year) — SF or MF 1496512 { Formatted: Font color Black
EFLHpeat Equivalent Full- Load-Hours (EFLH) Heating(hours/year)~MFc (comprehensive 5105 - B
[ Formatted: Font: Not Bold, Font color: Black
Equnvalent Full Load Hours (EFLH) Coollng (hours/year) SF or MF 869221 [ Formatted: No widow/orphan control
EFLHeoo W 6322
El Efficiency Improvement (%) 105%°% B [ Formatted Table
ki - . - i a
L e - n " T
eakage % Homes outside Service Territory —OtherPrograms 028%°*
B
HA-Service-Rate—SchookKits unkRowR -assume
4494526
ISR Actual_or if “ [ Formatted Table
9%527
Actual, or if
In Service Rate —MFIEKits unknown, assume
100%°%
Astualorif
57.899%5%°
Fi-sion R —atheagroms Aalual <[ Formatted Table

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkKW = AkWh * CF

Where:

[For ted: Font: 9 pt

09222023 FINAL clean.pdf. page 232 Typical blower

519 Ameren Mlssourl EE Klts Evaluatlon PY2018 page 41 https //www efls psc.mo. qov/Document/D|sglav/15870

{ Formatted: Font: 9 pt

{ Formatted: Font: 9 pt

520 Evaluation (\nmlnn r\, } review-PY¥Y 2019 The {ad values-are. nstructed based-on-weather diti (haaring rlagrn rlnjc and r\nnling rlagraa d 2 ) in-select
Missouri-citie: /Qf Loui f‘ana GH oy e Kansas (‘n,;)y 'v' d b A n rtial vear 2019 | }
521 Ameren Mlssoun EE Kns Evaluation PY?2018, page 41, https: //www efis.psc.mo. qov/DocumentlDlsgl ay/15870.
r\mm D } review-PY.2019 Th led-values-ar nstructed-based-on-weather {itH Ih acinnd gr rla s-and Iinnd gr- Pt c\ in-select
/QQ 1 nnnc Capa Gi qal . Kansas-Cib :\ l ' d h partialvear 2019
A% ud Y Y

L
523 |1linois TRM Version 120 https: //WWWlIsaq |nfolwp con ent/uploadslIL -TRM_Effective 010124 v12.0_Vol_3 Res_09222023 FINAL_clean.pdf, page 233. Based on
Ener .gOV. webxlle “Maintaining Your Air (.undllmner which states 1hd( rej ](lun a dm air filter wnh a L]edn one can lower total air conditioner energy consumption by 5-
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AkWh = Electric energy savings, as calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0004660805
AkWh = i
CF =0.0004660805
NATURAL GAS SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
MEASURE CODE:
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3.4.10 Packaged Terminal Air Conditioner (PTAC) and 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 was developed to be applicable to the following program types: TOS, NC, and EREP.
This measure characterizes:
1. TOS: the purchase and installation of a new efficient PTAC or PTHP.

2. EREP: For the early replacement baseline to apply, program participants or installation contractors must provide documentation asserting
that the existing units operated when turned on—whether or not they provided cooling—and the existing unit brand name and model number
must be documented; or, if the namepla e is not readable a photoqr@h of the unit in context and the namepla e speuflcallv must be
providedthe-early v N Vy
PTAC or PTHPunit. Savmgs are calculated between exnstlng unit and eff|0|ent unit consumptlon durlng the remalnlng life of the e><|st|ng
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.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT
In order for this characterization to apply, the efficient equipment is assumed to be PTACs or PTHPs that exceed baseline efficiencies.

DEFINITION OF BASELINE EQUIPMENT

TOS: the baseline condition is defined by the Code of Federal Regulations at 10 CFR 431.97(c), section §431.97.

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.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.5

Remaining life of existing equipment is assumed to be 5 years.5!

DEEMED MEASURE COST

TOS: The incremental capital cost for this equipment is estimated to be $84/ton 5%

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.>

The assumed deferred cost (after 5 years) of replacing existing equipment with new baseline unit is assumed to be $1,039 per ton.5* This future cost
should be discounted to present value using a 2.31% nominal societal discount rate, based on the ten year average (1/1/2014 — 12/31/2023) of the 10

year Treasury bond yield rates. 535 Fhis-costshould-be-di tedtopresentvaluce using the utititios™di rates
LOADSHAPE
Cooling RES
Heating RES

530 Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, Inc., June 2007,
https://energizect.com/sites/default/files/documents/Measure%20L ife%20Report%202007.pdf: ‘Measure Life Report 2007.pdf’, page 1-4.

531 Standard assumption of one third of effective useful life.

532 DEER 2008. This assumes that baseline shift from IECC 2012 to IECC 2015 carries the same incremental costs. Values should be verified during evaluation.
533 Based on DCEO - IL PHA Efficient Living Program data.

534 Based on subtracting TOS incremental cost from the DCEO data and incorporating inflation rate of 1.91%.

535 ¢Societal_Discount_Rate_Calculation_08082024.xlsx’.
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Algorithm

CALCULATION OF SAVINGS

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

Time of sale:
AkWh = [((EFLHcooi * Capacitycool * (1/SEER2pase - 1/SEER2¢)) / 1000) + ((EFLHnear * Capacitynear * (1/HSPF2hase - 1/HSFP2¢e)) /

1,000)] * ISR

Early replacement:5®
AkWh for remaining life of existing unit:
= [((EFLHcoor * Capacitycool * (1/SEER2exist - 1/SEER2¢.)) / 1000) + ((EFLHpear * Capacitynear * (1/HSPF2exist - 1/HSFP2¢e)) /

1,000)] * ISR

h [ Formatted: Indent: First line: 0"

AkWh for remaining measure life:

=[((EFLHcoo_* Capacitycoot * (L/SEER2pase - 1/SEER2¢)) / 1000) + ((EFLHnear * Capacitynear * (1/HSPF2pase - 1/HSFP2¢e)) /
1,000)] * ISR

Where:
Capacityneat = Heating capacity of the unit in Btu/hr
= Actual
EFLHneat = Equivalent Full Load Hours for heating.

= Custom input if program or regional evaluation results are available, otherwise, per the following table:

SF or MF 1040

b [ Formatted: Indent: Left: 0", Space After: 6 pt

5% The two equations are provided to show how savings are determined during the initial phase of the measure (existing to efficient) and the remaining phase (new baseline to
efficient). In practice, the screening tools used may either require a first year savings (using the first equation) and then a “number of years to adjustment” and “savings
adjustment” input which would be the (new base to efficient savings)/(existing to efficient savings).

537 Base values reported in All-Electric Homes PY6 Metering Results: Multifamily HVAC Systems, Cadmus, October 2015, Ameren. Illinois were adjusted to fit Missouri climate
zones by a comparison of relative annual heating and cooling degree hours (base 65). See ‘3.4.8 EFLH 06022016.xIsx’ for derivation. FLH values are based on metering of
multifamily units that were used as the primary heating source to the whole home, and in buildings that had received weatherization improvements. A DMSHP installed in a
single-family home may be used more sporadically, especially if the DMSHP serves only a room, and buildings that have not been weatherized may require longer hours.
Additional evaluation is recommended to refine the EFLH assumptions for the general population
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1 [ Formatted Table
HSPF2¢e = HSPF rating of new equipment {kbtu/kwh)
= Actual installed
HSPF2pase =Heating System Performance Factor of baseline unit (kBtu/kWh) * | Formatted: Indent: Left: 0", First line: 0.5", Space
- After: 6 pt
[ Formatted: Space Before: 0 pt, After: 6 pt
b ) [Formatted Table
P:FHHHea-Hﬁg_meée') 37 {0052 C; e /1000) 3 41
] —+—{6- pacitycootf 3
PTHP{Heating-mode} 2.9 (0026 % Canacityeoo/1000)}%x3.41
: ; { pacity }
PTHP (Heating mode) Standard Sized (3.7 — (0.052 * Capacityneat/ 1,000)) * 3.41
| PTHP (Heating mode) | Non-Standard Size* | (2.9 — (0.026 * Capacitynes / 1,000)) * 3.41 |
7 { Formatted: Indent: First line: 0"
HSPF 2exist = Actual HSPF rating of existing equipment-{kbtu/kwh}. If unknown, assume: - [ Formatted: Space After: 6 pt
Existing Equipment Type HSPF exist |
Electric resistance heating (PTAC) 3.4125%°
[ PTHP [ 5.4450 |
Capacitycool = the cooling capacity of the ductless heat pump unit in Btu/hr.5
= Actual installed
SEER2ee = SEER rating of new equipment-{kbtutkwh)
= Actual installed>?
SEER2base = Seasenal-Energy-Efficieney-Ratio-of SEER2 rating of the baseline unit (kBtu/kWh). When using the formulas in the
table below, convert the baseline EER to SEER2 using the EER conversion formula.5+3
‘B [ Formatted Table
PTAC (Cooling mode) Standard Sized 14.0 — (0.300 * CapaCitycoor/ 1,000)
PTAC (Cooling mode) Non-Standard Size* 10.9 — (0.213 * CapaCitycool / 1,000)
PTHP (Cooling mode) Standard Sized 14.0 — (0.300 * CapaCitycoor / 1,000)
PTHP (Cooling mode) Non-Standard Size* 10.8 — (0.213 * CapaCitycool / 1,000)

to-the-whole-hom

ings-that-had ived herization-i ts—A-DMSHP

nd-in-bt

units-that-were-used-as-the-prim B
le-famil-home-mav-be-used-mor ialhif the DMSHP sep alv-a-room—and-buildinas-that-h. notbeen herized-mav-requirelonger hour:
&) Y Y5t Y Y g 5 y-Fed £l g

ional-evaluation-i lad torefine the EFLH asst ions-for-the-general-population-

S

539 Electric resistance has a COP of 1.0 which equals 1/0.293 = 3.41 HSPF.

540 This is estimated based on finding the average HSPF/SEER ratio from the AHRI directory data (using the least efficient models — SEER 12 and SEER 13) —0.596 and applying
to the average nameplate SEER rating of all early replacement qualifying equipment in Ameren PY2003-PY2004. This estimation methodology appears to provide a result within
10% of actual HSPF.

%411 Ton = 12 kBtu/hr.

,,,,,,,,,,,,, == [ Formatted: Superscript

of EER = (-0.02 * SEER?) + (1.12 * SEER). EER base ={1.12 -~(1.2544 - 0.08 * EER)}/0From Wassmer, M. (2003), “A Component-Based Model for Residential Air .
Conditioner and Heat Pump Energy Calculations,” (Masters thesis), University of Colorado at Boulder. o [ Formatted: Superscript

54 |bid.
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Mm | e m.l—L@O@) b i [Formatted: Font color: Auto
PTAC{(Coolingmode) ;A T - [ Formatted: Left

Mﬁm - i - . ) \ [Formatted: Font color: Auto
PIHP_@WSE@Q 4:6—(0:300x-Capacitysi1000) : { Formatted: Left

PTHP-(Cooling mode) 10.8—(0-213 %-Capacityexi£000) N\ [ Formatted: Font color: Auto

* Non-Standard Size apply only to units with existing sleeves less than 16 inches (406mm) in height and less than 42 inches (1067 « [ ) \ % ::::::::: :;z:t olor At

i i N \ N .
. [ Formatted: Left
- [ Formatted: Indent: Left: 1", First line: 0"
SEER2exist = Actual SEER rating of existing equipment-gkbtu/kwh). If unknown, assume: [ Formatted: Space After: 6 pt
PTHP
[ PTAC | |
EFLHcool = Equivalent Full Load Hours for cooling.

= Custom input if program or regional evaluation results are available, otherwise, per the following table.>*

617

SF or MFStteuis

ISR = In-service rate. Actual, or if unknown, assume 100%%

SUMMER COINCIDENT PEAK DEMAND SAVINGS
Time of sale:

AW = AW h +CE
L v Tieooting

Where:

AleWh  =Energy-Savings-as-caleulated-above

Gk =0.0009474181
AKW = AkWhcooling * CF

Where:

AkWheooling = Electric energy savings for cooling, calculated above

54 ASHP existing efficiency assumes degradation and is sourced from the Ameren Missouri Heating and Cooling Program Impact and Process Evaluation: Program Year 2015.

CAC assumed to follow the same trend in degradation as the ASHP: 9.12 SEER nameplate to 7.2 (6.91 SEER?2) operations SEER represents degradation to 78.9% of nameplate.
78.9% of 8.6 SEER CAC nameplate gives an operational SEER of 6.8 (6.53 SEER2)ASHP i i
o ear20

8.9% of

ting

and-i

ourced-from-the-Ameren-M

72
= OpH

P g P g plate-g P 5.
545 Evaluation - Opinion Dynamics review PY2019. The recommended values are constructed based on weather conditions (heating degree days and cooling degree days) in select

Missouri cities (St. Louis, Cape Girardeau, Kansas City), weighted by partial year 2019 installations.

546 Ameren Missouri HVAC Evaluation: PY?2020, https://www.efis.psc.mo.gov/Document/Display/13831, page 53.
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CE =0.0009474181
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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3.4.11 Room Air Conditioner

DESCRIPTION
This measure relates to the purchase and installation of a room air conditioning unit that meets the ENERGY STAR® minimum qualifying efficiency
specifications, in place of a baseline unit meeting minimum federal standard efficiency ratings presented below:5"

3 [ Formatted Table
< 6,000 121 10 115 105
6.000 to 7,999 101
8,000 to 10,999 120 10.6 A 10.0
14,000 to 19,999 118 10.5 98
20,000-27,999 10.3 10.2 9.8
>=28,000 99 103 95
B [ Formatted Table
i e e
| Casement-stider 114 108
B [ Formatted Table

Formatted: Font: 10 pt

'| Formatted: Font: 10 pt

[
(
[For ted: Font: 10 pt
[
(

< 8,000 . . .
Without | 809010 10,959 10.9 96 12.0 10.6 125 . Formatted: Font: 10 pt
Reverse 11,000 to 13,999 10.9 9.5 12.0 10.5 125 Formatted Table
“Cyele 14,000 to 19,999 10.7 9.3 11.8 10.2 12.3
20,000 t0 27,999 94 94 10.3 10.3 108 [ Formatted: Font: (Default) Times New Roman
>=28,000 9.0 9.4 9.9 10.3 10.4 / - .
[ Formatted: Font: (Default) Times New Roman
[ Formatted: Font: (Default) Times New Roman
547Sjde louvers that extend from a room air conditiz_)ne_r model in order to position the unit in a window. A model without louvered sides is placed in a built-in wall sleeve and are / [ Formatted: Font: (Default) Times New Roman
commonly referred to as “through-the-wall" or “built-in" models. Il
Casement-only refers to a room air conditioner designed for mounting in a casement window of a specific size. { Formatted: Font: (Default) Times New Roman
Casement-slider refers to a room air conditioner with an encased assembly designed for mounting in a sliding or casement window of a specific size. Reverse cycle refers to the [ ) K 3
heating function found in certain room air conditioner models. https:/www.energystar.gov/products/heating_cooling/air_conditioning_room/key_product_criteria [ Formatted: Font: (Default) Times New Roman
548_Fadaral air HH } ns-/lee } e .
T o TS IR IT e IR § Formatted: Font: (Default) Times New Roman
549 Codaral lard-air | I J DS,
550, | [ Formatted: Font: (Default) Times New Roman
551 See DOE’s Appliance and Equipment Standards for Room AC: //. / /| Formatted: Hyperlink, Font: (Default) Times New
552 ENERGY STAR Version 4.0 Room Air Conditioners Program Requirements )/ /| Roman, 11 pt
2% The Consortium for Energy Efficiency Super Efficient Home Appliance Initiative, Room Air Conditioner Specification, CEE Advanced Tier (CEER), effective January 31 / ) . . N
2017. Please see file ‘CEE_ResApp_RoomAirConditionerSpecification 2017.pdf, // {Formatted. Font: (Default) Times New Roman
https://library.ceel.org/system/files/library/13069/CEE_ResApp_RoomAirConditionerSpecification_2017.pdf [ Field Code Ct |
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With <14,000 9.8 9.3 10.8 10.2 125
Reverse | 14,000 to 19,999 9.8 8.7 10.8 9.6 12.3
Cycle >=20,000 9.3 8.7 10.2 9.6 104
Casement only 9.5 10.5
Casement-Slider 10.4 11.4
This measure was developed to be applicable to the following program type: TOS and EREP. -«

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT
To qualify for this measure the new room air conditioning unit must meet the ENERGY STAR® efficiency standards presented above.

DEFINITION OF BASELINE EQUIPMENT
For programs other than low-income programs, t+he baseline assumption is a new room air conditioning unit that meets the current minimum federal
efficiency standards presented above.

For low income programs, for both Time of Sale and Early Replacement the baseline assumption is an inefficient unit either existing in the home or
being purchased or acquired via the secondary market.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be 129 years.5

For low income programs, since the baseline unit is assumed to be purchased from the secondary market, it is assumed that the remaining life of the
baseline unit is 6 years and would need to be replaced with another unit from the secondary market at that point.5s

DEEMED MEASURE COST
For programs other than low-income programs AR®_unit-5the
incremental cost for this measure is assumed to be $40 for a CEER Tler l or ENERGY STAR unlt and $100 for a CEE Tler 2 unit.5s?

For low income programs, the actual full cost of the ENERGY STAR® unit should be used. If unavailable assume $300.5% If a CEE Tier 2 unit is
installed assume $508.55°

LOADSHAPE
Cooling RES
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = (FLHgoomac_* Btuh * (1/CEERpase - 1/CEER;.)) / 1,000

554 Measure Life Report, Residential and Commercial/lndustrial Lighting and HVAC MeasuresENERG%lAR@Reem-Ak—GendiﬁeneréaxAng&Gaiemaee

https://ener /enemlzect com/snes/defauIt/flIesldocuments/Measure%zoL| e%ZOReport%ZOZOW pd Medsure Life Report 2007.pdf”, page 1-3.

..... on 023 FINAL

555 IIIm0|s TRM Version 12.0 lDttgs [Iwww. |Isag InfO/WE content/uploads/IL- TRM Effectlve 010124 V12, 0 Vol 3 Res 09222023 FINAL clean.pdf, page 68. 2
AVe 0 5 ag-info/w pload clean.pdf.-page 69 Cost from RS

**7lllinois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res 09222023 FINAL _clean.pdf, page 41. CEE Tier 1 cost
based on field study conducted by Efficiency Vermont and Tier 2 based on professional judgement.

5% Ibid.

5 Consistent with Non 1Q version of the measure.
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1 1
MW h- = =
1000
Where:
FLHRoomac = Full Load Hours of room air conditioning unit:
Weather Basis (City based upon) Hours®®
St Louis, MO 860 for primary use and 556
for secondary use
Btu/H = Size of unit
| = Actual. If unknown assume 8,500 Btu/hr 56t
CEERuase = Efficiency of baseline unit
= For programs other than low-income programs, aAs provided in tables above
= For low income programs, actual CEER of the existing unit; if unknown, assume 7.7562
CEERe. = Efficiency of ENERGY STAR® unit
= Actual. If unknown assume minimum qualifying standard as provided in tables above
ISR = Actual, or if unknown, reference values in the table below dependent on program type
TOs™ - [ Formatted Table
[SFIES | 98% |
‘e [ Formatted: Indent: Left: 0"
SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh * CF
Where:
AkWh = Electric energy savings, as calculated above
CE = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0009474181%% - [ Formatted: Indent: Left: 1", First line: 0.5"
AKWh = Energy Savings as calculated above
CF e e e eI
=0.0009474181"

NATURAL GAS SAVINGS
N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

560 Primary is based upon Ameren Missouri PY2013 CoolSavers Evaluation data, Secondary is based upon Ameren Missouri Efficient Products PY2016 Evaluation,
https://www.efis.psc.mo.gov/Document/Display/17349, page 64.

561Based on maximum capacity average from the RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008,
https://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National %20Grid/122_SPWG%20R00m%20%20AC%20Evaluation%20FINALReport%20June
%2023%20ver7.pdf-; ‘122 SPWG Room AC Evaluation FINALReport June 23 ver7.pdf’.

562 |1linois TRM Version 12.0, https:/www.ilsag.info/wp-content/uploads/IL-TRM_Effective 010124 v12.0_Vol 3 Res 0922.
563 H P 8p ici fficientP } ps-thanasa-efi it

2023 _FINAL _clean.pdf, page 70.

Areren-hssou Cam pa eau aluation,-https:/www-efis.pse-mo.gov/Document/Display/15869 page 28.
64Ameren Missouri Efficient Products Evaluation PY 2016, https:/www.efis.psc.mo.gov/Document/Display/17349, page 63. [Formatted: Not Highlight

565 Based on Ameren Missouri TRM Volume 1 - Appendix G: "Table 1 — Residential End Use Category Monthly Shapes and Coincident Peak Factors"Ameren-Missouri-2016
loadshape-for residential cooling end-use.
5 . .

566_Based-on-Ameren-Misso 0161oad
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DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CODE:
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3.4.12 Ground Source Heat Pump

DESCRIPTION
A heat pump provides heating or cooling by moving heat between indoor and the ground.

This measure characterizes:

1. TOS: The installation of a new residential sized ground source heat pump. This could relate to the replacement of an existing unit at the end
of its useful life, or the installation of a new system in a new home.

2. EREP: The early removal of functioning electric heating and cooling systems from service, prior to its natural end of life, and replacement
with a new high efficiency ground source heat pump unit. To qualify as early replacement, the existing unit must be operational when
replaced. If the SEER of the existing unit is known,-and the baseline SEER is the actual SEER value of the unit replaced, and if unknown
use assumptions in the variable list below (SEER2exist and HSPF2exist). If the operational status of the existing unit is unknown, use TOS
assumptions.

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

DEFINITION OF EFFICIENT EQUIPMENT
A new residential sized ground source heat pump with specifications to be determined by program.

DEFINITION OF BASELINE EQUIPMENT

The baseline for the TOS measure is federal standard efficiency level as of: 3-3-COP-a i isti

pump;-14.3 SEER2 and 7.58-2 HSPF2 when replacing an existing air source heat pump_or e><|st|nq qround source heat pump, and 13 4 SEERZ and
3.41 HSPF2 when replacing a central air conditioner and electric resistance heating.

For the early replacement baseline to apply, program participants or installation contractors must provide documentation asserting that the existing
units operated when turned on—whether or not they provided cooling—and the existing unit brand name and model number must be documented;
or, if the nameplate is not readable, a photograph of the unit in context and the nameplate specifically must be provided. The baseline for the early
replacement measure is the efficiency of the existing equipment for the assumed remaining useful life of the unit and the new baseline as defined
above for the remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 2518 years.>*

For early replacement, the remaining life of existing equipment is assumed to be 6 years for GSHP, ASHP and CAC and 2518 years for electric
resistance.

DEEMED MEASURE COST

TFOS:New Construction and Time of Sale: The actual installed cost of the Ground Source Heat Pump should be used (default of $3957 per ton),%8+

minus the assumed installation cost of the baseline equipment ($6562 + $600 per ton for ASHP%%° or $2011 for a new baseline 80% AFUE furnace®™
and $3,338 for new baseline Central AC replacement >%).

Early Replacement: The actual full installation cost of the Ground Source Heat Pump should be used (default of $3957 per ton).

The assumed deferred cost of replacing existing equipment with a new baseline unit is assumed to be $7,527 + $688 per ton for a new baseline Air
Source Heat Pump, or $2,296 for a new baseline 80% AFUE furnace and $3,670 for new baseline Central AC replacement.5’2 This future cost
should be discounted to present value using a 2.31% nominal societal discount rate, based on the ten year average (1/1/2014 — 12/31/2023) of the
10 year Treasury bond yield rates. 573

567 [llinois TRM Version 12.0 hﬂps /lwww.ilsag.info/wp-content/uploads/IL-TRM_Effective 010124 v12.0 Vol_3 Res 09222023_FINAL_clean.pdf, p. 166. System life of
.htm”). The ground loop has a much longer life, but the compressor and other

mechanical components are the same as an ASHP.

5% Based on data provided in ‘Results of HomE geothermal and air source heat pump rebate incentives documented by IL electric cooperatives’.

used upon data provided bv Ameren. See ‘ASHP Costs_06242022°.
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baseline rep acement costs are consistent with their respective measures and include inflation rate of 1.91%.

57 Societal Discount Rate Calculation 08082024.xlsx™
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

'| Formatted: Level 6, Space Before: 10 pt, After: 0 pt,
Line spacing: Multiple 1.15 li, Tab stops: 3.5", Left

TOS: <

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

AkWh = [((EFLHgool* Capacitygool * (1/EERZpase - 1/EER2) / 1000) + ((EFLHpeat * Capacitypear * (1/HSPF2pase - 1/HSFP2) / 1000)] * « ‘

ISR

Formatted: Subscript

| Formatted: Su bscript

| Formatted: Su bscript

Formatted: Subscript

AkWh for remaining life of existing unit (1st 6 years for replacing an ASHP or GSHP, 18 years for replacing electric resistance): Formatted: Subscript

Formatted: Subscript

= [((EFLHcoo_* Capacitycoo * (L/EER2exist - L/EER2¢) / 1000) + ((EFLHnea * CapaCitynea * (L/HSPF2eyist - 1/HSFP2) / 1000)] «
*ISR \

Formatted: Subscript

Formatted: Indent: Left: 0", Hanging: 1"

1/HSEP- ) /1000)}+ ISR
Formatted: Indent: First line: 0"

AkWh for remaining measure life (next 12 years if replacing an ASHP or GSHP):

{
[
(
(
N
EREP:5® [ Formatted: Subscript
(
(
(
(
(
(

= [((EFLHcoo_* Capacitycool * (L/EER2base - 1/EER2¢¢) / 1000) + ((EFLHnear * Capacityhear * (1/HSPF2pase - 1/HSFP2¢) / 1000)] <« | Formatted: Indent: Left: 1"

*ISR

574 Cost ba
575 tbid.
576 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to efficient) and the remaining phase (new baseline to
efficient). In practice, the screening tools used may either require a first year savings (using the first equation) and then a “number of years to adjustment” and “savings
adjustment” input which would be the (new base to efficient savings)/(existing to efficient savings).
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[ Formatted: Normal ]
EFLHeool = Equivalent full load hours of air conditioning:” .« [ Formatted: Space After: 6 pt }
Weather Basis (City based upon) | EFLHcoo (Hours)
St Louis, MO 869
Capacitycool = Cooling capacity of air source heat pump (Btu/hr)
= Actual (1 ton = 12,000Btu/hr)
EER2exist = Seasonal Energy Efficiency Ratio of existing unit (kBtu/kWh)
= Use actual SEER257 rating where it is possible to measure or reasonably estimate. If using rated efficiencies, derate the
efficiency value based on the age of the existing equipment (up to a maximum of 30 years) to account for degradation
over time.5” If age is unknown, use 12 years.
= SEER2 * (1-0.01)"% = Seasonal-Energy-Efficiency Ratio-of existing-cooling-system-(kBtu/k\Wh)
1 [ Formatted: Indent: First line: 0" J
If rated efficiency is unknown, use defaults provided below, whlch should not be furth er adj usted to account for age- « X )
elated de radatlon — " [Formatted. Space After: 6 pt J

Existing Cooling System \ SEER exist
Air Source Heat Pump #:26.910% Formatted: Footnote
Ground Source Heat Pump 13.4%% Reference,Footnote_Reference,o,fr,TT - Footnote
Central AC 6.534 Reference,FC,Style 9,Style 17,0 + Times New Roman,
No central cooling®* Let *1/SEER2exist” = 0 Font: Not Bold, Font color: Auto, Do not check spelling
or grammar, Not Superscript/ Subscript
EERZpase = Seasonal Energy Efficiency Ratio of baseline Air Source Heat Pump (kBtu/kWh)
=14.3 if replacing air source heat pump or ground source heat pump; 13.4 if replacing central air conditioners®
EER2ce = Seasonal Energy Efficiency Ratio of efficient Air Source Heat Pump (kBtu/kWh)
= Actual
EFLHpeat = Equivalent full load hours of heating

A JYStar-§OVAHa BUSHRESSOthK_PUFERasig a 2%-ba ~ b
EFLH-of 869-The-otherclimate-region-values-are-calculat s ing e relati limate normals ling-degree-day-ratios(at 65F-set-point). PY2019 Eva|ua"0n Re ort,

jps //www efis. pSC.mo. qov/Docum m/DlsgIay/15876 page 30.

~| Formatted: Font: (Default) Times New Roman, 9 pt
TRM_Effective_010124 v12.0_Vol_3 Res 09222023 FINAL _clean.pdf,p. 508. { ( ) P }
579 1bid., page 112. Justification for degradation factors can be found on page 14 of ‘AIC HVAC Metering Study Memo FINAL 2_28 2018.docx’. Estimate efficiency as (Rated Formatted: Footnote
Eggficiency * (1-0.01) Equipment Age). . i Reference,Footnote_Reference,o,fr,TT - Footnote
B d H-TRM V80 which b S H } for-d dati faet 21 of “AJC HVAC M 1 Studyv-Mo EINAL2 28 2018 Default 12 12 2 T2l
g . = g b4 Reference,FC,Style 9,Style 17,0 + Times New Roman,
Font: 9 pt

< : [ Formatted: Font: 9 pt }
manufacturer: ions-of 10-12 EER and-2.4-2.8 COP-_Use of 12 EER and-2.8 COP—i ti - ) [Formatted: Hyperlink, Font: 9 pt J
82 ASHP existing efficiency assumes degradation and is sourced from the Ameren Missouri Heating and Coollnq Program Impact and Process Evaluation: Program Year 2015. [ Field Code Changed J
CAC assumed to follow the same trend in degradation as the ASHP: 9.12 SEER nameplate to 7.2 (6.91 SEER?2) operations SEER represents degradation to 78.9% of nameplate. 9
78.9% of 8.6 SEER CAC nameplate gives an operational SEER of 6.8 (6.53 SEER2). [ Formatted: Font: 9 pt J

583 |llinois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res_ 09222023 FINAL_clean.pdf, page 169.

584 |f there is no central cooling in place but the incentive encourages installation of a new ASHP with cooling, the added cooling load should be subtracted from any heating
benefit.

585_
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[ Formatted: Normal

| = Dependent on location:5% h [ Formatted: Space After: 6 pt

Weather Basis (City based

upon)
St Louis, MO 1496

Capacityneat = Heating Capacity of Air Source Heat Pump (Btu/hr)
= Actual (1 ton = 12,000Btu/hr)

HSPF2exist = Heating System Performance Factor of existing heating system (kBtu/kWh) - [ Formatted: Indent: Left: 0", First line: 0.5"

= Use actual HSPF2 rating where it is possible to measure or reasonably estimate. If using rated efficiencies, derate the
efficiency value based on the age of the existing equipment (up to a maximum of 30 years) to account for degradation
over time.%’ If age is unknown, use 12 years.

= HSPF2 * (1-0.01)A®

=Heating-System-Perk Factorofexisting-heating-system-(kBtuddhy “ | Formatted: Indent: First line: 0"

Formatted: Space After: 6 pt

related degradation

= If rated efficiency is unknown, use defaults provided below, which should not be further adjusted to account for age- <« %

Existing Heating System HSPF exist “

| Formatted Table

Air Source Heat Pump 5.445%94.91

Ground Source Heat Pump 15
Electric Resistance 3.41

Fori ted: Font: (Default) Times New Roman, English
(United States), Check spelling and grammar

{ Formatted: Font: (Default) Times New Roman

HSPF2pase = Heating System Performance Factor of baseline Air Source Heat Pump (kBtu/kWh)

=7.58:2 if replacing air source heat pump or ground source heat pump; 3.41 if replacing electric resistance heating®*
HSFP2e. = Heating System Performance Factor of efficient Air Source Heat Pump

(kBtu/kWh)
| ISR = In-service rate. Actual, or if unknown, assume 4n-Service-Rate-=-100%

SUMMER COINCIDENT PEAK DEMAND SAVINGS

TOS:
AkW = AkWh * CF
Where:
AkWh = Electric energy savings, as calculated above
CFE = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0009474181 ““m [ Formatted: Indent: Left: 1", First line: 0.5"
AkWh = Energy Savings as calculated above
GF =0.0009474181

NATURAL GAS SAVINGS
N/A

586

data-with-a-base-temp-ratio-of-60°F PY2019 Residential Evaluation Report, https://www.efis.psc.mo.gov/Document/Display/15876, page 30.
587 1linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res_09222023 FINAL_clean.pdf, page 112. Justification for
degradation factors can be found on page 14 of ‘AIC HVAC Metering Study Memo FINAL 2_28 2018.docx’. Estimate efficiency as (Rated Efficiency * (1-0.01)"Equipment

588 ]1linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res_09222023 FINAL_clean.pdf, page 171.
589_This-is-estimated-based-on-find he-average HSP R ratio-from the AHRI directory/d ing-the least effi R and R 0.596

to-the-average timation

5%, ievesi - i 293=3
591 Bacad ffective-1/1/2015:

hitp/www-gpo-govidsys/pkg/CFR-2012-title 10-vol3/pdf/CFR-2012-title 10-vol3 0-32.pdf
%92 Ameren Missouri HVAC Evaluation: PY 2020, https://www.efis.psc.mo.gov/Document/Display/13831, page 53.
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WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A
MEASURE CODE:
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3.5 Lighting
3.5.1 LED Screw Based Omnidirectional Bulb

DESCRIPTION

This measure provides savings assumptions for LED screw-based omnidirectional (e.g., A-Type) lamps installed in a known location (i.e., residential
and in-unit interior or exterior) or, if the implementation strategy does not allow for the installation location to be known (e.g., an upstream retail
program or efficiency kit), an unknown residential location. For upstream programs, utilities should develop an assumption of the Residential v
Commercial 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 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 required that by January 1, 2020, all lamps meet efficiency criteria of at least 45 lumens per watt, in effect
making the baseline equivalent to a current day CFL. In 2019, the Department of Energy issued a final determination and clarified that a) the EISA
backstop provision had not been triggered and therefore b) the efficiency standard would not change in 2020. In May 2022, DOE reversed this
decision by issuing a final rule that expanded the General Service Lamp (GSL) and General Service Incandescent Lamp (GSIL) definitions and
reinstated the 45 lumen per watt backstop provision with phased enforcement between January 2023 and July 2023.593

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

DEFINITION OF EFFICIENT EQUIPMENT
In order for this measure to apply, new lamps must be ENERGY STAR® labeled based upon the ENERGY STAR® specification v2.0 which became
effective on 1/2/2017-(h ay visi t/file inaires% % OFinalpdf).

Qualification could also be based on the Design Light Consortium’s qualified product list.5%

DEFINITION OF BASELINE EQUIPMENT

In 2012, Federal legislation stemming from the Energy Independence and Security Act of 2007 (EISA) will require all general-purpose light bulbs« [Formaned; Body Text, Left

between 40 watts and 100 watts to have ~30% increased efficiency, essentially phasing out standard incandescent technology. In 2012, the 100 w
lamp standards apply; in 2013 the 75 w lamp standards will apply, followed by restrictions on the 60 w and 40 w lamps in 2014. Since measures
installed under this TRM all occur after 2014, baseline equipment are the values after EISA. These are shown in the baseline table below.

Additionally, an EISA backstop provision was included that would require replacement baseline lamps to meet an efficacy requirement of 45
lumens/watt or_higher beginning on 1/1/2020. In December 2019, DOE issued a final determination for General Service Incandescent Lamps
(GSILs), finding that this more stringent standard was not economically justified. However, in May 2022 DOE reversed this decision by issuing a
Final rule for both the broadened General Service Lamp definition as well as the implementation of the 45 lumen per watt backstop. DOE stated that
it will use its enforcement discretion to minimize impacts on the supply chain and effectively allow companies to continue the manufacture and
import of noncompliant bulbs through the remainder of 2022, and allow retailers to continue selling them with limited enforcement until July 2023.

No savings are claimed for non-income qualified programs unless via direct install programs, [Formaned: Not Highlight

593 DOE 87 FR 27439
9

4 https://www.energystar.govi/sites/default/filess ENERG Y %20STAR%20L amps%20V2_0%20Revised%20AUG-2016.pdf; ‘ENERGY STAR Lamps V2_0 Revised AUG- [For ted: Font: 9 pt
2016.pdf".
59 https://www.designlights.org/QPL. [Formatted: Font: 9 pt
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be two years for Direct Install in non-income eligible populations and eight years for income eligible populations

ong 596

DEEMED MEASURE COST
The deemed measures cost for a LED screw based omnidirectional bulb is $1.45 per bulb.597

LOADSHAPE
Lighting RES
Lighting BUS
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Algorithm

CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS

AkWh = (Wattgase - Wattee ) * ISR * (1 - LKG) * Hours * WHF /1,000 <

LW hpps =W atty——Watt;) WRES—+—ISR—~—(1 LK G)——Hoursy—+WHE/1000
LW hyrps=Weatty—Watty ) —+(—YRES) ISR+ — LK G+ Howrsypr+WHE/1000

Where:

WattSgase
Wattsee

= Based on lumens of LED bulb installed. If lumens of LED bulb are unknown, refer to table below.
= Actual wattage of LED purchased / installed - If unknown, use default provided below:®

Font: Times New Roman

| Formatted:

Font: Times New Roman

(
(
(
{ Formatted:
(
(

[ Formatted:

Font: Times New Roman

Formatted:

Font: Times New Roman

| Formatted:

Font: Times New Roman

Formatted:

Font: Times New Roman

| Formatted:

Font: Times New Roman

| Formatted:

Font: Times New Roman

Formatted:

Font: Times New Roman

| Formatted:

Font: Times New Roman

Formatted:

Font: Times New Roman

Formatted:

Font: Times New Roman

Formatted:

Font: Times New Roman

Formatted:

Font: Times New Roman

Formatted:

Font: Times New Roman

Formatted:

Font: Times New Roman

Font: Times New Roman

59 |1linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective 010124 v12.0 Vol_3_Res_09222023 FINAL clean.pdf, page 327Measure-life-is

residential-are-based-on-averageratedlifetimefor-2021 measures-{throuah-8/3/2021) divided-by-995-hours-forresidential-settings-and-bv-3-351 for idential
) Pregi A £ % o4 £ s
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597 1linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res 09222023 FINAL_clean.pdf, page 329Based-en-H
TRM V/11.0, Section 5.5.8.

ilable ENERGY-STAR®-produsct. 1-06/18/2015For-any-lumen-range-where-there-is- no ENERG

£)

598 | b &t ults-are-based-upon rag
Ibid., page 328W AF» I based-upon-th g

@ i ®_minimum-luminous-effica (55Lm/M\W-for-lamps-with-rated less-than-15W.-and-65
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LKG = leakage rate (program bulbs installed outside Ameren Missouri's service area)
= Actual, or if unknown, assume 0%°® «
[ Program [ Leakage |  (ileakage) |
Efficiency-Kit{Schooh)*** 28% 72%
Appliance Reeyeling®™® 0% 100%
Low-Income®* 0% 100%
MEMR 0% 100%
ISR = In_S-Service Rate, the percentage of units rebated that are actually in service. Actual, or if unknown, assume:
— ‘ Discounted In Service .
Rate (ISR)
Direct-tastal-(MFLHMFIE 98.2% «
606
Efficiency Kit (School)*™” 92% “
SFIE and PAY SEfficiency 100% «
Kt (p 4;)508
Appliance Reeyeling®® 88% -
Fovbacaprddin R «
Pay As You Save™ [ «

Hoursges = Average hours of use per year for bulbs in resrdentlal homes Use custom value or table below

Residential 995.1851
Income Eligible RES 674.18%12
MEMR 693,508
599_A maran Missouri-l inhfinﬂ Evaluation—P¥.2022 -96%-is-thi ‘:1'« d-a rag for-bulb: ld-thi ngh the-Online-Stor nd-1 p Py g b d-on-evaluationresults-and

&he-dasmbu&ren—ef—br#bs—m—&he—;’#@%}preg&am—
600 Assumed based on grogram dellvery channels

2 Acsurmed.based-on design
Preg R

603_A maran Missouri-A H R, iH Evaluation-PY2019 (A dix-Table 56) - hananas afic Wiin? ||w/ﬂ:ﬂ 6
pp eyeling PP hitps: eHispse110.9o page-93.

608 Ameren Mlssoun Efflment KI'[S Impac and Process Evaluatlon Program Year 2018 htms /lwww efls p C.MO. uoleocument/Dlsg vl15870 D ge 3
ab 9:¢cu a 8

rrrrr i ocume play/15:

610 Ameren-Missouri-Pay-As-You-S (PAYS®

)—Evaluauen—MOQ-Z—Pame&pam-Suwey
611 Ameren Missouri Lighting Evaluation PY 2018, https://www.efis.psc.mo.gov/Document/Display/15873, page 36.
612 Ameren Missouri Community Savers Evaluation P'Y2018 workpapers- Weighted Avg. HOU from ADM workpapers.
613. ADM-2017 Community-Savers EM&\
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WHFeges = Waste Heat Factor for energy to account for the impact from reducing waste heat from efficient lighting on electric
cooling and heating loads in residential homes.

=0.99 if unknown®
= \Waste He

el e “ [Formatted: Indent: Left: 0", First line: 0"

WHFeHeat = Waste Heat Factor for energy to account for electric heating increase from reducing waste heat from efficient lighting (if
fossil fuel heating, see calculation of heating penalty in that section).
=1 - ((HF / nHeat) * %ElecHeat).
= If unknown assume 0.88°1¢

614 Ameren Missouri PY2014 Evaluation, https://www.efis.psc.mo.gov/Document/Display/14194, page 45.
) Weichtad A

615_Amaran Missouri-Community-Savers EvaluationPY201 g—calculated-from-ADM )

616 Calculated using defaults: 1-((0.53/1.57) * 0.35) = 0.88.

Pap
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Where: s [ Formatted: Indent: Left: 0", First line: 0"
HF = Heating Factor or percentage of light savings that must now be heated <~ [ Formatted: Indent: Left: 0", First line: 0.5"

= 53%°*7 for interior or unknown location
= 0% for exterior or unheated location

NHeateecric = Efficiency in COP of Heating equipment A [ Formatted: Indent: Left: 0"

- _ i -618 «
Actual - If not available, use: [Formaned: Indent: Left: 1"

[ Formatted Table

Heat Pump Before 2006 5.8 1.44
(if age unknown After 2006 - 2014 6.5 1.62
assume 2006-2014) 2015 on 7.0 1.74
Resistance N/A N/A 1.00
Unknown®® N/A N/A 1.28
Before 2006 6.8 2.00
Heat Pump 2006-2014 7 2.26
2015 and after 82 240
Resistance NIA NIA 1.00
Unknown N/A NIA 1575
%ElecHeat ————= Percentage of heating savings assumed to be electric <~ [ Formatted: Indent: Left: 0"
eating fuel 9%ElectricHeat
Electric 100% “ [ Formatted: Space After: 0 pt
Natural Gas 0% -~ -
Unknown 35067 . [ Formatted: Space After: 0 pt
[ Formatted: Space After: 0 pt
WHFecool = Waste Heat Factor for energy to account for cooling savings from reducing waste heat from efficient lighting
Bulb Location WHFecool - [ Formatted: Keep with next
Building with cooling 1.1262 « -
Building without cooling or exterior 1.0 . [ Formatted: Keep with next
Unknown 1.116%8 - [ Formatted: Keep with next
[ Formatted: Keep with next

517 This means that heating loads increase by 53% of the lighting savings. This is based on the average result from REMRate modeling of several different building configurations
in lowa (Des Moines, Mason City, and Burlington). These results were judged to be equally applicable to Missouri.

618 These default system efficiencies are based on the applicable minimum federal standards. In 2006 and 2015, the federal standard for heat pumps was adjusted. While one would
expect the average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time mean that using the minimum standard is appropriate.

519 Calculation assumes 35% Heat Pump and 65% Resistance, which is based upon data from Energy Information Administration, 2009 Residential Energy Consumption Survey,

Formatted: Font: (Default) Times New Roman
https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls: ‘hc6.9.x1s’, Average efficiency of heat pump is based on assumption that 50% are units from before 2006 and ( )

50% from 2006-2014. Program or evaluation data should be used to improve this assumption if available, Formatted: Font: (Default) Times New Roman

620_Caleulation-assumes-50%-heat-pump-and-50% which-is-based-upon-data-from-Energy: ion-Admini ion—2009 Residential Energyv-Consumption-Sun
PHAR T P gy g P oal

“HC6-9 SpaceHeatinein Midwest Resi 162 Avers fei £heat pis-based umption-50%-ax units from before 2006-and-500 006-2014-

[
y

[ Formatted: Font: (Default) Times New Roman
{

o Average (default) value of 35% electrlc space heating from 2009 Residential Energy Consumption Survey for Missouri. If utilities have specific evaluation results providing a | Formatted: Font: (Default) Times New Roman

more appropriate assumption for homes in a particular market or geographical area, then they should be used.
622 The value is estimated at 1.12 (calculated as 1 + (0.34 / 2.8)), and it is based on cooling loads decreasing by 34% of the lighting savings (average result from REMRate
modeling of several different building configurations in lowa (Des Moines, Mason City, and Burlington)). The estimate also assumes typical cooling system operating efficiency of
2.8 COP (starting from standard assumption of SEER 10.5 central AC unit, converted to 9.5 EER using algorithm (-0.02 * SEER?) + (1.12 * SEER) (from Wassmer, M. (2003); A
Component-Based Model for Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder), converted to COP =
EER/3.412 = 2.8COP). Results of the lowa study are assumed to be applicable to Missouri.
623 The value is estimated at 1.11 (calculated as 1 + (0.91*(0.34 / 2.8)), which is based on assumption that 91% of homes have central coolmg (based on 2009 Resmemlal Energy
Consumotlon Survev https://www. ela qov/consumguon/res|dent|alldata/2009/hclhr‘ﬁ 9.xls; hc6 9.x1s’) (based-on-2009-Rest Henerg: P +see~HE

H APA o /=Y 0

rest R
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh * CF

Where:

AkWh = Electric energy savings, as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001492529 for Lighting RES (Residential)

NATURAL GAS SAVINGS
Heating Penalty for Natural Gas heated homes:®2

ATherms= -((Watts_gase— Wattsge) / 1,000 * ISR * Hours * HF * 0.03412 ) / nHeat * %GasHeat
aSe !SR Flgl rs HE gggq;z
ATh erms—= 17909 + 0 U[‘ H t
AHeat
Where:
HF = Heating Factor or percentage of light savings that must now be heated
= 53%5% for interior or unknown location
= 0% for exterior or unheated location
0.03412 =Converts kWh to therms
nHeatgas = Efficiency of heating system
= 71%5%
%GasHeat = Percentage of heating savings assumed to be nNatural gGas
Heating fuel % GasHeat
Electric 0%
Natural Gas 100%
Unknown 65%°%7
MEASURE CODE:

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

525 This means that heating loads increase by 53% of the lighting savings. This is based on the average result from REMRate modeling of several different building configurations
in lowa (Des Moines, Mason City, and Burlington). Results of the lowa study are judged to be equally applicable to Missouri.

626 This has been estimated assuming that natural gas central furnace heating is typical for Missouri residences (the predominant heating is gas furnace with 48% of Missouri
homes (based on Energy Information Administration, 2009 Residential Energy Consumption Survey)). See reference- . ing-invi ionaxls.
https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls: *hc6.9.x1s”. In 2000, 29% of furnaces purchased in Missouri were condensing (based on data from GAMA,
provided to Department of Energy during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to last up to 20 years,
s0 units purchased 15 years ago provide a reasonable proxy for the current mix of furnaces in the state. Assuming typical efficiencies for condensing and non-condensing furnaces
and duct losses, the average heating system efficiency is estimated as follows: ((0.29*0.92) + (0.71*0.8)) * (1-0.15) = 0.71-.

627 Average (default) value of 65% gas space heating from 2009 Residential Energy Consumption Survey for Missouri. If utilities have specific evaluation results providing a more
appropriate assumption for homes in a particular market or geographical area, then they should be used.
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3.5.2 LED Specialty Lamp

DESCRIPTION

This measure provides savings assumptions for LED directional, decorative, and globe lamps when the LED is installed in a known location (i.e.,
residential and in-unit interior or exterior) or, if the implementation strategy does not allow for the installation location to be known (e.g., an upstream
retail program or efficiency kit), an unknown residential location. For upstream programs, utilities should develop an assumption of the Residential
v 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 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 required that by January 1, 2020, all lamps meet efficiency criteria of at least 45 lumens per watt, in effect
making the baseline equivalent to a current day CFL. In 2019, the Department of Energy issued a final determination and clarified that a) the EISA
backstop provision had not been triggered and therefore b) the efficiency standard would not change in 2020. In May 2022, DOE reversed this
decision by issuing a final rule that expanded the General Service Lamp (GSL) and General Service Incandescent Lamp (GSIL) definitions and
reinstated the 45 lumen per watt backstop provision with phased enforcement between January 2023 and July 2023.628

This measure was developed to be applicable to the following program types: TOS, NC, 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
became effective on 1/2/2017:)-. % -Qualification could also be based on the Design Light Consortium’s qualified product list.**,

DEFINITION OF BASELINE EQUIPMENT

Starting August 1, 2023, the EISA backstop provision became effective, limiting the sale, manufacture, and import of non-compliant lamps.
Therefore, the baseline condition for this measure is a reflection of the 2022 DOE final rule reinstating the 45 lumen per watt backstop provisions
for all GSL and GSILs between 310 and 3,300 lumens. All other lamps, i.e., those below 310 lumens and above 3,300 lumens, the baseline condition
is a reflection of products available in the market and standards agreed upon in practice.

No savings are claimed for non-income qualified programs unless via direct install programs.

Direct Install programs where it can be shown that the LED is replacing working inefficient lighting should continue to use the existing inefficient
lighting as baseline and also assume a measure life of 2 years.
Direct Install programs where it can be shown that the LED is replacmq working inefficient I|qht|nq should contlnue to use Ihe existing |neff|C|ent

lighting as baseline and also assume a measure life of 8 years.P
EISA-gualified-halogendamp.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be two years for Direct Install in non-income ellible populations and eight years for income eligible populations .53

528 DOE 87 FR 27439.

629 https://www.energystar.gov/sites/default/filessENERGY %20STAR%20Lamps%20V2_0%20Revised%20AUG-2016.pdf; ‘ENERGY STAR Lamps V2 0 Revised AUG-
2016.pdf".

6% https://www.designlights.org/QPL.

831 |1linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0 VoI 3_Res_09222023_FINAL _clean.pdf, page 311

632 Measure-life-is-estimated-based-on-the-ratio-of average-equipment specifications for lifetime-hoursto-th I annual-operating-hours—EULs-6f 19 yearsfor-resi ial-and
6-vearsfor i ial-are based-on rage-rated-lifetime-for 2021 program-measures{through-8/3/2021) divided-by 995 hoursfor-resi i ttings-and-by-3.351 for non
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DEEMED MEASURE COST

The deemed measures cost for a specialty LED is $1.66 per lamp.633 {n-the-case-of direct-instal-programs-or-Hghting-included-in-efficient kits-the
aclual-costof the measure should be used.

LOADSHAPE
Lighting RES
Lighting BUS
Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = (Wattgase - Wattee ) * ISR * (1 - LKG) * Hours * WHF /1,000

Where:
Wattsgase = Based on bulb type and lumens of LED bulb installed. See tables below.
Wattsee = Actual wattage of LED purchased / installed - If unknown, use default provided below:%*

250 349 25 56 19:4
350 399 35 63 28+
600 749 60 97 503
50 999 5 127 623
1000 1250 100 16:2 83:8
79 89 10 18 82
90 149 15 27 123
300 499 40 47 353
500 699 60 69 531
250 349 25 41 20:9
350 499 40 59 341
Globe 500 574 60 76 52:4
575 649 75 136 614
650 1099 100 175 825

633 ||linois TRM Version 12.0, https://wwuw.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124_v12.0_Vol_3_Res_09222023_FINAL _clean.pdf, page 311Based-on-t-
634 \Wattsee-defaults-are based-upon-the-average available ENERGY-STAR®-product; d-06/18/2015For-any-lumen-range where-there-is ho ENERGY-STAR®-product

- ®_minimum-luminous-effi (directional—40Lm/\W forlamps-with-rated less-than-20Wand-50-Lm/W.-for
currently-available- Wattsee-is-based-tupon-the ENERGY-STAR i g P
lamps-with-rated ges=20-watts—d ive-and-globe: 45 Lm/W-for Jamps-with-rated s-less-than S W, 50tm/W-for tamps>15-and <25 W.60-Lm/W-for lamps-with
ted tts)-for-the-mid-point of the-lumen-range-See-caloulation-at--“cerified-light-bulbs-2015-06-18-xlsx > T} H hould-be reviewed recularly
ensure-they. the-available product
yHep P -
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[ Formatted

Formatted

Formatted

1100 1300 150 | 130 | 1370

(
(
) [ Formatted
(

Formatted

Formatted

Formatted

Formatted

Formatted Table

Formatted

Formatted

Omni-Directional 1100 1,999 14.7 100 85.3 Formatted
3-Way 000 2,700 22.6 150 127.4 Formatted
310 349 3.0 25 22
Globe | 350 499 47 40 353 Formatted
(medium and 500 574 57 60 54.3 Formatted
intermediate bases less
than 750 lumens) 215 649 6.5 75 68.5 d
1,000 82 100 918 d
349 35 25 4
(candelabra bases less 350 499 4.4 40
than 1050 lumens; 500 574 55 60 Formatted
Decorative 310 499 43 40 | Formatted
Shapes B, BA.
CA.DC.F.G ! [ Formatted
medium and 500 800 58 60 54.2 | Formatted
intermediate bases less \
than 759 lumens) { Formatted
Jecorative | 310 499 42 40 358 0\
(Shapes B, BA. C \ [Formatted
CA.DL.F.C 500 650 5.5 60 545 \ [ Formatted
candelabra bases less 22 22 2= \
than 1050 lumens) [ Formatted
10 499 6.5 40 \
Decorative ‘3: 97 — — 233 < Formatted
(Shape ST) 2 — — = 21
1000 1500 100 100 900 Formatted
Decorative _ (Shape P . . e oo < Formatted
S 310 340 5 8

Formatted

Formatted

Directional R, BR, and ER lamp types:&,

Formatted

Formatted

Formatted

Formatted

Formatted

Formatted

e
with medium screw

bases (PAR20.

Formatted

PAR30(S.L), PAR38

Formatted

R40, etc.) w/ diameter

>2.25"

[ Formatted

(*see exceptions

{ Formatted

| Formatted

Formatted
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/| Formatted

Formatted

[ Formatted

Reflector lamp types Formatted
with medium screw E d
bases (PAR16, R14 ‘ormatte
R16, etc.) w/ diameter Formatted
<2.25"
*see exceptions { Formatted
below)
550 949 93 55 557, { Formatted
O T+ ) romated
ER40 1,100 1,399 144 85 70
= 1,400 1.600 16.6 100 83.4 Formatted
1,601 1,800 22.2 120 97.8, F tted
2 450 524 60 40 340, — Formatte
— 525 750 ire 45 379 N\ Formatted
310 324 38 200 162
*MR16 325 369 48 25.0 20.2 AN\ [ Formatted
370 400 4.9 250 20, { Formatted
[For PAR, MR, and MRX Lamps Types: “« Formatted

Formatted

For these highly focused directional lamp types, it is necessary to have Center Beam Candle Power (CBCP) and beam angle measurements \ [Formmed

to accurately estimate the equivalent baseline wattage. The formula below is based on the ENERGY STAR Center Beam Candle Power

Formatted

manufacturer’s recommended baseline wattage equivalent,%”

[ Formatted

Formatted

WattsBase =375.1 —4.355(D) — (227,800 — (937.9 * D) — (0.9903 * D"2) — (1,479 *BA) — (12.02 * D * BA) + (14.69 * <
(BA™2)) - 16,720 * In(CBCP))"0.5 Formatted
Where: - Formatted
D = Bulb diameter (e.g. for PAR20 D = 20) Formatted
BA = Beam angle Formatted
CBCP = Center beam candle power « Formatted
The result of the equation above should be rounded DOWN to the nearest wattage established by ENERGY STAR: < Formatted
hi\ Formatted
5(6) g 35, 40, 45, 50, 60, 75 : : Formatted
‘?& 40' 45' 50’ 50, 75 <\ . | Formatted
30L  |50,75 <\ | Formatted
38 :1((),{\45, 50, 55, 60, 65, 75, 85, 90, 100, 120, 150, <\ Formatted
Additional EISA non-exempt bulb types: “ \\ Formatted

Formatted

Formatted

Formatted

Formatted

Formatted

536 See ‘ESLampCenterBeamTool.xIsx..

|| Formatted

53 The ENERGY STAR Center Beam Candle Power tool does not accurately model baseline wattages for lamps with certain bulb characteristic combinations — specifically for
lamps with very high CBCP. \

Formatted

|| Formatted
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[ Formatted: Normal

[ Fori d: Font: (Default) Times New Roman ]
JM Globe (less - - = [ Formatted: Font: (Default) Times New Roman, 9 pt ]
than 5" in diameter and > 749 . .
lumens), candle (shapes B, BA Formatted [_j
CA > 749 lumens), Candelabra
Base Lamps (>1049 lumens), Formatted ﬁ
Intermediate Base Lamps (>749 d
lumens) For te [_j
Formatted [_j
Formatted [_j
250 309 25 56 194 Formatted [_j
310 399 #9 63 =6 Formatted [_j
400 599 75
Directional = 26 Formatted [_j
750 999 o4 127 o7 Formatted [_j
1000 1250 25 162 88 Formatted .
70 89 10 18 82 [ Formatted [_j
9 149 15 27 123 Formatted ]
Decorative 150 309 25 32 218 Formatted ﬁ
310 499 49 4 353 Formatted =
500 699 89 69 581 Formatted [_j
250 309 25 4% 20.9
Formatted [_j
310 499 9.0 59 31 " [_j
500 574 119 76 P Formatte
Globe Formatted [_j
575 649 136 136 0.0
650 1099 194 175 19 Formatted [_j
1100 1300 267 130 137 Formatted 0
Formatted [_j
) )
LKG = leakage rate (program bulbs installed outside Ameren Missouri's service area ‘ Formatted
= Actual, or if unknown, assume 0% || Formatted ﬁ
$39|SR = In Service Rate, the percentage of units rebated that are actually in service. Actual, or if unknown, assume: - | Formatted [_j
| Formatted [_j
[Formatted: Left, Indent: Left: 0.5", Hanging: 1" ]
\ [Formatted: Indent: Left: 0", First line: 0" ]
[ Formatted: Space After: 6 pt ]

538 Assumed based on program delivery channels.
639_Ameren-MissouriLighting n-PY20
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i MFIE 98.2%
640
SFIE and-PAY SEfficiency 100%
('t ﬂql:)afél

90%
Low Income Kits
Pay-As You Save®+? 87%
s4Hours = Average hours of use per year for bulbs in residential homes. Custom, or if unknown assume 1,314%4 for exterior, or or «—

if interior use table below.

Residential 995.18%°
Income Eligible RES 674.18%4
S 693.50%
WHFe = Waste Heat Factor for energy to account for the impact from reducing waste heat from efficient lighting on electric

cooling and heating loads in residential homes.
=0.99 if unknown®®
WHFeHeat = Waste Heat Factor for energy to account for electric heating increase from reducing waste heat from efficient lighting (if
fossil fuel heating, see calculation of heating penalty in that section).
=1 - ((HF /nHeat) * %ElecHeat).

= If unknown assume 0.88%° pu
<
Where: «
HF = Heating Factor or percentage of light savings that must now be heated <

= 53%° for interior or unknown location
= 0% for exterior or unheated location

nHeateectric = Efficiency in COP of Heating equipment «
= Actual - If not available, use:®* -

Heat Pump Before 2006 5.8 144
(if age unknown After 2006 - 2014 6.5 1.62
assume 2006-2014) 2015 on 7.0 1.74
Resistance N/A N/A 1.00

640 Ameren Missouri Community Savers Evaluation: PY2018, . https://www.efis.psc.mo.gov/Document/Display/36053, page 17.
541 Ameren Missouri Efficient Kits Impact and Process Evaluation: Program Year 2018, https://www.efis.psc.mo.gov/Document/Display/15870, page 38.
842 Ameren-Missouri-Pay-As-You Save (PAYS®) Evalua articipant Surveyhttos:/Anaw.efis | ent/Displa 9 )

643_Ameren Missouri ; = a o ear 2018 h ov/Document/D 0_page
544 Ameren Missouri Lighting Impact and Process Evaluation: Program Year 2015. Average daily HOU for efficient bulbs is listed as 3.6 for outside bulbs and a weighted (by
inventory) average of 1.99 for inside spaces. Unknown location is weighted average (by inventory) of all bulbs. See ‘MO Lamp Hours.xlsx’ for calculations.

645 Ameren Missouri Lighting Evaluation PY2018, https:/www.efis.psc.mo.gov/Document/Display/15873, page 36.

546 Ameren Missouri Community Savers Evaluation PY2018 workpapers- Weighted Avg. HOU from ADM workpapers.

647, ¥ -/ hananaefi ne js 8 e 4

ADM-20 htto AP BSE-Mo-gowD n Disp

646 Ameren Missouri PY2014 Evaluation, https:/www.efis.psc.mo.gov/Document/Display/14194, page 45.

549 Calculated using defaults: 1-((0.53/1.57) * 0.35) = 0.88.

550 This means that heating loads increase by 53% of the lighting savings. This is based on the average result from REMRate modeling of several different building configurations
in lowa (Des Moines, Mason City, and Burlington). These results were judged to be equally applicable to Missouri.

51 These default system efficiencies are based on the applicable minimum federal standards. In 2006 and 2015, the federal standard for heat pumps was adjusted. While one would
expect the average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time mean that using the minimum standard is appropriate.
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[ Unknown®? [ NIA | N/A | 1.28 |
%ElecHeat = Percentage of heating savings assumed to be electric « { Formatted: Indent: Left: 0"
“3 { Formatted Table

Electric 100%
Natural Gas 0%
Unknown 35%°3

WHFecool = Waste Heat Factor for energy to account for cooling savings from reducing waste heat from efficient lighting
Building with cooling 1.12%%
Building without cooling or exterior
Unknown

1 Formatted: Indent: Left: 0.5", Hanging: 1"

RHeateieric

WHFecool

552 Calculation assumes 35% Heat Pump and 65% Resistance, which is based upon data from Energy Information Administration, 2009 Residential Energy Consumption Survey,; For d: Font: (Default) Times New Roman

https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls: “he6.9.xls’, Average efficiency of heat pump is based on assumption that 50% are units from before 2006 and

50% from 2006-2014. Program or evaluation data should be used to improve this assumption if available

Formatted: Font: (Default) Times New Roman

553 Average (default) value of 35% electric space heating from 2009 Residential Energy Consumption Survey for Missouri. If utilities have specific evaluation results providing a
more appropriate assumption for homes in a particular market or geographical area, then they should be used.

5% The value is estimated at 1.12 (calculated as 1 +(0.34 / 2.8)), and it is based on cooling loads decreasing by 34% of the lighting savings (average result from REMRate

1
(
h . [ Formatted: Font: (Default) Times New Roman

Formatted: Font: (Default) Times New Roman

modeling of several different building configurations in lowa (Des Moines, Mason City, and Burlington)). The estimate also assumes typical cooling system operating efficiency of
2.8 COP (starting from standard assumption of SEER 10.5 central AC unit, converted to 9.5 EER using algorithm (-0.02 * SEER?) + (1.12 * SEER) (from Wassmer, M. (2003); A
Component-Based Model for Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder), converted to COP =
EER/3.412 = 2.8COP). Results of the lowa study are assumed to be applicable to Missouri.

955 The value is estimated at 1.11 (calculated as 1 + (0.91*(0.34 / 2.8)), which is based on assumption that 91% of homes have central cooling (based on 2009 Residential Energy
Consumption Survey, see https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xIs: ‘hc6.9.x1s’);
h I AAAAAAL @ 0 h h

857_Ameren-Missouri-Lighting-Hmpact-and-Process-Evaluation:—P: r2015-A dailv-HOU for-efficient bulbs-islisted-as-3-6-for-outside-bulbs-and ighted-(b
P g £} g ) Y 8 g Y
H rerace-o0£1-99 for insid Unk locationi ishted by i £all bulbs—See“MOL H s & leulati
Y g - P g oy Y7 g P
658, i - * -
659 This-means-that-heating-loads-incr: byv-53%-of the lighting-savings—This-is-based-on-the-average-result from-REMRats Jeli £ ral-di building-configuration
) o4 gRHRG gS- g £ <) &)
inlowa(Des-Moines—Mason-City-—and-Burli ).Results-of the lowa-studv-were-iudaed-to-be-eguall licable-to-Missouri
T Y A Y PR} QeaHy-apt .
660 Thasa default system-efficiencies-are based-on-th i minimum-federal lards—tn-2006-and-2015 the federal for-heat pumps-was-adjusted—While-one-would
expect-the-average-system-effici to-be-higher-than-this-minimum-—the likehy ion-of-efficiencies-over-time-mean-that using-the-minimum i i
P ge-sy Y g T y-eeg ) PRrep
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_-l | W‘[ Formatted Table

Before-2006 68 200
Heat-Pump 2006-2014 7 226
2015-and-after 82 2490
Resistanee NAA NAA 100
Unknown NIA NIA 1575
[ Heatingfuel [ 9%ElectricHeat | [ Formatted Table
Electric 100%
Natural Gas 0%
Unknown 35% "

[ Bublocation [ WhFeow | | Formatted Table

Unknown 1.11568

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh * CF

Where:
AkWh = Electric energy savings, as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001492529 for Lighting RES (Residential) 3 { Formatted: Indent: Left: 1", First line: 0.5"
AW = &kWh = CF
661 A maran Missouri-lighting-Evaluation—PY.2019 3 98% is-th: iak { rage-for-bulb: ld-throuah-the-Online-Store-and-L Py b d-on- luationresults-and
ghting : -3 g g g p g

663_Ameran M a d-Pro a 3 ar 2018
664 Ameren-Missouri-Pay-As-You-Save-(PAYS®) Evaluation: PY2022 Partici Survey
665_Caloulation-assumes-50%-heat-pump-and-50% i which-is-based-upon-data-from-Energ i inistration—2009-Residential Energy-Consumption-Survey:
PUp g P g¥ g gy P Y5
see"HC6.9-Space-Heating-in-Midwest Regionals. ge-efficiency-of heat pump-is-based-on-assumption-50%-are-units from-before 2006-and-50% 2006-2014.
666_\ ge-(default)-value of 35%-electric-space-heating-from-2009-Resi ial-Energy-Consumption-Survey-for- Missouri— - utilities-have specificevaluation-results providing-a
" i umption-for homes-in-a-particularmarketor hical-area—then-they-should-be-used
Pprop grap g Y :
667 The value-is-esti | at 112 (caleulated-as1+(0-34-1-2.8))is based-on-cooling-toads-d ing-by-34% of the lighting-savings{average-F ol f
- 3 A g 90y g N

d-Model-forR

ity-of Colorado-at Boulder) rted-to- COP=
P gy Y >
EER/3.412 = 2.8COP).Results-of the-towa-study-were-assumed-to-be licable-to-Missouri-
668 The value-is-esti at1-11 (calculated-as 1+ (0-91:(0.34/ 2.8)). Based-on-assumption-that 919 of homes-have central-cooling-(based-on-2009-Residential Energy
[y 1 S = “HCT9 Air C ditiont n-Mid: +R H 1s2).
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NATURAL GAS SAVINGS
Heating Penalty for Natural Gas heated home:s®®?

666

ATherms—= +%GasHeat

AHeat
ATherms= -((Watts_gase— Wattsge) / 1,000 * ISR * Hours * HF * 0.03412 ) / nHeat * %GasHeat
Where:

HF = Heating Factor or percentage of light savings that must be heated

= 53%57 for interior or unknown location
= 0% for exterior or unheated location

0.03412 =Converts kWh to therms
nHeatgas = Efficiency of heating system
:71%671
%GasHeat = Percentage of homes with gas heat
He uel %GasHeat

Electric 0%
Gas 100%
Unknown 65%°72

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

MEASURE CODE:

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

570 This means that heating loads increase by 53% of the lighting savings. This is based on the average result from REMRate modeling of several different building configurations
in Des Moines, Mason City, and Burlington, lowa. Results of the lowa study were judged to be equally applicable to Missouri.

571 This has been estimated assuming that natural gas central furnace heating is typical for Missouri residences (the predominant heating is gas furnace with 48% of Missouri
homes (based on Energy Information Administration, 2009 Residential Energy Consumption Survey)). See reference- . ing-invi ionaxls.
https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls: *he6.9.x1s’. In 2000, 29% of furnaces purchased in Missouri were condensing (based on data from GAMA,
provided to Department of Energy during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to last up to 20 years,
s0 units purchased 15 years ago provide a reasonable proxy for the current mix of furnaces in the State. Assuming typical efficiencies for condensing and non-condensing furnaces
and duct losses, the average heating system efficiency is estimated as follows: ((0.29*0.92) + (0.71*0.8)) * (1-0.15) = 0.71-.

672 Average (default) value of 65% gas space heating from 2009 Residential Energy Consumption Survey for Missouri. If utilities have specific evaluation results providing a more
appropriate assumption for homes in a particular market or geographical area, then they should be used.
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3.56.3 LED Nightlights [Formatted: Font: Bold

DESCRIPTION
This measure describes savings from LED nightlights. This characterization assumes that the LED nightlight is installed in a residential location.
This measure was developed to be applicable to the following program types: TOS, NC.

DEFINITION OF BASELINE EQUIPMENT

For this characterization to apply, the high-efficiency equipment must be a qualified LED nightlight. | [ Formatted: Body Text

DEFINITION OF BASELINE EQUIPMENT
The baseline condition is assumed to be an incandescent/halogen nightlight.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The estimated useful life of the is estimated is 8 years.673

DEEMED MEASURE COST
Where possible, the actual cost should be used and compared to the baseline cost. If the incremental cost is unknown, assume $3.35.67

LOADSHAPE
Lighting RES

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = ((WattsBase - WattsEE) / 1000) * ISR * (1-Leakage) * Hours * WHFe

: Indent: Left: 1", First line: 0.5"

: Space After: 0 pt

Where:
WattSpase = Actual wattage if known, if unknown, assume 7\W.575
Wattsee = Actual wattage of LED purchased / installed.
ISR = In Service Rate or the percentage of nightlights rebated that get installed
Leakage = Adjustment to account for the percentage of program bulbs that move out.
= Actual, or if unknown, 0% for Online Store and 4% for Upstream Lighting or 3.98% if unknown 676 - [ Formatted
Hours = Average hours of use per year
= 14,3807
LKG = leakage rate (program bulbs installed outside Ameren Missouri's service area
= Actual, or if unknown, assume 0%°78 . [ Formatted
ISR = In Service Rate, the percentage of units rebated that are actually in service. Actual, or if unknown, assume:

Formatted:

Font: (Default) Times New Roman

Formatted:

Font: (Default) Times New Roman

/| Formatted:

Font: (Default) Times New Roman

Font: (Default) Times New Roman

S7% Southern California Edison Company, “LED, Electroluminescent & Fluorescent Night Lights”, Work Paper WPSCRELG0029 Rev. 1, February 2009, p. 2. and p.3.
574 Average cost data provided in Stanley Mertz, “LED Nightlights Energy Efficiency Retail products programs”, March 2018.

“| Formatted:

Font: (Default) Times New Roman

575 Based on Stanley Mertz. “LED Nightlights Energy Efficiency Retail products programs”, March 2018.
576 Ameren Missouri Lighting Evaluation: PY2019. 3.98% is the weighted average for bulbs sold through the Online Store and Upstream Programs based on evaluation results and

Formatted:

Font: (Default) Times New Roman

the distribution of bulbs in the PY19 program, https://www.efis.psc.mo.gov/Document/Display/15876, page 13 .

Formatted:

Font: (Default) Times New Roman

577 Assumes nightlight is operating 12 hours per day, consistent with the 2016 Pennsylvania TRM.
578 Assumed based on program delivery channels.
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i MFIE 98.2%
679
SFIE, PAY SEffiei b 100%
‘h,":}sﬁﬂ
Low Income Kits 90%
e ——— 87%
WHFe = Waste Heat Factor for energy to account for the impact from reducing waste heat from efficient lighting on electric

cooling and heating loads in residential homes.
=0.99 if unknown®?
WHFeHeat = Waste Heat Factor for energy to account for electric heating increase from reducing waste heat from efficient lighting (if
fossil fuel heating, see calculation of heating penalty in that section).
=1- ((HF /nHeat) * %ElecHeat).
= If unknown assume 0.88%°

Where
HE = Heating Factor or percentage of light savings that must now be heated
= 53%°* for interior location
nHeateectic = Efficiency in COP of Heating equipment

= Actual - If not available, use:®

Heat Pump Before 2006 5.8 1.44
(if age unknown After 2006 - 2014 6.5 1.62
assume 2006-2014) 2015 on 7.0 1.74
Resistance N/A N/A 1.00
Unknown®®® N/A N/A 1.28
%ElecHeat = Percentage of heating savings assumed to be electric
Electric 100%
Natural Gas 0%
Unknown 35%°¢7
WHFecool = Waste Heat Factor for energy to account for cooling savings from reducing waste heat from efficient lighting

679 Ameren Missouri Community Savers Evaluation: PY2018, . https://www.efis.psc.mo.gov/Document/Display/36053, page 17.
6 Ameren Missouri Efficient Kits Impact and Process Evaluation: Program Year 2018, https://www.efis.psc.mo.gov/Document/Display/15870, page 38.
o Ameren Missouri Pay As You Save (PAYS" i sithigdivs2lis.pee.m Docun isp page 7.

68 Calculated using defaults: 1-((0.53/1.57) * 0.35) = 0.88.
684 This means that heating loads increase by 53% of the lighting savings. This is based on the average result from REMRate modeling of several different building configurations

in lowa (Des Moines, Mason City, and Burlington). These results were judged to be equally applicable to Missouri.

%85 These default system efficiencies are based on the applicable minimum federal standards. In 2006 and 2015, the federal standard for heat pumps was adjusted. While one would
expect the average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time mean that using the minimum standard is appropriate.

68 Calculation assumes 35% Heat Pump and 65% Resistance, which is based upon data from Energy Information Administration, 2009 Residential Energy Consumption Survey,
https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls: ‘he6.9.x1s’. Average efficiency of heat pump is based on assumption that 50% are units from before 2006 and
50% from 2006-2014. Program or evaluation data should be used to improve this assumption if available.

587 Average (default) value of 35% electric space heating from 2009 Residential Energy Consumption Survey for Missouri. If utilities have specific evaluation results providing a
more appropriate assumption for homes in a particular market or geographical area, then they should be used.
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1.12088 -
Building without cooling 1.0
Unknown 1.11599

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh * CF

Where:

AkWh = Electric energy savings, as calculated above.
CFE = Summer peak coincidence demand (kW) to annual energy (kWh) factor
=0.0001492529 for Lighting RES (Residential)

NATURAL GAS SAVINGS
Heating Penalty for Natural Gas heated homes:®*°

ATherms= -((Watts_gase— Wattsee) / 1,000 * ISR * Hours * HF * 0.03412 ) / nHeat * %GasHeat

Where:
HF = Heating Factor or percentage of light savings that must be heated
= 53%°* for interior or unknown location
= 0% for exterior or unheated location

0.03412 =Converts kWh to therms
nHeatgas = Efficiency of heating system
=71%"
%GasHeat = Percentage of homes with gas heat
Electric 0%
Gas 100%
Unknown 65%°%

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

MEASURE CODE:

588 The value is estimated at 1.12 (calculated as 1 +(0.34 / 2.8)), and it is based on cooling loads decreasing by 34% of the lighting savings (average result from REMRate
modeling of several different building configurations in lowa (Des Moines, Mason City, and Burlington)). The estimate also assumes typical cooling system operating efficiency of
2.8 COP (starting from standard assumption of SEER 10.5 central AC unit, converted to 9.5 EER using algorithm (-0.02 * SEER?) + (1.12 * SEER) (from Wassmer, M. (2003); A
Component-Based Model for Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder), converted to COP =
EER/3.412 = 2.8COP). Results of the lowa study are assumed to be applicable to Missouri.

58 The value is estimated at 1.11 (calculated as 1 + (0.91*(0.34 / 2.8)), which is based on assumption that 91% of homes have central cooling (based on 2009 Residential Energy
Consumption Survey, see; https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls: *he6.9.x1s).

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

591 This means that heating loads increase by 53% of the lighting savings. This is based on the average result from REMRate modeling of several different building configurations

in Des Moines, Mason City, and Burlington, lowa. Results of the lowa study were judged to be equally applicable to Missouri.
59 This has been estimated assuming that natural gas central furnace heating is typical for Missouri residences (the predominant heating is gas furnace with 48% of Missouri

homes (based on Energy Information Administration, 2009 Residential Energy Consumption Survey)). See reference ;
https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls: “he6.9.x1s. In 2000, 29% of furnaces purchased in Missouri were condensing (based on data from GAMA

provided to Department of Energy during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to last up to 20 years,
0 units purchased 15 years ago provide a reasonable proxy for the current mix of furnaces in the State. Assuming typical efficiencies for condensing and non-condensing furnaces
and duct losses, the average heating system efficiency is estimated as follows: ((0.29*0.92) + (0.71*0.8)) * (1-0.15) = 0.71.

5% Average (default) value of 65% gas space heating from 2009 Residential Energy Consumption Survey for Missouri. If utilities have specific evaluation results providing a more
appropriate assumption for homes in a particular market or geographical area, then they should be used.
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3-73.6Building Shell
3.7.1 Air Sealing

DESCRIPTION

Thermal shell air leaks are sealed through strategic use and location of air-tight materials. An estimate of savings is provided in two ways. It is highly
recommended that leaks be detected and pre- and post-sealing leakage rates measured with the assistance of a blower-door by qualified/certified
inspectors.’ Where this occurs, an algorithm is provided to estimate the site-specific savings. Where test in/test out has not occurred, a eenservative
deemedprescriptive savings assumption is provided.

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

Air sealing materials and diagnostic testing should meet all eligibility program qualification criteria. The initial and final tested leakage rates should
be assessed in such a manner that the identified reductions can be properly discerned, particularly in situations wherein multiple building envelope
measures may be implemented simultaneously.

DEFINITION OF BASELINE EQUIPMENT
The existing air leakage should be determined through approved and appropriate test methods using a blower door. The baseline condition of a
building upon first inspection significantly affects the opportunity for cost-effective energy savings through air sealing.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 2015 years.”°

DEEMED MEASURE COST
The actual capital cost for this measure should be used.

LOADSHAPE
Building Shell RES

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
Methodology 1: Test In / Test Out Approach
AkWh = AkWheooling + AkWhheating
‘ MecAlh = AW If’vag + AW h heatin

If the home has central cooling, the electric energy saved in annual cooling due to the air sealing is:\Where:

AkWheooling AlcWh—eoeling- = (((CEM50pre- CEM50post) / Neoot ) * 60 * 24 * CDD * DUA * 0.018 * LM) / ((1,000 * nCool)) «

ooli betio -

729 Refer to the Energy Conservatory Blower Door Manual for more information on testing methodologies.
730 1linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res_09222023 FINAL_clean.pdf, page 375. As
recommended in Navigant ComEd Effective Useful Life Research Report, ‘ComEd Effective Useful Life Research Report.pdf’, May 2018; i ~Resi

C ial/ndustrial-Lighting-and-HVAC-Measures, GD: jates_2007.
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/ e m)w 60—+ 24 « DD « DUA « 0018« M

_\ Neoor
CFM50pre = Infiltration at 50 Pascals as measured by blower door before air sealing
= Actual™!
CFM50post = Infiltration at 50 Pascals as measured by blower door after air sealing
= Actual

731 Because the pre- and post-sealing blower door test will occur on different days, there is a potential for the wind and temperature conditions on the two days to affect the
readings. There are methodologies to account for these effects. For wind — first, if possible, avoid testing in high wind, place blower door on downwind side, take a pre-test
baseline house pressure reading, adjust house pressure readings by subtracting the baseline reading, and use the time averaging feature on the digital gauge, etc. Corrections for air
density due to temperature swings can be accounted for with air density correction factors. Refer to the Energy Conservatory Blower Door Manual for more information.
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Neool

60 * 24
CDD

DUA

0.018
1000
nCool

LM

= Conversion factor from leakage at 50 Pascal to leakage at natural conditions
=Dependent on number of stories:”*

N_cool (by # of stories)
15 2
St Louis, MO 34.9 30.9 28.3 25.1

Weather Basis (City based upon)

= Converts cubic feet per minute to cubic feet per day
= Cooling Degree Days:™®

We: is (City based upo CDD 65
St Louis, MO 1,646
= Discretionary Use Adjustment (reflects the fact that people do not always operate their AC when conditions may call for
it
:)0.757“

= Specific heat capacity of air (Btu/ft>*°F)

= Converts Btu to kBtu

= Efficiency (SEER2) of air conditioning equipment (kBtu/kWh)

= Actual (where it is possible to measure or reasonably estimate) - if unknown, assume the
following: 735

Before 2006

©
3

2006 - 2014
Central AC After 1/1/2015
Heat Pump After 1/1/2015

-
N
EN

-
w

-
8
~

= Latent multiplier to account for latent cooling demand: %’

732 N-factor is used to convert 50-pascal blower door air flows to natural air flows and is dependent on geographic location and # of stories. These were developed by applying the
LBNL infiltration model (see LBNL paper 21040, Exegisis of Proposed ASHRAE Standard 119: Air Leakage Performance for Detached Single-Family Residential Buildings;
Sherman, 1986; page v-vi, Appendix page 7-9, https://eta-publications.lbl.qov/sites/default/files/exegesis_of proposed ashrae_std 119.pdf;

“exegesis_of _proposed_ashrae_std_119.pdf") to the reported wind speeds and outdoor temperatures provided by the NRDC 30-year climate normals. For more information see
Bruce Harley, CLEAResult ““Infiltration Factor Calculations Methodology-20151123.doc; i i i hedelegy-dee’ and calculation worksheets.

733 Based on climate normals data with a base temperature of 65°F.

734 This factor's source: Energy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wisconsin, A Compilation of Recent Field Research,” ‘Energy
Center of WI Central AC in WI 2008.pdf’, p. 31.

73 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for Central AC was adjusted. While one would expect
the average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time mean that using the minimum standard is appropriate. Note all

Eactor-Caleculations-

ratings have been converted to SEER2 equivalents — smce the new rating better reflects the actual efficiency of the units.

are-based-on-the minimum-federal _17-2006-the federal for-central-AC was-adjusted-While-one-would-expect the

736 These-default system-effici

average-system-efficien

ver time-mean-that using-the-minimum lard-is

ge-sy Y

to-be-higher-than-this-minimum,-the likely degradati £ effici

737 The LM is used to convert the sen5|ble cooling savings calculated to a value representing sensible and latent cooling Ioads 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 (sce ‘Infiltration Factor Calculations Methodology-20151123.docx’).
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Weather Basis (City based upon) Y,
St Louis, MO 3.0

If the home is heated with electric heat (resistance or heat pump), the electric energy saved in annual heating due to the air sealing is:

AKW heatingElectricGas — i = (((CEM50pre- CFM50p0st)/ Nhear) * 60 * 24 * HDD * 0.018) / (nHeat * 3,412) h
Where -
—N—W‘W CFMSOprg—— CH M5B
= - GiHeat+3.412)
NheatN—heat = Conversion factor from leakage at 50 Pascal to leakage at natural conditions

= Based on building height:7®

Weather Basis N_heat (by # of stories) -
(City based upon) 15 2
St Louis, MO 24.0 21.3 19.5 17.3 -
HDD = Heating Degree Days
Weather Basis (City based upon) HDD 65
St Louis, MO 4,486
nHeat = Efficiency of heating system

= Actual - if not available refer to default table below:™®

Heat Pump Before 2006

(if age unknown After 2006 - 2014 6.5
2015 on 7.0

L
~
S

assume 2006-2014) 7.0 174
Resistance N/A N/A 1.00
Unknown’® N/A N/A 1.28

3412 = Converts Btu to kWh

738 N-factor is used to convert 50-pascal blower door air flows to natural air flows and is dependent on geographic location and # of stories. These were developed by applying the
LBNL infiltration model (see LBNL paper 21040, Exegisis of Proposed ASHRAE Standard 119: Air Leakage Performance for Detached Single-Family Residential Buildings;
Sherman, 1986; page v-vi, Appendix page 7-93, https://eta-publications.Ibl.qov/sites/default/files/exegesis_of proposed ashrae_std_119.pdf) to the reported wind speeds and
outdoor temperatures provided by the NRDC 30 year climate normals. For more information see Bruce Harley, CLEAResult “Infiltration Factor Calculations Methodology.doc™
and calculation worksheets.

739 These default system efficiencies are based on the applicable minimum federal standards. In 2006 the federal standard for heat pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time means that using the minimum standard is appropriate. An 85%
distribution efficiency is then applied to account for duct losses for heat pumps.

/%, Calculation assumes 35% Heat Pump and 65% Resistance, which is based upon data from Energy Information Administration, 2009 Residential Energy Consumption Survey,
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https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xIs: ‘hc6.9.x1s’, Average efficiency of heat pump is based on assumption that 50% are units from before 2006 and

50% from 2006-2014. Program or evaluation data should be used to improve this assumption if available,
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If the building is heated with a gas furnace, there will be some electric savings in heating the building attributed to air sealing since the furnace
fans will run less.
Additional-Fan-savings | Formatted: Space After: 8 pt, Line spacing: Multiple
1.08 li, Widow/Orphan control, Don't keep lines
: . - . together
AkWhpeatingeas AkWh—heating = ATherms * Fe* 29.3H gas-furnace-heatk\Wh-savingsfor-reductionin-fan-run-time <
[Formatted: Indent: Left: 0", First line: 0" ]
Where:
—ATherms *F.*29.3
Fe = Furnace fan energy consumption as a percentage of annual fuel consumption ~ [ Formatted: Indent: Left: 0", First line: 0.5" }
——=3.14%™*
29.3 =kwh per therm “3 [ Formatted: Indent: Left: 0", First line: 0.5" J
Methodology 2: Prescriptive Infiltration Reduction Measures™?
Savings shall only be calculated via Methodology 2 if a blower door test is not conducted.
A [ For! ted: No underline ]
= + e
AkWh (AkWheooling = AkWhieaiing) ‘| Formatted: Indent: Left: 0", First line: 0", Line spacing:
single, No widow/orphan control

If the home has central cooling, the electric energy saved in annual cooling due to the air sealing is:

AkWheooling = (AkWheoo!_gasket * Ngasket + AKWheool_sweep * Nsweep + AkWheool_sealing * Ifseating + AkWhioo wx * Ifwx) * ADJrsairsealin 3 [ Formatted: Indent: Left: 0", First line: 0" ]

If the home is heated with electric heat (resistance or heat pump), the electric energy saved in annual heating due to the air sealing is:

AkWhheatingetectric = (AKWhheat_gasket * Ngasket + AKWhneat sweep * Nsweep + AKWhheat seating * fsealing = AKWhnear wx * 1fux) * %ElectricHeat * ADJryairseating * | [ Formatted: Indent: Left: 0", First line: 0" ]
Where: 3 [ Formatted: Indent: Left: 0", First line: 0" J
Ngasket = Number of gaskets installed
Nsweep = Number of sweeps installed
Ifsealing = Linear feet of caulking, sealing, or polyethylene tape
Ifux = Linear feet of window weatherstripping or door weatherstripping

AkWheoo!_gask
Outlet Gasket = 7.1 5
AkWhheat gasket

©
o
©
Iy
oo
=
~

AkWh
Door Sweep coolsweep 1382 | 69.1 114.0

AkWheat_sweep

[N
o
w
©
N
N
N

742 Fe is not one of the AHRI certified ratings provided for residential furnaces but can be reasonably estimated from a calculation based on the certified values for fuel energy (Ef
in MMBtu/yr) and Eae (kWh/yr). An average of a 300-record sample (non-random) out of 1495 was 3.14%. This is, appropriately, ~50% greater than the ENERGY STAR®
version 3 criteria for 2% Fe. See ‘““Furnace Fan Analysis.xlsx’> for reference.

743 11linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res 09222023 FINAL_clean.pdf, page 382. Prescriptive
savings are based upon “Evaluation of the Weatherization Residential Assistance Partnership and Helps Programs (WRAP/Helps).” Middletown, CT: KEMA, 2010. Accessed July
30, 2015, and adjusted for relative HDD of Bridgeport/Hartford CT with the applicable weather data. Cooling savings derived using savings assumptions pulled from ASHRAE
2001 AHSRAE Handbook — Fundamentals, Chapter 26, Table 1. Effective Air Leakage Areas (Low-Rise Residential Applications Only). See ‘Air Sealing Prescriptive Savings

07.06.2024.x1sx” for more information. [ Formatted: Font: Times New Roman, 9 pt J
/% Calculation assumes 35% Heat Pump and 65% Resistance, which is based upon data from Energy Information Administration, 2009 Residential Energy Consumption Survey,
https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls: *hc6.9.xls’. ) [ Formatted: Font: 9 pt J
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" ; AkWh,
Laulking/>ealing/Polyethylene | S22
_(lz:u(lekm /Sealing/Polyethylene cool_sealing 791| 395 6.5 017 011
Tape AKWheat sealing
. AkWh
Window or dqor AKX W Ncool_wx 919 459 7.6 0.16 011
weatherstripping AKWheat wx

%ElectricHeat = Percentage of homes with electric heat

Electric 100%
Natural Gas 0%
Unknown 35%°

ADJruairseating = Adjustment for air sealing savings to account for prescriptive estimates overclaiming savings’®
=80%

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh * CF

Where:
AkWh = Electric energy savings, as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factordkW/ —=—AkWh+CE -«
= 0.0004660805™"Where: “«
AkWh = Energy Savings as calculated above
or T

NATURAL GAS SAVINGS
Methodology 1: Test In / Test Out Approach
If natural gas heating:

ATherms = (((CEM50pre- CEFM50post)/ Nheat) * 60 * 24 * HDD * 0.018) / (nHeat * 100,000)
MO - CLME0 1
AT herms—= = .
e
Where
N_heat = Conversion factor from leakage at 50 Pascal to leakage at natural conditions

= Based on building height:7#

745 Average (default) value of 35% electric space heating from 2009 Residential Energy Consumption Survey for Missouri. If utilities have specific evaluation results providing a
more appropriate assumption for homes in a particular market or geographical area, then they should be used.
74 1llinois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124_v12.0_Vol_3 Res 09222023 FINAL _clean.pdf,

D. 384.Though we do not have a specific evaluation to point to, modeled savings have often been found to overclaim. Further VEIC reviewed these deemed estimates and consider
them to likely be a high estimate. As such an 80% adjustment is applied, and this could be further refined with future evaluations.
747 Based on Ameren Missouri TRM Volume 1 - Appendix G: "Table 1 — Residential End Use Category Monthly Shapes and Coincident Peak Factors"Ameren-Missouri-2016

loadshape-for residential HVAC end-use.
i 20

749 N-factor is used to convert 50-pascal blower door air flows to natural air flows and is dependent on geographic location and # of stories. These were developed by applying the
LBNL infiltration model (see LBNL paper 21040, Exegisis of Proposed ASHRAE Standard 119: Air Leakage Performance for Detached Single-Family Residential Buildings;
Sherman, 1986; page v-vi, Appendix page 7-9, https:/eta-publications.lbl.gov/sites/default/files/exegesis_of proposed ashrae_std 119.pdf) to the reported wind speeds and
outdoor temperatures provided by the NRDC 30-year climate normals. For more information see Bruce Harley, CLEAResult “Infiltration Factor Calculations Methodology.doc™
and calculation worksheets.

ial HVAGC end
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Weather Basis N_heat (by # of stories)
(City based upon) 1 15
St Louis, MO 24.0 21.3 19.5 17.3
HDD = Heating Degree Days
Weather Basis (City based upon) HDD 65
St Louis, MO 4.486
nHeat = Efficiency of heating system

= Equipment efficiency * distribution efficiency
= Actual™® - if not available, use 71%"!

Other factors as defined above

Methodology 2: Prescriptive Infiltration Reduction Measures™?

Savings shall only be calculated via Methodology 2 if a blower door test is not conducted.

Censervative Deemed-Approach
If the home is heated with electric heat (resistance or heat pump), the electric energy saved in annual heating due to the air sealing is:

ATherms = (AThermsgasket * Ngasket + AThermssweep * Nsweep + AThermsseating * Ifseating + AThermsux * Ifux) * (1 — %ElectricHeat) * -«

ADJrxairsealing

Where:

Other factors as defined above

W= SasinasRerbitiSaE

750 1deally, the system efficiency should be obtained either by recording the AFUE of the unit, or performing a steady state efficiency test. The distribution efficiency can be
estlmated via awsual |nspect|on and by refemng toa Iook up table such as that provided by the Building Performance Institute—
8 (https://www. bpl org/ cms/docs/Gu|dance%200n%20Est|matlnq%ZODlslrlbutlon%ZOEﬁ iciency.pdf;
- - - - or by performing duct

pafDistributionEfficiency
‘Guldance on Estlmatmg Distribution Efficiency.pdf”
blaster testing.
51 This has been estimated assuming that natural gas central furnace heating is typical for Missouri residences (the predominant heating is gas furnace with 48% of Missouri
homes (based on Energy Information Administration, 2009 Residential Energy Consumption Survey). In 2000, 29% of furnaces purchased in Missouri were condensing (based on
data from GAMA, provided to Department of Energy during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years, so units purchased 16 years ago provide a reasonable proxy for the current mix of furnaces in the State. Assuming typical efficiencies for condensing and non-
condensing furnaces and duct losses, the average heating system efficiency is estimated as follows: ((0.29*0.92) + (0.71*0.8)) * (1-0.15) = 0.71.
752 |llinois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res_09222023 FINAL_clean.pdf, page 382. Prescriptive
savings are based upon “Evaluation of the Weatherization Residential Assistance Partnership and Helps Programs (WRAP/Helps).” Middletown, CT: KEMA, 2010. Accessed Jul
30, 2015, and adjusted for relative HDD of Bridgeport/Hartford CT with the applicable weather data. Cooling savings derlved usmg savmgs assumptions pulled from ASHRAE
2001 AHSRAE Handbook — Fundamentals, Chapter 26, Table 1. Effective Air Leakage Areas (Low-Rise Residential A See ‘Air Sealing P S:
07.06.2024 x1Isx” for more information.
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Outlet Gasket AThermsgasket 0.34 -
Door Sweep AThermssweep 6.46 <
Caulking/Sealing/Polyethylene Tape AThermssealing 0.37 «
Window or door weatherstripping AThermswx 0.43 -
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DEEMED O&M COST ADJUSTMENT CALCULATION

£)

P

MEASURE CODE:
753 The values-in-the-tabl i £ savings-from-a-15% i + in-air-leakageThe values-are-half thos ided-by-Cadmus-forthe-towa-Joint
P g ge- 1 Y g
hievablethis a-thorough-job-in-both-the-attic-and-b and-could-notbe-verified

based-on-building-simulation: ef 1 While-30% ings-ar

deemed-estimate-
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3.7.2 Ceiling Insulation

DESCRIPTION

This measure describes savings from adding insulation to the attic/ceiling. This measure requires a member of the implementation staff evaluating
the pre- and post-project R-values and to measure surface areas. The efficiency of the heating and cooling equipment in the home should also be
evaluated if possible.

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 requirements for participation in the program will be defined by the utilities.

DEFINITION OF BASELINE EQUIPMENT
The existing condition will be evaluated by implementation staff or a participating contractor.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 3025 years.”

DEEMED MEASURE COST
The actual installed cost for this measure should be used in screening.

LOADSHAPE
Building Shell RES

Algorithm

CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS

M= h oorimg——20 W hpmrmg
AkWh = AkWhgooling + AkWhjeating
If the home has central cooling, the electric energy saved in annual cooling due to the ceiling insulation is:
Where
AKWHh_cooling == ((l/Rom - 1/Ratic)* Aamc* 1- FramlanactorA“.c) * CDD * 24 * DUA * ADJaticcoot) / (1,000 * nCool) «

Ny 4 « (1 Frominalactor « CDD -« 24 « DUA
Gttg e ATric)

Radic = R-value of new attic assembly including all layers between inside air and outside air (ft>.°F.h/Btu)
Rou = R-value value of existing assembly and any existing insulation

(Minimum of R-5 for uninsulated assemblies™®)
Antic = Total area of insulated ceiling/attic (ft?)

754 11linois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res_09222023 FINAL_clean.pdf, page 421. As

recommended in Guidehouse ‘EMV Group A. Deliverable 16 EUL Research — Residential Insulation” (see

https://pda.energydataweb.com/api/view/2518/CPUC%20Insulation%20EUL %20Draft%20Report%2006292021.pdf; '‘CPUC Insulation EUL Draft Report 06292021.pdf")
prepared for California Public Utilities Commission, June 2021.Measure-Life-Report-Residential-and-C ial/Industrial Lighting and HVAC Measures, GD

755 An estimate based on review of Madison Gas and Electric, Exterior Wall Insulation, R-value for no insulation in walls, and NREL's Building Energy Simulation Test for
Existing Homes (BESTEST-EX).
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FramingFactorauic= Adjustment to account for area of framing

= 7%756

CDD = Cooling Degree Days:™"
Weather Basis (City based upon) CDD 65
St Louis, MO 1.646

24 = Converts days to hours
DUA = Discretionary Use Adjustment (reflects the fact that people do not always operate their AC when conditions may call for

it

:)0.75758
1000 = Converts Btu to kBtu
nCool = Seasonal energy efficiency ratio of cooling system (kBtu/kWh)

= Actual (where it is possible to measure or reasonably estimate) — i—f unknown, assume the following: 7>

Before 2006 9.5

2006 - 2014 124

Central AC After 1/1/2015 124

Heat Pump After 1/1/2015 133

Unknown 124
e Ee]
2006
2006 13
2014
Central AC 13
e
1/1/20615
Heat Pump 14
after
1/1/2015

ADJatticcool = Adjustment to cooling savings to account for to account for inaccuracies in engineering algorithms.
=114%"% 7 [ Formatted: Indent: Left: 1.5", Hanging: 0.5"
If the home is heated with electric heat (resistance or heat pump), the electric energy saved in annual heating due to the ceiling insulation is: -~ [ Formatted: Indent: Left: 0"

756 ASHRAE, 2001, “Characterization of Framing Factors for New Low-Rise Residential Building Envelopes (904-RP),” ‘2001 - ASHRAE - Characterization of Framing
Factors.pdf’, Table 7.1
757 Based on climate normals data with a base temp of 65°F.

758 This factor's source: Encrgy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wlsconsm A Compllatlon of Rcccm FlCld Rcscarch ” ‘Energy
Center of WI Central AC in W1 2008.pdf", p. 31Fhis-factor's-source-Energy-Center-of WisconsinMay-2008 study:“Central-AirC. Wiscons

) Hati £ Recent Eield R B p3t,

% These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for Central AC was adjusted. While one would expect . [ Formatted: Font: (Default) Times New Roman, 9 pt

the average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time mean that using the minimum standard is appropriate. Note all

ratings have been converted to SEER2 equivalents — since the new rating better refle cls the actual efficiency of the units. | Formatted: Footnote
766_These-default Sy term-effi are-based-on-th i le-minimum-F N- ral ¥ ! .|r\ 2006-the-federal lard-for-central AC-was ;vlm .f d-Whik ne-would p +th Reference,FOO‘nOte_ReferenCe,O,fr,TT - Footnote
mmmgn c:Y tem-efficien 2 to-be h:ghnr than-thi mm:mnm the likeh/ ¢ = f offi vertime-mean-that ncmg the-minHmum- Reference,FC,Ster 9,Sty|e 17'0 4 Times New Roman

761 [llinois TRM Version 12.0, https://www.ilsag.info/wp- con tent/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res 09222023 FINAL _clean. gdf page 424 As
demonstrated in air sealing and insulation research by Navigant, see Navigant (2018). ComEd and Nicor Gas Air Sealing and Insulation Research Report. Presented to
Commonwealth Edison Company and Nicor Gas Company. Adjustment factor was derived from a consumption data regression analysis with an experimental design that does not
require further net savings adjustment for non-income eligible populations. Applied the percent change of NCEI Annual Normals CDD65 from 30 yr data set (1981-2010) to more
recent 15 yr data (2006-2020) for all cooling-related adjustment values.
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AkWhHeaungElectnc k'\theamg = ((1/Roud - 1/RAtuc * Aaric* (1 — Ffamln Factoratic) * HDD * 24 * ADJatichear) / (3,412 * nHeat) hn
(x A (1 — FramingEactor v HDD 4 24 « ADJAtEL
Fomw  Raeme) 700 1 T ’ ’ «
B
HDD = Heating Degree Days
Weather Basis (City based
upon)
St Louis, MO 4,486

nHeat = Efficiency of heating system

= Actual - if not available, refer to default table below:?

Heat Pump Before 2006 5.8 1.44
(if age unknown After 2006 - 2014 6.5 1.62
assume 2006-2014) 2015 on 7.0 174
Resistance N/A N/A 1.00
Unknown™® N/A N/A 1.28
3,412 = Converts Btu to kWh
ADJaicteat = Adjustment fer—amemsula&ento heatmg savmg to account for to account for inaccuracies in engineering
algorithmspre

= 6374%7%

If the home is heated with electric heat (resistance or heat pump), the electric energy saved in annual heating due to the ceiling insulation is:

AkWh; Ak Wh—heatt = ATherms * Fe* 29.3 hn
—AFherms 2 F, %293 pu

Where: -
Fe = Furnace fan energy consumption as a percentage of annual fuel consumption «

762 These default system efficiencies are based on the applicable minimum federal standards. In 2006 the federal standard for heat pumps was adjusted. While one would expect the
average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time means that using the minimum standard is appropriate. An 85%
distribution efficiency is then applied to account for duct losses for heat pumps.

/% Calculallon assumes 35% Heat Pump and 65% Resistance WhICh is based upon data from Enerqv Information Admlnlstranon 2009 Residential Energl Consumption Survey,;

50% from 2006 2014 Program or evaluation data should be used to ImDrove thls assumption if available.
764 [llinois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0_Vol_3_Res_ 09222023 FINAL_clean.pdf, page 425. As
demonstrated in air sealing and insulation research by Navigant, Navigant (2018). ComEd and Nicor Gas Air Sealing and Insulation Research Report. Presented to Commonwealth

Edison Company and Nicor Gas Company. Applied the percem ch nqe of NCEI Annual Normals HDD6O from 30 yr data set (1981 2010) to more recem 15 yr data (2006 2020)
for all heatmg-related adjustment values a a A >

“H E y ImpactE » A £2012. Insulation-ADJ-caleulati Is” for detail leulati
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= 3.14%%

29.3 ————=kWh per therm “ [Formaued: Indent: Left: 0"

%5 F¢ is not one of the AHRI certified ratings provided for residential furnaces but can be reasonably estimated from a calculation based on the certified values for fuel energy (Ef
in MMBtu/yr) and Eae (KWh/yr). An average of a 300 record sample (non-random) out of 1495 was 3.14%. This is, appropriately, ~50% greater than the ENERGY STAR®
version 3 criteria for 2% Fe. See ““Furnace Fan Analysis.xlsx > for reference.
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh * CF

Where:
AkWh = Electric energy savings, as calculated above.

ATherms (if Natural Gas heating)

= ((1/Roud - 1/Ratic)* Aaric* (1 — FramingFactorauic) * HDD * 24 * ADJasicHear) / (100,000 * nHeat)

1 1 . .
(Rmzt Rﬁt‘ﬁf) wwe § ) ’

Opfeat——100,000y
Where:
HDD = Heating Degree Days
Weather Basis (City based
upon)
St Louis, MO 4,486
nHeat = Efficiency of heating system

= Equipment efficiency * distribution efficiency
= Actual.”® If unknown, assume 71%.768
100,000 = Converts Btu to therms
Other factors as defined above.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DeEeMED O&M COST ADJUSTMENT CALCULATION
N/A

766 Based on Ameren Missouri TRM Volume 1 - Appendix G: "Table 1 — Residential End Use Category Monthly Shapes and Coincident Peak Factors"Ameren-Missouri-2016
for residential HVAC end-use.

767 | deally, the system efficiency should be obtained either by recording the AFUE of the unit, or performing a steady state efficiency test. The distribution efficiency can be

estimated via a visual inspection and by referring to a look up table such as that provided by the Building Performance Institute —

(https://www.bpi.org/ n%_20Efficiency.pdf: ‘Guidance on Estimating Distribution

Efficiency.pdf’)k g%20Distribution%20E fficien http:/wn org/fi

g docs/Guida
BlueSheetpdf)— or by performing duct blaster testing.

768 This has been estimated assuming that natural gas central furnace heating is typical for Missouri residences (the predominant heating is gas furnace with 48% of Missouri
homes based on Energy Information Administration, 2009 Residential Energy Consumption Survey). In 2000, 29% of furnaces purchased in Missouri were condensing (based on
data from GAMA, provided to Department of Energy during the federal standard setting process for residential heating equipment - see Furnace Penetration.xIs). Furnaces tend to
last up to 20 years, so units purchased 16 years ago provide a reasonable proxy for the current mix of furnaces in the State. Assuming typical efficiencies for condensing and non-
condensing furnaces and duct losses, the average heating system efficiency is estimated as follows: ((0.29*0.92) + (0.71*0.8)) * (1-0.15) = 0.71.

it bplorg/filesipd [/ DistributionEfficiency
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3.7.3 Duct Insulation

DESCRIPTION

This measure describes evaluating the savings associated with performing duct insulation on the distribution system of homes with central cooling
and/or a ducted heating system. While insulating ducts in conditioned space can help with control and comfort, energy savings are largely limited to
insulating ducts in unconditioned space where the heat loss is to outside the thermal envelope. Therefore, for this measure to be applicable, at least
30% of ducts should be within unconditioned space (e.g., attic with floor insulation, vented crawlspace, unheated garages. Basements should be
considered conditioned space).

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 condition is insulated duct work throughout the unconditioned space in the home.

DEFINITION OF BASELINE EQUIPMENT
The baseline condition is existing duct work with at least 30% of the ducts within the unconditioned space in the home.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 20 years.”®

DEEMED MEASURE COST
The actual duct insulation measure cost should be used.

LOADSHAPE
HVAC RES

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Electric energy savings is calculated as the sum of energy saved when cooling the home and energy saved when heating the home.

AkWh = AkWh_cooling + AkWh_heating

MW h = AJAL R ; + AW h

g

If the home has central cooling, the electric energy saved in annual cooling due to the added insulation is:

AkWhgooling = (1/Rgxisting - 1/Rpew) * Area * EFLHgoot* ATavG,cooling) / (1,000 * SEER2) [Formatted: Subscript
1 1 [ Formatted: Subscript
€00 scootnyg . H

MW o= & REW [ Formatted: Subscript
(4,000« SEERY ( Formatted: subscript
Where: ) o o e ( Formatted: subscript

Rexisting = Duct heat loss coefficient with existing insulation ((hr-°F-ft?)/Btu)

= Actual
Rnew = Duct heat loss coefficient with new insulation (hr-°F-ft?)/Btu)

769 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures

https://energizect.com/sites/default/files/documents/Measure%20L ife%20Report%202007.pdf: ‘Measure Life Report 2007.pdf’. page 1-3.
Measure Lif Dprf.h idential-and-C "If‘nfrillighfinganrll—l CM- LIS ‘(‘ﬁQ i

June-2007;
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= Actual
Area = Area of the duct surface exposed to the unconditioned space that has been insulated (ft?)
EFLHcool = Equivalent Full Load Cooling Hours:
Weather Basis (Ameren Missouri EFLHcool (Hours)
Average)
SF or MF 869770
ATavecooing = Average temperature difference (°F) during cooling season between outdoor air temperature and assumed 60°F duct

supply air temperature’

Weather Basis (City based upol OAAVG cooling [°F172 ATAVG cooling [°F]

St Louis, MO 80.8 20.8
1,000 = Converts Btu to kBtu
SEER2 = Seasonal Energy Efficiency Ratio of Air Conditioning equipment (kBtu/kWh)Efficieney-ir-SEERof air-conditioning

= Actual - If not available, assume the following: 774

Before 2006 9.5
2006 - 2014 124
Central AC After 1/1/2015 124
Heat Pump After 1/1/2015 13.3
use:’’®
Before 10
c AC -
After 13
2006
Before 10
-
P 2006- 3
2644
e —
on

A 1Y Star-GOVHa/BUSHRESS DK _PUFERasRg = 4 —=7e-Basea a
EFLH6f 869-The other-weather-basi Jues.are calculatedu |r\g The rolative climate normal ling-degree-day-ratios(at 65F-set-point) Dy201g ReSIdentlaI
valuatlon Report, https://www. efls psc.mo. qoleocumem/DlsgIay/15876 page 30.
7 _Eyaluation hpm: =) h! review-PY¥Y2019 The { values-ars nstructed-based-on-weather diti Ih finn Vel gr -y rla nd nlinn Vel grn rlm \ n lect
Missouri-citie lCr Lout (‘:na f‘rrnrr{nnn Kansas r\"&)v .yL d h] p:yn:l vear2019-# }

2 Leaving corl air temperatures are typrcally about 55°F. Therefore, 60°F is used as an average temperature recognizing that some heat transfer occurs between the ductwork and
the environment it passes through.
3 National Solar Radlatlon Data Base - 1991 2005 Update Typical Meteorologlcal Year 3 https://doe2.com/Download/Weather/TMY3/

p-frrede.nrel.go y3/by—state—and_city . Heating season defined as September 17 through April 13", cooling season defined as May
20 through August 15'" For coollng season, temperatures from 8AM to BPM were used to establish average temperatures as this is when cooling systems are expected to be
loaded.
77% These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for Central AC was adjusted. While one would expect
the average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time mean that using the minimum standard is appropriate. Note all
rallngs have been converted to SEER2 equivalents — smce the new rating better reflects the actual efficiency of the units.

775 These default system-efficiencies-are based-on-th minimum-federal lards—tn-2006-the federal lard-for-central- AG-was-adjusted-While-one-would-expect the
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If the home is heated with electric heat (resistance or heat pump), the electric energy saved in annual heating due to the added insulation is:

AkWh; = (U/Rexisting = 1/Rnew) * Area * EFLHpeat * ATavG heating) / (3,412 * COP.
1 1
AW b = \oxEERg Wew :
3412+ COPY

Where:

EFLHheat = Equivalent Full Load Heating Hours:"®

Weather Basis (Ameren Missouri EFL Hheat (Hours)
Average)
SF or MF 1,496
[ MFe(comprehensive envelope) | 509 !
AT AvG heating = Average temperature difference (°F) during heating season between outdoor air temperature and assumed 115°F duct

supply temperature””’

OAAVG heating [°F]7® TAVG heating [°F]

3,412 = Converts Btu to kWh 1 [ Formatted: Space Before: 6 pt

CopP = Efficiency in COP of heating equipment
= Actual - if not available, use:***

[ Formatted Table

Heat Pump Before 2006 5.8 1.44
(if age unknown After 2006 - 2014 6.5 1.62
assume 2006-2014) 2015 on 7.0 1.74
Resistance N/A N/A 1.00
Unknown’® N/A N/A 1.28
Before 2006 6.8 7
Heat Pump 20062014 77 192
20150n 8.2 2.04
Resistance N/A N/A 1
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 - [ Formatted: Indent: Left: 0"

furnace fans will run less.

776 Evaluation - Opinion Dynamics review PY2019. The recommended values are constructed based on weather conditions (heating degree days and cooling degree days) in select
Missouri cities (St. Louis, Cape Girardeau, Kansas City), weighted by partial year 2019 installations.
7 Forced air supply temperatures are typically 130°F. 115°F is used as an average temperature, recognizing that some heat transfer occurs between the ductwork and the
environment it passes through.
e Natlonal Solar Radiation Data Base - 1991 2005 Update Typical Meteorologlcal Year 3 https://doe2.com/Download/Weather/TMY3/

eden v3/by-—state—and—eity-html-. Heating season defined as September 17 through April 13, cooling season defined as May 20
through August 15 For coollng season, temperatures from 8AM to 8PM were used to establish average temperatures as this is when cooling systems are expected to be loaded.

/| Formatted: Font: (Default) Times New Roman

779 Thase default system-effi ies-are-based-on-th minimum-federal lards—n-2006-the federal Jard for heat BuUmps- W usted-While-one-would-expect the

distr n-efficiency-is-then-applied-to-accountfor-duct losses-for-heat-pumps.
Y PP PURps:

/%, Calculation assumes 35% Heat Pump and 65% Resistance, which is based upon data from Energy Information Administration, 2009 Residential Energy Consumption Survey,

Fori ted: Font: (Default) Times New Roman

https://www.eia.gov/consumption/residential/data/2009/hc/hc6.9.xls: ‘hc6.9.x1s’, Average efficiency of heat pump is based on assumption that 50% are units from before 2006 and ]
50% from 2006-2014. Program or evaluation data should be used to improve this assumption if available,
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AkWhieatinggas = ATherms * Fe * 29.3 «
as
Where:
ATherms = Therm savings as calculated in Natural Gas Savings
Fe = Furnace fan energy consumption as a percentage of annual fuel consumption
=3.149%™
29.3 = Converts therms to kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = AkWhcooiing * CE

Where:
AkWhcooling = Electric energy savings for cooling, calculated above
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factordkW —=—AkWh+CE -«

=0.0004660805 -

NATURAL GAS SAVINGS
If home uses a gas heating system, the savings resulting from the insulation is calculated with the following formula.

ATherms = (1/Rexisting = 1/Rnew) * Area * EFLHpeat* AT avG heating) / (100,000 * nHeatGas)

1 1
AT R’m Rew ’ -

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEeMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

81 F, is not one of the AHRI certified ratings provided for residential furnaces but can be reasonably estimated from a calculation based on the certified values for fuel energy (Ef
in MMBtu/yr) and Eae (kWh/yr). An average of a 300-record sample (non-random) out of 1495 was 3.14%. This is, appropriately, ~50% greater than the ENERGY STAR®
version 3 criteria for 2% Fe.

782 This has been estimated assuming that natural gas central furnace heating is typical for Missouri residences (the predominant heating is gas furnace with 48% of Missouri
homes (based on Energy Information Administration, 2009 Residential Energy Consumption Survey). In 2000, 29% of furnaces purchased in Missouri were condensing (based on
data from GAMA, provided to Department of Energy during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years, so units purchased 16 years ago provide a reasonable proxy for the current mix of furnaces in the State. Assuming typical efficiencies for condensing and non-
condensing furnaces and duct losses, the average heating system efficiency is estimated as follows: ((0.29*0.92) + (0.71*0.8)) * (1-0.15) = 0.71.
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3.7.4  Floor Insulation

DESCRIPTION

Insulation is added to the floor above a vented crawl space that does not contain pipes or HVAC equipment. If there are pipes, HVAC, or a basement,
itis desirable to keep them within the conditioned space by insulating the crawl space walls and ground. Insulating the floor separates the conditioned
space above from the space below the floor and is only acceptable when there is nothing underneath that could freeze or would operate less efficiently
in an environment resembling the outdoors. Even in the case of an empty, unvented crawl space, it is still considered best practice to seal and insulate
the crawl space perimeter rather than the floor. Not only is there generally less area to insulate this way, but there are also moisture control benefits.
There is a “Foundation Sidewall Insulation” measure for perimeter sealing and insulation. This measure assumes the insulation is installed above an
unvented crawl space and should not be used in other situations.

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 requirements for participation in the program will be defined by the utilities.

DEFINITION OF BASELINE EQUIPMENT
The existing condition will be evaluated by implementation staff or a participating contractor and is likely to be no insulation on any surface
surrounding a crawl space.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 3025 years.’

DEEMED MEASURE COST
The actual installed cost for this measure should be used in screening.

LOADSHAPE
Building Shell RES

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Where available, savings from shell insulation measures should be determined through a custom analysis. When that is not feasible, the following
engineering algorithms can be used with the inclusion of an adjustment factor to de-rate the heating savings:

B i e e

AkWh = AkWhcooling + AKWhneating

If the home has central cooling, the electric energy saved in annual cooling due to the floor insulation is:
Where:

AkWh_cooling =
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((L/R_pio - 1/(Rpdea+ Rowg)) * Area* (1— <«

FramingFactorgi,o) * CDD * 24 * DUA * ADJ;.OWCOO.) / (l 000 * nCool)
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Roid = R-value value of floor before insulation, assuming 3/4” plywood subfloor and carpet with pad
= Actual. |—if unknown, assume 3.53967%
Radded = R-value of additional spray foam, rigid foam, or cavity insulation.
Area = Total floor area to be insulated
FramingFactoreo Framing-Factor———= Adjustment to account for area of framing
=12%"%
24 = Converts hours to days
CDD = Cooling Degree Days «
Weather Basis Uncosndltloned
(City based upon) pace
CDD 75 7
St Louis, MO
DUA = Discretionary Use Adjustment (reflects the fact that people do not always operate their AC when conditions call for it).
= 0.75757
1000 = Converts Btu to kBtu
nCool = Seasonal energy efficiency ratio of cooling system (kBtu/kWh)
= Actual (where it is possible to measure or reasonably estimate). If unknown, assume the following: 7887 -«
Age of Equipment | nCool Estimate
Before 2006 9.510
2006 - 2014 12.413
Central AC After 1/1/2015 12.413
Heat Pump After 1/1/2015 13314 «
ADJEi00rcool = Adjustment to cooling savings to account for to account for inaccuracies in engineering algorithms. “
= 75%%
If the home is heated with electric heat (resistance or heat pump) the electric energy saved in annual heatlng due to the floor insulation is: “
Akv‘]hHeaungEleunz: i “l/R old +
- 1/(Radded+ Roia)) * Area* (1 — FramlngFactomoor) * HDD * 24 * ADJFqurHeal) / (3 412 * nHL)
<
Where:

84 |bid., page 404. Based on 2005 ASHRAE Handbook — Fundamentals assuming %" subfloor, %> carpet with rubber pad, and accoummq for a still air film above and b«.low
0.68 + 0.94 + 1.23 + 0.68 = 3.53Based-0n-2005-ASHRAE Handb = - assuming 2x8 jeists, 167 0C, %47 subfl pet-with rubb d

still-airfilm-above-and-below:1/{(0-85 ity-share-of area/-{0-68-+0.94-+1.23+ 0.68))+(0- 1:9 mlr\g;h re/(0.68+ 7.5 % 1 25 Rlin+0.94 + ‘,"‘?*".ﬁ W=3.96.

8 ASHRAE, 2001, “Characterization of Framing Factors for New Low-Rise Residential Building Envelopes (904-RP),” ‘2001 - ASHRAE - Characterization of Framing
Factors.pdf’. Table 7.1.

786 The base temperature should be the outdoor temperature at which the desired indoor temperature stays constant in balance with heat loss or gain to the outside and internal
gains. Since unconditioned basements are allowed to swing in temperature, are ground coupled, and are usually cool, they have a bigger delta between the two (heating and
cooling) base temperatures. 75F for cooling and 50F for heating are used based on professional judgment. Five-year average cooling degree days with 75F base temp are provided
from DegreeDays.net because the 30 year climate normals from NCDC are not available at base temps above 72F.

787 This factor's source: Energy Center of Wisconsin, May 2008 metering study: “Central Air Condltlonm in Wisconsin, A Com 11311011 ot Recent Field Research,” ‘Ener
CenterofWI Central AC in W1 2008.pdf’, p. 31Energy Center of Wisconsin, May-200 study: “Central Air Condi W sin,A Compilation of Recent Eield

s These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for Central AC was adjusted. While one would expect
the average system efficiency to be higher than this minimum, the likely degradation of efficiencies over time mean that using the minimum standard is appropriate. Note all
ratings have been converted to SEER2 equivalents — smce the new rating better reflects the actual efficiency of the units.

789 Thase default system-efficiencies-are based-on-th minimum-federal lards—tn-2006-the-federal lard-for-central-AG-was-adjusted—While-one-would-expect the

) III|n0|s TRM Versmn 120 hJJs //wwwnsaq |nfo/wp con ent/upload /1L TRM Effectlve 010124 v12.0 V0 3_Res_09222023 FINAL clean gdf paqe 405 As
demonstrated in two years of metering evaluation by Opinion Dynamics, see Memo “Results for AIC PY6 HPwES Billing Analysis” (‘Memo on Ameren HPWES Billing Analysis
FINAL 2015-03-06.pdf"), dated February 20, 2015. Applied the percent change of NCEI Annual Normals CDD65 from 30 yr data set (1981-2010) to more recent 15 yr data
(2006-2020) for all cooling-related adjustment values.
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HDD = Heating Degree Days: -
. . Unconditioned Space
Weather Basis Zone (City based upon) HDD 50 ™9
St Louis, MO 1,911
nHeat = Efficiency of heating system
= Actual -- if not available, refer to default table below:?*
Heat Pump Before 2006 5.8 1.44 -
(if age unknown After 2006 - 2014 6.5 1.62
assume 2006-2014) 2015 on 7.0 1.74
Resistance N/A N/A 1.00 <
Unknown™® N/A N/A 1.28 «
Before 2006 6.8 17
e el +7 19
2015 -and-after 82 20
Resistance N/IA N/A 16
ADJFIoorm

d|ustment to heatlng savmqs to account for to account for |naccura<:|es in englneenng algorithmsAdjustment-forfloor

If the home is heated with electric heat (resistance or heat pump), the electric energy saved in annual heating due to the floor insulation is:

AkWh, = ATherms * Fe* 29.3

Where:

ATherms * F, " 29.3
Fe = Furnace fan energy consumption as a percentage of annual fuel consumption

91 The base temperature should be the outdoor temperature at which the desired indoor temperature stays constant in balance with heat loss or gain to the outside and internal
gains. Since unconditioned basements are allowed to swing in temperature, are ground coupled, and are usually cool, they have a bigger delta between the two (heating and
cooling) base temperatures. 75F for cooling and 50F for heating are used based on professional judgment. National Climatic Data Center, calculated from 1981-2010 climate
normals.

72 These default-system-effici ne-would-expect-thi

are-based-on-th licable-minimum-federal lards—tn-2006-the-federal lard-for-heat-pumps-was-adjusted-—Whil
to-be-higher-than-this-minimumthe Hikely-¢ {ati £ effici
o4 g

average-system-efficien
age-sy

wer-time-means-that usina-the-minimum lard-is i A-85%
I¢ -

& Calculanon assumes 35% Heat Pump and 65% ReS|stance WhICh is based unun data from Enerqv Information Admlnlstratlon 2009 Residential Energl Consumption Survey, ;
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794 [llinois TRM Version 12.0, https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective_010124 v12.0 Vol _3_Res 09222023 FINAL _clean.pdf, page 406. As

demonstrated in two years of metering evaluation by Opinion Dynamics, see Memo “Results for AIC PY6 HPwES Billing Analysis” (‘Memo on Ameren HPWES Billing Analysis
FINAL 2015-03-06.pdf"), dated February 20, 2015. Applied the percent chanqe of NCEI Annual Normals HDD60 from 30 yr data set (1981-. 2010) to more recent 15 yr data

(2006-2020) for all heating-related adj ustmem valuesBased-upon P t-savings estimate and evaluated bill-analysi irthe following 2612
M | eport—Home E hmpact Eval » A mnm_c Tnsulation ADJ caleulati 162 for detatls oF cal wation—Note that & wall-is-used
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=3.14%™®
29.3 =KkWh per therm

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh * CF

Where:
AkWh = Electric energy savings, as calculated above.
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factordkW ——=—AkW -h+CF- «
=0. 00046608057 <
NATURAL GAS SAVINGS
ATherms (if Natural Gas heating)
= ((1/R_oid - 1/(Radded + Rog)) * Area * (1 — FramingFactorgioo) * HDD * 24 * ADJgioortear) / (100,000 * nHeat)
1 1
00F
= e
B e Y
Where
nHeat = Efficiency of heating system

= Equipment efficiency * distribution efficiency

= Actual™ - If not available, use 71%7%
100,000 = Converts Btu to therms

Other factors as defined above.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE:

95 Fe is not one of the AHRI certified ratings provided for residential furnaces but can be reasonably estimated from a calculation based on the certified values for fuel energy (Ef

in MMBtu/yr) and Eae (kWh/yr). An average of a 300-record sample (non-random) out of 1495 was 3.14%. This is, appropriately, ~50% greater than the ENERGY STAR®

version 3 criteria for 2% Fe. See ““Programmable Thermostats Furnace Fan Analysis.xIsx’2 for reference.

79 Based on Ameren Missouri TRM Volume 1 - Appendix G: "Table 1 — Residential End Use Category Monthly Shapes and Coincident Peak Factors"Ameren-Missouri-2016
for residential building shell end-use.

97 Ideally, the system efficiency should be obtained either by recording the AFUE of the unit, or performing a steady state efficiency test. The distribution efficiency can be

estimated via a visual inspection and by referring to a look up table such as that provided by the Building Performance Institute

(https://www.bpi.org/__cms/docs/Guidance%200n%20Estimating%?20Distribution%20Efficiency.pdf; ‘Guidance

by performing duct blaster testing.

798 This has been estimated assuming that natural gas central furnace heating is typical for Missouri residences (the predominant heating is gas furnace with 48% of Missouri
homes (based on Energy Information Administration, 2009 Residential Energy Consumption Survey). In 2000, 29% of furnaces purchased in Missouri were condensing (based on
data from GAMA, provided to Department of Energy during the federal standard setting process for residential heating equipment - see Furnace Penetration.xIs). Furnaces tend to
last up to 20 years, so units purchased 16 years ago provide a reasonable proxy for the current mix of furnaces in the State. Assuming typical efficiencies for condensing and non-
condensing furnaces and duct losses, the average heating system efficiency is estimated as follows: ((0.29*0.92) + (0.71*0.8)) * (1-0.15) = 0.71.
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3.7.5 _Cool Roof

DESCRIPTION

Cool (high albedo) roofing materials reduce the overall heat load on a home by reflecting more of the incident solar radiation, thus decreasing the<
total heat energy absorbed into the building system. This reduction in heat load provides space cooling energy savings during the cooling season but
can increase heating energy use during the winter. Therefore, cool roofs are most beneficial in warmer climates and may not be recommended for
homes where the primary heat source is electric resistance.

This measure is only applicable to existing buildings constructed before 2016 that have not undergone roof improvements since 2016.

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

be verified.

DEFINITION OF EFFICIENT EQUIPMENT
The, efficient condition, is, cool, (high, albedo), asphatt-shirgleroofing material. Although, the ENERGY STAR cool roof rating was discontinued, the

minimum thresholds are listed for the required minimum solar reflectance and thermal emittance by the roof slope. The Cool Roof Rating Council

f

Formatted

Formatted

provides ratings at https://coolroofs.org/directory/roof -at-8-30%: | Formatted
Formatted
Low slope/<2:12 pitch, >0.65, >0.5, >0.75, Formatted
Steep slope/>2:12 pitch, >0.25, >0.15, >0.75,
- Formatted

DEFINITION OF BASELINE EQUIPMENT
The, baseling, condition is assumed to be ag conventional, asphalt shingle, roof of albedq 0.142,

retal-roofing products-are;For other existing roofing materials, the reflectance and emittance values can be sourced, with savings determined by the
calculators built by the Oak Ridge National Laboratory for low slope®*® and steep slope®*° roofs.

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

DEEMED MEASURE COST
The actual implementation cost for applying cool (high albedo) roof should be used.
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LOADSHAPE \ Formatted
Building Shell RES Formatted
Formatted
Algorithm P—
CALCULATION OF SAVINGS Formatted
Mid-America Regional Council (MARC), in partnership with Lawrence Berkeley National Laboratory (LBNL), commissioned Leidos to study — « Formatted
building energy consumption. The study area was a nine-county region identified by MARC. A whole-building energy modeling tool was used to
evaluate urban heat island (UHI) countermeasure strategies for several common residential building categories based on models developed by the Formatted
U.S. Department of Energy (DOE). Residential buildings were adapted to the Kansas City region to model changes in building energy Formatted
consumption.
Formatted
Formatted
Formatted
847 1y nd-M g 0 Formatted
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8480ak Ridge National Laboratory, Low slop roof savings calculator, https://web.ornl.gov/sci/buildings/tools/cool-roof/
849 Oak Ridge National Laboratory, Steep slope roof savings calculator, https://web.ornl.gov/sci/buildings/tools/SteepSlopeCalc/
850 DEER READI (Remote Ex-Ante Database Interface). http://www.deeresources.com/index.php/component/users/?view=login.
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The, LBNL, study, modeled, four, vintages, of; residential single,and, multi-family, buildings, They, are, categorized, as, « [ Formatted

: [ Formatted

up to 1979 59% { Formatted

1980-1999 25% [ Formatted

IECC 2006 2000-2009 13% [ Formatted

IECC 2012 2010-2015 3% [ Formatted
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ELECTRIC ENERGY SAVINGS [ Formatted

AkWh = SavingsFactorCooling Savings * SF / 1,000 * HeatingFactor { Formatted

Where: { Formatted

. . . i i . i . { Formatted

SavingsFaeterCooling Savings = Dependent on home vintage and type (single family vs. multi-family): #* v cted
ormatte

g[ Formatted

|| Formatted
Formatted
Up to 1979 136.0 114.0
1980-1999 73.9 58.1 Formatted
2000-2009, 333 24.9 ‘ Formatted
2010-2015 239 195 || Formatted
|| Formatted
SF = Area of cool roof in square feet. | Formatted
HeatingFactor =085 for Electric Resistance heating
=0.42853 for Heat Pump heating Formatted
=1.0 for non-electric heating Formatted
|| Formatted
SUMMER COINCIDENT PEAK DEMAND SAVINGS | Formatted
“[ Formatted
AKW = AkWh * CF Formatted
Where: \ [ Formatted
AkWh = Electric energy savings, as calculated above. \ Formatted
CF = Summer peak coincidence demand (kW) to annual energy (kWh) factor “ Formatted Table
= 0. 0004660805%¢ . [ Formatted

NATURAL GAS SAVINGS

N/IA

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/IA

81 The annual site energy savings by roof area for each of the residential prototypes from the installation of cool roofs instead of conventional roofs (scenario RR-2 in Leidos
2015b). Leidos. (2015b) Energy savings of high albedo roofs for the Kansas City Area. Leidos report commissioned by the Mid-America Regional Council. September 2015.

852 Average reduction in savings due to electric heat. calculated with the ORNL Cool Roof calculator. Local file: “Residential Cool Roofs.xIsx”

553 Ibid BID
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%4 Based on Ameren Missouri TRM Volume 1 - Appendix G: "Table 1 — Residential End Use Category Monthly Shapes and Coincident Peak Factors” Ameren-Missouri-2016

loadshape-for residential building shell end-use.
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3.93.7Residential Demand Response
3.9.1 Residential Demand Response Baseline-Analysis Approach

DESCRIPTION

For residential demand response measures, the energy and demand impacts of residential demand response events will be analyzed using AMI
interval data. The baseline for measuring impacts will be established by creating a control group of non-participant customers with similar energy
usage patterns and weather conditions. This control group will be used to estimate what energy usage would have been in the absence of a demand
response event.

The analysis will include weather normalization to ensure that the baseline reflects the weather conditions experienced during the event. Demand
reduction will be calculated as the difference between the weather-normalized baseline and the actual energy use during the event period.

If AMI data is not available for all participants, results will be extrapolated to represent the broader participant population.
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3.9.2 Demand Response Advanced Thermostat

DESCRIPTION

response (DR) program. It also characterizes the energy savings resulting from load shaping strategies employed during non-peak hours to reduce
overall usage. Savings impacts will be evaluated using ex-post analysis, primarily leveraging AMI interval data to compare energy consumption
with and without program intervention.

The evaluation approach includes establishing a control group through propensity score matching with non-participant customers who have similar
energy usage patterns and weather conditions. The analysis involves weather normalization to ensure accurate baseline estimations. The savings
|m9acts W|II be determined by companng the treatment group's enerqv use durmq DR events to the weather-normalized baselineFhis-measure

As advanced thermostats evolve, some models include embedded optimization routines that can independently achieve energy savings. The program,
however, will only attribute savings to the incremental impact of “program-driven optimization”—those savings achieved through the program’s
influence in activating or _enhancing the thermostat's optimization features. Energy avmqs that result from default or_non-| proqram drlven
optlmlzatlon WI|| not be attrlbuted to the proqram Asadva a

1 1 H d > wihi 2% H od 1 ith the-defayl
WHHER-achH Ho-eRergy-Ssavings-aue-to-etther-the-aetaut

thnat < e
P ane-wHRott—program-artven

Due to the custom nature of the evaluation, ex-post demand and energy savings calculations will be based on the specific conditions and data
available each year, with previous year results informing program planning and goal setting for subsequent cycles.

870_p nergy-savings-per-device-based-on-Ameren-Missouri-PY-20232 evaluation-See-Ameren-Missouri-Prog 20232 Annual-EM&V- Report-Volume-4: Demand
Portfolio-Report—Table-20httns:nnaw-efis-pse-m ent/Disp 6 i f Savinas-from-E fa izati ||c|nnT| trv-and
ey P BSE =0 TSP 9 3 P 5 Y
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This measure was developed to be applicable to the following program type: -DR.

DEFINITION OF EFFICIENT CASE

The efficient case is a customer who participates in the DR program, where the thermostat is under the control of the program. In this case, energy
consumption |s drrectly mfluenced by proqram drrven strateqres including load shaping during non-peak hours and demand reduction during peak
periodsFhe-ef s .

DEFINITION OF BASELINE CASE

The baseline case is a customer who is not participating in the DR program and whose thermostat operates independently of program-driven
strategies. The baseline for measuring impacts will be established by creating a control group of non-participant customers with similar energy usage
patterns and weather conditions. This control group will be used to estimate what energy usage would have been in the absence of a demand response
event. The analysis will include weather normalization to ensure that the baseline reflects the weather conditions experienced during the event. If

AMI data is not avallable for aII partlupants results will be extragolated to represent the broader partlupant pogulatlo Ihe—basehne%asa&a

DEEMED LIFETIME OF PROGRAM SAVINGS
The expected measure life is assumed to be 1 year.

DEEMED MEASURE COST

It is assumed that program-controlled changes in residential settings are accomplished without homeowner investment in new equipment. Therefore,
without evidence to the contrary, measure costs in such residential programs focused on program controlled changes in customer behavior may be
defined as $0.

LOADSHAPE

HVAC RES (for optimization routines that save energy during the cooling and heating seasons)
Cooling RES (for optimization routines that save energy only during the cooling season)
Heating RES (for optimization routines that save energy only during the heating season)

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

3.9.3 Demand Response Water Heater Switch

DESCRIPTION

This measure characterizes the demand savings achieved by controlling residential water heater loads during peak periods through a demand response
(DR) program. Savings impacts will be evaluated using ex-post analysis, primarily leveraging AMI interval data to compare energy consumption
during peak periods with and without program intervention.

The evaluation approach includes establishing a control group through propensity score matching with non-participant customers who have similar
energy usage patterns and weather conditions. The analysis involves weather normalization to ensure accurate baseline estimations. The demand
savings impacts will be determined by comparing the treatment group's energy use during DR events to the weather-normalized baseline.

872 {hid.
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Due to the custom nature of the evaluation, ex-post demand savings calculations will be based on the specific conditions and data available each
year, with previous year results informing program planning and goal setting for subsequent cycles.

This measure was developed to be applicable to the following program type: DR.

DEFINITION OF EFFICIENT CASE
The efficient case is a customer who participates in the DR program, where the water heater is under the control of the program. In this case, demand
reduction is directly influenced by program-driven strategies during peak periods.

DEFINITION OF BASELINE CASE

The baseline case is a customer who is not participating in the DR program and whose water heater operates independently of program-driven
strategies. The baseline for measuring impacts will be established by creating a control group of non-participant customers with similar energy usage
patterns and weather conditions. This control group will be used to estimate what demand would have been in the absence of a demand response
event. The analysis will include weather normalization to ensure that the baseline reflects the weather conditions experienced during the event. If
AMI data is not available for all participants, results will be extrapolated to represent the broader participant population.

DEEMED LIFETIME OF PROGRAM SAVINGS
The expected measure life is assumed to be 1 year.

DEEMED MEASURE COST
The incremental cost of the water heater switch is $149.00.

LOADSHAPE

N/A “q

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/IA
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