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Example 2 — Low Power Factor/Oversize motors 

Summary 

This example looks at energy savings from replacing motors in a retail distribution warehouse. 

CircuitMeter provided the metering and analysis that identified significant opportunities to increase 

energy efficiency by replacing each motor with a smaller unit that more closely matched the expected 

load to optimize the power factor. Efficiency improvements of up to 50% per motor results in $615 net 

savings per motor with a payback on investment of less than one year. 

Type: Energy efficiency / Sizing 

Sector:  Industry / Distribution 

Background 
A retail distribution warehouse relies on an extensive system of hundreds of motors to drive conveyor 

belts that move products around the warehouse. Motors should be sized according to the load; oversized 

motors do not operate efficiently, especially when the load is less than 50% of their rated capacity. At 50% 

load or less, the power factor and efficiency of a typical induction motor begin to degrade significantly, as 

per Figure 1. 

The CircuitMeter system was used to log the power factors of individual motors. The system identified 

oversized motors that could be replaced with smaller equivalents, resulting in significant energy savings 

from increased operation efficiency. In addition to the direct energy savings calculated here, the capital 

replacement budget would also be reduced, as motors that run at rated design load require less 

maintenance and last longer; the smaller motors are also less expensive. Each motor replacement 

represents a savings of approximately $450.1 Further savings may include lowered utility demand 

charges. 

                                                        
1 Difference between existing motor (rated at 10 hp) cost of $800, and smaller motor cost of $350.  
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Figure 1: Motor efficiency and power-factor at % load 
Adapted from: CIBSE2 

Methodology and assumptions 
A technical and financial model was developed that used emperical data collected via WebMeters for 12 

motors. The data spans several months of operation before and after replacement. Before replacement, 

each motor drew a large amount of reactive power relative to power that is transferred to load (active 

power). The consequence is a low power factor and corresponding low efficiency. As per Figure 1, power 

factor is well correlated to efficiency — meaning how much electrical energy is converted into mechanical 

(rotational) energy. 

Power factors before replacement ranged from 0.26 to 0.43 with an average of 0.35. After replacement, 

the power factor averaged to 0.85, although one motor with outlier performance was excluded as being 

not representative of typical operation. In order to translate power factor into motor efficiency, data 

points from Figure 1 curves were matched to a 3rd-degree polynomial. This relationship allows for the 

percentage of full load to be calculated for each motor before and after replacement. Motors that 

operated at 15% load originally improved to, on average, 98% load after replacement with smaller 

alternatives. This improved average efficiency from 63% to 92%. 

The economic model calculates the payback period (how long an investment in new, properly sized, 

motors takes to pay off through energy savings), a net-present value (NPV) of cash flows over the lifetime 

of the investment, and an internal rate of return (IRR) — an equivalent return calculated by devaluing 

future cash flows   at which the NPV is zero. Key assumptions are summarized in Table 1. 

                                                        
2 CIBSE Guide K, Electricity in buildings, CIBSE 2005. http://www.cibsejournal.com/cpd/modules/2012-06/ 
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Table 1: Summary of financial assumptions 

Parameter Assumption 

Depreciation 5% 

Up-time of motors 66%^ 

Project lifetime 15 years3 

Energy price $110 / MWh* 

^ Calculated from given total operating hours and otherwise 24 hours per day operation. 

* Price of electricity is given in case study dataset. 

Energy savings are calculated by taking the motor efficiency gain (63 to 92% improvement) and 

multiplying by load4, hours of operation per motor and electricity price. Motors are calculated to run at full 

load for 66% of all 8,760 hours per year given total operating time.  

Results 

Proper sizing of each motor to match load result in annual energy savings of 3,200 kWh per motor. The 

resulting project NPV is $4,268 per motor. Payback of investment occurs in less than one year. Net and 

cumulative cash flows are summarized in Figure 2 . 

Figure 2: Net and cumulative cash flow from replacing motors  

                                                        
3 OHIO Electric Motors, Average AC induction motor life expectancy (2015). 
http://www.ohioelectricmotors.com/2015/07/what-is-the-average-ac-induction-motor-life-expectancy/  
4 Load is calculated from empirically determined power factors, which are correlated to percentage of full load. Before 
replacement, motors have a 10 hp rated capacity (equivalent of 7.5 kW). Given an average of 15% load, each motor 
drives an average 1.1 kW load at 63% efficiency, while drawing 1.75 kW of power. 


