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SECTION 1.  EXECUTIVE SUMMARY 

1.1  Purpose 
NSTAR provides incentives through their Small Business Solutions (SBS) Program for electrical 
conservation measures.  The two largest categories of funded improvements are for lighting 
systems and walk-in coolers (or coolers).  Select Energy Services, Inc. (SESI) was hired by 
NSTAR to perform an assessment of cooler control measures as implemented in its program.  
The scope of the work was twofold.  The first goal of this study was to produce gross kW 
demand and kWh energy savings for regulatory reporting of program-level results.  The second 
and more important goal was to determine the cost-effectiveness of cooler control measures and 
to improve implementation by identifying improvements to the savings algorithms, installation 
methods, and inspection protocols. 
 
The methods of investigation included on-site verification of installed equipment, spot 
measurement of equipment loading, some short-term logging of vendor case amperage draw, and 
longer term logging (up to 6 months) of component runtime data acquired by the National 
Resource Management, Inc. (NRM) cooler control computer.  Component runtime data and 
equipment demand loading were the key monitored parameters used to characterize energy use 
and energy savings.  While some of the sites were inspected prior to implementation to verify 
pre-existing conditions, only the post-implementation equipment runtimes were logged.  
However, using the high-resolution (15-minute interval) runtime data, weather data, and 
regression analysis, an accurate estimate of equipment energy use prior to implementation could 
be made. 

1.2  Brief Description of Technology 
Cooler control measures include economizer cooling, evaporator fan control, direct digital 
control (DDC) of cooler temperatures, cooler door and freezer door heater control, and vendor 
case shutdown.  These NSTAR-subsidized cooler control measures are implemented solely by 
one manufacturer, National Resource Management, Inc. of Norwood, Massachusetts, primarily 
in convenience and liquor stores. 
 
Air economizers circulate cold outside air through a walk-in cooler to displace mechanical 
cooling.  When outside air temperature (OAT) falls below the control setpoint, the air 
economizer is enabled and cycles to satisfy the call for cooling from the walk-in cooler 
thermostat.  In mid-winter, the refrigeration compressor may not come on at all for many weeks. 
 
Evaporator fans in a standard walk-in cooler are always on.  NRM’s system controls evaporator 
fans to operate only when the compressor is on, plus a bit longer for refrigeration system 
stability.  Evaporator fan runtimes can be cut on average by 50% or more annually. 
 
Anti-sweat heaters are required in the doors of nearly all refrigerated cases and freezer cases to 
eliminate condensation of moisture that occurs whenever the door’s temperature is below the 
store’s air dew point temperature.  Standard anti-sweat door heaters are typically always on.  



Section 1.  Executive Summary 

1-2 

NRM’s system cycles the door heaters on and off to maintain door temperature about 5°F above 
store air dew point temperatures.  It is possible for cooler door heaters to not come on for weeks 
or months at a time during the fall, winter, and spring, and to come on only during the summer.  
For freezer door heaters, instead of running at 100%, the controls run them at 40% and above. 
 
Most stores that have walk-in coolers also have separate refrigerated vendor cases or stand-alone 
cases, where customers can open a door and help themselves to a cold can of soda or the like.  
These cases are typically plugged into electrical wall outlets and have their own compressors 
built in.  NRM’s system shuts these cases off at night and turns them on again in the morning an 
hour or so before the store opens.  Depending on store hours, cases can be shut off six or more 
hours per night.  

1.3  Study Approach 
Site selection was by others.  RLW Analytics of Middleton, Connecticut randomly selected five 
of the sites from program year (PY) 2002 program participants as part of the impact evaluation 
of the SBS Program.  The remaining sites were selected by NSTAR following a pre-defined 
selection procedure.  Eight of these sites already had their cooler control measures installed by 
December 2002, and seven of the sites were recruited from the NRM 2003 sales cycle. 
 
NRM savings estimates, invoices, and other paperwork for each site were provided to SESI.  
SESI made appointments and visited each site.  For sites where NRM controls had not yet been 
installed, SESI observed pre-installation conditions.  Nameplate data and spot power readings 
were taken of pertinent equipment (compressors and condenser fans, evaporator fans, doors and 
their heaters, stand-alones, etc.).  The same data was taken at sites where NRM controls had 
already been installed, but we also downloaded the NRM controller data logs and noted setpoints 
and other data that the controls offer.  For all sites, the owner or manager was asked a series of 
questions designed to help us understand how they operate the equipment being assessed. 
 
Spreadsheet analyses were developed that took the gathered data and calculated energy savings.   
 
To calculate air economizer savings where NRM log data had been obtained, regression analyses 
between recorded compressor runtime and OAT were performed for OATs above the cooler 
temperature, below the air economizer enabling temperature setpoint, and in the transition 
between the two points (NRM sets the economizer setpoint temperature 4ºF below the cooler 
temperature).  The regressions above the cooler temperature assisted in determining mechanical 
refrigeration energy consumption at low OATs without an economizer so the pre-installation, or 
base case, could be simulated.  To determine savings, this base case consumption was compared 
with consumption after the economizer was installed. 
 
NRM controls also log evaporator fan runtime.  From this data, a similar regression method was 
used to determine annual evaporator fan control savings.  Evaporator fan savings were carefully 
distributed between savings due to economizer operation and savings due to evaporator control 
itself. 
 
DDC controls were assumed by NRM to save 5% of compressor, condenser fan, and evaporator 
fan energy use.  Since extensive pre-installation compressor power monitoring was not in the 
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scope of this study, this measure was not verified.  However, SESI had previously performed 
extensive in-situ studies of these types of controls that resulted in savings of about 5%.  
Therefore, SESI assumed that 5% savings was appropriate, and this value was used in the 
evaluation calculations.  
 
Door anti-sweat heater average power demand is recorded by NRM’s controller.  A regression 
analysis was used to compare door heater power levels to outside weather conditions.  Annual 
savings were then calculated by using local weather data in the regression equation to predict 
annual energy use using a weather bin analysis. 
 
Vendor cases were evaluated in two ways.  First, for the five RLW-selected sites, the cases were 
observed for content (thermal mass) and compressor cycling characteristics.  Calculations then 
accounted for the effect of thermal mass in bringing the cooler up to its thermostat setting in the 
morning when it is started from an overnight shutdown.  Savings were the energy saved by 
shutting down the units at night minus the cost of cooling down a warmer thermal mass at start-
up.  Then, for the remaining sites, SESI recorded amperage to each case for a week or more.  
From this data, the actual cycling of the compressors and the wake-up start times could be 
observed and then used directly in savings calculations. 

1.4  Findings and Conclusions 

1.4.1  Site Reports 
Appendix A contains detailed reports of each site.  Each site report, on a measure-by-measure 
basis, gives a summary of evaluation results; causes for deviations in results; affected component 
nameplate data; compressor published performance details; observations on the installations, 
including photos that highlight discussed issues; comparison of assumptions used in calculations 
(NRM versus nameplate versus SESI metered data); and comments on site-specific analyses. 

1.4.2  Measure Performance 
Table 1-1 compares the NRM estimates of savings, which are recorded in NSTAR’s tracking 
database, and the savings estimated by SESI.  In SESI’s analysis, logged system component 
runtimes were converted to duty cycles by dividing by elapsed time.  In the table, the “Site 
Savings” columns include all sites that had reported installation of the specific measure.  The 
“Technology Savings” column reports SESI/NRM values that do not include the affects of 
missing or problematic sites.  For example, at three sites there were fewer controlled vendor 
cases than claimed because of reporting errors or the owner removed or disconnected the case.  
In each of these three sites savings from the missing vendor case was evaluated as zero and 
affected overall savings for this measure.  The “Technology Savings” column removes these 
“zeros” and gives the results that are indicative of “properly” performing measures. 
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Table 1-1: Average Energy Savings, Predicted and Evaluated 

  
Site 

Savings 1 
Technology 

Savings 2 

Measure 
No. of 
Sites 

NRM 
kWh/yr 

SESI 
kWh/yr 

SESI 
/NRM 

No. of 
Sites 

SESI 
/NRM 

Economizer 14 58,003 14,437 25% 12 31% 
Evaporator Fan 3 19 183,700 146,907 80% 18 84% 
DDC Controls 18 33,405 21,794 65% 18 65% 
Cooler Door Heater 15 125,737 91,508 73% 12 85% 
Freezer Door Heater 8 29,308 25,087 86% 7 103% 
Vendor Case 12 48,961 43,779 89% 6 111% 
All Sites Average   79,852 57,252 72%  84% 
All Sites Total 19 479,114 343,512 72%  84% 

 
Notes: 1.  These are savings from all sites and measures reported to be installed. 
 2.  These are savings from only the sites where the measures were effectively employed. 
 3.  Air destratifiers are included in evaporator fans. 

 
• Economizers consistently produced low realization rates, averaging 25%.  One site had a 

realization rate (SESI/NRM) of -14% due to gross overestimation of compressor and over 
sizing of the economizer and another had an economizer installed in a cooler where three 
of its walls and the roof were poorly insulated and exposed to outside air temperatures 
resulting in no cooling load at low OATs.  Removing these sites increased the realization 
rate from 25% to 31%. 

• The evaporator fan control and DDC controls are integral parts of the same control 
system.  Although the realization rate of the DDC controls appears low, the savings add 
to the benefit of the cost-effective evaporator fan savings.  At one site the evaporator 
coils were in very poor shape (dented, dirty and prone to icing).  Removing this site 
increased the savings realization rate from 80% to 84%. 

• The realization rate for cooler door heaters of 73% does not reflect the performance of 
cooler door heater controls that were appropriately installed.  At two of the sites heater 
controls were not fully installed, and at a third, the owner manually shut the door heaters 
off thereby negating savings from the controls.  Removing these sites increased the 
savings realization rate from 73% to 85%. 

• At one site a freezer was removed from the store and with it control of its door heaters.  
Without this site, the savings realization rate went from 86% to 103%. 

• The count of controlled vendor cases was the most problematic.  NRM improperly 
reported the number installed at 1 site and at 5 other sites the controller failed or the 
owner removed the cases.  Realization rates rose form 89% to 111% without these 
problematic sites. 

• At most sites, savings fell short of expectations for most measures.  The main cause of 
the discrepancies between the evaluation and NRM’s calculated savings values were 
overly optimistic assumptions used by NRM.   
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1.4.3  Savings Calculations 
While the NRM spreadsheet has algorithms that are reasonable methods of producing savings, 
SESI recommends changing some parameter assumptions and some algorithms.  These changes 
are outlined in Section 1.5, Recommendations.  Some of the reasons for differences in savings 
between SESI’s and NRM’s analyses are: 
 

• NRM often used their own “rule of thumb” assumptions about the connected loads to be 
controlled instead of deriving demand values from nameplate data. 

• NRM’s assumption of equipment duty cycles, which had major impacts on savings, were 
usually much higher than observed in the field.  

• The temperature of the cooler affects how many hours an economizer can be operated; 
the higher the temperature, the more hours per year are observed below that temperature.  
NRM assumed a constant 2,195 hours per year for economizer operation, no matter what 
the cooler temperature was.  At most sites, economizer hours were more than 20% lower 
than the assumed 2,195 hours. 

• NRM assumed that at all OATs 4°F below the cooler temperature, the economizer will 
meet 100% of the cooler load.  Data recorded by NRM’s controller showed consistent 
and substantial operation of the compressors at even 10°F below the cooler temperature. 

1.4.4  Installation Practices 
NRM, in general, has good products, and their field staff knows how to install them well.  Site 
visits did discover minor problems with quality control.  Some pieces of equipment that were 
claimed to be installed were not.  Missing equipment had a significant effect on overall savings.  
In some cases it was difficult to locate NRM equipment components in the field. 
 
Economizers were often undersized.  A much more serious, but undocumented, problem was 
seen at all newly installed PY 2003 sites.  NRM’s former practice was to cap economizer ducts 
in the summer to prevent warm air infiltration.  They have discontinued this important practice, 
and wintertime savings come at the cost of extra energy use in the summer. 
 
The NRM sales process did not screen out door heater controls at one site, where the owner was 
consistent about shutting off the door heaters manually throughout the winter and during summer 
nights, resulting in minimal savings.  At another site, vendor cases had been previously manually 
shut off at night and night shutoff controls actually reduced night off-time, resulting in negative 
savings. 

1.5  Recommendations 

1.5.1  Changes to Installation Practices 
1. Consider reinstating the practice of including caps to cover ducts in the non-economizer 

season. 
2. Consider changing the economizer control setpoint from 4°F below cooler temperature to 

5°F or 6°F below. 
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3. Consider better sizing the economizers to the site. 
4. Consider calibrating temperature sensors on site. 
5. Consider attaching ID tags to panel-mounted hard-wired relays to identify which loads 

are being controlled. 
6. Consider providing diagrams to locate hidden hardware such as control relays. 
7. Consider not installing controls on problematic equipment. 

1.5.2  Changes to Savings Calculations 
SESI recommends the following changes to the NRM calculations: 

1. Compressor duty cycle:  SESI found that the average duty cycle at OATs where 
economizers operate was 20% rather than the 35% of the spreadsheet.  Compressor 
annual average duty cycle was also poorly predicted.  Consider using an algorithm that 
considers cooler volume and compressor size (from the nameplate) to estimate 
compressor duty cycle.  At OATs below economizer set point while the economizer is 
operating compressors operated at a duty cycle of about 3%.  Consider including this 
negative effect in calculating economizer savings. 

2. Compressor performance: SESI recommends using 1.5 kW per ton rather than the 2.25 
used to determine compressor savings due to reduced evaporator fan runtime. 

3. Evaporator duty cycle:  Consider formally estimating evaporator runtime using the 
compressor runtime algorithm noted above.  Empirically, it was found that the evaporator 
fans run about 16% more than their associated compressor operate on an annual basis.  At 
low OATs, a minimum duty cycle is one minute out of eight or about 12%. 

4. Bin hours:  SESI found an average of 1,765 hours when the economizer could operate, 
rather than the spreadsheet’s 2,195 hours.  Weather data from a variety of NOAA 
weather stations should be used to choose more appropriate hours that OAT is at or 
below economizer set point temperature.  The choice of operating hours should be a 
function of cooler temperature. 

5. Consider using nameplate-derived demand values in calculations. 
6. For the cooler door heater calculations average controlled duty cycle should be increased 

by 15% to reduce savings and bring them in line with evaluated savings. 

1.5.3  Changes to Management 
1. NRM should consider providing a formal check/fill-in sheet and directions for its use to 

all sales staff to make sure components being sold will save an expected minimum 
amount of energy and to size economizers properly. 

2. NRM should consider providing a formal check/fill-in sheet and directions for its use to 
all installers for two reasons: (1) to make sure all contracted equipment is installed (or to 
note specific reasons why it was not, and then not bill it to NSTAR), and (2) to show the 
exact location of all controls, especially relays. 

3. NSTAR should consider formally training the staff responsible for reviewing these 
installations. 
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1.6  Report Organization 
This report is organized as follows.  Section 2 serves as an introduction, presenting the 
background of the project, descriptions of walk-in cooler components and the economizer 
system, the site selection process, field work that was done, metering equipment that was used, 
and a brief description of the analysis methods used.  Section 3 presents the various analyses and 
the methodology employed.  Section 4 compares the results of these analyses.  Section 5 
provides conclusions and recommendations.  Individual site visit reports with detailed 
descriptions, photographs, graphs of collected data, and spreadsheet results are included in 
Appendix A. 
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SECTION 2.  INTRODUCTION 
The purpose of the study was to assess NRM’s cooler control measures and to calculate the 
actual energy savings achieved as compared to the tracking estimates originally provided by 
NRM.  To assess refrigeration system performance and determine the resulting energy savings, 
19 unique sites were assessed. 
 
A note on nomenclature:  Runtime is used when referring to data logs downloaded from the 
NRM controller.  The controller logs the number of minutes that system components operate in a 
15-minute period, among other things.  Component duty cycle is derived by dividing these 
logged runtime minutes by 15 minutes. 

2.1  Site Selection 
The method by which sites were selected for the study and the pre- and post-monitoring 
protocols were applied to a selected site was fairly complicated, and is summarized in Table 2-1. 
 

Table 2-1: Site Selection and Visiting Schedules 

Number 
of Sites Selection Method Pre-Installation Site Visit Post-Installation Site Visit

5 Randomly selected from 
PY 2002 SBS by RLW 
Analytics 

None. Apr ’03: Downloaded ~3 
months data. 

8 Randomly selected from 
installed late PY 2002 SBS 
sites with economizers by 
NSTAR.  Selected to 
ensure economizer data. 

Feb ’03: Downloaded ~3 
months data.  Not a true 
pre-installation site visit. 

Aug/Sep ’03: Downloaded 
~3 months data. 

7 Selected from sites sold by 
NRM until quota 
completed. 

Feb/Mar ’03: Inspected 
and took spot 
measurements. 

Sep ’03: Downloaded ~3 
months data. 

 
RLW Analytics of Middleton, Connecticut randomly selected five of the sites from PY 2002 
program participants as part of the impact evaluation of the SBS Program. The savings results 
for these five sites were incorporated in the RLW Analytics report entitled “Small Business 
Solutions Program PY2002 Impact Evaluation, November 2003.”  The analysis at these sites 
consisted of post-installation monitoring and verification, with a download of up to 3 months of 
component runtimes.  (Note: The length of storage in NRM’s computer controls varies 
depending on the number of components being monitored.)  Since the results of the impact study 
had to be completed by July 2003 for regulatory purposes, the monitoring of the cooler controls 
did not include any summer logged use.  Since the download was conducted in early April, 
economizer performance could be assessed for these sites. 
 



Section 2.  Introduction 

2-2 

It had been the intent to select the non-RLW sites from the NRM recruitment stream.  It was 
envisioned that as NRM sold projects, the application and savings estimates would be faxed to 
NSTAR at least weekly.  NSTAR would then select sites for evaluation, passing the paperwork 
to SESI.  SESI would conduct a pre-installation inspection with spot measurements, and then 
NRM would proceed with the installation.  SESI would then come back in the fall for a post-
implementation site visit. 
 
This assessment started in February 2003.  However, there were not enough sites being sold to 
fill the quota before winter weather would come to a close, and with it the economizer operating 
season.  Therefore, sites installed in December 2002 were chosen to complete the sample.   
 
For the December 2002 sites, NRM placed the cooler controls in bypass for a couple of days, 
simulating the pre-installation conditions.   SESI then conducted a “pre-installation” inspection 
and downloaded the NRM component runtime data for the last 3 months, capturing economizer 
performance data.  These sites were then visited again in September 2003 for a post-installation 
site visit, with another download of runtime data.  The final seven sites had a true pre-installation 
site visit; however, download of component runtime data was not possible, since the NRM 
cooler control computer, which logs runtime data, had not yet been installed.  These sites were 
also visited in September 2003 for a post-installation site visit and component runtime data 
download. 
 
SESI called all chosen sites and found that all of the owners or managers were very willing to 
cooperate in the study.  However, upon visiting Site 2, the manager had irresolvable issues and 
another site had to be chosen.  For this reason, Site 2 is skipped in all tables and analyses in this 
report. 
 
Site 20 is also skipped in all the tables and analyses.  In selecting PY 2002 sites, RLW chose a 
site that was included in the PY 2003 site selection process, so there was an overlap: Site 20 was 
the same as Site 8.  To avoid duplication and double-counting one site, references to Site 20 
were deleted from this final report. 

2.2  NRM Equipment Descriptions 

2.2.1  Economizer 
Air economizers circulate cold outside air through a walk-in cooler to displace mechanical 
cooling.  When outside air temperature (OAT) falls below the control setpoint, the air 
economizer is enabled and cycles to satisfy the call for cooling from the walk-in cooler 
thermostat.  In mid-winter, the refrigeration compressor may not come on at all for many weeks.  
A description of the economizer system follows. 

Control of Air Flow 
Air is blown into the cooler by one intake fan (some sites had more than one system) and blown 
out of the cooler by a matching exhaust fan of the same make and model.  The air inlet and 
exhaust ducts have motorized dampers that open and close upon a signal from the controller that 
also starts and stops system fans and allows air to flow.  The air inlet and exhaust ducts are run 
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in parallel and adjacent to one another; their dampers share a damper shaft, and only one damper 
motor is used.  Where ducts are run through heated spaces, they are insulated. 
 
Supply and exhaust fans are wired to run together.  Fans are mounted on an exterior wall in a 
hooded enclosure.  Supply fan inlets are fitted with replaceable air filters.  Photos of the exterior 
and interior portions of an economizer are shown in the photos below.  Photo 2-1 shows the 
economizer in operation (dampers are open).  Just above the economizer box and to the right is 
the OAT sensor; note that it is in a cowl that shades it well from the sun. 
 

Photo 2-1: Exterior Components of an Economizer 

 
 

Photo 2-2: Interior Components of an Economizer 
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In Photo 2-2, the damper motor is the little box to the right of the ducts.  This photo was taken in 
the summer, and the dampers were closed (the dampers are made of clear plastic).  Each supply 
fan blows outside air through a 6-inch PVC pipe (duct) inside the cooler.  This duct has one or 
more outlets to discharge cold air evenly throughout the cooler.  A close look at the photo shows 
condensation on the upper inside of the ducts.  This condensation is evidence of infiltration, 
which will cause the compressor to work harder in the summer than it would have without the 
economizer.  All PY 2002 sites and those PY 2003 sites that were installed in 2002 had PVC 
pipe caps to plug both the supply and exhaust ducts during warm weather, which all but 
eliminated this energy-robbing infiltration.  PY 2003 sites, like the one in the photo, did not have 
caps, a practice that is not recommended. 

Control of Cooler Temperatures 
The system uses electronic controls with two thermostats: 
 

• OAT thermostat.  If the OAT falls below its setpoint (4°F below the cooler setpoint 
temperature), the air economizer is enabled.  Then, if the cooler thermostat calls for 
cooling, the economizer fans come on.  The compressor is always enabled so that if the 
air economizer cannot meet the load, the compressor will come on.  Note that the 
compressor and economizer fans can be on at the same time, and typically will be on 
occasionally when OATs are near the economizer cut-in setpoint. 
 
The OAT-sensing bulb is typically located on the same facade as the air intake hoods, 
exposed to the air and shaded from the sun (see Photo 2-1). 

• Cooler thermostat.  The existing compressor thermostat is rewired to control the air 
economizer system and the compressor (the thermostat actually controls the refrigerant 
solenoid valve, and the compressor cycles on and off according to system pressure).  The 
thermostat is used to signal when the cooler needs refrigeration, which is then provided 
by the compressor and/or the air economizer, depending on the OAT. 

• Freeze protection and cooler air mixing.  The evaporator fans are cycled on for a 
minimum of 1 minute in every 8 minutes to mix the air in the cooler, which prevents 
product from freezing and ensures that all products are cooled evenly. 

2.2.2  Evaporator Fan Control 
Evaporator fans in a standard walk-in cooler are always on.  NRM’s system controls evaporator 
fans to operate only when the compressor is on, plus a bit more for refrigeration system stability.  
Evaporator fan runtimes can be cut on average by 50% or more annually. 
 
The compressor operates to satisfy its thermostat.  When the compressor operates, the evaporator 
fan pulls relatively warm air through the evaporator, which in turn gives up most of its heat to 
boil the refrigerant liquid in the evaporator, thus providing cooling.  When the compressor shuts 
off, liquid refrigerant remains in the evaporator piping or coil.  NRM places temperature sensors 
in the evaporator to sense coil temperature.  The evaporator fan remains in operation after the 
compressor shuts off until the coil temperature indicates that all of the liquid refrigerant has 
boiled off.  This boiling off of the remaining liquid takes up to a few minutes after the 
compressor has shut off. 
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As noted above, the evaporator fan also comes on for at least 1 minute every 8 minutes whether 
or not the compressor has come on (as in full economizer operation) in order to maintain well-
mixed air in the cooler. 

2.2.3  Cooler Door Heater Control 
Anti-sweat heaters are required in the doors of nearly all refrigerated cases and freezer cases to 
eliminate condensation of moisture that occurs whenever the doors’ temperature is below the 
store’s air dew point temperature.  Standard anti-sweat door heaters are typically always on.  
NRM’s system cycles the door heaters on and off to maintain door temperature about 5°F above 
store air dew point temperatures and maximizes heater operation to 80% on (adjustable).  It is 
possible for cooler door heaters to not come on for weeks or months at a time during the fall, 
winter, and spring, and to come on only during the summer.  For freezer door heaters, instead of 
running at 100%, the controls run them at 40% and above, with a maximum of 90% on 
(adjustable). 
 
Anti-sweat door heaters eliminate condensation of moisture that occurs whenever the door 
temperature is below the store’s air dew point temperature.  NRM controls include a humidity 
sensor.  The control receives an input from the humidity sensor and its store air dry-bulb 
temperature sensor, and then uses a programmed algorithm to calculate store air dew point 
temperature.  An algorithm also calculates the heat needed by the doors to keep their temperature 
5°F above the air dew point temperature. 
 
The required heat is then applied by cycling amperage through a relay to the existing door 
heaters at the calculated frequency.  One cycle occurs every minute.  If, for example, it was 
calculated that heat needed to be applied at 60% of full load, the controls would cycle the heaters 
off for 24 Hz (=  40% off  x  60 Hz). 
 
In the middle of winter it is very likely that store air dew points are well below door 
temperatures, and the heaters never come on. 
 
There are two types of door heater controls.  Photo 2-3 shows the most common type seen during 
the evaluation.  This is NRM’s main controller, which also operates all other measures: 
economizers, DDC, evaporator fan controls, door heater controls, and stand-alone controls.  This 
controller also has the ability to store data, as discussed in Section 2.2.7.  The controller has a 
touch pad and LCD readout.  The touch pad can be used to scroll through to change various 
settings.  The box above the controller houses a number of relays that control system 
components. 
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Photo 2-3: NRM Controller 

 
 
The other type of controller is a self-contained unit that is typically used in the middle of a store 
so that control wires do not need to be run back to the main controller.  It is used mainly to 
control heaters in refrigerated case doors.  This controller is shown in Photo 2-4, and was found 
only at Site 4.  The stand-alone controller logs the total number of hours the unit has been 
operating, and the total number of hours that the heaters are turned on. 
 

Photo 2-4: NRM Stand-Alone Controller 
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2.2.4  Freezer Door Heater Control 
Freezer door heater controls work exactly like the cooler door heater controls noted above, 
except that NRM controls cycle the heaters at a minimum of 40% on.  Additionally, every 24 
hours, no matter if the controls call for door heat or not, heaters are cycled to 90% on for 1 hour. 

2.2.5  Stand-Alone Control 
Most stores that have walk-in coolers also have separate refrigerated vendor cases or stand-alone 
cases, where customers can open a door and help themselves to a cold can of soda or the like.  
These cases are typically plugged into electrical wall outlets and have their own compressors 
built in.  For cases containing non-perishables, NRM’s system shuts these cases off at night and 
turns them on again in the morning an hour or so before the store opens.  Depending on store 
hours, cases can be shut off six or more hours per night.  
 
Vendors cases, such as Coke and Pepsi coolers (small refrigerators typically with one, two, three, 
or four glass doors), that are typically owned by the vendor rather than the store, usually run 24 
hours per day year-round.  Photo 2-5 shows commonly found 1-door and 2-door cases.   
 
NRM controls can be set to turn a remote relay on and off.  These relays come in two types: a 
plug-in type where the vendor case’s cord is plugged into the relay, which is then plugged into a 
wall socket (see Photo 2-6); or a hard-wired relay that is hard-wired into the circuit panel on the 
dedicated vendor case circuit.  The NRM controller does not log this data in its memory.  On- 
and off-time settings can be set and read off the controller’s LCD display by pressing the correct 
controller buttons.  The controllers have separate off-hour settings for weekdays, Saturdays, and 
Sundays. 
 

Photo 2-5: Vendor Cases 
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Photo 2-6: Plug-In Vendor Case Relay 

 

2.2.6  Air Destratifiers 
At only one site (Site 21), air destratifying fans were installed along with evaporator fan 
controls.  The small fans are installed only in walk-in coolers that have high ceilings.  The 38-
watt fans are mounted on the ceiling and serve to mix the air in the cooler.  Without this fan, 
shutting off the evaporator fans could severely stratify the air, subjecting product stored in the 
upper areas of the cooler to a wide range of temperatures as the evaporator fans cycle on and off.  
Photo 2-7 shows an air destratifier fan (it is located between the light fixtures). 
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Photo 2-7: Air Destratifier Fan 

 

2.2.7  NRM Controller Data 
The controller has memory, and certain parameters are recorded.  Data in 15-minute periods is 
stored in short-term memory for a number of weeks; this recorded data is called the “temperature 
log.”  A 10-year log, called the “runtime log,” stores the number of minutes per month that 
certain fans and motors are on, along with other information.  The controller also has data that 
can be accessed only through its LCD display.  These three methods of assessing data are 
described in more detail below. 

Temperature Log 
The temperature log is limited in length to about 40 to 90 days, depending on how many 
individual points are being logged:  the more points, the fewer days it takes to fill the log.  After 
the log is filled, new data starts to overwrite the oldest data.  When the controls are first installed, 
the length of the site-specific temperature log can be observed through the “days left” function 
accessed through the controller keypad. 
 
A partial temperature log from one of the analyzed sites is shown in Table 2-2 below.  The 
different columns of the log output are defined as well. 
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Table 2-2: Sample Temperature Log 

Temp Download  Cooler #1 Setpoint:  36 
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Date Time Out DH FH H DP ST I C BYP FC SOL FAN R1 ACT AS Df El 
20-Feb 15:00 48 0   25 30 67 38 21 0 0 14 15 14 1       
20-Feb 15:01 48 0   24 31 68 36 22 0 0 10 15 10 1       
20-Feb 15:02 48 0   24 31 69 37 21 0 0 12 14 13 1       
20-Feb 15:03 47 0   24 31 69 37 25 0 0 10 14 10 1       
20-Feb 16:00 46 0   24 31 69 37 25 0 0 8 14 8         
20-Feb 16:01 46 0   24 31 69 36 25 0 0 7 13 8         
20-Feb 16:02 45 0   24 31 69 36 20 0 0 12 15 13         
20-Feb 16:03 44 0   24 31 69 37 24 0 0 9 13 10         

 
Column Definition 

Date As noted 
Time (hr:part of hr) In 15-minute increments, four increments per hour (0, 1, 2, 3) 
Outside air temp °F average over 15-minute period 
Door heater (cooler) Percent of time on in 15-minute period 
Freezer heater (door) Percent of time on in 15-minute period 
Relative humidity Average over 15-minute period 
Dew point °F average over 15-minute period 
Store temp °F average over 15-minute period 
Inside cooler temp °F average over 15-minute period 
Coil temp (evap.) °F average over 15-minute period 
Bypass (Note 1) Minutes system was manually bypassed 
Free cooling Number of minutes the economizer fan was on in the 15-minute period 
Solenoid (Note 2) Number of minutes the compressor was on in the 15-minute period 
Fan (evap.) Number of minutes the evaporator fan was on in the 15-minute period 
Other 1 (Note 3) Number of minutes the compressor was on in the 15-minute period 
Action 1 indicates some action was taken during the 15-minute period 
Alarm silence 1 indicates that the alarm was silenced during the 15-min. period 
Defrost 1 indicates defrost occurred sometime during the 15-minute period 
Electric defrost 1 indicates electric defrost occurred sometime during the 15-minute period 

 

Notes: 
1. The system can be bypassed for deliveries and 

other events so that the compressor will not come 
on when doors are opened for extended periods, 
or for other similar reasons.  

2. Compressors are pressure-controlled: the 
thermostat opens and closes the refrigerant 
solenoid valve.  It is assumed that there is no lag 
in starting up the compressor on opening the 
valve, or that the lag in startup is equal to the lag 
in shutdown.   

3. R1 or Other 1 could be assigned to other 
functions, and is customized by NRM.  This 
functions whether or not the system is bypassed. 
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Runtime Log 
Table 2-3 below is a sample runtime log that has been consolidated to show all the non-zero data 
it contains.  An actual log has 10 years of data, whether or not the system has been working for 
10 years.  Where the system had not been working, values are populated with zeros.  In the 
sample, the system was installed in December 2002 and the log was downloaded in April 2003. 

LCD Data 
The controller face has a keypad through which various settings can be entered.  An LCD 
display allows the user to view the settings.  When the system is under normal operation, the 
outputs of various sensors are cycled on the display window.  These outputs include Outside Air 
Temperature, Relative Humidity, Dew Point, Store Temperature, Cooler Temperature, Door 
Heater %ON, Freezer Door Heater %ON, and Compressor %ON during the last hour. 
 
Through the keypad, the vendor case off schedule can be programmed.  This is the only way the 
vendor case schedule can be retrieved, as this data is not included in any recorded logs. 

2.3  Field Work/Monitoring 
The following outline is from SESI’s site inspection checklist, and shows most of the 
information gathered during a site visit.  

Observations 
• Read the settings of the manufacturer’s system, cooler thermometers, and settings of any 

other observable controls 
• Take photos: cooler, doors, evaporator fans, compressors and condensers, stand-alones, 

outside walls where economizer hood is to be/was installed (note compass direction), 
building façade, NRM controls, NRM internal pipe runs, NRM inside cooler 

• Size of walk-in cooler (H x W x D); draw a sketch 
• Types of product (e.g., milk, beer) 
• Take nameplate data for evaporator fans, doors, compressors, condenser fans, stand-

alones 
• Problems (e.g., door broken, dirty evaporator, product stacked to ceiling) 
• Defrost cycle: how initiated, how stopped, clock settings, frequency, type (hot gas 

bypass, electric) 
• General quality of installation 
• Sensor location 
• Pipe insulation 
• Direction of air flow from piping 
• Operation of system 
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Table 2-3: Sample Runtime Log 

Cooler 1 
 

  TOTAL MIN FREE AVAIL F_COOL SOLENOID FANS BYPASS 
DOOR 

HEATER 
FREEZER 
HEATER 

Year 
Mont

h 
On 

Peak 
Off 

Peak 
On 

Peak 
Off 

Peak 
On 

Peak 
Off 

Peak 
On 

Peak 
Off 

Peak 
On 

Peak 
Off 

Peak 

On 
Pea
k 

Off 
Pea
k 

On 
Peak 

Off 
Pea
k 

On 
Peak 

Off 
Pea
k 

2002 1 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 - 
2002 9-10 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 - 
2002 11 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 - 
2002 12 9642 18090 3274 8434 3443 8987 3774 4673 5404 7772 6 0 719 - 11,945 - 

                                    
2003 1 16565 28082 11670 23813 11312 21342 2667 2057 5282 6023 0 0 591 - 19,102 - 
2003 2 13642 25203 8467 17113 8204 16885 2468 2857 4598 9082 671 720 5 - 16,935 - 
2003 3 15123 29524 4454 9043 4492 9227 5517 7682 8131 12743 0 0 2347 - 19,605 - 
2003 4 9654 15277 841 4188 850 4421 4457 3954 6218 6259 0 0 805 - 10,740 - 
2003 5-12 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 - 

 
 

TOTAL MIN Total minutes power was available at the site during the month  
FREE AVAIL Total minutes OAT was below economizer setpoint during the month 
F_COOL Total minutes the economizer fan was on during the month  
SOLENOID Total minutes the compressor was on during the month  
FANS Total minutes the evaporator fan was on during the month  
BYPASS Total minutes the system was in bypass during the month  
DOOR HEATER Total minutes the cooler door heater was at full power during the month  
FREEZER HEATER Total minutes the freezer door heater was at full power during the month 
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Metering 
• kW metering (over a number of cycles):  compressor/condenser fan(s) for runtimes and 

kW 
• Instantaneous metering: evaporator fans, doors, compressors and condenser fans, and 

stand-alones 
• Recording amp metering (over a number of cycles): stand-alones, door heater cycling 
• Temperature gun: product temperature, door case and frame temperature (for each door), 

store temperature, OAT 

Interviews 
• Evaporator fans:  ever shut off? what happens in defrost mode? 
• Door heaters: is there a shutoff switch? is it used any time? sweating problems? broken? 
• Compressors and condenser fans:  trouble keeping temperatures in the summer? other 

problems? 
• Cooler:  what temperature trying to maintain? does temperature change seasonally? 
• Stand-alones:  switched off at night? does temperature change seasonally? 
• Store:  operating hours? heating setpoint? cooling setpoint? night setback? 
• Other for general information about the business in relation to the coolers: how and when 

deliveries were made, their busy times both daily and seasonally, any major changes or 
problems that occurred with the cooler and its refrigeration system in the recent past, etc. 

NRM Controls  
• Downloads: temperature log, runtime log 
• Observations:  days left, outside, humidity, dew point, store, door heaters, freezer heaters, 

cooler 
 
The instrumentation used for metering systems at each site is described below. 

2.3.1  Hand-Held Meters 
Amps, volts, kW, and power factor are instantaneously measured with a Fluke 41 power meter.  
Temperatures were instantaneously measured with a Raytek Raynger ST-2 non-contact 
thermometer and various glass and bulb “mercury” and dial-type thermometers that were already 
located at the sites. 

2.3.2  Data Loggers  
A Dent ELITEpro recording kW meter was used and can record kW, amps, volts, and power 
factor for up to two 3-phase loads.  Recording intervals can range from 3 seconds to over 1 hour.  
Recorded data is the average value over the recorded interval. 
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The recording amp meters used are AEMC Simple Loggers.  This one-channel logger records 
data at intervals that change with the metering session’s duration.  At first the sampling interval 
is once every 0.878906 seconds (1/4,096 of an hour).  When the meter’s memory is full, data is 
written over every other record so the recording interval is doubled, or data is taken every 
1/2,048 of an hour.  This selective overwriting of data continues as long as the logger is 
collecting data.  If, for example, the logger is left recording for 2 weeks, the recording interval 
will be about once every 15 minutes.  Data is recorded as snapshots, not averages. 

2.4  Analysis 
Three analyses were made.  First, SESI’s metered component data was compared with the 
manufacturer’s recorded component data, e.g., door heater kW.  Second, annual energy savings 
were calculated using the data collected at the site, the downloaded logs from the NRM 
controller, and local weather data, and compared with NRM’s calculated savings.  Third, causes 
for discrepancies were investigated.  Analysis details are described in depth in Section 3. 

2.5  Report 
This report was prepared to describe the assessment, the work done, the sites studied, the data 
gathered, and to discuss and present savings, noting any unusual circumstances or conditions that 
affected energy savings or that enhanced understanding of the findings. 
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SECTION 3.  ANALYSIS 
This section describes the methods for computing savings. 
 
The subsections in Section 3.1, Summary, present a conceptual overview of the savings analysis 
in equation form.  This section also includes a discussion of analysis and data that apply to more 
than one measure, including discussions of: 
 

• Use of regression analysis to determine equipment duty cycle as a function of OAT 
• Compressor performance models 
• Weather data sources 

 
This more general discussion is followed by a detailed measure-by-measure description of the 
analysis procedures and spreadsheets in Sections 3.2 to 3.8. 

3.1  Summary 
To calculate air economizer savings where NRM logged runtime data had been obtained, 
regression analyses between compressor duty cycle (recorded runtime divided by elapsed time) 
and OAT were performed for OATs above the cooler temperature, below the air economizer 
enabling temperature setpoint (NRM sets the economizer setpoint temperature 4ºF below the 
cooler temperature), and in the transition between the two points.  The regressions above the 
cooler temperature assisted in determining mechanical refrigeration energy consumption at low 
OATs without an economizer so the pre-installation, or base case, could be simulated.  To 
determine savings, this base case consumption was compared with consumption after the 
economizer was installed. 
 
NRM controls also log evaporator fan runtime.  From this data, a similar regression method was 
used to determine annual evaporator fan control savings.  Evaporator fan savings were 
appropriately divided between savings due to economizer operation and savings due to 
evaporator control itself. 
 
DDC controls were assumed by NRM to save 5% of compressor, condenser fan, and evaporator 
fan energy use.  Since extensive pre-installation compressor power monitoring was not in the 
scope of this study, this measure was not verified.  However, SESI had previously thoroughly 
studied these types of controls,1 which resulted in savings of about 5%.  Therefore, SESI 
assumed that 5% savings was appropriate, and this value was used in the evaluation calculations. 
 
Door anti-sweat heater average power level is recorded by NRM’s controller.  A regression 
analysis was used to compare door heater power levels to outside weather conditions. 
 

                                                 
1 “Analysis of Savings from Walk-In Cooler Compressor Duty Cycle Controls and Compressor Oil Additives, June 
26, 1991,” New England Power Service Company. 
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Annual savings were then calculated by using local weather data in the regression equation to 
predict annual energy use using a weather bin analysis. 
 
Vendor cases were evaluated in two ways.  First, for PY 2002 sites, the cases were observed for 
content (thermal mass) and compressor cycling characteristics.  Calculations then accounted for 
the effect of thermal mass in bringing the cooler up to its thermostat setting in the morning when 
it is started from an overnight shutdown.  Savings were the energy saved by shutting down the 
units at night minus the cost of cooling down a warmer thermal mass at startup.  Second, for PY 
2003 sites, SESI recorded amperage to each case for a week or more.  From this data, the actual 
cycling of the compressors and the wake-up start times could be observed and then used directly 
in savings calculations. 

3.1.1  Measurement Approach 
The two key measure-based parameters determined in this study and used in the estimates of 
savings are: 
 

• Field measurement of equipment instantaneous kW 
• Measurement of post-installation equipment duty cycles (Although PY 2003 sites were 

inspected prior to implementation of equipment, pre-installation component duty cycles 
were not measured.) 

 
Instantaneous kW of the evaporator fans, condenser fans, door heaters, and vendor cases was 
measured at the site, as described in the previous section, using appropriate instrumentation.  The 
instantaneous kW of cooler and freezer compressors was also measured at the sites; however, in 
the savings analyses, equations of compressor demand versus OAT were derived from 
equipment manufacturers’ published Air-Conditioning and Refrigeration Institute (ARI) standard 
testing data as a function of OAT.   
 
The NRM logger recordings of equipment minutes of operation in 15-minute periods measured 
actual runtimes.  From this data, duty cycles were derived by dividing the runtime data by 15 
minutes.  Duty cycles were regressed against OAT to obtain equations for computing duty cycle 
as a function of OAT. 
 
Other site-based data gathered at the sites included recordings of nameplate information such as 
full-load amps and horsepower, owner-reported operating schedules, and equipment setpoints. 

3.1.2  Fundamental Savings Computations 
The annual estimates of energy savings were computed using weather bin analyses in 
spreadsheets.  The analyses summed the product of the hours in each OAT bin, the equipment 
instantaneous or calculated kW, and the difference in the equipment pre- and post-installation 
duty cycles at that OAT. 
 
Fundamentally, the savings estimates by measure were calculated as follows (note the 
summation indicates the sum over all temperature bins from 0°F to 100°F): 
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Economizer Savings 
= Σ  Hours OAT  * 
 {  Compressor:  [kW OAT  *  (Pre-duty cycle OAT  -  Post-duty cycle OAT)] 
 +  Evaporator:   [kW  *  (Pre-duty cycle OAT  -  Post-duty cycle OAT)] 
 –  Economizer:  [kW  *  Post-duty cycle OAT] }  

 
Note:  OAT given as a subscript in the equations means the parameter is a function of OAT.  
 
Compressor kW is computed from manufacturer’s data as a function of OAT.  The evaporator 
fan and economizer fan kW is obtain either from metering or derived from nameplate data and is 
not a function of OAT.  
 
For both pre- and post-installation, regression analysis of the logged data is used to determine 
duty cycle as a function of OAT at OATs above the cooler temperature.  At OATs below the 
cooler temperature, compressor and evaporator duty cycles are extrapolated.  The pre-installation 
duty cycle for the compressor is extrapolated from the post-installation data by assuming that 
compressor duty cycle at 0°F OAT is one-third of its value at the cooler temperature.  For the 
evaporator, the ratio of the slopes of the compressor and evaporator fan regression lines for 
OATs above the cooler temperature was assumed to hold steady below the cooler temperature. 

Evaporator Fan Savings 
= Σ  Hours OAT  *  (Fan measured instantaneous kW 

+  Reduced heat load  *  Compressor efficiency )  *  (1  -  Post-duty cycle OAT)  
 
Since the fan runs constantly prior to implementation, the pre-installed duty cycle is 100%; the 
post-duty cycle is derived from a regression of the logged data against OAT.  Because 
evaporator fans run less when controlled, less heat is produced that must be removed by the 
compressor.  The heat reduction is calculated and the resulting compressor kW reduction is 
computed using compressor efficiency. 

Direct Digital Control Savings 
Estimates of savings used secondary data from a study completed by SESI for National Grid in 
1996, entitled “Analysis of Savings from Walk-In Cooler Compressor Duty Cycle Controls and 
Compressor Oil Additives”  This study, which included much more extensive measurements of 
pre- and post-installation equipment performance, determined that DDC produced about 5% 
savings.   
 

= Σ  Hours OAT  *  (Compressor/condenser kW  *  Post-duty cycle OAT 
+  Evap. fan kW  *  Post-duty cycle OAT)  *  5% 

Cooler and Freezer Door Heater Control Savings 
= Σ  Hours OAT * (Measured door heater kW)  *  (1 - Post-duty cycle MCWB) 

 
Note:  MCWB is outside mean coincident wet bulb temperature.  
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Since the heaters ran constantly prior to implementation, the pre-installed duty cycle is 100%.  
The post- duty cycle is derived from a regression of the logged data against the mean coincident 
wet-bulb temperature in the bin. 

Vendor Case Shutdown Savings 
There were two methods of calculating savings for vendor case shutdowns.  The first and most 
straight-forward was for sites where long-term (1 to 2 weeks) of metering was done.  For these 
sites the duty cycling of the cases were recorded as was the extra energy needed to bring the case 
back down to operating temperature, which is referred to as the morning start-up penalty.  The 
equation used when long term data was available was: 
 

= (Compressor kW OAT  *  Duty cycle  +  Case lighting kW)  *  Hours off 
 -  Morning start-up penalty 

 
The second method relied on short-term (~ 20 minutes) metering of compressor and lighting 
demand and inventorying the case contents for thermal capacitance.  To calculate savings the 
above equation was used but instead of the morning start-up penalty being metered, the morning 
start-up penalty was calculated as follows. 
 
Morning start-up penalty (hours of extra compressor runtime)  = 

= Rate of heat loss from product  *  Hours shut down  
 /  Compressor rate of heat removal 

3.1.3  Deriving Compressor, Evaporator Fan, and Economizer Duty Cycles 
The evaporator fan, economizer, and DDC measures used the NRM-logged data to derive actual 
equipment duty cycles in the calculation of savings.  For these three measures, time-stamped 
duty cycles were used in a regression analysis to determine equipment duty cycle as a function of 
OAT.  Once these relationships were determined in equation form, they were incorporated in bin 
spreadsheets to calculate annual savings. 
 
The NRM cooler controller stores the number of minutes of operation (runtime) in each time-
stamped 15-minute interval for the following equipment: 
 

• Compressor (as represented by the on-off state of the refrigerant solenoid valve) 
• Economizer (as represented by the on-off state of the economizer fan) 
• Evaporator fan (actual fan on-off state) 

 
Dividing the 15-minute runtime data by 15 minutes gives the duty cycle of the equipment. 
 
This time-stamp data was downloaded.  Generally, data is available for the previous 1 to 3 
months, depending on the number of items being monitored (the more points monitored, the 
quicker the controller’s memory fills, and fewer days of data are available).  Next, the duty cycle 
was regressed against coincident real-time outdoor air dry-bulb temperature obtained from a 
nearby weather station.  Examination of graphs of duty cycle (or percent-on) versus OAT in the 
Appendix shows distinct segments.  Each segment was analyzed separately assuming a linear fit.  
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The regression analysis, therefore, produced multiple linear equations, which modeled the 
equipment performance as a function of OAT. 
 
Generally, the R2 values of the equations were not good; however, R2 may not be a good 
measure of the quality of the relationship between the duty cycle and the OAT.  
 
Figure 3-1 presents economizer fan data showing the average duty cycle for each OAT bin, the 
resulting duty cycle versus OAT regression equation, the theoretical estimate of fan duty cycle 
versus OAT, and a count of the number of 15-minute intervals at each OAT.  The theoretical 
estimate of duty cycle is: 
 

Duty Cycle  = Cooler load, Btu/hr  /  Economizer fan, Btu/hr, with a maximum of 100% 
 

= Compressor duty cycle  *  4.08 tons (for this site)  *  12,000 Btu/hr/ton 
/  450 cfm  * 1.08 Btu/hr/cfm/°F  *  (Cooler temp.  -  OAT), with a 
maximum of 100% 

 
Several things are apparent from this graph: 
 

• The average duty cycle curve (solid triangles) compares well with the theoretically 
derived duty cycle (solid circles), and is therefore technically reasonable. 

• While a clear trend is apparent in the operation of the controls, there was substantial 
scatter in the 15-minute data (the individual 15-minute points were not plotted because it 
would have confused the graph; for almost every OAT below the economizer setpoint, 
there was at least one 15-minute period where the economizer fan operated for 0 minutes, 
and another period where it operated for all 15 minutes in the interval with nearly all 
points in between represented).  This scatter in values is consistent with the on/off nature 
of cycling equipment, but may lead to misleadingly low R2 values. 
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Figure 3-1:  Average, and Histogram of 15-Minute Interval Duty Cycle 
and Theoretical and Regressed Duty Cycle of Economizer Fan 
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The average of the data could have been used to develop the regression equations, and would 
have looked “better” by producing equations with high R2 values, but some of the richness of the 
data would have been lost, since an average representing 200 intervals carries as much weight as 
an average representing 10 intervals. 
 
The decision was made to use all the data points in the regression analysis, even though the 
resulting R2 values are poor, in order to include all the data available.  It was also decided to use 
best-fit linear regressions, broken at the mechanical inflection points in the data.  These 
inflection points were the economizer and cooler setpoint temperatures. 
 
This discussion applies equally well to compressor and evaporator fan duty cycles. 

3.1.4  Compressor Data and Performance 
The savings analysis for economizer measures requires estimating the instantaneous kW use of 
the compressor in each OAT bin.  The kW-per-ton use will vary with changes in evaporator 
temperatures (which correspond to the cooler temperature) and the condenser temperature 
(which corresponds to the OAT) in a predictable manner using a general equation provided by 
ARI, with specific coefficients provided by the compressor manufacturer. 
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Information for the compressors at the studied sites and their performance data used in the 
savings analyses are described below and shown in tables. 

Compressor Performance 
Stated in ANSI/ARI Standard 540-1999, the performance of walk-in cooler refrigeration 
compressors (positive displacement refrigerant compressors) can be represented using a third-
degree polynomial equation of 10 coefficients in the form presented in Table 3-1.  While the 
form of the equation is defined by the standard, the specific coefficients are equipment-specific 
and are provided by the manufacturer. 
 

Table 3-1: Walk-In Cooler Compressor Capacity and Power versus Evaporator 
Temperature and Condensing Temperature 

Equation Format 
VALUE = C1 + C2 * Te + C4 * Te 2  + C7 * Te 3 

+ ( C3 + C5 * Te + C8 * Te
2   ) * Tc 

+ ( C6 + C9 * Te ) * Te 2 + C10 * Tc 3 
Te  =  Evaporator Temperature 
Tc  =  Condensing Temperature 

Coefficients Capacity (Btu/hr) Power (watts) 
C1 1.992009E +04 3.771170E +02 
C2 3.668634E +02 7.725823E +00 
C3 -1.716566E +02 1.195013E +01 
C4 4.758232E +00 -1.220020E -01 
C5 -6.262783E -02 2.486887E -01 
C6 4.521586E -01 -5.694221E -02 
C7 3.605544E -04 -1.057430E -05 
C8 -1.002796E -02 -7.244537E 05 
C9 -9.372498E -03 9.973526E -04 
C10 -3.820328E -04 1.235618E -05 

 
The coefficients listed above are for a Tecumseh model AW5520F compressor.  This particular 
model compressor was installed at one site and was similar to others found in the field. 
 
Figure 3-2 graphically compares the AW5520F compressor with a commonly found Copeland 
compressor of the same size and ARI rating conditions (capacity, wattage, condenser and 
evaporating temperature).  We assumed that at an OAT of 70°F (condensing temperature of 
95°F), the condenser fans would come on and cycle to maintain that condensing temperature and 
responding head pressure, which in turn would make the plotted variables constant. 
 
The figure shows the performance of the two compressors to be essentially the same.  We 
therefore felt comfortable using the above coefficients to represent all compressors found at the 
study sites, except for Site 3, which was part of an industrial refrigerated warehouse complex 
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that had a central ammonia refrigeration plant (see Appendix A, Site 3 Site Report for more 
details on that particular site). 
 

Figure 3-2: Comparison of Compressor Performance of Different Makes 
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Figure 3-3 shows the results of Table 3-1’s equations normalized to percent of rated value at 
rating condition (120ºF condensing and 20ºF evaporating temperature with 25ºF approach).  The 
kW/ton curve was calculated using this equation: 
 

kW/ton  =  Watts /1,000 W/kW  /  Capacity/12,000 Btu/ton 

Compressor Data 
Manufacturers test their compressors according to the ANSI/ARI standard and publish the 
resulting performance data.  For each compressor encountered in the field, SESI obtained 
published performance data.  The published data is in the form of capacity (Btu/hr) and power 
(watts) at the standard’s evaporator and condenser temperatures. 
 
From this compressor-specific data, combined with the normalized equation derived from 
Table 3-1, specific compressor performance over a range of OATs was derived. 
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Figure 3-3: Typical Walk-In Cooler Compressor Capacity and Power versus OAT 
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Compressor duty cycle derived from NRM-controller-logged data was regressed against OAT 
for OATs at and above the cooler temperature (setpoint), below the economizer setpoint 
temperature, and in the 4°F transition between the two setpoint temperatures.  (Hereinafter, the 
word “setpoint” refers to the economizer setpoint; the cooler temperature setpoint is simply 
referred to as “the cooler temperature”).  These linear equation coefficients are listed at the top 
of the spreadsheet bin analyses that are presented in Appendix A.  For sites with multiple 
compressors, compressor data were added together where they served the same cooler space. 

3.1.5  Weather Data 
Weather data is common to the analysis of all sites.  Two types of weather data are required: 
concurrent (or real-time), and annual “average” weather data.  Real-time or concurrent weather 
is required for the analysis where real-time equipment performance is regressed against the real-
time weather conditions.  Average weather conditions are required for computing annual average 
savings. 
 
Although NRM logs OAT, this data was not used in the analysis.  National Oceanic and 
Atmospheric Administration (NOAA) weather data was employed instead because: 
 

• At most, only about 3 months of NRM temperature data is available. 
• NRM data does not represent average weather conditions for computing typical annual 

savings. 
 



Section 3.  Analysis 

3-10 

The NOAA weather station that was judged to most closely match the climate of a site was used 
in the analysis of that site.  Table 3-2 lists the NOAA sites chosen to represent the weather at the 
sites being analyzed in this study. 
 
Concurrent NOAA weather data from 2003 was used to conduct the analysis where real-time 
equipment performance is regressed against the real-time weather conditions.  For the purposes 
of estimating typical long-term annual savings, multi-year average data was used from the 
corresponding weather station.  For Boston, TMY2 (Typical Meteorological Year) data was 
used.  For the other NOAA stations, all available data (typically from 1996 through 1992) was 
used to create average weather data for the site. 
 

Table 3-2:  Massachusetts 
NOAA Weather Stations Chosen to Represent Studied Sites 

Site Site Location NOAA Station 
1 New Bedford New Bedford 
3 Boston Boston 
4 Dorchester Boston 
5 Allston Boston 
6 Roxbury Boston 
7 Norfolk Taunton 
8 Jamaica Plain Boston 
9 Kingston Plymouth 
10 Wareham New Bedford 
11 Natick Bedford 
12 Boston Boston 
13 Waltham Bedford 
14 Boston Boston 
15 Westwood Norwood 
16 Wareham New Bedford 
17 Cambridge Boston 
18 Fairhaven New Bedford 
19 Waltham Bedford 
21 Boston Boston 

3.2  Economizer Savings 
Energy savings due to economizer operation is the energy usage of the refrigeration system 
before the installation of an economizer (pre-installation) minus the energy consumption of the 
system after economizer installation (post-installation).  However, without extensive pre-
installation metering, which was not in the scope of this evaluation, actual pre-installation energy 
usage is not known.  Pre-installation energy consumption must then be derived from post-
installed metering and observations. 
 
SESI calculates pre-installation refrigeration system energy consumption using NRM-controller-
collected post-installation runtime cycle data.  Linear regression analyses are run separately on 
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compressor, economizer fan, and evaporator fan duty cycles as dependent variables, and OAT as 
the independent variable.  We do this regression analysis in three OAT temperature ranges, as 
shown in Figure 3-4: the range above the cooler temperature, the range below the economizer 
setpoint (the OAT at which the economizer is energized by the controller), and in the transition 
zone in between.  In the “Above Cooler Setpoint” range, it is assumed that the pre-installation 
duty cycle is the same as the post-installed duty cycle. 
 

Figure 3-4:  Regression Analysis Segments 

 
 
Pre-installation compressor duty cycle in the “Below Economizer Setpoint” and “Transition” 
ranges are calculated assuming a linear compressor duty cycle profile versus OAT.  The duty 
cycle at the high end of the line is set equal to the duty cycle predicted by the “Above Cooler 
Setpoint” regression equation at point A in Figure 3-4.  At the other end of the line (at 0°F), 
compressor duty cycle is assumed to be one-third of the duty cycle at point A.  We could have 
used the “Above Cooler Setpoint” regression equation and extrapolated it to below the setpoint 
to represent below setpoint compressor operation.  However, often the results would have 
compressor duty cycles of zero well above an OAT of 0°F.  This is not possible, because much 
of the load on a cooler is relatively constant, as it is from the warm store, and requires 
compressor operation even at OATs below 0°F. 
 
The slope of the compressor duty cycle line should flatten out when OAT drops below the cooler 
temperature.  This is because at the cooler temperature, the cooler’s heat balance equation 
changes.  At OATs above the cooler temperature, any influence of conduction through an outside 
wall increases the compressor’s load.  However, below the cooler temperature, heat transfer 
through an outside wall is in the opposite direction, and only assists in lowering compressor 
runtime. 
 

0F OAT        100F

  Economizer Setpoint

  Cooler Setpoint 

Post - Installation 

Pre-Installation 

Above Cooler 
Setpoint TransitionBelow Economizer

Setpoint 

1/3 of A 

A

Regression of
Logged DataDuty 

Cycle 



Section 3.  Analysis 

3-12 

An additional weather-related effect occurs as OATs drop below cooler temperature, for both 
coolers that have and do not have outside walls.  The moisture level in the store air drops as 
OAT drops.  As the OAT drops below the cooler temperature, the latent heat load met by the 
cooler’s evaporator drops considerably, and is due solely to moisture generated in the store, as 
opposed to moisture infiltrating from the outdoors. 
 
Figure 3-5 shows pre-installation compressor operation as a dotted straight line below the 
economizer setpoint temperature.  The figure also shows that the economizer is oversized for this 
particular site.  The regression equation of a well-sized economizer would quickly rise to 100% 
for a degree or two when it first comes on at and just below the economizer setpoint.  In the 
figure, average economizer operation comes up to about 84% before it drops as the OAT drops.  
The other, much more commonly observed phenomenon was when the economizer was 
undersized, and the economizer regression line stayed at 100% for many degrees below its 
setpoint. 
 
Another important observation from the figure, which plagued most sites, is the operation of the 
compressor at OATs well below the economizer setpoint.  In Figure 3-5, the cooler temperature 
was 38°F and the economizer setpoint was 34°F.  Note that compressor operation was observed 
as low as 20°F, or 14°F below the point at which it was hoped that the economizer would handle 
the entire load of the cooler. 
 
Another interesting point illustrated in Figure 3-5 is the small peak of compressor operation just 
below the cooler temperature, when the compressor uses more energy than it would have if the 
economizer were not installed.  This site shows only a minor peak, but at some sites the peak 
was very substantial.  It is not clear why this peak happens but it also occurred in sites without 
economizers and is probably due to the way the data is subdivided into segments.  However, 
where “peaking” was significant, we think that it may be due in part to a calibration problem, 
where NRM’s outside temperature sensor senses a colder temperature than the sensor inside the 
cooler.  In other words, cold air is pulled in from the outside, but the inside sensor senses it to be 
warmer, which triggers the compressor to come on. 
 
NRM’s controller logs the time that the refrigerant solenoid valve is open, which we have used 
as a proxy for compressor runtime, and is hereinafter referred to as compressor runtime (or duty 
cycle, if reduced to a percentage by dividing by elapsed time).  To calculate condenser fan duty 
cycle and corresponding energy consumption, SESI assumed that fan duty cycle is proportional 
to compressor duty cycle, with fan duty cycle going to 25% of compressor runtime at an OAT of 
0°F.  (This is an empirical relationship that SESI recorded during another walk-in cooler analysis 
where metering without economizers at low OATs was done.)  The pre-installation system 
energy consumption was then compared to the post-installation consumption of the mechanical 
refrigeration system plus the economizer fans at low OATs.  The specific process of calculating 
the pre- and post-installed energy consumption is outlined below. 
 



Section 3.  Analysis 

3-13 

Figure 3-5: Economizer and Compressor NRM Log Data Analysis 
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3.2.1  Pre-Installation Energy Consumption 
Pre-installation energy consumption of the mechanical refrigeration systems was determined 
using the following steps: 
 

1. Regress compressor duty cycle against concurrent OAT for OATs above the cooler 
temperature setpoint, valid for both the pre- and post-installation cases. 

2. Regress compressor duty cycle between the duty cycle value determined using the 
equation derived in Step 1 at the cooler temperature with one-third that value at an OAT 
of 0°F. 

3. Obtain the compressor ARI test rating sheet for the site-specific compressor and use the 
normalized equations derived from the Table 3-1 to generate the performance curve for 
that compressor. 

4. Determine average compressor demand in each OAT bin using compressor demand at a 
given OAT times the compressor duty cycles from Steps 1 and 2. 

5. Assume all condenser fans have the same duty cycle as the compressor at OATs above 
70°F, and that condenser fans operate 25% of the time the compressor does at 0°F.  
Condenser fan operation is linear between these two points.  If condensers are located 
indoors, assume for the calculation that OAT is 70°F whenever true OAT is below 70°F.  
Above an OAT of 70°F, assume that inside temperature follows OAT.  Determine 
average condenser fan demand using condenser fan nameplate or metered data times 
noted compressor runtime. 

6. Add the compressor and condenser fan demand in each temperature bin. 
7. Determine average evaporator demand in each OAT bin using the two regression 

equations (at and above cooler temperature and below cooler temperature).  The below 
cooler temperature regression is developed assuming that the relationship between 
compressor and evaporator fan above the cooler temperature holds true below the cooler 
temperature. 

8. Populate the bin table with long-term average OAT and hour observation data from the 
closest NOAA weather station. 

9. Calculate energy usage per bin by multiplying totaled demand by bin hours. 
10. Calculate total annual consumption by summing all the kWh bins. 

3.2.2  Post-Installation Energy Consumption 
Post-installation energy consumption of the mechanical refrigeration system was derived in the 
same bin table spreadsheet as the pre-installation case.  The installed energy consumption 
includes compressor, condenser fan, evaporator fan, and economizer fan consumption.  The steps 
used to calculate installed consumption are: 
 

1. Use the regression equation as developed in Step 1 above for OATs above cooler 
temperature. 
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2. Develop two more regression equations from NRM log data versus OAT for compressor 
runtime with economizer at and below economizer setpoint temperature and in the 
transition OATs between the cooler temperature and the economizer setpoint. 

3. Condenser fan demand is assumed to follow the same operational logic noted above in 
pre-installation Step 5.  

4. Regress economizer runtime against OAT for OATs above cooler temperature, below 
economizer setpoint, and in between. 

5. At areas of overlap between economizer and compressor operation, calculate the effect 
economizer operation has on the load of the cooler.  The compressor load is then the load 
of the cooler minus the load met by the economizer.  Caution is used here, as economizer 
operation above cooler temperature causes additional compressor usage. 

6. Economizer load is determined from economizer cfm, the number of economizers, the 
cooler temperature and the bin OAT. 

7. Include the savings due to reducing evaporator fan runtime by generating the same three 
regression equations (at and above cooler temperature, below economizer setpoint, and in 
between) for the evaporator. 

8. Calculate energy usage per bin by multiplying totaled demand by bin hours. 

3.2.3  Energy Savings 
SESI used the data recorded by the NRM system in calculating energy savings for all sites that 
implemented economizers.  One such analysis is shown in Table 3-3 below.  The corresponding 
analyses for each site are provided in Appendix A.  The inputs to the individual analyses are 
listed on the top of the bin table spreadsheets.  These inputs are defined below. 
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Table 3-3: Economizer Savings Bin Analysis 

Site: 5
Location:  Allston Economizer Compressor Evaporator Fan

Weather Site:  Boston 0.606  Rated Condenser Fan kW Above cooler temp -0.0021 0.0817 0.0038 0.0811 0.0037 0.2858
0.810  Total Evap Fan kW Transition -0.4291 15.8162 0.0771 -2.5918 0.0968 -3.1432

38 Cooler temperature (set point) 0.285  Total Economizer Fan kW Below econo setpoint 0.0252 0.2200 0.0032 -0.0812 0.0013 0.1027
34 Economizer set point 1.59  Rated Compressor Capacity, Tons Below cooler temp, w/o econo 0.0039 0.0747 0.0039 0.2794
1 Number of Economizer units outside  Condenser location

450 Economizer CFM ~ Btu/hr/F

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Compressor, Condenser Fan Economizer Fan Evaporator Fan Savings

OAT Range
Average 

Bin Temp
Annual 

Bin Hours

Winter 
Peak Bin 

Hrs

Cooler 
Load 

(Tons)

 Comp 
Capacity, 
% Rated 

Comp kW 
/ Ton 

Comp 
Before 

Runtime
Before 

Comp kW
Before 

Cond kW

Comp 
After 

Runtime
After 

Comp kW
After Cond 

kW
Reduced   

kW
After 

Runtime
Load 

(Tons)
After      
kW

Runtime 
Before

Runtime 
After

Reduced 
kW

Annual  
kW

Annual 
kWh

Winter 
Peak     
kW

100 - 91 95.5 5 0.7 99% 1.72 44.1% 1.20 0.27 44.1% 1.20 0.27 0.00 0% 0.00 0.00 64% 64% 0.00 0.00 0.0 0.00
90 - 81 85.5 264 0.7 111% 1.49 40.3% 1.06 0.24 40.3% 1.06 0.24 0.00 0% 0.00 0.00 60% 60% 0.00 0.00 0.0 0.00
80 - 71 75.5 984 0.7 123% 1.30 36.5% 0.93 0.22 36.5% 0.93 0.22 0.00 0% 0.00 0.00 56% 56% 0.00 0.00 0.0 0.00
70 - 61 65.5 1,672 0.6 123% 1.30 32.8% 0.83 0.18 32.8% 0.83 0.18 0.00 0% 0.00 0.00 53% 53% 0.00 0.00 0.0 0.00
60 - 51 55.5 1,500 1 0.6 123% 1.30 29.0% 0.74 0.14 29.0% 0.74 0.14 0.00 0% 0.00 0.00 49% 49% 0.00 0.00 0.0 0.00
50 - 41 45.5 1,500 3 0.5 123% 1.30 25.2% 0.64 0.11 25.2% 0.64 0.11 0.00 0% 0.00 0.00 45% 45% 0.00 0.00 0.0 0.00

40 40 195 1 0.5 123% 1.30 23.2% 0.59 0.09 23.2% 0.59 0.09 0.00 0% 0.00 0.00 43% 43% 0.00 0.00 0.0 0.00
39 39 160 0.4 123% 1.30 22.8% 0.58 0.09 22.8% 0.58 0.09 0.00 0% 0.00 0.00 43% 43% 0.00 0.00 0.0 0.00
38 38 117 0.4 123% 1.30 22.4% 0.57 0.09 33.7% 0.85 0.13 (0.33) 0% 0.00 0.00 43% 54% (0.09) (0.42) (48.9) 0.00
37 37 159 1 0.4 123% 1.30 22.0% 0.56 0.08 26.0% 0.66 0.10 (0.11) 0% 0.04 0.00 42% 44% (0.01) (0.13) (20.4) (0.13)
36 36 142 0.4 123% 1.30 21.6% 0.55 0.08 18.2% 0.46 0.07 0.10 37% 0.08 0.11 42% 34% 0.06 0.05 7.7 0.00
35 35 199 0.4 123% 1.30 21.2% 0.54 0.08 10.5% 0.27 0.04 0.31 80% 0.11 0.23 41% 25% 0.14 0.22 43.7 0.00
34 34 174 4 0.4 123% 1.30 20.8% 0.53 0.07 2.8% 0.07 0.01 0.52 100% 0.15 0.29 41% 15% 0.21 0.45 78.1 0.45
33 33 155 2 0.4 123% 1.30 20.5% 0.52 0.07 2.4% 0.06 0.01 0.52 100% 0.19 0.29 41% 15% 0.21 0.45 69.2 0.45
32 32 191 3 0.4 123% 1.30 20.1% 0.51 0.07 2.1% 0.05 0.01 0.52 100% 0.23 0.29 40% 14% 0.21 0.44 84.3 0.44
31 31 135 1 0.4 123% 1.30 19.7% 0.50 0.07 1.8% 0.05 0.01 0.51 100% 0.26 0.28 40% 14% 0.21 0.44 58.9 0.44
30 30 124 3 0.4 123% 1.30 19.3% 0.49 0.06 1.5% 0.04 0.00 0.51 97% 0.30 0.28 39% 14% 0.20 0.44 54.3 0.44

29 - 25 27 513 7 0.4 123% 1.30 18.1% 0.46 0.06 0.5% 0.01 0.00 0.50 90% 0.35 0.26 38% 14% 0.20 0.44 227.8 0.44
24 - 20 22 315 4 0.3 123% 1.30 16.1% 0.41 0.05 0.0% 0.00 0.00 0.46 77% 0.32 0.22 36% 13% 0.19 0.42 133.4 0.42
19 - 15 17 179 1 0.3 123% 1.30 14.2% 0.36 0.04 0.0% 0.00 0.00 0.40 65% 0.28 0.18 34% 12% 0.18 0.39 69.7 0.39
14 - 10 12 44 0.2 123% 1.30 12.2% 0.31 0.03 0.0% 0.00 0.00 0.34 52% 0.24 0.15 33% 12% 0.17 0.36 15.7 0.00

9 - 5 7 33 0.2 123% 1.30 10.2% 0.26 0.02 0.0% 0.00 0.00 0.28 40% 0.20 0.11 31% 11% 0.16 0.32 10.7 0.00
4 - 0 2

-1 - -5 -3
-6 - -10 -8

8,760 31 784
0.53 123% 1.30 27.2% 0.69 0.13 23.5% 0.60 0.12 0.10 21% 0.06 0.06 47% 42% 0.04 0.09 0.35

Available hours for economizer operation (at and below set point) 1,863
SESI      
kW

NRM      
kW

SESI / 
NRM

SESI      
kWh

NRM     
kWh

SESI / 
NRM

SESI      
kW

NRM     
kW

SESI / 
NRM Annual compressor runtime fraction ABOVE set point 30%

Cooler Zone 1+2 0.09 0.44 0.20 784 3,856 0.20 0.35 1.76 0.20 Annual compressor runtime fraction AT and BELOW set point 18%
ALL 0.09 0.44 0.20 784 3,856 0.2034 0.35 1.76 0.20

I:\N Star\05-VERC\[5 Savings-yg3.xls]Econo

11/20/2003 13:30
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Annual Savings Winter Peak

TOTALS
WEIGHTED AVERAGE
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Table 3-4:  Definitions of Listed Inputs to Economizer Savings Bin Analysis 

Item Description 
Cooler temperature (setpoint) Each cooler has its own setpoint, which ranged from 41°F 

down to 31°F.  
Economizer setpoint 4°F below cooler temperature (as indicated by the 

manufacturer and confirmed in the field). 
Number of economizer units Most sites had one economizer system; some had two. 
Economizer flow rate Depends on length of duct runs and number of elbows and 

fittings. The manufacturer indicated that the fan at 0 static 
pressure provides 488 cfm. SESI assumed that about 450 cfm 
was typically realized. Assuming an 8% reduction, cfm 
approximately equals the heat transfer from the air (Btu/hr/°F). 

Rated condenser fan kW, 
total evaporator fan kW 

As determined from site metering or nameplate data 
(nameplate amps * volts * 0.85 P.F. * Phase^0.5 / 1,000). 

Total economizer fan kW 0.285 kW per unit, as indicated by the manufacturer. 
Rated compressor capacity, 
tons 

Derived from Table 3-1 equation using manufacturer-
published compressor performance data at rated conditions. 

Condenser location Inside or outside. 
Economizer, compressor, and 
evaporator fan % runtime 
regression equations  

Derived from NRM-downloaded temperature logs, including at 
and above cooler temperature, transition (below cooler 
temperature and above economizer setpoint), and at and below 
economizer setpoint. 

Compressor  and evaporator 
fan regression (below cooler 
temperature without 
economizer) 

The equation of a line between compressor runtime at cooler 
temperature and compressor runtime at 0°F (assumed that one-
third of that at economizer setpoint).  Evaporator line assumed 
that the relation between compressor and evaporator runtime 
above the cooler temperature would continue below the cooler 
temperature. 

 
The columns in Table 3-3 are defined as follows: 
 

Table 3-5:  Definitions of Columns in Economizer Savings Bin Analysis 

Column Definition 
1, 2, 3 Data from the closest NOAA weather station (see Table 3-2) 

4 Bin hours during winter peak (weekday hours of 5:00 p.m.–6:00 p.m., January) for 
the particular NOAA station 

5 Cooler load (tons) = ƒ(% runtime regression, comp. above at OAT) * Col. 6 * Rated 
capacity, if Col. 2 is greater than cooler temperature; ƒ(% runtime regression, comp. 
below w/o econo. at OAT) * Col. 6 * Rated capacity, if Col. 2 is lower than cooler 
temperature 

6 Compressor percent rated capacity from equation derived from Table 3-1 and 
manufacturer’s published data at rated condition 
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Column Definition 
7 Compressor kW/ton = kW/ton from equation derived from Table 3-1 and 

manufacturer’s published data at rated condition 
8 Compressor before runtime = Col. 12 * (Col. 5 + Col. 16) / Col. 5, if Col. 2 is greater 

than cooler temperature; ƒ(% runtime regression, comp. below w/o economizer at 
OAT), if Col. 2 is less than cooler temperature 

9 Compressor before kW w/o economizer = Col. 6 * Col. 7 * Compressor rated 
capacity * Col. 8  

10 Condenser fan before kW w/o economizer = Condenser fan kW * Col. 8 * 100% 
runtime at OAT => 90°F linearly reducing to 25% runtime at OAT = 0°F  

11 Compressor after runtime = ƒ(% runtime regression, comp. above at OAT) or 100%, 
whichever is less, if Col. 2 is greater than cooler temperature; ƒ(% runtime 
regression, comp. below at OAT) or 0%, whichever is larger, if Col. 2 is less than 
economizer setpoint; ƒ(% runtime regression, comp. transition at OAT), if Col. 2 
falls between cooler temperature and economizer setpoint 

12 Compressor after kW = (Col. 11 / Col. 8) * Col. 9 
13 Condenser fan after kW = Condenser fan kW * Col. 12 * 100% runtime at OAT => 

90°F linearly reducing to 25% runtime at OAT <=0°F 
14 Reduced kW = (Col. 9 + Col. 10) - (Col. 12 + Col. 13) 
15 Economizer fan after runtime = ƒ(% runtime regression, econo. above at OAT), if 

Col. 2 >= cooler temperature; ƒ(% runtime regression, econo. below at OAT), if Col. 
2 <= economizer setpoint; ƒ(% runtime regression, econo. transition at OAT), if Col. 
2 is larger than economizer setpoint but less than cooler temperature; economizer fan 
runtime is between 0 and 100% 

16 Economizer fan load (tons) = Economizer flow rate * Number of economizer units * 
(Cooler temperature - Col. 2) / 12,000 or = Col. 5, whichever is smaller 

17 Economizer fan after kW = Total economizer fan kW * Col. 15 
18 Evaporator fan before runtime = ƒ(% runtime regression, evap. above at OAT) or 

100%, whichever is less, if Col. 2 is greater than cooler temperature; ƒ(% runtime 
regression, evap. below w/o economizer at OAT), if Col. 2 is less than cooler 
temperature 

19 Evaporator fan after runtime = ƒ(% runtime regression, evap. above at OAT) or 
100%, whichever is less, if Col. 2 is greater than cooler temperature; ƒ(% runtime 
regression, evap. below at OAT) or 0%, whichever is larger, if Col. 2 is less than 
economizer setpoint; ƒ(% runtime regression, evap. transition at OAT), if Col. 2 falls 
between cooler temperature and economizer setpoint 

20 Reduced kW = (Col. 18 - Col. 19) * Total evaporator fan kW 
21 Annual kW savings = Col. 14 - Col. 17 + Col. 20 
22 Annual kWh savings = Col. 21 * Col. 3 
23 Winter peak kW savings = Col. 21, when Col. 4 is non-zero value 

 
Note: To conform to site-specific conditions, a few spreadsheets were customized, but the same methodology was 
used. For details, see the individual site reports in Appendix A. 
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3.3  Evaporator Fan Control 
Energy savings due to evaporator fan control is the evaporator fan energy usage before fan 
control installation minus its energy consumption after the installation plus the reduction in 
compressor energy due to the reduced heating load of the cycling evaporator fans.  The pre-
installation fan energy consumption is the evaporator fan average demand using metered 
evaporator fan demand (or evaporator fan nameplate, if metered data was not available or was 
suspect) multiplied by bin hours, as it was assumed that the evaporator fans were always on.  
The post-installation case fan energy consumption is determined from the system fan runtime 
data.   
 
SESI regressed evaporator fan runtime data against OAT for OATs at and above the cooler 
temperature, at and below the economizer setpoint, and in the transition zone in between.  The 
post-installation case evaporator fan demand in each temperature bin is then equal to the rated 
evaporator fan demand times percent runtime for that bin.  The energy consumption for the post-
installation case is the calculated evaporator fan demand multiplied by bin hours.  
Compressor/condenser fan savings is calculated by converting evaporator fan savings to thermal 
savings (tons) and then multiplying by compressor/condenser performance (kW/ton).  The latter 
savings is added to the former savings to determine total savings. 
 
SESI used the data recorded by the NRM system to calculate energy savings for all sites that 
implemented evaporator fan controls. 
 
One such analysis is shown in Table 3-6 below.  The corresponding analyses for each site are 
provided in Appendix A.  The inputs to the individual analyses are listed on the top of each 
spreadsheet and are described below.  
 
Figure 3-6 graphically shows the data used to generate the regression equations of Table 3-6.  
Notice in the figure that the same peak observed in the compressor runtime, which was possibly 
due to sensor miscalibration, shows up in the evaporator runtime.  Also notice that at low OATs 
the evaporator reacts differently than the compressor does; i.e., compressor operation goes to 0 
while evaporator runtime levels out. 
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Table 3-6: Evaporator Fan Control Savings Bin Analysis 

Site: 5 Location:  Allston Weather Site:  Boston

Above cooler temp 0.00368 0.28578
38 Cooler temperature (set point) Transition 0.09682 -3.14318
34 Economizer set point Below cooler temp, w/o econo 0.00385 0.27940

Total Evap kW 0.810

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Annual Savings

OAT Range
Average Bin 

Temp
Annual Bin 

Hours

Summer 
Peak Bin 

Hours
Winter Peak 
Bin Hours

Before 
Average 
Evap kW

After 
Average 
Evap kW kW Savings

Before 
Average 
Evap kW

After 
Average 
Evap kW kW Savings  kW / Ton 

Savings    
kW Total kW Total kWh

Summer 
Total kW 

Winter 
Total kW

100 - 91 95 5 3 0.810 0.515 0.295 2.107 0.177 0.472 2 0.472
90 - 81 85 264 36 0.810 0.485 0.325 1.836 0.170 0.495 131 0.495
80 - 71 75 984 33 0.810 0.455 0.355 1.609 0.162 0.517 509 0.517
70 - 61 65 1672 21 0.810 0.425 0.385 1.579 0.173 0.557 932 0.557
60 - 51 55 1500 1 0.810 0.396 0.414 1.548 0.182 0.597 895 0.597
50 - 41 45 1500 3 0.810 0.366 0.444 1.517 0.192 0.636 954 0.636

40 40 195 1 0.810 0.351 0.459 1.500 0.196 0.655 128 0.655
39 39 160 0.810 0.348 0.462 1.497 0.197 0.659 105
38 38 117 0.810 0.345 0.465 1.494 0.198 0.663 78
37 37 159 1 0.810 0.356 0.454 1.491 0.193 0.647 103 0.647
36 36 142 0.810 0.277 0.533 1.488 0.225 0.758 108
35 35 199 0.810 0.199 0.611 1.485 0.258 0.869 173
34 34 174 4 0.810 0.332 0.478 1.482 0.201 0.679 118 0.679
33 33 155 2 0.810 0.329 0.481 1.479 0.202 0.683 106 0.683
32 32 191 3 0.810 0.326 0.484 1.476 0.203 0.687 131 0.687
31 31 135 1 0.810 0.323 0.487 1.472 0.204 0.691 93 0.691
30 30 124 3 0.810 0.320 0.490 1.469 0.205 0.695 86 0.695

29 - 25 27 513 7 0.810 0.311 0.499 1.460 0.207 0.707 363 0.707
24 - 20 22 315 4 0.810 0.295 0.515 1.445 0.212 0.727 229 0.727
19 - 15 17 179 1 0.810 0.279 0.531 1.429 0.216 0.746 134 0.746
14 - 10 12 44 0.810 0.264 0.546 1.414 0.220 0.766 34
9 - 5 7 33 0.810 0.248 0.562 1.398 0.223 0.785 26
4 - 0 2

-1 - -5 -3
-6 - -10 -8

8,760 93 31 5,436
0.81 0.38 0.43 0.00 0.00 0.00 1.54 0.19 0.62         0.52 0.69

SESI       
kW

NRM      
kW

SESI / 
NRM

SESI       
kWh

NRM      
kWh

SESI / 
NRM

SESI       
kW

NRM      
kW

SESI / 
NRM

SESI       
kW

NRM      
kW

SESI / 
NRM

0.62 0.41 1.5 5,436 5,839 0.93 0.52 0.54 0.95 0.69 1.59 0.43

ALL 0.62 0.41 1.52 5,436 5,839 0.93 0.52 0.54 0.95 0.69 1.59 0.43
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Figure 3-6: Compressor and Evaporator Fan Operation 

Cooler Temp = 38
Economizer Set Point = 34

Compressor Regression (below set point) = OAT  x  0.00320 + -0.08123 Evaporator Regression (below econo set point) = OAT  x  0.00131 + 0.10269
Compressor Regression (transition) = OAT  x  0.07706 + -2.59179428 Evaporator Regression (transition) = OAT  x  0.09682 + -3.14318

Compressor Regression (above cooler temp) = OAT  x  0.00377 + 0.08112 Evaporator Regression (above cooler set point) = OAT  x  0.00368 + 0.28578
Compressor Regression below cooler temp (without econo) = OAT  x  0.00393 + 0.07473 Evaporator Regression below cooler temp (without econo) = OAT  x  0.00385 + 0.27940
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This is due to the evaporator fan being forced to run 1 minute out of every 8 minutes to 
homogenize the air temperatures in the cooler.  If the fans just shut off with the compressor, cold 
air would stratify, with cold air at the bottom and warmer air at the top. This would fool the 
controlling thermostat and potentially harm product (items on the floor may freeze).  NRM 
controls will also cause the evaporator fans to run more often on bitterly cold days to better 
homogenize cooler temperatures for freeze protection. 
 

Table 3-7:  Definitions of Listed Inputs to Evaporator Savings Bin Analysis 

Cooler temperature (setpoint) Each cooler has its own setpoint, which ranged from 41°F 
down to 31°F.  

Economizer setpoint 4°F below cooler temperature (as indicated by the 
manufacturer and confirmed in the field). 

Evaporator fan % runtime 
regression (above cooler 
temperature setpoint) 

Derived from NRM-downloaded temperature logs for data at 
and above cooler temperature. 

Evaporator fan % runtime 
regression (transition) 

Derived from NRM-downloaded temperature logs for data 
falling between cooler temperature and economizer setpoint. 

Evaporator fan % runtime 
regression (below cooler 
temperature w/o economizer) 

Derived from the evaporator fan runtime at cooler 
temperature and compressor % runtime regression below 
cooler temperature w/o economizer, taking into account the 
general trend difference between compressor runtime and 
evaporator runtime. 

Total evaporator fan kW As determined from site metering or nameplate data 
(Nameplate amps * volts * 0.85 P.F. * Phase^0.5), if metered 
data was problematic.  

 
The columns in Table 3-6 are defined as follows: 
 

Table 3-8:  Definitions of Columns in Evaporator Fan Control Savings Bin Analysis 

Column Definition 
1, 2, 3 Data from the closest NOAA weather station (see Table 3-2) 

4 Bin hours during summer peak (weekday hours of 12:00 p.m.–3:00 p.m., July) for the 
particular NOAA station  

5 Bin hours during winter peak (weekday hours of 5:00 p.m.–6:00 p.m., January) for the 
particular NOAA station 

6 Before average evaporator fan kW = Total evaporator fan kW 
7 After average evaporator fan kW = Col. 6 * ƒ(% evap. fan regression above at OAT) 

or 100%, whichever is less, if Col. 2 is greater than cooler temperature; Col. 6 * ƒ(% 
evap. fan regression below w/o econo. at OAT) or 0%, whichever is larger, if Col. 2 is 
less than economizer setpoint; Col. 6 * ƒ(% evap. fan regression transition at OAT), if 
Col. 2 is between cooler temperature and economizer setpoint   

8 kW savings = Col. 6 - Col. 7 
9 Before average evaporator fan kW, if there is a second cooler or freezer 
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Column Definition 
10 After average evaporator fan kW for second cooler or freezer, same method as Col. 7 
11 kW savings for second cooler or freezer = Col. 9 - Col. 10 
12 Total kW/ton for compressor and condenser fan adjusted for the field condition 
13 Compressor/condenser fan savings due to evaporator fan controls = (Col. 8 + Col. 11) 

* 3,413 / 12,000 * Col. 12; 1 ton = 12,000 Btu/hr and 1 kW = 3,413 Btu/hr 
14 Total kW savings = Col. 8 + Col. 11 + Col. 13 
15 Total kWh savings = Col. 14 * Col. 3 
16 Summer peak kW savings = Col. 14, if Col. 4 is non-zero 
17 Winter peak kW savings = Col. 14, if Col. 5 is non-zero 

 
Note: To conform to site-specific conditions, a few spreadsheets were customized, but the same methodology was 
used. For details, see the individual site reports in Appendix A. 

3.4  Direct Digital Control 
Digital control over cooler temperature allows for more precise temperature control.  SESI, from 
a past study we had done, agrees with NRM that 5% of compressor, condenser fan, and 
evaporator fan energy is appropriate.  The validation of these savings would require extensive 
pre- and post-installation monitoring of system operation, which was beyond the scope of this 
study. 
 
SESI used the data recorded by the NRM system to calculate energy savings for all sites.  Table 
3-9 is an example of the bin spreadsheet that calculates DDC savings. 
 
The corresponding analyses for each site are provided in Appendix A.  The inputs to the 
individual analyses are taken from the economizer savings and evaporator fan savings 
spreadsheets.  If an economizer was not included at a particular site, the compressor and 
condenser data was derived in the same manner as it was for economizer savings, and entered 
into the DDC spreadsheet. 
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Table 3-9: DDC Savings Bin Analysis 

Site: 4
Location:  Dorchester

Weather Site:  Boston

DDC control improvement in compressor operation 5%

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Savings

OAT 
Range

Average 
Bin Temp

Annual 
Bin Hours

Summer 
Peak Bin 

Hours

Winter 
Peak Bin 

Hrs
After 

Comp kW

After 
Cond 
kW

After 
Evap kW

Total     
kW Total kWh

Annual  
kW

Annual 
kWh

Summer 
Peak     
kW

Winter 
Peak     
kW

100 - 91 95.5 5 3 1.41 0.30 0.19 1.91 10 0.10 0.5 0.10
90 - 81 85.5 264 36 1.21 0.26 0.18 1.66 437 0.08 21.8 0.08
80 - 71 75.5 984 33 1.01 0.23 0.17 1.41 1,386 0.07 69.3 0.07
70 - 61 65.5 1,672 21 0.86 0.18 0.15 1.19 1,986 0.06 99.3 0.06
60 - 51 55.5 1,500 1 0.70 0.13 0.14 0.97 1,458 0.05 72.9 0.05
50 - 41 45.5 1,500 3 0.55 0.09 0.13 0.76 1,145 0.04 57.2 0.04

40 40 195 1 0.46 0.07 0.12 0.65 127 0.03 6.4 0.03
39 39 160 0.45 0.06 0.12 0.63 101 0.03 5.1
38 38 117 0.63 0.09 0.12 0.84 99 0.04 4.9
37 37 159 1 0.53 0.07 0.13 0.74 117 0.04 5.9 0.04
36 36 142 0.43 0.06 0.11 0.60 85 0.03 4.2
35 35 199 0.33 0.04 0.08 0.46 91 0.02 4.6
34 34 174 4 0.23 0.03 0.05 0.31 54 0.02 2.7 0.02
33 33 155 2 0.13 0.02 0.05 0.20 31 0.01 1.6 0.01
32 32 191 3 0.12 0.02 0.05 0.19 35 0.01 1.8 0.01
31 31 135 1 0.11 0.01 0.05 0.17 23 0.01 1.1 0.01
30 30 124 3 0.09 0.01 0.05 0.15 19 0.01 1.0 0.01

29 - 25 27 513 7 0.05 0.01 0.05 0.10 54 0.01 2.7 0.01
24 - 20 22 315 4 0.00 0.00 0.05 0.05 16 0.00 0.8 0.00
19 - 15 17 179 1 0.00 0.00 0.05 0.05 9 0.00 0.4 0.00
14 - 10 12 44 0.00 0.00 0.05 0.05 2 0.00 0.1
9 - 5 7 33 0.00 0.00 0.05 0.05 2 0.00 0.1
4 - 0 2

-1 - -5 -3
-6 - -10 -8

8,760 93 31 7,286 364
0.59 0.11 0.12 0.83 0.04 0.07 0.01

SESI      
kW

NRM     
kW

SESI / 
NRM

SESI      
kWh

NRM     
kWh

SESI / 
NRM

SESI    
kW

NRM     
kW

SESI / 
NRM

SESI      
kW

NRM     
kW

SESI / 
NRM

ALL 0.04 0.12 0.35 364 1,040 0.35 0.07 0.01

DDC SAVINGS

Comp / Cond / Evap Operation

Winter Peak

TOTALS
WEIGHTED AVERAGE

Annual Savings Summer Peak

 
 

Specifically, the columns in Table 3-9 are defined as follows: 
 

Table 3-10:  Definitions of Columns in DDC Savings Bin Analysis 

Column Definition 
1, 2, 3 Data from the closest NOAA weather station (see Table 3-2) 

4 Bin hours during summer peak (weekday hours of 12:00 p.m.–3:00 p.m., July) for the 
particular NOAA station  

5 Bin hours during winter peak (weekday hours of 5:00 p.m.–6:00 p.m., January) for the 
particular NOAA station 

6 After compressor kW = Col. 12 of the economizer savings spreadsheet 
(see Table 3-4) 

7 After condenser fan kW = Col. 13 of the economizer savings spreadsheet 
(see Table 3-4) 

8 After evaporator kW = Col. 7 of the evaporator fan savings spreadsheet 
(see Table 3-6) 

9 Total kW = Sum of Col. 6, 7, and 8 



Section 3.  Analysis 

3-25 

Column Definition 
10 Total kWh = Col. 9 * Col. 3 
11 Savings, annual kW = 5% * Col. 9 
12 Savings, annual kWh = 5% * Col. 10 
13 Savings, summer peak kW = Col. 11, if Col. 4 is > 0 
14 Savings, summer peak kW = Col. 11, if Col. 5 is > 0 

3.5  Door Heater Control 
Where possible, SESI metered the action of the controls on the door heaters.  NRM cycles the 
heaters on a microsecond basis.  SESI used a Simple Logger to meter the effect of NRM controls 
on the heaters.  Simple Loggers’ minimum data recording interval is 0.879 seconds.  The result 
of monitoring one controlled heater is shown in Figure 3-7.  The wave form shows that the 
heater is being controlled.  However, because of our limited data collection means, we could not 
precisely verify that the cycling rate claimed by NRM’s controls was actually occurring.  From 
the figure it is obvious that the door heaters are being cycled, so we concluded that the heaters 
were being cycled, and we believe that the rate of cycling claimed by NRM is correct.  (An 
NSTAR memorandum dated December 3, 2002, from Xenergy indicates that NRM’s controls 
accurately record heater cycling rates.) 
 
Graphs similar to Figure 3-7 are provided in the site reports in Appendix A, where applicable. 
 
The following steps describe the basic approach of door heater control savings analysis: 
 

1. Synchronize local NOAA weather data and the system-recorded door heater runtime 
(duty cycle) data. Regress the door heater duty cycle against real-time mean coincident 
wet-bulb temperature.   

2. Populate the bin table with the number of hours and mean coincident wet-bulb 
temperature for each temperature bin from long-term local NOAA weather data. 

3. Use the regression equation developed in Step 1 with bin wet-bulb OAT to determine 
heater runtime in each bin for annual, summer, and winter periods. 

4. Heater demand is then heater duty cycle times heater full-load demand. 
5. Door heater consumption is heater demand times bin hours.   
6. Demand savings is the full-load demand minus calculated demand for annual, summer, 

and winter periods. 
7. Annual energy savings is demand savings times bin hours. 

 
There were instances where an owner or manager manually shut off door heaters.  In these cases, 
careful consideration of when the heaters were switched off was used to reduce savings obtained 
through NRM logs.  (NRM logs record the time the controller sends a signal to shut off the door 
heaters, whether or not the door heaters are actually on.) 
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Figure 3-7: Cooler Door Heater Controls (Field) 
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Figure 3-8 shows the NRM-controller-logged data for one site.  For the cooler door heaters, there 
are two “knees.”  One knee occurs at the controlled maximum level (typically at 80%, although 
one site had a maximum of 70%), and the other knee where the minimum of 0% first occurs. 
 
SESI calculated door heater control energy savings for all sites that had door heater controls.  
One such analysis is shown in Table 3-12 below.  The corresponding analyses for each site are 
provided at the end of each particular site report in Appendix A.  The inputs to the individual 
analyses are listed at the top of the individual spreadsheets and described in Table 3-11. 
 

Table 3-11:  Definitions of Listed Inputs to Cooler Door Heater Savings Bin Analysis 

Total cooler door 
heater kW 

As determined from site metering or nameplate data (nameplate amps * 
volts * 0.85 P.F. * Phase^0.5), if metered data was problematic  

X-coefficient The coefficient of the X-term in a linear regression equation 
Intercept The Y-intercept of the same regression equation 
Knee 1  Above knee 1 (temperature), cooler door heaters operate at the maximum 

power level (typically 80%)  
Knee 2 Below knee 2, cooler door heaters do not operate; between knee 1 and knee 

2, the cooler door heater follows the above linear regression relation 
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Figure 3-8: Cooler Door Heater Controls 

X Coef 1.9716
Intercept -76.282

Knee 1 79.3
Knee 2 38.7
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Table 3-12: Door Heater Control Savings Bin Analysis 

Site: 8 0.28 Total kW 0.99 Total kW
Location:  Jamaica Plain 1.97 X Coef 0.79 X Coef

Weather Site:  Boston -76.28 Intercept 10.09 Intercept
79 Knee 1 102 Knee 1
39 Knee 2 41 Knee 2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

MCWB Bin Hrs MCWB Bin Hrs MCWB Bin Hrs
Before 

Average 
Htr kW

After 
Average   
Htr kW

Summer 
Peak After 
Average 
Htr kW

Winter  
Peak 

Average 
Htr kW

Before 
Average 
Htr kW

After 
Average   
Htr kW

Summer 
Peak After 
Average 
Htr kW

Winter  
Peak 

Average 
Htr kW Total kW

Total 
kWh

Total 
Summer 

kW

Total 
Winter 

kW
100 - 91 95 69 5 69 3 0.280 0.168 0.167 0.990 0.639 0.638 0.462 2 0.465
90 - 81 85 69 264 69 36 0.280 0.166 0.169 0.990 0.636 0.641 0.468 124 0.460
80 - 71 75 65 984 64 33 0.280 0.146 0.142 0.990 0.608 0.601 0.516 508 0.527
70 - 61 65 59 1672 64 21 0.280 0.114 0.138 0.990 0.563 0.597 0.593 991 0.535
60 - 51 55 51 1500 49 1 0.280 0.068 0.057 0.990 0.497 0.482 0.705 1,058 0.731
50 - 41 45 41 1500 39 3 0.280 0.010 0.004 0.990 0.417 0.417 0.843 1,265 0.850

40 40 36 195 35 1 0.280 0.000 0.000 0.990 0.417 0.417 0.853 166 0.853
39 39 35 160 0.280 0.000 0.990 0.417 0.853 137
38 38 34 117 0.280 0.000 0.990 0.417 0.853 100
37 37 33 159 35 1 0.280 0.000 0.000 0.990 0.417 0.417 0.853 136 0.853
36 36 32 142 0.280 0.000 0.990 0.417 0.853 121
35 35 31 199 0.280 0.000 0.990 0.417 0.853 170
34 34 30 174 28 4 0.280 0.000 0.000 0.990 0.417 0.417 0.853 148 0.853
33 33 29 155 29 2 0.280 0.000 0.000 0.990 0.417 0.417 0.853 132 0.853
32 32 28 191 27 3 0.280 0.000 0.000 0.990 0.417 0.417 0.853 163 0.853
31 31 27 135 24 1 0.280 0.000 0.000 0.990 0.417 0.417 0.853 115 0.853
30 30 26 124 25 3 0.280 0.000 0.000 0.990 0.417 0.417 0.853 106 0.853

29 - 25 27 23 513 22 7 0.280 0.000 0.000 0.990 0.417 0.417 0.853 438 0.853
24 - 20 22 18 315 18 4 0.280 0.000 0.000 0.990 0.417 0.417 0.853 269 0.853
19 - 15 17 14 179 15 1 0.280 0.000 0.000 0.990 0.417 0.417 0.853 153 0.853
14 - 10 12 9 44 0.280 0.000 0.990 0.417 0.853 38

9 - 5 7 5 33 0.280 0.000 0.990 0.417 0.853 28
4 - 0 2

-1 - -5 -3
-6 - -10 -8

8,760 93 31 6,367
0.28 0.06 0.15 0.00 0.99 0.49 0.62 0.42 0.73 0.50 0.85

SESI      
kW

NRM     
kW

SESI / 
NRM

SESI      
kWh

NRM     
kWh

SESI / 
NRM

SESI      
kW

NRM     
kW

SESI / 
NRM

SESI      
kW

NRM     
kW

SESI / 
NRM

0.22 1.22 0.2 1956 10,645 0.18 0.13 0.43 0.29 0.28
0.50 0.42 1.2 4411 3,676 1.20 0.37 0.19 2.02 0.57
0.73 1.63 0.4 6367 14321 0.44 0.50 0.62 2.31 0.85
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The columns in Table 3-12 are defined as follows: 
 

Table 3-13:  Definitions of Columns in Door Heater Control Savings Bin Analysis 

Column Definition 
1, 2, 3, 4 Nearby NOAA weather data 

5, 6 Summer peak hours and associated mean coincident wet-bulb temperature: weekday 
hours of 12:00 p.m.–3:00 p.m., July 

7, 8 Winter peak bin hours and associated mean coincident wet-bulb temperature: 
weekday hours of 5:00 p.m.–6:00 p.m., January 

9 Before cooler door heater kW = Cooler total door heater kW 
10 After average door heater kW = ƒ(door heater regression at MCWB (Col. 3) / 100 * 

total cooler door heater kW between knee 1 and knee 2; maximum heater loading 
(typically 80%) * Total kW if Col. 3 is greater than knee 1; 0 kW if Col. 3 is less than 
knee 2 

11 After summer peak kW = ƒ(regression at MCWB (Col. 5)) / 100 * Total cooler door 
heater kW or maximum heater loading * Total cooler door heater kW, if Col. 5 is 
greater than knee 1 

12 After winter peak kW = ƒ(regression at MCWB (Col. 7)) / 100 * Total cooler door 
heater kW, or 0 kW if Col. 5 is less than knee 2 

 
If there are multiple coolers, four columns like Columns 9 through 12 are added for each cooler.  
The total annual and peak savings in the figures include freezer door heater control, which is 
illustrated in the following section. 

3.6  Freezer Door Heater Control 
Freezer door heater controls work exactly like the cooler door heater controls noted above, 
except that NRM controls always cycle the heaters at a minimum of 40% on, and at 90% on for 1 
hour every 24 hours, no matter if the controls call for door heat or not.  Therefore, graphs for 
freezer door heater operation are similar to the graph shown in Figure 3-10, except that the 
maximum knee is at 90% heater operation and the minimum at 42.08% [= (40%  x  23 hours  +  
90%  x  1 hour) / 24 hours].  Figure 3-9 is an example of a freezer door heater control graph. 
 
The inputs to the individual analyses are listed at the top of the individual spreadsheets and 
described below. 
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Figure 3-9: Freezer Door Heater Controls 

X Coef 0.78700
Intercept 10.09400

Knee 1 101.5
Knee 2 40.6
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Table 3-14:  Definitions of Listed Inputs to Freezer Door Heater Savings Bin Analysis 

Total freezer door 
heater kW 

As determined from site metering or nameplate data (nameplate amps * 
volts * 0.85 P.F. * Phase^0.5) 

X-coefficient The coefficient of the X-term in a linear regression equation 
Intercept The Y-intercept of the same regression equation 
Knee 1 Above knee 1, freezer door heater operates at the maximum power level of 

90% 
Knee 2 Below knee 2, freezer door heater cycles at 40%, with 1 hour at 90% every 

24 hours, giving an average power level at 42%; between knee 1 and knee 
2, cooler door heater follows the above linear regression relation 

 
The freezer door heater columns in Table 3-12 are defined as follows:  
 
Table 3-15:  Definitions of Columns in Freezer Door Heater Control Savings Bin Analysis 

Column Definition 
13 Before freezer door heater kW = Freezer total door heater kW 
14 After average freezer door heater kW = ƒ(freezer door heater regression at MCWB 

(Col. 3) / 100 * Total freezer door heater kW between knee 1 and knee 2; 90% * total 
kW if Col. 3 is greater than knee 1; 42% * Total kW if Col. 3 is less than knee 2  

15 After summer peak kW = ƒ(regression at MCWB (Col. 5)) / 100 * Total freezer door 
heater kW or 90% * Total cooler door heater kW, if Col. 5 is greater than knee 1 

16 After winter peak kW = ƒ(regression at MCWB (Col. 7)) / 100 * Total freezer door 
heater kW or 42% * Total freezer door heater kW if Col. 5 is less than knee 2 

17 Annual total kW savings = (Col. 9 - Col. 10) + (Col. 13 - Col. 14) 
18 Annual total kWh savings = Col. 17 * Col. 4 
19 Summer peak total kW savings = (Col. 9 - Col. 11) + (Col. 13 - Col. 15) 
20 Winter peak total kW savings = (Col. 9 - Col. 12) + (Col. 13 - Col. 16) 

3.7  Stand-Alone Control 
Stand-alone (also called night shutoff, vendor cooler, vendor case, or simply case) controls shut 
off vendor cases for a number of hours at night or on weekends when a store is unoccupied. The 
case is turned back on before occupancy.  When a case is shut off, its contents slowly warm, and 
when the case is switched on again, the compressor has to work longer to cool down the case 
contents.  This extra start-up runtime is the penalty that must be paid for shutting off a case.  The 
actual energy savings are then the savings from night shutoff (compressor and lights shut off) 
minus the energy penalty due to compressor start-up.  This penalty can be seen in Figure 3-10. 
 
Two methods were used to calculate savings: one for Sites 1 through 16 and another for Sites 17 
through 21.  Two methods were required because for Sites 1 through 16, data was gathered for 1 
week or more, while for Sites 17 through 21, only short-term (less than 1 hour) data was 
recorded. 
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Figure 3-10: Vendor Case Night Shutoff Controls 

I:\N Star\01-Finest Liquors\[1 Stand Alone yg2.xls]Pepsi Sunday Average Compressor Runtime 38% % Average power on Sunday when compressor is on 50% 11/20/2003 13:02

Site 1 -- Liquor Store, New Bedford MA
Pepsi Case Night-Shutoff Operation

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

110%

0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

Time of Day 
Labels centered on hour start

Data recorded on Sunday 8/31/03

A
m

pe
ra

ge
s

 



Section 3.  Analysis 

3-34 

3.7.1  Analysis Method for Sites 17–21 
From the long-term metering at Site 11, SESI developed an algorithm that accounted for the 
thermal mass of the case contents, case setpoint temperature, store temperature case full-load 
demand, case base load (compressor off but lights still on), and compressor runtime in 
determining compressor start-up time penalty.  This algorithm was then applied to the short-term 
data gathered at Sites 17, 18, and 19. 
 
The short-term data gave us the average cycling rate of the compressor.  We tried to meter 
during a slow period so that we could use the metered cycling frequency as a proxy for nighttime 
compressor cycling.  During the site visit, the following information was also obtained: room 
temperature setpoint, stand-alone temperature setpoint, night shutoff schedule, approximate 
number of beverage bottles stored, and the approximate weight/volume of each bottle. 
 
The following steps describe the basic approach for this savings analysis: 
 

1. Base case total energy consumption of the case is determined from normal refrigeration 
operational data plus lighting times annual hours. 

2. Energy savings from night shutoff is determined without consideration of the compressor 
start-up penalty.  It is equal to the average demand (total energy consumption obtained 
from Step 1 divided by annual hours) times total off-time.  The total off-time is 
calculated from the actual night shutoff schedule on site. 

3. The case UA value (overall heat transfer coefficient U times area A, which is the inverse 
of overall heat resistance) is then calculated and based on the measured compressor 
operation data (system demand when compressor is on and off, and compressor cycling 
on/off time).  The UA value is obtained by solving heat balance equations for compressor 
on and off simultaneously.  When the compressor cycles on, compressor capacity is equal 
to the total heat load, including transmission load (heat conduction) through the cooler 
wall, product load (thermal loss of the product in response to cooler temperature drop), 
and internal load (lights).  When the compressor cycles off, transmission load and 
lighting contribute to thermal gain of the product in the cooler.  

4. Knowing the night shutoff schedule, the compressor start-up time is derived from the first 
law of thermodynamics (conservation of energy).  The start-up time is obtained by 
solving a first-order differential equation that balances thermal storage (heat gain) of the 
products and transmission load (heat conduction through the cooler wall from the 
relatively high store ambient temperature to the low cooler temperature), since the cooler 
temperature is changing with time due to thermal storage of the products. 

5. The energy penalty associated with compressor start-up is calculated by multiplying 
compressor kW by the start-up time obtained from Step 4. 

6. The actual energy savings is calculated by subtracting the energy penalty due to 
compressor start-up from the energy savings obtained from Step 2. 

 
Using SESI site metering, energy savings calculations on vendor cases were performed for Sites 
17, 18, and 19.  One such analysis is shown in Table 3-16 below. 
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Table 3-16: Stand-Alone Control Savings Bin Analysis for Sites 17–21 

Site: 18
Location:  Fairhaven

1 2 3 4 5 6 7 8 9 10 11 12 13
Before Content Specific Room Set

Name kW kW/ton Btu/hr Min kW Btu/hr Min kWh Mass, lbm Ht, C Temp Temp UA
Large Coke 0.99 1.50 7920 45.0 0.41 1399 10.0 7,749 919 0.92 70 40 169.4
Large Snapple 0.77 1.50 6160 3.0 0.39 1328 8.0 4,318 588 0.92 70 40 11.7
Large Pepsi 1.34 1.50 10720 12.0 0.30 1024 48.0 4,450 919 0.92 70 40 37.3
Small SoBe 0.43 1.50 3440 5.0 0.09 311 5.0 2,282 233 0.92 70 40 47.0
Small Coke 0.42 1.50 3360 5.0 0.06 195 5.0 2,089 180 0.92 70 40 49.5
Small Snapple 0.37 1.50 2960 5.0 0.06 188 5.0 1,862 180 0.92 70 40 43.1
Totals 4.32 22,749

14 15 16 17 18 19 20 21 22 23 24 25 26 27
After Final

Weekday Saturday Sunday kWh Weekday Saturday Sunday Weekday Saturday Sunday Penalty kWh kW kWh
8.0 8.0 8.0 5,152 64 64 64 5.8 5.8 5.8 224 5,376 0.27 2,373
8.0 8.0 8.0 2,871 45 45 45 0.6 0.6 0.6 58 2,929 0.16 1,389
0.0 0.0 0.0 0 40 40 40 0.0 0.0 0.0 0 0 0.00 0
8.0 8.0 8.0 1,517 65 65 65 2.3 2.3 2.3 142 1,660 0.07 622
8.0 8.0 8.0 1,389 67 67 67 1.9 1.9 1.9 127 1,516 0.07 574
8.0 8.0 8.0 1,238 66 66 66 2.1 2.1 2.1 122 1,359 0.06 502

12,166 673 12,839 0.62 5,460

SESI kW 
Saving

SESI    
kWh 

Saving

Track 
kWh 

Saving
SESI / 
Track

Totals 0.62 5,460 8,414 0.649

Temp before Startup

Comp OffComp On

Programmed Off Time SavingsStartup Time and Penalty

STAND ALONE NIGHT SHUT OFF CONTROL
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The corresponding analyses for each site are provided in Appendix A.  The definition of each 
column and its associated equation is illustrated below. 
 

Table 3-17:  Definitions of Columns in  
Vendor Case Night Shutdown Control Savings Bin Analysis for Sites 17–21 

Column Definition 
1 Metered stand-alone vendor case power draw kW with compressor on 
2 Compressor performance kW/ton: assumed to be 1.5 kW/ton 
3 Compressor rated heat capacity in Btu/hr = Col. 1 / Col. 2 * 12,000 (hidden column) 
4 Compressor on-time for each cycle during normal operation, minutes 
5 Metered stand-alone case power draw kW with compressor off 
6 Heat load with compressor off, Btu/hr = Col. 5 * 3,413 (hidden column) 
7 Compressor off-time for each cycle during normal operation, minutes 
8 Base case annual energy consumption = (Col. 1 * Col. 4 + Col. 5 * Col. 7) / (Col. 4 + 

Col. 7) * 8,760 
9 Stand-alone content = Gross mass of product liquid content in the vendor case, lbm 
10 Specific heat of the product in liquid form, Btu/lb-°F 
11 Room temperature setpoint, °F (hidden column) 
12 Stand-alone temperature setpoint, °F 
13 Total UA value of the stand-alone case walls = ((Col. 3 - Col. 6) * Col. 4 / Col. 7 - 

Col. 6) / ((Col. 11 - Col. 12) * (1 + Col. 4 / Col. 7)) 
14 Programmed weekday night shutoff time from NRM controller 
15 Programmed Saturday night shutoff time from NRM controller 
16 Programmed Sunday night shutoff time from NRM controller 
17 Energy consumption with night shutoff without compressor start-up penalty = Col. 8 / 

8,760 * ((24 - Col. 14) * 5 + (24 - Col. 15) + (24 - Col. 16)) * 52 
18 Weekday temperature of the stand-alone at start-up = Col. 11 + (Col. 12 - Col. 11) * 

EXP(-Col. 13 * Col. 14 / Col. 9 / Col. 10) 
19 Saturday temperature of the stand-alone at start-up = Col. 11 + (Col. 12 - Col. 11) * 

EXP(-Col. 13 * Col. 15 / Col. 9 / Col. 10) 
20 Sunday temperature of the stand-alone at start-up =Col. 11 + (Col. 12 - Col. 11) * 

EXP(-Col. 13 * Col. 16 / Col. 9 / Col. 10) 
21 Weekday compressor start-up time = Col. 9 * Col. 10 * (Col. 18 - Col. 12) / (Col. 3 - 

Col. 6 - Col. 13 * (Col. 11 - Col. 12 + Col. 18) / 2 )) 
22 Saturday compressor start-up time = Col. 9 * Col. 10 * (Col. 19 - Col. 12) / (Col. 3 - 

Col. 6 - Col. 13 * (Col. 11 - Col. 12 + Col. 19) / 2 )) 
23 Sunday compressor start-up time = Col. 9 * Col. 10 * (Col. 20 - Col. 12) / (Col. 3 - 

Col. 6 - Col. 13 * (Col. 11 - Col. 12 + Col. 20) / 2 )) 
24 Penalty = (Col. 1 - Col. 8/8,760) * 52 * (Col. 21 * 5 + Col. 22 + Col. 23) 
25 Actual kWh considering compressor start-up = Col. 17 + Col. 24 
26 kW savings = Col. 27 / 8,760 
27 kWh savings = Col. 8 - Col. 25 
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3.7.2  Analysis Method for Sites 1 through 16 
From the long-term collected data, the cycling of the cases was known as was the morning start-
up time.  With this data, the analysis was simpler than for Sites 17 through 21.  Table 3-18 on the 
next page shows one such analysis. 

3.8  Air Destratifiers 
Air destratifying fans are installed with evaporator fan controls only in walk-in coolers that have 
high ceilings, and are not common.  The small ceiling-mounted fans draw 38 watts of power and 
run constantly.  Energy consumption is simply: 
 

Air destratifier fan energy kWh =  38 watts  /  1,000 watts/kW  x  8,760 hr/yr 
=  333 kWh/yr 

 
This energy consumption is subtracted from the evaporator fan control savings. 
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Table 3-18:  Vendor Case Night Shutdown Control Savings Bin Analysis for Sites 1–16 

Site: 14
Location:  Boston

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Metered Metered Before After Penalty Final

Name kW % Power kWh Weekday Saturday Sunday Weekday Saturday Sunday kWh Weekday Saturday Sunday kWh kWh kW kWh
Coke cooler - 2 door large 1.06 77% 7,092 77.7% 78.2% 75.6% 9.0 9.0 20.0 4,022 0.31 0.34 0.00 24 3,999 0.35 3,094

Totals 0.35 3,094

SESI     
kW

NRM      
kW

SESI / 
NRM

SESI     
kWh

NRM   
kWh

SESI / 
NRM

ALL 0.35 0.17 2.13 3,094 1,454 2.13

Annual Savings

STAND ALONE NIGHT SHUT OFF CONTROL

Off Time Hours SavingsAvg % Power when ON Startup Time Hours

 
 
 

Colum
n 

Definition 

1 Metered stand-alone vendor case power draw kW with compressor on 
2 Average power level of the case when on = Average of Cols. 4, 5, and 6 
3 Case kWh/yr before controls applied = Col. 1 * Col. 2 * 8,760 hours 
4 Average case power level when on, weekday = Derived from metered data 
5 Average case power level when on, Saturday = Derived from metered data 
6 Average case power level when on, Sunday = Derived from metered data 
7 Average case power level when on, Weekday = Derived from metered data 
8 Average case power level when on, Saturday = Derived from metered data 
9 Average case power level when on, Sunday = Derived from metered data 

10 After annual kWh = (24 hr - Col. 7) * Col. 1 * Col. 4 * 5 days/wk + (24 hr - Col. 8) * Col. 1 * Col. 5 + (24 hr - Col. 9) * Col. 1 * Col. 6) * 52 wk/yr 
11 Average startup time hours, weekday = Derived from metered data 
12 Average startup time hours, Saturday = Derived from metered data 
13 Average startup time hours, Sunday = Derived from metered data 
14 Start-up penalty = (Col. 11 * 5 days/wk + Col. 12 + Col. 13) * 52 wk/yr * Col. 1 * (1 - Col. 2) 
15 Final controlled kWh considering compressor start-up = Col. 10 - Col. 14 
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Colum
n 

Definition 

16 kW savings = Col. 17 / 8,760 
17 kWh savings = Col. 3 - Col. 15 
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SECTION 4.  RESULTS 
This section distills all the analyses into tables where SESI’s results are compared to the data 
found in NSTAR’s NEEDS (NSTAR Energy Efficiency Data System) database.  All tables that 
follow are in the same format with 14 columns.  These columns are defined in Table 4-1. 
 

Table 4-1: Column Definitions for Section 4 Tables 

Col. 
No. Table Title NEEDS Title Description 
1 NEEDS kWh inmenr_savings Annual energy savings calculated by NRM, kWh 
2 SESI kWh ons_ann_kWh Evaluated annual energy savings, kWh (without interactive effects) 

3 SESI kW ons_con_kW Evaluated average demand savings, kW (connected demand [kW] savings, 
non-coincident with system peak) 

4 SESI Sum kW ons_sum_kW Evaluated summer peak demand savings, kW (coincident summer peak 
demand [kW] reduction, diversified July weekdays, 12:00–3:00 p.m.) 

5 SESI Win kW ons_win_kW Evaluated winter peak demand savings, kW (coincident winter peak demand 
[kW] reduction, diversified January weekdays, 5:00–6:00 p.m.) 

6 SESI/NEEDs kWh N/A Savings realization rate (SESI kWh / NEEDS kWh) 

7 total_kWh_adj total_kWh_adj On-site minus tracking energy savings, or [ons_ann_kWh] - 
[inmenr_savings] 

8 ons_tech_adj ons_tech_adj Portion of [total_kWh_adj] due to changes in technologies 
9 ons_qty_adj ons_qty_adj Portion of [total_kWh_adj] due to changes in quantity 

10 ons_oper_adj ons_oper_adj Portion of [total_kWh_adj] due to changes in hours of operation 

11 Disconnected 
Equipment N/A Percent of savings lost (-) due to equipment disconnected by the customer 

12 Not Installed 
Equipment N/A Percent of savings lost (-) or gained (+) due to equipment claimed to be 

installed but never installed, or more equipment installed than claimed 

13 Baseline 
Differences N/A 

Percent of savings lost (-) or gained (+) due to values used in the analysis 
that were not based on available data; e.g., assumptions instead of nameplate 
data, or general weather data instead of local weather data 

14 Operation 
Differences N/A 

Percent of savings lost (-) or gained (+) due to all other factors; includes 
differences in NRM assumptions and SESI metered data. A good example is 
the difference between NRM’s assumption of compressor runtime and the 
runtime logged by NRM controls (actual runtime). Another is the 
component demands metered by SESI and the demands assumed by NRM. 

 
Comments on the results are included in Section 5. 
 
Note: Blank rows in the following tables indicate that a particular measure was not installed at a 
particular site. 
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Table 4-2: Summary of All Results 

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Number NEEDS SESI/NEEDS Disconnected Not Installed Baseline Operation
of Sites kWh kWh kW Sum kW Win kW kWh total_kWh_adj ons_tech_adj ons_qty_adj ons_oper_adj Equipment Equipment Differences Differences

Econo 14 58,003 14,437 1.65 0.00 5.16 25% -43,566 0 0 -43,566 0% 0% 9% -62%
Evap 19 183,700 146,907 15.53 11.44 20.21 80% -36,793 0 0 -36,793 0% -8% 0% 28%
DDC 18 33,405 21,794 2.72 3.83 1.37 65% -11,611 0 0 -11,611 0% 0% 10% -36%
Door 15 125,737 91,508 10.39 6.81 13.49 73% -34,229 0 -8,467 -25,761 2% 2% 7% -9%

Freezer 8 29,308 25,087 2.72 1.98 3.53 86% -4,221 0 -2,435 -1,786 0% 0% -2% 3%
Std Alone 12 48,961 43,779 5.00 0.00 0.00 89% -5,182 0 -3,465 -1,717 -4% -2% 2% 53%

Totals 19 479,114 343,513 38.00 24.06 43.75 72% -135,601 0 -14,367 -121,234 -2.0% 0.3% 0.8% -9.1%

Savings ChangeCooler Control Measure SAVINGS
SESI

 
 
 

Table 4-3: Summary of Total Results by Site 

1 2 3 4 5 6 7 8 9 10 11 12 13 14

NEEDS SESI/NEEDS Disconnected Not Installed Baseline Operation
Site  kWh kWh kW Sum kW Win kW kWh total_kWh_adj ons_tech_adj ons_qty_adj ons_oper_adj Equipment Equipment Differences Differences

1 39,958 35,794 4.086 2.474 4.198 90% -4,164 0 0 -4,164 0% 0% -2% -8%
3 36,558 39,230 4.478 3.465 5.283 107% 2,672 0 0 2,672 0% 0% 2% 105%
4 29,325 18,435 2.104 1.077 2.308 63% -10,890 0 0 -10,890 0% 0% -8% -29%
5 16,632 13,303 1.519 1.095 2.001 80% -3,329 0 0 -3,329 0% 0% 5% -25%
6 33,334 21,050 2.403 0.899 3.708 63% -12,284 0 -782 -11,502 0% -2% -12% -22%
7 24,791 21,081 2.372 0.797 1.518 85% -3,710 0 0 -3,710 0% 0% 9% -24%
8 24,651 9,361 1.069 0.748 1.435 38% -15,290 0 -650 -14,640 0% 0% 8% -70%
9 11,589 3,776 0.694 0.112 0.684 33% -7,813 0 -1,026 -6,787 -9% 0% -23% -35%
10 29,724 20,834 1.144 1.629 2.893 70% -8,890 0 0 -8,890 0% 0% -8% -22%
11 20,820 13,695 1.563 0.664 1.565 66% -7,125 0 0 -7,125 0% 0% -2% -32%
12 19,322 16,560 1.890 1.382 2.439 86% -2,762 0 62 -2,823 0% 9% 24% -47%
13 22,832 12,124 1.382 0.631 1.709 53% -10,708 0 0 -10,708 0% 0% -6% -41%
14 4,999 5,381 0.614 0.290 0.271 108% 382 0 0 382 0% 0% 8% 0%
15 32,357 22,877 2.612 1.338 2.455 71% -9,480 0 -2,435 -7,045 -2% 0% 26% -53%
16 22,291 27,264 2.971 2.428 3.354 122% 4,973 0 0 4,973 0% 0% 6% 16%
17 10,214 6,613 0.755 0.492 0.938 65% -3,601 0 0 -3,601 0% 0% -24% -12%
18 34,933 20,852 2.380 1.231 2.496 60% -14,081 0 -1,193 -12,889 -10% 0% -18% -12%
19 48,468 21,499 2.395 1.942 2.606 44% -26,969 0 -8,343 -18,625 -19% 0% 5% -42%
21 16,316 13,782 1.569 1.369 1.891 84% -2,534 0 0 -2,534 0% 0% -6% -10%

Totals 479,114 343,513 38.00 24.06 43.75 72% -135,601 0 -14,367 -121,234 -2% 0% 1% -9%

All Measure SAVINGS Savings Change
SESI
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Table 4-4: Summary of Economizer Installations 

1 2 3 4 5 6 7 8 9 10 11 12 13 14

NEEDS SESI/NEEDS Disconnected Not Installed Baseline Operation
Site  kWh kWh kW Sum kW Win kW kWh total_kWh_adj ons_tech_adj ons_qty_adj ons_oper_adj Equipment Equipment Differences Differences

1 5,514 624 0.071 0.000 0.090 11% -4,890 0 0 -4,890 0% 0% -11% -78%
3 - - - - - - - - - - - - - -
4 2,710 328 0.037 0.000 0.140 12% -2,382 0 0 -2,382 0% 0% 19% -107%
5 3,856 784 0.090 0.000 0.349 20% -3,072 0 0 -3,072 0% 0% 1% -80%
6 2,835 2,262 0.258 0.000 0.902 80% -573 0 0 -573 0% 0% -23% 3%
7 4,954 229 0.026 0.000 0.075 5% -4,725 0 0 -4,725 0% 0% 8% -103%
8 2,835 793 0.091 0.000 0.345 28% -2,042 0 0 -2,042 0% 0% 13% -85%
9 4,651 823 0.094 0.000 0.343 18% -3,828 0 0 -3,828 0% 0% -46% -36%
10 5,365 -726 -0.083 0.000 -0.354 -14% -6,091 0 0 -6,091 0% 0% -29% -84%
11 3,807 1,746 0.199 0.000 0.569 46% -2,061 0 0 -2,061 0% 0% 40% -94%
12 2,364 1,034 0.118 0.000 0.394 44% -1,330 0 0 -1,330 0% 0% 66% -122%
13 - - - - - - - - - - - - - -
14 - - - - - - - - - - - - - -
15 4,024 282 0.032 0.000 0.027 7% -3,742 0 0 -3,742 0% 0% 35% -128%
16 3,411 491 0.056 0.000 0.056 14% -2,920 0 0 -2,920 0% 0% 3% -88%
17 - - - - - - - - - - - - - -
18 3,726 1,970 0.225 0.000 0.740 53% -1,756 0 0 -1,756 0% 0% -31% -16%
19 7,951 3,796 0.433 0.000 1.481 48% -4,155 0 0 -4,155 0% 0% 27% -79%
21 - - - - - - - - - - - - - -

Totals 58,003 14,437 1.65 0.00 5.16 25% -43,566 0 0 -43,566 0% 0% 9% -62%

Economizer SAVINGS Savings Change
SESI
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Table 4-5: Summary of Evaporator Fan Control Installations 

1 2 3 4 5 6 7 8 9 10 11 12 13 14

NEEDS SESI/NEEDS Disconnected Not Installed Baseline Operation
Site  kWh kWh kW Sum kW Win kW kWh total_kWh_adj ons_tech_adj ons_qty_adj ons_oper_adj Equipment Equipment Differences Differences

1 14,013 17,614 2.011 1.612 2.236 126% 3,601 0 0 3,601 0% 0% 0% 26%
3 36,558 39,230 4.478 3.465 5.283 107% 2,672 0 0 2,672 0% 0% 2% 105%
4 2,145 1,111 0.127 0.060 0.210 52% -1,034 0 0 -1,034 0% 0% 5% -53%
5 5,839 5,436 0.621 0.516 0.688 93% -403 0 0 -403 0% 0% 20% -27%
6 6,812 3,125 0.357 0.076 0.419 46% -3,687 0 0 -3,687 0% 0% 0% -54%
7 7,785 5,886 0.672 0.586 0.723 76% -1,899 0 0 -1,899 0% 0% 0% -24%
8 5,839 1,374 0.157 0.082 0.205 24% -4,465 0 0 -4,465 0% 0% 33% -109%
9 4,671 2,253 0.257 0.112 0.341 48% -2,418 0 0 -2,418 0% 0% 0% -52%
10 10,628 10,808 0.000 0.870 1.432 102% 180 0 0 180 0% 0% 0% 2%
11 10,380 933 0.106 0.027 0.150 9% -9,447 0 0 -9,447 0% 0% -44% -47%
12 7,331 6,596 0.753 0.595 0.856 90% -735 0 0 -735 0% 0% 12% -22%
13 2,726 1,280 0.146 0.051 0.202 47% -1,446 0 0 -1,446 0% 0% 24% -77%
14 2,082 569 0.065 0.000 0.135 27% -1,513 0 0 -1,513 0% 0% 10% -82%
15 15,645 8,207 0.937 0.253 1.353 52% -7,438 0 0 -7,438 0% 0% 14% -62%
16 9,779 17,282 1.973 1.552 2.087 177% 7,503 0 0 7,503 0% 0% 0% 77%
17 3,781 2,998 0.342 0.196 0.448 79% -783 0 0 -783 0% 0% -10% -10%
18 7,751 2,906 0.332 0.006 0.554 37% -4,845 0 0 -4,845 0% 0% -19% -43%
19 16,348 7,029 0.802 0.332 1.064 43% -9,319 0 0 -9,319 0% 0% -19% -38%
21 13,587 12,271 1.397 1.054 1.820 95% -1,316 0 0 -1,316 0% -100% -19% 15%

Totals 183,700 146,907 15.53 11.44 20.21 80% -36,793 0 0 -36,793 0% -8% 0% 28%

Evaporator Fan Control SAVINGS Savings Change
SESI
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Table 4-6: Summary of DDC Control Installations 

1 2 3 4 5 6 7 8 9 10 11 12 13 14

NEEDS SESI/NEEDS Disconnected Not Installed Baseline Operation
Site  kWh kWh kW Sum kW Win kW kWh total_kWh_adj ons_tech_adj ons_qty_adj ons_oper_adj Equipment Equipment Differences Differences

1 1,869 1,205 0.138 0.228 0.082 64% -664 0 0 -664 0% 0% -11% -24%
3 - - - - - - - - - - - - - -
4 864 364 0.042 0.074 0.014 42% -500 0 0 -500 0% 0% 19% -77%
5 1,119 480 0.055 0.083 0.025 43% -639 0 0 -639 0% 0% 1% -58%
6 1,040 958 0.109 0.197 0.039 92% -82 0 0 -82 0% 0% 0% -8%
7 1,414 302 0.000 0.000 0.000 21% -1,112 0 0 -1,112 0% 0% 0% -79%
8 1,006 826 0.094 0.166 0.036 82% -180 0 0 -180 0% 0% 13% -31%
9 1,241 700 0.343 0.000 0.000 56% -541 0 0 -541 0% 0% -46% 2%
10 2,653 1,877 0.214 0.304 0.165 71% -776 0 0 -776 0% 0% -29% 0%
11 1,529 1,577 0.180 0.308 0.091 103% 48 0 0 48 0% 0% 40% -37%
12 948 560 0.064 0.105 0.024 59% -388 0 0 -388 0% 0% 66% -107%
13 1,290 739 0.084 0.084 0.086 57% -551 0 0 -551 0% 0% 30% -73%
14 1,463 1,719 0.196 0.290 0.136 118% 256 0 0 256 0% 0% 2% 15%
15 4,187 3,794 0.433 0.700 0.299 91% -393 0 0 -393 0% 0% 35% -45%
16 2,214 1,357 0.155 0.265 0.084 61% -857 0 0 -857 0% 0% 3% -41%
17 3,022 920 0.105 0.110 0.100 30% -2,102 0 0 -2,102 0% 0% -67% -3%
18 2,104 1,371 0.157 0.295 0.054 65% -733 0 0 -733 0% 0% -31% -3%
19 2,713 1,532 0.175 0.311 0.061 56% -1,181 0 0 -1,181 0% 0% 27% -70%
21 2,729 1,511 0.173 0.315 0.070 55% -1,218 0 0 -1,218 0% 0% 63% -107%

Totals 33,405 21,794 2.72 3.83 1.37 65% -11,611 0 0 -11,611 0% 0% 10% -36%

DDC Control SAVINGS Savings Change
SESI
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Table 4-7: Summary of Cooler Door Heater Control Installations 

1 2 3 4 5 6  7 8 9 10 11 12 13 14
 

NEEDS SESI/NEEDS Disconnected Not Installed Baseline Operation
Site  kWh kWh kW Sum kW Win kW kWh total_kWh_adj ons_tech_adj ons_qty_adj ons_oper_adj Equipment Equipment Differences Differences

1 13,284 11,705 1.336 0.634 1.790 88% -1,579 0 0 -1,579 0% 0% -3% -9%
3 - - - - - - - - - - - - - -
4 10,007 4,681 0.534 0.305 0.665 47% -5,326 0 0 -5,326 0% 0% -8% -45%
5 5,818 6,603 0.754 0.497 0.939 113% 785 0 0 785 0% 0% -5% 18%
6 21,865 14,705 1.679 0.627 2.347 67% -7,160 0 0 -7,160 0% 0% -15% -17%
7 6,819 4,660 0.532 0.212 0.720 68% -2,159 0 0 -2,159 0% 0% 27% -59%
8 10,645 1,956 0.223 0.127 0.278 18% -8,689 0 0 -8,689 -80% 0% -3% 2%
9 - - - - - - - - - - - - - -
10 8,307 5,963 0.681 0.274 1.128 72% -2,344 0 0 -2,344 0% 0% 0% -28%
11 3,188 5,291 0.604 0.329 0.755 166% 2,103 0 0 2,103 0% 0% 53% 12%
12 8,679 8,371 0.956 0.682 1.166 96% -308 0 62 -369 0% 20% 18% -42%
13 9,653 8,506 0.971 0.450 1.298 88% -1,147 0 0 -1,147 0% 0% -37% 25%
14 - - - - - - - - - - - - - -
15 2,125 5,703 0.651 0.385 0.777 268% 3,578 0 0 3,578 100% 0% 130% 38%
16 5,579 5,591 0.638 0.411 0.783 100% 12 0 0 12 0% 0% 3% -2%
17 2,657 2,088 0.238 0.143 0.303 79% -569 0 0 -569 0% 0% 0% -21%
18 6,651 4,258 0.486 0.434 0.544 64% -2,393 0 -602 -1,791 -25% 0% -9% -2%
19 10,460 1,427 0.103 1.299 0.000 14% -9,033 0 -7,927 -1,106 -88% 0% 28% -27%
21 - - - - - - - - - - - - - -

Totals 125,737 91,508 10.39 6.81 13.49 73% -34,229 0 -8,467 -25,761 2% 2% 7% -9%

Savings ChangeCooler Door Heater Control SAVINGS
SESI
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Table 4-8: Summary of Freezer Door Heater Control Installations 

1 2 3 4 5 6  7 8 9 10 11 12 13 14
 

NEEDS SESI/NEEDS Disconnected Not Installed Baseline Operation
Site  kWh kWh kW Sum kW Win kW kWh total_kWh_adjons_tech_adjons_qty_adjons_oper_adj Equipment Equipment Differences Differences

1 - - - - - - - - - - - - - -
3 - - - - - - - - - - - - - -
4 11,218 8,898 1.016 0.638 1.279 79% -2,320 0 0 -2,320 0% 0% -21% 0%
5 - - - - - - - - - - - - - -
6 - - - - - - - - - - - - - -
7 - - - - - - - - - - - - - -
8 3,676 4,411 0.504 0.373 0.571 120% 735 0 0 735 0% 0% -3% 23%
9 - - - - - - - - - - - - - -
10 2,771 2,910 0.332 0.180 0.521 105% 139 0 0 139 0% 0% 0% 5%
11 - - - - - - - - - - - - - -
12 - - - - - - - - - - - - - -
13 859 830 0.095 0.045 0.122 97% -29 0 0 -29 0% 0% 32% -35%
14 - - - - - - - - - - - - - -
15 2,435 0 0.000 0.000 0.000 0% -2,435 0 -2,435 0 -100% 0% 0% 0%
16 1,308 2,543 0.149 0.199 0.343 194% 1,235 0 0 1,235 0% 0% 85% 10%
17 754 607 0.069 0.043 0.087 81% -147 0 0 -147 0% 0% 0% -19%
18 6,287 4,887 0.558 0.496 0.604 78% -1,400 0 0 -1,400 0% 0% -19% -4%
19 - - - - - - - - - - - - - -
21 - - - - - - - - - - - - - -

Totals 29,308 25,087 2.72 1.98 3.53 86% -4,221 0 -2,435 -1,786 0% 0% -2% 3%

Savings ChangeFreezer Door Heater Control SAVINGS
SESI
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Table 4-9: Summary of Vendor Case Night Shutoff Control Installations 

1 2 3 4 5 6 7 8 9 10 11 12 13 14

NEEDS SESI/NEEDS Disconnected Not Installed Baseline Operation
Site  kWh kWh kW Sum kW Win kW kWh total_kWh_adj ons_tech_adj ons_qty_adj ons_oper_adj Equipment Equipment Differences Differences

1 5,278 4,646 0.530 0.000 0.000 88% -632 0 0 -632 0% 0% 5% -17%
3 - - - - - - - - - - - - - -
4 2,381 3,052 0.348 0.000 0.000 128% 671 0 0 671 0% 0% -4% 32%
5 - - - - - - - - - - - - - -
6 782 0 0.000 0.000 0.000 0% -782 0 -782 0 0% -100% 0% 0%
7 3,819 10,004 1.142 0.000 0.000 262% 6,185 0 0 6,185 0% 0% 0% 162%
8 650 0 0.000 0.000 0.000 0% -650 0 -650 0 0% 0% 0% -100%
9 1,026 0 0.000 0.000 0.000 0% -1,026 0 -1,026 0 -100% 0% 0% 0%
10 - - - - - - - - - - - - - -
11 1,916 4,148 0.474 0.000 0.000 216% 2,232 0 0 2,232 0% 0% 9% 107%
12 - - - - - - - - - - - - - -
13 8,304 769 0.085 0.000 0.000 9% -7,535 0 0 -7,535 0% 0% 10% -101%
14 1,454 3,094 0.353 0.000 0.000 213% 1,640 0 0 1,640 0% 0% 12% 101%
15 3,941 4,892 0.558 0.000 0.000 124% 951 0 0 951 -11% 0% 16% 19%
16 - - - - - - - - - - - - - -
17 - - - - - - - - - - - - - -
18 8,414 5,460 0.623 0.000 0.000 65% -2,954 0 -591 -2,363 -20% 0% -15% 0%
19 10,996 7,715 0.881 0.000 0.000 70% -3,281 0 -417 -2,864 0% -13% -3% -15%
21 - - - - - - - - - - - - - -

Totals 48,961 43,779 5.00 0.00 0.00 89% -5,182 0 -3,465 -1,717 -4% -2% 2% 53%

Stand Alone (Night Shut Off Control) SAVINGS Savings Change
SESI

 
 
 



 

5-1 

SECTION 5.  CONCLUSIONS AND RECOMMENDATIONS 

5.1  Conclusions 
The inspected systems, in general, were working well, were installed with care, and were of a 
high quality.  Economizers, however, while installed professionally, achieved far less savings 
than expected. 
 
At a few sites there were easily corrected problems that heavily affected savings.  At Sites 6, 8, 
and 19, SESI was not able to locate controls for vendor cases for which savings were claimed.  
At Site 19, before door heater controls were installed the owner consistently shut off door heaters 
unless condensation occurred; then he would turn them off as he closed the store.  At this site, 
NRM assumed that all door heaters were always on, thereby calculating savings that were not 
there. 
 
Even if all measures were installed, savings would have fallen short of expectations for most 
measures.  The main reason for the discrepancies between the evaluation and NRM’s calculated 
savings values was overly optimistic assumptions used in the savings calculations. 
 
Key parameters, such as duty cycle and equipment connected demand, were compiled for the 
measures and are summarized in tables below.  Three versions of values are recorded for most of 
the parameters: 
 

• The value for the parameter in the tracking paperwork, as derived by NRM 
• The value derived from nameplates observed in the field   
• The value measured or derived by SESI 

5.1.1  Economizers 
Economizers fared the worst, with a realization rate (SESI/NEEDS) of 25%.  Table 5-1 
summarizes the findings of the key parameters. 
 

Table 5-1:  Economizer Parameters (14 Sites) 

Parameter NRM Nameplate Measured RR%
Cooler compressor and condenser fan 
load (kW) 5.49 6.23 4.45 81% 

Compressor duty cycle during winter 
without economizer 38%  20% 52% 

Hours of potential economizer use 2,195  1,765 80% 
Number of economizer units 19  19 100%
Savings (kWh) 58,003  14,437 25% 

 
RR% = Realization rate 
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Common Reasons for Economizer Savings Discrepancies 
1. NRM assumed that at all OATs below the economizer setpoint the economizer would 

meet 100% of the cooler load.  NRM’s temperature log disproves this assumption.  For 
all sites with economizers, NRM-logged data showed substantial compressor operation 
well below economizer setpoints.  This problem is exacerbated by the scarcity of hours at 
low OATs when the economizer completely displaces mechanical cooling.  SESI 
measured a weighted average 3% compressor duty cycle during economizer hours of 
operation. 

2. At OATs below the economizer setpoint, NRM assumed far greater non-economizer 
compressor duty cycle at most sites than was derived from the NRM-logged data.  The 
greater the duty cycle assumed the greater savings when compressor operation is 
displaced.  NRM assumed an economizer season non-economizer compressor runtime of 
40%, with a few at 35%.  Duty cycles derived from the logged data were 4% to 33%, and 
averaged 20%. 

3. At all studied sites, NRM assumed there were 2,195 hours of the year when an 
economizer would completely displace mechanical cooling for all sites.  The number of 
hours when the economizer can displace mechanical cooling is dependent on local 
weather conditions and the economizer setpoint temperature, which was always 4°F 
below the cooler temperature.  The lower the cooler temperature, the fewer hours per 
year OAT is below the economizer setpoint.  At an economizer setpoint of 36°F (cooler 
temperature of 40°F), there are about 2,195 hours, depending on one’s geographic 
location.  Observed cooler temperatures ranged from 31°F to 41°F, with most coolers 
being maintained at 38°F (economizer setpoint of 34°F).  The number of hours below the 
economizer setpoint varied from a high of 2,836 to a low of 1,186, and averaged 1,765. 

4. NRM assumed a compressor/condenser performance of 2.25 kW/ton, while SESI’s 
calculations based on manufacturer’s ARI ratings were closer to an annual average 
performance of 1.50 kW/ton. 

5. The economizers were often undersized, thereby requiring extensive compressor runtime 
below the economizer setpoint. 

6. Another problem was choosing to set the economizer setpoint at 4°F below the cooler 
temperature.  Typically, at the economizer setpoint savings are minimal or even negative 
due to the small temperature difference between outside air and cooler temperatures.  It is 
also inevitable that, due to control hysteresis, operation of the economizer fan will 
continue above the economizer setpoint as OATs rise from below to above the setpoint.  
When the temperature difference goes to zero, economizer fan energy detracts from 
savings.  At a few sites, operation of the economizer fans was logged at OATs above the 
cooler temperature, thereby not only wasting economizer fan energy, but also pulling in 
relatively warm air, which caused the compressor to work harder.  Negative savings 
accrue at OATs above the economizer setpoint and, unfortunately, there are more hours 
at these OATs than at lower OATs. 

7. A problem related to high economizer setpoint temperatures was seen at a number of 
sites.  Apparently, there was some miscalibration of NRM temperature sensors.  In the 
transition zone between the cooler and economizer setpoint temperatures, compressor 
operation was greater than it would have been if the economizer was not installed.  This 
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may have been caused by the economizer pulling in air that the NRM OAT sensor sensed 
was colder than the cooler but was actually warmer than the cooler, as measured by the 
inside temperature sensor. 

8. A much more serious but undocumented problem was seen at all economizer systems that 
were installed in 2003.  For all economizers that were installed in 2002, plastic pipe caps 
were chained to the ends of the economizer ducts inside the cooler so that in the non-
economizer season, store staff could cover the ducts to prevent warm air infiltration.  
However, this practice was discontinued by NRM in 2003.  When visited in the summer, 
all of these sites had condensation building up in the ducts.  Condensation is evidence of 
warm air infiltration.  At one site, the condensation was dripping on the floor of the 
cooler into a puddle.  At other sites, the ducts were pitched out of the cooler so that it did 
not drip on the floor.  This evaluation did not place a number on the extra mechanical 
refrigeration energy needed in the much longer non-economizer season to make up for 
the energy-robbing infiltration.  It is likely that at a few sites the extra cost to run the 
compressor in the summer due to infiltration was more than what was saved with the 
economizer in the winter. 

5.1.2  Evaporator Fans 
Evaporator fan savings had a realization rate of 78%.  Realization rates ran from a low of 14% to 
a high of 244%.  There were a few common reasons why fan savings were good overall.  Table 
5-2 summarizes findings of the key parameters. 
 

Table 5-2: Evaporator Fan (19 Sites) 

Parameter NRM Nameplate Measured RR% 
Compressor annual average duty cycle 44%  36% 81% 
Cooler number of fans 160  158 99% 
Freezer number of fans 9  8 89% 
Total kW of all evaporator fan sets 1.66 1.64 1.17 71% 
Percent reduction of evaporator fan duty 
cycle 43%  46% 107% 
Savings (kWh) 183,700   146,907 80% 

Common Reasons for Evaporator Fan Savings Discrepancies 
1. As noted in the economizer description, NRM logs showed a lower compressor duty 

cycle.  This means that evaporator fan runtime was also overestimated by NRM.  
Because actual fan runtime was less, savings were higher. 

2. Evaporator fan control savings also suffer from the overly optimistic assumption of no 
compressor operation below economizer setpoint.  Controlled evaporator fan operation is 
proportional to compressor operation.  When the compressor runs below the economizer 
setpoint, the evaporator fan runs more than it would have, thereby reducing savings. 

3. The cleanliness of the evaporators affects savings.  The sites with the lowest savings 
generally had dirty evaporators.  Dirty evaporators tend to freeze up quickly, thereby 
causing more frequent defrost cycles.  Air-defrost evaporators, which were seen at many 
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sites, use their fans to cycle cooler air through the evaporators while the compressor is off 
to melt ice buildup.  Dirty evaporators require more fan runtime, thereby reducing 
potential savings. 

4. A common error was the overestimate of fan demand.  Reducing fan demand to that of 
nameplate-derived demand would have reduced savings.  At most sites, metered fan 
demand was less than nameplate-derived demand, and considerably less than NRM-
assumed demand. 

5. Evaporator fan savings includes compressor savings due to the reduced heat generated by 
reducing fan runtime.  Compressor performance is included in the calculation to derive 
these savings.  A high compressor performance, as noted in economizer #4 above, 
artificially increases savings. 

5.1.3  DDC 
DDC savings averaged 65% of that predicted by NRM.  DDC savings are directly related to 
economizer and evaporator fan savings: DDC savings are 5% of compressor/condenser and 
evaporator fan energy consumption. 

Common Reason for DDC Savings Discrepancies 
Lower compressor runtime means lower energy consumption, and therefore reduced DDC 
savings. 

5.1.4  Cooler Door Heaters 
Cooler door heater control savings were 27% lower than NRM calculated.  There were a number 
of reasons for the discrepancies.  Table 5-3 summarizes the findings of the key parameters. 
 

Table 5-3: Cooler Door Heaters (15 Sites) 

Parameter NRM Nameplate Measured RR% 
Cooler number of doors 144   139 97% 
Average load of cooler door heaters (kW) 0.96 1.11 0.96 100% 
Average power level of door heaters when 
operated 50%   35% 69% 
Cooler door heater load maximum power level 70%   79% 112% 
Savings (kWh) 125,737   91,508 73% 

Common Reasons for Cooler Door Heater Control Savings Discrepancies 
1. At a few sites, some door heaters were disconnected. 
2. NRM assumed that the maximum door heater percent-on value would be 70%.  However, 

logged data showed that at all but one site, maximum percent-on was 80%. 
3. SESI-metered average door heater demand was often less than that assumed by NRM. 
4. At two sites, cooler doors were controlled as if they were freezer doors.  The freezer door 

controls have a minimum heater percent-on value of 40%, plus they are brought up to 
90%-on for 1 hour in every 24 hours. 
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5.1.5  Freezer Door Heaters 
Freezer door heater control savings were 14% lower than NRM calculated.  At one site, the 
freezer door heaters that were to be controlled were not.  This significantly affected cumulative 
savings.  Table 5-4 summarizes the key parameter findings. 
 

Table 5-4: Freezer Door Heaters (8 Sites) 

Parameter NRM Nameplate Measured RR%
Freezer number of doors 41  35 85% 
Total load of controlled freezer door heaters (kW) 1.12 1.28 1.02 91% 
Average power level of door heaters when 
operated 64%  53% 84% 

Freezer door heater load maximum power level 80%  90% 113%
Savings 29,308  25,087 86% 

Common Reasons for Freezer Door Heater Control Savings Discrepancies 
1. Heater runtimes were observed to be lower than NRM predicted. 
2. NRM assumed that the maximum door heater percent-on value would be 80%.  However, 

logged data showed that the maximum percent-on was 90%. 

5.1.6  Vendor Case Night Shutoff 
Calculating vendor case night shutoff savings properly is not as straightforward as NRM’s 
calculations imply.  When a case is shut off at night, product temperatures rise.  NRM’s 
calculations do not account for the start-up losses due to cooling the product back down to 
desired temperatures.  Overall savings were 11% less than predicted by NRM.  Table 5-5 
summarizes the key parameter findings. 
 

Table 5-5: Vendor Case Shutdown (12 Sites) 

Parameter NRM Nameplate Measured RR% 
Number of vendor coolers 37   31 84% 
Average load affected by night setback (kW) 2.62 2.95 2.10 80% 
Compressor average nighttime duty cycle 49%   45% 92% 
Off-hours per night 7.83   6.42 82% 
Savings 48,961   43,779 89% 

Common Reasons for Vendor Case Night Shutoff Control Savings Discrepancies 
1. The off-hours noted by NRM were different than those found in the field at many sites. 
2. At two sites, one of the controlled cases was not controlled.  At another site, one of the 

controlled cases is unplugged in the winter. 
3. Runtime of the compressors was substantially greater than expected, possibly due to a 

low charge of refrigerant. 
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5.2  Recommendations 
A number of changes are recommended to improve savings and to more realistically forecast 
savings from the studied cooler control measures.  Some changes are relatively easy to solve, 
and some will require a redesign to solve.  These changes fall into three categories:  equipment 
changes, including setpoint and other programming changes; calculation changes; and 
management changes. 

5.2.1  Economizers 

Equipment and Programming Changes 
1. Include caps to cover ducts in the non-economizer season.  This used to be NRM’s 

practice.  It is vital to reintroduce this practice. 
2. Change the economizer control setpoint from 4°F below cooler temperature to 5°F or 6°F 

below. 
3. Size the economizers more accurately for the site.  Proper sizing needs to account for 

compressor runtime, compressor size, and cooler size. 
4. If possible, calibrate temperature sensors on site. 

Calculation Changes 
1. Formally estimate compressor economizer season duty cycle using an algorithm that 

considers cooler volume and compressor nameplate values. 
2. Acknowledge some compressor operation at OATs below economizer setpoint while the 

economizer is operating.  A realistic assumption would be about 3% compressor duty 
cycle during economizer operation, if the economizer setpoint differential remains at 4°F 
below cooler temperature.  If the economizer setpoint differential is 5°F, assume 
compressor duty cycle to be 2% during economizer operation, and 1% compressor duty 
cycle if the differential is 6°F. 

3. Use weather data from a variety of NOAA weather stations to choose more appropriate 
hours that OAT is at or below economizer setpoint temperature.  A lookup table or graph 
should be developed so that data from a more representative NOAA station can be used.  
This table or graph should also have economizer setpoint as one of the independent 
variables. 

4. Use a more appropriate value of compressor/condenser performance to calculate the 
savings due to reduced evaporator fan duty cycle.  The value of 2.25 kW/ton should be 
replaced with 1.50 kW/ton or another value that may be site-dependent. 

5.2.2  Evaporator Fans 

Equipment and Programming Changes 
Do not install controls where the evaporators are in poor condition or show signs of icing 
problems. 
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Calculation Changes 
1. Formally estimate evaporator runtime using the compressor runtime algorithm noted 

above.  Empirically, it was found that the evaporator fans run about 16% more than their 
associated compressor operates. 

2. Use more realistic assumptions for evaporator runtime at OATs below economizer 
setpoint.  A minimum duty cycle is one minute out of eight, or about 12%. 

3. Use nameplate-derived demand in calculations. 

5.2.3  DDC 

Calculation Changes 
Use updated information for the compressor and evaporator generated by the changes noted 
above. 

5.2.4  Cooler and Freezer Door Heaters 
SESI finds that the freezer door heater calculations and their assumptions seem to be appropriate. 
The door heater calculations resulted in savings values that were too high. 

Calculation Changes 
For the cooler door heater calculations, average controlled duty cycle should be increased by 
15% to reduce savings and bring them in line with evaluated savings. 

5.2.5  Vendor Case Night Shutoff 
SESI finds that the vendor case night shutoff controls, calculations, and their assumptions seem 
to be appropriate. 

5.2.6  Management Changes 

NRM 
There were a few instances where items billed to NSTAR had not been installed.  NRM 
management should review their installers’ work better.  Chances are that most instances were 
caused by installers’ “sloppy” tracking of items they install. 
 
It is recommended that installers have a formal check/fill-in sheet to be filled in by the installer 
at every job.  The locations of all controls, especially relays, are to be clearly noted on this sheet.  
For example: “4 door Coke case relay underneath case,” or “door heater relay behind kickboard 
under third door from left.”  This would help to ensure that all intended relays are installed, 
would help in troubleshooting, and would allow NRM management and NSTAR staff to easily 
perform quality control checks or audits. 
 
It would also be very appropriate for NRM installers to attach ID tags to hard-wired relays to 
help store staff, store-hired electricians, and others to identify exactly what is being controlled by 
the specific relay.  For example, a vendor case hard-wired relay could have a tag attached to its 
wire saying “4 door Pepsi—front of store.” 
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More attention to understanding site operation in the initial sales call would be warranted.  This 
would prevent control systems from being installed where manual controls are already being 
very successfully employed. 

NSTAR 
NSTAR staff responsible for reviewing installation should be trained in how to check the proper 
installation of all NRM devices.  An appropriate check list would be helpful. 
 



 

 

Appendix A 
 

Site Reports 
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