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T

he climate crisis is one of biggest scientific
challenges facing us today, and the effects of
global warming are forcing us to rethink how we can
meet our most basic needs, including where we get
our food. Growing populations, changing weather
patterns, and other factors might mean that our usual
methods of growing crops and raising livestock may
not long be enough to meet the growing demand for
food all over the world.
So what will the future of food look like? This is the
question that scientists and engineers like Dr. Joel
Cuello are looking to answer.
Cuello specializes in biosystems engineering, a field
dedicated to designing biological systems like new
food production and indoor growing methods, or
even
systems
based
around
harnessing
microorganisms to produce important substances
including nutraceuticals and medicinal chemicals,
among others.
While a biosystems engineer could pursue a wide
range of projects, Cuello has dedicated much of his
own work to helping bolster food security and
making food more accessible for more people.
"Engineering is all about designing a product or a
process for a certain purpose,” said Cuello. “And in
general, the purpose is to help society and
humanity."
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Figure 1: Dr. Joel Cuello

According to Cuello, he realized the importance of
sustainability when he was working at the NASA
Kennedy Space Center, designing a system that
astronauts could use to cultivate plants in space with
extremely limited resources.
“That was indeed a great learning experience for me,”
he said. “And then, of course, there is that idea of
applying whatever you learn in the extraterrestrial
environment of space to the terrestrial environment
back on Earth.”
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Getting started with sustainability

find it difficult to balance this wide range of projects,
Cuello thrives on the variety.

Before working on his postdoctoral research
fellowship at NASA, growing cell cultures in
bioreactors, and designing indoor growing systems,
Cuello studied Agricultural Engineering at the
University of the Philippines Los Baños (UPLB).
Originally, he chose the course because of a
recommendation from a well-respected high school
teacher, but later proceeded based on his own
passion for math and science.

"In my case, that's the kind of scenario where I
flourish,” said Cuello about the freedom and variety
that working in the academe can provide. “Not
everybody is designed for that kind of scenario or
environment. It depends on the type of personality
that you are. But I just happen to be built that way, I
suppose."

“High School Geometry was the first class or course
that I took that completely engrossed me and took
me to a new intellectual level,” he said. “And I
understood it both spatially and logically. That was
a very powerful cognitive experience.”
The cohesive and systematic nature of math and
science pushed him to pursue his engineering studies
further. After a few years of teaching at UPLB,
Cuello was able to land a scholarship that would
allow him to pursue a master’s degree in agricultural
engineering from The Pennsylvania State University
which he completed in 1990. At Penn State, he
would also pursue a PhD in in biological and
agricultural engineering concurrently with a second
master’s degree in plant physiology. He completed
his PhD in 1994, though he had to wait until 1999 to
officially complete his second master’s degree while
he was already serving as professor at The
University of Arizona.

Figure 2: Dr. Joel Cuello with then director-general of the Food
and Agriculture Organization, José Graziano da Silva in 2017.

Cuello has indeed been able to flourish in the
academe. Today, he a professor at the University of
Arizona Department of Biosystems Engineering,
Vice Chair of the International Association for
Vertical Farming, and the Director of the Global
Initiative for Strategic Agriculture in Drylands,
among other responsibilities.

This diverse training has allowed Cuello to work on
a wide variety of projects. Aside from his work for
NASA, he has also done extensive work on
bioreactor engineering. This involves cultivating cell
cultures including microorganisms in controlledenvironment vessels or bioreactors that can yield
different effects, like treating wastewater, producing
pharmaceuticals, or even serving as sources of
biofuels.
He has also extensively studied and designed vertical
farms: farms that are cultivated entirely indoors
instead of outside. This allows growers to carefully
manage their crops by controlling the air temperature,
lighting, nutrients given to the plants and more.

As part of his academic work, he also travels the
globe to share his expertise through lectures,
workshops, collaborations, and more. He has also
served as major advisor to over 30 PhD and master’s
students, published over 75 academic publications
and has given over 400 invited presentations at
conferences and symposia around the world. He and
his BioImagineering group at The University of
Arizona has been awarded three technology patents
with eight more pending and counting, all in just the
last ten years. All of this success is due to a clear set
of goals, hard work, and the drive to make the world
a more sustainable place.

Thriving in the academe

The future of food

These are only some of the projects that Cuello
focuses his work on, all with the goal of making
important resources like foods and medications more
readily available and accessible. While some may

According to Cuello, global food production is more
of a challenge than ever. Our current food production
processes are straining the limits of our land and
water, but climate change and growing populations
are pushing us to produce even more food.
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Figure 3: Dr. Cuello and the Working Group of Hamburg Future Food Campus in September, 2021.

Engineering and technology will play a critically
important role in helping us produce more food with
fewer resources, and Cuello highlights a few options
that he thinks will be particularly impactful.
The first is vertical farming. Cuello notes that the
ability to control their crops’ environment gives
growers the opportunity to produce higher quality
crops more consistently and reliably. This would
make them significantly less affected by natural
disasters or changing weather patterns. And instead
of requiring huge tracts of land, vertical farms can be
found inside buildings in the middle of busy cities.
And vertical farming also requires much less water.
However, there are challenges associated with
vertical farms. For one, it is expensive to construct
and maintain a vertical farm, and they require a lot
of electricity to run, highlighting a need for a vertical
farming system that is adapted to the needs of
Filipino farmers.
Cuello also believes that lab-grown meat and plantbased meat will be a more prevalent source of
protein in the future. The livestock necessary for
normal meat requires large amounts of land and
resources to produce, and emits significant amounts
of greenhouse gas emissions contributing to climate
change, making lab-grown meat and plant-based
meat enticing options in a world running low on
resources. These alternative proteins have steadily
been gaining popularity in other countries, and
Cuello believes that they could be successful here in
the Philippines as well.
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Today, Cuello continues to do teaching, research,
training graduate students and designing original
technology innovations for biological systems.
Through a Department of Science and Technology’s
Balik Scientist scholarship, he is currently
collaborating with colleagues at Eastern Visayas
State University in Tacloban City, Leyte to design a
vertical farming system that is more affordable and
well-suited to the Philippines.
Recently, he accepted an invitation to serve as the
Director of Graduate Studies for the University of
Arizona’s Applied Biosciences program in
Bioeconomy and New Food Systems, where he will
be designing an interdisciplinary graduate program
focused on alternative proteins and vertical farming
and where he will help mentor its graduate students.
Through this and his other work, he hopes to make a
difference in the future of food, and encourage others
to pursue science or engineering so they can do so as
well.
“If you love science, you can do science,” says
Cuello.

Luis Wilfrido Atienza graduated from the
Ateneo de Manila University, with a BS in Biology
and a minor in poetry. He currently works as a
writer for a medical communications agency and
spends some of his free time writing about
science.
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