2003 EXPRESS

Refrigeration

The energy consumption by commercial refrigeration systems is a prime target for the statewide Express Efficiency program.  These systems have peak loads that are coincident with PG&E's peak generating demands, operate long hours, and have economically feasible energy efficiency opportunities.  A 1992 study by Southern California Edison (SCE) and PG&E (referenced in Shephard et al. 1990) indicates that refrigeration makes up 8.4% of the commercial sector electricity use.  Another study indicates that grocery stores consume approximately 85% of commercial refrigeration energy (referenced in Shephard et al. 1990).  According to trade allies, the average size of commercial refrigeration systems is increasing at a fast pace.  This is attributed to an increase in the variety of prepackaged refrigerated food due to changing lifestyles and the desire to save more time.

The measures featured in the Express Efficiency Refrigeration program focus on reducing the refrigerated load and improving the design and performance of equipment that provides refrigeration.  The Express Efficiency Refrigeration program was designed to streamline the process of providing incentives for energy efficiency in the field of commercial refrigeration.  The program applies to equipment in existing facilities only.

The remainder of the documentation for the refrigeration retrofit program consists of a discussion of changes to the Express Efficiency refrigeration program in 2001, market applicability and common assumptions used in the engineering analysis, followed by individual analyses of each measure.  The documentation for each measure includes a technology description, measure savings, measure life, cost, terms and conditions, and a summary.  The results include energy and demand savings.  Results are expressed in terms that are normalized by equipment parameters so factors such as equipment size can be used on the incentive application and so incentives are proportional to energy savings.

Changes in the Refrigeration Program for 2003

 The 2003 claimed energy savings are based on the 2001 Express Efficiency New Refrigeration DOE2 Modeling Report prepared by Design and Engineering Services. 
 The measures in the Refrigeration Program remain the same; changes from the 2002 program are minor, involving corrections and improvements to savings and cost calculations..

Measurement and Evaluation Results and Changes

In order to contribute to efforts of statewide uniformity, PG&E has agreed to a Net –to-Gross ratio of 0.80 for refrigeration measures.  This is based on study id 567. 

Market Applicability

The Refrigeration program is targeted to commercial and industrial refrigeration systems such as grocery stores and cold storage facilities.  Commercial refrigeration systems typically use R-12, R-22, and R-502 as their refrigerant.  Industrial refrigeration systems typically use R-717 (ammonia) although other refrigerants, such as R-22, are also found.

Factors that affect the energy usage and savings of refrigeration equipment are: humidity, the condition and efficiency of the existing and proposed equipment, the size and configuration of the refrigerant piping, refrigeration load, infiltration, rotating case stock, and the refrigeration system operating hours.  Surprisingly, on a per ton basis, the peak ambient conditions have little to do with the energy usage.  A system may be designed for additional tonnage but the energy use per ton is generally the same except for systems that incorporate floating head pressure.  If head pressure is allowed to float, the peaks and lows of outside ambient conditions have more of an impact on system EER.  Fixed head setting systems simulate the (high ambient) design condition, which is locked in as the optimum operating point.  Floating head strategies incorporate balance port expansion valves and surge receiver setups and allow compressor compression ratios to fluctuate along with the varying condensing pressure / outside ambient variances.  This fluctuation is generally quantified as 1-degree ambient difference equals 2-degree saturated condensing temperature difference equaling a 0.5% system EER difference.

Assumptions

Participation rates: Throughout the documentation are assumptions on the breakdown of the type of customer or equipment likely to participate in this incentive program.  It is important to note that these rates may be different than the existing breakdown of equipment in the field.  One such example is display cases with doors.  It is recognized that the breakdown of display cases in the field with doors may be close to 70% low temperature and 30% medium temperature, it is felt that the breakdown of display cases that are retrofitting doors to an existing case or replacing an open case with a case with doors is 50/50.  The reason is that most low temperature cases already have doors and the trend of putting doors on medium temperature cases is growing.

Unfortunately, many assumptions, especially participation rates of equipment type or size, are not documented in known research reports that can be referenced.  These assumptions are based on personal experience, talking with refrigeration engineers within the PG&E system, and some thoughts that are not always obvious.  In many cases where an assumption does not have a known reference it is noted that “no known reference exists.”  This is to assist the review of the documentation by the Office of Ratepayer Advocates (ORA) and the Lawrence Berkeley Laboratory (LBL) that had previously questioned if any known source of some assumptions existed.  However, many of these assumptions have been updated with references from the 1995 paid year M&E studies prepared by Quantum Consulting.

Best Judgment: The format of determining many of the values used in the documentation is to list all known sources, the values listed within that source, and the conditions at which the values exist.  Various studies and other types of information sources were investigated and all known sources, with respect to the specific value, are listed.  Some of the sources and values listed were more credible or applicable for the given situation - with the intent to stay conservative at all times.  With this format, sometimes not all values listed are used or the average may be swayed to the conservative side; in these cases a final representative value was used and said to be the best judgment.

Duty Cycle Demand Savings: In some cases there are obvious demand savings due to implementing energy efficiency measures, such as when an incandescent light is replaced with a fluorescent light.  In some cases demand savings are not so obvious, especially when a group of participants is considered.  One such case is when the duty cycle time of a piece of equipment is reduced.  An energy efficiency measure may directly reduce the cycle time, such as with humidistat controls on anti-condensate heaters, or the cycle time may be reduced due to a reduced load or by adding capacity, as with a compressor.  This is called “duty cycle demand savings” and is determined by multiplying the demand rating of the equipment by the percent change in the duty cycle.  The duty cycle demand savings is then multiplied by the coincident diversity factor to determine the coincident demand savings.

Refrigerants Used

The table below shows the common types of refrigerants and their share of the world commercial sector refrigerant use.  However, due to concerns over CFCs, this mix is changing.

WORLD COMMERCIAL SECTOR REFRIGERATION:

REFRIGERANT SHARES

	Refrigerant
	Share of World Commercial Refrigerant Use

	R-12
	50%

	R-22
	10%

	R-115
	-

	R-502
	40%

	R-134a
	-

	Source:  Competitek 1990, p. 180


End Use

The table below shows commercial sector refrigeration shares by type of establishment.

COMMERCIAL REFRIGERATION SHARES

BY TYPE OF ESTABLISHMENT
	End Use
	Share of Total Electric Use for Commercial Refrigeration

	Retail food stores 
	85%

	Food service establishments
	9%

	Refrigerated warehouses
	5%

	Miscellaneous applications
	1%

	Source:  Competitek 1990, p. 154



Temperature Ranges by Application

VLT = Very low temperature, ice cream cases, -33°F
LT = Low temperature, other frozen foods, -23°F
MT1 = Medium temperature, meat, meat walk‑in, 9°F to 16°F
MT2 = Medium temperature, dairy, deli, produce, walk‑in boxes, 26°F
HT = High temperature, produce, dairy, deli walk‑in boxes, meat preparation, 26°F

Source:  Competitek 1990, p. 155

Full Load Operating Hours

Mean = 4,960 hours/year
Range = 4,570 to 5,708 hours/year
Source:  ADM assessment of Commercial New Construction, page 15 ADM/SCE, April 1989.

Energy Usage (kWh/day)

The table below shows baseline energy consumption for a refrigeration system.

BASELINE ENERGY CONSUMPTION

	Conventional Baseline
	Low Temp.
	Med. Temp.
	High Temp.
	Total Compressors
	Electric Defrost
	Cooling Tower
	
Total

	kWh/day
	714
	654
	385
	1,753
	82
	306
	2,141

	kWh/year
	260,610
	238,710
	140,525
	639,845
	29,930
	111,690
	781,465

	Compressor capacity, tons
	15.3
	32.9
	21.8
	70.0
	
	
	70.0

	Energy Use kWh/yr.-ton
	16,997
	7,257
	6,446
	9,137
	
	
	11,160

	Source:  Electric Power Research Institute (EPRI) CU 6268, pp. 3-7, 2-5, 2-6


Conditions for energy data shown above include:

· Standard reed-type valve compressors

· Tuned up system

· Hot gas heat reclaim

· Cooling Tower-it is estimated that most will be air‑cooled

· Fairly mild climate compared to PG&E system

Accounting for Possible Changes in Refrigerants due to CFC Issues

EFFICIENCY LOSS FOR R‑12 TO R‑22 AT M.T.
	Loss
	Conditions
	Source

	3.2%
	110°F CT, 0°F ST
	Competitek, p. 183

	4.5%
	110°F CT, 20°F ST
	Competitek, p. 183

	3.3%
	Average
	Foster Miller

	3.0%
	Cycle performance R-22 (COP = 4.59) versus R-12 (4.73)
	W.F. Stoecker, Ind. Refrig., BNP, 1988, p. 320

	3.5%
	Average
	


INCREASED EFFICIENCY FOR R‑502 TO R‑22 AT M.T.
	Gain
	Conditions
	Source

	3.5%
	110°F CT, 20°F ET, 45°F
	EPRI present. matl, refrig. return gas temp. design review, April 1991

	4%
	110°F CT, 20°F ET, 25°F return gas temperature
	EPRI present matl, refrig. design review, April 1991

	4.8%
	Cycle performance R-22 (COP = 4.59) versus R-502 (4.38)
	W. F. Stoecker, ind. refrig., BNP, 1988, p. 320

	4.1%
	Average
	

	Note:  Although it is not practical to perform a direct changeout from R-502 to R-22 in most cases, R-22 can be used for low temperature applications using two stage or compounding compression.


Performing a weighted average for refrigerant changeout:

REFRIGERANT MARKET SHARE WORLDWIDE a
	R-12
	50%

	R-22
	10%

	R-502
	40%

	aCompetitek 1990, pg. 180


For an average change out to R-22, assuming an average loss of 3.5% for R‑12, an average gain of 4.1% for R‑502 and the market share above, the expected loss due to refrigeration changes is:

	Refrigerant
	Market Share
	% Savings
	Weighted Average

	R-12
	50%
	-3.5%
	-1.75%

	R-22
	10%
	0%
	0%

	R-502
	10%
	+4.1%
	+1.64%

	Total
	-0.11%

	Note:  less than 1% considered negligible


Refrigeration Load and Energy Use for Multideck

	Application
	Case Load

(BTU/hr-ft)
	Conventional System

(kWh/ft-day)
	Multiplex  System

(kWh/ft-day)

	Low temperature, open
	1,425
	9.05
	6.4

	Med. temperature, open
	1,380
	4.54
	3.2

	Source:  Competitek, pg. 160, Hussman Corp., personal comm., April 1990


Assume 50% of applications will be conventional systems, 50% multiplex systems, and convert to annual usage.

	
	Load (Btu/hr-ft)
	(kWh/ft-yr.)

	Low temp.
	1,425
	2,820

	Med. temp
	1,380
	1,396


Application ID: A. Night Covers For Display Cases

Measure IDs: Medium Temp.: R74, Low Temp.: R1

Technology Description

Installing film or blanket type night covers on display cases can significantly reduce the infiltration of warm ambient air into the refrigerated space.  Energy savings occur because the compressor will operate less frequently due to the reduction in load in a display case with properly applied night covers.

The target market for this measure is small, independently owned grocery stores and other stores that are typically closed at night and restock their shelves during the day.  The target cases are vertical stand-up (medium temperature), of the single- or double-air curtain front design, and tub (coffin, low temperature) type cases.

There are many companies that manufacture film and blanket covers.  Smaller, independent refrigeration companies typically sell these products.

Measure Savings
	Night Cover for Open Vertical Cases

	
	Cooling Savings
	

	
	Q-coolingsvg = Q-cooling x [(C-inf x K-inf) + (C-rad x K-rad)]

	
	Where:
	
	

	
	
	Q-coolingsvg:
	Cooling savings, (Btu/hr/ft)

	
	
	Q-cooling:
	Case rating given by manufacturer, (Btu/hr/ft)

	
	
	C-inf:
	% of cooling from infiltration, 80% of Q-cooling

	
	
	K-inf:
	% of infiltration saving factor, assumed to be 70%

	
	
	C-rad:
	% of cooling coming from radiation, 10% of Q-cooling

	
	
	K-rad:
	% of radiation saving factor, assumed to be 50%

	input
	Q-cooling =
	1,450
	Btu/hr/ft (Tyler DDCM8 & DDCM12 Multishelf dairy/del; 1,450 Btu/hr/fti @ +20F ST)

	
	C-inf =
	80%
	

	
	K-inf =
	70%
	

	
	C-rad =
	10%
	

	
	K-rad =
	50%
	

	Result:
	Q-coolingsvg =
	885 
	Btur/hr/ft

	
	Compressor Power Savings [per foot of night cover]

	
	kW = [Q-coolingsvg / EER] / 1000

	
	Where:
	
	

	
	
	kW:
	Compressor power savings (excluding condenser power), (kW/ft)

	
	
	Q-coolingsvg:
	Cooling savings, (Btu/hr/ft)

	
	
	EER:
	Compressor rating from manufacturer, (Btu/hr/watts)

	
	Q-coolingsvg =
	885 
	Btu/hr/ft

	input
	EER =
	8.51
	Btu/hr/watts (Copeland R-502 MT, @ +95F SCT & +20F ST)

	Result:
	kW =
	0.104
	kW/ft

	
	
	0
	Coincident Diversity Factor

	
	
	0
	KW/ft Coincident with Peak

	
	Annual Compressor Energy Savings (excluding condenser energy)

	
	kWh = kW x EFLH x (t / 24)

	
	Where:
	
	

	
	
	kWh:
	Annual compressor energy savings, (kWh/ft)

	
	
	kW:
	Compressor power savings, (kW/ft)

	
	
	EFLH:
	Equivalent full load hours, (hours/year)

	
	
	t:
	Time case shields are applied per day, (hours)

	
	kW =
	           0.104 
	kW/ft

	input
	EFLH =
	           5,700 
	hours/year

	input
	t =
	6
	hours

	Result:
	kWh =
	148
	Annual kWh/ft

	
	
	0
	Coincident Diversity Factor

	
	
	0
	Annual KW/ft Coincident with Peak


	Night Cover for Open Horizontal Cases

	
	Cooling Savings
	

	
	Q-coolingsvg = Q-cooling x [(C-inf x K-inf) + (C-rad x K-rad)]

	
	Where:
	
	

	
	
	Q-coolingsvg:
	Cooling savings, (Btu/hr/ft)

	
	
	Q-cooling:
	Case rating given by manufacturer, (Btu/hr/ft)

	
	
	C-inf:
	% of cooling from infiltration, 24% of Q-cooling

	
	
	K-inf:
	% of infiltration saving factor, assumed to be 80%

	
	
	C-rad:
	%of cooling from radiation, 42% of Q-cooling

	
	
	K-rad:
	Percentage of radiation saving factor, assumed to be 90%

	input
	Q-cooling =
	369 
	Btu/hr/ft (Hill Phoenix ONIZ-8 narrow island freezer; 369 Btu/hr/ft @ -23F Evap. Temp.)

	
	C-inf =
	24%
	

	
	K-inf =
	80%
	

	
	C-rad =
	42%
	

	
	K-rad =
	90%
	

	 Result:
	Q-coolingsvg =
	210 
	Btur/hr/ft

	
	Compressor Power Savings [per foot of night cover] (excluding condenser power)

	
	kW = [Q-coolingsvg / EER] / 1000

	
	Where:
	
	

	
	
	kW:
	Compressor power savings, (kW/ft)

	
	
	Q-coolingsvg:
	Cooling savings by, (Btu/hr/ft)

	
	
	EER:
	Compressor rating given by manufacturer, (Btu/hr/watts)

	
	Q-coolingsvg =
	210 
	Btu/hr/ft

	input
	EER =
	5.12
	Btu/hr/watts (Copeland R-502 LT, @ 95F SCT & -23F ST)

	Result:
	kW =
	0.04
	kW/ft

	
	
	0
	Coincident Diversity Factor

	
	
	0
	Annual kW/ft Coincident with Peak

	
	Annual Compressor Energy Savings(excluding condenser energy

	
	kWh = kW x EFLH x (t / 24)
	

	
	Where:
	
	

	
	
	kWh:
	Annual compressor energy savings), (kWh/ft)

	
	
	kW:
	Compressor power savings, (kW/ft)

	
	
	EFLH:
	Equivalent full load hours, (hours/year)

	
	
	t:
	Hours case shields applied per day, (hours)

	
	kW =
	0.04 
	kW/ft

	input
	EFLH =
	5,700 
	hours/year

	input
	t =
	6
	hours

	Result:
	kWh =
	59
	kWh/ft

	
	
	0
	Coincident Diversity Factor

	
	
	0
	Annual KW/ft Coincident with Peak


Measure Life

5 years --(from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Cost

The average cost of this measure was calculated using the incremental costs found through a data search in PG&E’s MDSS database.  The data reflects all night covers purchased in 1994 that were rebated through the Retrofit Express Program.  Based on a sample size of 3,991 linear feet, the average cost is calculated to be $9.27/ln. ft. (rounded to $9.25/ln. ft.).

Terms and Conditions

Customer must install a cover on an otherwise open refrigeration case to decrease infiltration into the case at night.  The case manufacturer must have no objections to the use of such front covers.  The film type covers must be made of five mil (or more) polyethylene and be self-rolling.  It is recommended that film type covers have small, perforated holes to decrease moisture buildup.  Blanket-type covers must have a synthetic fiber based insulating layer with nylon outer layers.  It is suggested that single compressor units be equipped with cylinder unloader(s) when covers are installed.  Incentive is based on the linear footage (length in feet) of the case.

Summary

	
	Vertical Cases
	Horizontal Cases

	kWh/yr.-ln. ft
	148
	59

	kW/ln. ft
	0
	0

	Life
	5 years
	5 years

	Cost
	$9.25 /ln. ft
	$9.25 /linear foot of case


Application ID: B. Strip Curtains For Walk-in

Measure ID: R2
Technology Description

Installing strip curtains on doorways to walk‑in boxes and refrigerated warehouses can produce energy savings due to decreased infiltration of outside air into the refrigerated space.  Although refrigerated spaces have doors, which if kept closed would make strip curtains obsolete, they are often left open.

Strip curtains are a simple application and have been supported in the technical field for years.  Though the consumer market has been receptive to their use, there is still potential for additional market penetration.

Measure Savings

ASHRAE methodology and assumptions are used to calculate savings (ASHRAE, 1994, p.26.3).  The calculations listed below are modified from the 1996 M&E study on Refrigeration (Quantum 1997b, p. B.5-2).

Assumptions for Calculations

· 3 foot x 7 foot door

· Strip curtains are 80% effective in reducing infiltration (ASHRAE, 1994)

· Sensible heat ratio of the infiltration air heat gain (R) = 0.59 for coolers, 0.63 for freezers  (ASHRAE, 1994, Table 7, p. 26.4)

· Sensible heat load of infiltration per square foot of doorway (Q/A) = 0.16 tons/sq. ft. for coolers, 0.61 tons/sq. ft. for freezers (ASHRAE, 1994, Fig. 3, p. 26.4)

· 50% of participants are grocery stores, and another 30% are split between warehouse and misc. commercial

· Business hours are assumed to be 20 hours / day seven days a week

· Walk-in doors are open 3 hours a day, according to Advice Filing estimates for Auto-Closer on Cooler or Freezer p. RF-40 

· Annual hours doors purposefully open = 1,095

· 80% of installations are coolers, 20% freezers, assumption used by Advice Filing estimates for Auto-Closer on Cooler or Freezer p. RF-40

Non-coincident Demand Savings are calculated:

Infiltration by air exchange, according to ASHRAE, 1994 p. 26.3.

qt =
3,790 x W x H^1.5 x (Q/A) x (1/R) x Dt x Df x (1-E)

where:


qt =
average heat gain in a period (Btu/h)

W =
door width

H =
door height

Q/A =
sensible heat load of infiltration per square foot of doorway

R =
sensible heat ratio of the infiltration air heat gain

Dt =
door open time factor

Df =
door flow factor

E =
effectiveness of doorway protective device (0 = unobstructed doorway)

The cooler impact is initially calculated with the assumption that the door is left open for an entire hour.

Dt =
1.0

Df =
0.8 flow factor

E =
80%  

Q/A =
0.16 tons/sqft  

R =
0.59  

The baseline loads and demand are first calculated for coolers:

Baseline Loads (cooler) =   3,790 x 3ft x (7^1.5ft) x (0.16 tons/sqft) x (1/0.59) x 80% x 1.0 x (1-0)

=
45,684 Btuh
Baseline Demand (cooler) =  (45,648 Btuh)*(1ton/12,000 Btuh)*(1.6 kW/ton)

=
6.086 kW
This is a theoretical calculation, and assumes that a door would be left open for an entire hour.

Next, retrofit loads and demand are calculated for coolers:

Retrofit Loads (cooler) =  3,790 x 3ft x (7^1.5ft) x (0.16 tons/sqft) x (1/0.59) x (80% flow factor) x (1 - 80%)

=
9,137 Btuh

Retrofit Demand (cooler) =
(9,137 Btuh) x (1ton/12,000 Btuh) x (1.6 kW/ton)

=
1.218 kW

Again, this impact assumes that the cooler door is left open for an entire hour.

Retrofit demand is subtracted from baseline demand to calculate non-coincident demand savings for coolers:

NC Demand Savings (cooler) =
6.086 kW - 1.218 kW

=
4.634 kW

Again, this impact assumes that the cooler door is left open for an entire hour.

The freezer impact is initially calculated with the assumption that the door is left open for an entire hour.  The first step is to calculate the baseline loads:

Q/A =
0.61 tons/sqft  

R =
0.63  

Baseline Loads (freezer) =
3,790 x 3ft x (7^1.5ft) x (0.61 tons/sqft) x (1/0.63) x 80% x 1.0 x (1-0)

=
163,112 Btuh

Baseline Demand (freezer) =
(163,112 Btuh)*(1ton/12,000 Btuh)*(2.4 kW/ton)

=
32.622 kW

Again, this impact assumes that the freezer door is left open for an entire hour.

The process is repeated for freezer retrofit loads:

Retrofit Loads (freezer) =
3,790 x 3ft x (7^1.5ft) x (0.61 tons/sqft) x (1/0.63) x 80% x 1.0 x (1-80%)

=
32,622 Btuh

Retrofit Demand (freezer) =
(32,622 Btuh)*(1ton/12,000 Btuh)*(2.4 kW/ton)

=
6.524 kW

Again, non-coincident demand savings are calculated by subtracting retrofit demand from baseline demand:

NC Demand Savings (freezer) =
32.622 kW - 6.524kW

=
26.098 kW

Again, this impact assumes that the freezer door is left open for an entire hour.

Non-coincident demand savings for strip curtains are calculated by assuming that 80% of the installations will be for coolers, and 20% will be for freezers:

Average NC Demand Savings:


=
(4.634kW x 80%) + (26.098kW x 20%)

=
8.926 kW

=
8.926 kW/21 sqft

=
0.425 kW/sqft

Energy Savings are calculated assuming that coolers and freezers are left open intentionally for 3 hours a day, or 1,095 hours a year.  Calculations assume a 3 ft by 7 ft door:


Average Energy Savings = [(4.634 kW x  80%) + (26.098 kW x 20%)] x 1,095 hrs/yr.

=
9,774 kWh/yr.

=
(9,774 kWh/yr.)/(21 sqft)

=
465 kWh/yr.-sqft

Coincident Demand Savings:


Assume savings are spread across an entire year.

=
(465 kWh/yr.-sqft)/8,760 hrs/yr.

=
0.0531 kWh/yr.-sqft

Measure Life

4 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Cost

The average cost of this measure was calculated using the incremental costs found through a data search in PG&E’s MDSS database.  The data reflects all strip curtains for walk-ins purchased in 1994 that were rebated through the Retrofit Express Program.  Based on a sample size of 4,583 square feet, the average cost is calculated to be $3.05/sq. ft.  (This is comparable to CCIG CRI-01 on page 4-86 of the 2001 Database for Energy Efficiency Resources (DEER) Update Study that reflects an incremental cost of $67 per unit.)

Terms and Conditions

Must install strip curtains on doors of walk‑in cases and doorways of refrigerated warehouses.  This incentive is not available for display cases or for the replacement of existing strip curtains.  Rebate is based on the square footage of the doorway.

Summary

	
	Strip Curtains for WalkIn Boxes

	kWh/yr.-ft2
	465

	kW/ft2
	0.425 duty cycle

	
	0.0531 coincident duty cycle

	Life
	4 years

	Cost
	$3.05 / ft2 of doorway 


Application ID: C. Glass Doors:  Low Temperature Case

Measure ID: R3

Technology Description
The addition of glass doors to existing open multideck low temperature refrigeration cases can significantly reduce heat gain to the case and thus produce energy savings.  Savings occur at the compressor due to a decrease in refrigeration load for the case, as well as reduced evaporative fan energy use.  A 50% decrease in load is the most common cited.  Additional energy is required for anti‑sweat heaters.

This measure has been supported in the technical field for years and is one of the simpler retrofit applications in refrigeration.  In the market, it is more commonly seen on low temperature than on medium temperature cases.  

Measure Savings

	Install Glass Doors on Open Vertical Display Cases (Low Temp.)

	
	ASSUME:  TXV is resized and suction pressure reset to a higher value

	
	Cooling Savings
	
	

	
	Q-coolingsvg = Q-cooling x (C-inf x K-inf) x (1-h)
	

	
	Where:
	
	

	
	
	Q-coolingsvg:
	Cooling saving, (Btu/hr/door)

	
	
	Q-cooling: 
	Case rating given by manufacturer, (Btu/hr/door)

	
	
	C-inf:
	Percentage of cooling coming from infiltration, 80% of Q-cooling

	
	
	K-inf:
	Door effectiveness in preventing infiltration, assumed to be 100%

	
	
	%t :
	Percentage of hours in one day door is open

	input
	Q-cooling =
	 4,645 
	Btu/hr/door (Tyler D6F8, 1,742 Btu/hr/ft @ -20F ST)

	
	C-inf =
	80%
	

	
	K-inf =
	100%
	

	input
	%t =
	15%
	

	Result:
	Q-coolingsvg =
	3,159 
	Btur/hr/door

	
	Compressor Power Savings (excluding condenser power)

	
	kW = [Q-coolingsvg / EER] / 1000
	

	
	Where:
	
	

	
	
	kW:
	 Comp. power savings, (kW/door)

	
	
	Q-coolingsvg: 
	Cooling savings, (Btu/hr/door)

	
	
	EER: 
	Compressor rating given by manufacturer, (Btu/hr/watts)

	
	Q-coolingsvg =
	                    3,159 
	Btu/hr/door


	input
	EER =
	5.19
	Btu/hr/watts (Copeland R-502 LT, @ 95F SCT & -20F ST)

	Result:
	kW =
	0.61 
	kW/door

	
	Anti-Sweat Heater (ASH) Power Penalty
	

	
	ASH kW Penalty = [(ASH watts/door) / (1000)]
	

	
	Where:
	
	

	
	
	ASH kW Penalty:
	Penalty due to ASH, (kW/door)

	
	
	ASH watts/door:
	Power consumed by ASH per door, (watts/door)

	input
	ASH watts/door =
	75
	watts/door (From Actual Test: 230 kW per 3 doors)

	Result:
	ASH kW Penalty =
	                      0.08 
	kW/door

	
	Annual Compressor Energy Savings (excluding condenser energy)

	
	kWh = kW x EFLH
	
	

	
	Where:
	
	

	
	
	kWh:
	Annual compressor energy savings (excluding condenser energy), (kWh/door)

	
	
	kW:
	Compressor power savings, (kW/door)

	
	
	EFLH:
	Equivalent full load hours, (hours/year)

	
	kW =
	                      0.61 
	kW/door

	input
	EFLH =
	                    5,700 
	hours/year

	Result:
	kWh =
	                    3,469 
	Annual kWh/door

	
	Annual Anti-Sweat Heater (ASH) Energy Penalty
	

	
	ASH kWh Penalty = (ASH kW Penalty) x h
	

	
	Where:
	
	

	
	
	ASH kWh Penalty:
	Annual Penalty due to ASH, (kWh/door)

	
	
	ASH kW Penalty:
	Penalty due to ASH, (kW/door)

	
	
	h:
	Annual runtime of ASH, (hours/year)

	
	ASH kW Penalty =
	                      0.08 
	kW/door

	input
	h =
	                    8,760 
	hours/year

	Result:
	ASH kWh Penalty =
	                       657 
	Annual kWh/door


Measure Life

12 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Cost

	Cost
	Conditions
	Source

	$160/ft
	Retrofit cost
	ADM/BPA, pg. B‑9/LBL

	$160
	Materials only
	DEER 2001, CCIG: CRE-02, page 4-84

	$197.19/ft
	Retrofit cost
	PG&E T.A. tables

	$197
	Labor and materials
	Best judgment


This measure is an addition to existing equipment, rather than a replacement.  Therefore, both material and labor should be considered.

Terms and Conditions

Must install glass doors on existing open upright (multi-deck) display cases.  The incentive is limited to low-temperature cases – those with a case temperature below 0°F.  Rebate is based on the linear footage (length) of the case.

Summary
	
	Low Temperature Case Door

	kWh/year/door
	2,812

	kW/ln.ft, non-coincident
	0.530

	kW/ln.ft, coincident

Life
	0.286

12 years

	Cost
	$197/ linear foot of case length


Application ID: D. Glass Doors:  Medium Temperature Case
Measure ID: R25

Technology Description
The addition of glass to existing open multi-deck medium temperature refrigeration cases can significantly reduce heat gain to the case and thus produce energy savings.  Savings occur at the compressor due to a decrease in refrigeration load for the case, as well as reduced evaporative fan energy use additional energy is required for anti‑sweat heaters.

This measure has been supported in the technical field for years and is one of the simpler retrofit applications in refrigeration.  

Measure Savings

	
	Install Glass Doors on Open Vertical Display Cases (Medium Temp.)

	
	
	Cooling Savings
	
	

	
	
	Q-coolingsvg = Q-cooling x (C-inf x K-inf) x (1-h)

	
	
	Where:
	
	

	
	
	
	Q-coolingsvg:
	Cooling saving, (Btu/hr/door)

	
	
	
	Q-cooling:
	Case rating given by manufacturer, (Btu/hr/door)

	
	
	
	C-inf:
	Percentage of cooling coming from infiltration, 80% of Q-cooling

	
	
	
	K-inf:
	Door effectiveness in preventing infiltration, assumed to be 100%

	
	
	
	%t:
	Percentage of hours in one day door is open

	
	input
	Q-cooling =
	3,979 
	Btu/hr/door (Tyler L6DLRA-8, 1,492 Btu/hr/ft @ +21F ST)

	
	
	C-inf =
	80%
	

	
	
	K-inf =
	100%
	

	
	input
	%t =
	15%
	

	
	Result:
	Q-coolingsvg =
	2,706 
	BtuR/hr/door

	
	
	Compressor Power Savings (excluding condenser power)

	
	
	kW = [Q-coolingsvg / EER] / 1000
	

	
	
	Where:
	
	

	
	
	
	kW:
	Comp.- power savings(kW/door) 

	
	
	
	Q-coolingsvg:
	Cooling savings, (Btu/hr/door)

	
	
	
	EER:
	Compressor rating given by manufacturer, (Btu/hr/watts)

	
	
	Q-coolingsvg =
	2,706 
	Btu/hr/door

	
	input
	EER =
	8.51
	Btu/hr/watts (Copeland R-502 MT, @ +95F SCT & +20F ST)

	
	Result:
	kW =
	0.32 
	kW/door

	
	
	Anti-Sweat Heater (ASH) Power Penalty
	

	
	
	ASH kW Penalty = [(ASH watts/door) / (1000)]
	

	
	
	Where:
	
	

	
	
	
	ASH kW Penalty:
	Penalty due to ASH, (kW/door)

	
	
	
	ASH watts/door:
	Power consumed by ASH per door, (watts/door)

	
	input
	ASH watts/door =
	75
	watts/door (From Actual Test: 230 kW per 3 doors)

	
	Result:
	ASH kW Penalty =
	0.08 
	kW/door

	
	
	Annual Compressor Energy Savings (excluding condenser energy)

	
	
	kWh = kW x EFLH
	
	

	
	
	Where:
	
	

	
	
	
	kWh:
	Annual compressor energy savings, (kWh/door)

	
	
	
	kW:
	Compressor power savings, (kW/door)

	
	
	
	EFLH:
	Equivalent full load hours, (hours/year)

	
	
	kW =
	0.32 
	kW/door

	
	input
	EFLH =
	5,700 
	hours/year

	
	Result:
	kWh =
	1,812 
	Annual kWh/door

	
	
	Annual Anti-Sweat Heater (ASH) Energy Penalty

	
	
	ASH kWh Penalty = (ASH kW Penalty) x h
	

	
	
	Where:
	
	

	
	
	
	ASH kWh Penalty:
	Annual Penalty due to ASH, (kWh/door)

	
	
	
	ASH kW Penalty:
	Penalty due to ASH, (kW/door)

	
	
	
	t:
	Annual runtime of ASH, (hours/year)

	
	
	ASH kW Penalty =
	0.08 
	kW/door

	
	input
	t =
	8,760 
	hours/year

	
	Result:
	ASH kWh Penalty =
	657 
	Annual kWh/door


Measure Life

12 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Cost

	Cost
	Conditions
	Source

	$105
	Materials only
	DEER 2001, CCIG: CRE-02, page 4-85

	$160/ft
	Retrofit cost
	ADM/BPA,pg. B‑9/LBL

	$197.19/ft
	Retrofit cost
	PG&E T.A. tables

	$197
	Labor and materials
	Best judgment


This measure is an addition to existing equipment, rather than a replacement.  Therefore, both material and labor should be considered.

Terms and Conditions

Must install glass or acrylic doors on existing open upright (multi-deck) display cases.  The incentive is limited to low-temperature cases – those with a case temperature below 0°F.  Rebate is based on the linear footage (length) of the case.

Summary

	
	Medium Temperature Case Door

	kWh/year/door
	1,155

	kW/ln.ft, non-coincident
	0.24

	kW/ln.ft, coincident

Life
	0.130

12 years

	Cost
	$197/ linear foot of case length


Application ID: E. New Refrigeration Case With Doors: 

Low-Temperature Case
Measure ID: R4

Technology Description
Replacing an existing open multi-deck case with a new multi-deck case with doors produces energy savings by reducing heat gain to the case.  Savings occur at the compressor due to a decreased refrigeration load on the case, in addition to the decreased load on the evaporative fan.  An increase in anti-sweat heater load is expected.  The technical support for installing a new refrigeration case with doors is widely available in the field, more so than for adding doors to an existing open case.  This application is seen more commonly for low temperature than for medium temperature cases, due to the larger energy savings obtained.

Measure Savings

	Replacing Existing Open Vertical Display Case with a New Energy Efficient Fixture

	Equipped with ECM Fan Motors, T8EB and Doors (Low Temp.)

	
	Cooling Savings
	
	

	
	Q-coolingsvg = Q-cooling x [((C-inf x K-inf) x (1-h)) +(C-motor x K-motor) + (C-lighting x K-lighting)]

	
	Where:
	
	

	
	
	Q-coolingsvg:
	Cooling saving, (Btu/hr/ft)

	
	
	Q-cooling:
	Case rating given by manufacturer, (Btu/hr/ft)

	
	
	C-inf:
	Percentage of heat gain coming from infiltration, 80% of Q-cooling

	
	
	K-inf:
	Percentage of infiltration saving factor due to door installation, assumed to be 100%

	
	
	C-motor:
	Percentage of heat gain coming from fan motors, 3% of Q-cooling

	
	
	K-motor:
	Percentage of motor saving factor due to retrofitting with efficient fan motors (ECM), 11% reduction

	
	
	C-lighting:
	Percentage of heat gain coming from lighting, 7% of Q-cooling

	
	
	K-lighting:
	Percentage of lighting saving factor due to retroffiting with T8EB, 3% reduction

	
	
	%t:
	Percentage of hours in one day door is open

	input
	Q-cooling =
	1,742 
	Btu/hr/ft (Tyler D6F8, 1,742 Btu/hr/ft @ -20F ST)

	
	C-inf =
	80%
	

	
	K-inf =
	100%
	

	
	C-motor =
	3%
	

	
	K-motor =
	11%
	

	
	C-lighting =
	7%
	

	
	K-lighting =
	3%
	

	input
	%t =
	15%
	

	Result:
	Q-coolingsvg =
	1,194 
	BtuR/hr/ft

	
	Compressor Power Savings (excluding condenser power)

	
	kW-Comp = [Q-coolingsvg / EER] / 1000
	

	
	Where:
	
	

	
	
	kW-Comp:
	Compressor power savings (excluding condenser power), (kW/ft)

	
	
	Q-coolingsvg:
	Cooling savings, (Btu/hr/ft)

	
	
	EER:
	Compressor rating given by manufacturer, (Btu/hr/watts)

	
	Q-coolingsvg =
	1,194 
	Btu/hr/ft

	input
	EER =
	5.19
	Btu/hr/watts (Copeland R-502 LT, @ 95F SCT & -20F ST)

	Result:
	kW-Comp =
	0.23 
	kW/ft

	
	Additional Savings From Efficient Lighting & Motors less Penalty From ASH

	
	Additional Power Savings From Lighting and Motor Efficiency:

	
	kW-Light = [(kW/lamp) x (# of Lamps /case)]/L

	
	Where:
	
	

	
	
	kW-light:
	Lighting power savings, (kW/ft)

	
	
	kW/lamp:
	Saving per each retrofitted lamp and ballast, (kW/lamp)

	
	
	#of Lamps/case:
	Number of lamps per disply of case, (lamps/case)

	
	
	L:
	Display case length (ft)

	input
	# of lamps per case =
	2
	lamp(s)/case

	input
	L =
	8
	ft

	input
	kW/Lamp =
	0.0052
	kW/lamp

	Results:
	kW-Light =
	0.0013
	kW/ft 

	
	kW-Motor = [(kW/motor) x (# of Motors / case)]/L

	
	Where:
	
	

	
	
	kW-Motor:
	Motors power savings, (kW/ft)

	
	
	kW/motor:
	Saving per each retrofitted motor, (kW/motor)

	
	
	# of Motors:
	Number of motors per case

	
	
	L:
	Display case length (ft)

	input
	Number of motors =
	2
	motor(s)/case

	input
	kW/motor =
	0.06
	kW/motor

	Results:
	kW-Motor =
	0.015
	kW/ft  

	
	Anti-Sweat Heater (ASH) Power Penalty:

	
	ASH kW Penalty = [(ASH watts/door) / (1000) x N ] / L

	
	Where:
	
	

	
	
	ASH kW Penalty:
	Penalty due to ASH, (kW/ft)

	
	
	ASH watts/door:
	Power consumed by ASH per door, (watts/door)

	
	
	N:
	Number of Doors

	input
	ASH watts/door =
	75
	watts/door (From Actual Test: 230 kW per 3 doors)

	input
	N =
	3
	doors

	Result:
	ASH kW Penalty =
	0.03 
	kW/ft

	
	
	
	

	
	Annual Compressor Energy Savings (excluding condenser energy)

	
	kWh-Comp = kW-Comp x EFLH
	

	
	Where:
	
	

	
	
	kWh-Comp :
	Annual compressor energy savings (excluding condenser energy), (kWh/ft)

	
	
	kW-Comp :
	Compressor power savings, (kW/ft)

	
	
	EFLH :
	Equivalent full load hours, (hours/year)

	
	
	
	

	
	kW-Comp =
	0.23 
	kW/ft


	input
	EFLH =
	5,700 
	hours/year assumed from 8760 hrs of operation

	Result:
	kWh-Comp =
	1,311 
	Annual kWh/ft

	
	Additional Energy Savings From Lighting & Motor Efficiency, and Penalty From ASH

	
	Additional Energy Savings From Lighting and Motor Efficiency:


	
	kWh-Light = (kW-Light) x t 
	The units are assumed to be operating 24/7, 8760 hrs/yr

	
	Where:
	
	

	
	
	kWh-Light:
	Annual lighting energy savings, (kWh/door)

	
	
	kW-Light:
	Lighting power savings, (kW/door)

	
	
	t:
	Annual runtime of lighting, (hours/year)

	
	kW-Light =
	0.0013 
	kW/ft

	input
	t =
	8,760 
	hours/year

	Result:
	kWh-Light =
	11 
	Annual kWh/ft

	
	kWh-Motor = (kW-Motor) x t
	The units are assumed to be operating 24/7, 8760 hrs/yr

	
	Where:
	
	

	
	
	kWh-Motor:
	Annual motor energy savings, (kWh/ft)

	
	
	kW-Motor:
	Motor power savings, (kW/ft)

	
	
	t:
	Annual runtime of motors, (hours/year)

	
	kW-Motor =
	0.015 
	kW/ft

	input
	t =
	8,760 
	hours/year

	Result:
	kWh-Motor =
	131 
	Annual kWh/ft

	
	Anti-Sweat Heater (ASH) Energy Penalty:

	
	ASH kWh Penalty = (ASH kW Penalty) x t


	
	Where:
	
	The units are assumed to be operating 24/7, 8760 hrs/yr

	
	
	ASH kWh Penalty: 
	Annual Penalty due to ASH, (kWh/door)

	
	
	ASH kW Penalty:
	Penalty due to ASH, (kW/door)

	
	
	t:
	Annual runtime of ASH, (hours/year)

	
	ASH kW Penalty =
	                    0.03 
	kW/door

	input
	t =
	                  8,760 
	hours/year

	Result:
	ASH kWh Penalty =
	                     246 
	Annual kWh/ft


Measure Life

16 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Cost

	Cost
	Conditions
	Source

	$620.60/ft
	common doors
	PG&E T.A. tables

	$1,050/ft
	low temperature, 1986 dollars
	Competitek, pg. 163/EPRI/Safeway

	$80/ft
	incremental cost, new low temperature case
	ADM/BPA, pg. B‑9/pers. comm., Hill Refrigeration

	$100/ft
	Incremental, installed cost
	Best judgment


Terms and Conditions

Must replace an existing open refrigeration case with a new refrigeration case with glass or acrylic doors.  New case length must be equal or shorter than the original case.  Low temperature = a case temperature below 0°F; medium temperature = a case temperature between 1 F and 35 F.  New case cannot be a self-contained unit (with its own compressor).  Rebate is based on the linear footage (length) of the case.

Summary

	
	Low Temperature Case

	kWh/year‑ln.ft.
	1,208

	kW/ln.ft, non-coincident
	0.218

	kW/ln.ft, coincident

Life
	0.118

16 years

	Cost
	$100/ linear foot of case length


Application ID: F. New Refrigeration Case With Doors:

Medium-Temperature Case
Measure ID: R5

Technology Description
Replacing an existing open multi-deck case with a new multi-deck case with doors produces energy savings by reducing heat gain to the case.  Savings occur at the compressor due to a decreased refrigeration load on the case.  The technical support for installing a new refrigeration case with doors is widely available in the field, more so than for adding doors to an existing open case.  This application is seen more commonly for low temperature than for medium temperature cases, due to the larger energy savings obtained.

Measure Savings

	Replacing Existing Open Vertical Display Case with a New Energy Efficient Fixture

	Equipped with ECM Fan Motors, T8EB and Doors (Medium Temp.)

	
	Cooling Savings
	
	

	
	Q-coolingsvg = Q-cooling x [((C-inf x K-inf) x (1-%t)) +(C-motor x K-motor) + (C-lighting x K-lighting)]

	
	Where:
	
	

	
	
	Q-coolingsvg:
	Cooling saving, (Btu/hr/ft)

	
	
	Q-cooling:
	Case rating given by manufacturer, (Btu/hr/ft)

	
	
	C-inf:
	Percentage of heat gain coming from infiltration, 80% of Q-cooling

	
	
	K-inf: 
	Percentage of infiltration saving factor due to door installation, assumed to be 100%

	
	
	C-motor: 
	Percentage of heat gain coming from fan motors, 3% of Q-cooling

	
	
	K-motor: 
	Percentage of motor saving factor due to retrofitting with efficient fan motors (ECM), 11% reduction

	
	
	C-lighting: 
	Percentage of heat gain coming from lighting, 7% of Q-cooling

	
	
	K-lighting: 
	Percentage of lighting saving factor due to retroffiting with T8EB, 3% reduction

	
	
	%t:
	Percentage of hours in one day door is open

	input
	Q-cooling =
	1,492 
	Btu/hr/ft (Tyler L6DLRA-8, 1,492 Btu/hr/ft @ +21F ST)

	
	C-inf =
	80%
	

	
	K-inf =
	100%
	

	
	C-motor =
	3%
	

	
	K-motor =
	11%
	

	
	C-lighting =
	7%
	

	
	K-lighting =
	3%
	

	input
	%t =
	15%
	

	Result:
	Q-coolingsvg =
	  1,023 
	Btur/hr/ft

	
	Compressor Power Savings (excluding condenser power)

	
	kW-Comp = [Q-coolingsvg / EER] / 1000
	

	
	Where:
	
	

	
	
	kW-Comp:
	Compressor power savings, (kW/ft)

	
	
	Q-coolingsvg:
	Cooling savings, (Btu/hr/ft)

	
	
	EER:
	Compressor rating given by manufacturer, (Btu/hr/watts)

	
	Q-coolingsvg =
	1,023 
	Btu/hr/ft

	input
	EER =
	8.51
	Btu/hr/watts (Copeland R-502 MT, @ +95F SCT & +20F ST)

	Result:
	kW-Comp =
	0.12 
	kW/ft

	
	Additioanl Savings From Efficient Lighting & Motors less Penalty From ASH

	
	Additional Power Savings From Lighting and Motor Efficiency:

	
	kW-Light = [(kW/lamp) x (# of Lamps /case)]/L

	
	Where:
	
	

	
	
	kW-Light:
	Lighting power savings, (kW/ft)

	
	
	kW/lamp:
	Saving per each retrofitted lamp and ballast, (kW/lamp)

	
	
	# of Lamps/case:
	Number of lamps per display case, (lamps/case)

	
	
	L:
	Display case length (ft)

	input
	# of lamps per case =
	2
	lamp(s)/case

	input
	L =
	8
	ft

	input
	kW/Lamp =
	0.0052
	kW/lamp

	Results:
	kW-Light =
	0.0013
	kW/ft 

	
	kW-Motor = [(kW/motor) x (# of Motors / case)]/L

	
	Where:
	
	

	
	
	kW-Mtr:
	Motors power savings, (kW/ft)

	
	
	kW/motor:
	Saving per retrofitted motor, (kW/motor)

	
	
	# of Motors:
	Number of motors per case

	
	
	L:
	Display case length (ft)

	input
	Number of motors =
	2
	motor(s)/case

	input
	kW/motor =
	0.06
	kW/motor

	Results:
	kW-Motor =
	0.015
	kW/ft  

	
	Anti-Sweat Heater (ASH) Power Penatly:

	
	ASH kW Penalty = [(ASH watts/door) / (1000) x N ] / L

	
	Where:
	
	

	
	
	ASH kW Penalty:
	Penalty due to ASH, (kW/ft)

	
	
	ASH watts/door:
	Power consumed by ASH per door, (watts/door)

	
	
	N:
	Number of Doors

	input
	ASH watts/door =
	75
	watts/door (Actual Test: 230 kW per 3 doors)

	input
	N =
	3
	doors

	 Result:
	ASH kW Penalty =
	0.03 
	kW/ft

	
	Annual Compressor Energy Savings (excluding condenser energy)

	
	kWh-Comp = kW-Comp x EFLH
	

	
	Where:
	
	

	
	
	kWh-Comp:
	Annual compressor energy savings, (kWh/ft)

	
	
	kW-Comp:
	Compressor power savings, (kW/ft)

	
	
	EFLH:
	Equivalent full load hours, (hours/year)

	
	kW-Comp =
	0.12                        
	kW/ft

	input
	EFLH =
	5,700 
	hours/year

	Result:
	kWh-Comp =
	685 
	Annual kWh/ft

	
	Additional Energy Savings From Lighting & Motor Efficiency,& Penalty From ASH

	
	Additional Energy Savings From Lighting and Motor Efficiency:

	
	kWh-Light = (kW-Light) x t
	

	
	Where:
	
	

	
	
	kWh-Light:
	Annual lighting energy savings, (kWh/door)

	
	
	kW-Light:
	Lighting power savings, (kW/door)

	
	
	h:
	Annual runtime of lighting, (hours/year)

	
	kW-Light =
	 0.0013 
	kW/ft

	input
	t =
	 8,760 
	hours/year

	Result:
	kWh-Light =
	11 
	Annual kWh/ft

	
	kWh-Motor = (kW-Motor) x t
	

	
	Where:
	
	

	
	
	kWh-Motor:
	Annual motor energy savings, (kWh/ft)

	
	
	kW-Motor:
	Motor power savings, (kW/ft)

	
	
	h:
	Annual runtime of motors, (hours/year)

	
	kW-Motor =
	0.015 
	kW/ft

	input
	t =
	8,760 
	hours/year

	Result:
	kWh-Motor =
	131 
	Annual kWh/ft

	
	Anti-Sweat Heater (ASH) Energy Penalty:

	
	ASH kWh Penalty = (ASH kW Penalty) x t

	
	Where:
	
	

	
	
	ASH kWh Penalty:
	Annual Penalty due to ASH, (kWh/door)

	
	
	ASH kW Penalty:
	Penalty due to ASH, (kW/door)

	
	
	t:
	Annual runtime of ASH, (hours/year)

	
	ASH kW Penalty =
	0.03 
	kW/door

	input
	t =
	8,760 
	hours/year

	
	ASH kWh Penalty =
	263
	kWh/door


 Measure Life

16 years -- ( from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Incremental Cost

	Cost
	Conditions
	Source

	$620.60/door
	common doors
	PG&E T.A. tables

	$920/door
	medium temperature, 1986 dollars
	Competitek, pg.163/EPRI/Safeway

	$100/ft
	incremental, installed cost
	Best judgment


Terms and Conditions

Must replace an existing open refrigeration case with a new refrigeration case with glass or acrylic doors.  New case length must be equal or shorter than the original case.  Low temperature means a case temperature below 0°F; medium temperature means a case temperature between 1 F and 35 F.  New case cannot be a self-contained unit (with its own compressor).  Rebate is based on the linear footage (length) of the case.

Summary

	
	Medium Temperature Case 

	kWh/year‑ln.ft.
	581

	kW/ln.ft, non-coincident
	0.108 

	kW/ln.ft, coincident

Life
	0.058

16 years

	Incremental Cost
	$100/linear foot of case length


Application ID: G. High Efficiency Low Temperature Reach-in Display Case with Special Doors 

Measure ID: R87

This measure applies only to low temperature reach-in display cases.  The new reach-in fixture equipped with high efficiency lighting, fan motors and low/no ASH glass doors will replace an exiting reach-in display case with standard glass doors.  Compressor savings occur due to a decrease in heat dissipation from fan motors, lights and anti-sweat heaters.  Additionally, efficient lighting and fan motors will contribute further to the savings.  

Measure Savings

Energy saving calculations are enclosed in Appendix H.

Application

Small/Medium/Large Groceries

Measure Life

16 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Cost

$700 per linear foot (sample invoices from PY2001 rebate program)

Application ID: H. Special Doors with Low/No Anti- Sweat Heat (ASH) Controls- Low Heat/No Heat Refrigeration Case Door 

Measure ID: R6
Technology Description
Traditional clear glass display case doors consist of two-pane glass (three-pane in low and medium temperature cases), and aluminum doorframes and door rails.  Glass heaters may be included to eliminate condensation on the door or glass.  The door heaters are traditionally designed to overcome the highest humidity conditions as cases are built for nation-wide applications.  New low heat/no heat door designs incorporate heat reflective coatings on the glass, gas inserted between the panes, non-metallic spacers to separate the glass panes, and/or non-metallic frames (such as fiberglass).

The primary focus of this rebate measure is on new cases - to incent customers to specify advanced doors when they are purchasing refrigeration cases.

The two major manufacturers of refrigeration case doors, Anthony and Ardco, offer the above-mentioned advanced doors.  Zerowatt, a smaller company in Oakland, also offers advanced doors.

Measure Savings

	Replace Existing Glass Doors with the Special Polymer Type that Eliminates Glass Heating

(Low Temp.)

	
	Assumptions: Indoor Dry-Bulb Temperature of 75oF and Relative Humidity of 55%, [4-minute opening intervals for 16-second], Neglect Heat conduction through doorframe / assembly

	
	Cooling Savings
	
	

	
	Q-cooling svg = (Q-cooling x K-ASH)
	

	
	Where:
	
	

	
	
	Q-coolingsvg:
	Cooling saving, (Btu/hr/door)

	
	
	Q-cooling: 
	Case rating given by manufacturer, (Btu/hr/door)

	
	
	K-ASH: 
	% of cooling load reduction due to low anti-sweat heater, 1.5% Btu/hr/door reduction

	input
	Q-cooling =
	1,400 
	Btu/hr/door (Hill Phoenix ORZ-8, 1,400 Btu/hr/door @ -13F Evap. Temp.)

	
	K-ASH =
	1.5%
	

	Result:
	Q-coolingsvg =
	21 
	Btur/hr/door

	
	Compressor Power Savings (excluding condenser power)

	
	kW = [Q-coolingsvg / EER] / 1000
	

	
	Where:
	
	

	
	
	kW:
	Compressor power savings, (kW/door)

	
	
	Q-coolingsvg:
	Cooling savings, (Btu/hr/door)

	
	
	EER:
	Compressor rating given by manufacturer, (Btu/hr/watts)

	
	Q-coolingsvg =
	21 
	Btu/hr/door

	input
	EER =
	5.43
	Btu/hr/watts (Copeland R-502 LT, @ 95F SCT & -15F ST)

	Result:
	kW =
	0.090
	kW/door

	
	
	0.054
	Coincident Diversity Factor

	
	
	0.049
	kW/door coincident with peak

	
	Anti-Sweat Heater (ASH) Power Reduction
	

	
	ASH kW Reduction = [(ASH watts/door) / (1000)]

	
	Where:
	
	

	
	
	ASH kW Reduction :
	Reduction due to ASH, (kW/door)

	
	
	ASH watts/door :
	Reduction in ASH power per door, (watts/door)

	
	ASH watts/door =
	83
	watts/door (From Actual Test: 0.250 kW per 3 doors)

	Result:
	ASH kW Reduction =
	0.083 
	kW/door

	
	Annual Compressor Energy Savings (excluding condenser energy)

	
	kWh = kW x EFLH
	
	The units are assumed to be operating 24/7, 8760 hrs/yr

	
	Where:
	
	

	
	
	kWh:
	Annual compressor energy savings (excluding condenser energy), (kWh/door)

	
	
	kW:
	Compressor power savings, (kW/door)

	
	
	EFLH:
	Equivalent full load hours, (hours/year)

	
	kW =
	0.0039 
	kW/door

	input
	EFLH =
	5,700 
	hours/year

	
	
	
	

	Result:
	kWh =
	22 
	Annual kWh/door

	
	Annual Anti-Sweat Heater (ASH) Energy Reduction

	
	ASH kWh Reduction = (ASH kW Reduction) x t 

	
	Where:
	
	

	
	
	ASH kWh Reduction:
	Annual Reduction, (kWh/door)

	
	
	ASH kW Reduction:
	Reduction, (kW/door)

	
	
	t:
	Annual runtime of ASH, (hrs/yr)

	
	ASH kW Reduction =
	0.08 
	kW/door

	input
	t =
	8,760 
	hours/year

	Result:
	ASH kWh Reduction =
	727 
	Annual kWh/door


Measure Life

16 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Incremental Cost

Assuming the same market share and breakdown of temperature applications, the average incremental cost is $77/ft. (See tables below for calculations.)  We are considering material cost only since the majority of the applications will be on new cases.

Terms and Conditions

Must install a no-heat/low-heat clear glass door on an upright display case.  Limited to door heights of 57 inches or more.  Doors must have either heat reflective treated glass, be gas filled, or both.  Applies to low temperature cases only—those with a case temperature below 0°F.  Doors must have 3 or more panes.  Total door rail, glass, and frame heater amperage (@ 120 volt) cannot exceed 0.97 amps per foot for low temperature cases.  Rebate is based on the door width (not including case frame).

Summary

	
	Special Doors for Low Temp

	kWh/door
	749

	kW/door, non-coincident
	0.049

	kW/door, coincident
	0.015 

	Life
	16 years

	Cost
	$77/linear foot of door


Application ID: I. Anti-Sweat Heat (ASH) Controls

Humidistat Control 

Measure ID: R7

Technology Description
A humidistat control is a control device to turn refrigeration display case anti‑sweat heaters off when ambient relative humidity is low enough that sweating will not occur.  Anti‑sweat heaters evaporate moisture by heating the door rails, case frame and glass of display cases.  Savings result from reducing the operating hours of the anti‑sweat heaters, which without a humidistat control generally run continuously.  There are various types of control strategies.  The most common turns the heater on/off at a set humidity, while more sophisticated controls cycle the heaters on/off over a range of humidities.

While the technical support for this measure exists in the field, the measure is not often specified by trade allies.  There are a variety of newer control strategies that save even more energy than basic dew point and analog dew point controllers.  These new controllers offer the potential for increasing market penetration as they will increase customer and trade ally satisfaction due to improved moisture control.

Measure Savings
	 UNITS: per door
	Pulse Modulation Anti-Sweat Heater (ASH) Control

	
	Interactive Savings:
	
	

	
	Cooling Savings
	
	

	Q-coolingsvg = [(watts of ASH/door) x (Average Store RH%) x (%Reduction)]
	

	Where:
	
	
	

	
	Q-coolingsvg :
	% Cooling saving, (Btu/hr/door)
	

	
	Watts of ASH/door:
	ASH power per door (watts/door)
	

	
	Average Store RH%:
	Average indoor relative humidity (%)

	
	%Reduction:
	%Reduction in heat gain as a function of ASH connected load
	

	
	
	
	

	input Watts of ASH/door
	200
	Watts/door, OR 682.6 Btu/hr/door
	

	input Average Store RH%
	45%
	RH
	

	%Reduction:
	18%
	Determined from Graph (based on SCE's test data)

	Result:  Q-coolingsvg =
	                               119 
	Btur/hr/door
	

	
	
	

	
	Compressor Power Savings (excluding condenser power)
	

	
	kW = [Q-coolingsvg / EER] / 1000
	

	Where:
	
	
	

	
	kW-Comp:
	Compressor power savings (excluding condenser power), (kW/door)

	
	Q-coolingsvg:
	Cooling savings, (Btu/hr/door)
	

	
	EER:
	Compressor rating given by manufacturer, (Btu/hr/watts)

	Q-coolingsvg =
	119 
	Btu/hr/door
	

	input EER =
	5.43
	Btu/hr/watts (Copeland R-502 LT, @95F SCT & -15F ST)

	Result: kW-Comp =
	0.0220 
	kW/door
	

	
	
	
	

	
	Direct Power Savings From ASH
	

	
	ASH kW Reduction = [(1-%kW) x (Watts of ASH/door)]
	

	Where:
	
	
	

	
	ASH kW Reduction:
	Reduction due to pulse modulation ASH, (kW/door)

	
	kW:
	%of ASH Power, (kW/door)
	

	
	Watts of ASH/door 
	ASH power per door (watts/door or Btu/hr/door)

	kW =
	50%
	Determined from Graph based on SCE's test data

	Watts of ASH/door =
	200
	Watts/door
	

	Result: ASH kW Reduction =
	0.100 
	kW/door
	

	
	
	
	

	Annual Compressor Energy Savings (excluding condenser energy)
	


	kWh-Comp = kW-Comp x EFLH
	
	

	Where:
	
	
	

	
	kWh-Comp :
	Annual compressor energy savings (excluding condenser energy), (kWh/door)

	
	kW-Comp :
	Compressor power savings, (kW/door)

	
	EFLH :
	Equivalent full load hours, (hours/year)

	
	
	
	

	kW-Comp =
	                            0.022 
	kW/door
	

	input EFLH =
	                            5,700 
	hours/year
	

	Result: kWh-Comp =
	                               125 
	Annual kWh/door
	

	
	
	
	

	
	Energy Savings From ASH
	

	
	ASH kWh Reduction = (ASH kW Reduction) x h
	

	Where:
	
	
	

	
	ASH kWh Reduction :
	Annual Reduction due to pulse modulation ASH, (kWh/door)

	
	ASH kW Reduction :
	Reduction due to pulse modulation ASH, (kW/door)

	
	h :
	Annual runtime of ASH, (hours/year)

	ASH kW Reduction =
	0.100 
	kW/door
	

	Input   h =
	8,760 
	hours/year
	

	Result: ASH kWh Reduction =
	876 
	Annual kWh/door
	

	
	
	
	

	
	SUMMARY of SAVINGS: 
	 

	 
	 
	 
	 

	Cooling Savings:
	119 
	Btu/hr/door
	

	Power Savings:
	0.12 
	kW/door
	

	Annual Energy Savings:
	1,001 
	Annual kWh/door
	

	 
	 
	 
	 


Measure Life

12 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Incremental Cost

$56.00 – from: 2001 DEER Update Study, CCIG-CRC-01, p. 4-79, Xenergy, Oakland, CA.

Terms and Conditions

Must install a control device that senses the humidity in the air outside of the upright display cases and turns off the glass door and frame anti‑sweat heaters at low-humidity conditions.  Dew-point or analog dew-point controllers are recommended.  Rebate is based on the linear footage (length) of the case.

Summary

	
	ASH Controls

	kWh/year‑ln.ft.
	1,001

	kW/ft, non-coincident
	0.12  (duty cycle)

	kW/ft, coincident
	0.022

	Life
	12 years

	Cost
	$56.00 / foot of Case


Application ID: J. Insulate Bare Suction Line

Measure ID: R11

Technology Description
This incentive measure provides an incentive for smaller customers to insulate bare refrigeration suction lines.  Insulating suction lines decreases the heat load to the compressor, resulting in decreased compressor operating hours.  To limit the measure's applicability to smaller equipment this incentive is only available for insulating pipes whose diameters are 1.5 inches or less.  It is common to see the suction lines insulated on larger refrigeration systems but lines in smaller, independently owned grocery stores are not commonly insulated.

There are many companies that manufacture pipe insulation including Armstrong World, Inc., Rubatex, and Halstead.  Pipe insulation can be purchased at a number of industrial supply stores including refrigeration supply houses and many plumbing supply houses.

Measure Savings

The formulas and input data for calculating the heat loss of a bare and insulated copper pipe are given below.  The formulas allow inputs for temperature of refrigerant vapor, hours of compressor operation, ambient air temperature, wind speed, thickness of insulation and its k value (Btu-in/hr-ft2-F), pipe diameter and length, and the efficiency (EER) of the compressor.

The formulas assume that the bare pipe will have conductive and radiant heat loss from its surface to the air.  It is also assumed that the surface temperature is the same as the refrigerant vapor temperature.  For insulated pipe the conductive heat loss is calculated, considering only the insulation for the heat transfer coefficient.

Calculations are performed for 3/8 inch, 1/2 inch, 3/4 inch, 1 inch, 1 1/4 inch, and 1 1/2 inch nominal diameter pipe.  The savings are then averaged assuming equal participation of each diameter in the incentive program.

Assumptions

· Refrigeration vapor temperature: For both low temperature and medium temperature assume 15(F of superheat at the exit of the evaporator and an average coil to compressor rise of 5(F.  Assume low temperature suction = -20(F, so use 0(F for vapor temperature, for medium temperature assume suction = 15(F, so use 35(F for medium temperature vapor.

· Compressor operates 5,700 equivalent full load hours, based on 24/7 operation of the refrigeration system. 
· Average ambient temperature inside store = 75(F.

· Average wind speed = 0.5 mph (44 fpm, see ASHRAE 1989 Fundamentals, p. 13.9).

· Compressor efficiency: low temperature = 5.0 EER, medium temperature = 7.5 EER.

· 80% of participating length of pipe is for medium temperature applications, 20% of pipe is for low temperature.

· Insulation thickness, mandated in the measure requirements, is 1 inch for low temperature and 3/4 inch for medium temperature.

· Insulation material is flexible, closed-cell polyethylene foam with a thermal conductivity (k value) of 0.27 Btu-in/hr-ft2-F.

Sample Data for Calculations

	Vapor temperature at pipe inlet
	35(F

	Annual hours of operation
	5700 hrs

	Ambient air temperature
	75(F

	Tube material
	Copper

	Nominal tube diameter
	1.5 in.

	Actual tube diameter
	1.625 in.

	Tube length
	1 ft.

	Wind speed
	0.5 mph

	Average air temperature
	55(F

	Current insulation thickness
	0 in.

	Current insulation k value
	0 Btu-in/hr-ft2-F

	Proposed insulation thickness
	0.75 in.

	Proposed insulation k value
	0.27 Btu-in/hr-ft2-F

	Proposed insulation outside radius
	1.52 in.

	Proposed insulation inside radius
	0.82 in.

	
	

	Uninsulated Pipe Heat Gain
	

	Convection heat transfer coefficient
	1.52 Btu/hr-ft2-F

	Radiant heat transfer coefficient
	0.4115 Btu/hr-ft2-F

	Rate of conductive heat transfer
	N.A.

	Overall heat transfer coefficient
	1.94 Btu/hr-ft2-F

	Heat gain
	32.93 Btu/hr

	Energy increase
	25.02 kWh/yr.

	
	

	Insulated Heat Gain
	

	Convection heat transfer coefficient
	N.A.

	Radiant heat transfer coefficient
	N.A.

	Rate of conductive heat transfer
	0.24 Btu/hr-ft2-F

	Overall heat transfer coefficient
	0.24 Btu/hr-ft2-F

	Heat gain
	7.71 Btu/hr

	Energy increase
	5.86kWh/yr.

	
	

	Energy Savings per year with insulation (this number is based on above data; a weighted average for this measure is given below)
	19.16 kWh/yr.-ft


Equations
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For bare pipe, from ASHRAE 1989 Fundamentals Handbook, page 22.15.

To calculate the pipe surface convective heat transfer coefficient, hcv
where
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C
= constant depending on shape and heat flow condition


= 1.016 for horizontal cylinders

d
= diameter for cylinder, inches

tavg
= average temperature of air film, F

t
= surface to air temperature difference, F

wind
= air speed, mph

To calculate the pipe surface radiant heat transfer coefficient, hrad
where


e
= surface emittance = 0.44 for dull bare copper pipe, page 22.18

ta
= air temperature, F

ts
= surface temperature, F

For insulated pipe, from ASHRAE 1989 Fundamentals Handbook, page 20.
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where


qs
= rate of heat transfer per unit area of insulation's outer surface


ti
= temperature of inner surface, F (assume same as vapor temp.)
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ts
= temperature of outer surface, F 

ta
= air temperature, F
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To correct for ambient temperature ta, incorporate the surface resistance 1/hs

k
= thermal conductivity of insulation

Since Q = UAT, A = 2raL, and qs = Q/A
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Provided on page 22.15, Figure 6 of ASHRAE is a graph to estimate surface resistance.  Assuming a heat transmission rate of 45 Btu/h-ft2 (based on spreadsheet runs), 1/hs = 0.65 F-ft2-h/Btu.

Calculations

The table below shows the calculations for average of the energy savings due to insulating bare suction lines to be 16.02 kWh/ft

	Nominal tube diameter (in.)
	
	Savings per year (kWh/ft)
	

	
	Low temperature applications:
1” insulation
	Medium temperature applications:
3/4” insulation
	Weighted average of 20% low temp, 80% med. Temp. applications

	0.38
	22.06
	6.42
	9.55

	0.50
	27.70
	8.24
	12.13

	0.75
	36.98
	11.03
	16.22

	1.00
	45.61
	13.62
	20.02

	1.25
	55.45
	16.82
	24.55

	1.50
	63.34
	19.16
	27.99

	
	
	
	Average = 18.41


Note:  It is believed that duty cycle demand savings do occur but that since the length of the refrigerant line and its savings are not always proportional to the size and demand rating of the compressor, the demand savings are too difficult to determine and therefore are not claimed.

Demand savings = 0 kW/ft

Measure Life

11 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Cost

The average cost of this measure was calculated using the incremental costs captured through a data search in PG&E’s MDSS database.  The data reflects all insulate bare suction line purchased in 1994 that were rebated through the Retrofit Express Program.

Based on a sample size of 622 linear-feet, the average cost is calculated to be $1.72/ln.ft.

Terms and Conditions

Must insulate bare refrigeration suction lines (the larger diameter lines that run from the evaporator to the compressor).  Medium temperature lines must be insulated with ¾-inch insulation, low temperature lines must be insulated with 1-inch insulation.  Insulation material must be flexible closed-cell nitrite rubber.  Limited to pipe sizes of 1.5 inches or less.  Rebate is not available for new equipment.  Insulation exposed to outside weather must be jacketed (such as with a medium-gauge aluminum jacket) or protected from the weather in some way.  Rebate is based on the linear footage of the insulation installed.

Summary

	
	Insulate Bare Suction Line

	kWh/yr.-ln.ft.
	18.4

	kW/ln.ft.
	0

	Life
	11 years

	Cost
	$1.72/ linear foot of line


Application ID: K. & L. Door Gaskets Coolers or Freezers, Solid or Glass Doors

Measure ID: R50/R89

Technology Description

This measure is to replace weak, worn-out gaskets with new better-fitting gaskets that reduce air infiltration into the conditioned space.

Measure Savings

Savings for this measure have been revised.  Assumptions for door size and hours that infiltration occur have been updated to reflect recommendations from the M&E report for the 1995 program (Quantum 1997, B.5-14)

Baseline assumptions for measure savings:

· The cooler/freezer door may be open as much as 3,010 hours per year (estimated from 3 hr/day intentionally open or 1,915 hr/yr., plus left ajar unintentionally 25% of the remaining time, 1,915 hr/yr.) The improved gaskets save energy during the remaining 5,750 hours per year.

· We assume width, W = 3 ft and height, H = 7 feet for the average sized door.

· Cooler temperature is 40(F, freezer is 0(F, kitchen temperature is 70(F (conservative) and relative humidity is 60%.

· Weak gaskets on coolers and freezers allow loss of 3% of the open door heat loss.

· Typical cooler performance factor is 1.6kW/ton, typical freezer performance factor is 2.4 kW/ton.

· 80 % of installations are coolers, 20% are freezers.

Engineering-based savings:

· The heat loss from ill-fitting gaskets is calculated as a fraction (3%) of the heat loss from a cold space to a warmer space through an open door.  We chose this model, which is described in the 1990 ASHRAE Handbook-Refrigeration, because it is based on temperature-induced (rather than pressure-induced) air flow.

· From 1990 ASHRAE Handbook-Refrigeration, 27.3 gives the basic relationship for heat gain through doorways from temperature-induced air exchange:


qt
= q * Dt * Df

q
= 3,790 * W * H1.5 (Qs/A)(I/Rs), Btu/hr


Where:


Dt
= doorway open time factor

Df
= doorway flow factor

Qs/A
= sensible heat load of infiltration air per square foot of doorway opening

Rs
= sensible heat ratio of the infiltration heat gain

The factors Qs/A and 1/Rs are determined from 1990 ASHRAE R‑26.4, Figure 3 and Table 7.  Apply a doorway flow factor of 0.80 (as recommended on page R‑27.5, 1990 ASHRAE Handbook), and the 3% savings assumption (Df 0.80 * 0.03).  Demand savings are initially calculated assuming that the door is open for an hour (Dt = 1).


Savings for the average‑sized cooler are:

qt
= 3,790 * 3 * 71.5 * 0.16 * (1/0.59) * (0.80 * 0.03) 

qt
= 1,371 Btu/h x (1 ton-hr/12,000 Btu) x (1.6 kW/ton)



= 0.183 kW


Savings for the average‑sized freezer are:

qt
= 3,790 * 3 *71.5 * 0.61 * (1/0.63) * (0.80 * 0.03) 

qt
=4,893 Btu/h x (1 ton-hr/12,000 Btu) x (1.6 kW/ton)

= 0.979 kW


Total Non-coincident demand savings:

= (0.183 kW x 0.80)+(0.979 kW x 0.20)

= 0.342 kW


Baseline energy use = 58,400 kWh/yr. (1,752/0.03)


Annual energy savings are:

Hours Door Left Ajar = (365 day/yr. x 20 hr/day) - (1,095 hr/yr.door open)

=
6,205 hours

=
6,205 hrs x 25% chance ajar

=
1,551 hours

Hours for potential savings =
8,760 hrs - 1,551 hrs - 1,095 hrs 

=
6,114 hrs/yr.

Annual Energy Savings =
0.342 kW x 6,114 hrs/yr.

=
2,091 kWh/yr.

Coincident demand savings:

For a given hour in the year, the chance that a door will be closed is the CDF.

= 
0.342 kW x (6,114 hrs/yr. door closed)/(8,760 hrs/yr.)

=  
0.239 kW

Measure Life
4 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Incremental Cost

The cost of this measure was calculated using the incremental costs found through a data search in PG&E’s MDSS database.  The data reflects all gaskets purchased in 1994 by customers that participated in the Retrofit Express Program.  Based on a sample size of 769 gaskets, the average is $80.52 per gasket.

Gaskets may be purchased from the OEM, their representative, or other distributors who match OEM specifications. $80 per gasket (or unit).  To convert this cost to that per linear foot of gasket, We divide $80 by 20 feet (3x7 foot door from savings calculations) and get $4.00 per linear foot of gasket

Terms and Conditions

Must replace a worn gasket on a walk-in cooler or freezer.  Gasket must have a minimum perimeter of 16 feet.  Replacement gaskets must be meet the manufacturer’s specifications, specifically regarding dimensions, materials, attachment method, style, compression, and magnetism.

Summary

	
	Door Gaskets

	kWh/yr.
	2,091

	kW, noncoincident
	0.342

	kW, coincident
	0.239

	Life
	4 years

	Cost
	$4.00 /linear ft of gasket


Application ID: M. & N. Auto Closer on Coolers or Freezers

Measure ID: R79/R80

Technology Description

This measure is installation of an automatic, hydraulic‑type door closer on doors to walk‑in coolers or freezers.

Measure Savings

Baseline assumptions for measure savings:
· The cooler/freezer door may be open intentionally an average of three hours per day for a total of 1,095 hours per year.  Of the remaining 7,665 hours per year, we assume that the door is left ajar 25% of the time.  The door closer saves energy during those 1,915 hours per year.

· Typical cooler and freezer door perimeter is 20 feet; we assume a width of W = 3 ft and height of H = 7 feet.

· Cooler temperature is 40(F, freezer is 0(F, kitchen temperature is 70(F (conservative), and relative humidity is 60%.

· Coolers and freezers lose 20% of the open door heat loss when the door is slightly ajar.

· Typical cooler performance factor is 1.6 kW/ton

1.6kW/ton x (1ton/12,000Btuh) x 1000 Watts/kW)


= 7.5 EER (Btu/Watt)

· Typical freezer performance factor is 2.4 kW/ton.

2.4 kW/ton x (1ton/12,000Btuh) x 1000 Watts/kW)


= 5.0 EER (Btu/Watt)

· 80% of installations are coolers, 20% are freezers.

Engineering based savings calculations are repeated from the 1996 filing, with updated information from the M&E report for the 1995 program (Quantum 1997b, p. B.5-15):

From 1990 ASHRAE Handbook – Refrigeration, 27.3 and 27.4 give the basic relationship for heat gain through doorways from temperature induced air exchange:


qt
= q * Dt * Df

q
= 3,790 * W * H1.5 (Qs/A)(I/Rs), Btu/hr

where:


Dt
= doorway open time factor

Df
= doorway flow factor

Qs/A
= sensible heat load infiltration air per square foot of doorway

Rs
= sensible heat ratio of the infiltration air heat gain

The factors Qs/A and I/Rs are determined from 1990 ASHRAE R-26.4; Figure 3 and Table 7.  Apply a doorway flow factor of 0.80 (as recommended on page R‑27.5, 1990 ASHRAE Handbook), and the 20% savings assumption (Df = 0.80 * 0.20).  Savings for the average‑sized cooler are (assuming initially that the door is left open for an entire hour):


qt
= 3,790 * 3 * 71.5 (0.16) (1/0.59) * (0.80 * 0.20) 

qt
= 9,137 Btu/hr * (ton hr/12,000 Btu) * (1.6 kW/ton)

qt
= 1.218 kW

Savings for the average‑sized freezer are (again assuming that the door is left open for an entire hour:


qt
= 3,790 * 3 * 71.5 * 0.61 * (1/0.63) * (0.80 * 0.20) 

qt
= 32,622 Btu/hr * (ton hr/12,000 Btu) * (2.4 kW/ton)

qt
=6.5247 kW

Average non-coincident demand savings are:


[(1.218 * 0.80) + (6.524 * 0.20)] kW = 2.279 kW

Annual Energy Savings:


Assuming a busy restaurant, open 20 hours a day:

Hours Door Left Ajar 

=
(365 day/yr. x 20 hr/day) - (1,095 hr/yr. door intentionally left open)

=
6,205 hrs x 25% chance ajar     =    1,551 hrs/yr.

Hours for potential savings =
8,760 hrs - 1,551 hrs - 1,095 hrs

=
6,114 hrs/yr.


Annual Energy Savings =
0.342 kW x 6,114 hrs/yr.

=
2,091 kWh/yr.

Coincident demand savings:

For a given hour in the year, the chance that a door will be closed is the CDF.

Coincident demand savings = 0.342 kW x (6,114 hrs/yr. door closed)/(8,760 hrs/yr.)    = 
0.239 kW

Measure Life
8 years (from:  California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Incremental cost
Material cost is about $65.  Since some tools are required, installation by a contractor may be desirable.  Since one hour is probably the minimum service charge, $60 is allowed for cost of labor.  Therefore, the total cost is $125.

Manufacturers

Casom Corporation
39-06 Cresant Sumt
Long Island, NY  11101
718/937-3737

Franklin Machine Products Corporation
3 E. Stow Road
Marlton, NJ  08053
800/257-7737

Standard Keil/Tap-Rite
Route 34 at Garden State Parkway
Allenwood, NJ  08720
800/221-0704

Terms and Conditions
The door on a walk‑in cooler or freezer must have a minimum perimeter of 16 feet.  The auto‑closer must be able to firmly close a door that is within one inch of full closure.

Summary

	
	Auto-Closer

	kWh/yr.

kW, noncoincident
	3,535

2.279

	kW, coincident
	0.570

	Life
	8 years

	Cost
	$125 / unit


Application ID: O. Evaporator Fan Controller for Walk-In Coolers

Measure ID: R53

Technology Description
An evaporator fan controller is defined as a device or system that lowers airflow across an evaporator in medium-temperature walk-in coolers when there is no refrigerant flow through the evaporator (i.e., when the compressor is in an off-cycle).  This is typically accomplished by lowering the speed of the fan motors during the compressor off-cycle.  The controller reduces air flow rather than turning fans off completely when the compressor is not operating because a minimum airflow is required to provide defrosting and prevent the air in the cooler from stratifying into layers of higher and lower temperature.

A typical evaporator unit in a walk-in cooler contains one or more small fans with fractional horsepower motors that are operating continuously.    A fan controller saves energy by reducing fan usage and by reducing the refrigeration load resulting from the heat given off by the fan. 

An evaporator fan controller consists of the following components:


A controller for reducing airflow over the evaporator coil when there is no refrigerant flow through the evaporator.  This can be achieved by using an adjustable speed drive or a two-speed motor, or by staging fans.  The adjustable speed drives for fractional horsepower motors typically vary the input voltage to the motor to adjust the speed. 


An input signal to the controller that indicates if refrigerant is flowing through the evaporator.  This input signal could be based on compressor on/off status, temperature across the evaporator coil, or compressor head pressure. 

These controllers are not applicable to low temperature walk-in coolers because they are incompatible with the operation of the defrost system in those coolers.  

Market Applicability
Walk-in coolers, which maintain food and other perishable products, are often found in restaurants, convenience stores, liquor stores, supermarkets, cafeterias, warehouses, florist shops, and laboratories.  It is estimated that there are around half a million of these refrigerated rooms in the United States.  

Measure Savings

Energy savings are calculated for a typical application in which an evaporator fan controller for a walk-in cooler would be potentially attractive to a customer.  The equipment data and other parameters used in the example are considered to be either typical or mostly in the middle range of applications.  The sample calculation is shown below.  The savings for this measure are highly variable and depend to a large extent on the duty cycle of the compressor, which can range from 10% to 100%.

Savings are calculated on a “per controller” basis.

Data and Assumptions

Number of evaporator fans




2

Fan horsepower





1/20 hp each

Fan motor type





shaded-pole

Fan motor efficiency at full speed



35%

Fan motor efficiency at reduced speed


5%

Existing fan operation at full speed



8,760 hrs/yr

Compressor duty cycle




50%

Fan motor speed reduction when compressor is off

75%

Electricity rate:





$0.10/kWh

Installed project cost





$300

Calculation

Total fan power at full speed
= (number of evaporator fans) x (fan hp each) x (0.746 kW/hp)







(fan motor efficiency at full speed)





= 2 x (1/20) x 0.746






35%





= 0.21 kW

Total fan power at reduced speed
= (total fan power at full speed) x (1-fan motor speed






    reduction) ^ 3 x (fan motor efficiency at full speed)






(fan motor efficiency at reduced speed)






= 0.21 kW x (1-0.75)^3 x 35%







5%






= 0.023 kW

Proposed fan operation at full speed
= (existing fan operation at full speed) x






   (compressor duty cycle)






= 8,760 hrs/yr x 50%






= 4,380 hrs/yr

Proposed fan operation at reduced speed
= (existing fan operation at full speed) -







   (proposed fan operation at full speed)







= 8,760 hrs/yr - 4,380 hrs/yr







= 4,380 hrs/yr

Existing fan electricity usage
= (total fan power at full speed) x (existing fan operation





    at full speed)





= 0.21 kW x 8,760 hrs/yr





= 1,867 kWh/yr

Proposed fan electricity usage
= (total fan power at full speed) x (proposed fan operation at full





    speed) + (total fan power at reduced speed) x (proposed fan





    operation at reduced speed)





= 0.21 kW x 4,380 hrs/yr + 0.023 kW x 4,380 hrs/yr





= 1,036 kWh/yr

Fan electricity savings 
= (existing fan electricity usage) - (proposed fan electricity usage)





= 1,867 kWh/yr - 1,036 kWh/yr





= 831 kWh/yr

Reduced refrigeration load
= fan electricity savings





= 831 kWh/yr

Refrigeration system COP
= 3.0

Refrigeration system electricity savings
= reduced refrigeration load






   refrigeration system COP







= 831 kWh/yr







3.0






= 277 kWh/yr

Total electricity savings 

per Controller


= (fan electricity savings) + (refrigeration system electricity savings)





= 831 kWh/yr + 277 kWh/yr





= 1,109 kWh/yr

Total electricity cost savings 

per Controller


= (total electricity savings) x (electricity rate)





= 1,109 kWh/yr x $0.10/kWh





= $111/yr

Measure Life 

5 years (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Incremental Cost

$265 per unit (from:  2001 DEER Update Study, CCIG-CRE-07, p. 4-82, Xenergy, Oakland, CA.

Terms and Conditions

Must lower air flow of evaporator fans in walk-in coolers when there is no refrigerant flow through the evaporator (i.e., when the compressor is in an off-cycle). Must control a minimum fan load of 1/20 hp where the fan(s) are currently running continuously, and must reduce fan motor power consumption by at least 75% during the compressor off-cycle. 

Summary

	
	Evaporator Fan Controller

	kWh/yr.

kW, noncoincident
	1,109

0

	kW, coincident
	0

	Life
	5 years

	Cost
	$265 / unit


Application ID: P. Air-Cooled to Evaporative Cooled Condenser

Measure ID:  R38/R90
Technology Description
Replacing air-cooled condensers with evaporative-cooled condensers is somewhat supported in the industry; concerns for maintenance, water usage, the need for plumbing, and the need for space limit this application. Over sizing evaporative-cooled condensers in the retrofit market is supported in the industry but is generally not done unless utility incentives help offset the cost.

Evaporative condensers have an optimum condensing temperature where the system is most efficient, generally when the condensing temperature is 7-10 degrees higher than the ambient wet bulb temperature. This occurs when the energy consumption of the condenser fan(s) and pumps commences to offset the energy reduction from the improved compressor efficiency as a result of lower discharge pressure operation.

Measure Savings

The energy savings for this measure were determined by using detailed computer simulations based on the DOE-2.2 energy analysis program. DOE-2.2 was developed specifically for evaluating the energy performance of commercial and residential buildings.  Although DOE-2.2 is newly released, its predecessor, DOE-2, has been widely reviewed and validated in the public domain. Both programs calculate hour-by-hour building energy consumption over an entire year (8760 hours) using weather data for the location under consideration.  Separate energy savings were determined for various California Energy Commission climate zones.   

DOE-2.2 modeling was used to determine cumulative energy savings as new energy efficient measures were added to a base refrigeration system.  Energy savings for oversized condensers varied depending on the existing system.  Savings for both stand alone and parallel (Multiplex) refrigeration system were used for claimed savings.
Data and Assumptions

The study is based on a prototypical building based on a typical supermarket design of 32,000 square feet, and operating eighteen hours per day. The market contains a total of 11 display case line-ups, and 5 walk-in boxes. The display fixtures are assumed to be of mid-90’s vintage, and encompass the types and range of temperatures commonly found in supermarkets. Most of the low-temperature fixtures include doors, but some are open tubs. The remainder of the display cases is meat, dairy, deli, beverage, and produce cases. The criterion for selecting the applicable climate zones was based on the ambient wet-bulb temperature.  Evaporation cooled condensers perform better in low wet-bulb (drier) climates.
Base case

Each display case and walk-in cooler is served by its own compressor, for a total of 16 compressors in 16 separate refrigeration systems. The low-temperature systems use R-502, and the medium temperature systems use R-12.  The systems share a single multi-circuit condenser whose fans are staged directly on outdoor drybulb temperature. A discharge-air thermostat in each fixture cycles the compressor as required to meet the load.  By converting the above system to a parallel (multiplex) compressor system with air cooled condensers the base energy savings have been established.  This measure is also restricted to the below listed California Energy Commission climate zones:

Baseline, Energy Usage and Savings with Evaporative Cooled Condenser


	Evaporative cooled Condenser
	Air-Cooled Baseline
	Usage w/ Evap Cond.
	Savings from Baseline

	CEC Climate Zone
	KWH
	kW
	KWH
	kW
	KWH
	kW

	CZ09
	7303
	0.48
	7767
	1.81
	461
	1.33

	CZ10
	7180
	0.49
	7922
	1.55
	743
	1.07

	CZ11
	7078
	0.54
	7713
	1.65
	633
	1.11

	CZ12
	7394
	0.46
	7681
	1.66
	287
	1.20

	CZ13
	7035
	0.93
	7954
	2.16
	917
	1.23

	CZ14
	8040
	0.73
	9137
	1.95
	1097
	1.22

	CZ15
	7922
	1.06
	10525
	2.42
	2603
	1.36


Measure Life

The CADMAC measure life study (EMS 1993) confirms the measure lives used in previous programs, and consequently the same measure lives are used here. The previous source for measure life was the ASHRAE Journal, “Service Life of Energy Conservation Measures,”  (McRae et al. 1988). These service life estimates have become the industry standard.  The engineering life for refrigeration condensers is 20 years. The measure life is an adjustment of engineering life as recommended by the CEC.  Using the 20% discount suggested in the CADMAC measure life study, the measure life is 16 years.

Incremental Cost

$781 per ton (from: 2001 DEER Update Study, CCIG-CRE-07, p. 4-83, Xenergy, Oakland, CA).



Terms and Conditions

Replace existing air-cooled condenser with evaporative unit.  Condenser should be sized under normal design practice.  Refrigerant should condense at roughly 25oF above ambient wet-bulb temperature.  No rebate is available for California Energy Commission Climate zones # 1, 2, 3,4,5,6,7, 8 and 16. 

Summary

	
	Evaporative Cooled Condenser

	kWh/yr.

kW, noncoincident
	Dependant on CEC Climate Zone (see table) 

	Life
	16 years

	Cost
	$781 / Ton R


Application ID: Q. Energy Efficient “Oversized” Condenser
Measure ID: R81(air cooled), R88 (evap cooled)

Technology Description

This measure is for replacing existing condensers or adding additional condensers to an existing refrigeration system so that the net condenser size and rejection of heat from the refrigerant are larger than what is normally specified. As the condenser heat transfer increases at a set compressor load, the temperature at which the refrigerant condenses will drop, correspondent to the drop in refrigerant pressure within the condenser. Along with the condenser pressure, the force (power) required to circulate the refrigerant within the system reduces. The larger condenser at the lower discharge pressure not only increases the efficiency of the compressor but also augments its capacity (in the form of greater refrigerant effect). 
Measure Savings

The energy savings for this measure were determined by using detailed computer simulations based on the DOE-2.2 energy analysis program. DOE-2.2 was developed specifically for evaluating the energy performance of commercial and residential buildings.  Although DOE-2.2 is newly released, its predecessor, DOE-2, has been widely reviewed and validated in the public domain. Both programs calculate hour-by-hour building energy consumption over an entire year (8760 hours) using weather data for the location under consideration.  Separate energy savings were determined for various California Energy Commission climate zones.   

DOE-2.2 modeling was used to determine cumulative energy savings as new energy efficient measures were added to a base refrigeration system.  
Data and Assumptions

The study is based on a prototypical building based on a typical supermarket design of 32,000 square feet, and operating eighteen hours per day. The market contains a total of 11 display case line-ups, and 5 walk-in boxes. The display fixtures are assumed to be of mid-90’s vintage, and encompass the types and range of temperatures commonly found in supermarkets. Most of the low-temperature fixtures include doors, but some are open tubs. The remainder of the display cases are meat, dairy, deli, beverage, and produce cases 
Base case 

Parallel Compressor system:

The refrigeration loads are served by two large systems with unequally sized, multiplexed compressors. The low-temperature system has two suction groups, operating at – 32°F and –22°F respectively, and uses R-404A. The medium temperature system has three suction groups, operating at 9°F, 19°F, and 35°F respectively, and uses R-507.  Each suction group has multiple compressors for improved load matching.  By adding floating head pressure control the base energy savings have been established.  The savings are established by the difference in savings between the Floating Head case and the Controls and Eff. Condenser case (E3 and E2, AC3 and AC2) for each climate zone in the DOE2 appendix.
Air Cooled Case
	CEC Climate Zone
	Air Cooled Oversized Condenser Savings
	parallel System AirCooled Savings 
	Savings From EE Oversized CoNd.

	
	KWH
	kW
	kWh
	kW
	kWh
	kW

	CZ01
	4327
	0.50
	3011
	0.13
	1316
	0.36

	CZ02
	4080
	0.64
	2609
	0.46
	1472
	0.17

	CZ03
	4201
	0.11
	2845
	-0.03
	1357
	0.14

	CZ04
	4078
	0.62
	2630
	0.28
	1448
	0.35

	CZ05
	4137
	0.46
	2753
	0.36
	1383
	0.09

	CZ06
	4198
	0.51
	2812
	0.37
	1386
	0.15

	CZ07
	4145
	0.81
	2743
	0.46
	1402
	0.35

	CZ08
	4142
	0.89
	2718
	0.62
	1424
	0.27

	CZ09
	4190
	0.39
	2740
	-0.50
	1450
	0.89

	CZ10
	4121
	0.48
	2584
	0.40
	1536
	0.07

	CZ11
	4180
	0.65
	2643
	0.47
	1536
	0.18

	CZ12
	4129
	0.38
	2635
	0.31
	1491
	0.07

	CZ13
	4287
	0.54
	2780
	0.36
	1504
	0.18

	CZ14
	4220
	0.62
	2475
	0.48
	1745
	0.14

	CZ15
	4708
	0.64
	2895
	0.50
	1812
	0.14

	CZ16
	3724
	0.17
	2241
	0.18
	1483
	0.00


Evaporator Case
	CEC Climate Zone
	Evap Cooled Oversized Condenser Savings
	parallel System Evap Cooled Savings 
	Savings From EE Oversized CoNd.

	
	KWH
	kW
	kWh
	kW
	kWh
	kW

	CZ01
	2847
	0.19
	1139
	0.08
	1708
	0.11

	CZ02
	2584
	-0.05
	885
	-0.08
	1700
	0.03

	CZ03
	2488
	0.46
	786
	0.03
	1702
	0.43

	CZ04
	2343
	0.43
	724
	-0.35
	1619
	0.78

	CZ05
	2456
	0.21
	777
	0.19
	1678
	0.03

	CZ06
	1960
	0.24
	432
	0.11
	1528
	0.13

	CZ07
	2255
	0.62
	584
	0.00
	1670
	0.62

	CZ08
	2214
	0.62
	617
	0.03
	1598
	0.59

	CZ09
	2383
	0.51
	718
	0.13
	1665
	0.38

	CZ10
	2453
	0.27
	855
	0.21
	1598
	0.05

	CZ11
	2700
	0.13
	1080
	0.03
	1617
	0.11

	CZ12
	2660
	0.35
	1005
	0.11
	1654
	0.24

	CZ13
	2469
	0.35
	853
	0.11
	1617
	0.24


	CZ14
	2938
	0.11
	1493
	0.00
	1445
	0.11

	CZ15
	2477
	0.38
	853
	-0.03
	1625
	0.40

	CZ16
	3019
	0.32
	1507
	-0.24
	1512
	0.56


Measure Life 

This measure has a life of 16 years.

Incremental Cost

$702 per ton (from: 2001 DEER Update Study, CCIG-CRE-07, p. 4-83, Xenerrgy, Oakland, CA).



Terms and Conditions

Must replace an existing condenser with an energy-efficient unit and additional control mechanisms.  This measure cannot be used in conjunction with Measure L. and must be applied to an existing multiplex compressor system.  Retrofit systems should operate at 8oF temperature difference for low temperature and 13oF temperature difference for medium temperature systems. EER of 105 and 240Btu/watt for air-cooled and evaporative cooled units respectively.  It also includes the use of VSD, set point reset and floating head pressure controls.  Must provide a minimum of 5oF of sub-cooling.
Summary

	
	Energy Efficient Condenser

	kWh/yr.

kW, noncoincident
	Dependant on CEC Climate Zone

Dependant on CEC Climate Zone

	Life
	16 years

	Cost
	$702 / Ton R air, $292/Ton R evap


Application ID: R. High Efficiency Multiplex Compressor System with Mechanical Sub-Cooling*

Measure ID:  R12(air cooled), R82 (evap cooled)

Technology Descriptiontc "Technology Description" \l 0
This measure provides an incentive to replace single compressor systems with a multiplex compressor system consisting of unequal compressors to meet varying refrigeration loads in a supermarket application. Savings result at part load conditions. Instead of having separate compressors cycling on and off to provide cooling to different loads, the loads are tied together at the equipment room. A common multiplex system rack contains three compressors, sized at a 1:2:4 ratio. This provides eight steps of capacity, while single compressor systems provide only one step. Demand savings result from near-continued operation of the largest size compressor while the smallest size cycles on and off in response to the varying load profile. The energy savings result from larger sized motors being typically more efficient than their smaller counterparts. Additionally, there is less starting torque requirement in cycling the smaller ones. Compressors are sized to account for extreme conditions, and degradation of equipment, so they are often oversized. This oversizing on several single compressors can add up.

Currently multiplex systems are more common in the new construction market. Our target markets for this program are those stores doing major remodeling. The technology and technical assistance are readily available, so the potential for increased market penetration is good.

Measure Savings

The energy savings for this measure were determined by using detailed computer simulations based on the DOE-2.2 energy analysis program, developed specifically for evaluating the energy performance of commercial and residential buildings.  Although DOE-2.2 is newly released, its predecessor, DOE-2, has been widely reviewed and validated in the public domain. Both programs calculate hour-by-hour building energy consumption over an entire year (8760 hours) using weather data for the location under consideration.  Separate energy savings were determined for various California Energy Commission climate zones.   

DOE-2.2 modeling was used to determine cumulative energy savings as new energy efficient measures were added to a base refrigeration system.  The multiplex compressor system was the first measure added to the base case so related energy savings are available directly.  Related energy savings vary depending on whether the refrigeration systems condensers are air cooled or evaporative cooled.
Data and Assumptions

The study is based on a prototypical building based on a typical supermarket design of 32,000 square feet, and operating eighteen hours per day. The market contains a total of 11 display case line-ups, and 5 walk-in boxes. The display fixtures are assumed to be of mid-90’s vintage, and encompass the types and range of temperatures commonly found in supermarkets. Most of the low-temperature fixtures include doors, but some are open tubs. The remainder of the display cases is meat, dairy, deli, beverage, and produce cases.  

Base case

Each display case and walk-in cooler is served by its own compressor, for a total of 16 compressors in 16 separate refrigeration systems. The low-temperature systems use R-502, and the medium temperature systems use R-12.  The systems share a single multi-circuit condenser whose fans are staged directly on outdoor dry bulb temperature. A discharge-air thermostat in each fixture cycles the compressor as required to meet the load.  

Savings attributed to Parallel (Multiplex) Compressor System with Mechanical Sub-Cooling:

	Air cooled condensers
	Evaporative cooled condensers

	
	kWh
	kW
	kWh
	kW

	CZ01
	7928
	1.12
	4290
	0.45

	CZ02
	7448
	0.45
	3995
	0.40

	CZ03
	7962
	0.22
	4102
	0.58

	CZ04
	7512
	0.69
	3914
	0.62

	CZ05
	7836
	0.69
	4075
	0.37

	CZ06
	8008
	0.45
	3727
	0.50

	CZ07
	7756
	0.97
	3968
	0.87

	CZ08
	7542
	0.48
	3914
	0.60

	CZ09
	7306
	0.48
	4021
	0.96

	CZ10
	7180
	0.49
	3995
	0.41

	CZ11
	7080
	0.54
	3941
	0.49

	CZ12
	7397
	0.46
	4102
	0.58

	CZ13
	7038
	0.93
	3887
	0.71

	CZ14
	8040
	0.73
	3834
	0.45

	CZ15
	7925
	1.06
	3673
	0.61

	CZ16
	7072
	0.35
	4075
	0.61


Measure Life

The life of this measure is 12 years.

	
	Source

	14 years
	Competitek, p. 190, ASHRAE, Dec. '88

	20 years
	Competitek, p. 191, SCE

	14 years
	Competitek Summary, p. 241

	15 years
	ADM/BPA, p. 2‑11

	15 years
	LBL Report 18543, p. 3‑4

	15 years
	LBL Report 18543, p. 3‑4

	12 years
	CADMAC

	12 years
	Best judgment


Incremental Cost

The installed cost of an efficient condenser is estimated to be $3,446 per ton, based on information provided by Design and Engineering Services.  The resulting payback, depending on climate zone, is between 10 and 20 years.



Terms and Conditions

Replace inefficient single compressor per line-up system with a high efficient y, multiplex (parallel) system, equipped with floating head pressure controls and mechanical sub-cooling.  In a multiplex system, multiple unequally sized compressors serve a specific suction group, and each suction group serves one or more line-ups having similar temperatures.  Must replace a conventional single compressor system sharing a multi-circuit condenser.  Incentive cannot be used in conjunction with floating head pressure control incentive.  Energy Efficient condensers can be used (and are recommended) in conjunction with this measure.

Summary

	
	Multiplex Compressor System

	kWh/yr.

kW, noncoincident
	Dependant on CEC Climate Zone

Dependant on CEC Climate Zone

	Life
	12 years

	Cost
	$3,446 / Ton R


*Note: Preliminary work paper calculations are being further refined.

Application ID: S.  Floating Head Pressure Control --

Air Cooled, Evaporator Cooled

Measure ID: R19/R91

Technology Description
Traditional refrigeration systems maintain a high head pressure control set point throughout the year. This is done because it is a convenient way of avoiding certain operational problems. The main objectives are to create a pressure differential great enough to move the required amount of refrigerant around the system and to provide enough hot gas during hot gas defrosting. As ambient temperature drops, the rate of heat exchange by the condenser is increased and the condenser is shut down in stages to maintain this fixed head pressure. Two methods of control are fan cycling and condenser flooding.

Installing a floating head pressure control device allows the head pressure, and thus condensing temperature, to drop down to a lower set point as the ambient temperature drops. The difference between the evaporating temperature and the condensing temperature is the key to the efficiency of a refrigeration plant. Lowering the condensing temperature at any time saves energy. Savings from floating head pressure occur when the ambient temperature falls below design conditions and the system allows the condensing temperature to drop below a previously established minimum set point.

Most refrigeration engineering, service, and contract companies support this technology. The technology and how to implement it is foreign to some. Concerns in a retrofit situation are:

· Providing enough hot gas in a hot gas defrost system.

· Making sure that the refrigerant keeps moving through the system at low ambient conditions (capacity is the product of the mass flow rate and the refrigeration effect). As the pressure differential between the system's high and low sides (condenser and evaporator) decreases, so does the potential to adequately circulate the refrigerant through the system, plus the oil develops a tendency to separate from the refrigerant gas stream when low velocity and low temperature are both evident.

· Invading the system (having to cut into the refrigeration piping to install a new expansion valve).

· Oversizing of the liquid line due to the refrigerant's increase in density; as its liquid temperature is lowered. This, in turn, transports more oil as well as refrigerant and can result in lowering crankcase oil and receiver levels.

The most important aspect of lowering head in relation to ambient is the necessity to maintain constant liquid line subcooling; the difference between (the higher) saturated condensing temperature and (the lower) liquid line temperature. It's relatively simple to have ample subcooling at elevated pressures.; Increasing the condensing pressure, resulting in a solid liquid feed to the expansion valve easily clears The refrigerant liquid line sight glass. 

Clear sight glass, i.e.; liquid integrity at the expansion valves on low head operation air-cooled condenser systems, requires properly designed receivers (surge type) or an overcharge of refrigerant. With the proper low head system components in place, a minimum head pressure set point range of 45 to 50( F saturated condensing (R-22 at approximately 80 psi) is quite common in colder climates. Systems with evaporative condensers can generally go this low in colder climates without retrofit problems.

One refrigeration engineer maintains that with evaporative condensers the greatest savings occur when the system is controlled to maintain a seven degree difference between the condensing temperature and the current ambient wet bulb temperature. It has been noted that as long as positive feed to the evaporator is maintained, savings are possible down to a minimum head pressure set point of 45°F.

Floating head pressure is becoming more common in the consumer market. The minimum set point temperature varies dramatically (the lower the set point, the bigger the savings). A common set point is 82°F. This rebate is to provide an incentive to establish a minimum head pressure set point of 70( F for halocarbon systems and 60( F for ammonia systems.

Measure Savings

The energy savings for this measure were determined by using detailed computer simulations based on the DOE-2.2 energy analysis program. DOE-2.2 was developed specifically for evaluating the energy performance of commercial and residential buildings.  Although DOE-2.2 is newly released, its predecessor, DOE-2.1, has been widely reviewed and validated in the public domain. Both programs calculate hour-by-hour building energy consumption over an entire year (8760 hours) using weather data for the location under consideration.  Separate energy savings were determined for various California Energy Commission climate zones.   

DOE-2.2 modeling was used to determine cumulative energy savings as new energy efficient measures were added to a base refrigeration system.  The floating head pressure measure was the first measure added to the base case so related energy savings are available directly.  
Data and Assumptions

The study is based on a prototypical building based on a typical supermarket design of 32,000 square feet, and operating eighteen hours per day. The market contains a total of 11 display case line-ups, and 5 walk-in boxes. The display fixtures are assumed to be of mid-90’s vintage, and encompass the types and range of temperatures commonly found in supermarkets. Most of the low-temperature fixtures include doors, but some are open tubs. The remainder of the display cases are meat, dairy, deli, beverage, and produce cases.  

Base case 

The refrigeration loads are served by two large systems with unequally sized, multiplexed compressors. The low-temperature system has two suction groups, operating at – 32°F and –22°F respectively, and uses R-404A. The medium temperature system has three suction groups, operating at 9°F, 19°F, and 35°F respectively, and uses R-507.  Each suction group has multiple compressors for improved load matching.  Floating head pressure control is the first measure added to this base case so energy savings are directly available.

Savings attributed to Floating Head Pressure Control

	Air Cooled Case
	
	Evaporative  Case

	CEC Climate Zone
	kWh
	kW
	kWh
	kW

	CZ01
	3011
	0.13
	1139
	0.09

	CZ02
	2609
	0.46
	885
	-0.07

	CZ03
	2845
	-0.03
	786
	0.01

	CZ04
	2630
	0.28
	724
	-0.34

	CZ05
	2753
	0.36
	777
	0.20

	CZ06
	2812
	0.36
	432
	0.12

	CZ07
	2743
	0.46
	584
	-0.01

	CZ08
	2718
	0.62
	617
	0.04

	CZ09
	2740
	-0.50
	718
	0.13

	CZ10
	2584
	0.40
	855
	0.22

	CZ11
	2643
	0.47
	1080
	0.02

	CZ12
	2635
	0.31
	1005
	0.10

	CZ13
	2780
	0.36
	853
	0.10

	CZ14
	2475
	0.48
	1493
	-0.01

	CZ15
	2895
	0.50
	853
	-0.02

	CZ16
	2241
	0.18
	1507
	-0.25


Measure Life

The life of this measure is 14 years.

	
	Source

	12 years
	Competitek, pg. 193 FMI/EPRI

	15 years
	ADM/BPA, pg. 2-11

	15 years
	CADMAC

	14 years
	Best judgment


Incremental Cost

The installed cost of an efficient condenser is estimated to be $279 per ton, based on information provided by Design and Engineering Services.  The resulting payback is approximately 2 years.



Terms and Conditions

Must convert the discharge pressure controls from fixed to floating.  This measure is applicable to existing multiplex (parallel) compressor systems only.  Incentive cannot be used in conjunction with high efficiency multiplex compressor system.  Must use variable speed fans.  Must provide set-point override to maintain suction control temperature set point of 70oF.  Balanced port or electronic expansion valves are recommended.

Summary

	
	Floating Head Pressure Control

	kWh/yr.

kW, noncoincident
	Dependant on CEC Climate Zone

Dependant on CEC Climate Zone

	Life
	14 years

	Cost
	$279 / Ton R


Application ID: T. High Efficiency Multiplex Compressor System With Mechanical Sub-Cooling and Energy Efficient Condenser*

Measure ID: R83(air cooled), R84 (evap cooled)

Technology Descriptiontc "Technology Description" \l 0
This measure provides an incentive to replace single compressor systems with a multiplex compressor system consisting of unequal compressors to meet varying refrigeration loads in a supermarket application. Savings result at part load conditions. Instead of having separate compressors cycling on and off to provide cooling to different loads, the loads are tied together at the equipment room. A common multiplex system rack contains three compressors, installed in a 1:2:4 ratio of sizes. This provides eight steps of capacity, while single compressor systems provide only one step. Demand savings result from near-continued operation of the largest size compressor while the smallest size cycles on and off in response to the varying load profile. The energy savings result from larger sized motors being typically more efficient than their smaller counterparts. Additionally, there is less starting torque requirement in cycling the smaller ones. Compressors are sized to account for extreme conditions, and degradation of equipment, so they are often oversized. This oversizing on several single compressors can add up.

Currently multiplex systems are more common in the new construction market. Our target markets for this program are those stores doing major remodeling. The technology and technical assistance are readily available, so the potential for increased market penetration is good.

Measure Savings

The energy savings for this measure were determined by using detailed computer simulations based on the DOE-2.2 energy analysis program. DOE-2.2 was developed specifically for evaluating the energy performance of commercial and residential buildings.  Although DOE-2.2 is newly released, its predecessor, DOE-2.1, has been widely reviewed and validated in the public domain. Both programs calculate hour-by-hour building energy consumption over an entire year (8760 hours) using weather data for the location under consideration.  Separate energy savings were determined for various California Energy Commission climate zones.   

DOE-2.2 modeling was used to determine cumulative energy savings as new energy efficient measures were added to a base refrigeration system.  The multiplex compressor system was the first measure added to the base case model, resulting in directly available energy savings.  The energy savings vary depending on whether the refrigeration systems condensers are air cooled or evaporative cooled.
Data and Assumptions

The study is based on a prototypical building based on a typical supermarket design of 32,000 square feet, and operating eighteen hours per day. The market contains a total of 11 display case line-ups, and 5 walk-in boxes. The display fixtures are assumed to be of mid-90’s vintage, and encompass the types and range of temperatures commonly found in supermarkets. Most of the low-temperature fixtures include doors, but some are open tubs. The remainder of the display cases is meat, dairy, deli, beverage, and produce cases.  

Base case

Each display case and walk-in cooler is served by its own compressor, for a total of 16 compressors in 16 separate refrigeration systems. The low-temperature systems use R-502, and the medium temperature systems use R-12.  The systems share a single multi-circuit condenser whose fans are staged directly on outdoor dry bulb temperature. A discharge-air thermostat in each fixture cycles the compressor as required to meet the load.  

Savings attributed to Parallel (Multiplex) Compressor System with Mechanical Sub-Cooling and Energy Efficient Condenser:

	
	Air cooled Cond.
	Evap. cooled  ConD.

	
	kWh
	kW
	kWh
	kW

	CZ01
	8123
	1.21
	4308
	0.51

	CZ02
	7426
	0.46
	4035
	0.40

	CZ03
	8231
	0.32
	4102
	0.59

	CZ04
	7855
	0.80
	3914
	0.62

	CZ05
	8123
	0.78
	4083
	0.38

	CZ06
	8338
	0.67
	3775
	0.51

	CZ07
	8123
	1.07
	4016
	0.97

	CZ08
	7909
	0.59
	3973
	0.64

	CZ09
	7694
	0.70
	4078
	0.99

	CZ10
	7480
	0.54
	4027
	0.43

	CZ11
	7292
	0.59
	3973
	0.51

	CZ12
	7614
	0.51
	4155
	0.59

	CZ13
	7292
	1.02
	3928
	0.72

	CZ14
	8338
	0.80
	3877
	0.46

	CZ15
	8311
	1.15
	3718
	0.64

	CZ16
	7319
	0.38
	4105
	0.62


Measure Life

The life of this measure is 12 years.

	
	Source

	14 years
	Competitek, p. 190, ASHRAE, Dec. '88

	20 years
	Competitek, p. 191, SCE

	14 years
	Competitek Summary, p. 241

	15 years
	ADM/BPA, p. 2‑11

	15 years
	LBL Report 18543, p. 3‑4

	15 years
	LBL Report 18543, p. 3‑4

	12 years
	CADMAC

	12 years
	Best judgment


Incremental Cost

The installed cost of an efficient condenser is estimated to be $3,446 per ton, based on information provided by Design and Engineering Services.  The resulting payback, depending on climate zone, is between 10 and 20 years.



Terms and Conditions

Replace inefficient single compressor per line-up system with a high efficient y, multiplex (parallel) system, equipped with floating head pressure controls and mechanical sub-cooling.  In a multiplex system, multiple unequally sized compressors serve a specific suction group, and each suction group serves one or more line-ups having similar temperatures.  Must replace a conventional single compressor system sharing a multi-circuit condenser.  Incentive cannot be used in conjunction with floating head pressure control incentive.  Energy Efficient condensers can be used (and are recommended) in conjunction with this measure.

Summary

	
	Multiplex Compressor System

	kWh/yr.

kW, noncoincident
	Dependant on CEC Climate Zone

Dependant on CEC Climate Zone

	Life
	12 years

	Cost
	$3,446 / Ton R


*Note:  Preliminary work paper calculations are being further refined.

Application ID: U. Efficient Evaporator Fan Motor

Electronically Commutated Motor

Measure ID: R76

Technology Description
Electronically commutated motors operate efficiently over a wide range of operating characteristics.  They optimize airflow while minimizing energy usage and waste heat.  Because these motors are found within the refrigeration case itself, the higher efficiency unit, with its lower waste heat production, also reduces the internal load generated within the case. 

Measure Savings
	
	Replace Standard Fan Motors with Electronically Commutated Motors (ECM) 
	
	

	
	Cooling Savings
	
	
	

	
	Q-coolingsvg = kW-motors x K 
	
	

	
	Where:
	
	
	
	

	
	
	Q-coolingsvg :
	Cooling saving, (Btu/hr/ft)

	
	
	kW-motors :
	Reduction in motors power, (kW/ft)

	
	
	K :
	Conversion factor, (3413 Btu/hr/kW)

	input
	kW -motors =
	0.016
	kW/ft
	
	

	
	K =
	3413.0
	Btu/hr/kW
	
	

	Result:
	Q-coolingsvg =
	54.949
	Btur/hr/ft
	
	

	Compressor Power Savings (excluding condenser power)

	
	kW = [Q-coolingsvg / EER] / 1000
	
	

	
	Where:
	
	
	
	

	
	
	kW-Comp :
	Compressor power savings, (kW/ft)

	
	
	Q-coolingsvg :
	Cooling savings, (Btu/hr/ft)

	
	
	EER :
	Compressor rating given by manufacturer, (Btu/hr/watts)

	
	Q-coolingsvg =
	54.949
	Btu/hr/ft

	input
	EER =
	8.510
	Btu/hr/watts (Copeland R-502 MT, @ +95F SCT & +20F ST)

	Result:
	kW-Comp =
	0.00646
	kW/ft   
	
	

	Power Savings From Efficient Fan Motors (ECM)

	
	kW-Motor = [(kW/motor) x (# of Motors / case)]/L

	
	Where:
	
	
	
	

	
	
	kW-Motor: 
	Motors power savings, (kW/ft)

	
	
	kW/motor: 
	Saving per retrofitted motor, (kW/motor)

	
	
	# of Motors :
	Number of motors per case

	
	
	L: 
	Display case length (ft)

	input
	# of motors =
	2
	motor(s)/case

	input
	L =
	8
	ft

	input
	DkW/motor =
	0.060
	kW/motor

	Result:
	kW-Motor =
	0.015
	kW/ft  
	
	

	Annual Compressor Energy Savings (excluding condenser energy)

	
	kWh-Comp = kW-Comp x EFLH
	
	

	
	Where:
	
	
	
	

	
	
	kWh-Comp:
	Annual compressor energy savings (kWh/ft)

	
	
	kW-Comp:
	Compressor power savings, (kW/ft)

	
	
	EFLH :
	Equivalent full load hours, (hours/year)

	
	kW-Comp =
	0.006
	kW/ft
	
	

	input
	EFLH =
	5700
	hours/year
	
	

	Result:
	kWh-Comp =
	36.8
	Annual kWh/ft

	
	Energy Savings From Motors (ECM)
	
	

	
	kWh-Motor = (kW-Motor) x t
	
	

	
	Where:
	
	
	
	

	
	
	kWh-Motor :
	Annual motor energy savings, (kWh/ft)

	
	
	kW-Motor :
	Motor power savings, (kW/ft)

	
	
	t :
	Annual runtime of motors, (hours/year)

	
	kW-Motor =
	0.015
	kW/ft
	
	

	input
	t =
	8760.
	hours/year
	
	

	Result:
	kWh-Motor =
	131.4
	Annual kWh/ft
	

	SUMMARY of SAVINGS:
	
	
	
	

	Cooling Savings:
	55
	Btu/hr/ft  OR
	220
	Btu/hr/motor

	Power Savings:
	0.021
	kW/ft  OR
	0.086
	kW/motor

	Annual Energy Savings:
	168
	Annual kWh/ft  OR
	673
	Annual kWh/motor


Measure Life

16 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Incremental Cost

$161 per motor (from: 2001 DEER Update Study, CCIG-CRE-02, p. 4-84, Xenergy, Oakland, CA).

Terms and Conditions

Applicable to existing standard efficiency shaded pole evaporative fan motor on refrigerated display cases and fan coil system of walk-in coolers or freezers.  The standard efficiency fan must be replaced by an electronically commutated motor (ECM).

Summary

	
	ECM Evaporator Fan Motor

	kWh/yr.

KW, noncoincident
	673

.086

	Life
	16 years

	Cost
	$161/motor


Application ID: V. Efficient Evaporator Fan Motor

Permanent Split Capacitor (PSC) Motor

Measure ID: R9

Technology Description
Permanent Split Capacitor motors have relatively high power factor that do not vary much with motor speed.  This high power factor contributes to the efficient operation of the motor.  Because these motors are found within the refrigeration case itself, the higher efficiency unit, with its lower waste heat production, also reduces the internal load generated within the case. 

Measure Savings
	 
	Cooling Savings
	
	

	 
	Q-coolingsvg = kW-motors x K 
	

	 
	Where:
	
	

	 
	
	Q-coolingsvg :
	Cooling saving, (Btu/hr/ft)

	 
	
	kW-motors :
	Motor Pwer Reduction , (kW/ft)

	 
	
	K :
	Conversion, (3413 Btu/hr/kW)

	input
	kW-motors =
	0.00805 
	kW/ft

	 
	K =
	3,413 
	Btu/hr/kW

	Result:
	Q-coolingsvg =
	27 
	Btur/hr/ft

	 
	Compressor Power Savings (excluding condenser power)

	 
	kW = [Q-coolingsvg / EER] / 1000
	

	 
	Where:
	
	

	 
	
	kW-Comp
	Compressor power savings, (kW/ft)

	 
	
	Q-coolingsvg:
	Cooling savings, (Btu/hr/ft)

	 
	
	EER:
	Compressor rating given by manufacturer, (Btu/hr/watts)

	input 
	Q-coolingsvg =
	27 
	Btu/hr/ft

	input
	EER =
	8.51
	

	 
	
	
	

	Result:
	kW-Comp =
	0.0032 
	kW/ft

	 
	Power Savings From Efficient Fan Motors (ECM)

	 
	kW-Motor = [(kW/motor) x (# of Motors / case)]/L

	 
	Where:
	
	

	 
	
	kW-Motor :
	Motors power savings, (kW/ft)

	 
	
	kW/motor :
	Saving per  motor, (kW/motor)

	 
	
	# of Motors :
	Number of motors per case

	 
	
	L :
	Display case length (ft)

	input
	Number of motors =
	2
	motor(s)/case

	input
	L =
	8
	ft

	input
	kW/motor =
	0.03
	kW/motor

	Result:
	kW-Motor =
	0.008
	kW/ft  


	
	Energy Savings From Efficient Fan Motors (excluding condenser energy)

	 
	kWh-Comp =kW-Comp x EFLH
	

	 
	Where:
	
	

	 
	
	kWh-Comp :
	Annual compressor energy savings, (kWh/ft)

	 
	
	kW-Comp :
	Compressor power savings, (kW/ft)

	 
	
	EFLH :
	Equivalent full load hours, (hours/year)

	 
	kW-Comp =
	              0.0032 
	kW/ft

	input
	EFLH =
	                5,700 
	hours/year

	Result:
	kWh-Comp =
	                18.40 
	Annual kWh/ft

	 
	Energy Savings From Motors (ECM)
	 

	 
	kWh-Motor = (kW-Motor) x t
	

	 
	Where:
	
	

	 
	
	kWh-Motor:
	Annual motor energy savings, (kWh/ft)

	 
	
	kW-Motor:
	Motor power savings, (kW/ft)

	 
	
	t:
	Annual runtime of motors, (hours/year)

	 
	
	
	

	 
	kW-Motor =
	                0.008 
	kW/ft

	input
	t=
	                8,760 
	hours/year

	Result:
	kWh-Motor =
	                    66 
	Annual kWh/ft

	 
	 SUMMARY of SAVINGS:
	 
	
	

	Cooling Savings: 
	27 
	Btu/hr/ft  OR
	110
	Btu/hr/motor



	Power Savings: 
	0.011 
	kW/ft  OR
	0.043
	kW/motor



	Annual Energy Savings: 
	84 
	Annual kWh/ft  OR
	336
	Annual kWh/motor


Measure Life

16 years -- (from: California Measurement Advisory Committee Public Workshops on PY 2001 Energy Efficiency Programs)

Incremental Cost

$161 per motor. – (from:  2001 DEER Update Study, CCIG-CRE-02, p. 4-84, Xenergy, Oakland, CA.

Terms and Conditions

Applicable to existing standard efficiency shaded pole evaporative fan motor on refrigerated display cases and fan coil system of walk-in coolers or freezers.  The standard efficiency fan must be replaced by a permanent-split-capacitor (PSC) motor. 

Summary

	
	PSC Evaporator Fan Motor

	kWh/yr.

kW, noncoincident
	336

.043

	Life
	16 years

	Cost
	$161/motor


Application ID: W. High Efficiency Refrigeration Compressors for Low Temperature Application

Measure ID: R85
Technology Description

Copeland, Prescold and Carlyle manufacture the majority of semi-hermetic compressors used for commercial refrigeration in the 5 to 30 horsepower range. Copeland has about 70 percent of market share.  Copeland markets two types of compressor models. Their older compressor model design is called Copelamtic-Reed. The Copelamtic-Reed is about 15 to 20 percent less efficient than their newer design Discus compressor. Carlyle manufacturer only one type of compressors model. Their compressor lines were redesigned in the '80s to be equivalent in efficiency to the Copeland Discus compressor model line. Prescold is no longer in business but their compressors are still in service and will remain is service from rebuilding the compressors core.

The technical reason for the increase in efficiency in Copeland's Discus and the Carlyle compressor is that both are designed with higher volumetric efficiencies and higher electric motor efficiencies than Copeland's Copelmatic-Reed or Prescold compressors. 

Refrigeration compressors have an average life of 15 years. The compressor is typically remanufactured or repaired at the end of its service life. The remanufactured compressor is sent back to the compressor's manufacturer and remanufactured to its original efficiency and useful life of about 15 years. The other less costly option is a compressor rebuilder shop. This option seldom brings the compressor to its original efficiency and useful life.

Measure Savings

For low temperature applications, the most efficient Copelamtic-Reed compressor has an EER of 4.86 with an evaporator temperature of -25 F and 105 F condensing temperature (for applications using refrigerant 502). The least efficient Discus compressor has an EER of 5.2 for the same conditions.

Example:


Given:

· One-ton compressor runs 18 hour per day or 6,570 hours a year.

· kW for the compressor with the 4.86 EER would be 2.47 kW/ton 

· kW for the compressor with the 5.20 EER would be 2.31 kW/ton

· Yearly savings would be 
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· kW reduction would be 
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Computer Simulation Results:

EPRI Supermarket Simulation Tool Computer program Version 3.0 9-13-00 using San Diego weather:

· 1453 kWh/yr.-ton per ton for an air-cooled condenser

· Copeland Compass Computer Program using San Diego weather:

· 1923 kWh/yr.-ton per ton for an air-cooled condenser

· Compressor HP per ton of refrigeration at low temperature conditions.

· Copelamtic-Reed HP per Ton = 
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· Discus compressor HP per Ton =
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· Cost premium per ton = $132 
Measure Life

15 years -- Copland, Carlyle and Hussmann substantiated the 15 years life.

Cost

The average cost of this measure was calculated using the incremental costs supplied by a refrigeration wholesaler.  The data reflects the cost increase to purchase a 27 discus over a 30 HP reconditions Copelamtic-Reed compressor. The Cost premium per ton equal $132.

Terms and Conditions

Customer must replace the existing 4.86 or less EER compressor with one that has 5.2 or greater EER. The EER rating is based on the compressor's manufacture data. The EER is base on compressor using R-502 as the refrigerant with the following conditions:

· Saturated Suction Temperature = -25 F

· Saturated Condensing Temperature = 105 F

· Superheat = 5 F

· Subcooling = 0

· Return Gas Temperature = 65 F

· The refrigeration system can have other types of refrigerants. But, EER for incentive is based on R-502 only. The incentive is also base on the refrigeration tons at these conditions.

Summary

	
	Compressor
	

	kWh/yr.-ton
	1051
	

	kW/ ton
	0.16
	

	Life
	15 years
	

	Cost
	$132/ton
	


Application ID: X. Vending Machine Controller
Measure ID: R86
Technology Description

The vending machine controller is an energy control device for refrigerated vending machines. Vending machines contain fluorescent lamps that operate continuously and refrigeration equipment that cycles continuously.  The vending machine controller curtails power to the vending machine when customers are not present.  In practice, vending machines only need to be operated when a customer is present or when the compressor must run to maintain the product at desired temperature.  The vending machine controller must possess features to insure energy savings, maintain the product at correct temperature, and safely operate the compressor. The controller must include a passive infrared occupancy sensor to turn off the fluorescent lights and compressor when no one is around.  Logic in the vendor controller should shut off the vending machine if no one is present for 15 minutes. Control logic should periodically power up the machine at two-hour intervals if no one is present to insure product is maintained at correct serving temperature. Compressor protection is another requirement of the vending machine controller.  Compressor motor current sensed by the vending machine controller indicates compressor operating status to prevent power curtailment until the compressor has completed its cooling cycle.

Measure Savings

Energy savings tests on the vending machine controller include independent laboratory tests and field tests.  The independent laboratory test measured the savings of the vending machine controller on a machine operated in a controlled environment.  Field tests, with pre and post installation energy consumption recorded, have been performed on 62 indoor and outdoor vending machines at 50 customer sites.  The field tests indicated average energy savings of 1590 kWh/year 1.  The laboratory test was performed at a controlled ambient temperature of 90 F without surrounding activity to confirm the ability of the controller to maintain product within beverage manufacturers recommended serving temperature range. 

Measure Life

The warranty period for vending machine controllers should be at least 3 years.

Cost
Unit price is $160.  Including tax and installation the installed price would be approximately $200

Summary

Unit savings 
1590 kWh/year

Life 

3 years

Unit Cost
$200

End Notes

1.
Bayview Technology Group Inc., Application VMSavingsComparison.XLS All-Savings worksheet tab
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