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Background Information

ÅñThe more than 60,000 water systems and 15,000 

wastewater systems in the United States are among 

the countryôs largest energy consumers, using about 

75 billion kWh/yr nationally    ð3 percent of annual 

U.S. electricity consumption.ñ
Electric Power Research Institute, 

Energy Audit Manual for Water/Wastewater Facilities, 

(Palo Alto: 1999), Executive Summary

ÅThatôs $10 billion in energy costs per year!
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Typical Energy Use in Water Utilities
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Best Efficiency Point
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The Affinity Laws

ÅH = head

ÅG = gallons/min 

ÅS = Pump speed

ÅP = Power (HP)

ÅD = Impellor Diam.

ÅG2 = G1 (S2/S1) or G2 = G1 (D2/D1) 

ÅFlow increases linearly

ÅH2 = H1 (S2/S1)
2 or H2 = H1 (D2/D1)

2 

ÅHead increases by the square of speed

ÅP2 = P1 (S2/S1)
3 or P2 = P1 (D2/D1)

3 

ÅPower increases by the cube of speed
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What do the affinity laws predict?

Peak Eff1 = Peak Eff2
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But water pumps donôt wear...

ÅPump installed 2000
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But water pumps donôt wear
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And an older pump...

ÅPump installed 1988
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..with its efficiency
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Impellor size change has similar 

outcomes
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Real Efficiency of a Pump
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Â Results obtained with 95 pumps, still poor correlation

Â UK based WRC working on similar study with 4000 pumps; 

results expected in December
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So water pumps do wear!

ÅA quick rule of thumb;

1% deterioration on head/flow curve per year

ÅThough it tends to be faster for the first few years, 

e.g. MCWA found 10% drop in the first 6 years

Å..and slower towards the end as pumps are corroded, 

pitted, have tuberculation and reach around 40% 

efficiency
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Parallel Pumpsô Efficiency

ÅLow system curve ÅHigh system curve.
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Parallel Pumpsô Efficiency

ÅNon identical pumps:
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How do real pumps operate?
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What does efficiency mean?

Å3 ways of calculating ñefficiencyò

ǓPower in / Power out (Pump station)

ǓWeighted Average Efficiency (Average value of each 

pumpôs efficiency weighted by the flow), should be the 

same value as Power in / Power out (Pump station)

ǓVolume of water moved per energy unit spent

ÅThe last way allows the comparison of the different 

solutions (Pump1, Pump2 or Pump1 // Pump2 ) in 

terms of kWh spent
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Best Efficiency Point - reality

BEP

$
$$

BEP

$$



Derceto® is a trademark of Derceto Limited, Reg. USPTO, Reg. IPONZ, Reg. OHIM. AquadaptÊis the property of Derceto Limited. 

Parallel Pumpsô Efficiency

Å1 pump: 6.3MGD @ 50ô, efficiency 70%

Å2 pumps: 10.4MGD @ 90ô, efficiency 85%

So running two pumps makes them run efficiently, 

but look at the lifts. 

Calculating actual energy required to deliver the 

water, which is really what matters:

1 pump used 223 kWh/MG

2 pumps used 332 kWh/MG, 50% more energy used.
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Parallel Pumpsô Efficiency

ÅFor example, if running one pump alone in a given 

pump station has a ratio of 250 gallons per kWh and 

running two pumps in parallel is equivalent to 300 

gallons per kWh, running two pumps will be more 

efficient.

ÅThis ratio could be calculated by dividing the flow at 

operating point by the input power for this flow 

(volume/energy ė flow/power).

ÅThe solution with the biggest ratio is the one that 

carries more water per energy unit spent.
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Parallel Pumpsô Efficiency

ÅCase 1: two identical pumps

ÅHere it is more energy efficient to run the two pumps 

in parallel, the pumps will also run closer of their 

BEP.
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Parallel Pumpsô Efficiency

ǓCase 2: Pump 1 and Pump 2 (Two Non-identical Pumps)

ǓHere it is more energy efficient to run the Pump 1 only or 

both pumps in parallel but never use Pump 2 alone
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Case Study 1: Austin TX Power Plant

ÅReported by Department of Energy1 in 2005

ÅTwo 1000-horsepower cooling water pumps

ÅTested in 1978, at 88% efficiency

ÅTested in 2005; 50% and 55% efficient

ÅNew impellors, diffusers, shrouds and shafts

ÅRetested, now both at 85% efficiency

ÅIncreased generation capacity due to more cooling

ÅSaved 43,000 tons CO2 so far

ÅAnnual savings of $1.2m per year, 11 month payback

1. US Department of Energy (DOE), 2006. Pumping System Improvements Save Energy at Texas 

Power Plant. Energy Matters, Spring, 2006. 
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Case Study 2: Monroe County (NY)

Å Pump efficiency in 2000 was 88%, by 2006 it was 77.8%

Å Refurbishment plus coating took it back to 88%


