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@AquaSPICE WaterCPS - The Core Digital Innovation of AquaSPICE

= A Cyber-Physical System specialised to enhance water efficiency in the Process Industry

= \Water efficiency enhancement is approached from three directions:
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@Aquasp|CE WaterCPS Architecture

Layered Approach: Combines physical system, digital twins & advanced applications for a holistic solution.
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‘@Aqua WaterCPS Intelligence Services
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:@Aqua Real Time Monitoring (RTM) eurecal

Cervtre Tex alag < de Canah

Goals:
* Collect and integrate readings from on-site
sensing infrastructure.

WaterCPS

Intelligent service 2 Intelligent service 1 Intelligent service 3

* Combine data from external sources, such as
weather reports and public water consumption
metrics.

* Provide intelligent services with access to the
collected data for analysis and decision-
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:@Aqua Real Time Monitoring (RTM) eurecal

Achievements:

Successfully deployed the RTM platform across 7 independent environments for monitoring diverse use
cases.

* Integrated data from various sources including manually sent CSV, batch sent XLS, pulling APls, MQTT brokers,
OPC-UA, etc.
* Enabling direct interaction of the WaterCPS with the water treatment processes (IMPROVED container)

Implemented a Data Quality Assurance module, utilizing Z-score and Hampel filter algorithms (link).

Use Case Example: Albert canal monitoring

Water Temperature (°C)

Conductivity

KD_01 j;
Kp_02 §

A%
01/07 00:00 01/08 00:00 01/09 00:00 01/10 00:00 01/11 00:00 01/12 00:00 01/13 00:00 ° KDAD4\»;=LM._
w= KD_01 == KD 02 == KD_03 == KD_04 KD_08 == KD_09 == KD_13 LORES KD_15 == KD_16 —® ” e
KD_17 LORE]

Conductivity (uS/cm)

A e

01/07 00:00 01/08 00:00 01/09 00:00 01/10 00:00 01/11 00:00 01/12 00:00 01/13 00:00
w= KD_01 == KD_02 == KD_03 == KD_04 KD_08 == KD_09 == KD_13 LORES KD_15 == KD_16
KD_17 KD_18

W o s Output of the z-score results of the DataQA module for the detection of anomalies in
B | the conductivity values.
Dashboard of the raw data collected y


https://github.com/Applied-Artificial-Intelligence-Eurecat/AquaSPICE-DataQA

‘@Aqua Process Simulation Modelling indigo; K
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‘@Aqua Dynamic Life Cycle Assessment UPDERSIIELD

= The AquaSPICE Dynamic LCA framework has incorporated the following steps of a conventional/static LCA:
Dynamic Goal and Scope
The user can decide on the functional units and the boundaries of the system, through the PSM tool
Dynamic Life Cycle Inventory
The user can select the flows that will be part of the inventory, through the PSM tool
These flows are populated either directly, via the RTM component, or indirectly, calculated by the PSM tool
Dynamic Interpretation

The user can see the results and compare them with
benchmark values, via the WaterCPS dashboard
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= |twas decided that the Dynamic Characterisation is not
suitable for short-term (near real time) life cycle assessment

= The Environmental Footprint 3.0 method has been used,
combining both midpointimpact indicators and a single score
indicator e e S S
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Insights on the water streams through time-
series graphs, visualisations and data
aggregations

Virtual sensors for the water quality of the
effluent of a modular water treatment pilot
plant (‘MPROVED Containers)

Predictive analytics to estimate water
quality parameters (e.g, pH, UVAS, Nitrates,
conductivity)

Analyses of sensor data to identify key
variables affecting water quality, e.g., pH

Time-series forecasting to predict future
TOC values of water streams

Automated Analysis of Flow Cytometry data
to identify bacterial populations or identify
system faults

(@ oockerns |
DockerHub
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‘@Aqua Water Efficiency Optimisation Service
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Challenges

= Optimize network flows, while respecting multiple strict constraints on real time decisions
= Reconfigure network flows for maintenance activities and respond to unexpected events
= Explore potential network configurations (integration of additional components or alternative connection arrangements).

Solution 1 '
= |nput: a process network consisting of il
v" Various components (treatment processes, wastewater sources) ”
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v" Their connection links and attributes, such as capacity & quality requirements
v' The optimiaation criteria (cost, energy, fresh water intake)

* |nput data are automatically translated to a mathematical programming formulation
solved by an exact solver
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v' Generic design allows for applicability on similar flow optimisation problem
= optEngine operates online (daily or during an unexpected event) and proposes [ o —»i i,,,, ,D>
optimised flows within the network under multiple objectives and given constraints. IR il e o
o )-

optEngine Results b
= Fast (near-)optimal solutions in a few seconds for various inputs (5-15 components, 5-10 quality parameters) m
= Support the selection of the most cost-effective design investment.
= Improved operations with regards to critical KPIs, such as:

v' Water reuse up to 90% (*2.3 MCM/year) in Tlpras

v' Water intake reduction up to 18% (= 1.2MCM/year) in Dow



:@Aqua WaterCPS Platform Pilot Deployment
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In the WaterCPS platform all AquaSPICE Case Studies
deployed, including:

» Interconnection with the RTM platform for real-time
data transmission

» Inclusion of all wastewater streams that were
investigated (IMPROVED containers, MERADES pilot
plant, WAPEREUSE system, Fit-for purpose pilot plants)

» Digital Twins

» All process configurations

» All WaterCPS intelligence services (simulation, life
cycle assessment, data analytics, optimisation)
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https://portal.aquaspice.eu/
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Application Case - Cooling Water & Water Reuse GHENT f vito
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;@Aqua' - Application Case - Cooling Water & Water Reuse ;i

BASF WWTP effluent AND IMPROVED Pilot
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@AquaSP|CE Application Case - Cooling Water & Water Reuse
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o‘@ Demonstration of AquaSPICE Digital Innovations
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