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Today's objectives




Today’s webinar . AM TEAM

Advanced Modelling for process optimisation

= COntext

«d AM-TEAM has developed a novel simulation model for ozonation.
Already available today through services. The simulation tool will
become available soon.

=l Objectives
«1 YOU get new, detailed process insights

«1 YOU learn the basics of ozonation process simulation

«1 YOU understand the practical application and potential of process
simulation for process optimisation, design and monitoring

=l FOrmat
«1 Hybrid model: presentation and live demos
«l Questions: ‘Q&A’ (not the chat)

«l Short questionnaire after webinar AM OZONE

A product of AM TEAM
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Outline

«l INTro
«d Personal introduction
=1 Ozonation and simulation basics

=l Virtual experimenting and virtual piloting
«l From batch to full-scale
«I Drinking water and wastewater

AM OZONE

A product of AM TEAM

.L“ Advanced Modelin gf I process optimisa
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Personal introduction




We help process technologists getting the processes

they desire using very realistic computer simulations h‘m

«l Process simulation services for
=l Process optimisation (energy saving, performance increase, ...)
=l Process design (optimal mixing, smaller footprint, CapEx saving, ...)
=l Process scale-up (lower time to market, significant piloting cost saving, ...)

«l Highly specialised in CFD and kinetic modelling
«l Global reach

1 Our clients
=l Technology vendors
=l End users and utilities
=l Consulting & Engineering firms

«d EXclusive focus on processes

Extensive case studies and blogs:
AM-TEAM.com Where*'we have ongoing projects



https://am-team.com/

This is AM-TEAM

“J
. NV i Advanced Modelling for process optimisation

>100 projects
finished

AM-TEAM's AM-TEAM's
expertise

service

CUSTOMER RATINGS

Averages of all projects finished
between January, 2018 and March, 2020

]
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3 fundamental ozone facts




FACT #1

OZONE DECAY KNOWS 2 PHASES

@® starting point
® measurement

0O B ‘Instantaneous’ ozone demand (IOD)
stwock slow decay
solution Natural water Wastewater
. 3 3
O, O,
\\‘\\~
@ \
Water e '“‘t
Sample “ I | ) I . | )
20s 20min wAAMTEAM  50g 20min

Ozonation inherently is an advanced oxidation process



FACT #2
TARGET POLLUTANTS ARE REMOVED BY
BOTH O; AND HO* RADICALS
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FACT #2
TARGET POLLUTANTS ARE REMOVED BY
BOTH O; AND HO* RADICALS
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Target pollutants are removed by
both O; and HO*

.L“ Advanced Modelin gf r process optimisa

1E+10

1E+08
1E+06
> 1E+04
1E+02

1E+00
Diclofenac = Carbamazepine Metoprolol Metformine 1,4-Dioxane

Reaction rate
(Mlsl)
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Target pollutants are removed by
both O; and HO*

.L“ Advanced Modelin gf r process optimisa

1E+10
HO*

1E+08

O, HO*

1E+06

=
m
+
o
D

Reaction rate
(M1s1)

1E+02

1E+00
Diclofenac Carbamazepine Metoprolol Metformine 1,4-Dioxane
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Target pollutants are removed by
both O; and HO*

.L“ Advanced Modelin gf r process optimisa

1E+10

1E+08

Reaction rate

Diclofenac ! 1,4-Dioxane

O, DOSED IN A SIMPLE BENDED PIPE - CFD-kinetic simulation including HO*

Diclofenac concentration 1,4-dioxane c_oncentrati_on
l (reacts with both O; and HO* radicals) (only reacts with HO* radicals)
Influent influent
effluent 0 effluent
40%

Simulations by ir. Miguel Daza and Dr. Giacomo Bellandi »



FACT #3
Bromate Is formed by both O, and HO* radicals

O4 pathway

Buffle, M., Galli, S., von Gunten, U. 2004. Enhanced bromate

control during ozonation: the chlorine-ammonia process r
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Batch demonstration




Conclusions

«l IN Oorder to have a valuable simulation model, these
facts have to be considered:
«l Ozone decay in ‘real water’ (Fact #1)
I O; and HO* based target pollutant removal (Fact #2)
1 O; and HO* based BrO, formation (Fact #3)
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What Is a process simulation
model?




What Is a process simulation model?

S \e
The current X .- Your desired
system/ process WA system
Experimenting

o S

Reality = = E

Virtual % .*é GE)

Reality = a2

=
. Virtual i

gﬁg;?r Model of the Experimenting | YOUr Virtual
. >

SGNIANIR] | current system Simulation | desired system
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A simulation model for ozonation s AM

Advanced Modelling for process optimisation

Water matrix data Process model Prediction of
 DOC, COD, UV, « Ozone decay

« Conductivity dC14—dioxane » Target pollutant
« Target pollutants dt removal

* Br Bromate
- Carbonates dCpro, _ - Disinfection

Process settings

« O, dose

 Chemical dose

* Volume and flow rates




Prediction examples
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I 2
BROMATE _ 15 TARGET CONTAMINANTS
Surface 5 13
. 1,5 9 1.1
water % Measurement Vodel S 0.9
=) data ode = 0,7
duneoﬂ ot 1 prediction 8
o o 05
0 -% 03
0,5 E 0,1 I “
0,1
i A ¢ o
O 06/-0706/‘1006/1506/2010/-0710/-1010/1510/20 (,\\Q;\/O ?:\{b \O‘\& Qﬁo é’&O\ ,51,‘2’ \OQK ®OQ \06\ Q(bo'\o‘\é\
7 , 7 , , , ’ , & NS @ & %) ’((\Q) \oQ (\Q; 0\0
H,0,/0, rati N SARNES ¢
,0,/05 ratio P
: 1,4-dioxane
e jBO _ 1,5
= (@)
(@) =
Secondary 320 g © 1,0
('U e
effluent 010 2 S 0,5
m S
o o T S 30, | T
H Sustainable ’ ’ . 2 5 4
Sw|rt Water nitacve O5 dose (witnout BrO, suppression) has >
il for Tomorrow 03 dose

AM OZONE

A product of AM TEAM

y4u N



What would be the practical value

of a process simulation tool for
0,777

LIVE DEMO




VIRTUAL PILOTING

Different categories of applications
(apart from ‘process understanding’)

. J AM TEAM

=l TECHNOLOGY SELECTION
«1 How suitable would O4 be for a specific matrix?
«1 What would be the specific removal of target pollutants at a certain O, dose?
=l Can bromate be suppressed, and what is impact on target pollutant removal?
=l INncrease the value of real-life piloting efforts (eg complement data; learning)

=l PROCESS DESIGN
«1 What will be the O, residual throughout the train? (eg sensor location)
«l What is the optimal sizing in view of current and future water characteristics?
=l Selection of injection technology (FBD, SSI) — what’s happening?
=l Ozonation runs at Plant A. How would it perform at Plant B?

] PROCESS OPERATION

«l Real-time monitoring (i.e. ‘digital twin’)
I New operational strategies (e.g. smart dosing; testing of control strategies)

AM OZONE 23

A product of AM TEAM
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Conclusion




Dosing & control strategies

Target contam_inants sosing locations
Innlr]grg?lli‘tl:gs Gl‘l;'!nllici:ll dnil:gs
md  MATRIX [ Water flow
' PARAMETERS LiiidlllciGy
) T 0ZONATION
e PROCESS
PERFORMANCE
Type & gen:::s‘vgon AND
B EQUIPMENT AND BO‘ST —
EQUIPMENT SYSTEM DESIGN AM TEAM FACTORS
Nozzle properties
Bubhle zize Operator

Positioning



Conclusion 4 AM TEAM

Advanced Modelling for process optimisation

=l Status of model application

«1 The model is currently being applied at plants in Europe and the US
(wastewater effluent and drinking water ozonation)

«1 Services and support available through AM-TEAM
= (If you have a case: email inffo@am-team.com)

«l The simulation tool will become available soon
= No in-house simulation expertise required

=l We expect to remove significant practical, regulatory and
financial barriers with regard to the application of ozonation

=l Special acknowledgements: Dynamita (FR) and HRSD (US),

e AM OZONE

A product of AM TEAM 26




FULL WEBINAR RECORDING

" OFFICIAL LAUNCH

AM GQZONE

product of AM TEAM

Advanced Modelling for process optimisation Our latest updates are posted

on LinkedIn page
AM-TEAM.com (click to follow)



http://www.am-team.com/
https://www.linkedin.com/company/17926212
https://www.linkedin.com/company/17926212
https://www.am-team.com/en/knowledge-sharing/blog/amozone

Thanks so much for your engagement.
Follow us on social media.

22
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AAMTY
.ﬂ‘ Advanced Modelling Movies

Project videos P PLAYALL

Watch some of our international advanced modelling projects.

WATER The practical value of CFD
PRACTITIONERS 3
SHOULD KNOW
ABOUT ‘
MULTIPHASE CFD

for the water industry
fo o ol

Full-scale ...
model validation™ |

s ) IS

Unprecedented full-scale CFD Virtual scale-up of a novel Virtual 3D design of the
model VALIDATION at WWT... MBR concept latest A-stage innovation -...
= " - AM-TEAM AM-TEAM AM-TEAM
Multiphase CFD for the water How this leading utility is A unique overview of the IWA Webinar on CFD
Multiphase CFD fo te How this leading utility Adunigue overview or'th VA Webinar on C 745 views + 1 year ago 231 views + 1 year ago 113 views * 10 months ago
industry: status and implementing water reuse - application of CFD in the

Advanced Modelling for process optimisation Our latest updates are posted

on LinkedIn page

AM-TEAM.com (click to follow)



http://www.am-team.com/
https://www.youtube.com/channel/UC96FjQkU53mP2vXDwxot6mw
https://www.am-team.com/en/knowledge-sharing/blog
https://www.linkedin.com/company/17926212
https://www.linkedin.com/company/17926212
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APPENDIX: live demo slides




Value

Case 1 — batch reactor

. V| ‘ Advanced Modelllng for process optimisation

Batch reactor

«l Fitting real batch data
| O3 reacts with water matrix
«l BrO3 formed by complex chain of reactions

— Aqueous ozone (Batch reactor) (mg O3/L)
— Bromate (Batch reactor) (pg BrO3/L)

— Total UVA absorbance at 254nm (Batch reactor) (m-1)

[ ] — Bentazone (Batch reactor) (ug BentazoneiL)

[ | — Atrazine (Batch reactor) (ug Atrazine/L)
[ ] — Hydroxyl radical (Batch reactor) (mol/L)

|:|_— 1,4 Dioxane (Batch reactor) (ug 1,4 Dioxane/L)

# measured O3 resid

¢ UVv254

SS~— [ | # 1-4Dioxane
1.5
3.0 ®
' L 2
~ A product of AM TEAM
t I I I I I I I L4 I I — Time (sec)
0.0 100 200 300 400 500 600 700 800 800 1000



Case 1 — batch reactor

. L“ Advanced Modelllng for process optimisation

1.07E-08

Batch reactor

=l HO* concentration
=l predicted in real time

Walue

[ ] — Aqueous ozone (Batch reactor) (mg O3/L)
[ ] — Bromate (Batch reactor) (ug BrO3/L)

| | — Total UVA absorbance at 254nm (Batch reactor) (m

9 48E-10

[ ] — Bentazone (Batch reactor) (ug BentazoneiL)
[ ] — Atrazine (Batch reactor) (ug Atrazine/L)

8.29E-10

— Hydroxyl radical (Batch reactor) (mol/L)

J11E-10

[ ] — 1.4 Dioxane (Batch reactor) (ug 1,4 Dioxane/L)

5.92E-10
4 74E-10

[ ] # measured O3 resid

3.55E-10

| ] & Uv254

2.37E-10

| | @ 1-4Dioxane

1.18E-10

AMOZONE

[ [ A product of AM TEAM

0

6.7

1 1 — Time (5ec)

8.0 9.3 11



Case 1 — batch reactor sl AM TEAM

Batch reactor

=l 1.4 Dioxane

Value |:| — Agueous ozone (Batch reactor) (mg O3/L)
|:| — Bromate (Batch reactor) (ug BrO3/L)
0.47 |:| - Total UVA absorbance at 254nm (Batch reactor) (m-1)
¢ [ ] — Bentazone (Batch reactor) (ug BentazonelL)
042 [ ] — Atrazine (Batch reactor) (ug Atrazine/L)
0.37 [v] — Hydroxyl radical (Batch reactor) (mol/L)
0.32 [v] — 1.4 Dioxane (Batch reactor) (ug 1,4 Dioxane/L)
0.26 !:l + measured O3 resid
021 [ ] # Uv254
016 [v] @ 1-4Dioxane
k

0.11  —

0 : : : : : : : : A”“‘*“mEme (se0)

-13 83 180 277 374 471 267 664 761 858 954



Case 2 — Dynamic influent

. L“ Advanced Modelllng for process optimisation

«l What happens when
Influent water becomes

l Walue

Surface water

Reactor

— Nitrite (Surface water) (mg NO2-N_L-1)
— Ammonia (Surface water) (mg NH-N.L-1)

more concentrated In

D'— 1.4 Dioxane (Surface water) (ug 1,4 Dioxane/L)

!:I — Total UVA absorbance at 254nm (Surface water) (m

time

0.42

e ]

Dissolved organic carbon (Surface water) (mg DOC

0.36

[ ] — Alkalinity (ALK) (Surface water) (mg CaCO3/L)

030 [ ]~ pH (Surface water) (pHunit)
g ?; // {v] — Bromide (Surface water) (mg Br-IL)
0.12 ///
1.066 //
6 . . | ; ; ; ; | T Time (d)
0.0 0.40 0.80 12 16 20 24 28 32 36 40
Value [ ] = Nitrite (Surface water) (mg NO2-N.L-1)
|:| — Ammonia (Surface water) (mg NH-N_L-1)
14 - — D:— 1.4 Dioxane (Surface water) (ug 1,4 Dioxane/L)
x
) - — Total UVA absorbance at 254nm (Surface water) (m-1)
08 [v] — Dissolved organic carbon (Surface water) (mg DOC L-1)
B4 [ ] — Alkalinity (ALK) (Surface water) (mg CaCO3/L)
& I [v] = pH (Surface water) (pHunit)
56 | | — Bromide (Surface water) (mg Br-/L)
2.8
14
G I I I I I I I I I t—Time (d)
0.0 0.40 0.80 12 16 20 24 28 32 36 40



=l With same gas flow rate, O3 gets depleted faster sufcewatr

Case 2 — Dynamic influent

. L“ Advanced Modelllng for process optimisation

Reactor

e
‘ Value — Aqueous ozone (Reactor) (mg O3/L)
[ |:| — Bromate (Reactor) (ug BrO3/L)
‘ 0.25 /‘ \ D Total UVA absorbance at 254nm (Reactor) (m-1)
EE; [ \ |:| - Bentazone (Reactor) (ug Bentazone/L)
0.18 \ D — Atrazine (Reactor) (pug Atrazine/L)
015 \ [ ] = Hydroxyl radical (Reactor) (mol/L)
013 \ [ | — Dissolved organic carbon (Reactor) (mg DOC L-1)
0.16 \\
~ AMOZONE
:222 \ A product of AM TEAM
0 i i i i i i i i I ——Time (d)

0.0

0.80 1.2 16 2.0 24 2.8 3.2 3.6 40



Case 2 — Dynamic influent

. V| ‘ Advanced Modelling 1or process optimisation

=l At the same time BrO3 decreases (despite the
iIncreasing influent Br-!1) due to:
«l more scavenging of HO* from water matrix
«l less availability of O3

Reactor
Surface water

| | — Aqueous ozone (Reactor) (mg O3/L)
— Bromate (Reactor) (ug BrO3/L)

'— Total UVA absorbance at 254nm (Reactor) (m-1)

|:| — Bentazone (Reactor) (ug Bentazone/l)

D - Atrazine (Reactor) (ug Atrazine/L)

Value
30
27
24 /_
21 /
18 l

|:|_— Hydroxyl radical (Reactor) (mol/L)

D_— Dissolved organic carbon (Reactor) (mg DOC.L-1)

AMOZONE

| | +—Time (d)
32 36 40



Case 2 — Dynamic influent

. V| ‘ Advanced Modelllng for process optimisation

Reactor

=l Predicting HO* concentration we can also predict surfcewatr
an unlimited number of micropollutants

Value |:| — Aqueous ozone (Reactor) (mg O3/L)
[ ] — Bromate (Reactor) (ug BrO3/L)

‘ 026 D — Total UVA absorbance at 254nm (Reactor) (m-1)
g ]2 A — Bentazone (Reactor) (ug Bentazone/L)

OiM \ — Alrazine (Reaclor) (ug Atrazine/L)

012 \ |:| — Hydroxyl radical (Reactor) (mol/L)

0.10 \ [ ] — Dissolved organic carbon (Reactor) (mg DOC L-1)
).080 e

).066 \? Mﬁ;f

).026 S MmdUmMTEEAM

0 i I i i i i i i —Time (d)

0.0 040 0.80 1.2 16 2.0 24 2.8 3.2 3.6 4.0



=l Bubble column treatment train profile

.

Case 3 — Full scale plant (SSI VS bubble column) FYEWRIF

Advanced Modelling for process optimisation

C1P0

BC2

BC3 BC4 BCS

AR A

UVA absorbance at 254nm (m-1)

gidefﬁ t-I.
s
Dy AM OZONE
Y Agueous ozone (mg O3/L)
Bromate (g BrO3/L)
13.00
11.70
10.40
910
7.80
6.50
5.20
>oo] START END
1 36 OF TRAIN OF TRAIN
0.06

5SSl SSﬁ BC1 #1 881#2 881#3 BC1#4 BC1#5 | C1PO

BC2 #3 BC2#2 BC2#1|BC3#1 BC3#2 BC3#3

BC4 #3 BC4 #2 BC4 #1

BC5#1 BCS5#2 BCS#3




«] SSI VS Bubble column (fine bubble diffusion = FBD)

2200+
19.80-
17.60-
15.40-
13.20-
11.00-
8.80-
6.60-
440
2.20
0.007

13.004——

Case 3 — Full scale plant (SSI VS bubble column)

. V| ‘ Advanced Modelllng for process optimisation

. Agueous ozone (mg O3/1)

B Bromate (ug BrO3/L)
SSi /]Il Total UVA absorbance at 254nm (m-1)

A product of AM TEAM

BC1#1 BC1#2 BC1#3 BC1#4 BC1#5 C1P0 BC2#3 BC2#2 BC2#1 BC3#1 BC3#2 BC3#3 BC4#3 BC4#2 BC4#1 BCS5#1 BC5#2 BCHH3
[v| Bl  DIVIMEE [Py DIUSIL)

|l Total UVA absorbance at 254nm (m-1)

S5l 556

FBD

11.70

1040

9.10
7.80

6.50

5.20
3.90

2.60
1.36

0.06

5SSl | 556 IBC1#1 lBC1#2|BC1#3 BC1#4 BC1#5 C1P0 BCZ2#3 BCZ2#2 BCZ#1 BC3#1 BC3#2 BC3#3 BC4#3 BC4#2 BC4#1 BCOHH1 BCOH#2Z BCOHHS



Case 3 — Full scale plant (SSI VS bubble column) & FEAWELIZ\

Advanced Modelling for process optimisation

.II SS I W/WO H 2 O 2 d Osag e VIl Aqueous ozone (mg O3/L)

22.00-
19.804
17.604
15.404
13.204
11.001
8.801
6.601
440
2.20
0.001

B GBromate (ug BrO3/L)

No H202 M. Total UVA absorbance at 254nm (m-1)

A product of AM TEAM

H B

I DN D B B B B B B B B B B B B B
A B § B B B B B I BE EE BB EmEDBE
B B BN N BN BN BN BN BN B BN BN EE BE BN

SSI ' SS6 BC1#1 BC1#2 BC1#3 BC1#4 BC1#5 C1P0 BC2#3 BC2#2 BC2#1 BC3#1 BC3#2 BC3#3 BC4#3 BCA#2 BCA#1 BC5#1 BC5#2 BCS5#3
Y B Aqgueous ozone (mg O3/1L)
B Bromate (ug BrO3/)
2100——— 5 mg/L H202 [/l Total UVA absorbance at 254nm (m-1)
050 _ - — AMOZONE
470 BrO3 suppressed due to HO* scavenging and oxidation of HOBr o
12.60

55l

556

BC1#1 BC1#2 BC1#3 BCl1#4 BC1#5 CI1P0 BC2#3 BC2#2 BC2#1 BC3#1 BC3#2 BC3#3 BC4#3 BC4#2 BC4#1 BCOHH1 BCH#2Z BCHHA3



Case 3 — Full scale plant (SSI VS bubble column) FYEWRIF

Advanced Modelling for process optimisation

| SSI w/wo HOCI dosage (reacts with bulk ammonia __
to form monochloramine) ZIW  Bromate 19 B0

22.00
M. Total UVA absorbance at 254nm (m-1)

19.80 No HOCI

17.604

1540- A product of AM TEAM
13204

171.004

8.80 .qll

SBG Il

440 H I R R B

2 201 B S B B B

0.00+ | E B EE

Y (g ag | R 21 #1 P11 #2  B1 H2 Rl HA Bm™1 HR ™10DnN B H2 B HD B A1 B H1 B2 HY B2 HT RBrA H2 O ReAd HDY BrA ﬂii: ﬂj;qser;z:;zonn;g(;; 03]’1_)
]Il Bromate (ug BrO3/)

21.00 -
18.90 BrOB Suppressed due to HO* Scavenglng by NH4C| [|Il Total UVA absorbance at 254nm (m-1)
1680 HOCI reacts with organics resulting in higher O3 residuals
1470_ A product of AM TEAM
12.60- HOCI
10.50-

840

B BN BN BN BN B BN BN BN |
B BN BN BN BN BN BN BN BN |
- = = = i " " B A A E @

551 556 BC1#1 BC1#2 BC1#3 BC1#4 BC1#5



Case 3 — Full scale plant (SSI VS bubble column) & FEAWELIZ\

Advanced Modelling for process optimisation

«d Decreasing influent nitrite from 0.25 to 0.001 mg/L I Aqueous ozons (mg 031

B GBromate (ug BrO3/L)

fsgg /|l  Total UVA absorbance at 254nm (m-1)
17.604 ‘ M QZQhIE
1540

Aprodud TEAM

13.204

11.004
8.804 1
ﬁ:ﬁl} -
oo — H B B B E B E EEESNEN
o — H B B B HE B E E EESN
220 [ il B BE A1 BN 0N AN 0N AR AR N AR A
551 556 BC1#1 BC1#2 BC1#3 BC1#4 BC1#5 C1P0 BC2#3 BC2#2 BC2#1 BC3#1 BC34#2 BC3#3 BC4#3 BC4#2 BC4#1 BCHH1 BCoH#2 BCSHHES
Y . Agueous ozone (mg O3/L)
|l Bromate (ug BrO3/L)
2200
. . . T v Total UVA absorbance at 254nm (m-1
1980 BrO3 slightly increases due to more O3 availability Gl D
17 604
1540
13.26
11.00

BN BN BN BN BN B BN BN BN BN BN BN BN BN |

BN B BN BN BN BN BN BN BN BN BN BN BN BN |

N NN NN BN BN BN BN BN BN BN BN BN BN |
C

1PO BC2#3 BC2#2 BC2#1 BC3#1 BC3#2 BC3#3 BC4#3 BC4#2 BC4#1 BCH#1 BCH#2 BCHAS

55| 556 BC1#1 BC1#2 BC1#3 BC1#4 BC1#5



Case 3 — Full scale plant (SSI VS bubble column) & FEAWELIZ\

Advanced Modelling for process optimisation

=1 Decreasing influent alkalinity from 350 to 100 mg CaCO3/L  oim  aqueous orone mgosn)

22.00

B GBromate (ug BrO3/L)

19.804
17.604
15.404

/|l  Total UVA absorbance at 254nm (m-1)

AM OZONE

13.204 A procudill TEAM
11.004

8.804 1-

6.604

440 | | H B B B BE E EEEEE B

220 I || H B B B B B E EE BB

0,00 I | N BN BN BN BN BN BN BN BN BN BN BN B

551 556 BC1#1 BC1#2 BC1#3 BC1#4 BC1#5 C1P0 BC2#3 BC2#2 BC2#1 BC3#1 BC34#2 BC3#3 BC4#3 BC4#2 BC4#1 BCHH1 BCoH#2 BCSHHES
Y - Aqueous ozone (mg O3/L)

1000 Check the scale! [//M  Bromate (ug Bro3L)
w0 BrO3 significantly increases due to less HO* scavenging by /| Tolal UVA absorbance at 254nm (1)
32.001 the water matrix

28.00-
2406

A product of AM TEAM

20.001
16.00+
12.00

8.00
4.0
000}

S5l

556

BC1#1 BC1#2 BC1#3 BC1#4 BC1#5 C1P0 BC2#3 BC2#2 BC2#1 BC3#1 BC3#2 BC3#3 BC4#3 BC4#2 BC4#1 BCS#1 BC5H#2 BC5#3




Case 3 — Full scale plant (SSI VS bubble column) Fe¥FOWRLY.\

«1 An unlimited amount of target pollutants

carnr be monitored throughout the whole treatment train /M 14 Dioxane (g 14 Dioxanell)
B Bentazone (ug Bentazone/l)
10.00 /I Abazine (ug Atrazine/l)

9.00 . Isoproturon (pg Isoproturon/L)
I Ibuprofen (ug Ibuprofen/L)

8.00 /] Il Mstformin (ug Metformin/L )
B carbamaze pine (ug Carbamaze pine/L)

7.00 | [l Metoprotot (pg Metoprolol/L)

B Phenazone (ug Phenazone/l)

6.00
B Diclofenac (ug Diclofenac/l)

5.007

4.001

3.00-

2.00-

1.00+

55l 556 BC1#1 BC1#2 BC1#3 ! BC1 #4 ! BC1#5 | BC2 #1 | BC2 #2 | BC2 #3 | BC3#1 | BC3 #2 | BC3 #3 | BC4 #1 | BC4 #2 | BC4 #3 |

START OF TRAIN| > END OF TRAIN

0.061




Case 4 — Full scale drinking water treatment plant
in EU

i
WV Adva dellgfp s optimisa

«d SSI configuration

«l Available data (for 270 days!!)
«l INfluent UVA254 sensor data
=l Effluent UVA254 sensor data

Reactor

Surface water

OZONE



Case 4 — Full scale drinking water treatment plant
in EU

. L“ Advanced Modelllng for process optimisation

«1 Based on the influent water matrix is possible to predict HO* concentration and

therefore MPs removal

Value — Bromacil conversion (-}
— Afrazine conversion (-}
103 ) [v/] — Isoproturon conversion ()
085 E| ~ Ibuprofen conversion (-)
0.8?( _!Z| — Metformin conversion (-)
— ~ Carbamazepine conversion (-}
07 — Metoprolol conversion (-)
0.71 iZ| — Trimethoprim conversion (-)
0.83 !Z| — lopromide conversion (-)
056 — Phenazone conversion (-)
- ~ Diclofenac conversion (-}
0.48
0.46
{_
o321z AMOZONE
0.24 | | | | | | N_‘—HA ime (@)
0.72 28 55 82 108 135 162 189 216 243 270
Val . \
Some MPs will showan  —————————————— |
T .
- I
Increase or decrease ~ |
0 . |
o / In conversion ~— |
A — e~ |
21 ’ 046 1
' |
o4 036
0.94 ‘
0o Aproduct of AM TEAM TS
This depends on the dynamics AMQZGE
0.89 f f f f f f | I I I I I | |
024 27 5 8 108 135 162 Of the |nﬂ uent water 56 8 109 136 163 190 216 243



Case 4 — Full scale drinking water treatment plant
in EU

i
.L‘ anced Modellin: gi r process optimisatio

«1 Nonetheless, BrO3 formation for the whole period of 270days

0.16 I I I I I I I I I —Time (d)
17 29 55 82 109 136 163 190 216 243 270




Case 4 — Full scale drinking water treatment plant
in EU

i
V) Adva dellgfp s optimisa

«l Effluent UVA254 sensor data and modelled data for all 270 days

‘ Value + UV254_out

— Total UVA absorbance at 254nm (Reactor) (m-1)
‘ 130 S
osb— e~ 7 e — L .
. * w W - * - - ]
7.5 \
. - - ’
e Predicted (line) o atN— T T
ot - v
52 Measured (dots)
39
28
13 - OL0RE
A product of AM TEAM
0.000 I I | I I i I I I t—Time (d)
0.0 27 o4 81 108 135 162 189 218 243 270

Using a single parameter set calibrated on a plant in US treating secondary effluent




