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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

Measured Power (kW) x 1,000,000

ES (kWh/MG) =
Measured Flow (gpm) x 60




What is Energy Signature?
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How is Energy Sighature 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

e Mechanical Data

— Suction pressure
(booster pumps)

— Groundwater
level (wells)

— Discharge
pressure

— Flow rate




Data Collection

e Electrical Data

e Current
— Power usage

e Power Factor




Data Collection Inaccuracies

Poor pressure gage
location

Inadequate
length of straight pipe
downstream of meter
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Data Analysis: Energy Signature
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Data Analysis: Energy Signature

NEW CHARGES - 08/12 UNITS COST PER UNIT CHARGE
Basic Charge - 3P Sec Delivery 105 kw 67.00
Load Size Charge - 3p Sec Del 105 kw 0.4500000 47.25
Demand Charge Sec - Min 15 Kw 78 kw 4.3900000 342 42
Delivery Charge Secondary 38,880 kwh 0.0058500 227 45
Supply Enrgy Sec 1St 20000 Kwh 20,000 kwh 0.0587100 1,174.20
Supply Enrgy Sec > 20000 Kwh 18,880 kwh 0.0571200 1,078.43
Public Purpose 0.0300000 88.10
Energy Conservation Gharge 38,880 kwh 0.0020500 79.70
Low Income Assistance 38,880 kwh 0.0005000 19.44
Descriotion I VEY Annual Annual Percent
P Baseline Proposed Savings 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
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Bonneville Power
Administration Study
e Grant funding provided by Bonneville Power
Administration
e Studied 4 water systems of various size
* Visited 87 sites

 Collected data and evaluated 170 different
pumps
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Optimizing Pump Sequencing
for Pressure Zones

o 196 Zone Supply Facility Energy Signhatures
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Compounding Pressure Zones

Energy Signature (kWh/MG)
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Compounding Pressure Zones

Energy Signature (kWh/MG)
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Annual System-Wide Energy
Savings
with Optimum Pump Sequencing

Baseline Proposed Total

Description System- System- Annual g:x:g;
Annual Annual 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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Pressure Optimization
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Annual System-Wide Energy

Savings

with Pressure Optimization

Description

Baseline
System-

Proposed Total

Percent
System-

Annual

: Savings
Annual Annual Savings J

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 Approximate Projected Annual Projected Annual

System Population Energy Cost Energy Cost
Served Savings ($) 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 signhatures 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

o




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

* |dentify problems before failure/gets
expensive

* Prioritize pump maintenance/overhaul




Questions?

Michele Campbell, P.E.
RH2 Engineering, Inc.

mcampbell@rh2.com

425.951.5394
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Energy Signature vs.
ire to Water Efficiency

City of Renton
2011 System Control Optimization d
201 Sy 1,000 gpm rated flow
y 4 Hydraulic Data
formation/Pump
Test In Data y 4 Pumps
STCTOT o
Pressure | Discharge’ Pressure
Suction | Discharge Gauge Pressure | Discharge| Gauge Flow
Pump Zone Zone Rated Pump Height Above| (City Pressure Height Meter
Test Date Well or HGL HGL Flow Level Pressure Floor Gauge) | (Other) |Above Floor | Reading
Sito - ) No | (mmddiyy)| Time 8PS? ) m Pump MFG | Pump Model No. | Motor MFG | Motor Model No. (gom) ft) (psi) L) (psi) psi) 1) (gom)
Highlands BPS - Pump 1 1 022912 7:40 AM BPS 435 565 8 14GM2ST 1,500 49 20 1,560
Highlands BPS - Pump 1 2 | 022912 | 749AM BPS 435 565 8) 14GM2ST 1,500 51 2.0 1.470
Highlands BPS - Pump 1 3 0229/12 753 AM BPS 435 565 B8J 14GM2ST 1.500
Highlands BPS - Pump 2 1 0220112 | 720 AM 8PS 435 565 8J 10GH-3ST 600 1 500 t fI
Highlands BPS - Pump 2 2 02/29/'12 726 AM B8PS 435 565 8J 10GH-3ST 600 d
Highlands BPS - Pump 2 3 02/29/12 729 AM BPS 435 565 BJ 10GH-3ST 600 7 g p m ra e ow
Highlands BPS - Pump 3 1 02/29/12 | 651 AM B8PS 435 565 8J) 10GH-3STG
Highlands BPS - Pump 3 2 | 0220112 | 7.08AM 8PS 435 565 8 10GH-35TG 70 20 1,260
3 02/29/12 7:12 AM BPS 435 565 BJ 10GH-3STG 75 20 1,000
1 022012 | 859AM | BPS | 435 | 565 | Westing T2CM3STG | 1000 ] /' % 20 EE) 100 20 850
2 02729112 | 9.05AM BPS 435 565 Westinghouse 12CM-3STG 1,000 75 20 9 100 20 750
3 | o22912 | 916 AM 8PS 435 565 | Westinghouse 12CM-3STG 1 % 75 20 91 100 20 670
1 022912 | 830 AM BPS Westinghouse r a4 20 94 20 1,100
2 02/29/12 | 8:34 AM BPS Westinghouse 1,500 44 20 103 20 875
3 022912 | 837 AM BPS Westinghouse 1 46 20 108 20 680
1 02729112 | 116AM | BPS 96 320 [ arbanks Morsq 00 70 30 141 30 400
2 | 022912 | 11:21AM | B8PS 196 320  Fairbanks Morsq 700 70 30 141 30 330
3 02/29/12 | 11:25 AM BPS 196 320 Fairbanks Morsd 700 70 30 141 3.0 195
1 02/29112 | 11:37 AM B8PS 196 435  Fairbanks Morsq 2,050 65 30 180 30 2,000
2 | 022912 | 1144Am | B8PS 196 435  Fairbanks Morsq 2,050 65 30 184 3.0 1,320
3 02/2912 | 11:42 AM BPS 196 435  Fairbanks Morsq 2050 65 30 182 30 960
1 022912 | 11:55 AM BPS 196 435  Fairbanks Morsd 2,050 65 30 190 30 1,980
2 02/29112 | 11:58 AM BPS 196 435  Fairbanks Morsq 2,050 85 30 187 30 1,640
3 022912 | 12:01 PM BPS 196 435 Fairbanks 2.050 65 3.0 184 3.0 |.£
T | 0302112 | 1214 PM | Wel 1,250 32 8 71 30 1.210
2 | 030212 | 1230PM | Well aJ 1,250 67 76 79 30 1,090
3 030212 | 12:26 PM Well BJ 1,250 8.2 79 82 3.0 1,020
T 06T 954 AW [-Une Pump Cq 7.500 241.0 8 2.0 T.735
2 03/06/12 | 954 AM Woll L-Line Pump Cq 1,500 2410 31 40 1,630
3 | 030612 | 9:55AM Well L-Line Pump Cd 1.500 241.0 38 4.0 1.580
T 03102712 | 659 AM 8PS Y] SK254QNN3005 ] 20 34 20 200
2 03/02/12 702 AM BPS 8 5K2540NM3005 64 20 141 20 195
3 030212 7:04 AM BPS 8J) 5K254QNM3005 64 20 151 20 160
1 0302112 | 6:40 AM 8PS CY 6229-U0BU04R041M 64 20 136 20 570
2 | 03212 | 6:46AM BPS BJ 6229-UOGUO94R041M 64 20 139 20 475
3 03/02/12 | 6:49 AM BPS BJ) 6229-UO6U0S4R04 1M 64 2.0 142 2.0 440
T 0802112 | 729AM | BPS Comell ] 1 3 14 ) 250
2 03/02/12 7:32 AM B8PS Comeil 5K6236X41 61 13 119 1.3 202
3 | 030212 | 73a5AM 8PS Cormeil 5KB236X41 61 13 123 13 154
1 030212 7:39 AM BPS Comell 5K6246XCZUA 61 13 116 13 525
2 030212 | 7:41 AM BPS Comeil 12BC-28TG 5K6246XCZUA 61 13 123 13 275
3 03/02/12 7:43 AM B8PS Comedl 128C-2STG SK6246XCZUA 61 13 119 3 430
T | 0302112 | 826AM | BPS Flowserve 2,500 7 50 (] ) 3.0 2475
2 | 03212 | 831AM 8PS Flowserve 2500 16 50 67 67 30 2130
3 03/02/12 | 834 AM BPS Flowserve 2,500 16 50 72 72 3.0 1,740
1 0302112 | 8:45AM 8PS Flowserve 2500 16 50 85 30 2,390
2 | 030212 | 8:50AM BPS Flowserve 2500 18 5.0 68 30 2,160
3 | 030212 | 853AM 8PS Flowserve 2.500 16 50 7 30 1,840
1 0302112 | 10:38AM | B8PS Flowserve 1,000 16 5.0 61 61 30 900
2 03/02/12 | 10:49 AM B8PS Flowserve 1,000 16 50 65 30 730
3 | 030212 | 10:46AM | BPS Flowserve 1,000 16 5.0 70 3.0 585
1 03/02/12 | 10:57 AM BPS Flowserve 1,000 16 5.0 63 64 30 920
2 | oz02i2 | 11:01AM | BPS Flowserve 1,000 16 5.0 73 74 3.0 700
3 | 030212 | 11:03AM | 8PS Flowsorve 1,000 16 5.0 80 81 3.0 500




Energy Signature vs.
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Sl Ruiis Energy Signa}ure TR GaTe Energy Signa}ure
(kWh/MG) (kWh/MG)

T2-1 1,617 T2-1,T2-2 2,561
T2-2" 1,594 T2-1, WR 1 3,885
WR 1° 2,289 T2-1,WR3 3,543
WR 3° 1,894 T2-1, WR 4 4,182
WR 4° 2,556 T2-1,264 3,514
264 1,967 T2-1,222F 3,082
222 F* 1,105 T2-2,WR1 3,857
T2-2,WR3 3,513
T2-2,WR 4 4,164
T2-2,264 3,523
T2-2,222F 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

(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.

T2 Prefix = Tank 2 BPS

WR Prefix = Witte Road Wellfield
264 Prefix = 264th Street Well
222 Prefix = 222nd Place Wellfield

i Existing pump sequence for each pump combination (see footnote 2)
HHit Most efficient energy signature for each pump combination
HHH Existing pump sequence and most efficient energy signature for each pump combination




Optimizing Pump Sequencing
for Pressure Zones

2,000

(KWh/MG)
W
S

Tank 2 BPS - Pump 1
698 kWh/MG

Tank 2 BPS - Pump 2
675 kWh/MG

1,000
222nd Wellfield - Well E
919 kWh/MG
500
222nd Wellfield - Well E
919 kWh/MG

Energy Signature

222nd Wellfield - Tank 2 BPS - - i ield - i eld - i ield -
ank S Tank 2 BPS Witte Wellfield 264th Street Well Witte Wellfield Witte Wellfield
Well F Pump 1 Pump 2 Well 3 1,967 kWh/MG Well 1 Well 4
1,105 kWh/MG 1,594 kWh/MG 1,617 kWh/MG 1,894 kWh/MG . 2,289 kWh/MG 2,556 kWh/MG

Annual Annual Annual Percent
Baseline Proposed Savings Savings

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

Description

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

| Peak Power Demand (kW) 3,100 1,942 1,158 37%




Example Well Pump Vibration Data

High Flow ow Flow
< 0 > < H VY

<

_Valve Wide Open '” | \”/al\'/'e, 'i'hrottléd,




