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1.

Introduction


Summer Challenges are summer outreach events held in collaboration with the UCL
Widening Participation Office. They target Year-12 students who come from underrepresented backgrounds. In the UK, Year 12 students spend one last year in high
school before joining a university, if they so choose and if they are accepted.



Deliverable 12.6, as well as Deliverable 12.5, has the goal of attracting young
students to STEM disciplines, and to introduce them to the scientific and
technological facts that underpin hydraulic fracturing and shale gas.



The objectives of this deliverable are:
(1) show to pre-university students what university is, in particular in engineering;
and
(2) discuss the hydraulic fracturing technology, the possible environmental impacts
of shale gas, and possible remediation strategies.

1.1 General context
The UCL Widening Participation Office coordinates a number of outreach activities meant to
attract students from under-represented backgrounds to engage in university degrees.
Among other initiatives, this office organizes the Year 12 Summer Challenge:
http://www.ucl.ac.uk/prospective-students/widening-participation/activities/summerchallenge
As part of the SXT proposal, the UCL team has organized the Summer Challenge titled
‘Engineering Solutions from Nature’. The program has been organized in collaboration with
colleagues within the Chemical Engineering Department, the Biochemical Engineering
Department, The Earth Sciences Department, and the Institute of Making at UCL. Industrial
representatives from GSK also participated.
In the Summer of 2017, Prof. Economou, from partner NSCR’D’, provided an international
perspective to the students enrolled in the program.
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1.2 Deliverable objectives
The objectives of the Summer Challenges are:
(1) to attract the young students to a university, and possibly to entertain a career in STEM
degrees – to do this we decided to show the students what the university looks like, and in
particular what degrees such as Chemical, Mechanical and Biochemical Engineering offer;
and
(2) to openly discuss the technology of hydraulic fracturing, the potential environmental
footprint of the shale gas, and possible remediation measures.

2.

Methodological approach & Background information

The Widening Participation Office screened proposals from various UCL departments, and
awarded the one titled ‘Engineering Solutions from Nature’ funding for carrying out the
event. Additional funds were obtained by the Centre of Nature Inspired Engineering, which
is funded by the Engineering and Physical Sciences Research Council (EPSRC). These funds
were used to financially support 4 post-graduate students in the department to organise the
event. The 4 post-graduate students, identified as Moderators in the narrative below, were:





Dina Ibrahim Aboulamaiem
Maria Apostolopoulou
Ilaria Gimondi
Nidhi Kapil

It is worth pointing out that all 4 Moderators are female, which perhaps will help achieving
gender balance among engineering students, in the long term.
The Widening Participation Office established contacts with secondary-schools in the
greater London area, advertised the program, screened applications and organised the
logistics for the event, which ran for 5 weeks from June 21st, 2017, and ended on July 19th,
2017.
To be admitted, the students need to have grades sufficiently high that they could be
accepted by UCL for their university career, and they need to be ‘first-generation’ university
students in their respective families. The focus of this event is in fact on students that, if not
encouraged, might opt not to pursue an academic career.
The selected students came to UCL once per week for 2 hours. During those 2 hours they
were given lectures, tours, instructions, etc., as discussed below. The students were
assigned an individual project, to be completed within the length of the program.
Upon successfully completing the Summer Challenge, the students can apply to UCL for
their university career. Those students who will be accepted by UCL to start in the 20182019 academic year will qualify for the ‘London Opportunity Scholarship’, which can provide
£4,000 per year for 4 years (more information on the UCL website).
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3.

Summary of activities

The Summer Challenge consisted in a series of lectures, visits to laboratories, and
discussions. Contributors came from the Chemical Engineering Department, Biochemical
Engineering Department, the Earth Sciences Department, the Institute of Making, and GSK.
The full list of activities is listed below (note the discussion on shale gas in Week 4). Building
on observations from the 2016 Summer Challenge, we have discussed several sub-surface
geo-energy operations, including risks and benefits connected with them.
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3.1 Agenda
Week 1 – June 21st 2017
4:30 to 5:00





Ice breaker
Introduction of the students, of the moderators
Welcome to the challenge, brief overview on Chemical Engineering
at UCL (Alberto Striolo)
Project description – energy storage / production
SigmaXI 2015 Projects: https://www.sigmaxi.org/student-showcase



5:00 to 6:00 Visit to experimental facilities
 Panagiota Angeli – tour of fluid dynamics facilities
 Asterios Gavriilidis – tour of reaction engineering facilities
6:00 to 6:15 Discussion led by Moderators: how can nature inspire the projects?
6:15 to 6:30




Questions on projects, Moderators team up
Projects expectations and workplan
Choice of project by week 2, Workplan by week 3, Work at home
during weeks 4 and 7, Overall project by week 5 and final discussion
with the students regarding the projects, Completion at week 7
(essay submission).

Week 2 – June 28th 2017
4:30 to 4:45

Welcome, and discussion on what will be presented (Moderators)

4:45 to 5:00

Justin Siefker
Nature-Inspired Chemical Engineering

5:00 to 6:00




Zoe Laughlin – Institute of Making
Brenda Parker – Biochemical Engineering

6:00 to 6:30






Discussion led by moderators
How are these facilities useful for the project?
How could you use the Biochemical Engineering labs?
Project choice confirmation (4 groups)
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Week 3 – July 5th 2017
4:30 to 5:00




Project work plan (Moderators)
Discussion on what will be presented (Alberto Striolo)

5:00 to 5:45

Thoralf Hartwig (Glaxo Smith Kline)
Chemical Processes in the Pharmaceutical Industry

5:45 to 6:15

Dina Ibrahim
Fuel Cells: Powering the Future?

6:15-6:30

Dina Ibrahim
Fuel Cells Demo

Week 4– July 12th 2017
4:30 to 5:15

Alberto Striolo
Shale Gas in Europe: The Hydraulic Fracturing Technology and its
Environmental Footprint

5:15 to 6:00

Ioannis Economou (Texas A&M University at Qatar )
Academia meets Industry: Working in the Middle East

6:00 to 6:30

Sudeshna Basu
Geothermal Energy Practices: Opportunities and Challenges

Week 5 – July 19th 2017
4:30 to 5:30 Discussion led by Moderators
 Short presentation on projects
 How will you incorporate this knowledge in your projects?
 Presentation skills
 Write-up requirements
5:30 to 6:30 George Manos
The process of application to UCL Chemical Engineering department
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3.2 Samples of the students’ reports:
Sample 1
Title: Engineering Solutions from Nature

My idea is to create a large joystick-shaped machine to make solar panels more efficient.
The mechanism would be to move around like a joystick towards the sun’ position so the
sunlight’s energy is always absorbed during all daylight hours. The joystick would have 5
solar panels on the top end of the lever like in the diagram. Every 2 minutes, the joystick
would be slightly moved to the side of the solar panel with the most energy absorbed in the
2 minutes prior. This is to make sure the centre solar panel always absorbs the maximum
amount of energy. The centre solar panel would be the largest and very powerful while the
other would be much smaller as their main purpose would not be to absorb energy. This is
because they would face 30° away from the stem so not all 4 would always be able to
absorb sunlight. Their uses would be to act more like variables so the joystick can calculate
which direction to move to absorb more sunlight. The stem would be held by multiple
cables so it doesn’t fall and would be extendable using pulleys on 4 points around the
joystick keeping them at the same distance away from each other. The cables would consist
of multiple steel wires twisted around each for greater strength. The number of wires used
would depend on the weight of the stem and solar panels.
This was inspired by plants and how they move towards the sun to get more sunlight
absorbed. Auxin (a plant hormone) move towards the darker side of the plant causing the
cells there to grow faster than the other side. This would make the darker side grow more
hence turning the plant towards the other side. This ultimately makes the plant bend
towards the light to help gain more light. This would be useful but the problem would be
that the sun moves all the time (east to west). Plants would have to adapt so they face the
direction where the sun stays the longest which would be the centre of the sky. I, however,
improved this by having the joystick follow the sun the entire day from the east to the west
by having the stem slightly move towards the solar panel which has gained the most energy
in the past 2 minutes. So while plants gain maximum energy only during midday, the joystick
would be able to gain maximum energy throughout the whole day.
The size of the device would be a compromise between the cost and the height of the
joystick. The height plays a key role because not only is it closer to the sun, it also helps
PU
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reduce the temperature the solar panels are working at. Solar panels are less efficient when
working at higher temperatures. The reason behind this is that the power output of solar
panels depends on the difference between rest energies and excited energies of the
electrons. If the solar panel’s temperature is high the rest energies of the electrons would
increase. This would give a smaller difference between the rest energy and excited energy
of the electrons meaning there would be less power output. Height plays a key role because
higher altitudes have cooler temperatures meaning the rest energy of the electrons would
be cooler as well. This would make the energy output greater again. Therefore I would make
each one about 7 metres.
The material I would use for the cables is steel as it is cheap and strong. It would cost about
23p per kilogram which is brilliant economically.
The material I would use for the solar panels themselves would be silicon as it is a
semiconductor meaning its bandgap is in the visible spectrum so it is able to absorb a lot of
the light that hits the Earth’s surface. It is also second to oxygen when it comes to
abundance so it won’t be very expensive.
The material I would use for the stem of the joystick would be aluminium because it is
strong and cheap as well with 30p per kilogram. It is also very light meaning that I would
have to spend less on steel as the stem would be lighter to hold for the steel cables.
I would want the silicon to be doped with arsenic and gallium impurities as they increase the
silicon’s ability to absorb sunlight considerably. This means more power gained from the
solar panel.
I would want the joystick to be placed in the north of Greenland as the days are very long
there and the midnight sun can last up to 5 months depending on how north the joysticks
are installed. This would be great as energy can be absorbed from the sun continuously for 5
months as well.
Greenland is also known to be a cold country which will work to our advantage when it
comes to efficiency as there would be lower rest energies for the electrons.
I would want to use a monocrystalline solar panel for the centre panel as it has the greatest
efficiency. This would mean that it would absorb less space is required compared to other
solar panels because it would still have the largest energy output. It is also the longest
lasting solar panel and could last for up to 25 years.
The problem with using this type of solar panel is that it is the most expensive type and a lot
of silicon is wasted when creating it.
For the 4 side panels I would use thin-film solar panels because these panels aren’t
specifically being used to absorb light and would be in the shade for half the time. The
reason why thin-film is suitable is because they are the cheapest and can still absorb some
energy so we would still be able to tell which way the joystick would need to move. Thinfilm solar panels are also able to work better than other solar panels in the shade so can
again absorb more energy even when they’re directed under the centre solar panel.
To increase efficiency even more, the side panels can raised in line with centre panel during
midday as the sun would be able to hit all the solar panels when it is in the centre of the sky.
The device should last more for decades as long as the steel is repainted regularly and if the
solar panels are replaced every 25 years.
My competitors would be other solar panel companies and our common target audience
would be large land-owners or governments. I would be the best choice for these two target
audiences as they would want to save more on a large scale which is my goal. The solar
panel itself would have a larger size than its base. The joysticks would have to be a little
PU
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distance away from each other when installed as room is needed for the cables. The size of
the centre solar panel can make up for this as it is larger than its base and the joystick itself
absorbs light about 1.5 times more than other solar panels as its gain is maximised for the
whole day.

If there were a lot of joysticks together then I would connect all of them to one computer
which would calculate which direction gives the most intense light using data from all the
side panels. The computer would then move all the solar panels simultaneously so they all
face the same direction again. This would prevent any solar panels from facing the wrong
direction and colliding with a neighbouring joystick.
I would test the joystick by comparing it with a set of solar panels which cost the same price
or take up the same amount of land (whichever comes first). I would then compare which of
the two have given the most electrical output and if my device does then it would be
successful. I would get funds by trying to secure about £70,000 from dragons den or by
gaining funds from the Greenland government by offering to build a field of joysticks for
them over there.
The goal of the company would be to save energy for the world so I would make a charity
and use the donations to research how I could make the joystick even better. The long-term
aim would be to hold a field of these joysticks in every country in the world.

Sample 2
Energy
In this write up I will be exploring my device/method of generating power and explain why it
is a superior method in comparison to other methods, also I will discuss how it has been
inspired by nature and how I will market the device and get funding for it.
Underlying Mechanism and Information about device/method
I have chosen hydrogen fuel cells as the device that I will be marketing, due to many
reasons which I will go through below:
Here I will talk about if the device is efficient, renewable/sustainable and the affordability of
the device.
Being efficient is very important as if the device is more efficient, then you will get out more
energy with the same amount of materials you put in. Looking at the efficiency in hydrogen
fuel cells, it was observed that hydrogen fuel cells have around a 50% reduction in fuel
consumption compared to regular vehicle gasoline combustion engines (1)- meaning that
fuel will last longer, so more ground covered with the same amount of fuel and therefore
it’s more efficient than regular fuels using combustion engines. So, inspecting the efficiency
in fossil fuels, it is shown that modern day fossil fuel power plants that generate electricity
are only about 40% efficient, resulting in 60% of the energy input into the system being
wasted (2). Therefore, hydrogen fuel cells a good choice when it comes to fuel efficiency.
Now before moving on to my next point, I will explain why I didn’t analyse nuclear power,
although nuclear power is incredibly efficient, about 8000 times more efficient than fossil
fuels (3), so it’s even more efficient than the hydrogen fuel cells, however like fossil fuels it
PU
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shares the same drawback, which brings me to my next point - sustainability. Both nuclear
power and fossil fuelled power is not sustainable as they both use finite resources so they
will eventually run out, and right now there needs to be a way of generating power that will
last long in to the future, which I believe are hydrogen fuel cells, this is because they only
use hydrogen and oxygen which there is plenty of and it produces water, which can be split
up via electrolysis to make the reactants again, this means that using hydrogen fuel cells
shouldn’t cause any harm to the environment, unlike fossil fuels which emit CO 2 which
contributes to global warming and nuclear power produces nuclear waste which is very
dangerous and needs to be stored safely, which is very expensive.
Finally, affordability is also important fuel cells used to cost around $1000 per kilowatt of
power due to a platinum catalyst being used, however it has been reduced to around $61
per kilowatt as a platinum-nickel alloy catalyst is now being used which is around 90 times
more efficient, currently a method is being tested that by enhancing the platinum with
carbon silk the price will be reduced by 30% with no loss of performance. So even though
hydrogen fuel cells are a little expensive right now, they will reduce in cost over time.
Now looking at how it works:

In this diagram we can see how hydrogen fuel cells work, so first the hydrogen enters the
fuel cells and then into the gas diffusion layer where the catalyst ionised each hydrogen
atom, then the electron travels to the appliance and gives some of its energy and then
returns where it joins the H+ ion and then reacts with oxygen from the air to make water
vapor which is then removed.
Inspired By Nature
In this section I will be talking about how this device was inspire by nature to make it more
useful/ efficient.
The catalyst should have a very large surface area to volume ratio, so it needs to be thin,
this is because the hydrogen only reacts with the surface of the catalyst. So this will cut
costs as not much of the catalyst required also if the surface area is larger then electrical
energy will be generated a lot faster. So this was inspired by nature as many animals such as
elephants have a large surface area compared to volume ratio, which allows them to
transfer more heat to surroundings, but in this case its to transfer more energy to the
appliance meaning the device is more efficient.

PU
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Marketing
Now to market the device, so it looks more desirable to the consumer, which are
companies.
So first I will be using platinum-nickel alloy where the platinum has carbon silk with it, this
will increase the efficiency of the hydrogen fuel cell and make it a lot more cheaper too
meaning that it can be sold at a lower price so it will mean the device will look desirable to
the consumer.
Also, I will be using yttrium-doped barium zirconates as the membrane instead as it works at
lower temperatures, 600oC, compared to other membranes which work at 800oC- 1000oC
(6), this means that the membrane it self will be to cheaper to make and therefore cheaper
to buy, and when used in my device, would decrease the price once again to make it even
more desirable to companies.
The packaging I will use for the fuel cell will be made from recycled product, this is so that
when the company buys it, it will reassure them the hydrogen fuel cells are green and cause
no harm to the environment, so will aid in marketing as it will make the consumer believe
they have chose the right product as it is likely the consumer is buying hydrogen fuel cells as
it is sustainable and better for the environment.
How Will It Stand Out
So as explained in the previous sections my device will stand out and look the most
desirable as I am using materials that haven’t been used yet that make the product much
cheaper to make and therefore much cheaper to sell to consumers. Also due to the
platinum-nickel catalyst alloy catalyst I am using my product will stand out as it is very
efficient and using the latest technology which would make the product better as
consumers would rather have updated technology than outdated technology.
Fuel cells last quite a while, right now, running continuously it last about 40,000 hours (7),
they are being improved every so often, so its safe to say that they will last a long time, this
can also be used for marketing as their lifespan looks attractive to consumers, so this as well
as its other strong suites can be displayed on the packaging of the product.
How To Fund Company
DOE can be made to fund the company as they currently already fund research for fuel cell
and hydrogen (8), so it would make sense for them to fund a company that makes
affordable fuel cells, also to help get money for the company, the company itself could
merge with another so that the company would get enough money for start-up, also the
company will be better off when it comes to improving designs/ the product as a whole as
now there would be two joint companies working on the device.
References:
(1) https://www.hydrogen.energy.gov/pdfs/doe_fuelcell_factsheet.pdf
(2) http://www.mpoweruk.com/fossil_fuels.htm
(3) https://www.iop.org/activity/groups/subject/env/prize/file_52570.pdf
(4) http://www.iop.org/resources/topic/archive/fuel/
(5) http://www.intelligent-energy.com/technology/technology-faq/
(6)
http://www.sciencemag.org/news/2015/07/cool-new-material-could-make-fuel-cellscheaper
(7) http://batteryuniversity.com/index.php/learn/article/fuel_cell_technology
(8) http://berc.berkeley.edu/doe-invests-20-million-fuel-cell-hydrogen-research-part-1-2/
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Students who completed the 2017 Summer Challenge ‘Engineering Solutions from
Nature’:
1. Kiriijana Yogarathnam
2. Rebecca Nam
3. Ibtissam Adem
4. Farah Bennady
5. Gloria Nkuliza
6. Eligijus Rupsys
7. Ava Mitchell
8. Muhammad Weyli
9. Shahir Nejrabi
10. Nataly Ojeda
11. Etisham Hussain
12. Chidochashe Mutatapasi
All these students qualify for the London Opportunity Studentship. The quality of their
project was assessed to be of very high quality. We are looking forward to welcoming these
students in our undergraduate programs.

4.

Conclusions and future steps

The 2017 Summer Challenge has been completed. 12 pre-university students completed all
the activities, and submitted a project report. They are eligible for the London Opportunity
Studentship, if they successfully apply to become UCL students starting in 2018-2019.
Many topics were discussed during the Summer Challenge, and the students’ feedback has
been very positive. To summarise the students’ feedback, we provide below the information
shared by the UCL Widening Participation Office.

PU

Page 13 of 16

Version 1.0

Deliverable D12.6

The full success of the initiative will only be known in 2018, when the students will apply to
universities for their education. Based on prior records, this initiative has been very
successful, with up to 30% of the students completing the Summer Challenge applying to
UCL for their university studies.
Selected pictures from the 2017 Summer Challenge are reproduced below.
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Dr. Brenda Parker discussing with the pre-university students the Department of
Biochemical Engineering and the principles useful for controlled drug delivery.

Visiting Ms. Zoe Laughlin at the Institute of Making.
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Students, mentors, and academics at the end of the 2017 Summer Challenge.
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