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An ocean of plastic. That is the picture 
painted in our minds when we imagine the 
estimated eight million tonnes of plastic waste 
entering our marine ecosystems every year. 
Such an unmanageable volume of plastic has 
devastating environmental consequences that 
are only just starting to become apparent.

Despite our reliance on plastic products, 
there is a way to curb the amount of plastic 
waste we produce. In a new study published 
in Current Opinion in Green and Sustainable 
Chemistry, researchers at the City University 
of Hong Kong make the case for a circular 
plastics economy. The idea is for bio-plastic 
products made from natural materials, such 
as food waste, to be recycled at low cost 
and without producing waste to form new 
products.

“Plastics need to be produced and re-used 
in a sustainable way,” says Dr Guneet Kaur, 
co-author of the study. “To be sustainable, 
processes should not just be environmentally 
friendly and socially acceptable – but also 
economically viable and even profitable.”

“BIO-PLASTICS HAVE 
COME A LONG WAY IN 

RECENT YEARS”
In a circular economy, there is no 
waste. The concept looks beyond the 
traditional industrial mantra of “take, 
make, dispose” and instead creates an 
industrial system with the environment 
in mind. It is an idea that has been 
championed by the European Union for 
years.

After looking at the work of several 
EU-funded projects on food and 
agricultural waste, the Hong Kong-
based team examined the ways in which 
food waste can be converted into plastic 
in a biorefinery. They used the work 
of research groups around the world, 
including their own lab, to illustrate 
that inexpensive and renewable sugars 
can be used to produce high-value 
plastics.

“Bio-plastics have come a long way in 
recent years,” says project lead Dr Carol 
Sze Ki Lin. “A joint venture of global 
companies that includes Coca-Cola is 

about to open a manufacturing plant 
for bio-plastic bottles in Belgium. It will 
have the capacity to produce 50,000 
tonnes of bio-based polyethylene 
furanoate (PEF) a year.”

PEF is a bio-based and recyclable 
polymer that is projected to replace 
conventional petroleum-based 
polyethylene terephthalate (PET) 
because of its superior properties that 
make it suitable for a wider range of 
applications. Dr Lin adds, “The global 
market for bio-plastics is estimated to 
reach 30.8 billion dollars by 2020 – and 
PEF, which has not reached its full 
market potential yet – is expected to 
hold a large share of the market.”

Key to the success of a circular plastics 
economy is waste management – and 
this comes through recyclability, not 
biodegradability. A recyclable product 
means that material is retained in the 
recirculation loop; it can be re-made 
into new value-added products. If it 

can biodegrade, a valuable resource 
is removed which could impact 
profitability.

Although PEF products can be 
successfully recycled into other usable 
products, it is no more biodegradable 
than petroleum-based PET. With the 
correct protocols in place to ensure 
recycling, PEF bioplastics are an ideal 
entrant to the circular plastic economy. 
Dr Lin’s team hopes to contribute to this 
and is improving the production of bio-
sugar from restaurant waste.

Kaur, G. et al.: “Recent trends in green 
and sustainable chemistry & waste 
valorisation: Rethinking plastics in a 
circular economy,” Current Opinion in 
Green and Sustainable Chemistry (2017)

Replacing single-use plastics with recyclable 
bio-plastics will stop the planet from 
drowning in waste
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AN INTERVIEW WITH SEÁN MCLOONE

ROBOT
SOCCER

How did you get involved in the 
competition?

Professor Rick Middleton of the 
Hamilton Institute, NUIM was 
previously in the University of 
Newcastle in Australia where he 
had been very active in RoboCup. 
Drawing on this experience, 
myself, Adam Winstanley (Head of 
Department in Computer Science) 
and Rick Middleton were able to 
establish a team.

It was 2008 when we first 
participated in Robocup. Most teams 
were still struggling to get the robots 
running, as were we, but we actually 
won the competition. We had 
formed a joint team with Australia 
that year and the following year we 
went out on our own and formed 
the Robo Eireann team. That year, 
we did ok, but we didn’t set the 
world alight, more like a typical Irish 
soccer team’s performance.

In 2011 we had a strong team but 
didn’t do particularly well in the 
soccer tournament. There’s a sob 
story there in terms of hard luck 
and bad decisions – just like real 
soccer! However, we did win the 
Open Challenge competition. This 
is where teams demonstrate the 
robotics research they are doing 

to address the challenges of robot 
soccer.

What are the technical 
challenges?

The robot joints are actuated by 
motors – you control the current and 
voltages to make the motors move, 
but turning this movement into 
reliable and stable locomotion is a 
major challenge.

The eyes of the robot are basically 
a webcam. We take for granted 
that we look at something and see 
objects – it’s not as simple as that! 
There’s software to turn an image 
into recognition of a ball, field lines, 
another robot, the goalposts. You 
need to know that “the ball is five 
metres ahead of me, and I need 
to kick the ball in that direction 
towards the goals”. The mathematics 
needed to achieve this is quite 
challenging.

Team play is also a key challenge. At 
the moment most teams don’t have 
particularly sophisticated team play. 
Our robots are still in that category, 
where it’s get the ball, and not quite 
hoof it up the pitch, but not far 
from it! They do have some level of 
awareness– a robot will recognise 
that it is nearest the ball, so it 
becomes the striker and the others 

will be defenders or supporting 
players.

It’s amazing, even though the 
focus is research, you do get really 
competitive. You get people shouting 
at the robots, telling them “Kick the 
ball, kick the ball!” even though you 
know they’re not listening to you 
at all because they’re not designed 
to. People get very passionate even 
though the robots are moving really 
slowly and a game is really painful 
to watch sometimes, because the 
ball might sit in the corner of the 
pitch for three minutes because 
the robots can’t see [it] and they’re 
wandering around crashing into 
each other and falling over.

Do those reactions make you 
optimistic about the integration 
of robots into humans’ lives?

Once [robots] have actions and 
behaviours like humans, you start 
treating them like humans – no 
different to the way people talk to 
their pets and think they understand 
them. But it’s the social aspects of 
the interaction that will take a bit 
longer. A robot being sympathetic 
– no one will believe that to be 
genuine for a good while yet. Once 
we master that, they’ll be much 
more acceptable.

“Once [robots] 
have actions and 
behaviours like 
humans, you start 
treating them 
like humans – no 
different to the way 
people talk to their 
pets and think they 
understand them.” 

By Martin McKenna

The football game starts, and the players dash across the field. With control of the ball, the striker readies to shoot and the 
goalkeeper tenses in anticipation. With a swift kick, the ball glides across the pitch towards the goals. These players aren’t 
humans though. They are two-foot tall, autonomous humanoid robots, programmed by a team of engineers and computer 
scientists in the National University of Ireland Maynooth to compete in the annual world cup of robot soccer, RoboCup.  
Euroscientist interviewed Seán McLoone, head of the Department of Electronic Engineering, about the team, and watched a 
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  SMART 
FOOD PACKAGING

  CREATE YOUR OWN INFOGRAPHIC
TO SHOW THE LIFE-CYCLE OF 

FOOD PACKAGING 
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GRANULAR MEDIA FRICTION 
EXPLAINED: 

DA VINCI 
WOULD BE PROUD

New study explains how solid friction forces 
affect granular materials in two or more 
dimensions

Leonardo Da Vinci had already noticed 
it. There is a very peculiar dynamics of 
granular matter, such as dry sand or 
grains of wheat. When these granular 
particles are left on a vibrating solid 
surface, they are not only subject to 
random vibrations, they are also under 
the spell of solid friction forces, like 
the force a dry floor would exert on 
a brick in contact with that floor. In a 
study published in EPJ E, Prasenjit Das 
from the Jawaharlal Nehru University, 
India, and colleagues extended our 
understanding of this problem from 
the well-known, one-dimensional case 
to multiple dimensions.

The trouble with the one-dimensional 
case is that it does not represent 
physical reality. In this study, the 
authors have solved the equation 
describing the effect of solid friction 
on granular materials for an arbitrary 
number of dimensions.

First, they considered that because 
the particle is affected by a vibrating 
random force, they cannot obtain 
its position and velocity with 
certainty. Therefore, they considered 
the probability distribution of its 
position. They then used an equation 
- the Fokker-Planck (FP) equation - to 
describe its evolution.

They managed to solve this equation, 
and obtain relevant physical quantities 
that are measurable experimentally 
to check the validity of their solution, 
by employing a simple analogy 
with another field, that of quantum 
mechanics and the solution to the 
famous Schrodinger equation. Their 
results are in excellent agreement 
with numerical solutions in 2 and 3 
dimensions.

This means that the model can 
also be used in further studies of a 
driven particle in a granular fluid, 
which is relevant to a number of 
industries, ranging from construction 
to pharmaceuticals. In this problem, 
a constant force acts on an intruder 
particle which interacts via two forces, 
namely the normal contact forces and 
friction forces, with the particles of the 
granular fluid.

Single Particle Brownian Motion with 
Solid Friction. P.Das, S. Puri and M. 
Schwartz (2017), Eur. Phys. J. E 40: 60, 
DOI 10.1140/epje/i2017-11549-9.

L
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  NEWS FROM THE LAB

Mars explorers,
take your vitamins!

Atomic force microscopy image of microgels used for the 
encapsulation of retinol. © Ricarda Schroeder

Many vitamins will degrade over the 
duration of, for example, a mission to 
Mars, but polymer microgels could 
stabilise them long enough

Almost half a century after the first Moon 
landings, the next frontier of manned 
spaceflight—an expedition to Mars—is capturing 
our attention. But before the first Mars-bound 
astronauts can take off, many questions must be 
answered, including the most basic: what will the 
astronauts eat?

The actual journey to Mars is estimated to take a 
few months, but if food is to be used throughout a 
whole mission, it will need to stay nutritious and 
palatable for up to three to five years. This is far 
longer than the 18- to 24-month ‘shelf life’ of most 
food items currently consumed in space.

Essential nutrients, such as vitamins and 
amino acids are particularly problematic, as 
they degrade in long-term storage, acquiring 
strange tastes and, more importantly, losing 
their nutritional value. Ricarda Schroeder of the 
European Space Research and Technology Centre 
has now shown that it is possible to stabilise one 
such nutrient, vitamin A1, by packing it into a 
polymer microgel. Her work is published in the 
journal Life Sciences in Space Research.

Vitamin A1, also known as retinol, is important 
for maintaining healthy skin and blood and 
good vision. It is relatively unstable and can be 
easily broken down by oxygen, heat or ultraviolet 
light to form compounds that are either inactive 
or, worse still, toxic. Schroeder’s work has the 
potential to solve this problem; she found that 
retinol increases its stability when it is absorbed 

Contaminated meat
glows red for danger

ed fluorescence reveals the presence of microorganisms in 
chicken meat incubated with aminolevulinic acid. Credit: Lilia 
Courrol, copyright (c) Lilia Courrol.

Porphyrin fluorescence provides a low-
cost way of detecting pathogens in stored 
chicken

Food poisoning is a worldwide problem. According 
to the World Health Organisation, about one in 10 of 
us will at some time fall ill after eating contaminated 
food. This problem is only becoming more serious, 
exacerbated by international travel and trade and by 
fraud.

by polymer microgels.

These microgels consist of porous, colloidal 
particles with a crosslinked polymer network 
structure; the size of the pores decreases as the 
number of crosslinks rises. Schroeder prepared 
lightly-crosslinked microgels, diffused retinol into 
them, and then added further crosslinks, reducing 
the amount of space available for the bound 
retinol and thus reducing its opportunity to 
degrade. “The retinol bound into these microgel 
particles could be almost 100 times as chemically 
stable as unbound retinol,” she explains. “Vitamin 
A stored in this way should, therefore, remain 
intact for at least the length of a mission to Mars, 
and the method could in principle be used to 
stabilise other vitamins and nutrients.”
Schroeder started her career as a chemist and 
studied microgels during her PhD research, but 
she has always been interested in space and was 
delighted to be offered a chance to combine 
the two fields. “It was fascinating to apply my 
chemical knowledge to the requirements for 
nutrition in long-term space travel,” she adds. 
“But this research also has potential applications 
on Earth, for example, in storing nutrients for 
long periods under harsh, desert-like conditions.”

Chicken is one of the worst offenders. Almost every 
adult will have some first- or second-hand experience 
of the distressing effects of eating chicken that has 
been allowed to incubate Salmonella, Campylobacter 
or other harmful bacteria. Most current methods 
of checking the quality of chicken and other meats 
are either subjective or time-consuming. Now, 
however, researchers based in Brazil have developed 
a novel method that should be simple and quick 
to use, and they have published it in the Journal of 
Luminescence.

A chemical called protoporphyrin IX (PPIX) is 
found in the cells of vertebrates – where it binds to 
the proteins that carry iron around the body and 
that also give meat its colour – and also in bacteria. 
PPIX produces red fluorescence, and the amount 
of fluorescence given off by a sample of meat will 
suggest to what extent that meat is contaminated 
with bacteria.

“We obtained chicken meat from a local supermarket 
and stored samples at room temperature, which 
is warm enough for bacteria to multiply, and in 
refrigerators for 24 and 30 hours,” says lead author 
Lilia Courrol of the Universidade Federal de São 
Paulo, Brazil. “Aminolevulinic acid (ALA) was 

added to the meat to boost PPIX production, the 
porphyrin was extracted and red fluorescence was 
measured using a spectrometer.”

The researchers found that the chicken pieces 
that were stored in the ‘unsafe’ conditions, at 
room temperature, produced more intense red 
fluorescence than those that were stored in a 
fridge, indicating that they contained more PPIX 
and therefore more bacteria. This method could 
be used in an optical test of the presence of 
bacteria in meat and therefore of its safety and 
quality.

The technique could also provide a useful way 
of detecting fraud. “Since 2017, the federal police 
in Brazil have been targeting large companies 
accused of tampering with their meat so that 
contaminated products could still be sold,” adds 
Courrol. “Events like these have motivated me to 
work on the development of new technologies to 
protect consumers and prevent fraud.”

Courrol, L.C. and Samad, R.E. “Determination 
of chicken meat contamination by porphyrin 
fluorescence.” Journal of Luminescence (2018).
low-cost way of detecting pathogens in 
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Carbon dating 
uncovers forged
Cubist painting

The alleged 
Contraste de 
formes, an 
oil on canvas 
from the Peggy 
Guggenheim 
Collection, 
Venice, was 
proven to be a 
fake. © Caforio 
et al.

Physicists use carbon dating to confirm 
alleged Fernand Léger painting was definitely 
a fake, thus corroborating the doubts about 
its authenticity previously expressed by art 
historians

Choosing the right physical technique to analyse 
paintings can make all the difference when it comes to 
ascertaining their authenticity. Now, a painting initially 
attributed as belonging to a series called ‘Contraste de 
formes’ by French Cubist painter Fernand Léger has 
definitely been identified as a forgery. This is the first 
time it has been possible to identify a fake painting by 
relying on the anomalous behaviour of the concentration 
of the radioactive form of carbon (14C) in the atmosphere 
after 1955 to date the canvas. These findings were recently 
published in EPJ Plus by Mariaelenea Fedi of the 
National Institute of Nuclear Physics (INFN) in Florence, 
Italy, and colleagues.

Previously, art historians had called upon scientists 
to compare the alleged Léger painting from the Peggy 
Guggenheim Collection (PGC), in Venice, Italy, with an 
authentic painting of the ‘Contraste de formes’ series 
belonging to the Solomon Guggenheim Foundation 
(SGF) in New York, USA.

They performed tests based on techniques including 
X-ray radiography and scanning electron microscope 
and energy dispersive X-Ray spectrometry. Though they 
demonstrated that the fibres in the canvases differed and 
that different pigments were used in the two paintings, 
they did not arrive at conclusive evidence.

Physical Journal Plus, DOI 10.1140/epjp/i2014-1400
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Understanding how a desert beetle harvests 
water from dew could help to improve 
drinking water collection in dew condensers 
mimicking the nanostructure of the beetle’s 
back

Insects are full of marvels—and this is certainly the 
case with a beetle from the Tenebrionind family, 
found in the extreme conditions of the Namib desert. 
Now, a team of scientists has demonstrated that such 
insects can collect dew on their backs—and not just 
fog as previously thought. This is made possible by 
the wax nanostructure on the surface of the beetle’s 
elytra. These findings by José Guadarrama-Cetina, then 
working at ESPCI ParisTech, France—on leave from the 
University of Navarra, in Spain—and colleagues were 
recently published in EPJ E. They bring us a step closer 
to harvesting dew to make drinking water from the 
humidity in the air. This, the team hopes, can be done by 
improving the water yield of man-made dew condensers 
that mimick the nanostructure on the beetle’s back.

It was not clear from previous studies whether water 
harvested by such beetles came from dew droplets, in 
addition to fog. Whereas fog is made of ready-made 
microdroplets floating in the air, dew appears following 
the cooling of a substrate below air temperature. This 
then turns the humidity of air into tiny droplets of water, 
because more energy—as can be measured through infra-
red emissions—is sent to the atmosphere than received 
by it. The cooling capability is ideal, they demonstrate, 
because the insect’s back demonstrates near-perfect 
infra-red emissivity.

Dew condensation on desert beetle skin. J.M. 
Guadarrama-Cetina, A. Mongruel, M.-G. Medici, E. 
Baquero, A.R. Parker, I. Milimouk-Melnytchuk, W. 
González-Viñas, and D. Beysens (2014), Eur. Phys. J. E 37: 
109, DOI 10.1140/epje/i2014-14109-y

Biomimetic 
dew harvesters

A preserved 
specimen of the 
Tenebrionind 
beetle 
(Physasterna 
cribripes) was 
used for this 
study, displaying 
the insect’s 
mechanisms of 
dew harvesting. 
© J.M. 
Guadarrama-
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