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At a Glance Summary

	Measure Description
	Anti-Sweat Heater (ASH) Controls

	Savings Impacts Common Units
	Linear feet of case

	Customer Base Case Description
	Glass door ASH with 100% duty cycle

	Code Base Case Description
	There is no code base case for this measure

	Costs Common Units
	Linear feet 

	Building Type
	Grocery

	Building Vintage
	All

	Measure Equipment Cost ($/unit)
	$17 per linear ft

	Measure Incremental Cost ($/unit)
	$34 per linear ft

	Measure Installed Cost ($/unit)
	$34 per linear ft

	Measure Load Shape
	Refrigeration

	Effective Useful Life (EUL) in years
	12 years 

	Program Type
	Retrofit XE "Retrofit"  (RET) and Replace on Burnout XE "Replace on Burnout"  (ROB) XE "New Construction" 

	Time of Use (TOU) AC Adjustment
	0%

	Net-to-Gross (NTG) Ratios
	Direct Install 85%

	Important Comments
	Application on glass doors of reach-in medium temp and low temp display cases and glass doors of walk-in coolers.
Controller only applies to glass component of heaters.
Baseline assumption of 0.37 amp/ft from EnergySmart Grocer Program.
Analysis assumes multiplex compressor system, reduction in ASH results in reduced comp kW and no change in run time.
ASH setpoints at 72(F ambient: ALL ON at 35%RH, ALL OFF at 50%RH.


	Work Paper
RunID:

WPSCNRRN0009.0-
	Measure Name
	Climate Zone
	Customer Annual Electric Savings (kWh/unit)
	Customer Peak Electric Demand Reduction (kW/unit)
	Above Code Annual Electric Savings (kWh/unit)
	Above Code Peak Electric Demand Reduction (kW/unit)

	001
	ASH Controller, Cooler
	6
	293
	0.004486
	293
	0.004486

	002
	ASH Controller, Cooler
	7
	270
	0.004128
	270
	0.004128

	003
	ASH Controller, Cooler
	8
	363
	0.005909
	363
	0.005909

	004
	ASH Controller, Cooler
	9
	347
	0.006041
	347
	0.006041

	005
	ASH Controller, Cooler
	10
	394
	0.007425
	394
	0.007425

	006
	ASH Controller, Cooler
	13
	389
	0.007436
	389
	0.007436

	007
	ASH Controller, Cooler
	14
	455
	0.009569
	455
	0.009569

	008
	ASH Controller, Cooler
	15
	411
	0.009020
	411
	0.009020

	009
	ASH Controller, Cooler
	16
	435
	0.007085
	435
	0.007085

	010
	ASH Controller, Freezer
	6
	304
	0.005731
	304
	0.005731

	011
	ASH Controller, Freezer
	7
	280
	0.005273
	280
	0.005273

	012
	ASH Controller, Freezer
	8
	377
	0.007603
	377
	0.007603

	013
	ASH Controller, Freezer
	9
	363
	0.007808
	363
	0.007808

	014
	ASH Controller, Freezer
	10
	413
	0.009619
	413
	0.009619

	015
	ASH Controller, Freezer
	13
	409
	0.009634
	409
	0.009634

	016
	ASH Controller, Freezer
	14
	479
	0.012384
	479
	0.012384

	017
	ASH Controller, Freezer
	15
	434
	0.011661
	434
	0.011661

	018
	ASH Controller, Freezer
	16
	453
	0.009116
	453
	0.009116


 Document Revision History

	Revision 0
	August 29, 2012
	Adopted from SCE workpaper titled “WPSCNRRN0009.0 - Anti-Sweat Heat (ASH) Controls .doc.” Savings for CZ07 found using the average incremental savings factor from the READi Tool for three other refrigeration measures for CZ06 to CZ07. The NTG ratio was updated using DEER 2011 NTG ratios. The NTG for Commercial Direct Install was used, as this measure falls under the SDG&E Commercial Direct Install program. NTG ratios for Express Efficiency and OBF were removed from the work paper. 


Note: The information provided in this Work Paper was developed using the best available technical resources at the time this document was prepared.
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Section 1. General Measure and Baseline Data

1.1 Measure Description and Background

This work paper clarifies the E3 calculator input figures for installing controls on anti-sweat heaters (ASH) of glass doors of reach-in medium temperature and low temperature display cases and glass doors of walk-in coolers.  ASHs are electric resistance heaters installed in the frames and doors of refrigerated cases.  Typical case construction requires three sets of heaters for glass doors (Figure 1):

· Case mullion heaters – located inside the case frame to keep the doors from freezing shut (green in Figure 1).   
· Door frame heaters – located in the door frame to keep the doors from freezing shut and provide some heat to the glass (red in Figure 1).

· Glass heaters – located on the glass itself to raise its surface temperature and prevent condensation (blue in Figure 1).  

Case manufacturers specify that only the glass heaters may be cycled with an ASH controller.

[image: image1]
Figure 1. Typical ASH locations
The temperature at which condensation will occur (also known as dew point (DP)) depends on the amount of moisture in the air of the surrounding environment.  More humid air will condense at a higher temperature than drier air.  Condensation takes place when moist air contacts a cold surface with a temperature below the DP temperature of air.  Absent ASH, formation of condensation on glass doors and door frames of refrigerated display cases is a likely occurrence in supermarkets.
In standard installations, the ASHs operate at full power 100% of the time.  ASH controllers monitor the DP temperature of air in the sales area and adjust the duty cycle of the heaters accordingly.  For example, when the air is dry and its dew point is low, the ASHs operate at a low duty cycle and surface is allowed to get cold since condensation will not form.  On the other hand, when the air is humid and dew point is high, the ASHs operate at 100% duty cycle to keep the surface warm and above the dew point temperature.  Between these extremes, the duty cycle is adjusted according to the measured DP.
Some of the heat generated by ASHs ends up as a load on the refrigeration system.  Therefore, any reduction in ASH power not only will reduce the ASH electric demand, it will also result in secondary benefits on the refrigeration side.  As a result, compressor run time and energy consumption are reduced.  
This measure applies to ASHs on glass doors of both low temperature (“freezer” – below 32(F) and medium temperature (“cooler” – above 32(F) display cases and walk-ins.  The E3 calculator lists the savings and cost figures on a linear-foot of doors basis.  Calculations for both coolers and freezers carried out for 8 climate zones in SCE’s service territory (CTZs 6, 8, 9, 10, 13, 14, 15, and 16) for grocery store applications.

1.2 DEER Differences Analysis

The Database for Energy Efficient Resources (DEER) contains measure D03-228 which addresses elimination of ASH as part of a glass door replacement on low temperature cases.  While the practicality and rational behind DEER measure C03-228 is strongly questionable, it differs from the ASH controller which is the subject of this work paper.  No other DEER measure addresses ASH.

1.3 Codes & Standards Requirements Analysis
Walk-ins:  This measure is not governed by either state or federal codes and standards.  California’s Title 20 Appliance Efficiency Standards regulate the construction and selected components used in refrigerated walk-ins, but does not address ASHs.1  Debate on potential federal legislation for walk-in regulations is ongoing, but the current proposed language does not specifically address ASH when adopted.

Display Cases:  California’s Title 20 Appliance Efficiency Standards do not regulate refrigerated display cases at all.1  EPAct 20052 required the Department of Energy to develop energy efficiency standards for many types of commercial refrigeration equipment, including display cases.  Development of the regulatory language3 is ongoing, and will likely specifically address ASH efficiency. 

1.4 EM&V, Market Potential, and Other Studies
Installation of ASH controllers on medium and low temperature display cases was included in the 2004-5 EnergySmart® Grocer Program.  According to the EM&V report4 this program initially tried cutting ASH altogether with a manual override switch to turn them back on when needed.  However, program administrators realized that store personnel did not activate the override, even when the doors were completely fogged.  As a result, the program switched to automated moisture-sensitive controllers similar to those discussed above.  

The measured average connected load for ASH was approximately 0.37 amps per foot of case, and heaters were on 8% of the time with the controllers in place.  This was in very close agreement with the deemed reduction value of 343 kWh/ft per year used by the program.5 Contractors who participated in the program estimated that approximately 41% of stores they service already have some type of ASH control in operation6.  The report concludes that 90% direct ASH energy savings should be expected in most applications,5 but does not discuss secondary effects on the refrigeration system.
This program reported an annual net impact of 1,332,514 kWh for installation of 4,046 ln-ft (329 kWh/ln-ft) of ASH on low temp doors and 7,576,500 kWh for installation of 23,009 ln-ft (329 kWh/ln-ft) of ASH on medium temp doors.7 (There seems to be a slight discrepancy between this deemed savings value and the 343 kWh/ft mentioned earlier in the report.  At this point, the source of the discrepancy is unknown.)
1.5 Base Cases for Savings Estimates: Existing and Above Code

The base case for this equipment is a glass door display case with ASH operating at 100% duty cycle.  The average ASH connected load measured in the EnergySmart® Grocer program, 0.37 amps (115 volts or 42 W) per linear foot of case, will be used for the base case.  This is consistent with several manufacturer specification sheets for low temperature cases.  For medium temperature cases less ASH is needed, but cases of older vintage have higher ASH wattage than current design, so this value is a good estimate for cases encountered out in the field.
1.6 Base Cases and Measure Effective Useful Lives

ASH controller measures currently use a EUL of 12 years.8 
1.7 Net-to-Gross Ratios for Different Program Strategies
The Nonresidential Direct Install (NRDI) Program’s Net-to-Gross (NTG) ratio is 0..85, taken from the NTG Ratio Table for DEER 2011, as directed by Version 3 of the CPUC EE Policy Manual. The evaluation report11 for the San Diego Gas and Electric Small Business Energy Efficiency Program supports this value.  That program targeted the very small (< 20 kW), hard-to-reach nonresidential customers.  The report concludes:

“For the program overall (for which T8/T5s and CFLs comprise roughly 60 percent and 38 percent of the program’s first year kWh savings, respectively), using the above [Tables 41 and 42: Installation Intent and Timing Without Program (CFLs & T8/T5 Measures)] would result in a free ridership rate of about 6 percent.  Given that the program may have some participant spillover benefits, these results are in line with the current net-to-gross ratio of 0.96 being used by the program.” (p. 34)

Table 1. Net-to-Gross Ratios
	Program Approach
	NTG

	Non-Residentail Direct Install
	0.85


Section 2. Calculation Methods

2.1 Energy Savings Estimation Methodologies

The ASH controller senses DP temperature in the store and modulates power supplied to the heaters accordingly.  DP inside a building is primarily dependent on the moisture content of outdoor ambient air and secondarily on moisture generated by internal factors such as occupants.  In a previous research project12, indoor and outdoor temperature and humidity were recorded at a supermarket in 5 minute intervals for nearly 4 months.   Figure 2 shows the relationship observed between the outdoor and indoor dew point temperatures.  
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Figure 2. Indoor and Outdoor Dew Point at a Supermarket in Fullerton, CA.  (Oct. 2005 – Jan. 2006, 5-minute data)
Because the outdoor dew point varies between climate zones, weather data from each climate zone must be analyzed to obtain a dew point profile.  Using the correlation from Figure 2, a profile of the indoor dew point can be estimated, which allows modeling of ASH operation for an entire year for each climate zone.  

Weather data for each of the 8 SCE CTZs was obtained from archived SCE weather station data for the cities listed in Table 2.   These files contain 15-minute reads of temperature and relative humidity for 2006.  Analysis was conducted to calculate ASH power as a function of DP for each 15-minute reading.  Additionally, secondary effects on compressor power and energy were calculated for each 15-minute interval.  
Table 2. SCE Climate Zone and Corresponding Weather Stations Used in Analysis
	Climate Zone
	SCE Weather Station

	6
	El Segundo

	8
	Santa Ana

	9
	Rosemead

	10
	Rialto

	13
	Tulare

	14
	Ridgecrest

	15
	Cathedral City

	16
	Mammoth Lakes


The following calculations were carried out for each 15-minute reading:

1. Convert DB temperatures from °F to Rankine (R):
R = °F + 459.67

2. For DB < 32 °F, using following equation to calculate water vapor saturation pressure (Pws in psia):13  
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where

R  = dry-bulb temperature in Rankine

C1 = – 1.0214165 E + 04

C2 = – 4.8932428 E + 00

C3 = – 5.3765794 E – 03

C4 =    1.9202377 E – 07

C5 =    3.5575832 E – 10

C6 = – 9.0344688 E – 14

C7 =    4.1635019 E + 00

If DB > 32oF, use the following equation to calculate water vapor saturation pressure (Pws in psia):13  


[image: image4.wmf](

)

(

)

(

)

(

)

(

)

ú

û

ù

ê

ë

é

*

+

*

+

*

+

*

+

+

÷

ø

ö

ç

è

æ

=

R

ln

C

R

C

R

C

R

C

C

R

C

exp

P

13

3

12

2

11

10

9

8

ws


where

R  = dry-bulb temperature in Rankine

C8  = – 1.0440397 E + 04

C9  = – 1.1294650 E + 01

C10 = – 2.7022355 E – 02

C11 =    1.2890360 E – 05

C12 =    2.4780681 E – 09

C13 =    6.5459673

3. Partial pressure of water vapor (pw in psia) is the product of relative humidity and water vapor saturation pressure:14
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where

RH = relative humidity, %

4. To find outdoor dew point (td-out), between dew points of 32 and 200(F use:15
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below 32(F use:
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where

( = ln pw
C14 = 100.45

C15 = 33.193

C16 = 2.319

C17 = 0.17074

C18 = 1.2063

5. Indoor dew point (td-in) is related to outdoor dew point according to the equation in Figure 2.
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Direct ASH Power

6. Typical indoor humidity-based ASH controllers are programmed with two setpoints, All ON and All OFF.  All ON refers to the high end of the humidity scale where heaters must operate all the time (100% duty cycle).  The All OFF setpoint refers to the low end of the humidity scale where heaters are not needed (0% duty cycle).  These setpoints can usually be changed based on the requirements of a particular store location.  However, it is assumed that common practice is to set All OFF at 42.89(F DP (35%RH) and All ON at 52.87(F DP (50%RH) for a typical 72(F supermarket.  Between these values, the ASH duty cycle changes proportionally:
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where

DPmeas = measured DP temperature inside the sales area 

Note: The controller only changes run time via the number of ASH pulses per unit of time, while instantaneous electric demand does not change.

7. In order to obtain the annual operating profile of ASH, calculations 1 through 6 were carried out for each 15-minute reading using each SCE weather station data for 2006.  This process was repeated for all 8 SCE climate zones.  Figure 3 shows the July ASH operation profile for CTZ 8.  Table 3 gives the resulting duty cycle (% of hours ASH are on) for each of the eight SCE CTZs.
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Figure 3. Outdoor DP, Indoor DP and ASH Operating Profile for CTZ 8 (based on July 2006 data)
Table 3. Annual ASH Run Time and Duty Cycle for 8 SCE CTZs
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8. Because the controller only changes the run-time of the heaters, instantaneous ASH power (kWASH) as a resistive load remains constant at:
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9. ASH energy consumption for each 15-minute period is a product of power and run-time.  
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10. Total annual ASH energy consumption is the sum of all 15-minute consumption values.
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Interactive Effects

11. Based on the results from prior SCE research, it is assumed that 35% of sensible heat generated by the ASH ends up as a cooling load (QASH) inside the case.16 The cooling load contribution from ASH can be given by:  
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Once the ASH cooling load was determined, the following steps were followed to determine the compressor power requirements and energy savings.  Because ASHs are present on many different types of equipment with various refrigeration system configurations, compressor analysis is limited to the cooling load imposed by the ASH, not the total cooling load of a particular display case or walk-in.  The compressor power requirements are based on calculated cooling load and energy-efficiency ratios (EER) obtained from manufacturers’ data.  

12. Determine the saturated condensing temperature (SCT)

For medium temperature (MT):
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For low temperature (LT):
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where

DBadj
= dry-bulb temperature ((F) of ambient or adjacent space where the compressor/condensing units reside.  Defaults are based on climate zone design values in Table 4.

Table 4. Climate Zone Design Dry Bulb Temperature and Representative City
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City

Summer Design Dry Bulb 

(ASHRAE Climatic Region X Data, 
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[

o

F]

1

North Coast

Arcata

69

2

North Coast

Santa Rosa

96

3

North Coast

Oakland

89

4

North Coast

Sunnyvale

88

5

North Coast

Santa Maria

83

6

South Coast

Los Angeles

84

7

South Coast

San Diego

83

8

South Coast

El Toro

89

9

South Inland

Pasadena

94

10

South Inland

Riverside

100

11

Central Valley

Red Bluff

104

12

Central Valley

Sacramento

100

13

Central Valley

Fresno

101

14

Desert

China Lake

108

15

Desert

El Centro

111

16

Mountain

Mount Shasta

89


Source:
ASHRAE 1982. Climatic Data for Region X.17
13. Determine the EER for both MT and LT applications

a. Compressor performance curves were obtained from a review of manufacturer data for reciprocating compressors as a function of SCT, cooling load, and cooling capacity of compressor.
b. Part-load ratio (PLR):

It is the ratio of total cooling load (from Cooling Load Calculation Section) to compressor capacity.  It indicates the percentage of compressor capacity needed to remove the total cooling load.  It is calculated by following equation:

PLR = 
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where,

PLR

= Part Load Ratio
Qcoolinge
= cooling load

Qcapacity

= total compressor capacity

NOTE:  Compressor capacity is determined by multiplying baseline cooling load by compressor over-sizing factor of 15%:

Qcapacity = Qcooling * 1.15

Therefore, PLR = 1/1.15 = 0.87

Because the ASH cooling load is very small in relation to the cooling load of a typical display case, to simplify the analysis it is assumed that PLR remains constant for the post-retrofit condition. 
c. For medium temperature compressors, the following equation is used to determine the EERMT (Btu/hr/watts)

EERMT = a + (b * SCT) + (c * PLR) + (d * SCT2) + (e * PLR2) + (f * SCT * PLR) + (g * SCT3) + (h * PLR3) + (i * SCT * PLR2) + 
(j * SCT2 * PLR)

where,

a
= 3.75346018700468
b
= -0.049642253137389
c
= 29.4589834935596
d
= 0.000342066982768282
e
= -11.7705583766926
f
= -0.212941092717051
g
= -1.46606221890819E-06
h
= 6.80170133906075
i
= -0.020187240339536
j
= 0.000657941213335828
PLR
= PLRbaseline or PLRpost-retrofit

d. For low temperature compressors, the following equation is used to determine the EERLT (Btu/hr/watts)

EERLT = a + (b * SCT) + (c * PLR) + (d * SCT2) + (e * PLR2) + (f * SCT * PLR) + (g * SCT3) + (h * PLR3) + (i * SCT * PLR2) + 
(j * SCT2 * PLR)

where,

a
= 9.86650982829017
b
= -0.230356886617629
c
= 22.905553824974
d
= 0.00218892905109218
e
= -2.48866737934442
f
= -0.248051519588758
g
= -7.57495453950879E-06
h
= 2.03606248623924
i
= -0.0214774331896676
j
= 0.000938305518020252
PLR
= PLRbaseline or PLRpost-retrofit

14. Power used by the ASH and compressor (kW), and power savings (kW)
a. Power used by the compressor to remove heat imposed by the ASH is determined based on calculated cooling load and EER, as outlined below.
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where

kWcomp-15
= compressor kW as a function of baseline load for 15-minute interval
QASH

= ASH cooling load 
EER

= EER for LT and/or MT (Btu/hr/watts)

b. Once the compressor power requirements for baseline and post-retrofit scenarios are determined, power savings (kWcomp) can be calculated based on the average compressor power.

kWcomp
= kWcomp-baseline-average – kWcomp-post-retrofit-average
c. Total power savings would include both direct ASH and compressor savings.  Because the controller does not alter the instantaneous demand of the ASH, no direct peak demand savings are claimed.  

kWTotal
= kWcomp + kWASH ( kWcomp
where

kWASH
= 0

15. Energy usage (kWh) and savings (kWh):
a. Compressor energy consumption for each 15-minute period of weather data is calculated based on compressor power and the length of each analysis time period (15 minutes).
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where

kWhcomp-15
= compressor kWh for 15-minute interval

b. Annual energy used by the compressor is the sum of all calculated 15-minute compressor energy values.
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where

kWhcomp

= annual compressor energy 

c. Once the annual compressor energy for baseline and post-retrofit scenarios are determined, annual compressor energy savings (ΔkWhcomp) can be calculated.

kWhcomp = kWhcomp-baseline – kWhcomp-post-retrofit

d. Total energy savings (kWhTotal) combines compressor and ASH savings

kWhTotal = kWhcomp + (kWhASH -baseline – kWhASH-post-retrofit)
e. The resulting demand (ΔkWTotal) and energy (ΔkWhTotal) savings are expressed per unit of measure, because the baseline ASH power was per linear foot of display case.

Table 5 summarizes the demand and energy savings and ASH duty cycle of MT and LT applications for all 8 SCE climate zones.  Demand savings values are based solely on compressor savings while energy savings values include compressor and direct ASH savings.  Compressor power savings are lower for milder climate zones, partly due to increased compressor efficiency at lower ambient temperatures.
Table 5. Demand and Energy Savings for Grocery Application for All 8 SCE Climate Zones
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6

Los Angeles - 84

o

F

/Ln.ft.

0.004486 293 0.005731 304

8

El Toro - 89

o

F

/Ln.ft.

0.005909 363 0.007603 377

9

Pasadena - 94

o

F

/Ln.ft.

0.006041 347 0.007808 363

10

Riverside - 100

o

F

/Ln.ft.

0.007425 394 0.009619 413

13

Fresno - 101

o

F

/Ln.ft.

0.007436 389 0.009634 409

14

China Lake - 108

o

F

/Ln.ft.

0.009569 455 0.012384 479

15

El Centro - 111

o

F

/Ln.ft.

0.009020 411 0.011661 434

16

Mount Shasta - 89

o

F

/Ln.ft.

0.007085 435 0.009116 453

MT ASH Controller

Climate 

Zone

Representative City and Temperature

(Summer Design Dry-Bulb, ASHRAE 

Climatic Region X Data, 0.5% Column)

Measure 

Unit

LT ASH Controller


2.2 Demand Reduction Estimation Methodologies

The detailed explanation of the demand reduction methodology may be found in Section 2.1, step 14. 
Section 3. Load Shapes

3.1 Base Case Load Shapes

The “Refrigeration” load shape should be used for this measure because ASHs operate all the time, like a refrigeration system.  The compressor operates continuously to maintain the proper temperature and the ASH operates at 100% duty cycle, so energy use occurs throughout the day and night.  

3.2 Measure Load Shapes

The “Refrigeration” load shape should also be used for this measure because for the majority of the time, the ASH controller will reduce the power demands consistently.  Therefore, the difference load shape should also be “Refrigeration”.
Section 4. Base Case and Measure Costs

4.1 Base Case Costs

The base case assumes glass doors with no ASH controller.  Therefore, no cost is associated with the base case at time of purchase.  
4.2 Measure Costs

Wisconsin Focus on Energy lists new ASH controllers installed cost at $85 per door.18  Doors are typically 2.5 feet wide, giving a cost of approximately $34 per linear foot.  There is no distinction between equipment and installation costs.  At this point, equipment cost is assumed to be 50% of the total cost or $17.
4.3 Incremental and Full Measure Costs

The incremental and full measure costs are both $34 per foot because there is no base case cost. 
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