�SC A1 Cigrè A1-06 “Large motors and drives”





Final Report On Questionnaire On High-Efficiency Motors 





Convenor: 	Enzo Tortello			Italy





Responders:	John Linton			Australia


			Vladimir Kahle		Canada


			Sun Yutian			China


			Jiri Pavelka			Czech Republic


			Reijo Manninen		Finland


			Maxime Dessoude		France


			Mario Sica			Italy


			Chew Yee Chuan		Malaysia


			Hong-Woo Rhew		Korea


			Mohamed Ahmed		RSA


			Herbert  Prenner		Switzerland


			Keith Johnson		UK


			Jim Oliver			USA


				 








The present questionnaire was launched, more than four years ago, during the meeting in Paris on September, 1998. The questionnaire was then revised, after the 29th of August 2000 meeting in Paris, according to A1-06 Experts’ indications. The final report was consolidated in February, 2003. Answers were obtained from 13 countries: Australia, Canada, China, Czech Republic, Finland, France, Italy, Malaysia, Korea, RSA, Switzerland, UK, and USA.


It is worthwhile mentioning that Canada did not give any specific answers declaring that its position was equivalent to the one of USA. 


Foreword


In the USA, the Energy Policy Act (EPACT) of 1992 mandates the use of high-efficiency motors in USA effective October 1997. The mandate is limited to open drip proof and TEFC frames, and only to general purpose squirrel cage induction motors rated from 1 to 200 hp, and limited to 2, 4 and 6 pole speed, and to 230/460 volt ratings. In the USA, these motors are now referred to act as EPACT motors.


While there is this effort on low voltage motors up to 200 hp in the USA, there is no comparable effort on medium voltage motors. This USA activity raises the issue of what is the international opinion regarding requirements for high efficiency medium voltage motors.


By an agreement in 1998 between the European Community and CEMEP (Committee of Manufacturers of Electrical Machines and Power Electronics) the principal European manufacturers of low voltage motors committed themselves to designate their motors in the power range up to 90 kW according to a classification scheme (low efficiency: eff3; medium efficiency: eff2; high efficiency: eff1) and promote higher efficiency motors eff1 and eff2.


Questionnaire


These questions are mainly addressed, but not limited, to motor marketing companies. Please qualify the type of company you belong to, before answering the questionnaire:


Electric motor marketing company;


Power utility;


Industry using motors;


Other (please detail).





Answers arrived from different types of companies: Power Utilities (Australia, Canada, Finland, France, Korea, Malaysia, UK, and RSA), Industries using motors (still Finland and Korea) Manufacturers (Italy and Switzerland), an Electric motor marketing company (China), a Consultant  (USA) and a University (Czech Republic).





Q.1	Are there any requests for special high-efficiency large motors in your country? Please specify the range/size of motors you refer to (rated kW, pole-number and, possibly, other parameters/features like voltage and cooling systems). Answers are required also for motors below traditional A1-06 power and voltage limits (i.e. lower than 800 kW and 1 kV).





A.1  The more common answer is that there is no special request for high-efficiency large motors. Italy and Switzerland (Manufacturers) say that some requests for high-efficiency motors take place for export, while USA underlines that when engineering firms purchase large motors, as a rule, they purchase them with the driven equipment: in that case the driven equipment supplier has the responsibility for the motor and efficiency is not usually a controlling factor, but low price and reliability are considered more important. Different is the position of RSA, where MV motors are very often requested in high-efficiency version (but some attempts to quantify the lifetime cost of ownership are present too), and the position of Finland where high-efficiency motors are selected in case of large power plants and power intensive industries.





    In Czech Republic, high efficiency is considered a basic feature for both high speed and voltage large motors and LV motors for variable speed applications.





	As far as 2 and 4-pole squirrel cage motors are concerned, Switzerland has supplied a table reporting size vs. expected efficiency increase.





	The efficiency column gives the improved value and the following column the difference between normal and improved efficiency. Efficiency determination is based on IEC 60034-2, summation of losses method, additional losses 0.5% of input power.	
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Q.2	If the answer to Q. 1 is yes: according to your experience, what are the preferred fields of application for large high-efficiency motors?


    Please stress differences for different size motors.


	


A.2  Switzerland gives a comprehensive answer to this question: utilities, chemical, oil and gas industries are reported as the major fields of application. Cement plants (BMI) and motors sold via OEM are not considered of interest for high-efficiency motors.





	Many other answers are more or less lined up.





	Finland indicates as an important field of application also pulp and paper industries and large power-plants operating at base-load.


 


Q.3  Is the high-efficiency option limited to only one or to any family of motors? We mean squirrel-cage induction motors, wound-rotor  induction motors, synchronous motors, d.c. motors.


	


 A.3  There are indications for induction motors, but mainly in the field of low-power motors, usually not within Cigré A1-06 scope: i.e. great emphasis is given to squirrel cage induction motors, 200 hp and smaller, 2-, 4-, and 6-pole, because they comprise the major fraction of all motors in industrial use. Also in case of Switzerland the option is for squirrel cage induction motors, but in that case it is extended to large motors (see Tab. 1).





	Finally, also synchronous motors have a mention by Czech Republic and Finland Responders; the later one indicates large synchronous motors for pulp industry as an important example. 





Q.4 	In some cases the variable-speed motor is considered preferable to the fixed speed-motor, as far as the efficiency is concerned. Please specify in which circumstances that is true and when it is not.





 A.4 As known, variable-speed motors are generally preferred when motors are not operated at constant speed and /or load: i.e. Forced Draft Fans, Induced Draft Fans, Gas Re-circulation Fans, and Pumps. Main advantages are represented by higher efficiency (25% average energy saving with ASDs and over 50% in cases of water pumps rated 50 kW are the figures reported by the French responder), fine control of speed, smooth start-up, easy automation, reduced maintenance. Finland includes district heating within the field of applications.





In France, ASD is the preferred solution to promote motor energy-savings in industry and a program supported by ADEME ( the National Energy and Environment Agency) and EDF ( the French Electricity Board) helps industrial users in studying energy savings applications of ASDs.





Q.5 	Is there a clear method available for determining the value of the energy savings from motor efficiency when evaluating competitive tenders? According to your experience is 2000 $/kW a sound figure for energy saving evaluation ? Please supply different values.


	


A.5 It is common opinion that no plain method for determining the value of energy saving is in use today. We received very mixed answers from different countries. Some points stressed by the answers are:- reliability and durability are considered more important than energy saving by itself for motors; - an evaluation method is provided in water industry (UK); some tenders detail lifetime cost evolution with specified energy rates and percentage maintenance costs (UK);- energy saving should be evaluated over one year or over all motor life-time ( Korea). 





Generally speaking, as indicated by USA, evaluation of energy savings from motor efficiency is possible. The motor efficiency vs. horsepower curve and the horsepower vs. time one, for the time period to be evaluated, are needed. From these curves, two or more motors to be compared can be evaluated over the specified period. One will have a lower kilowatt-hour usage than the others. The kilowatt-hours need to be evaluated by time of day for the usage, since the value of a kWh is different at different times of the day. In general, it should be remembered that the cost of the power used is much higher than the cost of the motor, so energy savings can be significant relative to the cost of the motor. The savings should be evaluated over the lifetime of the project. The aggregate value of 2000 $/kW is considered correct by Czech Republic while for Switzerland a figure between 1000 and 2000 $/kW is considered more appropriate.





	According to Australia, for a black coal fired power station, savings in auxiliary energy are approximately valued at AU$15/MWhr - that is 1 kW reduction is worth about AU$ 130 in a year.





	According to Finland, typically a weighted average of losses at 1/1, ¾ and ½ load is used in the evaluation and the value of such weighted average kW typically varies in the range of 1200-2800 Euros depending first of all on specified energy price.  





Q.6	Are there applicable standards used in your country for high-efficiency motors, such as international, national or end-users standards. If yes, please list these standards.





 A.6 The general answer is no.  There are no tailored standards for large motors: situation is different in some countries for small and medium-size motors (National  Standards are provided in Australia, Korea and in USA; agreements are defined between the Commission of the EC and CEMEP on motors up to 90 kW, as reported in foreword). Generally speaking other Countries refer to IEC. For information it was reported that IEC TC2 also has a WG working on losses and efficiency determination (IEC 61972). In the power range up to 150 kW IEC 61972 is technically equivalent to IEEE 112 (USA) and CSA C390 (Canada), which are referred to as proven standards that measure stray load losses or additional losses. A CDV of IEC 61972 is now approved by the National Committees. The same IEC Working Group of TC2 is now revising the existing IEC 60034-2 for all types and sizes of machines.


	The above quoted Australian/New Zealand Standard are the AS/NZS 1359.5:2000 “Rotating electrical machines – General requirements Part.5: Three-phase cage induction motors – High efficiency and minimum energy performance standards requirements”. These standards do not apply to  large motors.





Q.7	If the answer to Q. 6 is positive, please advise if these standards are:


General and specify only the value of the efficiency to meet;


Specific, and also indicate testing procedures ( especially in order to determine the real efficiency value, including stray losses);


extremely detailed, and give indications about the ways in which high efficiency can be met;


inclusive of economic values.





    Please indicate the option closer to your national standard.





  A.7 From the answers to Q. 6, it appears that there are no standards for efficiency for large squirrel cage induction motors, or other large motors. There are standards in the USA for standard motors, 200 hp and less (range not covered by A1-06 of Cigré), and in Australia (0.73 kW – 185 kW, up to 1100 V, same comment than above) and in Korea. The EC – CEMEP agreement for low voltage motors up to 90 kW includes efficiencies determined on the basis of the addition of losses method, in accordance with EN 60034-2 + A1:1996 + A2: 1996.


   There is work underway to bring international standards together on methods for testing for efficiency.





Q.8	Do the high-efficiency motor standards of your country have a :


horsepower limit?


rpm limit?


voltage limit?





A.8   See above; not applicable for large motors.





Q.9 	Is higher efficiency generally obtained by:


new design;


oversized live parts;


improved cooling system;


reduction of friction and windage losses;


other. 





Different options can be indicated according to the motor type. 





A9.  Question 9 received very mixed answers. The RSA, the Chinese and the Korean Responders say that the good solution for the problem is a new design (i.e. live parts oversized, cooling system improved for instance by reducing fan diameter, etc.). UK answered that a new design is good but very costly and considered commercially not acceptable. A cheaper solution for high-efficiency motors seems a conventional design with new materials. Switzerland and Finland state that higher efficiencies are usually achieved by motor oversize, reduction of windage losses and use of electrical steel sheets with lower specific losses. Italy says that to use new materials (mainly rotor cage and stator laminations) within an old design or to push for a completely new design depends on the rate required in efficiency increase (with reference to standard values): i.e. acceptable efficiency increase may be obtained thank to alternative materials while significant improvements seem to ask for a new design. France remarks that for low-power motors almost all options are possible: new materials (mainly low-losses steel laminations), slight modifications of design (stray-losses reduction), cooling system improvement. Czech Republic says that higher efficiency may be obtained by a combination of all previous factors (this is also the position of Australia) even if a new motor design is the preferred solution.





Q.10 	Do you think that better efficiency may come at some cost of performance, reliability, torque or some other factors? Please specify any possible implication.





A.10 Answers were not always completely precise. Only Korea stresses that better efficiency comes at some cost of performance. Possible impact on performance, torque and other factors is signalled also by USA, China and Italy responders. France says that high-efficiency motors should not have reduced basic performance, mainly reliability and torque, to be considered of some interest in France. Switzerland and Czech Republic have the same opinion as France. Finland and Australia report about possible impact on reliability. In the case of Australia one utility advised that when they purchased some high-efficiency motors which used magnetic wedges, there were reliability problems. The wedges were eventually replaced with a non-magnetic type, with a consequent reduction in efficiency. A similar experience is reported also by RSA (in the case of South Africa it was a matter of half fibre glass and half core iron wedges).





Q.11 	What is the expected efficiency increase for high-efficiency motors compared to standard motors? Please indicate reference values for standard machines and H.E. motors better than simple differential figures.





A.11	Answers are very different: Switzerland indicates a value from 0.2 to 0.4 % (see Tab 1); Finland  a value from 0.3 to 0.4%; France reports about values of 0.5% for large motors and of several % for low-power motors; Italy sets the value within 0.2 and 0.6; UK and Korea indicate a value less than 1% (for Korea between 3 and 5 % for small motors); Czech Republic speaks about an efficiency increase in the range between 1% and 1.5% for large motors; China  prefers a value between 1 and 2%. In USA for small motors the efficiency increase is set by DOE approximately in 7%. In the case of Australia, according to AS/NZS 1395.5 (2000) standards, typical increases are 2% for 4-pole 30 kW motors, 1.3% for 4-pole 90 kW motors, and 1% for 4-pole 150 kW motors.


	The impression is that there is great dependence of the expected increased efficiency on the size of the motors. May be somebody better refers about small size motors, even if it is not completely clear.





Q.12	With reference to Q. 8, if possible, report more specifically how the efficiency varies with motor type, rated power and/or speed ( please attach efficiency tables).





A.12 Data seem not to be available. Detailed figures are only available for small motors: see, for instance, efficiency levels prescribed in the Energy Policy Act of 1992 by DOE in USA.





Q.13 Most motors do not operate at full load and motor efficiency to peak at three quarter load. Since efficiency motors is specified for full load, does this affect the decision to use high-efficiency motors?





A.13 Motors, in power plants very often operate at partial load (not in France, where motors seem to operate at full load in power plants at 2/3 rated load in industry). As far as synchronous motors are concerned, UK suggests to evaluate efficiency over 4 or 5 load points using a weighted average typical of this : WA(= (1x0.25 L( + 4x0.5 L(+5x 0.75 L( + FL()/11. 





Italy remarks that generally the peak efficiency is located between 85 and 95% of full load. This may be not true when a motor is specially designed for high-efficiency: if it is required to award the efficiency at a special load point, the average efficiency curve may change significantly, as to have the best efficiency at a precise working point gets to a high reduction of this figure at other load points. According to China high-efficiency motors have higher efficiency also at ¾ load. The position of RSA is that the practice of specifying efficiency at full load affects decision to use high-efficiency motors only in case of MV motors and not for LV motors while Finland refers to the answer to question 5. For the Czech Republic Responder the situation is similar for standard and high-efficiency motors.





Q.14 Miscellanea: please give different or additional information, not covered by the previous questions.





A.14 Generally speaking no additional data are given. 





	Nevertheless two additional items are worthwhile mentioning.





	Even if motor efficiency contains a potential source of saving, some Responders think that the motor efficiency is often only a small contributor to the efficiency industrial process. The process design engineer can usually make much bigger energy savings than the motor design engineer. It is the old problem of balancing first cost against operating cost.





	About efficiency is remarked that testing induction motors is tricky thing ( to determine stray losses is difficult and when different manufactures test the same motor they get different values of efficiency); somebody complaints of the fact that contractual efficiencies are difficult to enforce and thus often meaningless.





Conclusions





The answers received show that the problem is still open. Direct requests for high-efficiency large motors do not seem so frequent and urgent. On the other side DOE in the USA by means of EPACT, the EC by the agreement with CEMEP, Australia and  Korea by means of National Standards push for use of small and medium-size high-efficiency motors. Nevertheless also the impact of large high-efficiency motors on energy saving is judged of increasing interest. Another way to tackle the problem is to stress process design better than motor efficiency. There is no strong suggestion of new motor design but the use of new materials inside a traditional design is preferred. 


	Problems are also connected with measuring correct figures of efficiency (additional losses) and with evaluating efficiency improvement in tenders ( what are the rules/formulas and the parameters for saving evaluation?).


	As a conclusion no tailored standards for large motors are available at the moment even if IEC’s recent interest for high-efficiency motors of all types and sizes is highlighted by Responders.











Enzo Tortello                              				          February 2003





Disclaimer





This report is issued by CIGRE solely for information purposes. You accept that in providing you with a copy of this report and otherwise communicating with you concerning this report, you use the report at your own risk and CIGRE and any of CIGRE’s members, agents, employees, sub-contractors and any person who has contributed to the content of this report (together referred to as the “CIGRE Parties) shall not be liable to you or any other party for any losses or damages whatsoever arising in connection with this report, whether in contract, tort (including negligence) or otherwise. Nothing in this report shall or may be used in any court of law or other jurisdiction as evidence of the liability or other responsibility of the CIGRE Parties in regard of subject of the report. This report is not intended to constitute advice or a recommendation by the CIGRE Parties to any recipient of this report. You should take your own advice and conduct your own research in relation to the subject of this report. The CIGRE Parties give you no warranty or assurance about the content of this report , nor do any of them accept any responsibility or liability as to the accuracy or completeness of such information. All implied warranties and conditions are excluded, to the maximum extent permitted by law.





This report may not be distributed, reproduced, or used without the express consent of CIGRE.
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