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�DISCLAIMER



�









The results contained herein are based on a set of specific test conditions and procedures.  A change in any one or more of the conditions or procedures might affect the results.  Therefore, these results are not intended to be representative of the general performance of the product that was tested.  The results are merely the performance of the product under the conditions and procedures stated herein.



� EXECUTIVE SUMMARY



�



There are currently a plethora of motor controllers on the market.  Some of these devices are touted to provide energy savings up to 25% when attached to residential refrigerators, freezers, washers, etc.  Three such small motor controller products were evaluated to determine their impact on the energy use and performance of several refrigerators.  A fourth device which was somewhat larger was tested on a 10 horsepower 3 phase motor using a dynamometer.



The three small devices that were tested are being marketed under the names: Energy Buster, Green Plug and Savawatt.  All of these devices are advertised as energy savers when used in conjunction with refrigerators, freezers, washing machines, power tools, and other motor loads.  The circuit employed in all of the devices uses triac semiconductors to reduce the RMS voltage supplied to the motor. 



The larger device is being marketed by Econelectric.  Their product line is targeted at commercial and industrial applications involving three phase motors with a rating of at least 15 horsepower (although they deemed testing on a 10 hp motor to be acceptable).



Motor controllers have been shown to be effective at reducing energy consumption of electric motors in dynamometer tests on very lightly loaded motors�,�.  It was not known whether they would be effective when used in actual applications since motor loadings were thought to vary from one manufacturer and model of equipment to another.  It was expected that older appliances would in general have motors that were more oversized and less efficient than newer appliances.  This suggests that greater energy savings would be obtained in applications with older equipment than those with newer equipment.



The three small units were tested on three refrigerators located on the 15th floor of SCS Building 64A.  These refrigerators are used to store employees' lunches between 8 am and noon on normal workdays.  The refrigerators were selected because they represent different ages of refrigerators and because it was believed that their use was fairly consistent from one week to the next with the exception of Company holidays.



As a part of the test procedure, baseline energy consumption of all three refrigerators was recorded.  During the course of the tests, the motor controllers were individually installed on each of the three refrigerators and the energy consumption of each refrigerator was again recorded.  



The results of the tests were mixed.  The Energy Buster caused an increase of 4.1% in the energy consumption of one of the refrigerators on which it was tested and a decrease of 4.8% on the other refrigerator on which it was tested.  The device was never tested on the third refrigerator due to the unimpressive results on the first two refrigerators.  The results for the Green Plug ranged from a decrease of 9.7% to an increase of 1.2% in the energy consumption of the refrigerators.  The results for the Savawatt ranged from a decrease of 6.6% to a decrease of 12.3% in the energy consumption of two refrigerators on which it was tested.  It had to be removed from the third refrigerator after only five days of testing due to operational problems with the refrigerator.  These problems occurred as a result of the installation of the Savawatt without adjustment of the setup potentiometer.  The greatest reduction in energy consumption of all of the tests conducted was 0.4 kWh/day.  At $0.07 per kWh, the 0.4 kWh/day decrease in energy consumption translates into an estimated annual savings of $10.22.  Since these devices typically retail for $25 to $65, the simple payback for this case would be about 2.5 to 6.5 years.  However, it should be noted that the test which generated the 0.4 kWh/day reduction overstates the savings from the motor controller since that particular motor controller’s installation instructions require that the freezer compartment temperature adjustment be changed to the warmest setting.  When the effects of changing the freezer compartment temperature adjustment are subtracted from the 0.4 kWh/day, the savings for that device dwindle to 0.12 kWh/day.  



The next greatest reduction in energy consumption was 0.2 kWh/day.  With the assumptions made in the previous paragraph, the payback would be about 5 to 13 years for this case.  Even this reduction was overstated since the 0.2 kWh/day reduction was from a prototype that had a potentiometer which had to be field optimized for each individual appliance.  A less than optimal factory setting (as might be used for a production model) would likely have resulted in lesser savings.



With regard to the larger Econelectric motor controller, it was found to improve the efficiency of the motor with which it was tested at all load levels except full load.  At the full load condition, the Econelectric product imposed no energy penalty, i.e. the full load motor efficiency was 90.9% regardless of whether or not the Econelectric motor controller was installed.  As with previous motor controllers that have been tested by the Georgia Power Company Research Center, the lower the loading on the motor, the greater the benefits of the product.  



Prior to installation of any motor controller that is even loosely based on the NASA Nola patent, if possible the application should be investigated to ensure that the subject motor is not heavily loaded; else a poor payback might be experienced on the motor controller product.





�INTRODUCTION



�



There are currently a plethora of motor controllers on the market.  There are product lines designed for residential refrigerators, freezers, washers, etc and product lines designed for larger commercial and industrial applications.  Some of these devices are touted to provide energy savings up to 25%.  



Three small motor controller products were evaluated to determine their impact on the energy use and performance of several refrigerators.  A fourth device which was somewhat larger was tested on a 10 hp motor with a dynamometer.  The three small devices that were tested are being marketed under the names: Energy Buster, Green Plug and Savawatt.  All of these devices are advertised as energy savers when used in conjunction with refrigerators, freezers, washing machines, power tools, and other motor loads.  The circuit employed in all of the devices uses triac semiconductors to reduce the RMS voltage supplied to the motor.   Some selected manufacturer’s literature for the Energy Buster, Green Plug and Savawatt is given in Appendices A, B, and C, respectively.



The larger device is being marketed by Econelectric.  Their product line is targeted at commercial and industrial applications involving three phase motors with a rating of at least 15 horsepower.



All of the products are loosely based on a NASA invention by F. Nola that appeared in the late 70's.  The concept is to reduce the stator voltage at low motor load levels.  All of the products use power electronic devices and reduce the voltage by gating (omitting) a portion of the voltage waveform.  Each product has its own unique method to sense how heavily loaded the motor is and how much to reduce the voltage.



Motor controllers have been shown to be effective at reducing energy consumption of electric motors in dynamometer tests on very lightly loaded motors�,�.  It was not known whether they would be effective when used in actual applications since motor loadings were thought to vary from one manufacturer and model of appliance to another ( a "rule of thumb" is that motors are typically only loaded to about 65 to 70% of their horsepower rating).  It was expected that older appliances would in general have motors that were more oversized than newer appliances since the newer appliances were designed with a greater emphasis on energy efficiency.  This suggests that greater energy savings would be obtained in applications with older motors than those with newer motors.



The three small products range in size from a little larger than a bar of bath soap to slightly larger than a VHS videotape.  All three have a standard NEMA 5-15P plug and a standard NEMA 5-15 receptacle.  The devices can therefore be installed by simply plugging the refrigerator or other appliance cord into the motor controller and plugging the motor controller into a wall outlet.  Of course, the Econelectric device must be “hard-wired” to the motor’s terminals.



�METHODOLOGY



�



SMALL MOTOR CONTROLLERS



Although several of the small motor controller manufacturers have “suggested” test procedures for evaluation of their products, an alternative test procedure was selected for this study (some of the manufacturer’s suggested evaluation methods are given in the appendices to this report).  The alternative test procedure was selected because it was thought to be more cost effective and almost as accurate as the suggested . 



For the test procedure selected, three refrigerators on the 15th floor of the SCS building 64A in Atlanta were used in the testing of the small motor controllers.  These refrigerators were selected because their ages are varied and they are thought to be used very consistently from week to week (except for Company holidays).  The first refrigerator, hereinafter referred to as the "old refrigerator", is a GM Frigidaire and is estimated to have been manufactured in about 1945 (no nameplate information could be found).  It has a very small freezer compartment (which is designed to be manually defrosted).  The second refrigerator, hereinafter referred to as the "break room refrigerator", is a Frigidaire FD123TN 29A 66738 and is estimated to be about 30 years old.  This refrigerator has a moderately sized freezer compartment that is designed to be manually defrosted.  The third refrigerator, hereinafter referred to as the "costing analysis refrigerator", is a Sears Coldspot 106.W14D (serial number 4B118883). This refrigerator has a moderately sized frost free freezer, a capacity of 14 cubic feet and is estimated to be about 25 years old.  The costing analysis refrigerator is the only one which utilizes an evaporator fan to circulate air between the freezer and the refrigerator compartment.  



An "A-base" 15 amp induction disk watt-hour meter was installed on each of the three refrigerators for measurement of energy consumption.  In addition to the induction disk watt-hour meter, a Synergistics data logger was installed on the costing analysis refrigerator.  The Synergistics logger was used to record the temperature in the refrigerator and freezer compartments of the refrigerator along with parallel recording of the refrigerator's energy usage.



Baseline energy usage of the three refrigerators was recorded on a weekly basis.  Subsequently, the motor controllers were installed one at a time on each successive refrigerator.  The energy usage of the three refrigerators continued to be recorded on a weekly basis during the period when motor controllers were installed.  After removal of the motor controllers, the energy usage of the refrigerators continued to be monitored for at least several weeks.  This was to verify that none of the conditions that might affect the refrigerators' energy consumption had changed during the test and to add additional data to the baseline energy usage.  It should be noted that neither of the refrigerators with the manual defrost freezers were defrosted during the test or control periods.



Since the Green Plug’s instructions require that the freezer compartment’s temperature setting be adjusted to the warmest setting when the product is installed, an extension to the above methodology was used for the Green Plug.  The costing analysis refrigerator was the only refrigerator that had separate refrigerator compartment and freezer compartment temperature controls.  So, for this refrigerator, the Green Plug test period energy usage was compared against the baseline (control) period energy usage with the freezer setting unadjusted as well as against a second baseline period energy usage in which the freezer temperature adjustment was set to the warmest setting.  Freezer and refrigerator compartment temperatures were measured during both of the control periods as well as during the Green Plug test period.  By extending the methodology in this manner, the energy saving impact of merely changing the freezer compartment temperature settings can be separated from the energy saving impact of the Green Plug.



LARGE MOTOR CONTROLLER



The Econelectric motor controller was tested on a dynamometer at the Georgia Power Company Research Center by Robert Nelson.  A new 10 horsepower motor was attached to the dynamometer.  The load on the motor’s shaft was varied from 1 to 10 horsepower in increments of 1 horsepower.  The motor’s speed, torque, voltages, currents, real input power (kW) and apparent input power (kVA) were recorded in addition to other measured and calculated parameters.  Afterwards, the Econelectric motor controller was connected in series with the motor’s input terminals and the above test procedure was repeated.



The Econelectric motor controller was tested using the following equipment from the Georgia Power Company Research Center:



BMI Model 30/60 Power Analyzer

A&W Dynamometer

Power Control Center

Miscellaneous

�OBSERVATIONS



�



The specific results of the motor controller testing are given below.



SMALL MOTOR CONTROLLERS



As expected, during the control and test periods, there were slight deviations in the weekly energy consumption of the refrigerators.  By measuring the control period and the test period energy consumption over a period of at least several weeks and then averaging the results, an objective comparison can be made for each of the motor controllers.  It should be noted that the maximum deviation of the weekly energy use for the control periods (as a percent of the average usage) was 6.5%, 10.1% and 4.4% for the old refrigerator, the break room refrigerator and the costing analysis refrigerator, respectively.  This indicates that the weekly energy consumption was fairly consistent and that the results given below are not the result of “random” variations in the refrigerators’ weekly energy consumption



ENERGY BUSTER



The results of the tests on the Energy Buster are given below in Table 1.  The Energy Buster was tested on the old refrigerator and the break room refrigerator.



�Old Refrigerator��Break Room Refrigerator��Costing Analysis Refrigerator��BASE CASE (CONTROL)�1.25�2.08�N/A��ENERGY BUSTER�1.19�2.17�N/A��SAVINGS�0.06�(0.09)�N/A��

Table 1.  Average daily kWh usage for the control and the Energy Buster test periods 





Because the results given in Table 1 were not overwhelmingly positive, testing was discontinued before the product was installed on the costing analysis refrigerator.�

GREEN PLUG



The results of the Green Plug testing are given below in Table 2.



�Old Refrigerator5�Break Room Refrigerator6�Costing Analysis Refrigerator��Costing Analysis Refrigerator���BASE CASE (CONTROL)�1.07�2.08�4.11�3.83��GREEN PLUG�1.00�2.11�3.71�3.71��SAVINGS�0.07�(0.03)�0.40�0.12��

Table 2.  Average daily kWh usage for the control and the Green Plug test periods



As can be seen from the data in table 2, the results for the Green Plug were mixed.  It reduced the energy consumption of two refrigerators while slightly increasing the energy consumption of one refrigerator.  Testing conducted on the Green Plug by “Consumer Reports” magazine and published in their November, 1993 edition resulted in similar outcomes; they found reductions in energy usage on some refrigerators and increases in energy usage on other refrigerators.  It should also be noted that on the costing analysis refrigerator, it appears that most of the 0.40 kWh/day savings was a result of changing the freezer compartment temperature adjustment to the warmest setting (as the Green Plug installation instructions suggest).  When the Green Plug energy consumption (with the freezer compartment temperature adjustment set to the warmest setting) is compared to the baseline energy consumption (with the freezer compartment temperature adjustment set to the warmest setting), the Green Plug’s savings were only 0.12 kWh/day.  The refrigerator and freezer compartment temperatures during these periods is given below in table 3.



�Freezer setting 4,

 refrigerator setting 6�Freezer setting 1 (warmest), refrigerator setting 6��Base case�6.2( F�10.5( F��Green Plug�N/A�9.4( F��

Table 3.  Average freezer compartment temperatures of costing analysis refrigerator





The Green Plug literature indicates that the freezer compartment temperature adjustment should be set to the warmest setting when the Green Plug is installed since the freezer temperatures will likely be too cold otherwise.  However, as can be seen from the data in table 3, the presence of the Green Plug only dropped the freezer compartment temperature by 1.1( F as compared to the base case (with the freezer compartment temperature adjustment on the warmest setting).





SAVAWATT



The results of the Savawatt testing are given below in table 4.



�Old Refrigerator5�Break Room Refrigerator6�Costing Analysis Refrigerator��BASE CASE (CONTROL)�1.14�2.08�N/A��SAVAWATT�0.94�1.94�N/A��SAVINGS�0.20�0.14�N/A��

Table 4. Average daily kWh usage for the control and the Savawatt test periods



As can be seen from the data in Table 4, the Savawatt performed well on the old refrigerator and the costing analysis refrigerator. Since the prototype Savawatt device that was tested had a manual potentiometer adjustment which had to be readjusted for each installation (to minimize current), a different approach was used when the device was tested on the costing analysis refrigerator.  This manual potentiometer adjustment was thought to be impractical for production Savawatt units and it was believed that this might overstate the energy saving benefits that would be realized from a production unit.  So, the potentiometer setting was not changed when the device was removed from the break room refrigerator and installed on the costing analysis refrigerator.  This would better test the device under a non-optimal potentiometer setting as might be used in a production model.



When the device was installed on February 9, 1994, the refrigerator started and functioned properly.  On February 14, 1994, the room in which the costing analysis refrigerator was located was extensively cleaned and rearranged.  The refrigerator had to be unplugged and moved during this process.  When the refrigerator was plugged back into an electrical outlet, no problems were noticed.  However, before the end of the day, it was noticed that the refrigerator’s contents were not as cold as usual and that the ice in the freezer was melting.  When the problem was investigated, it was found that the compressor was not operating properly.  The compressor was trying to start but the compressor’s internal thermal limit switch was repeatedly shutting off power to the compressor.  Because the “owners” of the refrigerator expressed concern over potential damage to the refrigerator, it was decided to discontinue testing of the Savawatt on that refrigerator after only five days of testing.



The detailed data from the tests on the small motor controllers can be found in 

Appendix D.

�ECONELECTRIC



The results of the Econelectric dynamometer testing are given below in Figures 1 and 2.



�



The curves in Figure 1 indicate that the Econelectric motor controller increased the efficiency of the 10 hp motor at every loading level tested except at the full load condition.  Under full load conditions, the efficiency of the motor was 90.9% regardless of whether or not the Econelectric motor controller was supplying power to the motor.  As has been the case with other motor controllers previously tested�,� and as can be seen from Figure 2, the more lightly loaded the motor was, the greater the savings from the application of the Econelectric motor controller.  Conversely, for heavily loaded motors, the savings will not be as great.  As a general rule of thumb, it is assumed that a typical loading value for a motor is in the range of 60 to 75% of its nameplate output power.  Interestingly, Figure two indicates that the efficiency improvement corresponding to the 60 to 75% loading range is 2% to approximately 5.5%; a fairly wide efficiency swing for such a small change in loading.  The details of the dynamometer testing is given in Appendix E.



�

�CONCLUSIONS



�



As might be expected for the small motor controllers, the results of the tests were mixed. These mixed results are most likely due to varied motor loading levels from one appliance manufacturer and model to another.  



The Energy Buster caused a 4.1% increase in the energy consumption of one of the refrigerators on which it was tested and a 4.8% decrease in the energy consumption of the other refrigerator on which it was tested. 



The results for the Green Plug ranged from a decrease of 9.7% to an increase of 1.2% in the energy consumption of the refrigerators.  At $0.07 per kWh, the 9.7% decrease in energy consumption translates into an annual savings of $10.22.  On the test refrigerator with the evaporator fan (for which the Green Plug recorded the 9.7% savings), it was found that much of the apparent savings was due to adjustment of the freezer compartment temperature setting and only a fraction of the savings were due to the installation of the Green Plug.



The results for the Savawatt ranged from a decrease of 6.6% to a decrease of 12.3% in the energy consumption of the first two refrigerators on which it was tested (note that the Savawatt had to be removed from the third refrigerator after only five days of testing due to improper installation/operational problems discussed earlier).  At $0.07 per kWh, the 12.3% decrease in energy consumption translates into an annual savings of $3.32.  It should be noted that this device was a prototype that had a potentiometer which had to be field optimized for each individual appliance.  A less than optimal factory setting (as might be used for a production model) would likely have resulted in lesser savings.



With regard to the larger Econelectric motor controller, it was found to improve the efficiency of the motor with which it was tested at all load levels except full load.  The maximum improvement in motor efficiency was found to occur at 20% motor loading where the efficiency increased from 67% to 76.7%.  At the full load condition, the Econelectric product caused no loss of efficiency, i.e. the full load motor efficiency was 90.9% regardless of whether or not the Econelectric motor controller was installed.  It should be noted that most motor controllers cause a loss of efficiency at the full load condition.  As with previous motor controllers that have been tested by the Georgia Power Company Research Center, the lower the loading on the motor, the greater the benefits of the product.  Prior to installation of any motor controller that is even loosely based on the NASA Nola patent, if possible the application should be investigated to ensure that the subject motor is not heavily loaded; else a poor payback might be experienced on the motor controller product.

� "Final Report for the Energy Saving Motor Controller Test", Fortson, Hoke, Nelson, Robert, Georgia Power Company, Research Center, Project Number 90-188, June 10, 1991.

� "ITS Power Manager Test", Nelson, Robert, Georgia Power Company, Research Center, Project Number 91-159, July 24, 1991.

� Fortson

� Nelson

� Temperature setting 4

� Temperature setting 5

� Freezer temperature setting was 4 during the control period and 1 (warmest freezer setting) during the Green Plug test period

� Freezer temperature setting was 1 (warmest setting) during both the control period and during the Green Plug test period



� Fortson

� Nelson
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