ALESP E1 - Replace Oversized Motors	 



�	Electrical motors operate at peak efficiency on at (or near) their rated horsepower.  Efficiency decreases as load decreases.  Thus, there are needless inefficiencies (i.e., wasted energy) whenever there is not a reasonably close match between load requirement and motor size.  Because original load estimates for a building’s mechanical equipment are usually conservative, most motors for these systems (e.g., HVAC air handlers) are oversize, motor-load mismatches resulting in inefficiency.  This inefficiency may be great enough that immediate replacement (with properly sized, high-efficiency motors) is economically justifiable.  Even if this is not the case, downsizing (to match load) should always be considered whenever a motor must be repaired/replaced due to motor failure.



FEASIBILITY REQUIREMENTS



�



	Replacement economic feasibility depends upon the extent to which the existing motor is oversized, characteristics of the motor itself (i.e., efficiency at the load for which presently employed), the cost of a properly sized replacement motor, the replacement motor’s efficiency, the cost of electricity, and the operating hours per year./  As a rule of thumb, if a continuously operating motor’s load is less than 60 percent of its rated horsepower, it is a good candidate for replacement.







BENEFITS/DETRIMENTS



	Properly sized motors will save electricity since motors operate most efficiently at their rated horsepower.  Possibly offsetting energy savings is increased maintenance (motor repair and/or replacement) resulting from little or no margin between motor load and motor rating (which requires the replacement motor to “work harder” than the oversized one it replaces).



SURVEY DATA NEEDS



Record of motor-driven equipment



Motor nameplate horsepower (hp) (i.e., rated horsepower)



Number of hours of operation per year for each motor



Power drawn (as measured with a watt meter), or line, voltage, current, and power factor.  (If watt meters or power factor meters are not available, power factor will have to be estimated, although this is not nearly as accurate).



PROCEDURE



	To use this procedure, either power must be directly measured (preferred), or voltage and current must be measured.



1.	Determine power requirement for existing load (WML) (including motor losses).  If direct reading watt meter is not available, calculate power requirement as follows:



a.	For singe-phase motor:



	WML (in watts) = Line Voltage x Line Current x Power Factor*

b.  For a three-phase motor:



	WML (in watts) = Line Voltage x Line Current x 1.732 x Power Factor*



where:



	Line Current = Current in any one of the three legs



* If power factor must be estimated, use 0.8



2.	Determine ratio of load requirement to existing motor rating as follows:



Ratio = [WML / (746 x 0.75)]/Rate hp



where:



WML = metered load in watts (measured in step 1)



WML / (746 x 0.75) = load requirement in hp



(This assumes existing motor is operating at 75% efficiency.)  If ratio is in the region of 0.6 or less, then motor is sufficiently overrated as to justify replacement.



3.	Determine power requirement difference:



	(P = (1 / EFFE) - (1 / EFFR) x WML



where:



	EFFE = Efficiency at which Existing Motor is Operating

	EFFR = Efficiency of Properly Sized Replacement Motor



	If EFFR and EFFE are not readily available (from manufacturer’s data, etc.), use as a conservative estimate:



	(P = 10% WML



4.	Electrical savings (kWh/yr) = (P x (Operating hr/yr) x (1 kW / 1,000 Watts)



GENERAL INFORMATION



Sizes available: Various

Startup cost:  (Typically, including labor):

	1/2 hp = $190	10 hp = $650

	1 hp = $235		15 hp = $750

	5 hp = $410		20 hp = $1,000

Replacement cost:  Same as startup cost

Equipment life:  15 years

Skill level of personnel required:  Electrician



Level of development:



Basic research underway���Prototype being tested���Operational test and evaluation underway���Approved for service���Available on market�(��

NATIONAL ENERGY SAVINGS (NES) (in Btu/yr)



� EMBED Equation  ���



ECONOMIC ANALYSIS EQUATION



� EMBED Equation  ���



SAMPLE CALCULATION



Assumptions���Startup cost�$235��Measured Power (WML) to motor�535 Watts��Motor is operated continuously���Motor manufacturer’s performance curves not available�0.086��Motor nameplate Data�1 hp

120 V

8.2 A full load

single phase

PF: 0.95��Change in O&M�$15 per year��Fuels saved�Electricity��Energy cost�$0.08/kWh��Escalation rate�7%��Annual discount rate ®�10%��

Calculation follow from the procedure section:



Power input measured with watt meter:  535 Watts (WML)



Ratio = (535 / 746) x (0.75) / 1 = 0.54



Since this ratio is (0.6, motor should be replaced.



P = 10% x 535 = 53.5 Watts



ELECTRICAL SAVINGS (kWh/yr) =



53.5 Watts x 8,760 hr/yr x 1 kW / 1,000 watts = 

469 kWh / yr



NES (MBtu/yr)=



0 ( 469 kWh / yr x 11,600 Btu / kWh x 

MBtu / 106 Btu = 5.44 MBtu / yr



ELECTRICITY COST SAVINGS ($/YR) =



469 kWh / yr x $0.08 / kWh = $37.52 / yr



SIR =



Need more information?



Contact



Your Engineering Field Division, or



Energy & Utilities Department

Code 22

Naval Facilities Engineering Service Center

Port Hueneme, California 93043-4328



Telephone  805-982-3486

Autovon  551-3486

FAX  805-982-5388



� EMBED Equation  ���



�
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