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Consumer Packaged Goods is Evolving 
Challenges & Opportunities

Presenter
Presentation Notes
Let’s a have a look more in details at the different issues that today are affecting the manufacturing world.The variability of raw material and environmental conditions is one of the major issues, because it directly affects the end-product quality and the following are some of the main root causes:Input material to be processed arrives in batchesThe material can come from different sources/suppliersDuring the process the material is subjected to different environmental conditions like temperature, humidity, dust, which can affect its’ propertiesDepending on demand, we could have material that’s stored for different amounts of time, and that of course could impact its’ properties as wellAs a consequence the production parameters need to be constantly monitored and updated by the operator trying to maintain a consistent output quality, and this leads to an increased cost of the production and therefore of the end-product.Regarding the controllability of the manufacturing process, we currently observe that in most of the production lines the monitoring action is usually a manual operation such as Physical measurements on samples or Visual inspection of the products.A direct estimation of the product parameters by the machine itself is rare or impossible with this standard setup and this could potentially cause delays in the evaluation of the product or production KPIs. In addition the overall market trend is going in the direction of custom and connectable products and therefore an increased demand for small batches and the need of flexible manufacturing processes is more and more a MUST for the industries that would like to stay competitive in the future.
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Most companies operate here due to 
historical habits

With Industry 4.0 few companies have started operating 
here to reduce time and cost
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better products and prepare for next industry R-evolutions
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Presentation Notes
Traditionally, manufacturing and process industries use simulation just for validation and troubleshooting in reactive mode.We are currently in the core of Industry 4.0 where our customers in manufacturing industries are now starting to use the concept of digital twins to better design their products to reduce time and costs.In the future digital twins will become more and more the core of the production process and not only of the product design; these will be used to automate more and more the production to close the gaps that industries are currently facing today like:The variability of raw material and environmental conditions affecting the end-product qualityThe impossibility for the machines to fully automate the production process getting rid of human interactionsThe customer centric transformation leading to diversification and customization of the products
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Presenter
Presentation Notes
Siemens provides five business digital threads that are built on the Xcelerator portfolio, and when combined with our in-depth industry knowledge, provide an unstoppable advantage for food & beverage companies.Integrated Lifecycle Management brings speed and agility to your initiative technical readiness process by enabling IP re-use and using smart templates to drive efficiency of execution. �Smart Product & Process Design brings all your multi-discipline development processes into a single environment; and enables specific definition and validation for the recipe based on the manufacturing capabilities  - it can be of a single line for a single batch. �Enterprise Recipe Management lets Consumer Packaged Goods companies virtualize and execute their recipes anywhere, anytime. Centralizes recipe authoring knowledge and links it to manufacturing assets and capabilities, helping to validate virtually recipes in a fraction of time, reducing trials and setup time. This is a key solution that enables companies to manufacture everywhere in the world, proactively looking for the best manufacturing options.Smart ManufacturingA comprehensive digital twin of your production environment – engineered with precision and validated in the virtual world – it can be machine, robot, line, or  AGV’s (Autonomous Guided Vehicles) – and how they all work together for a flexible and autonomous production environment.  Visibility to the digital twin of production by innovation leaders when they are engineering new products eliminates the systemic redesign that happens today during the tech transfer process … savings months of non-value added work. Flexible and connected shop floor operations – connecting product design to planning,  execution and shop floor automation --  in an agile way that optimizes the execution of diverse products and packaging assembly in real time --- and does it while managing cost, cash, quality and manufacturing efficiency.  Traceability and Lifecycle Intelligence extends visibility to quality and authenticity data across the extended supply chain and brings product and production intelligence to your fingertips to continually optimize your digital and physical enterprise
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Consequently combining the real with digital world with a comprehensive Digital Twin approach enabling a continuous loop of optimization.And with our Digital Enterprise approach we do exactly that. In this way you get the information needed to make decisions in confidence.
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This integration makes it possible to seamlessly integrate the entire value chain from design to realization and of course the optimization phase with a continuous flow of information.
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And by working with our comprehensive Digital Twin you can also integrate the entire product lifecycle….….and if required - with the factory and plant lifecycleand the data generated, or the performance as we call it, enables a continuous loop of optimization - both for the product and the production.This comprehensive Digital Twin approach integrates all necessary domains, even including the Digital Twin of the building, which you can use to optimize the performance and efficiency of your plant’s buildings and offices.((Background information))Once the product is built in real – we collect data of the product behavior, usage�and performance – we analyze the data and feed it back to the team working with �the product development and production planning – this allows for continuous optimization.The Digital Twin creates new insights, thanks to the combination of physics-based simulations with data analytics in a fully virtual environment. This makes it possible to realize innovations faster and more reliable, while also requiring significantly fewer real prototypes.Siemens has consequently since 2007 been combining the real world and the digital worlds.The goal is to create a precise digital representation of the real world – the digital twin. �Performance data from the real world allow to feed those back to the virtual model to continuously optimize product and production.With the help of the Digital Twin you can:predict product and production performance – like looking in to a crystal ball and predict the futurereduce the number of physical prototypes – we validate our product in the digital worldand you can ensure that customer requirements have been met thanks to an effective collaboration platform.There is tremendous value gained from performing "what if" scenarios and predicting future performance with the digital twin. The ultimate goal of the digital twin is in the closed-loop connection between the digital world of product development and production planning with the real world of production system and product performance. Through this connection actionable insight gained from the physical world for informed decisions throughout the lifecycle of products and production operations. 
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And by working with our comprehensive Digital Twin you can also integrate the entire product lifecycle….….and if required - with the factory and plant lifecycleand the data generated, or the performance as we call it, enables a continuous loop of optimization - both for the product and the production.This comprehensive Digital Twin approach integrates all necessary domains, even including the Digital Twin of the building, which you can use to optimize the performance and efficiency of your plant’s buildings and offices.((Background information))Once the product is built in real – we collect data of the product behavior, usage�and performance – we analyze the data and feed it back to the team working with �the product development and production planning – this allows for continuous optimization.The Digital Twin creates new insights, thanks to the combination of physics-based simulations with data analytics in a fully virtual environment. This makes it possible to realize innovations faster and more reliable, while also requiring significantly fewer real prototypes.Siemens has consequently since 2007 been combining the real world and the digital worlds.The goal is to create a precise digital representation of the real world – the digital twin. �Performance data from the real world allow to feed those back to the virtual model to continuously optimize product and production.With the help of the Digital Twin you can:predict product and production performance – like looking in to a crystal ball and predict the futurereduce the number of physical prototypes – we validate our product in the digital worldand you can ensure that customer requirements have been met thanks to an effective collaboration platform.There is tremendous value gained from performing "what if" scenarios and predicting future performance with the digital twin. The ultimate goal of the digital twin is in the closed-loop connection between the digital world of product development and production planning with the real world of production system and product performance. Through this connection actionable insight gained from the physical world for informed decisions throughout the lifecycle of products and production operations. 
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Siemens Solution
From Digital Twins …
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Siemens Solution
… to Executable Digital Twins (xDT)

• Developed & released by experts
• Real time enabled
• Self-adapting/calibrating
• No additional solvers required
• Deployed from edge to cloud
• Leveraging virtual sensors

Self-contained executable digital behavior of an asset

Leveraged by anyone at any point in lifecycle
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Key Enabler for Executable Digital Twin - Simcenter ROM Builder
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Presenter
Presentation Notes
Is your CAE workflow suffering from:Slow calculation that restrict their usage or outcome?Weak interoperability?Silo-application?Is experimental data leveraged in simulation to better predict performance?For all above, reduced order modeling provide efficient solution to speed-up simulation, combine models, combine physics and data and also to break the silos and deploy models inside and outside CAE.ROM acts as a CAE catalyzer, enables the executable digital twin, while offering this to all data made available from simulation and test.



For simulation users, the Simcenter ROM Builder creates simplified, 
tool-neutral, re-usable models by processing simulation and field 
data.
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Siemens Solution 
Technical Approaches with Digital Twins: Virtual Commissioning and Virtual Sensing (xDT)
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Virtual Commissioning and Virtual Sensing (xDT) – What? 
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Presenter
Presentation Notes
In order to improve the efficiency in implementing a new production line or to upgrade an existing one, Siemens proposes 2 different methodologies:Virtual CommissioningVirtual SensingBoth methodologies aim to optimize automation algorithms & identify machine and process control parameters to reach target KPIs (Key Performance Indicators) like machine performance, noise reduction, sustainability, reliability and of course product quality.So what do we mean when we talk about Virtual commissioning. With virtual commissioning we aim to create an environment that mimics the real automation hardware for the controls engineer to validate their PLC (Programmable Logic Controller) logic and HMI (Human-Machine Interface) files before the actual machine is built using a digital twin of the plant that can:Simulate off-line with the automation code (SiL – Software-in-the-Loop)Simulate on-line in Real Time with the PLC hardware (HiL – Hardware-in-the-Loop)So what do we mean when we talk about a virtual sensor, and the benefits of this technology.A virtual sensor is a combination of a reduced set of measurements and a real time model to virtually sense variables.What is the purpose of synthetizing a virtual sensor? :Removing physical sensors – cost and weight savings in case of mobile devicesSafety/fault tracking – create redundancy with respect to measured variable to evaluate reliability of physical sensors (very useful for sensor that are prone to failures)Data fusion & extending range of operation – add extra information on top of variables that can be measured either because there is no physical sensor technology able to capture the desired variable or to add additional information (like spatial information and not only punctual measurement)Predictive maintenance – use the sensed variable to define a maintenance schedule to decrease the machine downtimeControls and monitoring – use the sensor to improve the controllability for the production process to enhance the feedback loop



System Simulation with Simcenter Amesim

Systems modeling and simulation 
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• Size components according to 
performance needs
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behavior models for drive control

• Reuse of models for in operation 
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information on the current state 
of the machine and additional 
safety loops (virtual sensors)
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Presentation Notes
List key capabilities in the main area. (Prefer clarity over exhaustive details)Graphically illustrate key capabilities (Preferable not to show tool details or screenshots as these slides will be used to validate the required capabilities with customers before describing what the solution will look like.)
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List key capabilities in the main area. (Prefer clarity over exhaustive details)Graphically illustrate key capabilities (Preferable not to show tool details or screenshots as these slides will be used to validate the required capabilities with customers before describing what the solution will look like.)
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Presenter
Presentation Notes
Now that we have clear in mind what is the purpose and what are virtual commissioning and virtual sensing, let’s see how these methodologies can be deployed. It is usually a step-by-step procedure made by different phases that will be detailed in the coming slides:1. Digital twin development: Setup of digital twin model of the plant or of a part of it by using different modeling techniques or a combination of those2. Virtual sensor synthesis: Complete the KPI evaluation with extra information if need3. Automation code upgrade: upgrade of control logic including RT digital twin to overcome traditional approaches’ limitations



Executable Digital Twins (xDT) to Improve Assets Automation
Implementation process
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Presenter
Presentation Notes
Create the digital twin model of the target system. Regarding digital twin we can distinguish between different modeling approaches:- Equation driven models – analytical models that are usually based on ODEs without the notion of space- Geometry based models – usually models that rely on meshing of existing geometry to approximate the solution of dedicated set of equations like Navier-Stokes�- Surrogate models (black box linking Inputs with outputs) – can be very simple like a map or very complex like a Neural network- Hybrid models – combination of the 3 above categoriesUsually a plant or, in “smaller” size, a machine is made by a combination of different systems and each system, depending on the level of details we want to include and the phenomenon we need to reproduce, can be modeled with different approaches:Mechatronics at system levelDetailed fluid dynamics (CFD)3D structuralElectromagneticsChemical…The important key take away is that, even though each part of the machine can be modeled with a different approach in a different simulation environment tool, there are always strategies to make these tools communicate so to create an holistic representation of the system mockup.



Executable Digital Twins (xDT) to Improve Assets Automation
Implementation process
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2. Virtual sensor synthesis
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Presenter
Presentation Notes
A digital twin (physical model) can be used to predict several variables which are still physical quantities like:Fluid domain: pressures, flows, temperatures, enthalpiesMechanical domain: accelerations, speeds, displacements, forces, rotary accelerations, angular velocities, angles, and torquesElectromagnetics: current, voltages, magnetic fluxesChemical: reagents, energy, ……It is also possible to derive a virtual sensor by linking the physical properties to the desired KPI by means of machine learning techniques, by combining simulated variables with historical data acquired on the field.Some times it is also important to extract information from the process itself like an operator would do by visually inspecting the production line: in this case cameras can be used to record scenes and AI can be used to post-process the image data, reconstruct the scene and use this information to feed the control loop.Once the sensors are synthetized, we need to make sure that these are compatible with RT application in order to be used live to control the production process.By default a digital twin model is usually slower than RT and non-compatible with Fixed Time Step solver which are the basic requirements to have a RT Closed loop system; this is even more true if we think at models like CFD or FEM.The idea here is to have a 2 step procedure where:STEP 1: embed the part of the machine which is modeled with a geometrical based approach within a system model (equation based) via transfer function/surface response or surrogate modelSTEP 2: execute Reduction Order Model to create eXecutable Digital Twins (xDT) to be then used as virtual sensor on Edge device and integrated within the contol system
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Chocolate temper unit optimization
- Extension of the chocolate production time between 2 cleaning sessions of the unit 

SolutionChallenge

Improve temper unit control 
algorithm to maintain stable 
chocolate organoleptic 
characteristics over time 
considering machine 
performance degradation 

Temper unit system model to capture influence of machine properties degradation 
on chocolate crystallization structure deployed as virtual sensor on edge device
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System Model

Crystallization virtual sensorSystem and Data Analysis

Presenter
Presentation Notes
Simcenter Engineering to support the upgrade of temper machine control algorithm by introducing virtual sensing technology to assess chocolate properties based on combination of measured and simulated Challenge: To improve the control algorithm of the tempering units to maintain the organoleptic characteristics of the chocolate over time, including the degradation of machine performance Solution: Tempering unit system model to capture the influence of machine property degradation on the crystallization structure of the chocolate used as a virtual sensor on the peripheral device Benefits: Extension of the chocolate production time between 2 cleaning sessions of the tempering unit with the implementation of a better control system of the thermal management of the machine
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Presenter
Presentation Notes
This is about highly complex food science customer has a really complex food science processVery delicate, with many variables If not monitored you can have massive volumes of waste.In worst case, you get the crisp that’s just bad, An expert can configure the machine. But he doesn’t know somethings wrong till it’s to late. And that’s waste, downtime and money
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SolutionChallenge

Extruder-based food 
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We helped develop an Digital Twin extruder expert that can be placed at every manufacturing lineIt uses vision based systems, that leverage multiple executable digital twins.The overall solution uses the entire Xcelerator portfolio Is deployed from Cloud all the way down to siemens edge devices IT is a closed looped DT that is continually leaningThis delivers an overall better product, At a reduced Cost, With a more efficient process
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Improve sustainability,  operation control and performanceAs you can imagine moving water around is very expensive.Their goal is to be 100% sustainable by 2030This customer is currently managing 1,430 water pumping stations with 179 controlled reservoirs over the region



Solution

Improve operational efficiency of water reservoirs

Challenge

Over/underfilling the 
reservoirs causes 
shortages

Uncertainties in the piping 
layout and impossibility to 
measure in some locations

Current control strategy 
relies on operator 
experience

Real-time full-fidelity model providing virtual measurements of fluid flows, 
liquid levels and energy usage. This enables the smart control of the 
plant and increase sustainability.
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Multiple xDT based on full fidelity physics based models Simulate the pump energy consumption – real-time – to investigate various pumping scenarios at different demand levels and energy tariffs. This gives them insight into the complete system that reduces their overall operation cost



Siemens simulation solutions
From Digital Twins (DT) to Executable Digital Twins (xDT)

In-operation

Precise virtual representation of the physical 
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virtual representation 

Used across its lifecycle to simulate, predict and 
optimize the product or its production line
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monitoring and 
performance optimization

• Predictive maintenance
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