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What is Energy Signature? 

• Metric for measuring pump energy consumption 

• Measured in kWh/MG 

• Function of: 

– System demand 

– Discharge HGL 

– Suction HGL 

– Mechanical and electrical equipment efficiency 

• No direct correlation to pump/motor efficiency 

 



Energy Signature 

ES (kWh/MG) =  
Measured Power (kW) x 1,000,000 

Measured Flow (gpm) x 60 



What is Energy Signature? 



How is Energy Signature Evaluated? 

TAP Booster Pump Station 

– Two 50 hp pumps 

– Two 125 hp pumps 
w/VFDs 

– 125 hp pumps alternate 
as lead 

– One 125 hp pump is 
underperforming 

 

 



Data Collection 

• Mechanical Data 

– Suction pressure 
(booster pumps) 

– Groundwater 
level (wells) 

– Discharge 
pressure 

– Flow rate 



Data Collection 

• Electrical Data 

– Power usage 

– Voltage 

 

 Current 

 Power Factor 



Data Collection Inaccuracies 

Inadequate 
length of straight pipe 
downstream of meter 

Poor pressure gage 
location 



Data Analysis:  
Pump Curves 
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Data Analysis: Energy Signature 
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Data Analysis: Energy Signature 

Description 
Annual 

Baseline 

Annual 

Proposed 

Annual 

Savings 

Percent 

Savings 

Energy and Demand Costs ($) $27,754 $20,584 $7,170 26% 

Energy Consumption (kWh) 333,257 252,044 81,213 24% 

Peak Power Demand (kW) 105 73 32 30% 



System-Wide  
Energy Signature Analysis 



Bonneville Power  
Administration Study  

• Grant funding provided by Bonneville Power 
Administration  

• Studied 4 water systems of various size 

• Visited 87 sites 

• Collected data and evaluated 170 different 
pumps 



Optimizing Pump Sequencing  
for Pressure Zones 

196 Zone Supply Facility Energy Signatures 



Compounding Pressure Zones 
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Compounding Pressure Zones 



Compounding Pressure Zones 
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Annual System-Wide Energy 
Savings 

with Optimum Pump Sequencing 

Description 

Baseline 

System- 

Annual 

Proposed 

System- 

Annual 

Total 

Annual 

Savings 

Percent 

Savings 

Energy and Demand Costs ($) $337,253 $299,591 $37,662 11% 

Energy Consumption (kWh) 4,822,452 4,383,681 438,771 9% 

Peak Power Demand (kW) 1,745 1,436 309 18% 



Annual Cost Savings by Zone 
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SURPLUS STORAGE 

Pressure Optimization 



Annual System-Wide Energy 
Savings 

with Pressure Optimization 

Description 

Baseline 

System- 

Annual 

Proposed 

System- 

Annual 

Total 

Annual 

Savings 

Percent 

Savings 

Energy and Demand Costs ($) $61,225 $56,492 $4,733 8% 

Energy Consumption (kWh) 526,494 485,903 40,491 8% 

Peak Power Demand (kW) 3,100 2,773 327 11% 



Summary of Potential Savings Found in 
BPA Study 

Water 

System 

Approximate 

Population 

Served 

Projected Annual 

Energy Cost 

Savings ($) 

Projected Annual 

Energy Cost 

Savings (%) 

1 62,000 $ 40,333 11.8 % 

2 49,000 $ 57,400 18.9 % 

3 38,000 $ 19,250 31.4 % 

4 14,000 $ 7,287 13.1 % 



Implementation 

3 options 

1. Manual sequencing 

2. SCADA and PLCs use to calculate energy 
signatures and optimum sequences 

3. SCADA and PLCs monitor actual real-time energy 
signatures and changing prioritization 

 



Implementation  
1. Manual Sequencing 

• No cost 

• Operators can change lead/lag pumps in 
existing SCADA system 

• Energy signatures not monitored 

• Not optimal 



Implementation  
2. Using Calculated Energy Signatures 

• Moderate cost  

• Energy signatures estimated by the PLC 

– If flow, suction, and discharge pressures 
are monitored by the SCADA system 

– Estimate based on field data 

– Update the HMI at each PLC 



Implementation  
3. Actual Real-Time Energy Signatures 

• Highest first cost  

• Data from all 3 power phases to monitor power 
data digitally 

• Communication to the PLC via a serial connection 

• Energy signatures vary based on system 
conditions- prioritization changes as a result 

• Monitor pump or motor over time to see if it is in 
need of maintenance or overhaul prior to failure 

• Eligible for incentive/grants 

 

 



Other Uses for  
Energy Signature Analysis 

• Track pump performance over time 

• Identify problems before failure/gets 
expensive 

• Prioritize pump maintenance/overhaul 



Questions? 

 

 

 

Michele Campbell, P.E. 

RH2 Engineering, Inc. 

mcampbell@rh2.com 

425.951.5394 



Energy Signature vs.  
Wire to Water Efficiency 

1,000 gpm rated flow 

1,500 gpm rated flow 



Energy Signature vs.  
Wire to Water Efficiency 

760 gpm average measured flow 

14 percent average. 

40 percent average. 

51 percent average 

59 percent average 

885 gpm measured flow 

1,910 average KWH/MG 

1,567 average KWH/MG 
~20 percent savings 



 

Single Pump
Energy Signature

(kWh/MG)
1 Two-Pump Combo

Energy Signature

(kWh/MG)
1

T2 - 1
1

1,617 T2 - 1, T2 - 2 2,561

T2 - 2
1

1,594 T2 - 1, WR 1 3,885

WR 1
2

2,289 T2 - 1, WR 3 3,543

WR 3
2

1,894 T2 - 1, WR 4 4,182

WR 4
2

2,556 T2 - 1, 264 3,514

264 1,967 T2 - 1, 222 F 3,082

222 F
2

1,105 T2 - 2, WR 1 3,857

T2 - 2, WR 3 3,513

T2 - 2, WR 4 4,164

T2 - 2, 264 3,523

T2 - 2, 222 F 3,064

WR 1, WR 3 4,188

WR 1, WR 4 4,816

WR 1, 264 4,198

WR 1, 222 F 3,715

WR 3, WR 4 4,471

WR 3, 264 3,834

WR 3, 222 F 3,372

WR 4, 264 4,465

WR 4, 222 F 4,013

264, 222 F 3,366

T2 Prefix = Tank 2 BPS

WR Prefix = Witte Road Wellfield

264 Prefix = 264th Street Well

222 Prefix = 222nd Place Wellfield

#### Existing pump sequence for each pump combination (see footnote 2)

#### Most efficient energy signature for each pump combination

#### Existing pump sequence and most efficient energy signature for each pump combination

(1) The energy signatures of the Tank 2 BPS pumps include the energy signature of the 222nd Wellfield - Well E, 

which is required to indirectly supply the 770 Zone when the Tank 2 BPS is operating.  The energy signature of the 

Tank 2 BPS Pump 1 is 698 kWh/MG and the energy signature of the Tank 2 BPS Pump 2 is 675 kWh/MG.

(2) The Witte Road Wellfield wells alternate as the lead supply pumps during the summer months, and the 222nd 

Wellfield - Well F is the lead supply pump in the winter months.



Optimizing Pump Sequencing  
for Pressure Zones 

Description 
Annual 

Baseline 

Annual 

Proposed 

Annual 

Savings 

Percent 

Savings 

Energy and Demand Costs ($) $61,225 $46,708 $14,518 24% 

Energy Consumption (kWh) 526,494 456,667 69,827 13% 

Peak Power Demand (kW) 3,100 1,942 1,158 37% 
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Tank 2 BPS - Pump 1
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Low Flow High Flow 

Valve Throttled Valve Wide Open 

Example Well Pump Vibration Data 


