
Loadv. =Number ofloads per year 
=9So'1' 

' ilWli 
O.S7 
0.25 
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For example,. a commercial clothes washer is installed in a .facility with eledric water beating and electric drying: 

~Wh = 0.57 x 950 

=541.5kWh 

Sammer Colnddent Peak Demand SavlDp 
No demand savings are claimed for this measure since there is insufficient peak coincident dala. 

Fossll Fuel Impact Descrtptlons aad Calcalatloa 
Commercial clothes washers will ooly have fossil fuel impacts when either the washer, dryer, or both are powered 
by gas instead of electricity. 

AMMBtu = 6MMBtlll.ald x Loadsvar 

Where: 

MtMBtua... =The diffaence in gas consumption per load of Jaundry between baseline equipment and 
efficient equipment 
= Dependmt on energy source for washer and dryer- see Table •Assumptions for 
Electricity and Gas Consumption for Commercial Clothes Washers' in die Reference 
Table Section 

Loadsyar =Number of loads per year 
=950 

Water Impact .Descriptions aad Cakolatloa 
1be annual wate.r savings for a commercial clothes washe.r is assumed to be 15,854 gallons per year.m 

Deemed 08cM Cost Adjustment Calcolatlon 
Dia 

rn ENERGY STAR calculator for CommerclaJ Clothes Wasben, values based on the difference between die average of all 
~models and die avaage of all uaqualified models (July 2009). 

ENERGY STAR calculator for Commadal Clothes Wasbas, MUlti·Pamily Laundry Association (2002) 
m ENERGY STAR calculatm for Commen:ial Clothes Washers, average water consumptioD based OD all qualified models (July 
2009) 
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Commercial Plug Load - Smart Strip Plug Outlets (Time of Use, Retrofit - New 
Equipment) 

Description 
A smart smp plug outlet is a multi-plug power strip with the ability to automatically discomiect specific loads that 
are plugged into it depauling upon the power draw of a control load, also plugged into the strip. 1be eneqy savings 
are measured by estimatiq the number of hours that electronic devices at typical wolkstations are either in the 
"sleep" mode or shut off and the standby loads consumed by the devices at those times. The smart strip will 
elimioate these standby loads and result in measureable energy savings. A smart strip plug outlet is purchased 
through a retail outlet and iostalled in an office environment where standby loads are uncontrolled. 

Deftalllon of Emdent Equipment 
The efficient condition assumes periphemls electronic office equipment is plugged into the controlled Smart Strip 
outlets resulting in a reduction in standby load. No savings are associated with the control load, or loads plugged 
into the uncontrolled outlets. 

Deftnltlon of Baseline Equipment 
The baseline assumes a mix of typical office equipment (computer and peripherals) each with uncontrolled standby 
load. 

Deemed Savtop for this Measure 

Annual kWh Savings =23.6kWh 

Summer Coincident Peak kW Savings =O 

Deemed Lllettme of Emdent Equipment 
The estimated useful life for a smart strip plug outlet is 8 yearstJllJ 

Deemed Measure Cost 
The estimated incremen.tal cost for smart strip plug outlets is assumed to be $15.81 

Deemed <>AM Cost Adjustments 
Dia 

Coloddence Fador 
om 

Calculation of Savtop 

Enel'IY SaYIDp 

REFERENCE SECTION 

'1kWh =(WORKDAYS x AWhwcddlJ+ (365-WORKDAYS) • 4Wbzt.wcddly)/ 1000 

•BC Hydro report: Smart Strip electrical saviap and usability, October 2008 (unit can only lake one surge. then 
needs to be replaced) 
681 Research Into Action, Jnc. (2010) Electronics and EMrgy F/ftciBnCJI: .A Plug Load C7raraclerization ~. PRpared for 
Soutbem Califomia Bdison.. Incremeata1 cost over standard powa- strip witb smge protection witb avenge market price of S35 
for com:rolled power slrip and S20 for baseline plus strip with aurae protection 
m Based on the assumption that most oflice equipment will be operating during the peak coincident hom 
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Where: 
WORKDAYS = Averaae number of workdays, or business days, in a year 

=240111J 
A Wh.amtay =The~ savinp of devices pluged into 1he strip on work days (Wb) 

=63.23 .. 
A WhNau-wamia, =The energy savings of devices plugged into 1he slrip on uon-wo.tk days (Wb) 

=67.63 

Sammer Coloddeat Peak Demand Savlap 

1:4..W =O 

Fossil Fuel Impact Descriptions and Calculation 
'Dia 

Water Impact Descriptions aod Calculation 
'Dia 

Deemed O&M Cost Adjustment Calculation 
'Dia 

Reference Tables 
Slandbv Power• CllS tion for Devices Usina Smart Strip Plua Outlets - ~ - - - -- t•· I~ 'a .. "i 

Bo.an Boan . ' Watts In JIOarslil Watts ea, •Non-,, 
~ Pllllltebtad !> ••. ~'..,. . •• < -··- Standliv. Stanilhv~" wben oft' ' Wo~ WorlUla'¥'l 
LCD Monitor l.38 4 1.13 12 24 

CRT Monitor 12.14 4 0.8 12 24 
Printer (aw. laser and ink) NA 0 1.42 20 24 
Multifunction Printer (aw. laser and ink} NA 0 4.19 20 24 
Sneakers 1.79 4 1.79 12 24 
Scanner NA 0 2.48 20 24 

Cooicr NA 0 1.49 20 24 

Modem 3.85 16 3.84 0 24 
Cbamer 2.24 0 0.26 20 24 

I::: 
., Assumes 2 weeks of vacation and 2 weeks of holidays for a total of 48 wmk weeks aoaually 
•see Table •standby Power Consumplion of Devices Usiag Smart Strip Plug <>utlets' 
.., Standby aacl offloads sourc:ed from Lawrence Berkeley NatioDal Laboratory bgp:/l!!Mdby,lbl.goy'e111111w y-IBbJeJJlp!I. 
Hours of operation based on eaaineeriq estimates. 
- Reseald1 Into Action, Joe. (2010) Eleclronia and Energy 11ftciency: .A. Phlg Load CluuacflrizatWn study. Prepared for 
Southern califomia Edison.. Page k-2. 
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Plug Load Occupancy Sensor (Retrofit) 

Description 
Plug load occupancy sensors are devices that control low wattage office equipment using ao occupancy sensor. 
They typically use ao iDfrared sc:usor to monitor movement, and use a smart mp to tmn off CODDccted devices, or 
put them iD staodby mode, when no one is present. 

Detbddon of Emdent Equipment 
Io order for Ibis characterization to apply, the installed equipment must be a 'smart' power strip with both con1rol 
and periphenl outlets, and ao occupaocy semor. 

DeftalUon of BaseUae Equipment 
The baseline assumes a mix of typical document station office equipment (printers, SC8Dlle!S, fax machines, etc.) 
each with UDCOlltmlled standby load. 

Deemed Sannp tor this Measure 

Annual kWh Savings 

Summer Coincident Peak kW Savings 

= 169kWh/yr 

=O 

Deemed urettme otEmdent Equipment 
The estimated useful life for a smart strip plug outlet is 8 years., 

Deemed Measure Cost 
The iocremema1 cost for this measure is assumed to be $70-

Deemed O&M Cost Adjustments 
n/a 

Coloddeoce Factor 
ofill9 

Calculatloo of Savlop 

Eoel'IY Savlop 

REFERENCESECllON 

4kWh =(WORKDAYSxL\Wmp).11000 

Where: 
WORKDAYS= Averaae number of workdays, or business days, iD a year 

=240-
4 w ._ =The~ savings of devices plugged into the strip when io 'sleep' mode (Wh) 

=704C!llll 

., BC Hydro report: Smart Strip elec:lriall saviDgl and usability, October 2008 (unit can oa1y take one surge, tben 
needs to be replaced) 
•Plug Load Characlflrlzatlon SluJJy for Soulhsm Co'llfomia Edison. Prepared by Research Into Action (2010) 
•Based on assumption tbat oflic:e equipment will be IUDDiDg during tbe peak period 
80 Assumes 2 weeks of vacation and 2 weeks of holidays for a total of 48 wodt weeks amma11y 
81 See Table 'Standby Power Omsumption of Devices Using Smart Strip Plug Outlets' 
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Summer Coladdeot Peak Demand Savtap 

llkW =O 

Fossil hel Impact Descrtpttoas and Calcalatton 
n/a 

Water Impact DncrtpUons and Calculatton 
Dia 

:O.med O&M Cost Adjustment Calcalatton 
Dia 

iurerence Tables 

Copqtater 
p - er.aJs 'On' 
Laser Printer 131 

Multi-function 
device, laser 
scanner: fax 50 

~m'm 
s.Jeep 

'St Motte._ 
2 4 

3 4 
Total 
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516 
188 

704 

91 Slandby loads somced fi'om Lawrence Bedteley National Laboratory bdp;//etp!hy lbl ggy/ptp•n•ry-tablc hqpl Houn of 
operation based OD engiDeeriq estimations. 
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Energy Efficient Furnace (Time of Sale, Retrofit - Early Replacement} 

Oftklal Measure Codt (Measure Nwnber: X-X-X-X (Efficieat Products, HV AC End Use) 

Descrtpttoo 
'Ibis measure covers the installation of a hiah efficiency gas t\lrnace in lieu of a standard efficiency gas furnace. 
High efficiency gas furnaces achieve saviogs through 1he utilization of a sealed, super iosulated combustion 
chamber, more efficient burners. and multiple heat exchangers 1hat mnove a sipificaot portion of the waste heat 
ftom the flue gasses. Because multiple heat exchangers are used to remove waste heat from the escaping flue gasses, 
most of the flue gasses condense and must be drained. Fumaces equipped with ECM fan motors can save additional 
electric energy. 

DeODltloo of Emdeat Equipment 
The efficient equipment is a natural gas-fired furnace with a mininnUJJ Annual Fuel Utilization Efficiency (AFUE) 
rating of 93%. 

DeODltloo of Baseline Equipment 
The equivalent base1ine equipment is a natural gas-fired furnace with ao AFUE of 800.4. 

Def med Calculation for tbls Measure 

Annual kWh Savings = S x CAP x EFLHi. x (ThmJ'llet) 

Summer Coincident Peak kW Savings 

Annual MMBtu Savings = (CAP) • (EFLH,.) • ((1 - (1\bml'llet)) - MM8tua::M 

Def med Llletlmr of Emdent Equlplllfot 
20.,, 

Deemed MNSure Cost 
Incraoental cost estimated at $900Gll>S 

Deemed 08cM Cost AdjustmeoCs 
so• 
Colnddencta Fador 
Dia 

Calculation of Sawap 

EDel'IY Savings 

REFERENCE SECTION 

•For analysis pmposes, it is assumed that lbe furnace fan does not operate during the summer season and lberefore contributes 
no summer peak coincident saviup. · 
8' Based on eagineeriog modeling by Michael BJasnik (M. Blasnik & Associates) and KEMA in support of "Application of 
Columbia Gas of Ohio, Inc, to Establish Demaud Side Management Programs for Residential and Commercial Coosumen," 
Piled widl the Ohio PUblic Utilities CommissiOD, Case No. OS-0833-0A-UNC, July 1, 2008 
es Ibid. 
-Ibid. 
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If ftu'Dace •quipped with ECM fan moton, die following algorithm cao be used to calculate energy savings; 
otherwise., •ledrlc eDeflY savtnp an zero: 

Where: 

AkWh = (5) x (CAP) x (EFLHaJ x (Jbme/'let) 

s 
CAP 
EFLHii 

= 111Dual kWh savings per MMBtu of heating fuel coasumptioo697 

= equipment heating capacity (MMBtulbr) 
= ~ent full load heating hours 
=2,4088 

=installed equipment efficiency; expressed as AFUE, Combustion Efficiency (F.J, or 
Thermal Effie~ (&). 

=Assume 800Al811• 

Summer Coladdeat Peak Demud Savtnp 

AkW =O 

Fossil Fuel Impact Descriptions and CakalaUon 

=(CAP) • (EFLHi.) • ((I • (Jbme/qeJ) • MMBtuaM 

Where: 
= increased heating fuel consumption in MMBtu due to decreased fan motor waste heat 
(for tbmaces with ECM fan ONLY) 
= (0.019) •(CAP)• (EFLHla) • (ra-/11eJ100 

Deemed O&M Cost Adjustment CalcalaUoa 
nla 

"'Adapted fJOm "Electricity Use by New Furnaces: A W"ISCOJISin Field Study," Energy Center of Wisconsin, I 0/2003. Assumes 
BCM fan motor savinp scale linearly with 8DDUll1 fuel coosumplion. 
• Prom OUelph. Ootarlo -CluelpbHydro Inc. Project LCC Analysis. Based on Climate data, average mean llDllU8l temperature 
and geopapbic locatiOD, Guelph is v«y similar to Akron, Ohio. While was judged intemally to be an acceptable proxy value for 
Ohio, this factor is a candidate for future review and verification. 
8 Intematiooal Energy Comemtioo Code (IBCC 2006) 2006, Table 503.2.3(4). Wum Air Pumaces and Combination Wiim 
Air Pumaces/Air-CoadittoDing Units, Wann Air Duct Pumaces 8Dd Unit Heaters, Minirmau Eflicieocy bquiremems. 
Depeadmt on equipment type and capacity, minimum efliciency levels 18118e &om 7896 to 8196 and ue either expressed as 
AJ'UB, F..:. or Et. For 8Dllysis purposes. assume 80%. 
700 Adapted from "Electricity Use by New Furnaces: A W"ssconsin Field Study," Energy Center of Wisconsin, 10/2003. 
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High Efficiency Storage Tank Water Heater (Time of Sale, Retrofit - Early 
Replacement) 

Descrtptton 
Stand-alone, or tank-type heaters, nm off natural gas. These water heaters consist of a storage tank wilb an attached 
heat source, in this case, a high-efficiency gas bumer. They achieve energy savings through the use of efficient 
heating equipment and superior tank insulation. 

DetlDIUOD of Emdent Equlplllt'nt 
The efficient case is a natural gas-fired tank-type water heater exceeding the efficiency requirements as mandated by 
the Intematioaal Energy Conservation c.ode (IECC) 2006, Table S04.2. 

DetlDIUon ofBasellue Equipment 
The baseline condition is a gas-fired tank-type water heater meeting the efficiency require.meats as mandated by the 
Intematioaal Energy Conservation Code (IECC) 2006, Table S04.2. 

Deemed Sa\'lnp tor tbls Measure 

Annual kWh Savings 

Summer Coincident Peak kW Savings 

Annual MMBtu Savings 

Deemed Lifetime of Emdent Equipment 
12 years701 

Deemed Measure Cost 
$3001112 

Dffmed O&M Cost Adjustments 
Dia 

ColDddence Fador 
Dia 

=O 

=O 

= [W x 8.33 x (T ...-Tm) x ({lhb.J-(l/11a)) + 
(STBYtme - STBY.J x 8760) / l,000,000 

REFERENCE SECTION 

CalculaUon of Savlnp 

Enel'I)' Savlup 
There are oo expected energy savings associated with this measure 

Sammer ColDddent Peak Demand Savlnp 
There is no expected peak demand reduction associated with this measure. 

70l lbid. 
71l1Zlbid. 
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Fossil Fuel Impact Descrlpttons and Cakalatton 

AMMBtu = [W x 8.33 x (Tour Tm) x ({l/'11-}-(l/'1ee)) + (S1BY.._ • STBY er) x 8760] / 1,000,000 

Where: 
w = Amwal water use for equipmait (in pllons) 

=If actual water usage is uoknown, assume 21,900118
• 

8.33 
Taa1 

=weight in lbs of 1 gallon of water, or the Btus requUed to raise 1 gallon of water 1 °F 
= water heater set point ("F) 
=If unknown, assume 130 °F104 

=water inlet temperature ~ 
=If unknown, assume 50°.F 
= nted efficiency of baseline water heater expressed as Energy Factor (EF) or Themud 
Efficiency (F,/; see table below for values: 

Peiforman~ J,leqldlid' <11-. uif 

Storage water 
heaters, Gas 

v 

Q 

> 155 000 Btu/h < 4 000 Btu/bl 

= nted tank volume in gallons 
= Actual installed 
=nameplate input rate in Btu/hr 
= Actual installed 

STBYi 

= nted efficiency of efficient water beatez expressed as Energy Factor (EF) or Thenual 
Efficiency {FJ 

S1BY1me 
STBYa 

8760 
1,000,000 

= Actual installed 
= standby 1osses/br of baseline water heater (Btu/hr); see table above for values. 
= standby losses/hr of efficient water heater (Btu/hr) 
=Actual installed (for unit rated with Energy Factor (BF), S1BY base= 0) 
=hours per year 
=conversion fitctor (Btu/MMBtu) 

Wat•r Impact Descrlptlom and Calcalatlon 
Dia 

Deemed O&M Cost AdJmtment Calcalatlon 
Dia 

'llB 60 plloos a day for 365 days per year 
7IM NAHB Research Center, (2001). PtlrjOTrna1a Olrrplrlson of ll6.JiMntial Hot Waarr &)mrnu. Prepared for: National 
Renewable Energy Laboratmy, Goldeu, Colorado. 
'lOS NAHB Research Center, (2002). Performance Comparl$On of R#ldenlial Hot Watar aS)strlms. Prepared for: National 
Renewable Energy Labomtoiy, Goldea, Colorado. 
1119 Intemational Energy Conservation Code (IECC 2006) 2006, Table 504.2, Minimum Performance of Wat.Heating 
Equipment 

2010 Ohio Technical Reference Manual - August 6, 2010 
Vermont Energy Investment Corporation 

287 



KyPSC Case No. 2014-00280 
STAFF-DR-01-028 Attachment 

Page 288 of 397 

Tankless Water Heaters (Time of Sale, Retrofit - Early Replacement) 

Description 
'Ibis measure covers the installation of a natural gas-fired taokless or instantaneous water heater. Taokless water 
heaters essentially function like normal water heaters without the storage tank. When there is demand for hot water, 
the gas bumer fires and heats water as it passes through the heater to the demand source. Because the water heater 
must heat water at the l'8te of flow through the device, taokless water heaters are not well suited to serve sources of 
significant demartd Taokless water heaters achieve savings by eliminating the standby losses that occur in stand
alone or tank-type water heaters. 

Deaaltlon of Eftldent Equipment 
The efficient case is a taokless natural gas-tired water heater exceeding the efl:icienc:y requirements as mandated by 
the Intemaliooal Energy Conservation Code (IECC) 2006, Table 504.2. 

Deanttlon of Basellne Equipment 
The baseline condition is a gas-fired bulk-type water heater meeting the efficiency RqUiremmts as mandated by the 
International Energy Conservation Code (IECC) 2006, Table 504.2. 

Deemed Calculation for this Measure 

Amwa1 kWh Savings =O 

=O Summer Coincident Peak kW Savings 

.Amlual MMBtu Savings = Wx 8.33 x(fCllll'"Tm) x [(l/tll-.)-(1 /'lec)] x (SmY1111e x 
8760) / l,000,000 

Deemed Lifetime of Etlklent Equipment 
20 years..,,,, 

Deemed Measure Cost 108 

Full Installed Cost: $871. 7 4 
Incranental Material Cost: $433.72 

Deemed O&M Cost Adjustments 
$9.60719 

Coloddeuce Factor 
n/a 

7f11 CeatelPoiot Eaqy-Trieanial ClP/DSM Piao 2010-2012 Report 
7111 2008 Database for E.oeqy·E:Oic:ieoc:y Resoarces (DEER), Version 2008.2.0,, '"Cost Values and SUmmary Doc:ummtation", 
Callfomia Public Utilities Commission, December 16, 2008 
7llP Cente!Point Eaqy-Triemlial ClP/DSM Pl8D 2010-2012 Report 
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REFERENCE SECDON 

Calculation of Savbap 

Eueqy Savbap 
There are no expected encqy savings associated with this measure 

Sammer ColDdcleot Peak Demand SavlDp 
There is no expected peak demand reduction associated with this measure. 

FossU Fuel Impad Descriptions ud Cakalattoo 
~tu = Wx 8.33 x(faarTm)x [(l/ltlmt}-(1 /'leJ] x (STBY1111ex 8760) / l,000,000 

Where: 
= Annual water use for equipment (in pllons) 
= If actual water usage is unknown, assume 21,900710• 

w 

8.33 
Ta 

=weight in lbs of 1 gallon of water, or the Btus required to raise 1 gallon of water 1 °F 
=water heater set point (oP) ~demand tempeiature) 
= If unknown, assume 130 °F 11 

=water inlet temperature~ 
=If unknown, assume SO°F 2 

=rated efficiency of baseline water heater expressed as Energy Factor (EF) or Thermal 
Efficiency (E.>; see table below for values: 

Egq,meat· 

Storage water 
heaters, Gas 

v 

Q 

Sla€a 
<= 7' 000 Btu/b. 
> 75,000 Btulh and<= 
lSS 000 Btu/b. 

> 155 000 Btu/h 

= rated tank volume in p.llons 
= Actual installed 
= nameplate input rate in Btu/hr 
= Actual installed 
= rated efticie_ncy of efficient water beater expressed as Energy Factor (EF) or Thermal 
Efficiency (E.> 

1,000,000 
STBY'-

= Actual installed 
=conversion fiu:tor (BtulMMBtu) 
=standby losses/hr of baseline water heater (Btulbr); see table above for values. 

Water Impact Descrlptlom ud Calralatlon 
Dia 

Deemed O&M Cost Adjustment Calculation 
Dia 

710 60 pllons a day for 365 days per year 
711 NAHB Research Center, (2002). ~nnance Conplri.fon of RllS/JlentiJJl Hot Watarr ~ Prepared for: Natioaal 
Renewable Energy Laboratmy, Golden, Colondo. 
712 NAHB Research Center, (2002). ~nnance Cb~ ofltlmdenttal Hot WalBr ~· Plepued for: National 
Renewable EDellY Laboratory, Golden, Colomdo. 
713 lalemational Energy Conservation Code (IECC 2006) 2006, Table 504.2, Minbnum Performance of Water-Heating 
Equipment. 
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omctal Measure c• (Measure Number. X-X-X-X (Efficient Products, HV AC End Use) 

Description 
This measure covers lhe installation of a servo-amtrolled. exhaust vent stack damper on a boiler. The vent damper 
should be installed in the flue pipe, between lhe heating equipment and the chimney. A stack damper wmb like a 
flue damper on a fireplace by mlucing draft, improving comfort, and mioimizing heat loss. The vent damper can 
either be controlled by a heat smsor installed direcdy in the vent stack or by a mechanical switch connected to the 
thermostat, which is wired to wmk in UDison with the ipition control switch on the boiler. 

In combustion appliances that are directly vented to the abnospbere. lhae is a decrease in operating 
efficiency during standby, start-up and shut-down. During these times, warm room air is drawn through the stack via 
the draft hood or dilution air inlet at a rate proportional to the stack height, diameter and outdoor temperature. The 
most air is drawn duouah the vent immediately after the appliance shuts off and lhe ftue is still hot. 

A vent damper can prevent residual heat from being drawn up the warm vent stack by closing itself. Veat 
dampa'S can also reduce the amount of air that passes through the furnace or boiler heat exchanger by regulating 
start-up exhaust pressure, which can increase operating efficiency by reducing the time needed to achieve steady
state operating conditions. Lastly, by reducing air infi11ration in the building, vent dampers can help to retain 
humidity, which can improve comfort during periods of hiah beating degree days. 

Deftaitlon of Eftldent Equipment 
The efficient equipment is a vent stack with a damper installed. 

Deftnltlon of Basellne Equipment 
The baseline condition is a vent stack with no stack damper installed. 

Deemed Cllkulattoo for tlds Measure 

Annual kWh Savings 

Summer Coincident Peak kW Savings 

Annual MMBtu Savings 

Deemed Lifetime of EfDdeot Equipment 
12 yrs715 

Deemed Measure Cost 
s1sone 

Deemed O&M Cost Adjustments 
Dia 

Colactdeoce Factor 
Dia 

=Dia 

=Dia 

= 100 MMBtu714 

714 CenterPoint Enqy-Trieooial CIP/DSM Piao 2010-2012 Report. Based oo iofonnation published by Natural Resources 
Canada and tbe Minneapolis Energy Oflice.. saviDgs estimates for stack dampen range from to Oto 9.S% oftolal boiler ps 
c:omumption. This implies that tbe boiler capacity assumed to detamiue tbe deaned aaviDp value is quite lqe and may 
overstate savings for smaller boilers. If signifiamt participation for this measure is iealized, it is sugested lbat tbe deemed 
sayiop estimate be abandoned in favor of a deaned calculated approach. 
71' Ceote:aPoiat Ellel1Y- Triennial CIP/DSM Piao 2010-2012 Report 
71

' Maaufilcturer research sugests a nnp of S8o-S200 materials cost, depending on size, safety controls and motor quality, as 
well as 1-2 hours average install time. 
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CalculaUon of Savtnp 

Enert1Y SavlDp 
There are no expected energy savinp associated with d1is measure 

Summer Colnddent Peak Demand Savtnp 
There is no expected peak demand reduction associated widl this measure. 

Basellne Adjustment 
o/a 

Fossil Fuel Impact Descrlptloas and Cakulatloo 

AMMB tu = IOOMMBtu 

Deemed O&M Cost Adjustment CalcalaUon 
o/a 
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OOldal Meuan Code (Measure Number: X-X-X-X (Efficient Produds, HV AC End Use) 

DescrlpUoD 
This measme covers the iDslallation of a Dl1Ural gas.fired iDftared heater. 

DebltloD of Ellldent Equipment 
An iDftared heater heats primarily through radiation and conduction, as opposed to ttaditiooal foiced-air space 
heaters which beat duouab convection. Infiam heaters are able to heat more efficiently because they directly heat 
the objects in tbe space, including the floor slab, which then radiate heat into the air space. With a fon:ecl hot air 
system, the heated air rises to the ceiling and sttatifies, gradually woddng its way down to the floor level. The floor 
slab and equipment act as heat sinks causiaa the ceiling level to be much WIDDa' than the ftoor area, which will 
cause the fon:ed air system to WOik much harder to heat the same space. What is more, forced-air systems can 
experience dlastic losses of heated air to vmtilation air changa There is also a negligiole amount of electricity use 
(bume:r ignition and ps valve) compared to a forced-air system which requires large fans to move air around the 
conditioned space. 

Dt-llDltloa of Basellne Eqalpment 
lbe baseline equipment is a standald natmal gas.tired convection space heater. 

Deemed Calculattou for tlds MetllUft 

Annual kWh Savings 

Slimmer Coincidcnt Peak kW Savings 

Annual MMBtu Savings 

Deemed Uletlme ofEaldent Eqalpmeut 
IS yrs111 

Deemed Measure Cost 
$920 (incrememal cost)719 

Deemed 08cM Cost Adjustments 
n/a 

ColDcldeuce Factor 
n/a 

=n/a 

=n/a 

= 11.4 MMBtulycar717 

m Based on eqhieerlna mocleliDg by GSE in support of"Application of Columbia Oas of Ohio, lac, ID EsCablish Demand Side 
~ Propams for Raidential 8Dd Commercial COllSUlllelS," Filed with the Ohio Public Utilities C-ommissioo, Case No. 
08-0833-0A-UNC, July 1, 2008. A ieviftr of savinp ll8IAllDptioos used in MmrJmsdts iDdicates that tbis estimate ia very 
coaservative. 'l1le proposed value is only 8596 of what is assumed fi>r Maesec!msetts and should be considered for future study if 
this ware receives signfficaat putidpation. 
711 Ibid. 
719 Ibid. 
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CalculaUon o!Savlnp 

EDel'IY Savtnp 

REFERENCE SECTION 

There are no expected energy savings associated with this measure 

Summer Colnddent Peak Demand Savings 
There is no expected peak demand reduction associated with this measure. 

Bastllne Adjustment 
Dia 

FossO Fuel Impact DescrfpUom and CakalaUon 

4MMBtu = 11.4 MMBtu/year 

Deemed O&M Cost Adjustment Calculation 
Dia 
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Energy Efficient Boiler (Time of Sale) 
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Ollldal Measure Code (Measure Nmnber: X-X-X-X (Efficient Products, HV AC End Use) 

DescrlpUoa 
'Ibis measwe covers Che replacement of an imparable existing boiler wi1b a high efficiency, gas-fired steam or hot 
WIRr boiler. High efficiency boilers achieve gas savings lbrough lbe ublizalion of a sealed combus1ion chamber and 
multiple beat exdumgers that remove a significant portion of the waste beat from flue gasses. Because multiple heat 
excbaDgers are used to remove waste heat ftom the escaping t1ue gasses. some of the flue gasses condense and must 
be drained. 

DeflDIUoa of Etndeot Equipment 
The efficient equipment is a natural gas-fired hot water or steam boiler exceeding lbe efficiency iequirements as 
mandated by the lntemdional &iergy Conservation Code (JECC) 2006, Table S03.2.3(5). 

Deftaltloa of Basellae Equipment 
The baseline equipment is a natural gas-fin:d boiler meeting the efficiency requirements as mandated by the 
Intemational Energy Conservation Code (IECC) 2006, Table 503.2.3(5). 

Dffmed Calculatloa for this Measlll't' 

Ammal kWh Savioss 

Summer Coincidalt Peak kW SaYiqs 

.Amwa1 MMBtu Savings 

Deemed Lifetime of Ellldeat Equipment 
20 years7» 

Deemed Measure Cost 
1ncremm1a1 cost is estimated at ss.ooon1 

Deemed O&M Cost Adjustments 
som 

Coladdellce Factor 
Dia 

=O 

= (CAP) x (EFLHa.) x (1 - (111mi/llee)) 

REFERENCE SECDON 

Cakulattoa ofSavlop 

Eoeqy Sa\'lnp 
1hae are no expected c:ocrsY savings associated with this measure 

Sammer ColDdclent hak Demand Savlop 
1bae is no expected peak demand reduction associated with this measure. 

720 Based on mgioeeriog modeJina by Michael Blasoik (M. Blasoik& Associates) in support of"Applicalion of Columbia Gas of 
Ohio, Inc, to Establisb Damad Side Management Programs for Residential and Commm:ial Consnmm," F"ded wilh the Ohio 
PUblic Utililies Commission, case No. OB-<1833-GA-UNC, July 1. 2008 
721 Ibid. 
mlbid. 
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FossO Fuel Impact Descriptions and Calculation 

Where: 
CAP 

=(CAP) x (EFLHt.) x (1 -(~) 

= equipment heating capacity (MMBtulhr) 
= Actual installed 
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= equivalent full load~ homs; determined with sitMpecific data. If actual value is 
unknown, assume 2,408 . 

= iostalled equipment efficiency; expressed as AFUE, Combustion Efficiency (EJ. or 
Thermal Efficiency (F.c). 

= Actual installed 
=baseline equipment efficiency; expressed as AFUE, F.c. or Et; see table below for 

values: 

Boilers, Oas 
fired 

< 300,000 Btulh 

>= 300,000 Btu/hand 
<= 2 SOO 000 Btu/h 

>2,S00,000 Btulh 

Deemed O&M Cost Adjastment Calcalatton 
Dia 

V•nlon Dat• 8c Revision History 
Draft: JPQrtfOlio .v.___--~-

Hot water 
Steam 

Effective date: i:>ite TRM will beCome eft'ecti . 
End date: bate RM will cease fo be ef!'ectiv·c.+c ·- e- or._'FBD __ • --.... 

7S%AFUE 

7S%Et 

80%Foe 
80%Foe 

m From Guelpb, Onlmio -OUelphHydn> Inc. Project LCC Allalysis. Based on <lhnate data, average mean amwa1 temperature 
8lld geos11pbjc location, Guelph is very similar to Akron, Ohio. 1bis was judged iotemally to be an acceptable proxy value for 
Ohio, altbougb Ibis surely wamml3 future .review and verification. 
724 lldemational Energy Conservation Code (mCC 2006) 2006, Table 503.2.3(S}, Boilers. Gas- and Oil-Fired, Mmimmn 
Efficiency R.equirements 
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IV. Protocols for Custom Commercial & Industrial Projects 

C&I Equipment Replacement - Custom Measure Analysis Protocol 
This protocol defines the requirements for analyzing and documenting commercial and industrial energy efficiency 
measwes. It applies to custom measures filed mader Utility Programs and those prepared for Mercantile Customers. 
This protocol addresses equipment replacement measures that are not covrnd by other analysis methodologies in 
the TRM. An equipment replacement project is defined as equipment replaced at the end of its rated service life, or 
when it is replaced due to failure. obsolescence or a need for increased capacity. If the project is replacing 
equipment prior to the end of its rated service life for the pmpose of achieving energy savinp, it is classified as 
Retrofit and the "C&I Retrofit - Custom Measure Analysis Protocol" should be used to guide analysis. 

This protocol is intended to address the energy impacts of the incremental energy efficiency improvements over 
what would have been installed as per applicable federaJ/statellocal codes or standard industry practice. Projects 
that include duplex, redundant and/or spare equipmeat shall calculate the energy savings based only on the operating 
equipment and systems. 

This analysis protocol is supplemented by a glossuy and au Analysis Template (Appendix B). Words used herein 
that are defined in the glossary are in italics. The Analysis Template is a tool that can auide applicants in preparing 
and presenting the documentation to support custom equipment replacemmt energy efficiency measure savings 
estimates. 

The Analysis Protocol is divided into fOlU' sections: 
Section 1: Project Information 
Section 2: Project Savings 
Section 3: Project Variables 
Section 4: Documentation and Metering 

Section 1: Project Information 

Project Title 
Provide a unique title for the project so that it is easily distinguishable &om other projects prepared by the same 
customer and from projects with similar scope. Example: Company XYZ Building A - Compressed Air System 
Replacement 

Customer Name 
Provide the name of the company Wldertaking the energy efficiency improvements. 

Cutomer Contact 
Provide the contact information including name. tide, mailing address, phone, and email for the primary customer 
contact on this project. 

sue (Location) 
Provide the full address of the site at which the project is being implemented. If the customer bas au additional 
business location that is involved with the project, include additional customer site information as needed. 

Sector/Industry Description and NAICS Code 
Desaibe the sector and industry in which the custom measure is being applied. Seeton include: Industrial, 
Commacia1, Institutional, and Multi-family. Industry should specify the encl use for commercial and institutional 
projects (e.g. office. iestaurant. dormitory) and the specific industry for manutilcturing projects725• 

725 2007 NAICS; North American lnduslry Classification System; btto;//www.m"ns 19y/csHriDlgsdfpaics?cJwt:2Q07 
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lbe name of the affected utility(ies) saving the customer. Provide all relevant accouot and meter infonnation for 
electric and gas accounts and meters affected by the project. 

Propam 
Identify the program UDder which Ibis project will be submitted and why the project falls under the program. 
Projects submitted UDder existing utility programs should identify the program uoder which the project application 
will be filed and the utility-specific ideotifier for the project Projects beiq submitted under the Mercantile 
Program should so indicate. 

Projed/TecboofolD' Description 
Desaibe the energy using equipment and systems atfected by the project in lay tams. IDclude specific iofODDatioo 
.regarding industrial process technologies. For example: "Expand existing lab fume hoods by replacing two IOft 
constant speed 10,000 CFM hoods with two lSft modulatiq hoods controlled by smoke and tempetature sensors." 

Project Implementation Scbedule 
Define the implementation schedule for the project, including start and completion dates. 

Measures llldaded ID tile Project 
All energy efficimcy measures included in Ute project shall be clearly identified and savings calculations and 
estimates shall be clearly docnmarted for each measure in accordance with this protocol 

Aft'edtd Enft'I)' Sources (Eledrlc, Gas. Other) 
Ideotify all atJected energy sources (electric, gas, propane, oil, solar. etc.) for the project, provide a brief description 
of bow the source e.oergy use is atfected and quantify the impacts in the analysis. 

Analysis Flrm(s) and Contact(s) 
Provide ioformatioo regarding the firm pelforming the eagioeeriog analysis of the custom project Provide the 
mu:ne(s) of the contacts for the finn(s) and contact information including company name, individual(s) name, 
address, phone, and email 

Secdon 2: Energy Consumption and Demand 

'Ibis section defines the requirements for cak:11lating baseline and effici.eot case energy comumption and demand as 
well as the method for calculating savings. Calculations shall address all project variables in accordance with the 
requirements of Section 3 and undatake the llllllysis in accordance with the documentation and metering 
requimneots in Section 4. 

The equations used in Ibis protocol assume dult the project bas a sinale measme. If the project has multiple 
measures, these calculations shall be repeated for each measme in such a way as to capture interactive effects. 

EflldentCase 
Eftldent Teclmology Descrtptloa and Docamentattoa 
Describe the new technology, measure. aodlor change in operations, and bow it saves eneqy. Document 
any relevant efficiency codes or federal/state/local standards that apply to the proposed efficient equipment 
aod the ntiqs of the measme equipment in comparison with applicable s1andards. If the efficient measure 
was the result of a process improvement that provides additional benefits, such as waste reduction, clearly 
desm"be all of the ways dult the new process saves enezgy and resoun:es. 'Ibis can include reductions in 
mas such as waste heat, O&M costs. labor costs, water CODs11mpQon, or process waste. 

Etlldent Case ADDOal Enel'I)' Use 
Calculate the amma1 energy use for the proposed equipment using the methodologies outlined in this 
protocol and all referenced and applicable standards. 
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The total efficient energy use shall be calculated separately for each e11ergy source (e.g. electric and gas) 
accolding to the following equations. 

For loads calculated &om a regression analysis (e.g. kW vs. Temperature as desaibed in Section 4) the 
following equation shall be used: 

Where 

•£0~"· 

11oaa,.,, • 

• 
alllDr.,1 • ,,. £OAD,,."X llOU&\.rr) 

Annual Efficient F.nergy Use - annual energy use with the efficiency improvement 
installed, calculated separately for each measure and each enBIXV squrce (eledric, gas). 

Efficient Load (electric kW, gas therms) - efficient load for each system and subsystem 
with operatiog coaditionj (as defined below). For example, efficient load will need to be 
calculated di1ferendy for staged condenser fans that have dift"Clellt operatiog hours or 
multiple pumps that operate at vacying speeds. 

Total Annual Operating- total annual operating hours for each system and subsystem 
with operating coaditionj (as defined below). 

For loads calculated based on metering of full load or on equipment specifications: 

where 

.,, ... ,,,,. 
"1££ '°~". 

Lat.,,. 

BOUR.\.en 11 

j = 

•• 

• 
••••.,, - ~(nu '°.-,.n >e u;.n M •ouq.,,) 

Annual Efficient F.nergy Use - annual mergy use with the efticimcy improvement 
installed, calculated separately for each measure and each energy so11rce (electric, gas). 

Efficient Full Load - the maximnm operating load of each efficient system and subsystem 
with operating coaditionj (as defined below). 
Load Factor - fiaction of Full Load for each efficient system and subsystem with 
operating conditionj (as defined below). Typically less than 1.00 unless the equjpment 
was sized to run at 100% of rated capacity. 

If needed, LF could be calculated &om a regression curve kW and FULL LOAD for 
distinct operating conditions. This may arise whm comparing efficient data with non
metered baseline LF raoges which are not based on a regression curve. 

Total Annual Operating Hours - Total Annual Operating Hours for each system and 
subsystem with openting coaditioaj (as defined below). 

System Condition - refers to each distioct combination of system mode, numbu of hours, 
full load demand, and load factor for each system or subsystem. Refer to example below. 

Number of Terms - total Number of Terms oeeded to cover all conditions of affected 
systems and subsystems. 
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Eftldent Case Colnddeat Eledrlc Demand (kW) 
Document the efficient case coincident eleceric demand (or each measure according to one of the followiog 
equations: 

For variable loads: 
CI.DAO.,, • AVIJ PB LO.U.,, 

Where 

AVC Pll I.DAD.,, ;; Average Efficient Load of all aJfected equjpmeot during the Perfonna11ce Hours 
of 3-6 pm, weekday, non-holidays ftom J1Dle 1 -August 31 for a total of 195 
hours. Includes 0011-apentiag time during the Perfonnance Hours and is equal 
to total coergy use during the Per,fonnance Hours divided by the total 
Perfonnancs Hours. 

For coostant loads or loads without metered data: 

where 

c t.00.,, • 

"11.1. 1.0m,,.,,. 

cr...n• 

•• 
•• 

• 
c £0"°- -~ (ru1.1. 1.0a..n-x ,.....,, x a...,,) 

Avenge Coincident Efticimt Load -Avaage Coincident Load of all affected 
eflicieot equipmmt during the Perfonnance Hours of 3-6 pm, weekday, non
holidays ftom June 1 -August 31 for a total of 195 hours. Includes non
opaating time during the Perfonnance Hours. 

Efficient Full Load - the maximum operating load of each efficient systan and 
subsystem durins the Performance Hours with operating condition k (as defined 
below), exclusive of non opending time. 

Load Factor - fraction of Full Load for each efficient system and subsystem with 
operating coodition k (as defined below). Typically less than 1.00 unless the 
equjpment was sized to nm at 100% of rated capacity. 

Coincidence Factor- the Coincidence Factor is the &action of time that each 
efficient system and subsystem is opeudiog during the Pelfonn011ce Hours for 
opentiq condition k (as defined below). The three typical conditions for CF are 
as follows: CF is unity if the equjpment is COlltimJously OD during the 
Perj'onnance H_oun; CF is mv for each ~or subsystem that is not 
operating during the Pelformance Houn; otherwise, CF is the ntio of the 'on' 
time to tbe total ll1llDber of performance homs. 

System Condition -mas to each distinct c:ombioation of the system mode, Full 
Load demand, and Load Factor for each system or subsystem operating during 
the Perj'om1ance Hours. Refer to example below. 

Number of Terms - total Number of Tenns needed to cover all operatiq modes 
of aft'ected systems and subsystaos during Perfonnance Hours. 
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The analysis shall include documentation of bow the load varies dwing the Pelformance Hours. For 
constaot load equipment, the analysis shall be based on the equipment load aod operating schedule during 
the performance hours. For variable load equipment, the aualysis shall address variations in equipment 
load and operating schedule during the perl'ormance hours. 

Additional analysis will typically be prepared to address the impact of the energy efficiency measure on 
customer peak demand. Such analysis is critical to calculating customer cost savings but should not be 
confused with the required calculation of the coincident demand during the performance hours. 

BBHllneCase 

Where 

Baseline TechaolOIY Methodology and Description 
Baseline for~ Replacement projects is the ~t meeting the level of efficiency required by 
SIBte Coden.e. applicable Federal product efficiency standud727 or standard practices, whichever is most 
stringent, in place at the time of installation. If there is no applicable State code or Federal Standard then 
the methodolo&Y for establishing standard practice shall be documented in the M&V plan as descn'bed in 
PJM Manual 18Bm Section 8. The baseline description shall detail information i:egarding the baseline 
technology(ies) including make, model number, Da111eplate data and rated capacity of the equipment, 
operating schedule, and controls aod how the baseline was determined. 

Baselble Case Anoual EDel'IY Use 
Calculate the annual energy use for the baseline equipment and systems using the methodologies outlined 
in this protocol and all referenced and applicable standards. 

The total baseline eoersy use shall be calculated separately for each BnelXJ' so1uce (e.g. electric and gas) 
according to the following equatiODS. 

For loads calculated ftom a i:egression aualysis (e.g. kW vs. Temperature as descn'bed in Section 4) the 
following equation shall be used: 

• 
MDar._ • ~(• £0AO,.... >C BOU&t',,,._) 

......... Annual Baseline Energy Use - Amwal Energy Use fur baseline equipment calculated 
separately for each measure and each energy source (electric, gas). 

Baseline Load (electric kW, gas thenns) - Baseline Load for each system and subsystem 
with operating coaditionj (as defined below). For example, Baseline Load will need to be 
calculated differently for staged condenser fins that have diffenmt operating hours or 
multiple pumps that operate at WIYiDs speeds. 

11ouq.,.. • Total Annual Operating Hours - Total Annual Operating Hours for each system and 
subsystem with operating conditionj (as defined below). 

For loads calculated based on equipment specifications and meterina of baseline operating conditions 
including load factor and operating hours: 

726 Jntemational Code Council, 2007 Obio Building Code; 
~://publicecodes.ci1ation.com/st/ohlst/b2v07/index htm?bul""UDdefioed 
711 ANSI/ASHRABIIBSNAStandard90.1-2004, ISSN 1041-2336; www.aslne.org 
121 PJM Manual 188: Energy Efficiency Measurement and Verification, Rev. o. Effective date: April 23, 2009; PJM M& v 
Maaual approved 4_09.pdf ' 
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•BIA"-• '(Piii.£ £0A"- x ~ x llOllas,,,_) 

.. ,,.,_. Ammal Baseline Eaer8)' Use - Ammal Energy Use fur baseline equipment calculated 
separately for each mea5IR and each enl!l'gy source (electric, ps). 

"1££ ID.CO,-• Baseline Full Load - the muim11m operatiog load of each baseline system aod subsystem 
with operating coaditionj (as defined below). 

Load Fadm - fi:ac:tion of Full Load for each baseline system and subsystem wilh 
opaatiog conditionj (as defined below). Typically less than 1.00 unless the equipment 
was sized to nm at 100% of mted capacity. 

aoaq,.. • Total Ammal Opaatiog Homs - Total Amrua1 Operating Homs for each system and 
subsystem with opaaling cooditionj (as defined below). 

j= 

•• 

System Condition - refers to each distinct combination of system mode, number of hours, 
Full Load demand, and Load Factor for each system or subsystan. Refer to ~le 
below. 

Number of Tams - total Number of Tams needed to cover all conditions of affected 
systems and subsystems. 

Basellnt' Case Fall Load Demand 
Document the baseline case coincident electric demand for each measure accordins to one of the following 
equations: 

For variable loads: 
C £0.U-• AVt: M £0..,,_ 
~ 

AVtl Pll £0,jO.- • Average Baseline Load of all affected equipment during lhe Performance Hours 
of 3-6 pm, weekday, non-holidays ftom 1uoe 1 -August 31 for a total of 19.S 
hours. Includes noJMJpel'lting time during the Performance Hours and is equal 
to total eoasY use during the Perfonnance Hours divided by the total 
Performance Hours. 

For c:onstant loads: 

• 
C £0.t.0... • ~O'UU. &DAD..., x U..- X au-l 

where 

C£0.U.-• Average Coincident Baseline Load- average coincident load of all affected 
baseline equipment during the Per/ormance Houn of 3-6 pm. weekday, non
holidays ftom Juoe 1 -August 31 for a total of 19.S ho1D'S. Includes non
operating time during the Performance Hours. 

2010 Ohio Technical Reference Manual - August 6, 2010 
Vermont Enef1Y Investment Corporation 

302 



S.Ylap 

"'" l.OAIJ._ 11 

U...• 

k= 

7l = 
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Baseline Full Load - the maximum operating load of each baseline system and 
subsystem duriua lhe Perfom1ance Hours with operating condition le (as defined 
below), exclusive of non operating time. 

Load Factor- fiaction of Full Load for each baseline system and subsystem with 
operating condition k(as defined below). Typically less than 1.00 unless the 
equipment was sized to nm at lOOoAi of rated capacity. 

Coincidence Factor - the Coincidence Factor is the &action of time that each 
baseline system and subsystem is operating during the Performance Hoim for 
operating condition k. (as defined below). The three typical conditions for CF are 
as follows: CF is unity if the equipment is continuously on during the 
Performance Hoim; CF is zero for each system or subsystem lhat is not 
operating during the Perfom1ance Hours; odlawise, CF is the ratio of the 'on' 
time to the tolll number of perfonnance hours. 

System Condition - refers to each distinct combination of the system mode, Full 
Load demand, and Load Factor for each system or subsystem operating during 
Perfom1a11ce Hours. Refer to example below. 

Number of Tenns - total Number of Tenns needed to cover all operating modes 
of affected systems and subsystems during Perfom1ance Hours. 

The analysis shall include documentation of how the load varies during the Performance Hours. For 
constant load equipment, the analysis shall be based on the equipment load and operating schedule during 
the Performance Hours. For variable load equipment. the analysis shall address variations in equipment 
load and operating schedule during the Performance Hours. 

Additional analysis will typically be prepared to address the impact of the baseline equipment on customer 
peak demand. Such analysis is critical to calculating custom« cost savings but should not be confused 
with the required calculation of 1he coincident demand during the Performance Hours. 

Savings shall be calculated from 1he efficient case and baseline case energy and demand calculations from above. 
Address project variables as described in Section 3 and aggregate so that interactive effects are accurately accounted 
for in the analysis. 

Annual Eael'I)' Sa'Vlqs (kWh for electrical. tlaerms for ps) 

llflltlr_,. = l#Dtlr._ - .,,...,, 

where 

.,,..,. ... and 11111n.11 are defined above. 

Coladdeat Electrical Demand Reduction (kW)• 
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C £OAO.- and C £0AO.,, are defined above. 

Secdon 3: Project Variables 
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Accurately capturing and c:locumentina the variables that affect annual energy use and savinss as well as those 
affecting peak period clemand coincidence are aitical elements in developing meaningful and reliable energy 
saviqs estimates. 1be saviugs analysis shall consider and address the variables over the life of the measure for both 
the baseline and efficient case. Uocatainty in variables shall be quantified and the saviDp analysis shall clearly 
demonstrate transparency and reasonableness in definition and application of variables affeding energy saviogs7211

• 

The variables below are common to many custom energy analyses. Document the variables that affect the energy 
use of the project for both the baseline and efficient scenarios and delineate the methods used for data collection (i.e. 
meter data, trend logs. manufacturer data, customer interviews. production logs, etc.) and any uncertainty associated 
with the values used in the analysis. ALL saviDp calculations must be normalized to retlect consistent applicatio.n 
of the assumed variables for the project under both baseline and post installation conditions over the full range of 
operaliog conditions for the affected systems. 

Load Cbaracterlzatton 
Accurate cbaracteri2.ation of the baseline and efficient energy use involves a comprehensive analysis of all variables 
that affect the loads over the analysis period. Concepts that are commonly used in performing energy analysis are 
discussed below. In all cases it is the intent of this document to require that the variations in load due to all &ctors 
(weather, production, schedule, etc) are accounted for in the analysis. 

Load Shape 
The load shape retlects variations iD load over the course of a year, with specific attention paid to the peak 
periods defined by the atfected utility and/or regional transmissio.n organization. The load shape should 
captme the expected period at which the load will operate at full load (full load hours) as well as all part 
load and non-operating or standby-modes. For highly variable loads, development of an 8760 load shape 
will increase the accuracy of the analysis and the reliability of claimed demand reductions during peak 
periods no. 

LoadFador 
Load tictor is the ratio of maximum energy demand to the avenge electric demand for the affected end 
use. Analysis of loads across a representative sample of operating conditions can generate a single load 
factor for constant load applications. For variable load applications, a series of load factors must be 
developed to accurately represent the variations in energy use UDder the variety of loading conditions that 
occm over the range of operating cycles in a typical calendar year. Variable load analysis shall address the 
variations in load factor over a one year period for all dependent variables. 

Peak Load Fador 
Peak Load Factor describes the variation between the maximum connected load of the equipment and the 
highest actual load of the equipment. In some cases the peak load factor is unity. For oversized equipment 
it is frequeotly less than one. In some rare iostaoces where equipment is operated above its rakd load. the 
peak load factor may be greater than one. 

719 Anne Arquit Nieclerbagea, PhD, A+B Iatemalional (2005). Baseline Metboclologies for Industrial End-Use Ef6cieocy 
PJeseotalion. Presented at World Bank; Amle_Arquit_Niedat>elger_Indusby_BB_CDM_Dec_05.xls 
7JO Patil, Yogesb, et. al. (AU& 2009) "Tald.ng J!n8ineering Savings to the Nm Level, presented at IEPEC 2009 bttp;//www cg
ipc. rnrnljpg/!utk'p/l>"m/!yhurpyip""WJ"mioclf 
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Coincidence Factor is the coinci~ of the demand savings chuiDg the Peak Pelfonnance Horus. For 
custom Equipment Replacement measures. the average coincident demand. including DOD-Operational 
hours, is typically determined by metering the post-installation condition and deriving the Coincidence 
Factor for the pn>inslallation condition from the metered data. However, in some cases, the use of a 
known or predetennined published Coincidence Factor. such as measure specific coincidence factors 
identified in other sections of the TRM is acceptable. 

An example of Coincidence Factor derivation from metered data would be a stepped demand device such 
as a high efficiency compressor. Based on post-installation metering, a Coincidence Factor can be 
calculated and applied to the baseline equipment when the baseline operating schedule is the same as the 
efficient operating schedule. In this case, the Coincidence Factor is defined as the ratio of average metered 
demand for the Peak Performance Ho11rs and max 'equipment on' demand when operating. If the 
equipment is operating continuously for the full peak performance hours, then the coincidence factor is 
1.00. 

Operadng Conditions 
Characterize all variable operating conditions that affect the load over the analysis period. Typical operating 
variables are outlined below. Additional factors may be required to accurately characterize variability in equipment 
operations and the energy savings resulting from energy efficiency measures over the full range of operating 
conditions. 

Operatln1 Boars 
Establish the baseline and post-installation operating hours for all affected equipment using loging, 
metering, and/or DOC trending for a representative period of not less than one week. Where pre- and post
inslallation operating schedules are the same, use of pre- or post-logging of operating hours to prepare the 
analysis is adequate. Address all variations in operating schedule over an annual operating cycle including, 
but not limited to weekends, holidays, and shift or occupancy cbaDges that are a result in cyclical cbanaes 
in operations o\ier the course of a year. {For example retail applications may have longer operating hours 
in November and December). Project analysis shall clearly identify all operating, non-operating, and 
standby hours. the related loads, the periods for which those conditions apply and the basis for the 
assumptions in the analysis. Special attention should be paid that the hours of Col11cident Peak (3:00 -
6:00 weekdays from lune 1 tbroup August 31) are detailed. 

Weather 
For weather-dependent projects, the analysis shall address the impact of annual weather, including 
temperature, humidity, and solar incidence (where applicable) on energy consumption. All saviugs (energy 
and demand) should be normalized to the TMY3 (Typical Meteorological Year) that corresponds to the 
nearest TMY3 weadler site using mOdeling and/or re~ion analysis. TMY3 data should be obtained 
from National Renewable Energy Laboratory (NREL 1) Bild used as the 8760 weatba file to model and/or 
nonnalize annual energy use for weather dependmt measures. Modeling tools, such as eQuest732. currently 
use TMY2 data. 1MY3 data is based on more-recent and more accmate data and is available for many 
more locations; TMY3 data is available for over 1,000 locations, where 1MY2 data is available for fewer 
than 300 locations. 

Projects with hourly correlation of metered or utility billed usage to local weather conditions should be 
done using National Oceanic and Atmospheric Administmtion (NOAA n; or NREL data. NOAA weather 
data is available for a small fee downloadable from the lntemet and is typically the most accurate and 
complete historical local weather data set NREL data is he but typically has some gaps in the data and is 
emailed in response to specific requests. Caution should be exercised when using non-government 
generated weather data as it may not meet accepted standards for quality and accuracy. 

7Jl Typical MeteOJololiad Dala (TMY3)- hdp://mc1c,g;el.Roy/sols/old data/psrdh'l291-209S/tmy3/ 
m DOB2 eQuest simulation software • bttp:/Jwww dge2 comlmmtl 
m NOAA local weather data - ldtp;llcclo,m;ck.noaa.aov/gclcd/OCLCD7pljor 
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Project analysis shall reflect variations in production over the cycles within the analysis period. Variations 
can include such things as the number of shifts or changes in quantity or type of product manufictured. 

For industrial process measures. production documentation shall normalize energy use based oo the energy 
intemity of the process (ie. energy use per unit of output) over the lifetime of the measure for both the 
baseline and efficient cases. Measurement of output should be based on physical measures of output (i.e. 
too of steel or paper) and capture variations in both production levels and manufactured product types over 
the analysis period for both the calculated baseline and the metered efficient case734

• Post-installation 
meterins shall include documentation of production output during metering periods; work with plant 
personnel to ensure logged production data accmately reflects changes in production over the metering 
period. 

Assumptions regarding economic climate. cbaoges in production levels. and shifts all affect calculated 
energy savings over the life of the measures. Develop reasonable assumptions regarding these variables 
and ensure the application of these variables is clearly identified in both the analysis and project 
documentation. I~tify the uncertainty introduced into the energy savings estimates as a result of these 
assumptions. 

Controls 
Control settings and level of control shall be accounted for in the analysis. aearty document the control 
points that affect energy use. the control setpoints, sequcnc:e of operation and accuracy of controls that 
would have been used in the baseline case. aearly document the changes in these conditions for the 
efficient case. Include relevant information such as commissioning of conlrol points, potential manual 
overrides of control sequences and anticipated control point calibration over the life of the measure. 

Occupucy 
Where occupancy affects energy use and varies over time, capture the variations in occupancy and their 
effects over the analysis period. At a minimmn there is typically an 'occupied' and an 'unoccupied' mode 
for most facilities. 

Assumptions regardina economic: climate and shifts in hours of occupancy affect ca1c:u1ated energy savings 
over the life of the measures. Develop reasonable assumptions regarding these variables and ensure the 
application of these variables is clearly identified in both the analysis and project doc:wnentation. Identify 
the uncertainty introduced into the energy savings estimates as a result of these assumptions 

Interadlve Etreds 
Analysis shall explicitly account for interactive eft'ects between measures. For projects that include both 
prescriptive and custom measures, account for the energy use reduction from the piescriptive measure in the custom 
measure analysis. As presaiptive measures include in.te.ractive effects themselves. document the methodology that 
is used to ensure that savings from the interactive effects are only accounted for once in the claimed savings. 

One common set of interactive eft'ects is the impact of electrical energy efficiency measures within a .facility on that 
facility's heating and/or cooling load. These shall be addRssed as follows: 

Waste Heat 
For efficieoc:y upgrades that reduce the rejection of waste heat into air conditioned spaces (i.e. evaporator 
fans in a reftigcnted enclosure), quantify the reduction in heat rejection735 and the associated cooling 
reduction. 

1M Ruth, Micbael, L8wJem:e Beateley National Laboratmy, et al. (2001) A Process-Step Bencbmadtiog Approach to Energy Use 
at IDdustrial Facilities: Examples from tbe Iron and Steel ad Cement Industries; Process_ Step _Beuchmadciog_ACBEE_LBNL
S0444.doc 
m 2009 ASHRAE Handbook, Fnodammtals, Chapter 18, page 18.3. 
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For efficiency upgrades lbat reduce the ~jection of waste heat into heated spaces, quantify the additional 
beating fuel required to oflSet the change and maintain temperature within lbe space14

• The analysis shall 
address heating system efticieocy and include basis for assumptioos regan:ling fossil fuel inaeases. 

For projects with multiple measures. the procedure for interactive effects is to calculate savings for the longest lived 
measure first, then consider that measure's impact on the next longest-lived~ and so on. This is because a 
short-lived me8SUR can affect savings from a long-lived measure, but only for part of its life. Since tracking system 
limitations .require lbat BDDual measure savings remain CODSbmt for all years, Ibis is the only way to ensure proper 
lifetime savings and to1al resource beaefits are captured. 

Measareute 
Document both the life of the baseline and efficient case equipment. The efficient case analysis is typically 
peaformed over the lifetime of the efficiency measures. Where the analysis period and the efticiency measure life 
are not the same. descn"be the ra1iooale for the analysis period and assumptions regarding replacement equipment for 
measures with lives that are shorter than lbe analysis period. 

Persistence 
Persistence factors may be used to RCluce lifetime measure savings in IeCOgDition that ini1ial engineering estimates 
of lll1llU81 savings may not persist 1oDg term736• The persistence filctor accomits for uncertainties and for ommal 
operations over the life of the measme. For instance if aaergy efficient motors are installed as part of a process and 
the customer's standard procedure is to have motors rewouod upon failure, the energy efficiency associated with the 
efficient motor would only persist until the expected time when the motor is rewound. Pasistence is also affect.eel 
by measures being mnoved or failing prior to the end of its omma1 eogineering lifetime, improper maintaipM over 
the life of the measure, control ovenides or loss of c:alibration (controls only). etc. 

Related Variables: 
R.elated variables are those which arc not included in the aaergy and cfernand calculations, but may be required for 
project cost-effectiveness screming by the utility(ies). Document the following variables for the project: 

Operation &:Maintenance (<>AM) Impacts 
Where O&M practices would have resuJted in changes to the baseline during the analysis period, account 
for such practices in the establishment of baseline and efticieacy case energy use. 

Water Consumption Impacts 
Quantify any c:banges in water cODSUIDplion aunl>utable to the project. 

Cost 
Document the cost of each measure. Include invoices, bids and other documenlation to substantiate project 
cost dam. Idadify portions of the cost which are for equipment being pmdmsed for reduDdanc:y or backup 
and will not generate savings in the project Related costs such as the costs for audits, design, engineering, 
permits, fees or M&V should be ttpOrted separately from the costs associat.ed with the design and 
installation of energy efficiency improvements. 

Other Variables 
As needed- clearly document all variables affecting the energy use of the project that have not been covered in this 
document. 

Section 4: Documentadon and Metering 

.,. Effiriency Vermont Tec:lmical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumpticms, Pebmary 
19, 2010 
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Documentation and metering of custom projects are essential to developing reliable energy savings and Coincident 
Electrical Demand eduction claims.m The following guidelines support the accurate estimation of energy and 
demand savings. 

Data and Meterlna 
.Document how the data will be collected and utilized in the savings analysis in a Measurement and 
Verification (M&V) Plan. The Custom Analysis Template (Appendix B) can be used as a tool to document 
the M&V plan and analysism. Metering for Equipment Replacement projects is typically conducted post
installation to establish the Coincidence Factor, operating hams and Load Factor. Where measures include 
a control component, metering of these factors in the baseline condition is necessuy to accurately establish 
the baseline. 

Interval aud Uttllty Data 
Utility interval data is typically not useful in analyzing equipJDellt replacement projects because the 
bueline condition is not represented in the utility billing data. 

For completed mercantile projects in existing &cilities, project documentation shall include two • three 
yeais of utility billing information ftom years PRIOR to measure installation and up to three years of utility 
data post installation in accordance with PUCO requirements. 

Meter Data 
Accuracy of all metering and measurement equipment shall be doc:umeated in the M&V Plan. 

Document the metering methods including equipment type, location of metering equipment, and equipment 
set up process, as well as met.eriog duration and 1imeframe for which data was collected. Capture all 
variables that affect energy use of the measmes during the metering period as outlined in Section 3. 
Desaibe how the mete.red data, including timefnune and operational factors at the time of metering, relate 
to the operational conditions that occur over the course of a year. Provide photographs of meter installation 
and clear documentation of meter numbers and the associated equipment names of the equipment being 
metered in the project documen1ation. Meter data files should clearly identify the equipment to which the 
meter data applies. 

For variable loads, three-phase power data loggers shall be used to collect electrical power data for systems 
and subsystems of the custom measure739. For constant loads, accurate spot Jeading of the load coupled 
with runtime loggina is an acceptable metering methodology. Temperature and time of use loggers can be 
used to meter proxy variables, equipment status, and mntimes. Ensure that proxy variable metering yields 
calculated kW values in compliance with PJM740 Section 11 requirements. 

Three-phase power data loggers shall record: amperage, voltage, power "factor, and kW on all pbases as 
well as the totals for each variable. All electrical power metering shall adequately account for 
harmonics741• Logging shall captwe equipment load under representative operating conditions. The time 
period of loaaing shall be adequate to represent variations in load that will occur over the analysis period. 
Where feasible, use metering or data logging to capture variables affecting load during the metering period. 
Where variables ClllDOt be captured using meters or data loggers. institute and clearly document a method 
for accurately capturing variables, validating non-meteied data, and aligning it with metered data. 
Metering periods shall be a minilll1JID of one week. including a weekend, for constant load equipment and 

m Parlin. Katluyo, et. at (August, 2009 JEPEC) "Demand Reduction in tbe Forward Capacity Madcet. Verifying the Eflicieocy 
Power Plant" 
7JI IPMVP, Volume Ill, Part I, January 2006, Chapter 3, page 7 through 10, and PJM Manual 18B, April 2009, section 2, page 10 
~14 
7.1l> PJM Manual 188: Energy Eflic:iency Measurement and Verification, Rev. o, Section 11, Effective date: April 23, 2009; PJM 
M&:V Maoual approved 4_09.pdf 
7• PJM Manual 188: Energy Bfficiency Measoremeot and Verification, Rev. 0, Sectioo 11, Effective date: April 23, 2009; PJM 
M&:V Manual approved 4_09.pclf 
741 PJM Manual 188: Energy Eftic:ieocy Measurement and Verification, Rev. o, Section 11, Bffec:tive date: April 23, 2009; PJM 
M&:V Manual approved 4_09.pdf 
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at least two weeks, iocludiq weekends, for variable load equipment, but as noted above, must be long 
enough to capture representative variations in load expected over the entire analysis period. 

lntearatiD8fave:ragiog tbreo-pbase power meters are desirable. Power metering accuracy requimneats are 
outlined in PJM Manual 188742 and RLW Analytics Review of ISO New F.nglaod Measumneot and 
Verification F.quipment Requirements743

• Metering intavals shall be the smallest time interval that will 
permit acquisition of data over tbe mjnjmnm required metering period. For short-cycling or modulating 
systems, 3().secoud or I-minute data intervals are preferred. with a maximum recommended interval of s 
minutes. For constant load systems, tbe metering io1aval can be longer. No metering interval should 
exceed IS minutes. Clearly document bow meter intervals and meter periods captme the expec:ted load 
variations for the project. 

Meters and data loggers shall be synchronized to the NIST time clock. and differences between the time at 
the facility and the NIST time setting should be noted when the meters are installed. 

DDC/PLC Monitor Data 
Use of DOC and PLC monitoring software trends in the aoalysis is acceptable provided that the sensors are 
calibrated on site using cah"brated test instruments and the results documented by the energy analyst before 
the metering period commences. Review and submission of annual equipment calibntion recmds for DDC 
sensors and metering equipment is a less desbable, but acceptable altemative to cahl>ration of DDC 
equipment as part of the project. Timestamps for ttends should be set up to coincide with those of any 
conc:mreotly deployed data loggers to enable accurate data aoalysis. 

Load Proftles 
For measures with well established and reliable load profiles, the load profile can be a useful tool for 
determining savings. Load profiles are most reliable whm used for COJDlllOll measures in typical 
applications, such as office lighting projects. Typically, load profiles should not be relied on where project 
peak demand savings exceed 20 kW. 

General Procedures for Data Analysis 

Data Cleaning 

It is usually necessary to 'clean' the raw data before proceeding with the analysis. The following data 
cleaning tasks are typically required. 

Ensure that the timestamps match between datasets (e.g. for conc:mreot kW and temperature datasets), and 
that any gaps in 1he dam which are not repiesentative of typical operation have been addressed by 
interpolatiou or other means. lntelpoJated or derived data shall be tlagged, and the method used to fill in 
dam gaps shall be described. 

Not.e 1hat in preparing the data for use in 1he 8760 ana1ysis.1here will likely be blocks of time during the 
metering period that will be analyz.ed differently. For example, during regular business homs a load may be 
temperature dependent and the data will be analyzed using a regression analysis of kW vs. outdoor air 
temperature; whereas the same piece of equipment on the weekend may have a constant standby load and is 
thus schedule driven and non-temperature dependent on the weekends. Different blocks of the 8760 hows 
in a year will be populated from 1he separate analyses of the ~t blocks of meter data. 

742 PJM Manual 188: Energy Bflicieoc:y Measurement 8lld Verification, Rev. 0, Effective date: April 23, 2009; PJM M&V 
MaDual approved 4_09.pdf . 
78 RLW Analytics. Review of ISO New Eogland MeasuraDeot and Verification Equipmeot Requirements, PiDal Report, April 
24, 2008 PNpal'ed for: Northeast Energy Efficiaw:y PBJinenbips' Evaluation and sta1e Propam Wcutiug Oroup; RLW Metering 
Report.pelf 
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The recommended approach to aonualization of meter data and savings calculations is an 8760 analysis744. 
This approach inherently captures seasonality and peak period variability on an hourly basis and is 
therefore more accurate than other traditional methods such as binned analysis. 

Typical approaches to analyzing custom measures include: 

• Demand vs. tempemture analysis for temperature dependent measures. 
• Daily operating profiles for schedule-driven measures 
• Cyclical production profiles for produclion-related measures 

These methods should address pan load performance, and may employ diJferent metrics such as: 

• Demand vs. percent capacity 
• DemandlTon vs. pacent capacity 
• Demand vs. hours 
• Demand per ton, pound, cubic foot or quantity 

Calcalattons 

Clearly docmnent all calculations. Indicate bow the meter data is used in the analysis and why this is 
appropriate for the measure. Meter data used in the analysis shall be clearly distinguished fi:om data not 
used in the analysis. 

Computer simulation of energy efficiency measures based on meter data using 8760 hourly simulation 
models such as eQucst. or customized spreadsheet analysis or other ene.rsY analysis tools can be employed 
to calculate energy savings. The algorithms of the modeling software must be designed to addRss the 
custom measure. Minimum documentation requirements include model output reports stating umnet load 
hours for the baseline and efficient case, hourly energy use and demand, and electronic copies of the model 
or spreadsheet analysis files. 

Ammal kWh and therms for baseline and efficient cases shall be the BDDualized and ll0l'ID8lized per the 
equations in Section 2 using the methods descnl>ed above. Coincident Electric Demand for baseline and 
efficient cases shall be calculated from post-installation meter data as the average demand over the 
Perjonnance Hours as indicated in Section 2. Calculation documentation shall include definitions and 
reference sources for all variables and assumed factors in Section 3. 

Documentation 

Analysis shall be documented with comprehensive, well labeled supporling infonnation including, but not limited 
to: 

Manufacturer literature documenting coonected load for both the baseline and the installed equipment or 
manufacturer data doc:umenting the information necessary to calculate peak demand (such as horsepower, 
voltage, efficiency, etc.) shall be included in the project documentalion. Manufacturer data shall be clearly 
nuu.:ked to indicate the specific equipment model aumba- and data that is applicable to 1be project and used 
in the calculations. 

Where citing nameplate I1ltings in the analysis, provide documentation of the ratings. 

744 Patil, Yogesb, et. al (Au& 2009) "TalciDg Eagioeeriag Savings to the Next Level, presented at IEPEC 2009: bttp:J/www ft 
insmn6me•estllficleslP'PFP1*msMYh'gstoaglleyel.elf 
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Manufacturer data shall be adjusted to reflect actual site openting conditious. Document calculation of the 
adjusted comiected load reflecting metered on site conditions. 

The following metrics and details shall be reported: 

• All iofo11D11ion required in this protocol 
• M&V Plan/Analysis Template 
• Regression R.2 values for fits of demand vs. proxy variables. 
• Cleaned meter data (raw data shall be included as an appmdix) clearly indicating which data was used in 

the saviDp analysis 
• Discussion of approach to anomalies, outliers, intapolations and extrapolations in the aoalysis 

• Assessment of the level of uncertainty associated with the energy and demand calculated savings. 
• Project eommissioaing can reduce energy use and is recommended. If the project was commissioned, 

submit a copy of the commissioning report 
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'Ibis protocol defines the requirements for aoalyziDg and documenting commercial and industrial energy efficiency 
measures. It applies to custom measures filed under Utility Programs and those prepared for Mercantile CostollleIS. 
'Ibis protocol addresses rettofit measures that are not covered by other analysis mediodologies in the TRM. A 
rettofit project is defined as equipment replacemmt prior to the end of its rated service life in oJder to achieve 
energy savings. Where equipment is replaced due to failure or for other reasons (such as obsolescence or a need for 
increased capacity), the project is classified as Equipment Replacement and the .. c&I Equipment Replacemeot
Custom Measure Analysis Protocol" should be used to guide analysis. 

This protocol is intended to address the energy impacts of the operating energy efficiency improvements. Projects 
that include duplex, reduodaut and/or spare equipment shall calculate the energy savings based only on the operating 
equipment and systems. 

'Ibis analysis protocol is supplemented by a glossary and an Analysis Template (Appendix B). Words used herein 
that are defined in the glossary are in italics. The Analysis Template is a tool that can guide applicants in preparing 
and presmling the documentation to support custom retrofit energy efticieacy measure savings estimates. 

The Analysis Protocol and Analysis Template are divided into four sections: 
Section 1: Project Information 
Section 2: Project Savings 
Section 3: Project Variables 
Section 4: Documentation and Metering 

Section 1: Project Information 

ProjedTWe 
Provide a uoique title for the project so that it is easily distinguishable from other projects prepared by the same 
customer and from projects with similar scope. Example: Company XYZ Building A - Compressed Air System 
Improvements. 

Customer Name 
Provide the name of the company undertaking the energy efficiency improvements. 

Customer Contact 
Provide the contact information includins name, tide, mailing address, phone, and email for the primary customer 
contact on this project 

Site (Location) 
Provide the full address of the site at which the project is being implemented. If the customer bas an additional 
business location that is involved with the project, inclµde additional customer site information as needed. 

Sector/lndmtry Destrlpdon and NAICS Code 
Describe the sector and industry in which the custom measure is being applied. Sectors include: Indus1ria1. 
Commercial, Iustitulional, aud Multi-family. IndusUy should specify the end use for c:ommacial and institulioual 
projects (e.g. office, restaurant, doimitory) and the specific industry for maoufacturios projects745• 

Utlllty(les) Information 
The name of the affected utility(ies) serving the customer. Provide all relevant account and meter information for 
electric and gas accounts and meters affected by the project. 

Program 
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Identify die program under which tills project will be submitted and why die project falls under die program. 
Projects submitted UDder existing utility programs should identify the program UDder which the project application 
will be filed and the utility-specific identifier for die project Projects being submitted under die Mercantile 
Program should so iDdicate. 

Projed/TttbnolORY DescrlpUon 
Descnl>e the energy using equipment and systems affected by 1he project in lay tmns. Include specific information 
regantiq industrial process technologies. For example: "Replace two lOft coostaDt speed 10,000 CFM fume hoods 
widi modulating fume hoods CODtrolled by smoke and temperature sensors." 

Project Implementation Schedule 
Define the implementation schedule for the project, including start and completion dates. 

Measures Included ID Clle Projfd 
All energy efficiency measures iocluded in the project shall be clearly identified and savinp calculations aod 
estimates shall be clearly documented for each measure in accordance with this protocol. 

Atrected EDel'IY Soan:es (Eledrk, Gas, otlaer) 
Identify all affected energy sources ( elecbic, gas, propane, oil, solar, etc.) for the project, provide a brief description 
of bow the source ene:rgy use is affected and quantify the impacts in 1he analysis. 

ADalysls Flrm(s) and Contact(s) 
Provide information rqardiog 1he finn performing 1he engioeeriog analysis of the custom project Provide the 
oame(s) of the contacts for the firm(s) and contact iofonwdion including company name, individual(s) name, 
address, phone, and email. 

Secdon 2: Energy Consumption and Demand 

'Ibis section defines the requirements for calculating baseline and efficient case energy consumption and demand as 
well as the method for calculating savings. Calculations shall address all project variables in accordance with lbe 
requiremeuts of Section 3 and undertake the analysis in accordance with 1he documentation and metering 
requirements in Section 4. 

The equations used in this protocol assume 1bat the project bas a single measure. If the project has multiple 
measures, these calculations shall be repeated for each measure in such a way as to capture interactive eft'cc:ts. 

EmdentC1se 

Emdeat TecbnoloaY Description and Documentation 
Describe die new technology, measure, and/or change in operations, and bow it saves energy. Doc:umeot 
any .relevant efficiency codes or federal/state/local staDdants that apply to the proposed efficient equipmmt 
and the ratings of the measure equipment in comparison with applicable standards. If die eftici.elll measure 
was the n:su1t of a process improvement that provides additional benefits, such as waste reduction, clearly 
describe all of the ways that the new process saves energy and momces. 'Ibis can include reductions m 
areas such as waste heat, O&M costs, labor costs, water consumption. or process wast.e. 

Etnmnt Case ADDDll Enel'IY Use 
Calculate 1be annual energy use for the proposed equipment using the methodologies outlined in this 
protocol and all refa'enced and applicable standards. 

The total efficient emqy use sball be ca1c:ulated separately for each energy source (e.1. electric and gas) 
acconling co the following equations. 

For loads calculated from a regression analysis (e.g. kW vs. Tempentore as desaibed in Section 4) the 
followiog equation shall be used: 
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