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 Occupancy Controlled Bi-Level Lighting Fixtures 4.5.13

DESCRIPTION  

This measure relates to replacing existing uncontrolled continuous lighting fixtures with new bi-level lighting 
fixtures. This measure can only relate to replacement in an existing building, since multi-level switching is required 
in the Commercial new construction building energy code (IECC 2012). 

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

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

DEFINITION OF EFFICIENT EQUIPMENT  

In order for this characterization to apply, the efficient system is assumed to be an occupancy controlled lighting 
fixture that reduces light level during unoccupied periods. 

DEFINITION OF BASELINE EQUIPMENT 

The baseline equipment is assumed to be an uncontrolled lighting system on continuously, e.g. in stairwells and 
corridors for health and safety reasons. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life for all lighting controls is assumed to be 8 years
589

.  

DEEMED MEASURE COST  

When available, the actual cost of the measure shall be used.  When not available, the assumed measure cost is 
$274

590
.  

LOADSHAPE 

Loadshape C06 - Commercial Indoor Lighting 

Loadshape C07 - Grocery/Conv. Store Indoor Lighting 

Loadshape C08 - Hospital Indoor Lighting 

Loadshape C09 - Office Indoor Lighting 

Loadshape C10 - Restaurant Indoor Lighting 

Loadshape C11 - Retail Indoor Lighting 

Loadshape C12 - Warehouse Indoor Lighting 

Loadshape C13 - K-12 School Indoor Lighting 

Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights) 

Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights) 

Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights) 

                                                                 

589
 DEER 2008. 

590
 Consistent with the Multi-level Fixture measure with reference to Goldberg et al, State of Wisconsin Public Service 

Commission of Wisconsin, Focus on Energy Evaluation, Business Programs: Incremental Cost Study, KEMA, October 28, 2009. 
Also consistent with field experience of about $250 per fixture and $25 install labor. 
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Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights) 

Loadshape C18 - Industrial Indoor Lighting 

Loadshape C19 - Industrial Outdoor Lighting 

Loadshape C20 - Commercial Outdoor Lighting 

COINCIDENCE FACTOR  

The summer peak coincidence factor for this measure is dependent on the location type. Values are provided for 
each building type in the reference section below. 

 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

ΔkWh  = (KWBaseline  - (KWControlled *(1 –ESF))) * Hours * WHFe 

Where: 

KWBaseline  = Total baseline lighting load of the existing/baseline fixture 

  = Actual 

 Note that if the existing fixture is only being retrofit with bi-level occpuancy controls and 
not being replaced KWBaseline will equal KWControlled  . 

KWControlled = Total contolled lighting load at full light output of the new bi-level fixture 

 = Actual 

Hours = Number of hours lighting is on. This measure is limited to 24/7 operation.  

= 8,766 

ESF =  Energy Savings factor (represents the percentage reduction to the KWControlled due to 
the occupancy control). 

 = % Standby Mode * (1 - % Full Light at Standby Mode) 

% Standby Mode = Represents the percentage of the time the fixture 
is operating in standby (i.e. low-wattage) mode.  

% Full Light at Standby Mode  = Represents the assumed wattage 
consumption during standby mode relative to the 
full wattage consumption. Can be achieved either 
through dimming or a stepped control strategy. 

= Dependent on application. If customer provided or metered data is available for both 
or either of these inputs a custom savings factor should be calculated. If not defaults are 
provided below: 

 

Application  
% Standby 

Mode 
% Full Light at 
Standby Mode 

Energy 
Savings 

Factor (ESF) 
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Application  
% Standby 

Mode 
% Full Light at 
Standby Mode 

Energy 
Savings 

Factor (ESF) 

Stairwells 78.5%
591

 

50% 39.3% 

33% 52.6% 

10% 70.7% 

5% 74.6% 

Corridors 50.0%
592

 

50% 25.0% 

33% 33.5% 

10% 45.0% 

5% 47.5% 

Other 24/7 Space Type 50.0%
593

 

50% 25.0% 

33% 33.5% 

10% 45.0% 

5% 47.5% 

 

WHFe = Waste heat factor for energy to account for cooling energy savings from efficient 
lighting is provided in the Reference Table in Section 4.5 for each building type.  If 
building is un-cooled, the value is 1.0. 

HEATING PENALTY 

If electrically heated building: 

ΔkWhheatpenalty
594

  = (KWBaseline  - (KWControlled *(1 –ESF))) * Hours * -IFkWh  

Where: 

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the 
increased electric space heating requirements due to the reduction of waste heat 
rejected by the efficent lighting. Values are provided in the Reference Table in Section 
4.5.  If unknown, use the Miscellaneous value. 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

ΔkW  = (KWBaseline  - (KWControlled * (1 –ESF))) * WHFd * (CFbaseline - CFos) 

                                                                 

591
 Average found from the four buildings in the State of California Energy Commission Lighting Research Program  

Bi-Level Stairwell Fixture Performance Final Report: 
http://www.archenergy.com/lrp/lightingperf_standards/project_5_1_reports.htm 
592

  Value determined from the Pacific Gas and Electric Company: Bi-Level Lighting Control Credits study for Interior Corridors of 
Hotels, Motels and High Rise Residential.  
http://www.energy.ca.gov/title24/2005standards/archive/documents/2002-07-18_workshop/2002-07-
18_BILEVEL_LIGHTING.PDF 
593

 Conservative estimate. 
594

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

http://www.archenergy.com/lrp/lightingperf_standards/project_5_1_reports.htm
http://www.energy.ca.gov/title24/2005standards/archive/documents/2002-07-18_workshop/2002-07-18_BILEVEL_LIGHTING.PDF
http://www.energy.ca.gov/title24/2005standards/archive/documents/2002-07-18_workshop/2002-07-18_BILEVEL_LIGHTING.PDF
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Where: 

WHFd = Waste Heat Factor for Demand to account for cooling savings from efficient lighting in 
cooled buildings is provided in the Reference Table in Section 4.5. If the  building is un-
cooled WHFd is 1.  

CFbaseline  = Baseline Summer Peak Coincidence Factor for the lighting system without Occupancy 
Sensors installed selected from the Reference Table in Section 4.5 for each building 
type. If the building type is unknown, use the Miscellaneous value of 0.66 

CFos  = Retrofit Summer Peak Coincidence Factor the lighting system with Occupancy Sensors 
installed  is 0.15 regardless of building type.

595
 

 

NATURAL GAS HEATING PENALTY 

If natural gas heating: 

 Δtherms = (KWBaseline  - (KWControlled *(1 –ESF))) * Hours * - IFTherms 

Where: 

IFTherms  = Lighting-HVAC Integration Factor for gas heating impacts; this factor represents the 
increased gas space heating requirements due to the reduction of waste heat rejected 
by the efficient lighting and provided in the Reference Table in Section 4.5 by buidling 
type.   

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-LTG-OCBL-V01-140601

                                                                 

595
 Coincidence Factor Study Residential and Commercial Industrial Lighting Measures, RLW Analytics, Spring 2007.  Note, the 

connected load used in the calculation of the CF for occupancy sensor lights includes the average ESF.   
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 Commercial ENERGY STAR Specialty Compact Fluorescent Lamp (CFL)  4.5.14

DESCRIPTION 

An ENERGY STAR qualified specialty compact fluorescent bulb is installed in place of an incandescent specialty bulb 
in a commercial location.  If the implementation strategy does not allow for the installation location to be known a 
deemed split should be used. For Residential targeted programs (e.g. an upstream retail program), a deemed split 
of 96% Residential and 4% Commercial assumptions should be used

596
, and for Commercial targeted programs a 

deemed split of 4% Residential and 96% Commercial should be used
597

. 

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

DEFINITION OF EFFICIENT EQUIPMENT 

Energy Star qualified specialty CFL bulb based upon the draft ENERGY STAR specification for lamps 
(http://energystar.gov/products/specs/sites/products/files/ENERGY_STAR_Lamps_V1_0_Draft%203.pdf).  

DEFINITION OF BASELINE EQUIPMENT 

The baseline is a specialty incandescent light bulb including those exempt of the EISA 2007 standard: three-way, 
plant light, daylight bulb, bug light, post light, globes G40 (<40W), candelabra base (<60W), vibration service bulb, 
decorative candle with medium or intermediate base (<40W), shatter resistant and reflector bulbs and standard 
bulbs greater than 2601 lumens, and those non-exempt from EISA 2007: dimmable, globes (less than 5” diameter 
and >40W), candle (shapes B, BA, CA >40W, candelabra base lamps (>60W) and intermediate base lamps (>40W). 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT 

The expected measure life (number of years that savings should be claimed) should be calculated by dividing the 
rated life of the bulb (10,000 hours

598
) by the run hours. For example using Miscellaneous at 4,589 hours would 

give 2.2 years.  When the number of years exceeds June 2020, the number of years to that date should be used. 

DEEMED MEASURE COST  

For the Retail (Time of Sale) measure, the incremental capital cost for this measure is $5
599

.  

For the Refrtofit measures, the full cost of $8.50 should be used plus $5 labor
600

 for a total of $13.50. However 
actual program delivery costs should be utilized if available. 

LOADSHAPE 

Loadshape C06 - Commercial Indoor Lighting 

Loadshape C07 - Grocery/Conv. Store Indoor Lighting 

Loadshape C08 - Hospital Indoor Lighting 

Loadshape C09 - Office Indoor Lighting 

                                                                 

596
 RES v C&I split is based on a weighted (by sales volume) average of ComEd PY4-6 and Ameren PY5-6 in store intercept survey 

results. 
597

 Based upon final weighted (by sales volume) average of the BILD program (ComEd’s commercial lighting program) for PY 4 
and PY5 and PY6. 
598

 Energy Star bulbs have a rated life of at least 8000 hours. In commercial settings you expect significantly less on/off 
switching than residential and so a rated life assumption of 10,000 hours is used. 
599

 NEEP Residential Lighting Survey, 2011 
600

 Based on 15 minutes at $20 per hour. 

http://energystar.gov/products/specs/sites/products/files/ENERGY_STAR_Lamps_V1_0_Draft%203.pdf
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Loadshape C10 - Restaurant Indoor Lighting 

Loadshape C11 - Retail Indoor Lighting 

Loadshape C12 - Warehouse Indoor Lighting 

Loadshape C13 - K-12 School Indoor Lighting 

Loadshape C14 - Indust. 1-shift (8/5) (e.g., comp. air, lights) 

Loadshape C15 - Indust. 2-shift (16/5) (e.g., comp. air, lights) 

Loadshape C16 - Indust. 3-shift (24/5) (e.g., comp. air, lights) 

Loadshape C17 - Indust. 4-shift (24/7) (e.g., comp. air, lights) 

Loadshape C18 - Industrial Indoor Lighting 

Loadshape C19 - Industrial Outdoor Lighting 

Loadshape C20 - Commercial Outdoor Lighting 

COINCIDENCE FACTOR 

The summer peak coincidence factor for this measure is dependent on the location type. Values are provided for 
each building type in section 4.5. 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS 

∆kWh = ((WattsBase - WattsEE) / 1000) * ISR * Hours * WHFe     
     

Where: 

WattsBase = Actual wattage equivalent of incandescent specialty bulb, use the tables 
below to obtain the incandescent bulb equivalent wattage

601
; use 60W if unknown

602
  

EISA exempt bulb types: 

Bulb Type Lower Lumen 

Range 

Upper Lumen 

Range 

WattsBase 

Standard Spirals >=2601 

2601 2999 150 

3000 5279 200 

5280 6209 300 

3-Way 

250 449 25 

450 799 40 

800 1099 60 

1100 1599 75 

                                                                 

601
 Based upon the draft ENERGY STAR specification for lamps 

(http://energystar.gov/products/specs/sites/products/files/ENERGY_STAR_Lamps_V1_0_Draft%203.pdf) and the Energy Policy 
and Conservation Act of 2012. 
602

 A 2006-2008 California Upstream Lighting Evaluation found an average incandescent wattage of 61.7 Watts (KEMA, Inc, The 
Cadmus Group, Itron, Inc, PA Consulting Group, Jai J. Mitchell Analytics, Draft Evaluation Report: Upstream Lighting Program. 
Prepared for the California Public Utilities Commission, Energy Division. December 10, 2009) 

http://energystar.gov/products/specs/sites/products/files/ENERGY_STAR_Lamps_V1_0_Draft%203.pdf
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Bulb Type Lower Lumen 

Range 

Upper Lumen 

Range 

WattsBase 

1600 1999 100 

2000 2549 125 

2550 2999 150 

Globe 

(medium and intermediate bases less 

than 750 lumens) 

90 179 10 

180 249 15 

250 349 25 

350 749 40 

Decorative 

(Shapes B, BA, C, CA, DC, F, G, medium 

and intermediate bases less than 750 

lumens) 

70 89 10 

90 149 15 

150 299 25 

300 749 40 

Globe 

(candelabra bases less than 1050 

lumens) 

90 179 10 

180 249 15 

250 349 25 

350 499 40 

500 1049 60 

Decorative 

(Shapes B, BA, C, CA, DC, F, G, 

candelabra bases less than 1050 

lumens) 

70 89 10 

90 149 15 

150 299 25 

300 499 40 

500 1049 60 

 

EISA non-exempt bulb types: 

Bulb Type Lower 

Lumen 

Range 

Upper 

Lumen 

Range 

Incandescent 

Equivalent 

Post-EISA 2007 

(WattsBase) 

Dimmable Twist, Globe (less than 5" in 

diameter and > 749 lumens), candle 

(shapes B, BA, CA > 749 lumens), 

Candelabra Base Lamps (>1049 lumens), 

Intermediate Base Lamps (>749 lumens) 

310 749 29 

750 1049 43 

1050 1489 53 

1490 2600 72 

 

Directional Lamps - ENERGY STAR Minimum Luminous Efficacy = 40Lm/W for lamps with rated 
wattages less than 20Wand 50 Lm/W for lamps with rated wattages >= 20 watts

603
. 

                                                                 

603
 From pg 10 of the Energy Star Specification for lamps v1.1 
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For Directional R, BR, and ER lamp types
604

: 

Bulb Type 
Lower 
Lumen 
Range 

Upper 
Lumen 
Range 

WattsBase 

R, ER, BR with 
medium screw 

bases w/ 
diameter >2.25" 
(*see exceptions 

below) 

420 472 40 

473 524 45 

525 714 50 

715 937 65 

938 1259 75 

1260 1399 90 

1400 1739 100 

1740 2174 120 

2175 2624 150 

2625 2999 175 

3000 4500 200 

*R, BR, and ER 
with medium 

screw bases w/ 
diameter 
<=2.25" 

400 449 40 

450 499 45 

500 649 50 

650 1199 65 

*ER30, BR30, 
BR40, or ER40 

400 449 40 

450 499 45 

500 649 50 

*BR30, BR40, or 
ER40 

650 1419 65 

*R20 
400 449 40 

450 719 45 

*All reflector 
lamps below 
lumen ranges 

specified above 

200 299 20 

300 399 30 

Directional lamps are exempt from EISA regulations. 

 

For PAR, MR, and MRX Lamps Types: 

For these highly focused directional lamp types, it is necessary to have Center Beam Candle Power (CBCP) 
and beam angle measurements to accurately estimate the equivalent baseline wattage.  The formula 
below is based on the Energy Star Center Beam Candle Power tool.

605
 If CBCP and beam angle information 

are not available, refer to the R, BR, and ER lumen based method above. 

                                                                 

604
 From pg 11 of the Energy Star Specification for lamps v1.1 

 
605

 http://energystar.supportportal.com/link/portal/23002/23018/Article/32655/ 
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           ( )   √             ( )        (  )      (  )       (    )       (   )            (    ) 

Where: 

 D   = Bulb diameter (e.g.  for PAR20 D = 20) 

 BA  = Beam angle 

 CBCP  = Center beam candle power 

The result of the equation above should be rounded DOWN to the nearest wattage established by Energy Star: 

Diameter Permitted Wattages 

16 20, 35, 40, 45, 50, 60, 75 

20 50 

30S 40, 45, 50, 60, 75 

30L 50, 75 

38 40, 45, 50, 55, 60, 65, 75, 85, 90, 100, 120, 150, 250 

 

EISA non-exempt bulb types: 

Bulb Type Lower 

Lumen 

Range 

Upper 

Lumen 

Range 

Incandescent 

Equivalent 

Post-EISA 2007 

(WattsBase) 

Dimmable Twist, Globe (less than 5" in 

diameter and > 749 lumens), candle 

(shapes B, BA, CA > 749 lumens), 

Candelabra Base Lamps (>1049 

lumens), Intermediate Base Lamps 

(>749 lumens) 

310 749 29 

750 1049 43 

1050 1489 53 

1490 2600 72 

 

WattsEE = Actual wattage of energy efficient specialty bulb purchased, use 15W if 
unknown

606
 

ISR   = In Service Rate or the percentage of units rebated that get installed. 

                                                                 

606
 An evaluation (Energy Efficiency / Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation Report: Residential 

Energy Star ® Lighting 
http://ilsag.org/yahoo_site_admin/assets/docs/ComEd_Res_Lighting_PY2_Evaluation_Report_2010-12-21_Final.12113928.pdf 
) reported 13-17W as the most common specialty CFL wattage (69% of program bulbs). 2009 California data also reported an 
average CFL wattage of 15.5 Watts (KEMA, Inc, The Cadmus Group, Itron, Inc, PA Consulting Group, Jai J. Mitchell Analytics, 
Draft Evaluation Report: Upstream Lighting Program, Prepared for the California Public Utilities Commission, Energy Division. 
December 10, 2009). 

http://ilsag.org/yahoo_site_admin/assets/docs/ComEd_Res_Lighting_PY2_Evaluation_Report_2010-12-21_Final.12113928.pdf
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=100%
607

 if application form completed with sign off that equipment is not 
placed into storage 

If sign off form not completed assume the following 3 year ISR assumptions: 

Weigted 
Average 1

st
 

year In Service 
Rate (ISR) 

2
nd

 year 
Installations 

3
rd

 year 
Installations 

Final 
Lifetime In 

Service 
Rate 

71.2%608 14.5% 12.3% 98.0%609 

 

Hours  = Average hours of use per year are provided in Reference Table in Section 4.5, 
Screw based bulb annual operating hours, for each building type

610
. If unknown 

use the Miscellaneous value. 

WHFe = Waste heat factor for energy to account for cooling energy savings from 
efficient lighting are provided below for each building type in Reference Table 
in Section 4.5.  If unknown, use the Miscellaneous value. 

DEFERRED INSTALLS 

As presented above, the characterization assumes that a percentage of bulbs purchased are not installed until Year 
2 and Year 3 (see ISR assumption above). The Illinois Technical Advisory Committee has determined the following 
methodology for calculating the savings of these future installs. 

Year 1 (Purchase Year) installs: Characterized using assumptions provided above or evaluated 
assumptions if available. 

Year 2 and 3 installs:  Characterized using delta watts assumption and hours of use from the 
Install Year i.e. the actual deemed (or evaluated if available) 
assumptions active in Year 2 and 3 should be applied.  

The NTG factor for the Purchase Year should be applied. 

                                                                 

607
 Illinois evaluation of PY1 through PY3 has not found that fixtures or lamps placed into storage to be a significant enough 

issue to warrant including an “In-Service Rate” when commercial customers complete an application form.  
608

 1
st

 year in service rate is based upon review of PY4-6 evaluations from ComEd’s commercial lighting program (BILD) (see ‘IL 
Commercial Lighting ISR_2014.xls’ for more information. The average first year ISR was calculated weighted by the number of 
bulbs sold.  
609

The 98% Lifetime ISR assumption is based upon review of two evaluations: 
‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact 
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.’ This 
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren 
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2

nd
 and 3

rd
 

year installations should be counted as part of those future program year savings. Note that this Final Install Rate does NOT 
account for leakage of purchased bulbs being installed outside of the utility territory. EM&V should assess how and if data from 
evaluation should adjust this final installation rate to account for this impact 
610

 Based on ComEd analysis taking DEER 2008 values and averaging with PY1 and PY2 evaluation results. 
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HEATING PENALTY 

If electrically heated building: 

ΔkWhheatpenalty
611

  = (((WattsBase-WattsEE)/1000) * ISR * Hours * -IFkWh  

Where: 

IFkWh = Lighting-HVAC Interation Factor for electric heating impacts; this factor represents the 
increased electric space heating requirements due to the reduction of waste heat rejected by the 
efficent lighting. Values are provided in the Reference Table in Section 4.5.  If unknown, use the 
Miscellaneous value. 

 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

 

ΔkW = ((WattsBase-WattsEE)/1000) * ISR * WHFd * CF      

Where: 

WHFd = Waste heat factor for demand to account for cooling savings from efficient 
lighting in cooled buildings is provided in the Reference Table in Section 4.5.  If 
unknown, use the Miscellaneous value.. 

CF  = Summer Peak Coincidence Factor for measure is provided in the Reference 
Table in Section 4.5.  If unknown, use the Miscellaneous value.. 

Other factors as defined above 

                                                                 

611
Negative value because this is an increase in heating consumption due to the efficient lighting. 

EXAMPLE 

 
For example, for a 14W 500 lumen R20 reflector lamp is installed in an office and sign off form provided. 

 ΔkWh = (((45 - 14)/1000) * 1.0 * 3088 * 1.25 

  = 119.7 kWh 

EXAMPLE 

 
For example, for a 14W 500 lumen R20 reflector lamp is installed in a heat pump heated office and sign off 
form provided. 

ΔkWhheatpenalty = (((45 - 14)/1000) * 1.0 * 3088 * -0.183 

  = - 17.5 kWh 
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NATURAL GAS SAVINGS 

Heating Penalty if fossil fuel heated building (or if heating fuel is unknown): 

ΔTherms
612

  = (((WattsBase-WattsEE)/1000) * ISR * Hours *- IFTherms  

Where: 

IFTherms = Lighting-HVAC Interation Factor for gas heating impacts; this factor represents the 
increased gas space heating requirements due to the reduction of waste heat rejected by the efficent 
lighting. Values are provided in the Reference Table in Section 4.5.  If unknown, use the Miscellaneous 
value. 

  Other factors as defined above 

 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION 

The following O&M assumptions should be used: Life of the baseline bulb is assumed to be (1000/HOURS) year; 
baseline replacement cost is assumed to be $3.5 for those bulbs types exempt from EISA and $5 for non-exempt 
EISA bulb types defined above

613
. 

Measure Code: CI-LTG-SCFL-V01-150601

                                                                 

612
 Negative value because this is an increase in heating consumption due to the efficient lighting. 

613
 NEEP Residential Lighting Survey, 2011 

EXAMPLE 

 
For example, for a 14W 500 lumen R20 reflector lamp is installed in an office and sign off form provided. 

ΔkW  = ((45 - 14)/1000) * 1.0 * 1.3 * 0.66 

= 0.027kW 

 

EXAMPLE 

 
For example, for a 14W 500 lumen R20 reflector lamp is installed in a gas heated office and sign off form 
provided. 

ΔTherms   = (((45 - 14)/1000) * 1.0 * 3088 * -0.016 

  = - 1.5 Therms 
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4.6 Refrigeration End Use 

 Automatic Door Closer for Walk-In Coolers and Freezers 4.6.1

DESCRIPTION  

This measure is for installing an auto-closer to the main insulated opaque door(s) of a walk-in cooler or freezer. 
The auto-closer must firmly close the door when it is within 1 inch of full closure. 

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

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

DEFINITION OF EFFICIENT EQUIPMENT  

This measure consists of the installation of an automatic, hydraulic-type door closer on main walk-in cooler or 
freezer doors. These closers save energy by reducing the infiltration of warm outside air into the refrigeration 
itself. 

DEFINITION OF BASELINE EQUIPMENT  

In order for this characterization to apply, the baseline condition is assumed to be a walk in cooler or freezer 
without an automatic closure. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The deemed measure life is 8 years.
614

 

DEEMED MEASURE COST  

The deemed measure cost is $156.82 for a walk-in cooler or freezer.
615

  

LOADSHAPE 

Loadshape C22 - Commercial Refrigeration 

COINCIDENCE FACTOR 

The measure has deemed kW savings therefore a coincidence factor does not apply. 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

Savings calculations are based on values from through PG&E’s Workpaper PGECOREF110.1 – Auto-Closers for Main 
Cooler or Freezer Doors. Savings are averaged across all California climate zones and vintages

616
.  

 

 

                                                                 

614
 Source: DEER 2008 

615
 Ibid. 

616
 Measure savings from ComEd TRM developed by KEMA. June 1, 2010 
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Annual Savings kWh 

Walk in Cooler 943  

Walk in Freezer 2307  

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

Annual Savings kW 

Walk in Cooler 0.137  

Walk in Freezer 0.309  

NATURAL GAS ENERGY SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-RFG-ATDC-V01-120601 
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 Beverage and Snack Machine Controls 4.6.2

DESCRIPTION  

This measure relates to the installation of new controls on refrigerated beverage vending machines, non-
refrigerated snack vending machines, and glass front refrigerated coolers. Controls can significantly reduce the 
energy consumption of vending machine and refrigeration systems. Qualifying controls must power down these 
systems during periods of inactivity but, in the case of refrigerated machines, must always maintain a cool product 
that meets customer expectations. This measure relates to the installation of a new control on a new or existing 
unit. This measure should not be applied to ENERGY STAR qualified vending machines, as they already have built-in 
controls.  

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

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

DEFINITION OF EFFICIENT EQUIPMENT  

In order for this characterization to apply, the efficient equipment is assumed to be a standard efficiency 
refrigerated beverage vending machine, non-refrigerated snack vending machine, or glass front refrigerated cooler 
with a control system capable of powering down lighting and refrigeration systems during periods of inactivity. 

DEFINITION OF BASELINE EQUIPMENT  

In order for this characterization to apply, the baseline equipment is assumed to be a standard efficiency 
refrigerated beverage vending machine, non-refrigerated snack vending machine, or glass front refrigerated cooler 
without a control system capable of powering down lighting and refrigeration systems during periods of inactivity 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life is assumed to be 5 years 
617

.  

DEEMED MEASURE COST  

The actual measure installation cost should be used (including material and labor), but the following can be 
assumed for analysis purposes

618
: 

Refrigerated Vending Machine and Glass Front Cooler: $180.00 

Non-Refrigerated Vending Machine: $80.00 

LOADSHAPE 

Loadshape C52 - Beverage and Snack Machine Controls 

COINCIDENCE FACTOR 

The summer peak coincidence factor for this measure is assumed to be 0
619

. 

                                                                 

617
 Measure Life Study, prepared for the Massachusetts Joint Utilities, Energy & Resource Solutions, November 2005. 

618
 ComEd workpapers, 8—15-11.pdf 

619
 Assumed that the peak period is coincident with periods of high traffic diminishing the demand reduction potential of 

occupancy based controls. 
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Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

ΔkWh = WATTSbase / 1000 * HOURS * ESF 

Where: 

WATTSbase  = connected W of the controlled equipment; see table below for default values by 
connected equipment type: 

Equipment Type WATTSbase
620

 

Refrigerated Beverage Vending Machines 400 

Non-Refrigerated Snack Vending Machines 85 

Glass Front Refrigerated Coolers 460 

 

1000  = conversion factor (W/kW) 

HOURS  = operating hours of the connected equipment; assumed that the equipment operates 
24 hours per day, 365.25 days per year 

  = 8766 

ESF  = Energy Savings Factor; represents the percent reduction in annual kWh consumption 
of the equipment controlled; see table below for default values: 

Equipment Type Energy Savings Factor (ESF)
621

 

Refrigerated Beverage Vending Machines 46% 

Non-Refrigerated Snack Vending Machines 46% 

Glass Front Refrigerated Coolers 30% 

 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

N/A 

                                                                 

620
 USA Technologies Energy Management Product Sheets, July 2006; cited September 2009. <http:// 

http://www.usatech.com/energy_management/energy_productsheets.php> 
621 

Ibid. 

EXAMPLE 

For example, adding controls to a refrigerated beverage vending machine: 

 ΔkWh = WATTSbase / 1000 * HOURS * ESF 

 =400/1000* 8766* 0.46  

= 1613 kWh 
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NATURAL GAS ENERGY SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-RFG-BEVM-V02-150601 
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 Door Heater Controls for Cooler or Freezer  4.6.3

DESCRIPTION  

By installing a control device to turn off door heaters when there is little or no risk of condensation, one can realize 
significant energy savings. There are two commercially available control strategies that achieve “on-off” control of 
door heaters based on either (1) the relative humidity of the air in the store or (2) the “conductivity” of the door 
(which drops when condensation appears). In the first strategy, the system activates your door heaters when the 
relative humidity in your store rises above a specific setpoint, and turns them off when the relative humidity falls 
below that setpoint. In the second strategy, the sensor activates the door heaters when the door conductivity falls 
below a certain setpoint, and turns them off when the conductivity rises above that setpoint. 

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

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

DEFINITION OF EFFICIENT EQUIPMENT  

In order for this characterization to apply, the efficient equipment is assumed to be a door heater control on a 
commercial glass door cooler or refrigerator utilizing humidity or conductivity control. 

DEFINITION OF BASELINE EQUIPMENT  

In order for this characterization to apply, the baseline condition is assumed to be a commercial glass door cooler 
or refrigerator with a standard heated door with no controls installed. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life is assumed to be 12 years 
622

.  

DEEMED MEASURE COST  

The incremental capital cost for a humidity-based control is $300 per circuit regardless of the number of doors 
controlled. The incremental cost for conductivity-based controls is $200

623
. 

LOADSHAPE 

Loadshape C51 - Door Heater Control 

COINCIDENCE FACTOR
624 

The summer peak coincidence factor for this measure is assumed to be 0%
625

. 

 

                                                                 

622
 2008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Effective/Remaining Useful Life Values”, 

California Public Utilities Commission, December 16, 2008. 
623

 Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, February, 
19, 2010 
624

 Source partial list from DEER 2008 
625

 Based on the assumption that humidity levels will most likely be relatively high during the peak period, reducing the 
likelihood of demand savings from door heater controls. 
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Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

ΔkWH = kWbase * NUMdoors * ESF * BF * 8766 

Where: 

kWbase
626

 = connected load kW for typical reach-in refrigerator or freezer door and frame with a 
heater. 

  = If actual kWbase is unknown, assume 0.195 kW for freezers and 0.092 kW for coolers. 

NUMdoors  = number of reach-in refrigerator or freezer doors controlled by sensor 

= Actual installed 

ESF
627

 = Energy Savings Factor; represents the percentage of hours annually that the door 
heater is powered off due to the controls. 

= assume 55% for humidity-based controls, 70% for conductivity-based controls  

BF
628

  = Bonus Factor; represents the increased savings due to reduction in cooling load inside 
the cases, and the increase in cooling load in the building space to cool the additional 
heat generated by the door heaters. 

Definition 
Representative Evaporator 
Temperature Range, °F

629
 

Typical Uses BF 

Low -35 to 0 Freezers for times such as 
frozen pizza, ice cream, etc. 

1.36 

Medium 0 – 20 Coolers for items such as meat, 
milk, dairy, etc 

1.22 

High 20 – 45 Coolers for items such as floral, 
produce and meat preperation 
rooms 

1.15 

 

8766    = annual hours of operation 

 

                                                                 

626
 A review of TRM methodologies from Vermont, New York, Wisconsin, and Connecticut reveals several different sources for 

this factor. Connecticut requires site-specific information, whereas New York’s characterization does not explicitly identify the 
kWbase. Connecticut and Vermont provide values that are very consistent, and the simple average of these two values has 
been used for the purposes of this characterization. 
627

 A review of TRM methodologies from Vermont, New York, Wisconsin, and Connecticut reveals several different estimates of 
ESF. Vermont is the only TRM that provides savings estimates dependent on the control type. Additionally, these estimates are 
the most conservative of all TRMs reviewed. These values have been adopted for the purposes of this characterization. 
628

 Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, February, 
19, 2010 
629

 Energy Efficiency Supermarket Refrigeration, Wisconsin Electric Power Company, July 23, 1993 
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SUMMER COINCIDENT PEAK DEMAND SAVINGS  

N/A 

NATURAL GAS ENERGY SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION  

N/A   

DEEMED O&M COST ADJUSTMENT CALCULATION 

N/A 

MEASURE CODE: CI-RFG-DHCT-V01-120601 
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 Electronically Commutated Motors (ECM) for Walk-in and Reach-in Coolers / Freezers 4.6.4

DESCRIPTION  

This measure is applicable to the replacement of an existing standard-efficiency shaded-pole evaporator fan motor 
in refrigerated display cases or fan coil in walk-ins. 

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

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

DEFINITION OF EFFICIENT EQUIPMENT  

This measure applies to the replacement of an existing standard-efficiency shaded-pole evaporator fan motor in 
refrigerated display cases or fan coil in walk-ins. The replacement unit must be an electronically commutated 
motor (ECM). This measure cannot be used in conjunction with the evaporator fan controller measure 

DEFINITION OF BASELINE EQUIPMENT  

In order for this characterization to apply, the baseline equipment is assumed to be a shaded pole motor 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life is assumed to be 15 years
630

 

DEEMED MEASURE COST  

The measure cost is assumed to be $50 for a walk in cooler and walk in freezer. 
631

 

LOADSHAPE 

Loadshape C22 - Commercial Refrigeration 

COINCIDENCE FACTOR 

The measure has deemed peak kW savings therefore a coincidence factor does not apply. 

 

Algorithm 

CALCULATION OF SAVINGS 
632 

Savings values are obtained from the SCE workpaper for efficient evaporator fan motors, which covers all 16 
California climate zones. SCE savings values were determined using a set of assumed conditions for restaurants 
and grocery stores. We have used only PG&E climate zones in calculating our averages and have taken out the 
drier, warmer climates of southern California. SCE’s savings approach calculates refrigeration demand, by taking 
into consideration temperature, compressor efficiency, and various loads involved for both walk-in and reach-in 
refrigerators. Details on cooling load calculations, including refrigeration conditions, can be found in the SCE 
workpaper. The baseline for this measure assumes that the refrigeration unit has a shaded-pole motor. The 

                                                                 

630 
DEER 

631
 Act on Energy Commercial Technical Reference Manual No. 2010-4 

632 
“Efficient Evaporator Fan Motors (Shaded Pole to ECM),” Workpaper WPSCNRRN0011. Southern California Edison Company. 

2007. 
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following tables are values calculated within the SCE workpaper. 

Table 156 SCE Restaurant Savings Walk-In 

 

Restaurant   

SCE Workpaper Values  Cooler   Freezer 

Northern California 
Climate Zones  

kWh Savings Per 
Motor  

Peak kW Savings 
Per Motor  

kWh Savings Per 
Motor  

Peak kW Savings 
Per Motor  

1 318 0.0286 507 0.03 

2 253 0.033 263 0.037 

3 364 0.0315 649 0.034 

4 365 0.0313 652 0.034 

5 350 0.0305 605 0.033 

11 410 0.0351 780 0.04 

12 399 0.034 748 0.039 

13 407 0.0342 771 0.039 

16 354 0.0315 620 0.034 

Average  358 0.0322 622 0.036 

 

 Table 157: SCE Grocery Savings Walk-In 

 

Grocery   

SCE Workpaper Values  Cooler   Freezer 

Northern California 
Climate Zones  

kWh Savings Per 
Motor  

Peak kW Savings 
Per Motor  

kWh Savings Per 
Motor  

Peak kW Savings 
Per Motor  

1 318 0.0284 438 0.03 

2 252 0.0534 263 0.064 

3 364 0.0486 552 0.056 

4 365 0.048 553 0.055 

5 349 0.0452 516 0.051 

11 410 0.0601 656 0.074 

12 398 0.0566 631 0.069 

13 406 0.0574 649 0.07 

16 354 0.0486 528 0.056 

Average  357 0.0496 532 0.058 
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Table 158: SCE Grocery Savings Reach-In 

 

Grocery  

SCE Workpaper Values  Cooler  Freezer  

Northern California 
Climate Zones  

kWh Savings Per 
Motor  

Peak kW Savings 
Per Motor  

kWh Savings Per 
Motor  

Peak kW Savings 
Per Motor  

1 306 0.031 362 0.031 

2 269 0.033 273 0.035 

3 331 0.032 421 0.034 

4 332 0.032 422 0.034 

5 323 0.032 402 0.033 

11 357 0.034 476 0.037 

12 350 0.034 462 0.036 

13 355 0.034 472 0.037 

16 325 0.032 409 0.034 

Average  328 0.033 411 0.035 

 

Savings values in the following table are an average of walk-in cooler (80 percent) and freezer (20 percent) 
applications. The workpapers for the 2006-2008 program years include this distribution of coolers and freezers in 
their refrigeration measure savings analyses.  

ELECTRIC ENERGY SAVINGS 

The following table provides the kWh savings. 

Building type kWh Savings/motor  

Restaurant  411 

Grocery  392 

Average  401 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

The following table provides the kW savings 

Building Type Peak kW Savings/motor  

Restaurant  0.033 

Grocery  0.051 

Average  0.042 

NATURAL GAS ENERGY SAVINGS 

N/A 
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WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-RFG-ECMF-V01-120601 
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 ENERGY STAR Refrigerated Beverage Vending Machine 4.6.5

DESCRIPTION  

ENERGY STAR qualified new and rebuilt vending machines incorporate more efficient compressors, fan motors, 
and lighting systems as well as low power mode option that allows the machine to be placed in low-energy lighting 
and/or low-energy refrigeration states during times of inactivity. 

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

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

DEFINITION OF EFFICIENT EQUIPMENT  

The refrigerated vending machine can be new or rebuilt but must meet the ENERGY STAR specifications which 
include low power mode.  

DEFINITION OF BASELINE EQUIPMENT  

The baseline vending machine is a standard unit 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The deemed lifetime of this measure is 14 years
633

 

DEEMED MEASURE COST  

The incremental cost of this measure is $500
634

 

LOADSHAPE 

Loadshape C22 - Commercial Refrigeration 

COINCIDENCE FACTOR 

It is assumed that controls are only effective during off-peak hours and so have no peak-kW savings. 

 

Algorithm 

CALCULATION OF SAVINGS  

Beverage machine savings are taken from the ENERGY STAR savings calculator and summarized in the following 
table. ENERGY STAR provides savings numbers for machines with and without control software. The average 
savings are calculated here.  

ELECTRIC ENERGY SAVINGS  

ENERGY STAR Vending Machine Savings
635

 

                                                                 

633 
ENERGY STAR 

634
 ENERGY STAR 

635
 Savings from Vending Machine Calculator: 

http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=VMC 
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Vending 
Machine 

Capacity (cans)  

kWh Savings 
Per Machine 
w/o software  

kWh Savings 
Per Machine 
w/ software  

<500  1,099 1,659 

500 - 599 1,754 2,231 

600 - 699 1,242 1,751 

700 - 799 1,741 2,283 

800+  713 1,288 

Average  1,310 1,842 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

N/A 

NATURAL GAS ENERGY SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-RFG-ESVE-V02-150601 

 



Illinois Statewide Technical Reference Manual - 4.6.6 Evaporator Fan Control 

 

Page 448 of 801 

 Evaporator Fan Control 4.6.6

DESCRIPTION  

This measure is for the installation of controls in existing medium temperature walk-in coolers. The controller 
reduces airflow of the evaporator fans when there is no refrigerant flow.  

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

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

DEFINITION OF EFFICIENT EQUIPMENT  

The measure must control a minimum of 1/20 HP where fans operate continuously at full speed. The measure also 
must reduce fan motor power by at least 75% during the off cycle. This measure is not applicable if any of the 
following conditions apply: 

 The compressor runs all the time with high duty cycle 

 The evaporator fan does not run at full speed all the time 

 The evaporator fan motor runs on poly-phase power 

 Evaporator does not use off-cycle or time-off defrost. 

DEFINITION OF BASELINE EQUIPMENT  

In order for this characterization to apply, the baseline measure is assumed to be a cooler with continuously 
running evaporator fan.  An ECM can also be updated with controls. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life is assumed to be 16 years
636

 

DEEMED MEASURE COST  

The measure cost is assumed to be $291
637

 

LOADSHAPE 

Loadshape C46 - Evaporator Fan Control 

COINCIDENCE FACTOR 

The measure has deemed kW savings therefore a coincidence factor does not apply. 

 

Algorithm 

CALCULATION OF SAVINGS  

Savings for this measure were obtained from the DEER database. The baseline is assumed to be evaporator fans 
that run continuously with either a permanent split capacitor or shaded-pole motors. In the energy-efficient case 

                                                                 

636
 Source: DEER 

637
 Source: DEER 
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the fan is still assumed to operate even with the evaporator inactive.
638 

ELECTRIC ENERGY SAVINGS  

DEER provides savings numbers for building vintages and grocery only. The numbers are averages of these 
vintages. We are assuming that this measure will be applicable for all building types. The DEER savings vary by 
climate zone between 476 and 483 kWh/motor. Climate zone most closely remembling IL are 1, 3, and 16. The 
simple average of the savings in those zones is given below.

639
 

ΔkWh = Savings per motor * motors 

Where: 

Savings per motor  = 481 kWh 

motors   = number of fan motors controlled 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

Using the same source and methodology as for ΔkWh: 

 ΔkW = 0.060 kW 

NATURAL GAS ENERGY SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-RFG-EVPF-V02-140601 

 

                                                                 

638 
2005 Database for Energy Efficiency Resources (DEER) Update Study Final Report 

639
 See “Ca Climate Zone Translation.docx” and “CDD Base 80 zone comparison.xlsx” 
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 Strip Curtain for Walk-in Coolers and Freezers  4.6.7

DESCRIPTION  

This commercial measure pertains to the installation of infiltration barriers (strip curtains) on walk-in coolers or 
freezers.  Strip curtains impede heat transfer from adjacent warm and humid spaces into walk-ins when the main 
door is opened, thereby reducing the cooling load. As a result, compressor run time and energy consumption are 
reduced. The engineering assumption is that the walk-in door is open 72 minutes per day every day, and the strip 
curtain covers the entire door frame.   

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

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

DEFINITION OF EFFICIENT EQUIPMENT  

The efficient equipment is a polyethylene strip curtain added to a walk-in cooler or freezer 

DEFINITION OF BASELINE EQUIPMENT  

The baseline assumption is a walk-in cooler or freezer that previously had either no strip curtain installed or an old, 
ineffective strip curtain installed. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life is assumed to be 6 years
640

.  

DEEMED MEASURE COST  

The incremental capital cost for this measure is $286.16 
641

 

LOADSHAPE 

Loadshape C22 - Commercial Refrigeration 

COINCIDENCE FACTOR 

The summer peak coincidence factor for this measure is 100%
642

. 

                                                                 

640
 M. Goldberg, J. Ryan Barry, B. Dunn, M. Ackley, J. Robinson, and D. Deangelo-Woolsey, KEMA.  “Focus on Energy: Business 

Programs – Measure Life Study”, August 2009. 
641

 Assume average walk in door size is 3.5 feet wide and 8 feet tall or 28 square feet. The reference for incremental cost is 
$10.22 per square foot of door opening (includes material and labor). 2008 Database for Energy-Efficiency Resources (DEER), 
Version 2008.2.05, “Cost Values and Summary Documentation”, California Public Utilities Commission, December 16, 2008, 
Therefore incremental cost per door is $286.16 
642

 The summer coincident peak demand reduction is assumed as the total annual savings divided by the total number of hours 
per year, effectively assuming the average demand reduction is realized during the peak period. This is a reasonable 
assumption for refrigeration savings. 
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Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS
643

   

ΔkWh = 2,974 per freezer with curtains installed 

= 422 per  cooler with curtains installed 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

ΔkW  = ΔkWh  / 8766 * CF 

= 0.34 for freezers 

= 0.05 for coolers 

Where: 

8766 = hours per year 

CF = Summer Peak Coincidence Factor for the measure 

= 1.0   

NATURAL GAS ENERGY SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-RFG-CRTN-V03-150601 

                                                                 

643
 Values based on analysis prepared by ADM for FirstEnergy utilities in Pennsylvania, provided via personal communication 

with Diane Rapp of FirstEnergy on June 4, 2010. Based on a review of deemed savings assumptions and methodologies from 
Oregon and California, the values from Pennsylvania appear reasonable and are the most applicable. 
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 Refrigeration Economizers 4.6.8

DESCRIPTION 

This measure applies to commercial walk in refrigeration systems and includes two components, outside air 
economizers and evaporator fan controllers. Economizers save energy by bringing in outside air when weather 
conditions allow, rather than operating the compressor. Walk-in refrigeration systems evaporator fans run almost 
all the time; 24 hrs/day, 365 days/yr.  This is because they must run constantly to provide cooling when the 
compressor is running, and to provide air circulation when the compressor is not running.  However, evaporator 
fans are a very inefficient method of providing air circulation.  Installing an evaporator fan control system will turn 
off evaporator fans while the compressor is not running, and instead turn on an energy-efficient 35 watt fan to 
provide air circulation, resulting in significant energy savings. This measure allows for economizer systems with 
evaporator fan controls plus a circulation fan and without a circulation fan. 

DEFINITION OF EFFICIENT EQUIPMENT 

To qualify for this measure an economizer is installed on a walk in refrigeration system. 

DEFINITION OF BASELINE EQUIPMENT 

The baseline condition is a walk-in refrigeration system without an economizer  

DEEMED LIFETIME OF EFFICIENT EQUIPMENT 

The estimated life of this measure is 15 years
644

.  

DEEMED MEASURE COST  

The installation cost for an economizer is $2,558.
645

  

LOADSHAPE 

Loadshape C22 - Commercial Refrigeration 

COINCIDENCE FACTOR 

The summer peak coincidence factor for this measure is assumed to be 0%
646

. 

  

                                                                 

644
 Estimated life from Efficiency Vermont TRM 

645
 Based on average of costs from Freeaire, Natural Cool, and Cooltrol economizer systems. 

646
 Based on the assumption that humidity levels will most likely be relatively high during the peak period, reducing the 

likelihood of demand savings. 
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Algorithm 

CALCULATION OF ENERGY SAVINGS  

ELECTRIC ENERGY SAVINGS 

Electric energy savings is calculated based on whether evaporator fans run all 

With Fan Control Installed  

ΔkWh  = [HP * kWhCond] + [((kWEvap * nFans) – kWCirc) * Hours * DCComp * BF] – [kWEcon * DCEcon 
* Hours]  

Without Fan Control Installed  

ΔkWh  = [HP * kWhCond] – [kWEcon * DCEcon * Hours]  

 

Where:  

HP   = Horsepower of Compressor  

  = actual installed 

 

kWhCond  = Condensing unit savings, per hp. (value from savings table) 
647

 

 Hermetic / 
Semi-Hermetic 

Scroll Discus 

kWh/HP 1,256 1,108 1,051 

 

Hours   = Number of annual hours that economizer operates
 648

.  

Region (city) Hours 

1 (Rockford) 2,376 

2 (Chicago/O’Hare) 1,968 

3 (Springfield) 1,728 

4 (Belleview) 1,488 

5 (Marion) 1,224 

 

DCComp  = Duty cycle of the compressor  

= 50% 
649 

                                                                 

647
 Savings table uses Economizer Calc.xls. Assume 5HP compressor size used to develop kWh/Hp value. No floating head 

pressure controls and compressor is located outdoors 
648

 In the source TRM (VT) this value was 2,996 hrs based on 38° F cooler setpoint, Burlington VT weather data, and 5 degree 
economizer deadband. The IL numbers were calculated by using weather bin data for each location (number of hours < 38F at 
each location is the Hours value). 
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kWEvap   = Connected load kW of each evaporator fan,  

= If known, actual installed. Otherwise assume 0.123 kW
650

  

kWCirc   = Connected load kW of the circulating fan  

= If known, actual installed. Otherwise assume 0.035 kW
651

 

nFans   = Number of evaporator fans 

= actual number of evaporator fans  

DCEcon  = Duty cycle of the economizer fan on days that are cool enough for the economizer to 
be working  

= If known, actual installed. Otherwise assume 63%
652 

BF   = Bonus factor for reduced cooling load from running the evaporator fan less or (1.3)
653 

kWEcon   = Connected load kW of the economizer fan  

= If known, actual installed. Otherwise assume 0.227 kW.
654 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

 kW = kWh / Hours 

NATURAL GAS SAVINGS 

N/A 

                                                                                                                                                                                                               

649
 A 50% duty cycle is assumed based on examination of duty cycle assumptions from Richard Travers (35%-65%), Cooltrol 

(35%-65%), Natural Cool (70%), Pacific Gas & Electric (58%). Also, manufacturers typically size equipment with a built-in 67% 
duty factor and contractors typically add another 25% safety factor, which results in a 50% overall duty factor. (as referenced by 
the Efficiency Vermont, Technical Reference User  Manual) 
650

 Based on an a weighted average of 80% shaded pole motors at 132 watts and 20% PSC motors at 88 watts 
651

 Wattage of fan used by Freeaire and Cooltrol.  This fan is used to circulate air in the cooler when the evaporator fan is 
turned off.  As such, it is not used when fan control is not present 
652

 Average of two manufacturer estimates of 50% and 75%. 
653

 Bonus factor (1+ 1/3.5) assumes COP of 3.5, based on the average of standard reciprocating and discus compressor 
efficiencies with a Saturated Suction Temperature of 20°F and a condensing temperature of 90°F 
654

 The 227 watts for an economizer is calculated from the average of three manufacturers: Freeaire (186 Watts), Cooltrol (285 
Watts), and Natural Cool (218 Watts). 

EXAMPLE 

For example, adding an outdoor air economizer and fan controls in Rockford to a 5 hp walk in refrigeration 
unit with 3 evaporator fans would save: 

ΔkWh = [HP * kWhCond] + [((kWEvap * nFans) – kWCirc) * Hours * DCComp * BF] – [kWEcon * DCEcon * 
Hours] 

= [5 * 1256] + [((0.123 * 3) – 0.035) * 2376 *0.5 * 1.3] – [0.227 * 0.63 * 2376] 

= 6456 kWh 
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WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION 

N/A 

MEASURE CODE: CI-RFG-ECON-V05-150601
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 Night Covers for Open Refrigerated Display Cases 4.6.9

DESCRIPTION 

This measure is the installation of fitted covers on existing open-type refrigerated and freezer display cases that 
are deployed during the facility unoccupied hours. Night covers are designed to reduce refrigeration energy 
consumption by reducing the work done by the compressor. Night covers reduce the heat and moisture entry into 
the refrigerated space through various heat transfer mechanisms. By fully or partially covering the case opening, 
night covers reduce the convective heat transfer into the case through reduced air infiltration. Additionally, they 
provide a measure of insulation, reducing conduction into the case, and also decrease radiation into the case by 
blocking radiated heat from entering the refrigerated space. 

DEFINITION OF EFFICIENT EQUIPMENT 

Curtains or covers on top of open refrigerated or freezer display cases that are applied at least six hours (during 
off-hours) in a 24-hour period.  

DEFINITION OF BASELINE EQUIPMENT 

Refrigerated and freezer, open-type display case in vertical, semi-vertical, and horizontal displays, with no night 
cover. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT 

The measure life is 5 years, based on DEER 2014.
655

 

DEEMED MEASURE COST  

The incremental capital cost for this measure is $42 per linear foot of cover installed including material and 
labor.

656
 

LOADSHAPE 

Loadshape 22: Commercial Refrigeration 

COINCIDENCE FACTOR 

N/A – savings occur at night only.  

  

                                                                 

655
 2014 Database for Energy-Efficiency Resources (DEER), Version 2014, “Cost Values and Summary Documentation”, California 

Public Utilities Commission, January, 2014. 
656

 2014 Database for Energy-Efficiency Resources (DEER), Version 2014, “Cost Values and Summary Documentation”, California 
Public Utilities Commission, January, 2014. 
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Algorithm  

CALCULATION OF ENERGY SAVINGS  

ELECTRIC ENERGY SAVINGS 

∆kWh  = ES * L 

Where:   

ES   = the energy savings (∆kWh/ft) found in table below: 

Display Case Description 
Case 

Temperature 
Range (°F) 

Annual 
Electricity Use 

kWh/ft
657

 

ES 

∆kWh/ft  reduction 

(= 9% reduction of 
electricity use

658,659
) 

Vertical Open, Remote Condensing, 
Medium Temperature 

35°F to 55°F 1453 131 

Vertical Open, Remote Condensing, 
Low Temperature 

0°F to 30°F 3292 296 

Vertical Open, Self-Contained Medium 
Temperature 

35°F to 55°F 2800 252 

Horizontal Open, Remote Condensing, 
Medium Temperature 

35°F to 55°F 439 40 

Horizontal Open, Remote Condensing, 
Low Temperature 

0°F to 30°F 1007 91 

Horizontal Open, Self-Contained, 
Medium Temperature 

35°F to 55°F 1350 121 

Horizontal Open, Self-Contained, Low 
Temperature 

0°F to 30°F 2749 247 

 

 L  = the length of the refrigerated case in linear feet 

                                                                 

657
 Energy Conservation Standards for Commercial Refrigeration Equipment: Technical Support Document, U.S. Department of 

Energy, September 2013. The information required to estimate annual energy savings for refrigerated display cases is taken 
from the 2013-2014 U.S. Department of Energy (DOE) energy conservation standard rulemaking for Commercial Refrigerated 
Equipment. During the rulemaking process, DOE estimates the energy savings specific to night covers through extensive 
simulation and energy models that are validated by both manufacturers of night covers and refrigerated cases. The information 
is also referenced from a study done by Southern California Edison and testing by Technischer Uberwachungs-Verein Rheinland, 
which are used by DOE for the rulemaking process. 
658

 Southern California Edison Refrigeration Technology and Test Center. Effects of the Low Emissivity Shields on Performance 
and Power Use of a Refrigerated Display Case. 1997. Southern California Edison, Rancho Cucamonga, CA. 
659

 Technischer Uberwachungs-Verein Rheinland E.V. Laboratory test results for energy savings on refrigerated dairy case, 
conducted for Econofrost. 
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   = Actual 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

Peak savings are null because savings occur at night only. 

NATURAL GAS SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION 

N/A 

 MEASURE CODE: CI-RFG-NCOV-V01-150601 
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4.7 Miscellaneous End Use 

 VSD Air Compressor 4.7.1

DESCRIPTION  

This measure relates to the installation of an air compressor with a variable frequency drive, load/no load controls 
or variable displacement control.  The baseline compressors defined choke off the inlet air to modulate the 
compressor output, which is not efficient. Efficient compressors use a variable speed drive on the motor to match 
output to the load. Savings are calculated using representative baseline and efficient demand numbers for 
compressor capacities according to the facility’s load shape, and the number of hours the compressor runs at that 
capacity. Demand curves are as per DOE data for a Variable Speed compressor versus a Modulating compressor. 
This measure applies only to an individual compressor ≤ 40 hp 

This measure was developed to be applicable to the following program types: TOS.   

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

DEFINITION OF EFFICIENT EQUIPMENT  

The high efficiency equipment is a compressor ≤ 40 hp with variable speed control. 

DEFINITION OF BASELINE EQUIPMENT  

The baseline equipment is a modulating compressor with blow down ≤ 40 hp  

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

10 years. 

DEEMED MEASURE COST  

IncrementalCost ($) = (127 x hpcompressor) + 1446 

Where: 

127 and 1446
660

 = compressor motor nominal hp to incremental cost conversion factor and offset 

hpcompressor = compressor motor nominal 

DEEMED O&M COST ADJUSTMENTS  

N/A 

LOADSHAPE 

Loadshape C35 - Industrial Process 

COINCIDENCE FACTOR 

The coincidence factor equals 0.95 

                                                                 

660
 Conversion factor and offset based on a linear regression analysis of the relationship between air compressor motor nominal 

horsepower and incremental cost.  Several Vermont vendors were surveyed to determine the cost of equipment.  See 
“Compressed Air Analysis.xls” and “Compiled Data ReQuest Results.xls” for incremental cost details. 
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Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

kWh = 0.9 x hpcompressor x HOURS x (CFb – CFe) 

Where: 

kWh  = gross customer annual kWh savings for the measure 

hpcompressor = compressor motor nominal hp 

0.9
661

  = compressor motor nominal hp to full load kW conversion factor 

HOURS  = compressor total hours of operation below depending on shift 

Shift Hours 

Single shift 
(8/5) 

1976 hours 

7 AM – 3 PM, weekdays, minus some holidays 
and scheduled down time 

2-shift (16/5) 

3952 hours 

7AM – 11 PM, weekdays, minus some holidays 
and scheduled down time 

3-shift (24/5) 

5928 hours 

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

4-shift (24/7) 

8320 hours 

24 hours per day, 7 days a week minus some 
holidays and scheduled down time 

 

CFb  = baseline compressor factor
662

 

=0.890 

CFe  = efficient compressor 
663

 

=0.705 

                                                                 

661
 Conversion factor based on a linear regression analysis of the relationship between air compressor motor nominal 

horsepower and full load kW from power measurements of 72 compressors at 50 facilities on Long Island.  See "BHP Weighted 
Compressed Air Load Profiles v2.xls". 
662

 Compressor factors were developed using DOE part load data for different compressor control types as well as load profiles 
from 50 facilities employing air compressors less than or equal to 40 hp.  “See “BHP Weighted Compressed Air Load Profiles.xls” 
for source data and calculations (The “variable speed drive” compressor factor has been adjusted up from the 0.675 presented 
in the analysis to 0.705 to account for the additional power draw of the VSD). 
663

 Ibid. 
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SUMMER COINCIDENT PEAK DEMAND SAVINGS  

kW   = kWh / HOURS * CF 

 

NATURAL GAS ENERGY SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-MSC-VSDA-V01-120601 

EXAMPLE 

For example a VFD compressor with 10 HP operating in a 1 shift facility would save 

kWh   = 0.9 x 10 x 1976 x (0.890 – 0.705) 

= 3290 kWh 

 

EXAMPLE 

For example a VFD compressor with 10 HP operating in a 1 shift facility would save 

kW   = 3290/1976*.95 

= 1.58 kW 
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 Compressed Air Low Pressure Drop Filters 4.7.2

DESCRIPTION  

Low pressure drop filters remove solids and aerosols from compressed air systems with a longer life and lower 
pressure drop than standard coalescing filters, resulting in better efficiencies.  

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

DEFINITION OF EFFICIENT EQUIPMENT  

The efficient condition is a low pressure drop filter with pressure drop not exceeding 1 psid when new and 3 psid 
at element change.  

DEFINITION OF BASELINE EQUIPMENT  

The baseline condition is a standard coalescing filter with a pressure drop of 3 psid when new and 5 or more at 
element change 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

5 years  

DEEMED MEASURE COST  

The incremental cost for this measure is estimated to be $1000 Incremental cost per filter
664

 

LOADSHAPE 

Loadshape C35 - Industrial Process 

COINCIDENCE FACTOR 

The coincidence factor equals 0.95 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

∆kWh  = (kWtypical  x ∆P x SF  x Hours / HPtypical) x HPreal  

Where: 

kWtypical  = Adjusted compressor power (kW) based on typical compressor loading and operating 
profile. Use Use actual compressor control type if known: 

                                                                 

664
 Incremental cost research found in LPDF Costs. xlsx  
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Compressor kWtypical  

 Control Type kWtypical 
665 

Reciprocating - On/off Control 70.2 

Reciprocating - Load/Unload 74.8 

Screw - Load/Unload 82.3 

Screw - Inlet Modulation 82.5 

Screw - Inlet Modulation w/ Unloading 82.5 

Screw - Variable Displacement 73.2 

Screw - VFD 70.8 

 

= If the actual compressor control type is not known, then use a weighted average 
based on the following market assumptions: 

Control Type Share % kWtypical
666 

Market share estimation for 
load/unload control compressors 

40% 74.8 

Market share estimation for 
modulation w/unloading control 
compressors 

40% 82.5 

Market share estimation for variable 
displacement control compressors 

20% 73.2 

Weighted Average 77.6 

 

∆P   = Reduced filter loss (psi)  

=2 psi
667 

 

SF  =1% reduction in power per 2 psi reduction in system pressure is equal to 0.5% 
reduction per 1 psi, or a Savings Factor of 0.005

668
 

Hours  = depending on shifts 

Single shift (8/5) – 1976 hours (7 AM – 3 PM, weekdays, minus some holidays and scheduled 
down time) + 500 hrs maintenance = 2476 hrs 

2-shift (16/5) – 3952 hours (7AM – 11 PM, weekdays, minus some holidays and scheduled down 
time) + 500 hrs maintenance = 4452 hrs 

                                                                 

665
 See “Industrial System Standard Deemed Saving Analysis.xls” 

666
 See “Industrial System Standard Deemed Saving Analysis.xls” 

667
 Assumed pressure will be reduced from a roughly 3 psi pressure drop through a filter to less than 1 psi, for a 2 psi savings 

668
 “Optimizing pneumatic systems for extra savings,” 10, 2010, http://www.compressedairchallenge.org/library/articles/2010-

10-CABP.pdf 
 

http://www.compressedairchallenge.org/library/articles/2010-10-CABP.pdf
http://www.compressedairchallenge.org/library/articles/2010-10-CABP.pdf
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3-shift (24/5) – 5928 hours (24 hours per day, weekdays, minus some holidays and scheduled 
down time) + 500 hrs maintenance = 6428 hrs 

4-shift (24/7) – 8320 hours (24 hours per day, 7 days a week minus some holidays and scheduled 
down time) 

HPtypical   = Nominal HP for typical compressor = 100 hp
669 

HPreal  = Total HP of real compressors distibuting air through filter. This should include the total 
horsepower of the compressors that normally run through the filter, but not backup 
compressors 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

kW = kWh / HOURS * CF 

 

NATURAL GAS ENERGY SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-MSC-CALPDF-V01-140601 

                                                                 

669
 Industrial System Standard Deemed Saving Analysis.xls 
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 Compressed Air No-Loss Condensate Drains 4.7.3

DESCRIPTION  

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

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

DEFINITION OF EFFICIENT EQUIPMENT  

The efficient condition is installation of no-loss condensate drains. 

DEFINITION OF BASELINE EQUIPMENT  

The baseline condition is installation of standard condensate drains (open valve, timer, or both) 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

10 years  

DEEMED MEASURE COST  

$700 per drain 
670

 

LOADSHAPE 

Loadshape C35 - Industrial Process 

COINCIDENCE FACTOR 

The coincidence factor equals 0.95 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

∆kWh  = CFMreduced x kWCFM x Hours  

Where:  

CFMreduced  = Reduced air consumption (CFM) per drain  

= 3 CFM
671

 

kWCFM = System power reduction per reduced air demand (kw/CFM) depending on the type of 

                                                                 

670
 Based on empirical project data from ComEd Comprehensive Compressed Air Study program and VEIC review of pricing data 

found in CAS Cost Data.xls  
671

 Reduced CFM consumption is based on an a timer drain opening for 10 seconds every 300 seconds as the baseline. See 
“Industrial System Standard Deemed Saving Analysis.xls” 
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compressor control: 

System Power Reduction per Reduced Air Demand
672 

Control Type kW / CFM 

Reciprocating - On/off Control 0.184 

Reciprocating - Load/Unload 0.136 

Screw - Load/Unload 0.152 

Screw - Inlet Modulation 0.055 

Screw - Inlet Modulation w/ Unloading 0.055 

Screw - Variable Displacement 0.153 

Screw - VFD 0.178 

 

Or if compressor control type is unknow, then a weighted average based on market share can be used: 

Control Type Share % kW / CFM 

Market share estimation for load/unload control 
compressors 

40% 0.136 

Market share estimation for modulation 
w/unloading control compressors 

40% 0.055 

Market share estimation for variable 
displacement control compressors 

20% 0.153 

Weighted Average 0.107 

 

Hours   = Compressed air system pressurized hours  

=6136 hours
673

 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

kW   = kWh / HOURS * CF 

NATURAL GAS ENERGY SAVINGS 

N/A 

                                                                 

672
 Calculated based on the type of compressor control. This assumes the compressor will be between 40% and 100% capacity 

before and after the changes to the system demand. See “Industrial System Standard Deemed Saving Analysis.xls” 
673

 US DOE, Evaluation of the Compressed Air Challenge® Training Program, Page 19 
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WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-MSC-CANLCD-V01-140601
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 Pump Optimization  4.7.4

DESCRIPTION  

Pump improvements can be done to optimize the design and control of centrifugal water pumping systems, 
including water solutions with freeze protection up to 15% concentration by volume.  Other fluid and gas pumps 
cannot use this measure calculation.  The measurement of energy and demand savings for commercial and 
industrial applications will vary with the type of pumping technology, operating hours, efficiency, and existing and 
proposed controls.  Depending on the specific application slowing the pump, trimming or replacing the impeller 
may be suitable options for improving pumping efficiency. Pumps up to 40 HP are allowed to use this energy 
savings calculation. Larger motors should use a custom calculation (which may result in larger savings that this 
measure would claim). 

DEFINITION OF EFFICIENT EQUIPMENT  

In order for this characterization to apply, the efficient equipment is proven to be an optimized centrifugal 
pumping system meeting the applicable program efficiency requirements: 

 Pump balancing valves no more than 15% throttled  

 Balancing valves on at least one load 100% open. 
 

DEFINITION OF BASELINE EQUIPMENT  

In order for this characterization to apply, the baseline equipment is assumed to be the existing pumping system 
including existing controls and sequence of operations. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life is assumed to be 10 years
674 

DEEMED MEASURE COST  

The incremental capital cost for this measure can vary considerably depending upon the strategy employed to 
achieve the required efficiency levels and should be determined on a site-specific basis.

 

DEEMED O&M COST ADJUSTMENTS  

N/A 

COINCIDENCE FACTOR  

The summer peak coincidence factor for this measure is assumed to be 38%
675 

 

                                                                 

674
 Martin, N. et al., Emerging Energy-Efficient Industrial Technologies: New York State Edition, American Council for an Energy 

Efficient Economy (ACEEE), March 2001 (as stated in the OH State TRM, page 269) 
675

 Summer Peak Coincidence Factor has been preserved from the “Technical Reference Manual” (TRM) for Ohio Senate Bill 221 
Energy Efficiency and Conservation Program and 09-512-GE-UNC,” October 15, 2009. This is likely a conservative estimate, but 
is recommended for further study (as stated in the OH State TRM, page 269) 
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Algorithm 

 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS 

 

ΔkWh  = (HPmotor * 0.746 * LF / ηmotor) * HOURS * ESF 

Where: 

 HPmotor  = Installed nameplate motor horsepower 

 = Actual 

0.746   = Conversion factor from horse-power to kW (kW/hp) 

LF / ηmotor = Combined as a single factor since efficiency is a function of load 

= 0.65 
676

  

Where: 

LF  = Load Factor; Ratio of the peak running load to the nameplate rating 
of the motor 

ηmotor  = Motor efficiency at pump operating conditions  

HOURS   = Annual operating hours of the pump 

 = Actual 

ESF  = Energy Savings Factor; assume a value of 15%
677

. 

 

 

  

                                                                 

676
 “Measured Loading of Energy Efficient Motors - the Missing Link in Engineering Estimates of Savings,” ACEEE 1994 Summer 

Study Conference, Asilomar, CA.   
677

 Published estimates of typical pumping efficiency improvements range from 5 to 40%.  For analysis purposes, assume 15%.  
 United States Industrial Electric Motor Systems Market Opportunities Assessment December 2002, Table E-7, Page 18,  
https://www1.eere.energy.gov/manufacturing/tech_assistance/pdfs/mtrmkt.pdf  

https://www1.eere.energy.gov/manufacturing/tech_assistance/pdfs/mtrmkt.pdf
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SUMMER COINCIDENT PEAK DEMAND SAVINGS  

  ΔkW  = (HPmotor * 0.746 *( LF / ηmotor)) * (ESF) * CF  

Where: 

CF  = Summer Coincident Peak Factor for measure 

= 0.38
678 

NATURAL GAS ENERGY SAVINGS 

N/A 

 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: CI-MSC-PMPO-V01-150601 

 

                                                                 

678
 Summer Peak Coincidence Factor has been preserved from the “Technical Reference Manual” (TRM) for Ohio Senate Bill 221 

Energy Efficiency and Conservation Program and 09-512-GE-UNC,” October 15, 2009. This is likely a conservative estimate, but 
is recommended for further study (as stated in the OH State TRM, page 269) 
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 Efficient Compressed Air Nozzles 4.7.5

DESCRIPTION 

This measure is for the replacement of standard air nozzle with high-efficiency air nozzle used in a compressed air 
system. High-efficiency air nozzles reduce the amount of air required to blow off parts or for drying. These nozzles 
utilize the Coandă effect to pull in free air to accomplish tasks with significantly less compressed air. High-efficiency 
nozzles often replace simple copper tubes. These nozzles have the added benefits of noise reduction and improved 
safety in systems with greater than 30 psig. 

DEFINITION OF EFFICIENT EQUIPMENT 

The high-efficiency air nozzle must meet the following specifications: 

1. High-efficiency air nozzle must replace continuous open blow-offs 
2. High-efficiency air nozzle must meet SCFM rating at 80psig less than or equal to: 1/8” 11 SCFM, 

1/4" 29 SCFM, 5/16” 56 SCFM, 1/2" 140 SCFM. 
3. Manufacturer’s specification sheet of the high-efficiency air nozzle must be provided along with 

the make and model 

DEFINITION OF BASELINE EQUIPMENT 

The baseline condition is a standArd air nozzle  

DEEMED LIFETIME OF EFFICIENT EQUIPMENT 

The measure life is 15 years
679

  

DEEMED MEASURE COST  

The estimated incremental measure costs are presented in the following table
680

 

Nozzle Diameter 1/8” 1/4" 5/16” 1/2" 

Average IMC $42 $57 $87 $121 

 

LOADSHAPE 

Loadshape C35 - Industrial Process  

COINCIDENCE FACTOR 

The coincidence factor equals 0.95 

 

                                                                 

679
 PA Consulting Group (2009). Business Programs: Measure Life Study. Prepared for State of Wisconsin Public Service 

Commission. 
680

 Costs are from EXAIR’s website and are an average of nozzles that meet the flow requirements. Models include Atto Super, 
Pico Super, Nano Super, Micro Super, Mini Super, Super and Large Super nozzles. www.exair.com. Accessed March 20, 2014 
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Algorithm  

CALCULATION OF ENERGY SAVINGS  

ELECTRIC ENERGY SAVINGS 

ΔkWh = (SCFM * SCFM%Reduced) * kW/CFM * %USE * HOURS 

Where: 

SCFM  = Air flow through standard nozzle. Use actual rated flow at 80 psi if known. If unknown, 
the table below includes the CFM by orifice diameter

681, 682
. 

Orifice Diameter SCFM 

1/8” 21 

1/4” 58 

5/16” 113 

1/2" 280 

 

SCFM%Reduced  = Percent in reduction of air loss per nozzle. Estimated at 50%
683

 

kW/CFM  = System power reduction per air demand (kW/CFM) depending on the type of air 
compressor found in table below

684
 

Air Compressor Type ΔkW/CFM 

Reciprocating – On/off Control 0.18 

Reciprocating – Load/Unload 0.14 

Screw – Load/Unload 0.15 

Screw – Inlet Modulation 0.06 

Screw – Inlet Modulation w/ Unloading 0.06 

Screw – Variable Displacement 0.15 

Screw - VFD 0.18 

 

%USE                    = percent of the compressor total operating hours that the nozzle is in use 

                                                                 

681
 Review of manufacturer’s information 

682
 Technical Reference Manual (TRM) for Ohio Senate Bill 221”Energy Efficiency and Conservation Program” and 09-512-GE-

UNC, October 15, 
2009. Pgs 170-171 
683

 Conservative estimate based on average values provided by the Compressed Air Challenge Training Program, Machinery’s 
Handbook 25th 
Edition, and manufacturers’ catalog. 
684

 Calculated based on the type of compressor control. This assumes the compressor will be between 40% and 100% capacity 
before and after the changes to the system demand. See “Industrial System Standard Deemed Saving Analysis.xls” 
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                              = Custom, if unknown assume 5%
685

  

Hours  = Compressed air system pressurized hours.  

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

Shift Hours 

Single Shift 1976 

Two Shifts 3952 

Three Shifts 5928 

Four Shifts or Continual Operation 8320 

Unknown / Weighted average
686

 5702 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

ΔkW = ΔkWh/HOURS * CF 

Where: 

 ΔkWh  = As calculated above 

 CF  = 0.95 

NATURAL GAS SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION 

N/A 

MEASURE CODE: CI-MSC-CNOZ-V01-150601

                                                                 

685
 Assumes 50% handheld air guns and 50% stationary air nozzles. Manual air guns tend to be used less than stationary air 

nozzles, and a conservative estimate of 1 second of blow-off per minute of compressor run time is assumed. Stationary air 
nozzles are commonly more wasteful as they are often mounted on machine tools and can be manually operated resulting in 
the possibility of a long term open blow situation. An assumption of 5 seconds of blow-off per minute of compressor run time is 
used. 
686

 Weighting of 16% single shift, 23% two shift, 25% three shift and 36% continual based on DOE evaluation of the Compressed 
Air Challenge, section 2.1.5 Facility Operating Schedules 
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 Roof Insulation for C&I Facilities 4.7.6

DESCRIPTION 

Energy and demand saving are realized through reductions in the building cooling and heating loads. This measure 
was developed to be applicable to the following program types:  RF and NC.   

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

DEFINITION OF EFFICIENT EQUIPMENT 

The efficient condition is above code and should be determined by the program. An example definition could be 
ASHRAE 90.1 – 2013 (see tables below): 

  

  

  

IL TRM Zones 1, 2, & 3 [ASHRAE/IECC Climate Zone 5 (A, B, C)] 

Nonresidential Semiheated 

Assembly 
Maximum 

Insulation 

Min. R-Value 

Assembly 
Maximum 

Insulation Min. 
R-Value 

Insulation 
Entirely Above 
Deck 

0.032 R-30.0 c.i. 0.063 R-15 c.i. 

Metal Building 
(Roof) 

0.037 
R-19 + R-11 Ls or 

R-25 + R-8 Ls 
0.082 R-19 

Attic and Other 0.021 R-49 0.034 R-30 

 

  

  

  

IL TRM Zones 4 & 5 [ASHRAE/IECC Climate Zone 4 (A, B, C)]  

 

 

Table Notes 

c.i. = continuous insulation  

 

Ls = linear system, a 
continuous vapor barrier liner 
installed below the purlins and 

uninterrupted by framing 
members 

Nonresidential Semiheated 

Assembly 
Maximum 

Insulation 

Min. R-Value 

Assembly 
Maximum 

Insulation Min. 
R-Value 

Insulation 
Entirely 
Above Deck 

0.032 R-30.0 c.i. 0.093 R-10 c.i. 

Metal 
Building 
(Roof) 

0.037 
R-19 + R-11 Ls or 

R-25 + R-8 Ls 
0.082 R-19 

Attic and 
Other 

0.021 R-49 0.034 R-30 

 

DEFINITION OF BASELINE EQUIPMENT 

The retrofit baseline condition is adopted from Ohio Energy Technical Reference Manual and expanded to cover all 
type of commercial buildings in the state of Illinois as follows. 

For retrofits, the R-value for the entire assembly: 
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Building Type 
Retrofit Assembly 

R-Value 

Assembly 13.5 

Assisted Living 13.5 

College 13.5 

Convenience Store 13.5 

Elementary School 13.5 

Garage 13.5 

Grocery 13.5 

Healthcare Clinic 13.5 

High School 13.5 

Hospital 13.5 

Hotel/Motel 13.5 

Manufacturing Facility 12  

MF - High Rise 13.5 

MF - Mid Rise 13.5 

Movie Theater 13.5 

Office - High Rise 13.5 

Office - Low Rise 13.5 

Office - Mid Rise 13.5 

Religious Building 13.5 

Restaurant 13.5 

Retail - Department Store 13.5 

Retail - Strip Mall 13.5 

Warehouse 12 

Unknown 13.5 
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For new construction use IECC 2012 or ASHRAE – 90.1 – 2010 (listed below) 

  IL TRM Zones 1, 2, & 3 [ASHRAE/IECC Climate Zone 5 (A, B, C)] 

  Nonresidential Semiheated 

  
Assembly 
Maximum 

Assembly 
Maximum 

Assembly 
Maximum 

Assembly 
Maximum 

Insulation 
Entirely 
Above Deck 

0.048 R-20 c.i. U-0.119 R-7.6 c.i. 

Metal 
Building 
(Roof) 

0.055 R-13.0 + R-13.0 U-0.083 R-13.0 

Attic and 
Other 

0.027 R-38.0 U-0.053 R-19.0 

 

  IL TRM Zones 4 & 5 [ASHRAE/IECC Climate Zone 4 (A, B, C)]  

Table Notes 

c.i. = continuous insulation  

 

Ls = linear system, a 
continuous vapor barrier liner 
installed below the purlins and 

uninterrupted by framing 
members 

  Nonresidential Semiheated 

  
Assembly 
Maximum 

Insulation Min. 
R-Value 

Assembly 
Maximum 

Insulation 
Min. R-Value 

Insulation 
Entirely Above 
Deck 

0.048 R-20.0 c.i. 0.173 R-5.0 c.i. 

Metal Building 
(Roof) 

0.055 R-13.0 + R-13.0 0.097 R-10.0 

Attic and Other 0.027 R-38.0 0.053 R-19.0 

 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT 

The measure expected useful life (EUL) is assumed to be 20 years per DEER 2008. This is consistent with SDG&E’s 
9th Year Measure Retrofit Study (1996 & 1997 Residential Weatherization Programs), CPUC’s Energy Efficiency 
Policy Manual v.2, and GDS’s Measure Life Report Residential and Commercial/Industrial Lighting and HVAC 
Measures (June 2007). 

DEEMED MEASURE COST  

Per the 2008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Cost Values and Summary 
Documentation”, the material cost for R-30 insulation is $0.75 per square foot. The installation cost is $0.61 per 
square foot. The total measure cost, therefore, is $1.36 per square foot of insulation installed.  However, the actual 
cost should be used when available.  

LOADSHAPE 

Loadshape C03: Commercial Cooling 
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COINCIDENCE FACTOR 

CFSSP   = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour) 

= 91.3% 
687

 

CFPJM  = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period) 

= 47.8%
 688 

 

Algorithm  

CALCULATION OF ENERGY SAVINGS  

ELECTRIC ENERGY SAVINGS 

Electric energy savings is calculated as the sum of energy saved when cooling the building and energy saved when 
heating the building 

∆kWh = ∆kWh_cooling + ∆kWh_heating 

If central cooling, the electric energy saved in annual cooling due to the added insulation is  

∆kWh_cooling = ((1/R_existing) - (1/R_new)) * Area * EFLHcooling * ΔTAVG,cooling / 1,000 / η_cooling 
     

Where: 

R_existing = Roof heat loss coefficient with existing insulation [(hr-⁰F-ft
2
)/Btu] 

R_new  = Roof heat loss coefficienty with new insulation [(hr-⁰F-ft
2
)/Btu] 

Area   = Area of the roof surface in square feet.  Assume 1000 sq ft for planning. 

EFLHcooling = Equivalent Full Load Hours for Cooling [hr] are provided in Section 4.4, HVAC end use 

ΔTAVG,cooling = Average temperature difference [⁰F] during cooling season between outdoor air 
temperature and assumed 75⁰F  indoor air temperature 

                                                                 

687
 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the 

utility’s peak hour is divided by the maximum AC load during the year. 
688

 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load 
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year 
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Climate Zone 

(City based upon) 

OAAVG,cooling 
[°F]

689
 

ΔTAVG,cooling [°F] 

1 (Rockford)  81 6 

2 (Chicago)  81 6 

3 (Springfield)  81 6 

4 (Belleville)  82 7 

5 (Marion)  82 7 

 

1,000  = Conversion from Btu to kBtu 

η_cooling = Seasonal energy efficiency ratio (SEER) of cooling system (kBtu/kWh).  Use actual if 
possible, if unknown and for planning purposes assume the following: 

Year Equipment was Installed  SEER estimate 

Before 2006 10 

After 2006 13 

 

If the building is heated with electric heat (resistance or heat pump), the electric energy saved in annual heating 
due to the added insulation is 

∆kWh_heating = [(1/R_existing) - (1/R_new)] * Area * EFLHheating * ΔTAVG,heating / 3,412 / η_heating  

Where: 

EFLHheating = Equivalent Full Load Hours for Heating [hr] are provided in Section 4.4, HVAC end 
use 

ΔTAVG,heating = Average temperature difference [⁰F] during heating season between outdoor air 
temperature and assumed 55⁰F  heating base temperature 

Climate Zone 

(City based upon) 
OAAVG,heating 

[°F]
690

 
ΔTAVG,heating 

[°F] 

1 (Rockford)  32 23 

2 (Chicago)  34 21 

3 (Springfield)  35 20 

                                                                 

689
 National Solar Radiation Data Base -- 1991- 2005 Update: Typical Meteorological Year 3 

http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/by_state_and_city.html  
690

 National Solar Radiation Data Base -- 1991- 2005 Update: Typical Meteorological Year 3 
http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/by_state_and_city.html  

http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/by_state_and_city.html
http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/by_state_and_city.html
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Climate Zone 

(City based upon) 
OAAVG,heating 

[°F]
690

 
ΔTAVG,heating 

[°F] 

4 (Belleville)  36 19 

5 (Marion)  39 16 

 

3,142 = Conversion from Btu to kWh. 

η_heating = Efficiency of heating system.  Use actual efficiency.  If not available refer to default 
table below. 

System Type 
Age of 

Equipment 
HSPF 

Estimate 
ηHeat (Effective COP Estimate) 

(HSPF/3.413)*0.85 

Heat Pump  
Before 2006  6.8 1.7 

After 2006 7.7 1.92 

Resistance  N/A  N/A 1 

 

If the building is heated with a gas furnace, there will be some electric savings in heating the building attributed to 
extra insulation since the furnace fans will run less.  

∆kWh_heating = ∆Therms * Fe * 29.3 

Where: 

 ∆Therms  = Gas savings calculated with equation below. 

 Fe  = Percentage of heating energy consumed by fans, assume 3.14% 

 29.3  = Conversion from therms to kWh 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

∆kW = (∆kWh_cooling / EFLH_cooling) * CF   

Where: 

EFLHcooling = Equivalent full load hours of air conditioning are provided in Section 4.4, HVAC end use 

CFSSP   = Summer System Peak Coincidence Factor for Commercial cooling (during system peak 
hour) 
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= 91.3% 
691

 

CFPJM  = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak 
period) 

= 47.8%
 692

 

NATURAL GAS SAVINGS 

If building uses a gas furnace, the savings resulting from the insulation is calculated with the following formula. 

∆Therms = ((1/R_existing) - (1/R_new)) * Area * EFLHheating * ΔTAVG,heating / 100,000 / η_heat 

Where: 

R_existing = Roof heat loss coefficient with existing insulation [(hr-⁰F-ft
2
)/Btu] 

R_new  = Roof heat loss coefficienty with new insulation [(hr-⁰F-ft
2
)/Btu] 

Area   = Area of the roof surface in square feet.  Assume 1000 sq ft for planning. 

EFLHheating = Equvalent Full Load Hours for Heating are provided in Section 4.4, HVAC end use 

ΔTAVG,heating = Average temperature difference [⁰F] during heating season (see above) 

100,000  = Conversion from BTUs to Therms 

η_heat  = Efficiency of existing furnace.  Assume 0.78 for planning purposes. 

 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION 

N/A 

MEASURE CODE: CI-HVC-RINS-V01-150601

                                                                 

691
 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the 

utility’s peak hour is divided by the maximum AC load during the year. 
692

 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load 
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year 



Illinois Statewide Technical Reference Manual -  4.7.7 Computer Power Management Software 

 

 

Page 481 of 801 

 

 Computer Power Management Software 4.7.7

DESCRIPTION 

Computer power management software is installed on a network of computers. This is software which monitors 
and records computer and monitor usage, as well as allows centralized control of computer power management 
settings. 

DEFINITION OF EFFICIENT EQUIPMENT 

The efficient equipment is defined by the requirements listed below:  

 Allow centralized control and override of computer power management settings of workstations which 
include both a computer monitor and CPU (i.e. a desktop or laptop computer on a distributed network) 

 Be able to control on/off/sleep states on both the CPU and monitor according to the Network 
Administrator-defined schedules and apply power management policies to network groups 

 Have capability to allow networked workstations to be remotely wakened from power-saving mode (e.g. 
for system maintenance or power/setting adjustments) 

 Have capability to detect and monitor power management performance and generate energy savings 
reports 

 Have capability to produce system reports to confirm the inventory and performance of equipment on 
which the software is installed. 

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

DEFINITION OF BASELINE EQUIPMENT 

Baseline is defined as a computer network without software enforcing the power management capabilities in 
existing computers and monitors. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT 

The expected measure life is five years.
693

 

DEEMED MEASURE COST  

The deemed measure cost is $29 per networked computer, including labor.
694

 

LOADSHAPE 

Loadshape C21: Commercial Office Equipment. 

                                                                 

693
 The following reference uses 10 years, however, given the rapid changes in the technology industry, there is quite a lot of 

uncertainty about the measure life and a more conservative value was used (i.e. half the published measure life): Table VI.1: 
Dimetrosky, S., Luedtke, J. S., & Seiden, K. (2005). Surveyor Network Energy Manager: Market Progress Evaluation Report, No. 2 
(Northwest Energy Efficiency Alliance report #E05-136). Portland, OR: Quantec LLC;). 
694

 Work Paper WPSCNROE0003 Revision 1, Power Management Software for Networked Computers. Southern California 
Edison 
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COINCIDENCE FACTOR 

NA 

Algorithm  

CALCULATION OF ENERGY SAVINGS  

ELECTRIC ENERGY SAVINGS 

ΔkWh = Wsavings * W  

Where:  

Wsavings   = annual energy savings per workstation  

= 200 kWh
695

 for desktops, 50 kWh for laptops
696

 

= If unknown assume 161 kWh (based on 74% desktop and 26% laptop
697

) 

W  = number of desktop or laptop workstations controlled by the power management 
software  

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

NA 

NATURAL GAS SAVING 

NA 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

NA 

DEEMED O&M COST ADJUSTMENT CALCULATION 

Assumed to be $2/unit 
698

 

                                                                 

695
 Based on average energy savings/computer from the following sources: 

South California Edison, Work Paper WPSCNROE0003 (200k Wh) 
Surveyor Network Energy Manager Evaluation Report , NEEA (68, 100, and 128kWh) 
Regional Technical Forum http://rtf.nwcouncil.org/measures/measure.asp?id=95 (200 kWh) 
EnergySTAR Computer Power Management Savings Calculator (~190 kWh for a mix of laptop/desktop and assuming 30% are 
already turned off at night)  
http://www.energystar.gov/ia/products/power_mgt/LowCarbonITSavingsCalc.xlsx?78c1-120e&78c1-120e 
Power Management for Networked Computers: A Review of Utility Incentive Programs J. Michael Walker, Beacon Consultants 
Network Inc., 2009 ACEEE Summer Study on Energy Efficiency in Industry (330 kWh) 
696

 Power Management for Networked Computers: A Review of Utility Incentive Programs J. Michael Walker, Beacon 
Consultants Network Inc., 2009 ACEEE Summer Study on Energy Efficiency in Industry 
697

 Based on PY6 ComEd Computer Software Program data showing a split of 74% desktop to 26% laptop. 
698

 Based on Dimetrosky, S., Luedtke, J. S., & Seiden, K. (2005). Surveyor Network Energy Manager: Market Progress Evaluation 

 

http://rtf.nwcouncil.org/measures/measure.asp?id=95
http://www.energystar.gov/ia/products/power_mgt/LowCarbonITSavingsCalc.xlsx?78c1-120e&78c1-120e
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MEASURE CODE: CI-MSC-CPMS-V01-150601

                                                                                                                                                                                                               

Report, No. 2 (Northwest Energy Efficiency Alliance report #E05-136). Portland, OR: Quantec LLC and review of CLEARResult 
document providing Qualifying Software Providers for ComEd program and their licensing fees; “Qualifying Vendor Software 
Comparison.pdf”. 


