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Introduction

The growing demand for green hydrogen
sources has pushed the limits of technology towards
new cost-efficient alternatives [1]. Electromagnetic
energy appears as one of these alternatives, having
proven to be very efficient in activating chemical
reactions [5]. In particular, microwave technology
offers multiple advantages for electrochemical
operation including non-contact processes and less
constraints and complexity than conventional
electrolysis cells.
An example of production of green hydrogen
using microwaves has recently been published [6]
with notable technological relevance. The process
employs microwave energy to reduce the metal
oxide prior to water vapor splitting and operates in a
simple reactor at substantially lower temperatures
(below 250°C) than those required with other
technologies (1000-1500ºC) [4].

The path towards a sustainable future requires an
urgent action on our climate impact by relying on
renewable energy and eliminating fossil fuels from
industry and transport. The use of CO2-neutral
carriers or chemical raw materials produced by
electricity coming from solar parks and wind farms
is expected to significantly limit greenhouse gas
emissions [1]. However, the higher affordability of
renewables is still accompanied by their volatile
nature, posing the challenge of efficient energy
storage methods, together with novel techniques to
electrify unitary steps in process industry [2].
In this context, hydrogen has a promising
potential as an energy storage medium, both with the
purpose of covering the demand for energy in the
periods of lower availability of renewable energy, or
for being directly employed in chemical processing.
Most of the world’s current hydrogen
production relies on a CO2 intensive process called
Steam Methane Reforming, but it can also be
produced by water electrolysis with a resulting zerocarbon footprint, being known as green hydrogen.
An attractive variant of this method is the
thermochemical water splitting (TCWS) approach
[3], consisting of two steps: first, a metal oxide is
heated and reduced to form oxygen vacancies and
release oxygen; second, water is dissociated by reoxidation of the metal oxide thus releasing the
hydrogen. This process creates a close loop in which
the metal oxide remains intact after the cycle, and
only water and heat are consumed. This redox
process currently requires very high-temperature
heating, such as the recently reported application of
concentrated solar energy, involving extreme
process conditions and solar setups of high
complexity [4].

2

Microwave-induced reduction

Figure 1: Microwave equipment employed in the study.
Figure from [6].
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The microwave energy was applied in a dualmode microwave cylindrical cavity capable to heat
by microwaves and simultaneously measure the a.c.
conductivity of material samples up to 1000ºC
(Figure 1). This dual-mode cavity and associated
equipment was developed in 2015 to investigate the
temperature-dependent dielectric properties of
materials under intense microwave fields and since
then it has been widely employed in numerous
studies that have confirmed it as a relevant
equipment to identify the mechanisms behind
microwave and matter interactions, including
unprecedented reaction pathways [7].
In this specific application, the sample was
placed in a quartz holder modified to operate under
continuous flow conditions and different gas
atmospheres. The microwave system included a
mass spectrometer for in situ off-gas analysis,
videocamera for image recording and infrared
pyrometer for temperature measurements. Since the
temperature of the sample was determined from
surface IR measurements and temperature gradients
were expected in the sample due to the typical
inverted temperature profile in microwave-heated
samples, a thorough calibration procedure was

a)
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applied to obtain the average bulk temperature of the
sample. This calibration procedure included, among
others, optical fiber measurements and Raman
spectrometry of reference materials [8].
In order to illustrate the microwave redox
principle, a doped ceria metal oxide CGO
(Ce0.8Gd0.2O1.9) was selected, as ceria is a wellknown ion-conductor, showing other advantages
such as large oxygen storage capacity and high
oxide-ion diffusivity. Samples of CGO were
employed because of its structural stability,
combined with a large amount of oxygen vacancies
leading to a great reductive power.
The effect of CGO reduction under microwave
irradiation, and the differences respect to
conventional heating were investigated through
contact-less determination of its a.c. conductivity.
Figure 2 shows this comparison, illustrating the
typical Arrhenian behaviour under conventional
heating (with predominant oxide-ion conduction)
[9]. However, microwave heating lead to a very
different conductivity profile, with a steep increase
at a relatively low temperature (~150ºC) followed by
a temperature range with different activation energy.

b)

Figure 2: a) Measurements of CGO a.c conductivity under microwave and conventional heating. b) Off-gas analysis during
microwave cycle showing oxygen release. Figures from [6].
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In situ off-gas analysis revealed an abrupt
release of oxygen simultaneous to the sharp increase
of conductivity (Figure 2), in contrast to a negligible
oxygen release under conventional heating. It should
be noted that a considerable amount of oxygen
>0.2mL per gram of CGO was released for a
threshold microwave power of PTH~10Wg-1. This
indicated a partial reduction of ceria atoms
(Ce4+→Ce3+) induced by microwave energy with the
formation of localized electronic charge carriers
(polarons) and oxygen vacancies. The increasing
population of electronic carriers combined with their
high mobility at these temperatures (170-350°C)
contributed in turn to a drastic enhancement of
electronic conductivity (n-type). Close to the
complete O2 release, the residual increase of
conductivity could be attributed to the thermal
mobility of both oxygen vacancies and electrons,
changing gradually from electronic to an oxide-ion
transport-dominated conductivity. During the
cooling cycle, the conductivity followed the
conventional path, since electronic mobility was not
activated due to the absence of microwave energy.
The way that microwave energy modified the
CGO lattice structure and electronic configuration
was also studied through X-ray photoelectron
spectroscopy of activated CGO, showing oxygen
vacancies and a Ce3+/Ce4+ surface ratio of approx.
27% [6].
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capturing the oxygen and releasing the hydrogen.
The adequate selection of the gases present during
the re-oxidation step allows producing other valuable
products, extending the benefits to other reactions
such as intensified hydrocarbons synthesis
(Figure 3).
3

Hydrogen production with microwaves

The complete sequence for hydrogen generation was
demonstrated with CGO in a wet atmosphere (N2
atmosphere with 3% water) (see Figure 4). The
applied microwave power (from 10 to 40 Wg-1)
induced the oxygen release (this oxygen was
evacuated) and maintained the sample in the reduced
state (at a temperature below 400ºC). When
microwaves were no longer applied, the activation
effect disappeared giving way to a rapid re-oxidation
of CGO with the oxygen provided by water
molecules, thus releasing the hydrogen and
completing the loop.
Results showed that this loop could be repeated
in a stable and cyclable process with excellent
reproducibility, paving the way for the hydrogen
production through different configurations, such as
microwave-swing reactors or chemical looping
schemes [10]. The thermodynamic analysis and an
estimation of the hydrogen production cost through
microwave redox showed promising results, which
could be competitive with conventional water
electrolysis technologies.

Figure 3: Diagram of the complete microwave redox cycle
yielding different products with proper selection of the lowenergy molecules present in the re-oxidation step. Figure
from [6].

Figure 4: Consecutive cycles of microwave-driven CGO
reduction and oxidation in a wet atmosphere to release
hydrogen revealed the good stability and reproducibility of
the process. Figure from [6].

Once the CGO sample has been activated by
microwave energy, it tends to re-oxidize by reacting
with other low-energy molecules, such as water,
3
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Conclusions

Microwave-driven electrochemical reactions such as
water electrolysis can be performed with this
technique allowing non-contact activation without
the restrictions imposed by the operation of
electrolytes or electrodes (temperature, pressure,
challenging electric contacting, etc.).
The wide range of possible applications is even
expanded with the integration of the adequate
synthesis catalysts. Simultaneous microwave
deoxygenation of water and CO2 could enable
syngas production for the synthesis of added-value
chemicals, or the production of different
hydrocarbons, as the reported CH4 employing a
Ru/γ-Al2O3-catalyst.
Apart from microwave electrocatalysis, further
work on materials formulation and refined
microwave engineering could maximize the energy
efficiency (electric work and enthalpies of reduction
and re-oxidation) facilitating the application of this
technology in other diverse areas. Energy storage is
an attractive example, where future uses include
ultrafast battery charge through microwave
volumetric reduction of anode-chamber materials.
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Introduction

highly recalcitrant compounds which are difficult to
treat and are inhibitory to the microbial community
in the biofilms of anaerobic digesters. While the
aqueous phase of dairy wastewater may be treated by
aerobic means and anaerobic digestion (AD) to
generate biomethane, the FOG fraction must be
removed.
FOGs are separated from the dairy wastewater
stream by a process called dissolved air flotation
(DAF). Briefly, compressed air is pumped into the
bottom of the DAF tank. Air bubbles expand as they
rise, floating the immiscible FOGs to the surface.
Beams skim the surface of the DAF tank, sweeping
the FOG sludge into a collection tank, while the
remaining water is pumped to further treatment.
Flocculant and polymeric coagulant may be added to

Ireland has a strong dairy industry, expanding in
recent years after the abolition of the EU milk quota
in 2015 [1]. The subsequent increase in dairy
production along with growing interest in the
circular economy as a means to mitigate climate
change and biodiversity loss have led to an urgency
in efforts to reduce the environmental impact of the
industry. For every liter of milk produced, 3 L of
dairy wastewater are generated which must be
treated before discharge to water bodies. Dairy
processing wastewater comes from tank washings,
waste products at various stages of production, and
spoiled milk. The wastewater contains considerable
concentrations of fats, oils, and greases (FOGs), nonsoluble in the wastewater. FOGs are composed of
5
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the DAF to improve the efficiency of the process by
causing the FOG particles to clump together and
form larger particles, which are easier to skim off. In
general, the collected sludge is disposed of via land
spreading, however, DAF sludge has low nutrient
value to the soils to which it is added. The soil
essentially acts as a sink for this waste product.
The inhibitory effect of DAF sludge to AD
biofilms is due in large part to the long chain fatty
acid (LCFA) content in the FOGs [2], and also to the
polymer added in the DAF process [3]. This effect is
greatest in high-rate, low-temperature (~20°C) AD
reactors. LCFAs are fatty acids with 14+ carbon
atoms. The most abundant LCFAs in dairy fats are
the unsaturated oleic acid (C18:1), and the saturated
stearic acid (C18:0), palmitic acid (C16:0) and
myristic acid (C14:0) (Figure 1). These compounds
are very stable and insoluble in water. These
properties make them difficult to break down and
their thermal degradation requires high energy
inputs. It is not certain whether the inhibitory effect
on AD is due to a direct chemical toxic effect or an
indirect physical effect [4], such as accumulation on
the surface of the microbes and prevention of
chemical exchange between the cell interior and
exterior. Microbes appear capable of tolerating a low
concentration of these compounds and will
eventually digest them over time [4], but higher
concentrations quickly cause detrimental effects
with costly consequences.

December 22, 2020

and termination of the AD process. The inoculum
must then be removed and replaced at great expense.
LCFAs are highly energy-dense compounds. It
is estimated that the DAF sludge removed from the
dairy wastewater stream represents up to 50% of the
chemical oxygen demand (COD), or energy
potential, of the wastewater. Yet this fraction is
contained in just 10% of the wastewater volume
emitted from dairy processing. Recovering all of the
energy potential of this fraction would mean up to
50% enhancement of biogas production if this
energy-dense sludge could be processed via AD.
The Sustainable Bio-Renewable Energy from
Wastewater (S-BREW) project is a collaboration
between Ashleigh Environmental and National
University of Ireland, Galway (NUIG), which aims
to address the challenge of treating dairy FOG waste
for AD using Ashleigh Environmental’s proprietary
microwave technology: Biowave™. The Biowave™
system applies microwave energy to the feedstock,
heating it rapidly and accelerating chemical reaction
rates. The aim of the treatment is to reduce the LCFA
concentration in the DAF sludge to a level that can
be tolerated by the AD microbial community, as well
as to break down the flocculation polymer. The
resulting product will make a feedstock that is
suitable for AD, and as such will facilitate access to
the valuable energy potential of this waste stream.
Solubilisation of solid material in the microwave is
also beneficial to the rate of digestion, improving the
biogas yield – particularly in low temperature
applications. There are additional benefits in
diversion of a waste stream from land spreading with
inherent transport CO2 emissions and financial
savings to be made.
2

Novel approach to feedstock pre-treatment

While lab-scale experiments to demonstrate the
application of microwave energy to treatment of
FOG waste have been published in the literature [6],
[7], the S-BREW project is unique in several ways.
Firstly, the Biowave™ pilot system is at an industrial
scale, well beyond the scope of laboratory-based
microwaves. The magnetron operates at 915 MHz,
offering more energy efficiency and greater
penetration than the more common 2450 MHz
experiments. The microwave reactor operates on a
continuous flow basis, as opposed to the more

Figure 1: The LCFAs found in dairy fat. (A) Oleic acid (C18), (B)
Stearic acid (C18), (C) Palmitic acid (C16), Myristic acid (C14)

The effect of added polymer can vary due to the
nature of the polymer and concentration, but it also
has an inhibitory effect on the AD microbial
community as both polymer and its corresponding
hydrolysed monomers [5]. If not broken down,
polymers can build up and flocculate, causing
flotation of the biofilm to the surface of the reactor
6
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frequently used batch mode in small vessels of lab
scale microwaves. To our knowledge, this is the first
time that DAF waste sludge from dairy processing
has been trialled in microwave treatment at this
scale. The feedstock is complex and variable and
investigation of the effect of microwave pretreatment on the diverse conditions is essential to
understanding the application of this process in real
world conditions.
2.1

measure of the effectiveness of the treatment on the
DAF sludges as these are the compounds that cause
the inhibitory effect. Analysis of volatile fatty acid
(VFA) content may indicate if LCFAs are broken
down to shorter chain fatty acids with additional
benefits for AD as VFAs are a readily available
carbon substrate. Biomethane potential (BMP) trials
are performed on microwave treated products which
exhibit good LCFA reduction. These BMP
experiments will demonstrate the suitability of the
pre-treated feedstock for AD, if the inhibitory effect
has been overcome, and any increase in potential for
biomethane production as a result of microwave
treatment. Continuous sampling and analysis also
indicate the rate of reduction of COD in the AD batch
experiments.

Samples

The aim of our initial investigations was to determine
the effect of microwave treatment at a range of
temperatures and on a variety of DAF sludge
samples from different dairies in Ireland. It was
important to investigate sludges from dairies that
produce different products (e.g., milk, butter, milk
powders, cheese) and also the variation in
wastewater treatment approaches in the DAF
process. Polymer use varies across treatment plants,
with different dosing rates and polarity of polymer
used and some producers don’t use polymer at all.
2.2

3
3.1

Results
LCFA reduction

Results are preliminary at this stage. However, they
indicate that LCFA concentrations are reduced by
microwave treatment and that the reduction increases
with increasing temperature (Figure 2). The greatest
reduction in concentration is seen at >95°C for a
DAF sludge from a butter plant.

Microwave system

The pilot scale system is a 915 MHz continuous flow
microwave-assisted reactor with 36 kW of power
generation. DAF sludge is pumped from a 1 m3
container and flows continuously through the
reactor. Trials to date have investigated the effect of
increasing temperature on LCFA breakdown in
microwave treated DAF sludge. Further trials have
investigated the effect of oxidation, with H2O2 added
to the sample prior to the microwave reactor.
2.3
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Analytical approach

Microwaved samples are analysed by standard
methods for pH, total solids (TS), volatile solids
(VS), total COD (TCOD) and soluble COD (SCOD).
These physico-chemical properties provide context
for any effects observed in the treated samples. For
example, solubilisation of solid content should result
in improved biomethane production. Determination
of LCFA concentrations is the most important

Figure 2: LCFA concentrations in microwave treated dairy
sludge from a processer producing butter and cream. Results
are from the untreated sample and microwave heated to 55,
80 and >95 °C. Reductions at >95 °C are 59, 53, 60 and 85 %
for oleic acid, stearic acid, palmitic acid and myristic acid,
respectively.
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Figure 3: Results from batch degradation experiments at 20°C using an untreated DAF sludge from a milk processing plant as
feedstock, and the same sludge microwave treated to >95°C. Cumulative biomethane production over 21 days from AD inoculum
fed with NT sludge and microwave treated sludge in absolute volume (A) and volume per gCOD added (B). Reduction in COD in
each batch experiment over the course of the 21 days expressed in g/L (C) and % TCOD removal (D).

3.2

Biomethane potential

preliminary, and the oxidation rate has yet to be
optimized. However, initial tests suggest that there
are further gains to be made with addition of H2O2.
Reductions in LCFAs in the DAF sludge from a milk
processor were up to 50% with oxidation at 95°C
(Figure 4), whereas 30% reductions had been
observed with temperature alone.

Similar results were seen in the LCFA
concentrations in a sample from a milk processing
plant with reductions of up to 30% in samples treated
at >95°C in the microwave system. This feedstock
was then applied to an anaerobic batch degradation
experiment to determine the BMP of the reactors
when fed with an untreated sample and one treated at
>95°C. The microwave treatment appears to have
improved the methane yield of the digester with
microwaved feedstock applied (Figure 3A), even
when normalised to gCOD added. At the same time,
COD removal efficiency is improved by microwave
treatment with no lag seen for the treated sample in
the batch degradation experiment.
3.3

3.4

Impact on COD

There was no impact expected on TCOD of samples,
but significant increases in SCOD were seen for
samples with concomitant significant decreases in
LCFA concentrations, such as the treated samples in
Figures 2 and 3 above.

Effect of oxidation

The effect of addition of H2O2 to the samples just
prior to microwave treatment was investigated to
determine if LCFA reduction rates could be further
improved by oxidation. Again, results are

8
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soluble material is more easily digested. This data
indicates that an improved biogas yield can be
obtained by diverting this waste stream from
disposal and pre-treating it for AD. Further
experiments will indicate the longevity of this effect
and contribute to the calculation of the energy
balance of the process and indicate transport cost,
energy and CO2 savings that can be achieved.
5

The preliminary results of these trials indicate that
the Biowave™ microwave pre-treatment of dairy
FOG waste offers a viable solution to the breakdown
of LCFAs and generation of a feedstock suitable for
AD. There are multiple advantages to be gained from
the process, once optimised. Instead of land
spreading the DAF sludge, pre-treatment offers the
opportunity to access the energy potential of the
FOG material. The reduction of LCFA concentration
in the treated feedstocks and enhanced biomethane
production in AD experiments point to improved
bioenergy yield. Reduction of CO2 emissions from
both transport and disposal makes for an important
contribution to the circular economy. Financial
savings in energy and disposal costs will be available
to dairy processers that invest in this cutting-edge
technology.

Figure 4: Effect of oxidation with H2O2 at two dosing rates at
95°C on DAF sludge from a milk processing plant. LCFA
concentrations in the untreated sample, treatment at 95°C
without oxidation, treatment at 95°C with 0.05% H2O2 per %
TS (O1), and 0.17% H2O2 per % TS (O2) are shown. Reductions
at oxidation rate O2 are 41, 35, 32 and 50% for oleic acid,
stearic acid, palmitic acid and myristic acid, respectively.

4

Conclusions

Discussion

The initial results seen to date in this project are very
encouraging. There is a clear trend in LCFA
reduction with increasing temperature across
multiple sludge types. Reductions of up to 80% were
achieved, however, the largest gains are seen in the
shorter C14 fatty acid, which is in lower abundance
than the longer chain C18 and C16 fatty acids.
Reductions of ~60% were observed for the C18 and
C16 in the butter plant DAF sludge. Oxidation with
hydrogen peroxide resulted in improved LCFA
reduction above what can be achieved with
temperature alone. The optimal dosing rate has yet to
be determined.
Variation in the results between samples has
been observed with greater LCFA reductions seen in
the DAF sludge from the butter producer. This may
be due to differences in wastewater treatment (e.g.,
polymer dosing rate) or due to some other factor in
the composition of these highly complex samples.
This highlights the importance of testing real world
samples to capture the variability found across
processers.
The improvement in biomethane yield at 20°C
seen in the batch degradation experiment indicates
that the inhibitory effect of the LCFAs, and
presumably polymer, is reduced by the microwave
process. Increased SCOD in the treated feedstock
almost certainly contributes to this effect as well, as
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Ricky’s Afterthought:

The Spread of Covid-19 in buildings#
A.C. (Ricky) Metaxas
Life Fellow St John’s College Cambridge UK
Email: acm33@cam.ac.uk
#

Original source:
https://www.cam.ac.uk/research/news/many-ventilation-systems-may-increase-risk-of-covid-19-exposure-study-suggests

With Covid-19 still affecting most of the European
countries and indeed the whole world with
lockdowns or severe restrictions on peoples’
movement, I thought appropriate to reproduce the
following Open Access article [1], regarding the
effects of Ventilation on the indoor spread of Covid19 by Prof. Paul Linden of the Department of
Applied Mathematics and Theoretical Physics at the
University of Cambridge.
Ventilation systems in many modern office
buildings, which are designed to keep temperatures
comfortable and increase energy efficiency, may
increase the risk of exposure to the coronavirus,
particularly during the coming winter, according to
research published in the Journal of Fluid
Mechanics.
“As winter approaches in the northern
hemisphere and people start spending more time
inside, understanding the role of ventilation is critical
to estimating the risk of contracting the virus and
helping slow its spread” -Paul Linden
A team from the University of Cambridge
found that widely-used ‘mixing ventilation’ systems,

which are designed to keep conditions uniform in all
parts of the room, disperse airborne contaminants
evenly throughout the space. These contaminants
may include droplets and aerosols, potentially
containing viruses.
The research has highlighted the importance of
good ventilation and mask-wearing in keeping the
contaminant concentration to a minimum level and
mitigating the risk of transmission of SARS-CoV-2,
the virus that causes COVID-19.
The evidence increasingly indicates that the
virus is spread primarily through larger droplets and
smaller aerosols, which are expelled when we cough,
sneeze, laugh, talk or breathe. In addition, the data
available so far indicates that indoor transmission is
far more common than outdoor transmission, which
is likely due to increased exposure times and
decreased dispersion rates for droplets and aerosols.
“As winter approaches in the northern
hemisphere and people start spending more time
inside, understanding the role of ventilation is critical
to estimating the risk of contracting the virus and
helping slow its spread,” said Professor Paul Linden
10
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from Cambridge’s Department of Applied
Mathematics and Theoretical Physics (DAMTP),
who led the research. “While direct monitoring of
droplets and aerosols in indoor spaces is difficult, we
exhale carbon dioxide that can easily be measured
and used as an indicator of the risk of infection.
Small respiratory aerosols containing the virus are
transported along with the carbon dioxide produced
by breathing, and are carried around a room by
ventilation flows. Insufficient ventilation can lead to
high carbon dioxide concentration, which in turn
could increase the risk of exposure to the virus.”
The team showed that airflow in rooms is
complex and depends on the placement of vents,
windows and doors, and on convective flows
generated by heat emitted by people and equipment
in a building. Other variables, such as people moving
or talking, doors opening or closing, or changes in
outdoor conditions for naturally ventilated buildings,
affect these flows and consequently influence the
risk of exposure to the virus.
Ventilation, whether driven by wind or heat
generated within the building or by mechanical
systems, works in one of two main modes. Mixing
ventilation is the most common, where vents are
placed to keep the air in a space well mixed so that
temperature and contaminant concentrations are kept
uniform throughout the space.
The second mode, displacement ventilation,
has vents placed at the bottom and the top of a room,
creating a cooler lower zone and a warmer upper
zone, and warm air is extracted through the top part
of the room. As exhaled breath is also warm, most of
it accumulates in the upper zone. Provided the
interface between the zones is high enough,
contaminated air can be extracted by the ventilation
system rather than breathed in by someone else. The
study suggests that when designed properly,
displacement ventilation could reduce the risk of
mixing and cross-contamination of breath, thereby
mitigating the risk of exposure.
As climate change has accelerated since the
middle of the last century, buildings have been built
with energy efficiency in mind. Along with
improved construction standards, this has led to
buildings that are more airtight and more
comfortable for the occupants. In the past few years
however, reducing indoor air pollution levels has
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become the primary concern for designers of
ventilation systems.
“These two concerns are related, but different,
and there is tension between them, which has been
highlighted during the pandemic,” said Dr Rajesh
Bhagat, also from DAMTP. “Maximising
ventilation, while at the same time keeping
temperatures at a comfortable level without
excessive energy consumption is a difficult balance
to strike.”
In light of this, the Cambridge researchers took
some of their earlier work on ventilation for
efficiency and reinterpreted it for air quality, in order
to determine the effects of ventilation on the
distribution of airborne contaminants in a space.
“In order to model how the coronavirus or
similar viruses spread indoors, you need to know
where people’s breath goes when they exhale, and
how that changes depending on ventilation,” said
Linden. “Using this data, we can estimate the risk of
catching the virus while indoors.”
The researchers explored a range of different
modes of exhalation: nasal breathing, speaking and
laughing, each both with and without a mask. By
imaging the heat associated with the exhaled breath,
they could see how it moves through the space in
each case. If the person was moving around the
room, the distribution of exhaled breath was
markedly different as it became captured in their
wake.
“You can see the change in temperature and
density when someone breathes out warm air – it
refracts the light and you can measure it,” said
Bhagat. “When sitting still, humans give off heat,
and since hot air rises, when you exhale, the breath
rises and accumulates near the ceiling.”
Their results show that room flows are
turbulent and can change dramatically depending on
the movement of the occupants, the type of
ventilation, the opening and closing of doors and, for
naturally ventilated spaces, changes in outdoor
conditions.
The researchers found that masks are effective
at reducing the spread of exhaled breath, and
therefore droplets.
“One thing we could clearly see is that one of
the ways that masks work is by stopping the breath’s
momentum,” said Linden. “While pretty much all
masks will have a certain amount of leakage through
11
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the top and sides, it doesn’t matter that much,
because slowing the momentum of any exhaled
contaminants reduces the chance of any direct
exchange of aerosols and droplets as the breath
remains in the body’s thermal plume and is carried
upwards towards the ceiling. Additionally, masks
stop larger droplets, and a three-layered mask
decreases the amount of those contaminants that are
recirculated through the room by ventilation.”
The researchers found that laughing, in
particular, creates a large disturbance, suggesting
that if an infected person without a mask was
laughing indoors, it would greatly increase the risk
of transmission.
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“Keep windows open and wear a mask appears
to be the best advice,” said Linden. “Clearly that’s
less of a problem in the summer months, but it’s a
cause for concern in the winter months.”
The team are now working with the
Department for Transport looking at the impacts of
ventilation on aerosol transport in trains and with the
Department for Education to assess risks in schools
this coming winter.
For further reading
1.

Rajesh K. Bhagat et al. ‘Effects of ventilation on the indoor
spread of COVID-19.’ Journal of Fluid Mechanics , 2020,
903, F1, DOI: 10.1017/jfm.2020.720.

Book Review
Cristina Leonelli
Dipartimento di Ingegneria, Universita' degli Studi di Modena e Reggio Emilia, Italy

The 180-page volume published in 2018 as open access by De Grutyer with title:
Microwave Based Weed Control and Soil Treatment is authored by Graham
Brodie, Dorin Gupta, Muhammad Jamal Khan, Sally Foletta, Natalie Bootes
(DOI: https://doi.org/10.1515/9783110605570). This group of Australian authors
have amassed in 14 chapters all the aspects and details concerning the application
of microwave heating and wireless power transmission to plants and the soil.
To substitute herbicides and to overcome herbicide resistance, microwave
treatments are proposed in a new technological approach for modern agricultural
practices. With its absence of environmental and human health concerns, this
novel microwave treatment of weed plants and soil is also compatible with no-till
agricultural practices. It can substitute as a knock-down weed plant killer, or be
applied to the soil as a pre-sowing soil fumigation treatment.
When the intensity of the microwave fields are moderate, different species
of weed plants, which have already emerged, respond differently to microwave
treatment. If the microwave field is intense enough, very rapid volumetric heating and some thermal runaway
in the structures cause micro-steam explosions in the plant cells rupture the plant structures, which leads to
death. These micro-steam explosions circumvent the normal temperature-time response of the plants and may
lead to more efficient weed plant control.
Soil treatment requires significantly more energy; however, there are secondary benefits for crops
growing in microwave treated soil. These include: significant reduction of the dormant weed seed bank;
significant reduction of nematode populations; significant reduction of fungal populations; better availability
of indigenous nitrogen for the plants; more rapid humification; and significant increases in crop growth and
yield.
Additionally, microwave weed management and soil treatment is not restricted by weather conditions;
therefore, the technology may offer some timeliness and environmental benefits, which are yet to be quantified
in a cropping system.
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Upcoming Events

UIE 2021, 1.-3. September 2021
Evolution and new trends in electrothermal processes

Forthcoming: the XIX International UIE Congress, 1. – 3. September 2021, Pilsen (Czech Republic)
https://edison.fel.zcu.cz/html/uie2021/
The history of the International UIE Congresses is over 80 years old. The first event took place in La
Haye, The Netherlands, in 1936. Then, World War II interrupted all scientific meetings in Europe, so that the
second Congress took place in 1947, symbolically at the same place. Since that year, a series of 16 events of
this kind were organized worldwide in 3–6-years intervals. The last four ones took place in Durban/South
Africa 2004, Krakow/Poland 2008, St. Petersburg/Russia 2012 and Hannover/Germany 2017.
The Czech Committee of Electroheat and the University of West Bohemia will organize the XIX
International UIE Congress on Electrotechnologies for Material Processing in PilsenTopics of the XIX
international UIE Congress
The Congress will include the following topics:
 Material processing by heating and melting
 Magnetohydrodynamics in industrial processes
 Production processes for innovative materials and products
 Process control and optimization
 Energy efficiency and sustainability of industrial thermal processes
 Efficient and sustainable energy management of buildings
Call for papers
Authors who wish to contribute to this Congress should send a two-page abstracts including the title of the
paper, names, and affiliations of authors, contact information of corresponding author and description of the
content of the paper to the Congress administration system EasyChair
(https://easychair.org/conferences/?conf=uie2020 ).
Abstracts must be written in English and should be sent in pdf format. Papers accepted for the Congress
will be printed in the Congress Proceedings Book with an ISBN number. Selected papers will be published in
international indexed journals. For more details on the call for papers, please have a look at the website:
https://edison.fel.zcu.cz/html/uie2021/?page_id=53
PhD Course
Preceding the congress a PhD course will be organized from 27th August to 1st of September for doctoral
students and young researchers. The topic of the course will be “Advanced numerical techniques for
modelling and optimization of electrothermal processes”.The course is intended for 12 students. The cost
of the course is 400 EUR and includes also the student´s conference fee.
However, it does not include accommodation. For accommodation, it is possible to use the offered hotels
or a cheaper variant at a student’s hostel. The prices of the hostel depend on the type of room and its facilities
and range from 15 to 30 EUR per night. For more details on the PhD course, please have a look at the website:
https://edison.fel.zcu.cz/html/uie2021/?page_id=142
13

AMPERE Newsletter

Issue 105

December 22, 2020

The Association for Microwave Power in Europe for Research and Education (AMPERE) is pleased to
announce the 18th International Conference on Microwave and High Frequency Applications: AMPERE 2021,
the largest event in Europe dedicated to scientific and industrial applications of microwave and radiofrequency
power systems.
After a year of travel restrictions, conference cancellations and local curfew, we have faith in the
development of 2021. We believe that the pandemic will be defeated by the end of the summer, and there is a
desire to meet again and restart the progress of our research projects. The planning continues for a physical
meeting in Gothenburg, Sweden, in September. In case the pandemic is not regressing as anticipated, the
meeting will still run on the same dates, however fully digital.
The conference presents the status and trends in the multidisciplinary fields of microwave and
radiofrequency applications, such as heating, sensing and processing. It includes microwave sources, antenna
beams, dielectric properties, material processing, modelling, and high-power systems and technologies. The
18th AMPERE conference will also highlight topics of medtech and metrology.
The AMPERE conference is a unique opportunity for the presentation and discussion of the most recent
advances in microwave technology and its applications. The conference provides many opportunities for
researchers and engineers from academia and industry to exchange innovative ideas, discuss collaborations,
and to network with international experts in a wide variety of specialties of microwave and high frequency
technologies at both scientific and industrial scale.
Important Dates
Submission
of abstracts

Acceptance
notification

Early bird
rate ends

Submission
of full paper

Registration for
authors closes

First day of
conference

Feb 14

May 6

June 6

June 13

June 27

September 13
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AMPERE is a four-day conference with an interesting combination of Keynote speakers and invited research
papers but with a solid foundation of contributions from participant researchers. The submission process is in
two stages, where a one-page abstract is reviewed by a scientific committee, and if accepted the author is
invited to write a full-length paper before the conference.
Topics are focused on recent Advances in Microwave and HF applications in areas for example but not limited
to:
• Food Processing and Process intensification
• Biomass and waste processing
• Chemistry/biochemistry and processing
• Medical and Biological Applications
• Design of Applicators and Components
• Solid State Technology
• Dielectric and Magnetic Material Properties and Measurements
• Measurements and Metrology
• EM Modelling and Numerical Techniques
• Material interaction
• Industrial Equipment and Scale-up
• Applications in Automated Driving
• Radiation Safety and Standards
• Frequency Sources and Power Supply Design
• Energy Production (including renewable energy and chemicals)
• Plasma phenomena and processing (CVD, cleaning, nanoparticles...)
• Terahertz and Millimeter Wave Applications
• Trends in Microwave and HF Processing
Sponsorship and exhibition
There will be a technical exhibit in conjunction with the conference, and several further opportunities for
sponsor to get enhanced visibility. If you are interested in these options, please send an email to the secretariat
below, with the subject “sponsor” or “exhibition”.
More than a conference

Chalmers University of Technology, Gothenburg

AMPERE2021 will be more than a
conference, it will be a meeting point for
science, business and education.
A short course and a modelling
workshop will be organized on the first day,
and booths will be available for company
exhibitions on all days of the technical
presentations.
Bookmark www.ampere2021.com to
stay updated, or email your questions to
ampere2021@meetx.se

The conference will be held on 13-16 September 2021 at
Chalmers University of Technology. Chalmers was
established in 1829 and is one of the leading technical
universities in Sweden.
Gothenburg is located on the west coast of Sweden
and is easy to reach through its international airport that
has direct flights from most major European cities. The
industry
includes
automotive,
food
industry,
communication, shipping, medtech and defense, all with
different interests in the development of microwave
technologies.
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About AMPERE Newsletter
AMPERE Newsletter is published by AMPERE, a European non-profit association devoted to the promotion of
microwave and RF heating techniques for research and industrial applications (http://www.AmpereEurope.org).

Call for Papers
AMPERE Newsletter welcomes submissions of articles,
briefs and news on topics of interest for the RF-andmicrowave heating community worldwide, including:
•
Research briefs and discovery reports.
•
Review articles on R&D trends and thematic
issues.
•
Technology-transfer and commercialization.
•
Safety, RFI, and regulatory aspects.
•
Technological and market forecasts.
•
Comments, views, and visions.
•
Interviews with leading innovators and experts.
•
New projects, openings and hiring opportunities.
•
Tutorials and technical notes.
•
Social, cultural and historical aspects.
•
Economical and practical considerations.
•
Upcoming events, new books and papers.

AMPERE Newsletter is an ISSN registered periodical
publication hence its articles are citable as references.
However, the Newsletter's publication criteria may differ
from that of common scientific Journals by its
acceptance (and even encouragement) of news in more
premature stages of on-going efforts.
We believe that this seemingly less-rigorous editorial
approach is essential in order to accelerate the
circulation of ideas, discoveries, and contemporary
studies among the AMPERE community worldwide. It
may hopefully enrich our common knowledge and hence
exciting new ideas, findings and developments.
Please send your submission (or any question, comment
or suggestion in this regard) to the Editor in the e-mail
address below.

AMPERE-Newsletter Editor
Guido Link, Karlsruhe Institute of Technology, Karlsruhe, Germany, E-mail: guido.link@kit.edu

Editorial Advisory Board
Andrew C. Metaxas, Cristina Leonelli, Eli Jerby, Georgios Dimitrakis

AMPERE Disclaimer
The information contained in this Newsletter is given for the benefit of AMPERE members. All contributions are
believed to be correct at the time of printing and AMPERE accepts no responsibility for any damage or liability that
may result from information contained in this publication. Readers are therefore advised to consult experts before
acting on any information contained in this Newsletter.
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