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PROJECT OVERVIEW

Born Global Foundation interns began the Artificial Leaf project in Spring
2021. The aim of the project was to design a photoelectrochemical cell
that would produce hydrogen gas when placed in water and exposed to
sunlight. The design was inspired by the process of photosynthesis;
specifically, it biomimics the thylakoid stacks inside a chloroplast. In
Summer 2021, the team continued working on improvements to the leaf
design and a bioinspired storage component.
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WHY HYDROGEN?

Strategies for moving towards cleaner energy often incorporate variable
renewable energy (VRE) technologies, such as solar and wind energy.
However, hydrogen has often been touted as another promising energy
alternative. In fact, the market for green hydrogen is expected to grow
exponentially in the coming decade. Carbon-free "green" hydrogen can be
made using electrolytic or solar-driven processes. The only byproduct
after hydrogen combustion is water. Because cost and storage are two
current limitations of using hydrogen on a large scale, residential energy
systems may be a more feasible means of utilizing hydrogen as fuel, while
helping households reduce their carbon footprint.



https://abcnews.go.com/Technology/green-hydrogen-renewable-energy-source-watch-2021/story?id=74128340

PHASE 01

IDEA GENERATION, RESEARCH, AND
INITIAL DESIGN

PHASE 02

DESIGN IMPROVEMENT (BIOMIMICRY
FOCUS)

PHASE 03

DESIGN IMPROVEMENT
(TECHNICAL/ENGINEERING FOCUS)

PHASE 04

DESICN FINALIZATION AND
PREPARATION FOR WORLD
BIODIVERSITY FORUM (JUN 26-JUL 1
2022)

JAN 2021

JUN 2021

SEP 2021

JAN 2022

MAY 2021

AUG 2021

DEC 2021

MAY 2022



HOUSEHOLD
HYDROGEN SYSTEM

SHOWN BELOW IS A DIAGRAM OF THE RESIDENTIAL ENERGY SYSTEM
AND DESCRIPTIONS OF ITS THREE MAJOR COMPONENTS:

PRODUCTION
The artificial leaf
captures sunlight in
order to produce
hydrogen through
the process of
photoelectrolysis.
Several leaves can
be incorporated into
the system to
produce enough
hydrogen to meet
household needs.

STORAGE
Hydrogen produced
by the artificial leaf
can be stored for a
short period of time
in a separate part of
the system. The
storage container
will allow hydrogen
to be transported
quickly from the
production phase to
the use phase.

CONVERSION/USE

In order for hydrogen
to power most
household devices, it
must first be
converted to
electrical energy.
This can be
achieved with a
small fuel cell that
generates an
electrical current
when fed hydrogen
and oxygen.




HYDROGEN PRODUCTION

THIS SECTION INCLUDES A LOOK AT THE DESIGN OF THE HYDROGEN
PRODUCTION COMPONENT--THE ARTIFICIAL LEAF.

SPRING 2021

Chloroplast Structure

OUR DESIGN
BIOMIMICS THE
STACKING OF
THYLAKOIDS AND
ARRANGEMENTS OF
LAMELLA IN

Outer Membrane L&wella CHLOROPLASTS

Stroma Inner Membrane

Thylakoids Granum
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EACH TUBE AS AN SRS o
INDEPENDENT
PHOTOELECTRODE
AND EACH LEAF
UNIT AS A

PHOTOCHEMICAL
CELL CONSISTING
OF MULTIPLE
TUBES




HYDROGEN
SUMMER 2021

Our redesign mimics two
strategies from olive tree
leaves. The first is having
separate functions for outer
and inner modules
respectively. The second is
the plasticity in the outer
modules in response to
changes in light conditions.

PRODUCTION

CHANGE IN LIGHT
EXPOSURE CAUSES "SUN™
MODULES TO ELONGATE
TO REGULATE INTERNAL
RADIATION

ONE, OUTER MODULE OF A
SYSTEM SHOWS PLASTICITY IN
RESPONSE TO DIRECT LIGHT
WHILE THE SECOND, LOWER
MODULE UTILIZES DIFFUSE
RADIATION TO OPTIMIZE THE
WHOLE SYSTEM'S USE OF LIGHT
ENERGY. ENHANCED LIGHT
EXPOSURE TRIGGERS
ELONGATION, INCREASE IN
SPECIFIC AREA, AND CHEMICAL
RESPONSE.




HYDROGEN STORAGE

THIS SECTION INCLUDES A LOOK AT THE DESIGN OF THE HYDROGEN
STORAGE COMPONENT.

NORMAL o TEMPERATULR

T EMPERRTURE ede3t-dan
Our hydrogen storage unit THE FOUR FUCNTIONS WE
was bioinspired by several FOCUSED ON ARE "MODIFY

DENSITY", "ABSORB LIGHT",
"STORE GASES", AND "SPACE
EFFICIENCY"

organisms. Each one of
them has a different
function that tackles
different aspects of
hydrogen storage.




SHOWN BELOW IS AN ILLUSTRATION OF THE COMBINED DESIGN OF THE
ARTIFICIAL LEAF AND HYDROGEN STORAGE COMPONENTS:

Artficial Leaf
in Water Tank

Hydrogen Storage Device
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