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HOUSEKEEPING

v"  To ensure better connectivity, please mute your microphone and turn off the camera. You may
communicate with us after the event.

v"  Please share your questions in the chat where we will try to provide answers where possible in the

Q & A Segment.
v" Do identify yourself so we can respond to any unanswered questions Organised by
v" We will be recording this session and reserve the rights to the video @Q—) suwa
v'  Please complete a post event survey which upon return, we will forward the recording and s W+ Assocm':i
. presentation deck to the respondents. . - " L - .

- ——
- — - —— - ——
—— —— —— —— —— —— ——
~o— - —— —— - - - -

T —— —l— - il



What if underestimating sturdy sensor inputs actually = =
prevented you from saving big on ENERGY? G F

20th April, 2021 Tuesday 3.00pm to 4.00pm SGT

& e & @ ) = 5

Big Tank Offtake Tube Industrial

Sod
e ] — c:_:; e) ‘3
Healthy Water Watel: Glass Home.l:ilter Health? Water Clol’l.ll‘l'.l Liquid Mic c:f Ite: Ta.nk Stafion Filtr?tion Treat.ment
| | I | | I 1 | |
! ! [ ! I ] ! I ] !
. — e £ =l o = | E X
ﬁ e i:] : 20 = S e
: == — —— = —_— = : 2
41 === — & SHEHHEES E A=} =

Water Cistern Tier System

DISCLAIMER
< All information shared is for general information only and does not contain or
convey any legal advice or administrative assistance.
% Information shared today is true and accurate as of publication date.
Organised by

» The organisers and speakers reserve all rights in the provided materials
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Breaking News

“Hunda’eds of sewa e Ieaks

Home News Sport Reel Worklife

- Home | Prince Philip | Coronavirus | Video | World | UK | Business | Tech | Science | Stories | Entertain

8 Science

% Hundreds of sewage leaks detected
i thanks to Al

By Victoria Gill
] Science correspondent, BBC News
. l

" s The ke
" Guardian

Al reveals 1,000 'dark discharges' of
untreated sewage in England

Paper says machine learning could prove crucial tool in efforts to
improve quality of country’srivers

Public were not warned about
= massive sewage spills in
Thames
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Breaking News

What happened?

= 926 "Spill events" over 11 Years
= On two well operated plants

= In a highly regulated and controlled
country

= ... Finally detected through a
Machine Learning analysis of the
plant's flow

= Shape recognition of a "Flattened"
curve
Hammond, P., Suttie, M., Lewis, V.T. et al. Detection of untreated

sewage discharges to watercourses using machine learning.
npj Clean Water 4, 18 (2021).
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WWTP1 AVERAGE FLOW PATTERNS

WWTP2 AVERAGE FLOW PATTERNS
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Breaking News

Could operators detect such

events?

= YES! £ 120

100
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= ... but only if:

They're expecting spillage
They know in advance where to watch -
They have time to dedicate to this task

They know the pattern they shall detect
= What if the pattern changes?

n n
low / storm overflow

= There is an untapped optimization
potential in Wastewater Treatment
Plants, that needs capabilities beyond
the human brain

WWTP1 AVERAGE FLOW PATTERNS
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Let's Zoom Out

Is Big Data Crazy?

3 YouTube

Spotify Burbn (that became Instagram) YouTube

= 20% of the songs available ~ * 'Burbn”enabled you to checkin . yoTybe was built as a

: at some locations (and, amon . : :
on Spotify were never 20 other features, go share J video dating site
listened to pictures)

» There is no way to know which songs or features will be useful and thus popular when you first upload or develop them

The future is always uncertain! However, you can still shape it... if you have DATA.
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What shall be improved
in WINTPs today?
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5>60% of a plant's energy is used
to maintain bacterial activity in

aeration tanks

Further sludge 0 pretreatment
1%
treatment oY% ’ 12%
7%

Sludge
thickening

8%
Biological
treatment
WWTP <100'000 PE 67%

Obligatory || Optional
processes | | processes

Mechanical

pretreatment
Further sludge 5% 1% 11%
treatment
11%

Sludge
thickening
12%

Biological
treatment

WWTP >100'000 PE 60%
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The Situation Tod

>60% of a plant's energy is used
to maintain bacterial activity in
.oaeration.tanks

>

Throttle Brake
If mixed liquor suspended solids (MLSS) exceed ... When MLSS end up to low
the intended threshold: = QOperators turn down the aeration
= Operators turn up the aeration (Turbo Mode!) = MLSS go up, but might end up... too high!

= MLSS go down, but might end up... too low!

But what is the root cause of the MLSS fluctuations?

- Organic Loads

What if underestimating sturdy sensor inputs actually prevented you from saving big on energy? -
SWA - Antoine Walter
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The Situation Today

Industrial

Process 1

Resid-ential

How are organic loads
d today?

Measurement
Point
Primary Secundary Tertiary
Treatment Treatment Treatment

/
/
/

/
/

/

Industrial
Process 2
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The Situation Today

Do we monitor our plants

= At plant Inlet and Outlet
= At daily or hourly interval

»>Studies show that WWTP operators detect
changes in water quality once a month,
while data proves that those changes
happen 3-4 times/week

= S0 we stay with our "best possible proxy,”
monitoring the process and act with throttle

and brake.
Is there a better way?

What if underestimating sturdy sensor inputs actually prevented you from saving big on energy? -
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The Situation Tomorrow?

Let's add sensors?

= To better monitor the organic loads, we could add
sensors in the plant (and in the network)

= How many do we need? 10? 100? 10007

= How much would it cost?

= How accurate is the measure? Does it drift over time?

= What if it turns out we don't monitor the right parameters?
= What does this involve in terms of maintenance?

= What about parameters which are harder to measure in
line?

Still, is there a better way?

What if underestimating sturdy sensor inputs actually prevented you from saving big on energy? -
SWA - Antoine Walter
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The Situation Today

Many things are already

meas

arrod today:

Measurement
Point

Tertiary
Treatment

Temperature Area 1
\
Flow, pH, \
ORP \
\ Measurement
: Pressure, Point
Industrial \\ Flow :
Process 1 \\ i
Primary Secundary
// Treatment Treatment
/
/ Flow, DO, pH
/ Flow, DO, pH, Flow, DO, pH, Flow, DO, pH,
/ Turbidity Turbidity Turbidity

Industrial
Process 2

Flow,
Turbidity,
Conductivity

Residential

Area 2

Turbidity,
ORP
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+ Can we make better
use of what we
already have?
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Leverage New Technologies

Can we make better use , -

. Q,
= pH,

= DO,

= ORP,

= Turbidity,

= Conductivity...

= to CALCULATE or even PREDICT further parameters?
= COD
= NH4
= NO3...

What if underestimating sturdy sensor inputs actually prevented you from saving big on energy? -
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Leverage New Technologies

Towards "Soft Sensors”™

= A 6-Steps approach:

1. Pick an Industrial Site and gather "basic parameter" data over a
relevant timeframe (the longer the better, minimum 8 weeks)

2. Pre-process, clean and analyse the available data for Machine
Learning (ML)

Select the appropriate ML technique
Develop (=train) the soft sensor on training data
Validate (=test) the soft sensor based on test data

Integrate the ML "soft sensor"” into the plant's automation (operation
advice)

S e

What if underestimating sturdy sensor inputs actually prevented you from saving big on energy? -
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Towards Soft Sensors

Step 1: Data Acqps

= Study over 2 industrial parks in China within a I .
"parent project”
= \We showed possible stream synergies to reduce e e s

the use of chemicals within the WWTP (37% et s vwme w w1 ww
reduction on the pilot plant) m e o cemommeomoome

.. Factories
&

Current Treatment (Starting at 16:05)

= Data is acquired from the existing sensor base.

= Leveraging existing hardware LSS proposed treatment plan
= Data is derived from the same routes that also g S o J—

feed into the Plant PLC and SCADA

= For safety reasons, we fed our "on premise cloud
platform™ with a 24h delay with realtime

= Lab Analysis (COD, NH4, NO3) are fed into the
same platform

.. Factories
4% -

” Treatment

nnnnn
Messages

Bayer

What if underestimating sturdy sensor inputs actually prevented you from saving big on energy? -
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Towards Soft Sensors

Step 2: Pre-lM,-———--%--—-9"-%-

- 600
+
= Data is pre-processed and cleaned % 300
100

= A first analysis cuts each target e : :

parameter (COD, NH4, NO3) into 2 2201 ]

three sub-sets of data: [ — . . . . . — . 1

= Trend 231 . . . . . .

« Seasonality [peul: ]

» Residual éﬁ ] 1
1.10

e |

@ 0.95] ]

e 0.90 |

0.85 ' ' ' ' '
1949 1951 1953 1955 1957 1959

Month
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Towards Soft Sensors

Step 3: Select the
_appropriate ML T- -~~~

t of suitable

techniques from scientific literature

review (especially Haimi et al,

2012) Input Layer

= Time Delay Neural Networks (TDNN)
Multiple Linear Regression (MLR)
Self-Organizing Map (SOM)

Expectation-Maximization Principal
Component Analysis (EMPCA) Output Layer

Feedforward Neural Network
(FFNN)

> Inputs are fed to the Outputs via a
series of weights (Hidden Layer)

Hidden Layer

What if underestimating sturdy sensor inputs actually prevented you from saving big on energy? -
SWA - Antoine Walter
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Towards Soft Sensors

Step 4: Devel
soft sensor :

= An auto-correlation is conduced .
over the three components of the "
target parameter

= Trend (top)

= Seasonal (middle) o

= Residual .

= Not all simple parameters (Flow, jj
DO, pH...) have a relevant

influence on the intended output o

\ I 3

Autocorrelation

I
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Towards Soft Sensors

Step 5: Validate (test) the
soft sensor

= Predicted values are validated with a comparison to sample output data

= A"Delta Rule" learning algorithm further trains the "Soft Sensor" by calculating errors between calculated
and output data, and adjusting the weight

= Over our 2-months pilots on the 2 industrial parks, we had respectively 5 and 7% error between
calculated and measured
= This err | the "Delta Rule"

500 m——r

450 /\ [\
) N/\ /\/ /\[\/\w\/\f/\” w\ K i A

250

200
What if undt 0 2 . ) 60 8 B 100 120 140
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~ Step 6: Integrate the ML "soft
sensor ' into the plant's
ation (operation advice)

= For the sake of the pilots, we integrated a "Soft Sensor" layer map in the on-premise cloud:

Residential
Flow, Temperature
Area 1

\

\
Flow, pH, ORP \
\

\

Click to see
calculated levels

Pressure, Flow

Industrial

Process 1 \

[
\ Primary Secundary Tertiary
/ b ® A Treatment Treatment Treatment

Flow, DO, pH
/ Flow, DO, pH, Flow, DO, pH, Flow, DO, pH,
Turbidity Turbidity Turbidity

/
/
/

Id X Residential
ndustrial e 2
Process 2

Turbidity, ORP

Flow, Turbidity,
Conductivity
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Towards Soft Sensors

Results over the 2 F

= A further 22% reduction in Chemicals used onsite
was achieved

= Over the testing period, energy costs were reduced

= Further integration of the "Soft Sensors" will enable to
"Industrialize" the optimization

= Alarger set of data will enable to quantify the savings

= Literature results indicate:
= A potential for 40% savings on operating costs*

= Welcome side effects such as increasing of
hydraulic/load capacity (up to 80%)*

*Bluekolding Case Study

What if underestimating sturdy sensor inputs actually prevented you from saving big on energy? -
SWA - Antoine Walter







Outlook

Future might be compliex, but
buiit on bricks!

= Who knows which parameter WI|| be cisive to accompany
the road to "net positive energy" that WWTP will take over
the next decade(s)?

= Like Burbn, YouTube or Spotify, you have to invest in data today,
to have the "building bricks" you'll need tomorrow

= Simple process parameters (Flow, T°, pH, Conductivity...) are the
bedrock of data you need to be even more efficient tomorrow

TRANSFOR TION

= \We're watching our smartphones 150 times per day (8 times
during this presentation?) and reacting to an SMS within 4
minutes.

»Wouldn't it be about time to implement this reactivity into
our operation processes?

What if underestimating sturdy sensor inputs actually prevented you from saving big on energy? -
SWA - Antoine Walter
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Upcoming

Webinar with SBF : Webinar with Pioneer Environmental :
Singapore Water-Waste-Food (WWF) MVR Based Zero Liquid Discharge and Decentralized
Virtual Market Entry Programme Sewage Treatment Plant
(22 April 2021, 2pm to 4pm) (5 May 2021, 10am to 11am)
Webinar with NTUC USME
Digital Reboot Programme Organised by
Webinar with the Danish Export Association: (17 May 2021, 3pm to 4pm) (—
Water resource recovery — A dialogue between Webinar with SgWX : \g_) Sud
Denmark and Singapore on key innovations and Water Utilities Series - MWA .Thailand SINGAPORE WATER ASSOCIATION
opportunities ahead in the water sector '
21 May 2021, 3pm to 4 - e ™
(11 May 2021, 3pm to 430pm) . (21 May P todpm) - - -
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Singapore Water Association
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E: enquiry@swa.org.sg
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