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A completely decarbonised society may now be firmly on the
agendas of many businesses and world leaders, but the paths
that need to be taken to realise this goal still remain far from clear.

Dr Donald Fosnacht at the University of Minnesota believes that
biomass is currently underappreciated as a way to realise a carbon-
neutral society. The techniques his team has developed have

already been demonstrated on industrial scales in some cases,

and even promise to improve the lives of some communities in the
developing world. With further research, Dr Fosnacht hopes that

biomass will transform the ways in which our industries and power

stations function.

Combatting Climate Change

As the urgency of tackling climate
change becomes increasingly apparent,
the push to obtain 100% of our energy
from renewable sources has gained
unstoppable momentum in recent
years. So far, efforts to realise this goal
have been dominated by instalments
of wind turbines and solar panels. In
reality, however, these technologies
won’t be able to bring about a
completely decarbonised economy by
themselves.

When the wind isn’t blowing, or the

sun isn’t shining, energy must either
come out from storage, or from another
renewable source entirely. Dr Donald
Fosnacht and his colleagues at the
University of Minnesota are studying a

technology that can essentially do both:

the combustion of plants, or ‘biomass’.

‘Our program is looking at the ability
to store energy, and an alternative
source of energy when stored energy
is expended and the renewable
source cannot supply what is needed;
describes Dr Fosnacht. ‘To do this, we
are examining energy storage options

beyond batteries and by conversion of
biomass materials into biofuels that
can be used in conventional coal-based
power plants’

Since this method wouldn’t require
policymakers to significantly change
current infrastructures for energy
production, itis a highly attractive
prospect. Implementing it, however, will
still require some significant research.

Difficulties with Biomass

Having been compressed and heated
for many millions of years, fossil fuels
such as coal, crude oil and natural gas
are incredibly easy to combust, and
release large amounts of energy in the
process. Unfortunately, the case isn’t the
same for newly grown plants.

‘Biomass is not easy to use directly due
to several problems: logistics are often
costly, the energy density is low, and the
materials are often very difficult to grind
and directly use in current fuel systems,

Dr Fosnacht explains. If plants are not
processed in the right way, their use in
facilities such as coal-fired power plants
will be highly inefficient, and may even
cause damage to the facilities.

Therefore, if biomass is to realistically
become as important as wind and
solar in the renewable energy mix, the
techniques used to produce it need

to improve. Dr Fosnacht and his team
believe that by developing better ways
to convert plants into energy-dense,
easily combustible fuels, this conversion
will begin to look far more realistic. They
envisage a wide variety of applications
of such a fuel, including carbon-neutral
industrial processes, distributed power
generation, conversion into charcoal
substitutes, and the development of
even more advanced products such as
liquid fuels.

New Processing Technologies

To achieve these capabilities, Dr
Fosnacht describes two techniques
forimplementing the process of
‘torrefaction’, in which biofuels are
roasted at low temperatures to
produce dry, energy dense and easily
combustible char. The first of these is
an ‘indirectly heated rotary kiln’ - a
slowly rotating tilted cylinder in which
raw biomass is fed in at the top end,
and is heated by external means to
drive out volatile matter and increase
its fixed carbon content as it passes




‘Our laboratory philosophy is to help take ideas whether generated
in our own laboratory or from a collaborator and show what can be

through the structure. Once it reaches

the bottom, the material will have
transformed into a charcoal-like
substance. Secondly, a ‘moving bed
reactor’ involves processing biomass

in a columnar reactor, where biomass
and super-heated steam flow together
through the reactor and the biomass is
again transformed into a char material.
Dr Fosnacht has demonstrated the
feasibility of both reactors at his facility.

Another technology that Dr Fosnacht

is developing is called hydrothermal
carbonisation (or ‘wet torrefaction’), in
which both pressure and temperature
are employed to treat the biomass. ‘This
technology allows some ash material

to be removed while it concentrates

practically achieved’

the carbon and increases the fuel value
of the biomass to much higher levels,
says Dr Fosnacht. ‘We have found that
the converted materials can be easily
densified using methods including
pelleting and briquetting’

The researchers have now
demonstrated these processes on
industrial scales at their facilities;
producing tons of biofuel on a campaign
basis that is compatible with coal-fired
power plants. Now, they are considering
how their technology could be applied
to tasks beyond power generation
alone, including industrial processes
where fossil fuels are still essential,

such as steel production and chemical
manufacturing.

Biomass in Industry

Currently, powdered coal is an
important ingredient in the chemical
reactions that convert iron ore extracted
from mines into pure metallic iron, for
use in steelmaking. Yet through several
studies, Dr Fosnacht and his colleagues
have shown that the biofuels produced
with their technologies can perform
exactly the same function, while still
being a reliable fuel source.

‘We have participated in various trials

at both industrial applications such as
power generation and steelmaking, Dr
Fosnacht recounts. ‘They show that the
converted biomass materials can be

a good substitute for coal. In addition,
we have tested the produced fuels on
stationary hearths using mobile steam
boilers, and found that it can completely
displace coal’

Furthermore, the researchers believe

that through further development of

their biomass conversion techniques, a
variety of other more valuable products
could also be produced. ‘These include
chars for agricultural use, and the
production of clean water through




absorption of undesired chemical agents onto char surfaces,
describes Dr Fosnacht. In addition, he notes that the char

material may be a good carrier for microbial agents that can be
used to enhance agricultural performance.

This would be possible since such biofuels have many small
pores on their surfaces, increasing their surface area. In turn,
this would make them better at trapping the contaminants

and impurities present in untreated water. Armed with this
combination of demonstrated uses and realistic roadmaps

to potential applications, Dr Fosnacht has recently turned his
attention to how his team’s technologies could help to improve
the prospects of poorer communities.

Biomass in Developing Countries

In 2016, Dr Fosnacht travelled to the Senegal River Region in
West Africa. In recent years, an aquatic weed named Typha
Australis has unleashed widespread disruption on activities
including agriculture, fishing and access to drinking water along
the river. On the trip, Dr Fosnacht met with local researchers
and communities to examine the potential of Typha Australis

as a biofuel. He proposes that such a project would not only
provide an easy way to dispose of the weed on large scales,

but it could also provide a carbon-neutral power source to the
region, where a lack of sufficient infrastructure currently hinders
the development of other renewables.

‘We have visited both Mauritania and Senegal and found that
Typha Australis may be suitable feedstock for conversion of

fuel products along the Senegal River, Dr Fosnacht describes.
‘By converting the material to a fuel, it potentially could allow

various advantages for the communities along this river,
including job creation, improved fishing, elimination of disease
vectors, and improved river access.

Dr Fosnacht’s findings from the trip indicate that with the help
of the technologies developed in his team’s previous research,
Typha Australis could be rapidly harvested from waterways
throughout the Senegal River and converted from a nuisance
into an economic resource.

In addition, once it has been converted to char, the large
amounts of energy contained in the biofuel can be easily stored
for indefinite periods. When required, the fuel could then be
immediately used for everyday activities such as cooking, and
could also make significant contributions to the electricity
supplies of the two nations which straddle the river.

Encouragingly, Dr Fosnacht reported enthusiasm amongst
many local people when discussing how his technologies
could be built and scaled up in Senegal and Mauritania. He
now believes that through further developments, his methods
could become hugely beneficial to countries across the
developing world, where extensive distribution infrastructures
for renewable energy have yet to be built.

Towards Commercialisation

Dr Fosnacht and his colleagues now predict that the
capabilities of their techniques could soon stretch even further.
Currently, they are studying how effective they could be in
realising carbon neutrality in a variety of public services. ‘We
think our technologies may find practical use in processing
municipal solid waste, plastics and other materials, Dr
Fosnacht summarises.

Furthermore, the scale of the conversion processes they have
already achieved provide the team with reliable pathways
towards the implementation of biofuel conversion technologies
on commercial scales.

As Dr Fosnacht concludes, ‘our laboratory philosophy is to help
take ideas whether generated in our own laboratory or from a
collaborator and show what can be practically achieved. With
such collaborators in environmentally conscious industries
and the developing world, where a widespread enthusiasm for
tackling climate change has taken hold, this mindset promises
to inspire a real force for change.

Overall, the insights gathered by Dr Fosnacht and his team have
the potential to provide a significant boost to the immense
efforts required globally to obtain 100% of our energy from
renewable sources. If the energy that is naturally cycled through
Earth’s ecosystems can be utilised on global scales, instead of
that locked deep underground for many millions of years, we
may be one step closer to our goal of true carbon neutrality.
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