SUSTAINABLE BREWING

Yeah Rad

Totally tubular
Could bioreactors be the answer to small brewers’ carbon
emissions?
BY ANTHONY GLADMAN

By using algae to turn CO2
into oxygen and biomass,
breweries of all sizes
may soon be able to turn
a harmful greenhouse
emission into valuable
byproducts that can open up
secondary income streams.

Y

east is a gassy little bug but we love
it for its booze. Even so, all that CO2
drifting off into the atmosphere causes
problems that even a good pint won’t
solve. Sadly, CO2 recovery has long
been out of reach for smaller breweries.
This isn’t necessarily because of any
technical challenge – it’s just a matter

of valves and pipes after all – but rather
the question of what to do with the gas
afterwards.
Scrubbing, compressing, moving
and safely storing the captured gas is
one problem. But the challenge facing
small brewers is even more fundamental
than that. The real question is: what to
do with it all? Yes, you can use some for
bottling and carbonating your own beer,
but most small brewers would soon end
up with more CO2 than they could get
through on their own – and commercial
CO2 supply chains are not readily accessible for smaller producers who might
want to sell it for some extra income.
Does that mean small breweries
should just continue to allow CO2 to
bubble off from their fermenters into
the atmosphere? Perhaps not, thanks
to two new pilot projects that focus not
just on capturing the CO2 from fermen-
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tation, but on removing those emissions
from the environment altogether. They
aim to do this by recruiting a little help
from some of the oldest living things on
the planet: algae.
Algae – 3.5 billion years old but still
looking fabulous darling – are ubiquitous, and play an important role in all
watery ecosystems wherever they are
found. Scientists reckon there might
be anywhere between 30,000 and one
million different species living with us here
on Earth, but you can boil them all down
into two main types: macro and micro.
The former are your kelps, your
seaweeds and so on. The latter are
microscopic plants that can grow in
both freshwater and seawater, just one
millilitre of which can be home to some
five million cells or individual plants.
These microalgae do much more than
just slime the place up, they also photoibd.org.uk
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synthesise like the Dickens. In fact, algae
are responsible for producing more than
half of the oxygen in our Earth’s atmosphere. Algae are also up to five times
more efficient at absorbing carbon than
any eco-attention-grabbing trees. And
because algae can grow up to ten times
faster than land plants, they can be used
to produce biomass from a fraction of
the water used to produce the equivalent
amount of product from a soy crop.
This biomass (a.k.a. more algae) can
then go on to have a fulfilling career as
a component in bio-fuels, bio-plastics,
pigments, medicines, animal feed and
even human food. All they need is CO2,
UV light and somewhere nice to grow.
This is what makes it such an attractive
prospect for small breweries looking to
clean up their carbon emissions.

Young Henrys
The first brewery to dip its toe into the
algae-filled water was Young Henrys
Brewing, based not far from Sydney,
Australia, in Newtown NSW. Young
Henrys began its carbon capture project
in 2019, working with researchers at the
University of Technology Sydney Climate
Change Cluster (known as C3), and
helped by funding from the Department
of Industry, Innovation and Science
Innovation Connections programme.
“We were inspired by the work the
C3 group were doing and wanted to

get involved,” Young Henrys co-founder
Richard Adamson said. “We thought
it would be worth exploring how
microalgae could work in a brewing
operation to lower our carbon footprint.”
Inside the brewery, the most visible
aspect of this project is the bioreactor,
which has a footprint of one square
metre and is about two metres high. It
looks like some other-worldly tech: a
slim cage inside which hangs a quilted
plastic bag containing cells of algaeladen water.
It glows a bright sci-fi green, lit from
within by UV lamps that, along with the
CO2 from the fermenters, drive the algal
photosynthesis.
With the pilot still in its early stages,
C3 researchers are not yet ready to
share exactly how many grams of CO2 it
captures per hectolitre of beer brewed,
nor what percentage this is of the
total gas emitted by the yeast during
fermentation.
However, Dr Alexandra Thomson,
Faculty Research Engagement Manager
at C3, says that early results have been
very promising. “We instigated the
project to establish whether capturing
CO2 made in the beer fermentation
process with algae was viable and how
we could optimise this process for a
brewery, including selecting a perfect
algae strain. Those projects have all
pointed to an exciting yes.”

Young Henry’s microalgae carbon capture: a slim cage
inside which hangs a quilted plastic bag containing
cells of algae-laden water (Photo: Yeah Rad)

The Young Henrys brewing team January 2020 with their bioreactor (Photo: Yeah Rad)
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Bioreactor at Swansea University, using natural light to
grow within four-metre-long tubes wrapped lengthways
around a support frame (Photo: Emily Hutchinson)

What we do know is that for
every one molecule of glucose yeast
consumes, it produces two molecules of
ethanol and two molecules of CO2. So
brewing a 4% ABV beer releases roughly
40g of CO2 per litre of beer brewed.
We also know the amount of CO2
produced making one six-pack would
hang around in the atmosphere for two
days before a tree could absorb it all – and
that the bioreactor’s capacity for absorbing
CO2 compares favourably to this.
The bioreactor holds 400 litres
of water, which equates to some 20
trillion cells of microalgae. Together
they produce as much oxygen as one
hectare of forest.
Luckily for brewers already used to
keeping yeast happy, managing algae
turns out be much the same, albeit in
a mirrored form. Adamson spelled this
out in an interview with Beer & Brewer
in 2020: “Rather than taking in oxygen
and sugar and then producing alcohol
and CO2, it takes in CO2 and light and
produces its own sugar to grow, and
outputs oxygen. So it’s a very interesting product to be thinking about.”
The algae grows fast and can be
ready for harvesting just three to six
weeks after the bioreactor’s first inoculation. “The brew staff at Young Henrys
are already experts in sterility, culturing,
etc., so have been trained on this
process and undertake it themselves,”
Thomson explains. “Working with the
brew staff in this process was fantastic
and helped us to understand what
would be required as we upscale the
project. And brewers are chemists, so it
was great to collaborate.”
So far, so good; removing the CO2
from the atmosphere is an obvious win.
But in terms of day-to-day operations,
the brewery still finds itself left with
a growing stockpile of fermentation
by-product. It may be algae now rather
than liquid CO2 but you still need to find
something to do with it.
This was addressed in October
2021 as Young Henrys, now also
working with Meat and Livestock
Australia, took its project into its second
phase. As is common for many breweries, Young Henrys sends its spent
grain to be used as animal feed.
This second phase involves dosing
the brewery’s spent grain with algae in
the hope that this will inhibit methane
production in cows’ digestive tracts.
Cows are one of the world’s largest
sources of greenhouse gas, burping up
14% of the global total.
Trials using synthetic ‘cow stom-
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achs’ in the University of Technology
Sydney (UTS) lab aims to hone in on
the perfect dose. The goal is to achieve
the greatest reduction in methane
from the lowest percentage of added
algae, while avoiding any impact on
the animal’s digestion, milk production,
or on the quality of the animal’s milk or
meat. “We are in the early stages of this
project and the research is still ongoing,
but we have promising results,” says
Thomson.
A third phase that takes this science
out of the lab and into the stomachs of
real cows is set to begin later in 2022.
This will look at the safety and scalability
of the project. “The aim of this work is
to create a circular system, and reduce
emissions from both brewing and agriculture, by creating a feed that combines
brewers’ spent grain and the microalgae
grown in the brewery. We hope this work
will reach a scale that creates a significant impact on both industries.”
For Young Henrys, the hope is that
they will be able to create a closed loop
within the brewery that takes care of its
scope 1 CO2 emissions, and that this
system could be replicated by other
small breweries.
Co-founder Oscar McMahon said:
“We’ve still got a fair way to go but once
we’ve got it bolted down, we definitely
would like other breweries to run with it.”

Bluestone Brewing Co.
One brewery already running with it is
Bluestone Brewing Company, based
in Cilgwyn, not far from Newport
in Pembrokeshire. If you know the
brewery, this won’t be surprising. Simon
Turner, owner and founder of Bluestone,
has already made lots of efforts to
produce his beer more sustainably.
Bluestone was the first brewery
in the world to receive Green Key
Accreditation, an international award
that recognises environmentally sustainable businesses.
All the brewery’s electricity comes
from renewable sources. Its buildings
are made from salvaged materials.
There are compost toilets and a reed
bed filtration system for wastewater.
But despite all that, Bluestone’s
fermenters still released CO2 into the
atmosphere. “It’s always a bit of an
embarrassment, isn’t it? I would call
it a sort of dirty secret,” Turner says.
“We can be as sustainable as we like,
but you walk past all these fermenters
that are just bubbling CO2 off into the
atmosphere and you never say anything
about it.”
ibd.org.uk
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The Bluestone Brewing Co. team, February 2021 (Photo: Kate Dunwell)

Turner says the CO2 capture
solutions that already existed were too
expensive for a small brewery like his
– Bluestone produces less than 2,000
hectolitres in a year. “We looked quite
closely at trying to buy a machine that
we could capture CO2, clean it and reuse
it in a bottling plant for carbonation or
such like. And the machine best suited
for micro or small-scale craft breweries
like us is prohibitively expensive.”
After seeing the Young Henrys
algae project reported in the press,
Bluestone’s Head Brewer Tom Dunn
contacted Swansea University, where
he studied for his degree, to see
whether a similar project might be
feasible in the UK.
It turned out that the university was
already involved in similar projects with
British Steel plus a methane digester
project in Exeter. “They were really big
projects, they were growing algae on a
much bigger scale,” says Turner.
Bluestone and Swansea University
established their pilot CO2 capture
project with funding from the Welsh
Government’s ERDF SMART Expertise
Programme, which exists to facilitate
collaborations between industry and
academic institutions.
This means Bluestone is investing
tens of thousands of pounds (partly
hard cash, partly in time and labour)
rather than the hundreds of thousands
that something like an Earthly Labs CiCi
ibd.org.uk

system would require.
The system Bluestone has set up
instead is fairly straightforward. Most of
the brewery’s ten fermenters are 2,200litre conical vessels fitted with spunding
valves – and its remaining open-top
vessels will soon be replaced by conicals to match these.
The spunding valves allow its beer
to ferment under pressure at 1–1.5 bar.
If the pressure within the tank exceeds
this limit, the valve vents CO2. Turner
has set up one-way check valves to
capture the CO2 as it escapes, and
uses small-bore 3/8-inch beer line to
connect all the vessels to a manifold.
From there the gas is taken into an
MDPE pipe out of the brewery, under a
road, and into a polytunnel in the field
next to the brewery.
Inside the polytunnel clear glass
tubes stretch out four metres long, wrapping lengthways around a supporting
rack like thread around a comb. This is
the bioreactor. Unlike the one used by
Young Henrys, it relies on natural light
rather than artificial UV lamps. (Although
come the dark Welsh winter, that may
change. Turner says he hopes to have
artificial lighting ready in time for the
winter, powered by solar panels.)
Its pipes are a few centimetres in
diameter and filled with water through
which the carbon dioxide constantly
bubbles. To begin with the water looks
clear albeit with a green tinge. As time

goes on and the algae grows, the green
hue deepens and solid masses of algae
start to form.
Remote sensors and solenoid
valves control the flow of CO2 into the
bioreactor to ensure that it maintains a
constant pH. “If we’ve got too much, it’ll
just blow off as it does at the moment
anyway, but we’re hoping that the
system is big enough to cope with the
CO2,” says Turner.
The bioreactor has a capacity of
400 litres and is complemented by a
raceway which adds a further 1,000
litres. This raceway is like a shallow
bath in which the water is continuously
agitated by means of a slow-turning
paddle. “Nothing could be more
simple,” says Turner. “When you think
you’ve got maximum capacity you stop
it, fish out your algae, fill it up with water,
and off you go again, and you just keep
chugging away.”

Other uses for algae
As with Young Henrys, all that algae
has to go somewhere useful once it has
been harvested. Algae have three main
chemical components: protein, carbohydrates (sugars), and lipids (oils). It’s
possible to extract these and use them
as building blocks for something else,
which is where another Welsh company,
PhytoQuest Ltd, comes in.
PhytoQuest describes itself as a
pharmaceutical discovery company,
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Spirulina, here being produced commercially in a raceway in Thailand, is a rich source of vitamins and minerals (Photo:
Shutterstock/NaphatJSN)

working mainly on isolation of natural
compounds for improved medicines.
“Our expertise is in finding new
molecules and determining their biological activities in often complex mixtures,”
explains its Director, Dr Robert Nash.
“We have worked with Professor Carole
Llewelyn at Swansea [University] on algae
and recently found some new molecules
that we think have value as food ingredients for maintaining brain function.
“We mainly want to explore these
molecules and related compounds but
will also look for other components that
might be functional.”
Bluestone is using spirulina in its
bioreactor and raceway. This blue–
green algae has many established
commercial uses, for example in
the food industry (Spirulina is a rich
source of vitamins and minerals). At
the moment much of this is imported
from China, where it is grown from
low-quality CO2 that could contain
heavy metals and other contaminants.
The CO2 released from fermenters is
much cleaner (even without scrubbing)
and will therefore lead to higher-quality
spirulina, which makes it attractive to
companies such as Phytoquest.

While it’s true that anything useful
found in Bluestone’s spirulina could also
be synthesised, extracting it from the
algae is likely to be more cost effective,
particularly if large volumes are required.
There are many further uses for algae.
Depending on how far you dry it out after
harvest, and subsequently on whether
you use wet or dry lipid extraction, algae
can be used to produce renewable
methane, diesel, and even jet fuel.
The residual biomass after this
process can further be used as fish
or animal feed. Moreover, the oils and
proteins from algae can form the basis
of starch-based bioplastics – or, along
with sugars and other biochemicals, for
skincare products. The protein can also
be used for meat alternatives and the oil
for an algal-based Omega-3.
It is even possible to extract
pigments from algae, for example
phycocyanin. One kilogram of this
greenish–blueish pigment is worth
somewhere in the region of £72,000.

Scalable
Both projects from Young Henrys and
Bluestone are still pilot projects, and it
remains to be seen exactly how well
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they perform. Yet early results from both
are promising, and both have already
demonstrated that the barrier to other
small breweries wishing to set up similar
systems is not as high as you might
have thought.
A bioreactor may look outlandish
and sound like a high-tech contraption
but as we’ve seen it’s mainly a matter
of pipes and pumps. “We wanted to
make it a very simple system, a very
non-technical system that can be transferred to other businesses, anywhere
with a space to put on a polytunnel,”
Turner says. “It’s a bit like gardening
really. It’s just a way of cleaning up CO2
a bit. And it shows a certain responsibility, doesn’t it?”
Turner hopes that others will adopt
this technology and help drive down
emissions across the whole brewing
industry. “If we’re producing this much
CO2, the big boys are producing a hell
of a lot more,” Turner says. “It’s got to
put pressure on the big boys if the little
ones are all tidying up after themselves,
and that’s got to be worth something
to the small independents. It’s putting
pressure on them to tidy up and that
helps everybody.”
ibd.org.uk

