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Abstract: This paper describes the development of a new design project for the second 
year of the Bachelor of Engineering Degree at Trinity College Dublin (TCD).  The 
project comprises an open ended design and build exercise that integrates civil and 
mechanical engineering.  The students are required to design a refugee shelter for an 
extreme climate with a number of requirements including the following: the shelter must 
be light weight and portable, it must be able to store food above ground, it must be able to 
collect and store water and it must facilitate a solar cooker.  The students work in teams 
of typically ten persons and are required to deliver a design report and poster 
presentation.  The report must clearly show design concept, calculations, project 
management, health and safety and sustainability.  Following a public exhibition of the 
posters, the top ten designs are selected for construction in the grounds of TCD.   Teams 
are assessed on their ability to construct their own design, the robustness of the finished 
shelter and their project management throughout the day.  This paper provides an 
overview of the design project, how it was facilitated and a description of the top designs.  
Furthermore, comments regarding the problems with running a new design challenge for 
the first time and suggestions for improvement are provided.   
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1. INTRODUCTION 
 
This paper describes the introduction of a new problem-oriented, project-based engineering 
design course taken during the second year of the four-year Bachelor of Engineering (B.A.I.) 
degree program at the School of Engineering, Trinity College Dublin (TCD). The School of 
Engineering comprises the following three main disciplines: Civil, Structural and Environmental 
Engineering; Mechanical and Manufacturing Engineering; Electronic and Electrical Engineering.  
The core philosophy of the B.A.I. degree programme is to establish the basic principles common 
to all aspects of engineering. All B.A.I. students follow a common programme for the first two 
years of the course, followed by two years of specialisation in the different branches of 
engineering. This allows the program to produce engineers who are well rounded and adaptable 
and can apply all branches of engineering to their chosen specialty.   
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In the first two years of the course, the students consolidate their knowledge of mathematical and 
physical sciences, while taking specific courses related to the engineering disciplines.  The 
majority of courses are assessed through final year examinations, tutorials and laboratory work.  
However, project based learning is introduced through engineering design projects and this is 
assessed through coursework alone.  This allows skills such as teamwork, project management 
and communication to develop.   
 
Due to the new semesterisation of the college year at TCD in 2009/2010, the second year design 
project had to be modified to incorporate a decrease in lecture hours.  Instead of slight 
modification, it was decided to review the existing course and create a new project comprising an 
open ended design and build exercise that integrates civil and mechanical engineering only.  The 
ambitious project designs a refugee shelter and solar cooker for an extreme climate.  The project 
was extremely successful with excellent feedback from the students.  This paper describes the 
project in detail, including the facilitation of the course, the criteria given to the students, how 
the course was assessed and the learning outcomes for the students.  Furthermore, examples of 
the top designs are provided. Finally, as with any inaugural project, a number of problems 
associated with the facilitation of the design challenge are highlighted. 
 
 

2. OVERVIEW OF ENGINEERING DESIGN COURSE 
 
The design course runs throughout the first semester (i.e. 12 weeks) consisting of two exercises 
involving Civil and Mechanical Engineering.  These exercises include the design and 
construction of a refugee shelter and the design of a solar cooker to be incorporated into the 
finished shelter. The class has one formal lecture hour combined with an additional 3 hour design 
workshop per week.  For the design workshop, the class are divided into three main sections and 
allocated two trained demonstrators per section in addition to the course lecturers. 
 
The 2009/2010 class was divided in 20 working groups, each comprising nine to ten students of 
mixed ability.    The students were provided with a design brief along with the expected 
assignments and learning outcomes for the course.  The students were provided with a wide 
range of multi-disciplinary lectures including the following: Project Management; Human 
Geography and Refugee Shelters; People Centred Design and Health and Safety; Sustainability 
and Recycling; Structures and Design; Solar Cooker and Heat Transfer.  The lecture order was 
structured to encourage creativity and design thinking in the early weeks of the project.  Due to 
the larger size of the groups for the new design course (previously, design teams comprised of 
four to five students), project management, a new element to the course, was introduced at an 
early stage.  This ensured that all team members contributed to the task in an effective manner.   
 
 

3. DESCRIPTION OF REFUGEE SHELTER DESIGN AND DELIVE RABLES 
 
3.1 Design Brief 
The students were required to design a refugee shelter for an extreme climate with the following 
design requirements:   
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�  The shelter must be light weight, portable and easy to erect and dismantle. 
�  The shelter must be designed for a 5 person capacity of their chosen demographic. 
�  The shelter must be able to store food above ground  
�  The shelter must have the ability to collect 70L of clean rain water per week, 20L of 

which must be stored in case of emergency 
�  The shelter must incorporate a solar cooker for meal preparation  
�  The shelter must adhere to all these requirements with a maximum cost of €100  

 
The design teams were informed that the top ten shelters would be chosen for construction.  This 
was to due to space requirements in college and to encourage competition between the groups.  
They were further informed that novelty and practicality of design were key factors in the 
judging and therefore encouraged to concentrate on this for the first 4-5 weeks of the project.  
 
3.2 Project Management  
Due to the large number of students in each group, the students were asked to prepare a project 
management plan.  This was to include the project management associated with the design of the 
shelter over the entire semester and the one day construction of the shelter.  The students were 
reminded that during the construction phase, the winning groups would have an additional 8 to 9 
members as part of their team; therefore the project management on the day should be given 
serious thought.  To help with this new element of project management, the students were asked 
to consider the following questions before they began their design:  
 

�  Who is the project manager? 
�  What are the tasks? 
�  Who are the leaders of each task?  
�  Who are the team members on each task? 
�  What are the milestones and deliverables at different points in the construction and 

design process? 
 
Students were told they could be the leader on one task and a team member of another, but each 
student must take responsibility for at least one area.  Depending on the task, he/she may need 
help from other team members, however there should be no more that 4 team members working 
on any one part of the project.      
 
3.3 Report and Poster 
Following discussion regarding the preliminary design, the students were asked to hand in a 
group report and poster for assessment.  The group report was to include the following: 
 

�  Interpretation of the design requirements for the refugees including their human needs 
and  environmental constraints  

�  Comparison and contrast of possible structural forms and materials for the shelter 
�  Communication of the design of the shelter through drawings  
�  A bill of quantities outlining the components of the design 
�  A health and safety plan  
�  A sustainability and recycling plan 
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The poster was to communicate visually the main aspects and components of the design and 
convey the overall message of the design interpretation.  This would be displayed as a public 
exhibition and reviewed by the demonstrators and lecturers on the course.   
 
 

4. DESCRIPTION OF SOLAR COOKER DESIGN AND DELIVERAB LES 
 
4.1 Design Brief 
Based on a solar flux of approximately 1kW/m2, the students were required to design a solar 
cooker to boil a litre of water.  As the solar cooker is to be designed for third world countries, it 
had the further stipulation that it could not cost less than €10 and must be made from off-the-
shelf components.  The students were given information about the different types of solar 
cookers available.  Furthermore, they were provided with the relevant equations and examples on 
the design of solar cookers.  Finally, they were provided with a number of Journal papers to read 
and review which would give them additional information for their own design. 
 
4.2 Report 
The students were asked to submit a 2000word report for the solar cooker design, along with 
supporting sketches, diagrams and calculations that include the following information: Introduction; 
Literature review of solar cooker technology; Theory; Calculations and Results; Discussion; Conclusions; 
References. 
 
 

5. ASSESSMENT AND LEARNING OUTCOMES 
 
5.1 Assessment 
There is no formal end-of-year examination for this subject, but all students must achieve an 
overall mark of at least 40% to pass.  The overall mark is calculated using the following 
combination of group and individual assignments.  The group assignments account for 60% of 
the overall mark and are divided in the following way: 
 

�  Group report on the interpretation of the design requirements for the refugees including 
their human needs and environmental constraints and the comparison and contrast of 
possible structural forms and materials for the shelter - 25% 

�  Poster presentation - 15% 
�  Project Management Plan - 10% 
�  Construction and testing of the designs - 10% 

 
The individual assignments account for 40% of the overall mark and are divided in the following 
way: 
 

�  Structural hand calculations for the design of the refugee shelter - 10% 
�  Health and safety plan and a sustainability and recycling plan - 10% 
�  Full design of solar cooker - 20%  

 
5.2 Learning Outcomes 
On completion of this course, it is anticipated that the students will be able to: 
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·  Interpret a design brief for a refugee shelter that meets the needs of a well-defined 

specification for a hostile environment  
·  Be part of a team either as the team leader or a team member and work on a multi-

disciplinary project with a fixed deadline   
·  Define a design problem and carry out the necessary analysis and calculations 
·  Communicate the design using design statement, engineering drawings, calculations, bills 

of quantities, and an oral presentation  
·  Project manage the construction of a shelter and overcome practical problems   
·  Design and build temporary demountable and adaptable structure, understand health and 

safety issues associated with construction projects and prepare a health and safety plan 
·  Understand recycling strategies and elements of sustainable design 

 
 

6. POSTERS AND SHELTER CONSTRUCTION 
 
 
6.1 Winning Designs  
The top three refugee shelters from the poster design and shelter construction have been chosen 
to be reviewed as part of this paper in order to demonstrate the outcomes of the course.  These 
are ‘The Ark’, ‘The Cardboard Cradle’ and ‘Ref Shel’.  Each shelter incorporated different 
innovative aspects of the design brief, including water collection and living space, sustainability 
and ease of erection. 
 

�  ‘The Ark’ was designed using bamboo poles for the structure connected at a central point 
with a water proof cover fixed to the shelter.  The water proof cover had the facility to 
collect water and incorporated flaps which could be open to allow adequate ventilation if 
necessary and closed to provide 5 separate sleeping places. 

�  ‘The Cardboard Cradle’ used left over cardboard rolls from carpet manufacturers as the 
main structural element for the design.  This allowed the design to integrate a strong 
element of sustainability.    

�  ‘Ref Shel’ incorporated a system which allows the shelter to be erected and dismantled 
easily.  The structural element of the shelter was constructed so that it folded into one 
single piece for transport and delivery. 

 
6.2 Posters  
Figures, 1, 2 and 3 show the posters which were design for ‘The Ark’, ‘The Cardboard Cradle’ 
and ‘Ref Shel’, respectively. 
 
6.2 Shelter Construction 
The top ten designs were constructed during the last week of the first semester, with the winning 
groups leading the project management for the construction.  The groups were given one day for 
construction and three weeks to prepare parts for assembly leading up to this day.  The teams 
were assessed as a group on their ability to construct their own design, the robustness of the 
finished shelter and their project management throughout the day.   
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Figure 1 (a) ‘The Ark’ poster and (b) ventilation flap design 
 

  
 
Figure 2 (a) ‘The Cardboard Cradle’ poster and (b) aspect of sustainability 
 
. 

  
 
Figure 3 (a) ‘Ref Shel’ poster and (b) demonstration of transportation and delivery system 

(a) (b) 

(a) (b) 

(a) (b) 
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Each team was asked to inform the assessors how they constructed their design, what was novel 
about their idea and any pitfalls they encountered during the day.  The constructed ‘Ark’ is 
shown in Figure 4 from the inside, highlighting the bamboo poles and central support structure; 
Figure 5 shows ‘The Cardboard Cradle’ mid construction, highlighting the use of the cardboard 
tubes as the main structural element; Figure 6 shows the finished construction of ‘Ref Shel’ in 
which timber was used as a more sustainable alternative to the proposed aluminium. 
 

                       
Figure 4 Central Support Structure         Figure 5 Mid Construction of ‘The  

      of the Ark             Cardboard Cradle’ 
 

 
Figure 6 Finished Construction of the ‘Ref Shel’ 

 
 

7. FEEDBACK AND RECOMENDATIONS FOR THE FUTURE  
 
Overall the design project was extremely successful.  The students were able to follow a full 
construction process from design to erection of their shelters; this gave them an excellent 
awareness of real engineering processes.  The students were offered the chance to comment 
about the course at the end of their report and excellent feedback on the design and application of 
the course was received. There were many comments relating to the multi-disciplinary approach 
of the project and how they enjoyed having to think of all aspects of the problem and not just the 
structural calculations and civil aspects.  The design for a chosen demographic and use of space 
incorporating universal design, was something which all groups took into account and designed 
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well.  The ideas for water collection and storage were excellent, with some teams incorporating 
filtration to ensure clean water even though this was outside of the design brief.  The students 
were very involved in the project; they worked well in their teams and constructed excellent 
shelters on the day of construction, this resulted in a very high average grade for the course.  
However, with all inaugural courses, there were a few problems encountered and these are as 
follows:   
 

�  Even though the teams worked well in their groups, the large sizes of the groups were an 
issue at the beginning of the project.  The students found it difficult to understand how to 
project manage such a large group.   

�  The students were told not to carry out any calculations until week 4 or 5 of the project; 
however they felt that without calculations they would not be able to come up with a 
proper design.   

�  The portability and ease of erection aspect to the design was largely ignored.   
�  There was confusion over whether the cost of the shelter was to be calculated for Irish 

products or the cost of products in their chosen location.   
�  Some students felt that they did not know enough about graphic design in order to 

produce a poster of the required quality.   
 
In order to address each of these issues, the course will place more emphasis on project 
management with an entire workshop dedicated to this and team building in the first week of the 
semester.  The design brief will be given out in 2-3 stages to ensure that each stage is carried out 
effectively and fully completed before the next task begins.  The design brief will incorporate 
specific dimensions for which the collapsed product must fit into and will clearly state that the 
cost must be less than €100 for Irish products.  Furthermore, emphasis will be placed on using 
recycled products (such as the cardboard tubes) and unwanted items lying around the home.  
Finally, there will be an additional lecture given on graphic design in order for the students to 
understand what is required and to give them tips on how to convey their designs effectively.   
 
 

8. CONCLUSIONS 
 
The development of a new design project for the second year of the B.A.I. at TCD has been 
described.  The design brief of the refugee shelter and solar cooker have been provided along 
with how the course is assessed and what the learning outcomes for the students are.  Examples 
of the posters and constructed shelters delivered by the students in the first year are shown 
visually and it is clear that the course encouraged creativity in design and allowed the students to 
develop skills such as team work, communication and innovation.  As with any inaugural course, 
a number of problems were encountered such as the large size of the groups and how to 
encourage the most creative designs effectively, at an early stage.  These issues have been 
discussed and the course will incorporate improvements to address these issues.  Overall the 
design project was an immense success and will only get stronger in the subsequent years. 


