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Field Testing:
How are our pumps performing?

Reduced Efficiency

Reduced Output

Increased Power Requirement



Results of Testing Program

 Average Efficiency Loss: 9.3%
 Average Overall Efficiency Gap: 12.7%
 Average Efficiencies:
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Benchmarking:  Pump Energy Indicator, PEI

 Intuitive and directly applicable
 Based on: “how much water” and “how high it is being pumped”
 Units: kWh per Mm3 of water per m of head pumped

 Average PEIs from testing program:

2,725

3,350

3,770
3,980

2,000

2,500

3,000

3,500

4,000

4,500

Theoretical Minimum
(100% Efficient System)

Manufacturer's Best
Efficiency Point (MBEP)

Tested Best Efficiency
Point (TBEP)

Tested Typical Operating
Point (TOP)

18.8% more energy is
required to deliver
same level of service

Where we
could be

Where
we are



Common refurbishment tasks:

 Disassembly, blasting and cleaning

 Replacement of bearings, bushings, packings

 Replacement of mechanical seals

 Restore clearances

 Special coatings

Improving Efficiency:
Pump Refurbishment
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Case Study: Pump Refurbishment

Significant recovery in pump efficiency



Improving Efficiency: Pump Operating Point
Results from June 2014 Test on 100 hp (75kW) Pump

Pump Characteristic Curve
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Improvement Options: Change Impeller (or pump itself)
Variable Frequency Drive (VFD)
Different Pump Combinations (if possible)

Improving Efficiency: Pump Operating Point

Pump Characteristic Curve
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Today’s Focus:
Changing Pump Combinations

 Why?  Very affordable to change operation.
 Use Pump Energy Indicator (PEI) metric for guidance.

3,000

4,000

5,000

6,000

7,000

8,000

0 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

55
0

60
0

65
0

70
0

75
0

80
0

P
E

I (
kW

h/
M

m
3 /m

 H
2O

)

Flow Rate (L/s)

PEI(q)

Field Tests



Application:  Single Pumping Station

4 Pumps;  7 Possible Combinations4 Pumps;  7 Possible Combinations
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Next step:  Expand concept to larger system…

6 Pumps;  14 Possible Combinations6 Pumps;  14 Possible Combinations



Halton Region Zone 3

4 Pumping Stations
14 Pumps in Total
• PS1 – 15 Combinations
• PS2 – 15 Combinations
• PS3 – 15 Combinations
• PS4 – 2 Combinations
• 12 Demand Scenarios
Total simulations:
15×15 ×15 ×2 ×12 = 81,000!!!

4 Pumping Stations
14 Pumps in Total
• PS1 – 15 Combinations
• PS2 – 15 Combinations
• PS3 – 15 Combinations
• PS4 – 2 Combinations
• 12 Demand Scenarios
Total simulations:
15×15 ×15 ×2 ×12 = 81,000!!!



Pump Condition
Samples of what we are we dealing with?

Efficiency Loss:  17.5%
Overall Efficiency Gap: 19%
Efficiency Loss:  17.5%
Overall Efficiency Gap: 19%

Efficiency Loss:  1.7%
Overall Efficiency Gap: 7.9%
Efficiency Loss:  1.7%
Overall Efficiency Gap: 7.9%

Manufacturer’s Best Efficiency Point (BEP)

Typical Tested Operating Point
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After about 15 minutes of processing time
on a laptop with 8 cores…
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Pareto FrontierPareto Frontier



 Determine current energy consumption
 Process Control Narratives, Pump Duty Tables, etc.

 Identify new pump control logic
 Select those combinations which  minimize PEI

 Determine  potential reduced energy consumption
 Results:

Solution Methodology & Results

Avg Day Demand Max Day Demand

Daily Current Consumption 17,734 kWh 36,954 kWh

Daily Optimized Consumption 17,187 kWh 35,669 kWh

Daily Difference in Consumption 547 kWh (or 3.2%) 1,285 kWh (or 3.6%)

Annual Energy Savings 200 MWh (or 21 homes) -

Annual Cost Savings @ 11¢/kWh $22,000/year -

Capital Expenditure Required: $0!



 Add constraints to ensure
pumps working within
range of highest reliability
 Further improve with

revised set-points
 Time of use pricing
 Exploiting VFDs
 Field trials

Next Steps & Future Considerations
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