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THE ROAD TO ENERGY EFFICIENCY STARTS 

WITH AN ENERGY AUDIT 

• Encompass Whole Facility 

• Find all the savings possibilities 

• Insist on ASHRAE Level 2 Energy Audit 

• American Society of Heating, Refrigeration and Air Conditioning Engineers 

• Level 2 ensures technical and financial analysis for decision making 

• Use Independent Qualified Firm 

• Look for PE, CEM or CEA certification 

• Independent: No tie to any equipment supplier or contractor 

• Utilities Offer Energy Audit Incentives 

• Some utilities pay up to 50% of the energy audit fee 



TYPICAL ENERGY AUDIT FINDINGS 

• Lighting 

• HVAC 

• Motors 

• Pumps 

• Equipment 

• Building Envelope 

• Windows 

• Insulation 

• Infiltration 

 



LARGEST ENERGY SAVINGS OPPORTUNITY IN 

PUMPING STATIONS 

• Lighting 

• HVAC 

• Motors 

• Pumps 

• Equipment 

• Building Envelope 

• Windows 

• Insulation 

• Infiltration 

Motors and 

Pumps 



WHY MOTORS AND PUMPS ? 

• Motors consume 90% of the energy in pumping stations 

• Motors are the largest opportunity for savings money 

• Running a motor costs more than 10 times its purchase price each 

year in energy costs alone 

• Over life of motor, 98%+ of cost of ownership is operating cost 



IF OWNING A CAR WAS LIKE OWNING A MOTOR 

• Purchase price = $30,000 

• Annual operating cost = $500,000 

• Operating cost over life of car = $4,000,000 

 

What would you be willing to do  

to make your car run more efficiently? 

 

How important is purchase price to you now? 



WHAT IT COSTS TO RUN A MOTOR 

• Rating = 100HP 

• Hours of Operation = 8,760 

• Cost per kWh = $0.09 

• Demand kW = $7 

• Purchase Price = $6,000 

• Load Factor = 100% 

• Motor Eff. = 92% 
 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡 =
100 𝑥 .746 𝑥 8760 𝑥 1 𝑥 .09

.92
+

100 𝑥 .746 𝑥 1 𝑥 7 𝑥 12

.92
 

 

   Annual Energy Costs = $63,929 + $6,811 = $70,740             Purchase Price = $6,000 

                                   Then must add maintenance costs & operating losses! 
 



CHANGING A STD. EFF. WITH PREMIUM EFF. 

 

 

𝑘𝑊𝑆𝑎𝑣𝑒𝑑 =
𝐻𝑃 𝑥 0.746 𝑥 𝐿𝐹

𝐸𝑓𝑓𝑠𝑡𝑑

 −
𝐻𝑃 𝑥 0.746 𝑥 𝐿𝐹

𝐸𝑓𝑓𝐸𝐸

 

 

                𝑘𝑊ℎ 𝑆𝑎𝑣𝑒𝑑 = 𝑘𝑊 𝑥 𝑂𝑝𝑒𝑟. 𝐻𝑜𝑢𝑟𝑠 

 

   $ Saved = kWh x cost/kWh + kW x cost/kW x 12 

 



CHANGING A STD. EFF. WITH PREMIUM EFF. 

• Rating = 100HP 

• Hours of Operation = 7400 

• Cost per kWh = $0.09 

• Demand kW = $7 

• Purchase Price = $4,200 

• Load Factor = 90% 

 

𝑘𝑊 =
100 𝑥 .746 𝑥 .9

.83
−

100 𝑥 .746 𝑥 .9

.94
= 9.6 𝑘𝑊 

 

𝑘𝑊ℎ = 9.6 𝑘𝑊 𝑥 7400 = 71,040 𝑘𝑊ℎ 

 

𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = 71,040 𝑥 .09 + 9.6 𝑥 7 𝑥 12 = $7,200/𝑦𝑒𝑎𝑟 

 

 



DO VFD DRIVES MAKE SENSE? 

Standard Motor NEMA Prem Eff Motor With VFD 

$221,867 $203,378 $126,184 

HP = 300  $/kWh = $0.09 

Hours = 8760 $/kW = $ 7 

Save $18,489 annually with a more efficient motor 

OR…save $95,683 annually by adding a VFD to the same more efficient motor 



INVESTING IN A 300HP MOTOR WITH VFD 

Item Amount 

Cost of Motor $15,000 

Cost of VFD $16,000 

Ship/Install cost $5,000 

Rebate ($18,000) 

Total Investment $18,000 

Annual Energy Savings $126,184 

Simple Payback 0.14 Years 

Return on Investment 700% 



VFD TECHNICAL CONSIDERATIONS 

• Requires a varying load 

• Requires inverter grade motor 

• Limit VFD-Motor distance to 50 feet or less 

• Preventive Maintenance critical for long term success 

• VFDs cause leakage current through bearings 

• 5th and 11th harmonic generate reverse torque 

• Current imbalance between phases < 10% 

• Voltage imbalance between phases < 3% 

• Watch for dV/dT exceeding CIV (corona inception voltage) 

• Thermal imaging should be compared every 3 to 6 months 



VFD CAUSED BEARING WEAR 

• Capacitive 

coupled 

leakage 

current 

• Static 

electricity 

from load 



FLUTING IN BEARING CHASE CAUSED BY 

LEAKAGE CURRENT 



WHAT BEARING WEAR LOOKS LIKE 



THERMAL IMAGING - EXTREMELY HELPFUL! 



VFD OUTPUT VOLTAGE – INSULATION FAILURE 



NEGATIVE SEQUENCING 
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5th and 11th Generate 

Reverse Torque ! 



MOTOR MANAGEMENT, PREVENTIVE 

MAINTENANCE (PM) 

• Well planned PM is key to dependable, long-life operation of motors, pumps 

and generators 

• Unscheduled stoppage and long repairs are intolerable 

• Leadership often sees value of PM but resists investment for proper tools, 

resources and training 

• PM often needs to be pitched as a business case  

• Case studies of prior breakdowns and resulting costs will help 

• Once budget approved, develop a plan for each motor category 

 

 



MOTOR MANAGEMENT PROGRAM 

• Survey motors. Gather nameplate information (HP, RPM, 
enclosure, voltage, amps, etc.)  

• Initially focus on motors that exceed minimum size and 
operating hours 

• 50 HP and above 

• 6,000 hours/year of operation minimum  

• Collect info re Standard, EPAct and NEMA Prem. Eff. 

• Constant load (not intermittent, cycle or fluctuating) 

• Older or rewound motor 



• Conduct Motor Replacement Analysis by the following 
three categories: 

1. Motors Offering Rapid Payback through Energy Savings. Motors that 
run continuously (8,000 or more hours/year.) 

2. Improved Reliability - Oversized Motors  

3. Utility Rebate Program - utility pays end-user to replace older 
inefficient motor with new NEMA Premium Motor. 

MOTOR MANAGEMENT PROGRAM 



AREAS TO COVER FOR GOOD PM PROGRAM 

• Thermal Imaging  

• Over-heating (insulation class, impact on life) 

• Overloads 

• Imbalances 

• Vibration Analysis 

• Included load on shaft (pump bearing) 

• Load Analysis 

• Tachometer and slip equations 

• Power Analysis 

• Phase imbalance 

• Overload 

• Harmonics 

• Power Factor 

• Power Quality 



NEEDED - GOOD TOOLS AND EXPERTISE! 



Create a Record for Each Motor 



Convert Collected Data into Database 



UTILITY REBATES FOR  

MOTORS AND VFD’S – FIRSTENERGY 

• Motors and VFD’s fall under their custom program and pay $0.08/kWh 

saved, caped at 50% of project cost. 



UTILITY REBATES FOR  

MOTORS AND VFD - AEP 



UTILITY REBATES FOR  

MOTORS AND VFD’S – DUKE ENERGY 



UTILITY REBATES FOR  

MOTORS AND VFD’S – DP&L 



 QUESTIONS?  

Tom Sherman 

440-773-5044 

Tom@Sustainable-Energy-Services.com 


