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Paper Contents:
Abstract: 
This paper is a general review of the development of a solar dehydrator, a project which took place during the European Project Semester at the Instituto Superior de Engenharia do Porto of spring 2019. This project was conducted by a team of six Erasmus students coming from six different countries. The main objective of the European Project Semester is to develop teamwork, communication and problem-solving skills while working together. The project itself had for purpose to make a sustainable solution to dehydrate and preserve food, while also making sure to respect some requirements such as a budget, the use of reusable materials and components and European Union directives. For this project, the team had to realize different analyses in technological, ethical and deontological, economic and environmental fields. This paper describes, after a short introduction, the research on the state of the art, the analyses, the development and the testing the students made, as well as what they obtained from this experience.
CCS Concepts:  
· Social and professional topics →  Professional topics →  Computing industry → Sustainability
· Applied computing →  Education → Collaborative learning
Keywords: 
Designing Sustainable Projects, Pedagogical Advances in SD, European Project Semester, Collaborative learning, Project based learning, Education
1-Introduction
The European Project Semester (EPS) is an international exchange of students, of usually engineering background, between universities from 18 countries throughout Europe. The aim of this one semester is developing teamwork, project management and design, communication between different cultures, and linguistic capacities by making students work, in teams of three to six students, on a project based on a modern-day problematic.
The Instituto Superior de Engenharia do Porto (ISEP) has been a partner of EPS since the academic year 2010-2011. It receives, every year, students from all over Europe and proposes, during the EPS, six disciplines: Project Management, Marketing, Communication, Eco-efficiency and Sustainability, Ethics and Deontology and Portuguese. These disciplines are taught by teachers who are available throughout the semester to coach the students. The school also offers the students access to a workshop and some laboratories if they need.
Sustainable development is one of the most important subjects nowadays. With all the issues and problematic linked to this topic, more and more people are interested in making a change in the world by using renewable energies to power all kind of products. It is in this mindset that team 2, of the EPS at ISEP of spring 2019, chose to build a completely solar powered dehydrator. The Solar Dehydrator is a way to preserve food that doesn’t imply a use of electricity and additional costs like a fridge would.  
This paper describes the steps taken by team 2 in order to achieve this project: the analyses of the State of the Art, Marketing, Sustainability, Ethics and Deontology, the Design and Development chosen, the Tests and Results obtained and finally, the Conclusions drawn.
2-Background
	2.1-State of the Art
Dehydrating food is an old practice very used in the world to preserve food economically while keeping all its nutrients. There are 2 different types of dehydrators: electrical and solar dehydrators. While electrical dehydrators all use the same method, solar dehydrators can be divided in 4 types: direct, indirect, mixed and hybrid.
The direct type, seen in Figure 1, is the simplest, the sunlight dries the food directly through a glass. This method is cheap but the ultra violet radiation risks damaging the food.
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Figure 1: Direct dehydrator
The indirect type, Figure 2, uses a solar collector to heat up the air. This air will then rise because it is warmer and enter the cabinet where the food is stored. This method eliminates any risk of food damaging due to the radiation but is usually bigger, more expensive and harder to make.
[image: ]
Figure 2: Indirect dehydrator
The mixed type, Figure 3, combines direct solar radiation and the use of a solar collector. It dries food faster than the indirect and direct types but exposes the food to the danger of the solar radiation.
[image: ]
Figure 3: Mixed dehydrator
Finally, the hybrid type, seen in Figure 4, is a more modern type of indirect dehydrator that uses other technologies to dry food faster. A common example is adding fans powered by a solar panel. This combination provides the advantage of continuous drying even during nights or cloudy days. The cost is higher but the quality and efficiency as well. 
[image: ]
Figure 4: Hybrid dehydrator
The type of dehydrator built in this project by the team is a hybrid dehydrator. This choice was based on the study the team made and it was judged to be the most efficient way to make the product.
	2.2-Marketing
The team decided to start by analyzing the market of dehydrators using the SWOT Analysis to see the Strengths, Weaknesses, Opportunities and Threats, it could exploit. This analysis lead to a mapping of the product on the current market followed by a segmentation of the clients. After that, according to all the previous analyses the team formed the marketing mix. 
The team chose, based on this marketing plan, to focus their attention on customers who want to eat good and natural food while making an action for the environment by using a product that uses only solar energy. By focusing on these particular customers, the product is able to stand on an equal footing even with the more efficient electrical dehydrators.
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Figure 5: Product Logo
	2.3-Sustainability
The aim of this analysis was to find a way to make a product that would be the most environment-friendly possible. The product was made while thinking about its life cycle. It is mainly made of wood to facilitate its recycling and reuse. The parts that aren’t made of wood are all reused or easy to recycle. 
The product functions only using solar energy; the food is warmed up using the solar collector while the electronics operate with the electricity that the solar panel provides.
	2.4-Ethics and Deontology
[bookmark: _GoBack]Ethics is a broad topic which is divided into four subsections: engineering, environment, marketing and liability. The environment aspect has a significant role and solution because of the reused materials as seen in the sustainability topic above. The liability aspect roughly translates to keeping the guidelines and directives to ensure the safety factor, which the team made sure it was respected. In the engineering ethics, the team will insure fair conditions and a professional work environment, during the development and the assembly phase. Just like the engineering part of ethics, the marketing part also has a key role in the distribution of the product later on. It is all about the fair, equal, and ethically neutral advertisement and distribution. The team made sure that there will be no controversy or any bad reputation out of the marketing issues. 
3-Design and development
3.1-Structure and functionalities
As seen in the State-of-the-Art chapter, the team decided to build a hybrid dehydrator, using both solar collector and electronics to make the drying more efficient while still being completely environment-friendly.
[image: ]As seen in Figure 6, the dehydrator’s operation is the same as usual dehydrators. The air enters through the small gaps at the bottom and heats up because of the collector (the black part). This collector is made of aluminium to ensure a good radiation absorptivity. The now warm air rises and enters the cabinet, where the food is stored, through small holes. The food, which is placed on four wooden trays, can now dry. The air circulation is facilitated by a fan placed above the food, see Figure 7. The air keeps going up and goes out by the chimney. This dehydrator’s electronics, like the fan and the humidity and temperature sensors, are powered by a solar panel located on top of the dehydrator, see Figure 7.
Figure 6: Exterior and interior views of Dryfoo
[image: ]
Figure 7: View of the solar panel and fan
3.2-Cabinet control
To make sure the temperature and humidity are at the desired level, Dryfoo is equipped with adequate sensors. When the temperature and/or humidity are not at the right level, the fan will turn on or off. The user can also directly interact with the cabinet by using the interface at the back of the dehydrator.
4-Tests and results (TO BE ADDED)
5-Conclusion(s) (TO BE ADDED)
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Useful links:
Benedita Home Page: 
http://ave.dee.isep.ipp.pt/~mbm/pub-bene-ingl.html
TEEM Conference Page: 
https://2019.teemconference.eu/advances-sustainable-development-higher-education/
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