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Drivers for Energy Management

Water/wastewater consume up to of a
nation’s energy

Water/wastewater agencies have been facing
increasing energy demand and costs

Electricity constitutes:

of a typical WWTP’s operating budget

of water treatment and distribution costs

WaterNZ 2019 - Pump Performance Data Analytics using loT

Others, 4%

Lighting and Misc.
UV Disinfection 3% Screening
4% 0%  Aerated Grit Removal
1%

Primary Clarifiers
Belt Filter Press
2 <

Chemical Addition

% Secondary Clarifiers
1% Source: "Energy Consenation nWastewater Treatment
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loT Devices

Position / Presence / Proximity

/"/7‘\\ Machine Vision / Optical
{ @ ) Ambient Light

Motion / Velocity / Displacement

'Y Y R

Temperature

Y /

Electric / Magnetic

»D

Humidity / Moisture

®

Leaks / Levels

)

‘e
Force / Load / Torque

Strain / Pressure Chemical / Gas

WaterNZ 2019 - Pump Performance Data Analytics using loT



SUEZ Smart Solutions

Smart W&WW Networks Smart Metering / Cities Smart W&WW Treatment
Aquadvanced Suite OnConnect / WIZE Platform Aquadvanced Plant

monitoring

svea

A&UﬁDVANCED
g
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The Trial:
What did we do?

Trial two lIoT pump meter technologies
Panoramic Power (Centrica)
Gulplug
= Parasitic powered sensors
= Data bridge uses loT to bring data back to cloud
= FTP feed to data lake

2 Pump Station Installations
= Four pumps / site
= Single Phase measured
= Three Phase measured on one pump

= 3 months operation

Visualisation of Performance
= Aguadvanced Energy Monitoring (Dashboard)

= Specific data analytics

7| WaterNZ 2019 - Pump Performance Data Analytics using 0T



The Trial:

Aguadvanced Energy Reference Site
= 100km South of Barcelona

= |ocated on the Mediterranean coast
EB6 pump station

= 3x 66kW pumps
= 1x 35kW pump

EB12 pump station
= 4x 75kW pumps

WaterNZ 2019 - Pump Performance Data Analytics using loT




The Trial:

Effectiveness of IoT power meters
= Ease of installation
= Reliability

= Ease of cloud data extraction

How are they best used?
= |s sub-metering necessary at all?

= |s 3 phase necessary for pump performance?

What meaningful energy analytics
can be achieved?

WaterNZ 2019 - Pump Performance Data Analytics using loT



The Trial:
Gulplug user interface
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w
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The Trial:

€ Power Radar - Site Dashboard - X +

ffHoursIndicationd

Laye

~view?chartType=normal&numbe

&« C @& httpsy//www.powerradar.energy/site,

* 00 ® ©

» Other bookmarks

@ Tutorials | Intel® M.. {4 Learning Python for.. [P Javascript charting.. N Netflix @ Whatlleamtfrom.. @ WRFPumps [ HDEV Reading and Writin.. @Y Live Cricket Streami.. @ TUTORIAL: Install S,

O YouTube  {& Complet:

centrica Pacific Energy » Tarragona Q Search
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Deployment Tool g &

Dashboard
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Group By:  Device Type v @ Time View Show B
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Visualising Operation:
map based view of pump stations

@ bunnfamily.nz x | & chronograf X Save It Yourself - Services - Mon X | & docker ¢cp a folderwith a relative X ® Energy Dashboard x4+ X
< C @ Notsecure | aaedashboard.com/en oard/utility/0 b-b 5 # 00 ® @ :
© YouTube {4 Complete Python 8. @ Tutorials |Intel® M.. {4 Learning Python for.. [P JavaScript charting.. N Netflix @ Whatlleamtfrom.. @ WRFPumps [HJ HDEV Reading and Writin.. @ Live Cricket Streami.. (@ TUTORIAL: Install S Beacons » Gther bookmarks

4 AQUADVANCED ENERGY
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Visualising Operation:

pump station health wagon wheel

Map
'
1 i i :
Pump Starts Efficiency Mnsville . d
Per Day Today : A )
| A N
( R A |
\ A - !
\ A LA aa 4
Pump Energy Cost per ) EALEA Ada \
NesTe s S~ )
Performance Volume Produced ) Riverhead /" £ 2 ) oy
Index Today . WaimalKl™ ™ Huapai y AR New Jersey  Isond 3
A ™N
826.3 kWh/MG b  w
Energy Consumption e
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Produced Today Muriwai
g
/
A

New York Idaho
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B 4

A
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Park

~~ _Beachlands
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Visualising Operation:
using cleaned data

A+ guest

(® Monday, August 12, 2019 830 AM

s AQUADVANCED ENERGY

Navigation™ Suez Smart Solutions > CAT Centrica > EB12 Centrica

EB12 Centrica . EB12 Pl Centrica A, EB12 P2 Centrica i, EB12 P3 Centrica . EB12 P4 Centrica
EI = 736.6 KWh/ML

o
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‘Year Month
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|
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Today Mornth 160 0105 100
689 =
= =
£ w0 0075 3 = s0
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0 0.045 0
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Visualising Operation:

data analytics view

Data Views Mt Wellington PS @

List of views

Daily Energy and Volume Mt Wellington PS

Hourly energy cost per volume
B I Mtwellington PS > Clean flow | Mtwel
Royal Oak Discharge Pressure

EP_HL_P2 5
Efficiency Oak Station

Hourly energy all Utilities a

00004000

Carporate Hourly energy
[ Daily Efficiency

L] Torpedo Daily Energy
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Royal Oak

Eden HLPS Raw power
| Mw_suction > Pressure |

Devonport HLPS

=]
=]
LJ Mt Wellington PS
=]
=]

All station Energy

1d alm 3m 6m YTD ly € - From 08/04/20019 To  15/04/2019

ington PS > Headloss
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400
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M
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Visualising Operation:

data export

5232 MGD
0MGD
0MGD

0MGD

3810MGD

1 [ m sm emvio ¥ € 3 Fom  osiuo

21w
5.94K0
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530 KW

134 K
134 K

134 K

1636
1539

n
an
1430n

n
n

1430

5780
570
w70
1m0
5810
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15380

75451

75450

81361
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a4

Tean

Tean

784N

7972

972N

Export to csv for additional analysis
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Mobile Phone App

iPhone

Android
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Additional Analytics:

Many initial efforts fall over due to date
errors and inaccuracies

§ : u:" 200- 184°
. . o 16

Simple cut function removed of data 7 S S
points, almost all bad values and only : I e iz o112
impacted total energy calculated by C ik e

.. . . ' . ., : 262628
More sophisticated data cleaning is often e . b 2.‘“.
required L | 4

Flow (m3h)

Power (kW)

Always check that cleaning does not
remove useful data

WaterNZ 2019 - Pump Performance Data Analytics using loT
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Additional Analytics :

Data timing becomes critical between different data sets

Initially this data plot looks good

Data is received from:
SCADAL 1 minute samples
|0T: 10 minutes samples

Energy Supplier: 15 minute

20 | WaterNZ 2019 - Pump Performance Data Analytics using 0T

Sampling check _ EB12

VL [
i
o oy 00

]

J -
F‘ :‘
50-
0- L]
19 Dec 00:00 19 Dec 12:00 20 Dec 00:00 20 Dec 12:00
Time

=

r--u

'
21 Dec 00:00

Factor

— EB12_flow

— EB12_power_Cen
— EB12_power_Gul
— EB12_pressure
—— EB12_status



Additional Analytics:

Mis-alignment between data sets

When calculating kwh/Volume:

No flow but power == infinitely bad

Flow but no power —> high efficiency

Note that each data set is correct in itself, so
cleaning can only occur on result of calculation

Removing bad data can introduce new errors

>>> However, zooming in reveals issues...
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Sampling check _ EB12
01/02/2019

200-

150-
Factor

~ EB12_flow

~— EB12_power_Cen
100- — EB12_power_Gul
— EB12_pressure

EB12_status

50-

05:40 0550 06:00 06:10 06:20 06:30 06:40 06:50 07:00 07:10 07:20 07:30
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Additional Analytics :

Histogram of Pump power - Gul_EB6Pump1 - Training e
606

s W o
L 54
0
10
=
345,

€00~

| B

]
T 2
3 5
© 5
z
200~
152
53I
12490403 I 2
o -
. . . !
L] &5 n 75
Power (ki)
Pump powers: real data vs nameplate - EB12 Pump 4
(zero points have been removed)
90-
s Pump
=60 +  Cen_EB12Pump4
2 + Gul_EB12Pump4
¢

Nameplate_EB12P4

Nov Dec Jan Feb Mar
time
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Specific Energy (KWWhim3)

Specific Energy _ EB12

100 150 200 25
Flow (m3ih}

Specite Energy - E312 sation
0701
0675 oz

0606 0782
Count

Count Ad Al A2 A3 A [el'!mll\aied eliminated
points)

10847 0605 0675 0701 0722 0.792 62 0.57

Pump Combination



Additional Analytics:

Data fit of Specific Energy vs. Flow for each pump

Specific Energy Cost reduced
: Energy Savings per month

i J ’ (kWh/m3) (kWh per month) ()
i
‘\E ¢ 4
5 #1 (Running) 0.73 N/A N/A
g-- 0
E" #2 0.69 2741.75 € 286.86
:;J )
@ ! #4 0.72 621.35 €74.86

Calculated Benefit of changing to a more efficiently pump

Flow {m3h)
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Outcomes:

Both Gulplug and Centrica Meters were effective
= Easy to install. <2hr for a pump station
= Cloud data storage was accessible (with FTP feed)

= Note: They only transmit data when current flowing (pump is on)

Accuracy was good
= Submeter totals compared with energy supplier meter 15 min values.

= | ess than 2% difference in total kWh

EB12

. . . . . Energy
= Difference likely only ancillary energy use in pump station actual 2579900 | 153512.00
Centrica [raw) 122261.44 1459145.96 W
Centrica (cleaned) 11961959 146403.04 |
Do you need 3 phase? Is Power factor an issue? CulPlug (raw] 7012143 | 15574661
n ThIS WI” depend on the site GulPlug [cleaned) 117596.54 151115.12
Difference [Centrica (cleaned) - Centrica (rawj) -2641.46 274292
= For Tarragona, Power Factor correction kept PF at 0.998 + 0.005 Difference (GuIPIug (deaned) - GulPlug (raw) ezame | 263170
= No tangible benefit noted in this trial from using 3 phases. % Difference [Centrica (cleaned - raw)/raw) 216 184
% Difference [GuIPlug [cleaned vs raw]/raw] =210 -1.71
% Precision loss (Centrica (cleaned - raw)/actual) -2.05 -1.79
% Precision loss (GulPlug (cleaned vs raw)/actual) -1.96 -1.71
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Outcomes:

2019 Trip - Google Sheets % | [ Home Assistant x | @ Chronograf x Save It Yourself - Services - Mo X 4 — X

* QOO0 ®EoEME @ :

| JavaScript charting. W :g00dmovietowatch @ Windows Version 1. N metfix HDEV @ Live Cricket Streami.. @ TUTORIAL: Install S.. Beacons Intel NCS. bunnfamily server Other bookmarks

Example of fault identification - r~:o]

WARNING: There is a time change in the selected period. Be careful while analyzing your data. or switch to UTC display to avoid any interpretation mistakes.

Capacitor Failure on power correction bank
(Spike in Energy use for Pump 3 — Orange)

[z mix w0 ENERGY all POWER ﬂi TEMPERATURE .‘t HUMIDITY &~

Watt Power | EB6 Pump 1 EB6 Pump 2 EB6 Pump 4 — EB6 Pump 3 ‘

o Reset zo0m

Failed power correction capacitors o et et e e

‘;

. : 1
can catch fire 1 M Wm 1
1 1
Tk )
Discovery possible because submetering . === reerreeTeTT
Having the data makes this possible
Automatic event detection to alert users
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Outcomes:

You can start with :

= But don't trust the nameplate label, do a nominal power test (with pump on)

= This value is combined with connection to SCADA data to record anomalies

= More can be done with more information...

Site Power
= Requires assumptions to assign power to each pump

= Need to account for ancillary power consumption at the site.

Single phase current @ 10 minutes samples
= Provides actual Specific Energy (real efficiency)
= Provides peak kW, but does require cleaning (a good tool)

= Allows Dashboard to provide guidance

Recommendation
= Get started with energy management with whatever you have
= |deally implement sub-metering to allow rich insights and guidance

= |oT parasitic meters are a good option.
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