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[ Prablem identification

|

[ Set precise goals

.

[ System boundaries definition ]

[Deﬁne industrial contaminants ] [ Define involved partners ]
[ ]

i

[ Design the process flow diagram of the system ]

!

Set input flow streams

i

Set output flow streams

!

[ Define the required data for each process unit/system

!

[ Determine process parameters and operating conditions ]

!

[ Process simulation tool selection ]

Yes Have models been No > Model development

developed?

> [ Model integration into the simulation tool ]4

Are there adequate data

available?

Conduct laboratory trials and pilot-scale experiments
Utilize literature data

> [ Run simulation ] <
!
[ Madel validation ]
v
[ Report simulation results ]
wooo-t

42



56

3576

7/+

43



©
=
(=3
@Aﬂ

L J

23

L

7/

2+

(63

,*(86

2%(85

5

7 -

E8 9,

- /6

9;

E







Y
@AquaSPICE

</ 7/ + R

- - 37/ < 3/

+ Create model in PSM standalone tool + Continuous update of model * Create isolated instance of the system model * Update model in PSM standalone tool * Remove model
* Register model to simulation service parameters based on sensor * Provideto the user the flexibility to change = Update list of KPIs
measurements parameter values
* Simulate Scenario
* Obtain simulation results
« Perform calculations (KPls, objective functions)

« Repeat {optional)
. v‘
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AquaSPICE API?

er Use Innovations)

aSPICE project (Advancing Sustainabilty of Process Industries through Digtal and Circula

The AquaSPICE AP has been developed within the framework of the H2020 fun

Servers

IAquaspice

MechanisticModels v
| /api/mechanistic-models/AOP TheAOP mode!
| /api/mechanistic-models/CoolingTower The Cooling Tower

v

Schemas

AOP_Requestinfo >

AOP_Responseinfo >

CoolingTower_Requestinfo >

CoolingTower_Responseinfo >

( 7/ /0 T -2 >/ 27

servers

IAquaspice

MechanisticModels

) /api/mechanistic-models/AOP The AOP model
Parameters Try it out

No parameters

Request body application/json-patch+json

Example Value | Schema

“initial_intensity
“bo0s": 3,

“cd™: o,

“cod™: o,

Responses

Code Description

200
Success

Media type
[ text/plain v

Example Value Schema
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7/ (C -3 / ) 7 RY

i -, FC

& Process Simulation and Mo

O Fan A Fan B Fan C Fan D FanE Fan F
CTMU Water
[ l CTBD Water l

2 Specicatin |/ System Parameters [ System putOuput | ([ System Fows ([ Model Defition _Log Window
== N = [ o |

» | Water 6,279.95 kafs Manual
Water Temperatire 98 x Marual

7- 3 V- VoS 6 > vV V8 V516

7 Speciiication #/ Process Parameters 2] Node Input-Output /7 System Parameters (=] System Input-Output (] System Flows (] Model Defintion Log Window

Symbol: | | [ Add |
lSymbol - I Is Read Only’l Value l Unit JDescnphon Del [
» | Air_flow_rate 7.2 - Singular value (valid when a fan is on) X
Air_temperature 4] 293,022 K x
CTs_number_on V] 2 - number of cooling towers in operation x
Fans_number_on 1 number of fans that are on x
Humidity_ratio 0,01289 - ratio= kg of water vapor / kg of air X
Optimization 0 - 0-not optimize, 1-optimize K
Water_Temperature_1h_ago 295,505 K Outlet Water Temperature (predicted 1h ago from the model) x
% 6 - E E E
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7 >/ 7% >J - 7.
> 2 / 3 (
/3 0 - (
3 - - - - - 7/
R A 77 4 3 - = . ] 3
- - - 7/ z (
/ 0
= J - z (
3 - - - > F, D) A
$(8( ( : -
F C (F 3 7
$(8(83 / 7
i ( ] ] i
/o3 7 F,o. 3
- (
7 !/ / -
/( e -3 - - 7/
-
Symbol: | | [ Add |
[Symbol - Ils Read Only?] Value Unit [Descnpuon Del I
» | Air_flow_rate 7.11 ~ - Singular value (valid when a fan is on) X
Air_temperature 293.022 K X
CTs_number_on 2 - number of cooling towers in operation X
Fans_number_on 2 - number of fans that are on X
Humidity_ratio 0.01289 - ratio= kg of water vapor / kg of air x
Optimization 0 - 0-not optimize, 1-optimize X
Water_Temperature_1h_ago 290.52 K Outlet Water Temperature (predicted 1h ago from the mod... | X
7 Specfication 7 System Parameters =] System Input-Output =] System Flows =] Model Definition  Log Window
IResource - l Flow I Unit l Type l
»  Water 6,261.28 ~ ka/s Calculated
Water Temperature 298.53 K Calculated
% &r - 8 9 > 8 9 >
7 7 / /
-/ -/ +
( ] .
7 z 3
2 / (-3
/ -
>= AF - 3 -
5 . W8k 5. I 3
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(F ] 7/ 3 : ]

7/ -2 : (

CTMU Water
FanA FanB FanC FanD FanE FanF
,E CTBD Water §

7 Specfication [Z] Node Input-Output 7 System Parameters (=] System nput-Output (=] System Flows =] Model Defintion  Log Window
Resource - Initial Stock Final Stock Unit
» | Water 0.00 6,261.28 kafs
Water Temperature 0.00 298.53 K
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RO

SAC [—| SBA |[— RO [ GAC [—| MB

SBA [—| SAC |— RO [ GAC [ MB

MPPE [—| SAC |— SBA [ RO [ GAC [ MB

MPPE/

GAC SBA SAC RO GAC MB
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Granular
Activated
Carbon Process

Specfication  # System Parameters (=] System Input-Output =] System Flows 2] Modsl Definition  Log

Resource a | Flow | Unit ‘ Type
boaAl 0.17 mal Manual
AOX 1.50 ma/l Manual
Ba 0.09 mglL Manual
Cca 322.00 mafL Manual
a 441,80 mafl Manual
Conductivity 3,500.00 uSfcm Manual
Cu 0.01 mafL Manual
Fe 0.20 mal Manusal
K 57.59 ma/l Manual
Legionella spp. 1,000.00 CFUL Manual
Mg 47.46 mallL Manual
Mn 0.01 ma/L Manual
Na 346.10 mall Manual
NO3- 53.50 mafL Manual
pH 8.30 Manual
5042- 1,083.00 maf Manual
TOC 44.00 ma/L Manual
Turbidity 11.00 NTU Manual
Water 0.31 m3/h Manual
n 1.33 mglL Manual
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/ Speciicatin /' Process Parameters | (] Node InputOutpt / System Parameters (] System

Symbol: | | [ Add
| Symbol - l Is Read Only? | Value ‘ Unit |
density 500 kg/m3
diameter 0,26 m
filled_height 0,81 m
height 3 m
mass_resin 0,13 g
» Pressure 0,5 bar
time 24 h
total_surface_area 1.150 m2/g
Volume 43 L
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Storage
tank
Granular lon Exchange lon Exchange ira
SAC 3
o (S84) 50 Fevated | Mixed Bed
7/ Specfication 7 System Parameters ] System Input-Output (=] System Flows (] Model Defintion Log Window
[Resource - ] Flow I Unit ] Type [
» oAl 0,05 ~ mg/L Manual
Ba 0,01 mg/L Manual
Ca 0,22 mg/lL Manual
a 10,00 mg/L Manual
Conductivity 140,00 pSfcm Manual
Cu 0,01 mgL Manual
Fe 0,05 mg/L Manual
K 0,13 malL Manual
Mg 0,07 malL Manual
Mn 0,05 malL Manual
Na 30,00 mg/lL Manual
pH 7,50 Manual
PO4-P 30,00 ma/lL Manual
S042- 100,00 mglL Manual
TOC 77,15 mg/L Manual
Turbidity 9,76 NTU Manual
Water 0,39 m3/h Manual
Zn 0,05 mg/L Manual
b &6 # * 1# & 1, (
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WWTP CITY BIESBOSCH

/ Speclication |/ System Parameters (1] System input-Output (1] System Flows [T Model Defintion  Log Window

[Resource -] Flow [ wt [ e
b Polutant 5.80 - mal Manual
Woter 0500 mah Merual

=

BIESBOSCH

7 Spectication 7 System Parameters (1] System InputOutput (1] System Rows (2] Model Defintion  Log Window

] Resource -

Flow [ Unit Type [
»  Polutant 230 - mgl Manual
Water 150.00 m3h Manual

|/ Specication 7 System Parameters (1] System InputOutput (] System Flows ] Model Defintion ~ Log Window

[Resource -] Fiow [ Unit Type [
» Polutant 560 - mgh
Water 185.00 m3h Manual

oo ##() -

# Specification 7 Process Parameters (] Node Input-Output 7 System Parameters 2] System inputOutput [ System Flows ] Model Defintion  Log Window

Specification Method: O Wih Factors @ With Script O Weh APl | Ede Sompt |
puts 0
Resource: ~ From Node: e Resource: ~  ToNede: e
Resource - ] From Node [ Unit | Name Del [ | Resource a | ToNode ‘ Unit ‘ Name Del ]
» | Polutant WWTP CITY mgl Pollutant In WWTP CITY x » Polutant Polished Water 1 molL Pollutant Out PW x
Pollutant BIESBOSCH mgl Pollutant In BIESBOSCH b Pollutant Condensate mal Pollutant Out Condensate x
Polutant IEX fresh moL Pollutant In IEX fresh x Water Poished Water 1 m3h Water Out x
Water WWTP CITY m3fh Water In WWTP CITY x Water Condensate m3h Water Out Condensate x
Water BIESBOSCH m3h Water In BIESBOSCH x
Water IEX fresh m3h Water In [EX FRESH x

oo 2, &0 &; 8 9
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o/ Speclication |/ System Parameters (1] System Input-Output (] System Fows ] Model Defintion  Log Window

[ resource -] Flow Unit | Type |
»  Polutant 4.52 mglL Caladated
Water 440.00 m3h Calulated

 Juncion 57 Unk | Stage | @ Zoom n & Zoom Ot Gt T Sceen 3 Zoom T AclSse O Magnier | FormatPater
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Available Technolgies:
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Available Technologies: IEX + MB
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P rEnergyi 1 ”Chemicals’
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VEnergyr I Chemicalsr

R -
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Lake Witznitz
Coagulation /
Flocculation 1 P
@ : CTMU
~— Reverse Osmosis Cooling
—> Rapid Sand Towers
Filtration 1-4
L\| 9
Raw Water Pit -
Coagulation /
Flocculation 2
—¥ Demin Water
Suppl
— ly
River Elster
Coagulation / N Demin Water
Flocculation 3 Rapid Sand Production
Filtration 5-8

hooDan T * (.$ &

Mix1
@
[ may—| [
Mix2
Raw Water Pit | / Spechication /7 System Parameters 2] System InputOutput ] System Flows  (Z] Model Definition ~ Log Wil
<
5 Resource - Flow Unit Type
7 Speclication /7 System Parameters (1] System InputOutput (1] System Fows (1] Model Defintion  Log Wi [Resar = [ . ‘ L
- » ca 253 mmolL Manual
Resource - Flow Unit ] Type
B ad 87.10 mglL Manual
» Ca 122 mmolL Manual 0.3 ol
a 53.65 mol Manual o0 . mok s
== i ry e Conductivity 1,054.90 pS/am Manual
Conductivity 525.30 pSfem Manual u 0.10 mglk Manual
cu 0.10 mol Manual Fe 0.28 mgl Manual
Fe 0.15 mal Manual HCO3- 234 mmolL Manual
HCO3- 168 mmolL. Manual Na 86.34 mglL Manual
Na 37.53 mol Manual NO3N 275 ol Manual
NO3-N 170 molk Manual oH 757 P
Ll 785 fanual 5042 297.48 mal Manual
S042- 85.12 Manual
: L ToC 5.51 mal Manual
TOC 6.21 mglL Manual » i
™ 0.20 mal Manual a2 mal el
Tss 475 =y Manual Tss 14.18 mol Manual
Ty e = e Turbidity 483 NFU Manual
Water 317.00 =3 preg Water 252.00 m3h Calaulated
2n_dissolved 0.01 mgl Manual 2n_dissolved 0.02 mglL Manual
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Ultrafiltration O lake-up Water
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Biological
Activated
Carbon Process

# Specification 7 System Parameters =] System Input-Output =3 System Flows =] Model Defintion Log Window

Resource - ‘ Flow ‘ Unit
2 |ca 4,08 mmol L -
al 271,54 ma/L Manual
con 4,39 magfl Manual
Conductivity 2,075,560 pSfam Manual
Cu 0,02 mgfL Manual
Fe 0,24 mgfL Manual
Mg 0,65 mmalL Manual
Na 214,52 mg/L Manual
NO3N 9,30 ma/L Manual
pH 8,09 Manual
502 7,61 ma/L Manual
5042- 575,39 mgfL Manual
TOC 17,88 mgfL Manual
Turbidity 1,68 NTU Manual
Water 0,30 m3fh Manual
Zn_dissolved 1,06 mg/L Manual
tatus
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Energy Chemicals Air

! } }
l

—
— — —_—
Neutralization = ;ﬁgﬂg’g . Membrane Bioreactor GAG "I e I
—
I VR #1/CI$S S > * -
r (
F 7/ E3 /
- . - -/ (:
-3 &VY <. / 0 5" =6
7 / @ 5 =6 - = (C -F;3
- - 5 6 . 7
/ 5= -7 7 2. 7
/ = tF; (C 3
A A - 3 / - F; 7/
=
- - 7/ z -0
/ Specification 7 System Parameters (=] System InputOutput (=] System Flows (=] Model Defintion Log Window
lResource - l Flow | Unit ‘ Type
» Al 0.50 mg/L Manual
cop 1,000.00 mg/L Manual
Conductivity 6,000.00 Sfcm Manual
E.coli 100,000.00  UFC/100 mL Manual
Fe 0.60 mg/L Manual
H202 300.00 mg/L Manual
pH 2.00 Manual
S042- 511.00 mg/L Manual
TOC 350.00 mg/L Manual
Water 0.04 m3/h Manual
NO3 850.00 mg/L Manual
hoo )3T * -
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7 Specfication / Process Parameters (=] Node Input-Output 7 System Parameters (=] System Input-Output (] System Flows (] Model Definition

Symbol: | | [ Add
Symbol IsRead... » Description Del
Fe_GFH v 600 akg X
GFH_specific_surface_area v 300 m2/g X
GFH_density v 1,150 kg/m3 X
GFH_mass v 25 kg mass of GFH material X
radius v 0.25 m column radius X
h v 0.6 m bed height X
H202_Consumption v 1,500 g/m3 assumed )(
EBCT v 35 min )(
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