




Standard Inputs for ICF's DOE-2 Residential Model 



Standard Inputs for ICF's DOE-2 Commercial Model 

Architectural Information Options 
Square Feet per Floor Any Value 
Number of Stories Any Value 
Window Distribution Any Distribution 
Window Area to Wall Area Ratio Any Value 
Occupancy in Sq Ft Per Person Any Value 

Shell I n f o d o n  
Wall Type 1 - Mass Bldg 

2 -Metal Bldg 
3 -Steel Frame 
4 -Wood Frame &Other 

Wall Insulation R-value Any Value 
Wall Sheathing R-value Any Value 
Door R-value Any Value 
Ceiling Type 1 - Insulation Entirely Above Deck 

2 -Metal Building 
3 - Attic and Other 

Roof Solar Absorptivitv Any Value 
Attic Insulation R-value Any Value 
Slab Insulation R-value Any Value 
Window U-value Any Value 
Window SHGC Any Value 
infiltration Air Change Rate per Hour ~ n y  Value 
Systems Information options 
System Type 1 . Commercial Chiller and Boiler 

2 - Packaged AC with Gas Furnace 
3 - Packaged AC with Boiler 
4 - Packaged Heatpump 
5 - Split AC with Furnace 
6 -Split Heatpump 
7 - PTAC with Boiler 
8 - PTAC with Gas Furnace 
9 - PTAC with Electric 

Cooling Capacity in Tons Any Value 
Cooling Efficiency (EER) Any Value 
Fuel Heating Effciency (% AFUE) Any Value 
Elec Heating Efftciency (COP) Any Value 
Fan TVDB 1 - Constant Volume .. 

2 -Variable Volume 
1 - CFM Per Person Ventilation Rate ~~ 

2 - CFM Per Sq Ft of Floor Space 
Duct Loss Any Value 
Thermostat 1 -Manual 

2 -Programmable 
Lighting Density, W Per Sq Ft Any Value 
Misc. Equipment Loads, W Per Sq F i  Any Value 
Sensible Occupant Loads, Btu Per Hr Any Value 
Latent Occupant Loads, Btu Per Hr Any Value 
Domestic Hot Water optloru 
DHW Fuel Type 1 -Oil 

2 -Gas 
3 - Electric 
Any Value DHW Capacity in Gallons 

IEnergy Factor Any Value 
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Warehouse 
ArchkecturpI Infomution 
Square Feet per Floor 7530.5 
Number of Stories 2 
Window Distribution 2 
Window Area lo  Wall Area Ratio 10% 
Occupancy in Sq Ft Per Person 1000.0 
Locations St Louis, MO 

Kansas, MO 
Clmbmo, MO 
memo his^ TN 

ensity, W Per Sq Ft 1 
0.50 : Loads, W Per Sq Ft 

Thermoset 
Lighting D8 
Misc. Equipmenl 
Sensible Occupant Loads, Btu Per Hr 
Latent Occupant Loads, Btu Per Hr 
Domestic Hot Water 

DHW Capacity in Gall 
..- 

DHW Fuel Type G 

Energy Factor 0.55 



Architectural Information 
Square Feet per Floor 4118.5 
Number of Stories 2 
Window Distribution 2 
Window Area to Wall Area Ratio 25% 
Occupancy in Sq Ft Per Person 125.0 
Locations St Louis. MO 
I Kansas, MO I 
I Clmhmo MO I - .. . . .-, .. . - 

Memphis, TN 
Shell Information 

7 
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Kansas, MO 
Clrnbmo MO 

Window SHGC 05 
lnfi trat on Air Change Rate per hoLr 0 05 
Systems Information 



Food Sales 
Architectural Information 
Square Feet per Floor 1900 
Number of Stories 2 
Window Distribution 2 
Window Area to Wall Area Ratio 20% 
Occupancy in Sq Ft Per Person 125.0 
Locations St Louis, MO 

Kansas, MO 
Clmbmo. MO 
Memphis, TN 

Shell Information I 
Wall Type 1 

Wall Sheathing R-value 0 

Ceiling Type 3 
Roof Solar Absorptivity 0.8 

Wall Insulation R-value 13 

Door R-value 2 

ARic Insulation R-value 15 
Slab Insulation R-value 19 
Window U-value 0.66 
Window SHGC 0.5 
Infiltration Air Change Rate per Hour 0.05 
Systems Information 
Svstem Type 2 
Cooling Capacity in Tons 0 
Cooling Efficiency (EER) 9 

Elec Heating Eficiency (COP) 0 
Fuel Heating Emciency (% AFUE) 85 
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Ventilation Rate 5 
Duct Loss 0.05 
Thermostat 1 
Lighting Density, W Per Sq Ft 1.75 
Misc. Equipment Loads, W Per Sq Ft 2.00 
Sensible Occupant Loads, Btu Per Hr 
Latent Occupant Loads, Btu Per Hr 
Domestic Hot Water 

DHW Capacity in Gallons 56 
Energy Factor 0.49 

DHW Fuel Type G 



Architoetunl Information 
Square Feet per Floor 3029.5 

,, 2 
Iistribution 2 

. . . . . . - . 
Window Area lo Wall Area Ratio 
Occupancy in Sq Ft Per Person 
Locations St Louis, MO 

ZUR 
40.0 

Kansas, MO 
Clmbmo, MO 
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Lodglng 
Architectural Information 
Square Feet per Floor 15658 
Number of Stories 2 
Window Distribution 2 
Window Area to Wall Area Ratio 25% 
Occupancy in Sq Ft Per Person 125.0 
Locations St Louis. MO 

Kansas, MO 
Clmbmo, MO 
Memphis, TN 

Shell Information I 
Wall Type 1 

Wall Sheathing R-value 0 
Wall Insulation R-value 13 

Door R-value 2 
Ceiling Type 1 
Roof Solar Absorptivity 0.8 
Anic Insulation R-value 15 
Slab Insulation R-value 19 
Window U-value 0.66 
Window ShGC 0 5  
Infiltration Air Cnange Rate per Hour 0 05 
Systems Information ! I 
System Type gl 1 
Cooling Capacity in Tons 01 0 
Cooling Efficiency (EER) 71 16 
Fuel Heating Eficiency (% AFUE) 01 a5 



Health Care (Inpatient) 
Archit.ctunl information 
Square Feet per Floor 37050 
Number of Stories 4 
Window Distribution 2 
Window Area to Wall Area Ratio 25% 
Occupancy in Sq Ft Per Person 67.0 
Locations St Louis, MO 

Kansas, MO 
Clmbmo, MO 
Memphis, TN 

S b H  Infonnatlon 
\A1~11 Twna 1 

Wail Insulation R-value 13 
Wail Sheathing R-value 0 
Door R-value 2 
Ceiling Type 1 
Roof Solar Absorptivity 0.8 
Attic Insulation R-value 15 
Slab Insulation R-value 19 
Window U-value 0.66 
Window SHGC 0.5 
Infiltration Air Change Rate per Hour 0.05 
Systems Information 
System Type 1 2 
Cooling Capacity in Tons 0 0 
Conlinn Fffirbnrv lFFRI 1R 9 



Appendix C: Measure Bundling 

Appendix C shows how measures were bundled into programs. Below is a table showing two columns, the 
first is the program name, and the second shows which measures are included in that program. The table 
shows only the measures that passed the total resource cost test with a cost benefit ratio greater than one. 
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I Efficient Technology I Program I 
C&l Prescriptive Occupancy sensor -Assume control 3 2-lamp fixtures w/T8 

Packaged Unit Efficiency 
Prrrmiiim Fffiriencv Mntnr . . -. . . . . -. . .- .- . . .- .- . 
Replace multiplex a r-cooled wnoenser witn evaporative con 
Substitute high effic ency motors for stanaard efficiency 
Upgrade from 53 BtJ/Watt @ 10°F TD to 85 BtuMlatt - 
Variable CW Pum 
Variable HW Pum 

Vending Machine Controller 

25W CFL 
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Program 
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Efficient Technology 



Efficient Technology 



Appendix D: Program Documentation 

Appendix D mntains a iistim, of each progam, induding the p s t i i W a n .  ths cmts bmken drmn by incentive. administrah, marketing, and 
implementation, and two verifmtion vatiables, the reaiiMion rate and net-lc%rass ratio. The program's total resource m t  resuit is ai80 Shown. Sources 
and a btief expianstion of program design and assumptions is included as we(i 

I- mCM I c.n I I 
Notes: The baseline data for this pmgram is Ihe number of single family attached and detached homes in the Ameren territory. 86 provided by Ameren. 
Participation is based on best practice pmgram data and Amesn p w n m  goals (number of homes upgraded). Costa for administration. maneting. and 
implementation are based on a percentage of the incentive cwb, and are based on program data horn Long island Power Authority asweii as iCF and 
Ameren discussion. Realization r a t e d  95% accounts for installations matdo not pdoduce expected energy savings, such 86 improperly applied hotwale 
hnk wraps or pipe wraps. The net to gmss ratio of 80% is d raw fmm the California Energy Effluency Pdicy Manual yemion 2 (2003). 

ale fmm Atiiona PuMic Sewice. E.ON Energy, as mil as iCF and Ameren discusion. 

SI ratio of 80% is drawn from the Califomis Energy Emciency Policy Manual, venion 2 (2003). 
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Rorm lnc R W Y Y  I t.<5 I 
Notes: The baseline data formis pmgram is the numberd homes in the A m e m  tenitow thal are estimated to have secondary refrigerators. freezers. or 
air conditioning units. Baseline data. me number of single family detached homes. was pmvided by Amsren, and Midwest Energy Efflciency Alliance 
pmvided number of homes with recondaw units in Illinois. Participation was based on best pradice program data and Amere-en program goals (number 01 
units). C o ~ t r f o r  administration, marketing. and implementation were based on a percentage of the incentive costs. and were determined an ESaurce 
report (Kolwey, Neil: EDRP-FS. Aptil2006) mnversation~ with JACO, as well as ICF and Ameren discussion. Realization rate of 95% accounts for 
r s m ~ l s  that do not produce expected energy savings. The net to gross ratios of 35% for second fridges and 54% for second freezers was drawn from 
the California Enemy Efflciency Policy Manual. version 2 (2003). The 54% d o  was also applied to win& AIC units, by ICF Assummon. 

Notes: The baselins data formis pmgram is the numker d homes in the Ameren tenitory. as pmvlded by Ameren. Pa~cipation Is based on best practice 
pmgram dah and Ameren program goals (number of CFLr distributed). Carts for administration. markdng, and implementation are bared on a 
percentage of the incentive costs. and are based an pmgram data fmm Connecticut Power & Light. Realization rate of 95% accounts b r  installations thal 
do nd pmduce expected energy savings, such as using CFLP to replace bumed Out CFLs. The net to gross ratio of 80% is drawn from the Csllfornia 
Energy Efflciency Policy Manual, version 2 (2003). 

Mmh cn* I y18.m I $72001 I $190,001 I 1ox 
Maw& cas6 I Iul.001 I $72,001 I $72,001 1 $190,001 I kC?& ICFLUwnp(l0n 

Notes: The baseline data for this pmgram is the number of all electtic mullfamily units in the Ameren lenilory. as pmvided by Ameren. Participation is 
based on best practice pmgram data and Ameren prqram goals (number of homes). Carts for administcadon, marketing. and implementation are based 
on a percentage of the i n e n t i e  msts are based an ICF and Amsren discusion. Realization rate of 95% accounts for install at an^ that do not pmduce 
expected enemy savings, such as imprapefly applied hot watertank wraps or pipewraps. The netto gmss ratio of 80% is drawn fmm the Cal+3mia 
Energy Efkiency Policy Manual. version 2 (2003). 
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Nates: All program info is provided directly by Ameren. 

Nates: All program info is provided directly by Ameren. 

by Ameren and the Amencan Housing Suwey. Palticipation is based on best practice program data and Ameren program goals (number of units 

at are nd mrnctly charged or installed. The net to gross ratio of 80% is drawn from the California Energy 
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etc.) in the Ameren tanitary, as 
Paltiupation is based on best practice prqiam data and Ameren pmgram goals (numberof units). Incentive costs are set in twoways. Far linear 
Rwrescenl lighting. CFLo, and motors. incentive level was set to s p w i c  values based on pmgram data (Pacmc Gas 8 EleClriC, Nevada Power, and We 
Energies) and Ameren pmgam design goals. Forail other measurer, incentive lave1 was calculated to reduce measure payback to 2 yean. Coats for 

D 4  Appendix D 



D 5  Appendlx D 



Appendix E: Setting Uncertainties 



This Appendix documents ICF's methodology for setting the uncertainty distributions 
used in the risk analysis. The overall approach to the risk analysis is a subject covered in 
Appendix A. The uncertainties documented in this Appendix are the ones that were used 
to run the third and final Monte Carlo simulation, the results of which were used in the 
final analysis of portfolio risk in Appendix A. Ideally, these uncertainty distributions would 
be based on observations of many actual values. Unfortunately, consistent data sets do 
not exist that would enable us to base the distributions on observed variation of values 
for identical programs. Therefore, these distributions were based on subjective 
evaluation of the relative uncertainty associated with the source of the initial values. 

E.l Overview 

As discussed in Appendix A, there were four uncertainties used in the risk analysis of the 
portfolio: unit energy savings estimates (annual energy use of the efficient technology 
minus the annual energy use of the baseline technology), projected measure installation 
counts, program net-to-gross ratios and program engineering verification factors. 
Uncertainty distributions were estimated using a process that analyzed the key factors 
contributing to each uncertainty at the program or measure level. Then based on the 
analysis of these factors, ICF set probability distributions around each uncertainty for 
every measure in the portfolio. To review, the table below outlines what factors ICF used 
to analyze each key uncertainty. 

rable 1: Factors used to analyze key portfolio uncertainties 

Projected 
installations 

Net-to-gross 

Factors used to analyze uncertainty 
Source of the unit savings estimate (i.e. DEER) and the measure's weather - 
sensitivity. 
Program's ability to get measures directly installed (an education program would 
have a much lower ability to do this than a C&l Custom program, for example), 
the program participation rate, the source of the baseline measure usage rate 
(i.e. M E A ,  KEMA), and the applicability of the baseline usage rate to the 
Company's portfolio. 
Source of the NTGR estimate, the applicability of the NTGR to the Company's 
program, and the uncertainty around an evaluator's ability to conduct robust 
impact studies on the program given the evaluation budget. 

The engineering verification factor was not considered a key uncertainty because most 
of the evaluation risk was captured in NTGR uncertainty. ICF used its knowledge of 
program installation rates to estimate Uncertainty around the verification factors used in 
the Energy Efficiency Potential Model (EEPM). 

Whether the uncertainties were set at the program level, then applied to each measure 
in each program, as was the case with installations, NTGR and engineering verification 
factor uncertainties, or applied directly at the measure level, as was the case with unit 
energy savings uncertainty, ICF assigned every measure in the portfolio four 
uncertainties that impacted portfolio kWh savings. The total number of uncertainties 
used in the risk analysis was 3,700. 
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E.2 Quantifying portfolio uncertainties 

Confidence 
Value 

0.1 

0.5 
0.75 
0.9 

1 

Description 
not confident 
neither confident, nor "not confident" (best 
guess) 
confident 
very confident 
no reason to be uncertain 

Uncertainty Factor 

Weighted Confidence I 0.89 I 0.93 
Weighted Uncertainty I 0.11 I 0.07 

Lower Upper 
Bound Bound Factor 

Confidence Confidence Weight 
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Baseline participation source confidence 
Applicability of baseline source to 
Ameren ILs portfolio confidence 
Program ability to install confidence 
Hardwired participation rate confidence 

0.9 0.9 4 

0.9 0.9 3 
0.75 0.75 1 
0.9 1 5 



ICF and Ameren IL estimated, using the EEPM, that the Residential New HVAC program 
will install 6,555 14 SEER ACs over three years. According to ICF's uncertainty analysis, 
the program may actually install somewhere between 5,823 and 7,285 units, inclusive. 

The factor weights for baseline participation source, applicability of the baseline source 
and the hardwired participation rate were established based on ICF's professional 
judgment. These weights did not vary across measures in the portfolio. The weight on 
the program's ability to install measures is based on the program's projected contribution 
to overall portfolio energy savings over three years (these weights, by program, are the 
same weights shown below in Table g--"Evaluation Confidence Weight"). In the case of 
the Residential HVAC Program, this weight is low because the program is projected to 
contribute a small percentage to overall portfolio savings. 

Factor weights varied between 0 and 5 in the analysis 

Distribution shapes 

ICF used triangular probability distributions for the uncertainties in the risk analysis. The 
main reason ICF used this distribution shape is that data was not available to support 
the used of fitted uncertainty distributions, nor did ICF have any evidence that the 
uncertainties were normally distributed. Triangular distributions are set in @RISK using 
minimum (lower bound), most likely and maximum (upper bound) values. The probability 
distribution for 14 SEER ACs installed through the New Residential HVAC program in 
detached single family homes is illustrated in the picture below. The x-axis shows the 
range of total number of possible installations, where 6,555 is the most likely number of 
installations, 5,056 is the lower bound and 7,285 is the upper bound. The y-axis is the 
relative probability that each value on the x-axis will occur. 

Figure 1: Example uncertainty distribution 
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Uncertaintydistribttionfor installations of 14 SEERAC 
units through the Res W A C  Program 

Upper 

I 1.4 , 

Lower 

5.8 6 6.2 6.4 6.6 6.8 7 7.2 

Values in Thousands 

Unit Energy Savings Source 
Database of Energy Efficiency Resources (DEER) 
Information provided by Ameren IL team 

E.3 Uncertainty documentation 

Bound Bound 
Confidence Confidence 

0.9 0.9 
0.75 0.75 

Data and assumptions from ICF 0.75 1 0.75 
ICFs Energy Efficiency Potential Model 0.75 1 0.75 
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Environmental Protection Agency and ICF work together on ESTAR 
Advanced Lighting Package program 
Fisher Nickel and Food Technology Service Center 

0.75 0.75 
0.9 1 0.9 



Department of Commerce and Economic Oppottunity of the State of 
Illinois 0.75 
American Consortium for an Energy Efficiency Economy; white papers 0.75 
Arkansas Dent. of Economic Develooment. Little Rock. AR LED traffic 

DEER & Paclfic Gas & E ecfric data on energy effic.ency motor operation I 
MEEA lllinols Residential Market Analysis, Final Report. May 12, 2003 I 0.75 . -. . .  

0.75 
0.75 

Uncertainty Factor 
Energy savings source (Data and 
assumptions from ICF) 
Weather sensitivity (weather sensitive) 

Weighted Confidence 
Weighted Uncertainty 

ICF's DOE-2 modelers estimated that the annual energy savings for this measure is 300 
kWh. According to ICF's uncertainty analysis, the actual annual kWh savings may be 
between 225 and 375 kWh, inclusive. The factor weights shown in the table above do 
not vary for weather sensitive measures across the portfolio. Non-weather sensitive 
measures were given a weather sensitivity factor weight of one. 

Projected measure Installations 

The factors used in analyzing projected measure installation counts included the 
program's ability to get measures directly installed, the program's participation rate, the 
source of the baseline measure usage rate and the applicability of the baseline usage 
rate to the Company's portfolio. 

The table below documents ICF's confidence in each program's ability to get measures 
directly installed, and in the hard-wired participation rates used in the EEPM. 

Table 6: Projected installations uncertainty factor confidence levels, part 1 

Lower Upper 
Bound Bound Factor 

Confidence Confidence Weight 

0.75 0.75 5 
0.75 0.75 3 
0.75 0.75 
0.25 0.25 
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SLdO, 
OCEO 
NamReridenUal 
Residential 
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Barllna Bar11nr 
sovrce sovrce earune 

Confldenca Canfldanca Soum Baellnc Source 
(Lower (Lower AppllublllQ AppllublllQ 

Barllns M.aum usage SOYrcFe Bound) Bound) (Lower &und) (Upper Bawd) 
DCEO 0.75 0.75 0.9 0 75 
KEMA. Inc , ' " C ~ l m d o  OSM Mafist Polellfial ~ \ S B B S S ~ ~ "  2oc6 0.75 0.75 0.75 0.75 
MEEA. "llinois ResidBPial Market Anaiysls,'' 20W 0.9 0.9 0.9 0.9 



Lower 
Bound 

Upper 
Bound Factor 

NTGR source confidence 

' Note, for the final portfolio the NTGRs for the Commercial Demand Credit, Home Energy Performance, 
Residential DR and Residential Multifamily program elements were changed to 0.8 based on the California 
Energy Efficiency Policy Manual. 
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0.75 I 0.9 I 5 
Applicability of source to Ameren IL program 
confidence 
Evaluator's ability to conduct robust impact studies 

Weighted Confidence 
Weighted Uncertainty 

0.75 0.75 3 
0.75 0.75 1 
0.73 0.88 
0.27 0.12 



** 
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Engineering Verification Factors 

As stated above, the engineering verification factor was not a key uncertainty in the risk 
analysis. Therefore, ICF did not use the same weighting process to create uncertainty 
distributions around engineering verification factors for programs. Instead, ICF exercised 
professional judgment based on its experience with energy efficiency programs to 
estimate uncertainty distributions for program engineering verification factors. Triangular 
probability distributions were used for setting these uncertainties. For each program, the 
lower bound of the distribution was set at 0.95 and the most likely and upper bound 
values were both set at 1. 

Table 11: Program Engineering Verification Factor confidence levels 

ma 
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! Engineering Verification 

Lower 

I Residential Appliance Recycling I 0.95 I 1 

VAC Diaanostics R Tiinn-lln 

'ntial Low Income I Reside 
Residential Multifamily 0.95 I 1 
Residential New HVAC 0.95 I 1 

1 
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