Title 
: MODELLING AND SIMULATION FOR SAFE AND SUSTAINABLE FOOD PRODUCTION
 

Abstract
Our goal is to establish a network for promoting development and the applications of modelling and simulation techniques in food manufacturing processes and supply chains.  This coordinated Action is of the greatest importance in helping to reduce financial risk-taking in research and development, to minimize environmental impact and to increase both quality-safety and cost-competitiveness. Working Group (WG) 1 will cover all topics regarding the modelling of the whole production and distribution processes. WG 2 will concentrate on the use of simulation models during the industrial processing phase. WG 3 is especially intended to facilitate knowledge exchange between the working groups and to foster the development of better integrative simulation tools. Investigation of how such approaches can transfer into practice by incorporating them in software packages for education, supply chain management and production control will also be addressed.
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BENEFITS
Reducing environmental problems, minimizing financial risk and transferring knowledge into practice at both educational and industrial level, are the three main practical benefits expected. A cross fertilization between researchers using different tools for modelling will result in scientific and technological benefits in the field of simulation and optimization applied to the food industry.
Sharing such tools throughout the different steps from production transport, consumption to waste disposal will help to find solutions to reduce the environmental impact of food. This cooperation will focus on the most common environmental concerns in the food industry including water consumption and wastewater discharge, chemicals used in processing and cleaning, packaging reduction and disposal, food scraps and refuse. In addition, energy efficiency and greenhouse gas emissions are increasingly important issues and this is becoming more and more imperative to solve these problems.

Moreover, SMEs constitute the majority of the European food companies and as the global financial crisis drags on, this Action can help to make sustained investment decisions in innovation which can facilitate a re-launch of the overall economy, because major societal challenges such as security of energy supply, food safety and climate change will remain after the financial crisis has been resolved

Finally, the integrated modelling environment proposed in this Action will lead to an industrial and educational transferable development of alternative processes and the optimization of current processes while improving food safety and quality.

OBJECTIVES, DELIVERABLES AND EXPECTED SCIENTIFIC IMPACT
This Action consisting of an international network with more than ten countries aims toward helping the European food industry to maintain public trust and to achieve safe (in terms of both human and environmental health), sustainable food production at a competitive cost by facilitating the development of appropriate tools based on modelling and simulation and by training and knowledge transfer involving industry, education and other food supply chain stakeholders.

The objectives of this Action are to achieve an integrative understanding of the entire food supply chain bringing together experts in a wide range of disciplines and therefore enabling an interdisciplinary view of the many challenges facing the food industry. By approaching the issue in a holistic manner it will be possible to identify areas in which knowledge gaps exist. Instead of focusing on each topic individually, for instance like optimizing from a food quality point of view, or the environmental or safety point of view, we will consider all facets together and we will try to fin new innovative solutions for problems which might threaten safe and sustainable food chains.
To reach these main objectives, we propose to deliver a European research cooperation where methods and techniques, results and other information can be exchanged. Joint meetings will form the basis of the Action where debates and exchanges of expert opinions in modelling and simulation in food and bio-industries will be held. 

In quantitative terms, this Action will help in reducing the major environmental problems caused by the food industry which include: excessive water and energy consumption, waste production. As 20% of all greenhouse gases in the world come from current agriculture, the food chain has been responsible for significant growths in carbon dioxide (CO2) levels in the atmosphere over time.

The Working Groups will bring together and create a forum of exchange of knowledge between the participating teams, pursuing integration of the specific information about product/process improvements with the more general issues of food safety, environmental impact, financial risk management, energy efficiency. 
Concretely, this Action will propose new and novel methodologies helping to find solutions for currently pending problems in the food industry: improving food quality and safety, optimising current processes/new designs, enhancing the production and distribution performance and reducing carbon footprint by improving process design, process monitoring and decision support during operation. This will ultimately aid and assist the development of local economies and enhance social networks in these economies.

Measures such as product and process optimisation, production control and risk assessment will give the regulatory authorities and food industry an effective tool to produce safe food. Investigation will be undergone of how such approaches can be transferred into practice by incorporating them in software packages for supply chain management, production control as well as in online learning and new education tools.
SCIENTIFIC PROGRAMME AND INNOVATION
In order to improve quality and safety of food products and sustainability of the whole food supply chain, scientists have to continuously develop methods to improve food production, technology and management. The current challenges are to tackle the complicated nature of the material characteristics of food and to understand its complex interactions. Final quality of food products depends on many process elements interacting in a complicated and nonlinear way. As a consequence, control actions are usually based on skill and experience of the operators and the scope of modelling and simulation applications is not as complete as it is in many other modern process industries. Because of the complexity of the food product structures and flows, the big questions in modelling and simulation are still to be solved or are just about to be solved. In fact, the integration of different domains to obtain a system-level understanding typically requires considerable work at multiple levels, as researchers ask system-level questions and then map them to the appropriate level questions ranging from unit operation to the whole food supply chain. The innovation in this action lies in addressing these issues in a holistic manner which will involve both intense research and discussion to understand the state of model applications in the food industry, in terms of its results, assumptions, and limitations, and the development of theoretical frameworks and numerical simulations to link understanding, data, and models from the different stages of the food supply chain.
We initially propose that participants will collect information about ongoing research in the field of simulation applications in food and bio-technologies and extend the present range of experts to be involved in this action.  More than ten EU countries have already agreed to participate of this new Action which will be composed of three working groups (WG).
WG 1 (Production and distribution modelling) is concerned with: 

- Studying efficiency and environmental impact in food supply chain (carbon footprints of unit operations, LCA), 

- Studying feasibility related to safety (microbial growth etc.) and ensuring sustainability (complex relation to production and distribution).

- Optimisation of the design of a unit operation or a process 

- Estimation of thermophysical properties
- Biomolecular engineering 

- Biokinetics modelling 

- Simulation and risk assessment including predictive microbiology 

- Optimisation in production management
WG 2 (Process modelling) will concentrate on the use of simulation models during the operation phase. It focuses on: 

- Understanding operator behaviour and decision making
- Optimisation of operating conditions 

- Real time simulation and control 

- Indirect measurement, observation and estimation techniques (software sensors) 

- Condition based monitoring, failure analysis 

Close collaboration between academia and industry is proposed aiming to discuss the transferability of model prototypes into operational real time process control. Special attention will be given to food safety assurance and production sustainability.

WG 3 (Knowledge exchange and software tools) is intended to link the WGs and to facilitate a discussion about model integration from factory to supply chain level. One of the objectives is to foster the development of better simulation tools with a high compatibility across platforms used. We will also investigate how simulation and optimization approaches can be transferred into practice by incorporating them in commercial software packages for supply chain management and production control. Another important objective will concern student education based on simulation tools.
ORGANISATION
This Action will facilitate our networking objectives focusing on modelling and simulation, an innovative view of sustainable and efficient food supply chains. The COST framework is the most suitable to facilitate necessary knowledge sharing and information diffusion at international level. Thanks to coordination at the EU level, it will also facilitate new emerging joint research projects within the FP7 program and the beginning of the FP8 in 2014.

Among the countries already involved, we can estimate for the next four years a workforce mobilisation almost equivalent to a cost of between 13 and 15 millions euros including staff and equipment supported by the countries themselves. The expected support of the COST Office will only concern travel expenses, conference organisations, promotion of this Action, knowledge transfer to industry, education and student exchanges.
For each WG, a team leader will be in charge of the scientific organisation and has to represent the main results of his action. An organizational committee composed of the representatives of each country and a senior officer will be established and will define precisely the timetable according to the next planning. 

(AY : Academic Year) 

Management committee meetings: AY1,AY2,AY3,AY4 

WG 1 seminar: AY1,AY3 

WG 2 seminar: AY2,AY4 

WG 3 seminar: AY2,AY4 

Annual workshop: AY2,AY4 

Final evaluation meeting: AY1,AY2,AY3,AY4 

Final report: AY4
