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COMPUTERS & ELECTRONICS TECHNOLOGY

What powers these electronics? We do!
New devices get their charge from everyday movements

Batteries not required. This foldable keyboard (shown with its inventor Nelson Sepúlveda) can harvest energy from
keystrokes.
G.L. Kohuth/MSU

Inspiration often comes from unusual sources. Nelson Sepúlveda knows this firsthand. He got his
big idea for a new source of power simply by looking out the window at the right time.

Sepúlveda is an engineer at Michigan State University in East Lansing. He studies materials that
can be used to build tiny electronic devices. Those devices need power. But Sepúlveda doesn’t
want to power them with batteries, which are bulky and wear out. He wanted to find something
better.

In 2012, he realized one such power source was closer than he’d imagined. He had been
discussing his research with a group of scientists. During the meeting, he looked out the window
as a student ran by, wearing headphones. Her arms and legs swung back and forth. This jogger’s
feet rose and struck the ground, up and down, again and again.

Suddenly it dawned on Sepúlveda: “There’s a lot of energy in that movement that’s not being
used.”
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Researchers at Michigan State University
created a tiny device that harvests energy
from human motion.
G.L. Kohuth/MSU

He was looking at mechanical energy, the type
associated with movement. It’s plentiful in every
jogger — and every pedestrian. With that glance
out the window, the engineer pictured a plentiful
and renewable energy source. One day, he
mused, that jogger’s movements could generate
electricity to power the device connected to her
headphones. But first, he realized, he’d need “to
find ways to harvest this energy.”

Fast forward a few years. Sepúlveda’s vision is
now much closer to reality.

In December 2016, his research team introduced
a keyboard that generates an electric current as it
is squished or expanded. It also can pull small
bits of energy from the motion of each keystroke.
If the material he used was adapted to be the
screen on a smartphone, a swipe across it could
help power the phone. A flexible computer screen, when folded up and placed in a shoe, could
later charge as someone walks.

The possible uses for such technologies are limitless, muses Sepúlveda.

Last year, his group showed how a similar device could work as a portable, sheet-like speaker —
one you might use to play music. But until it’s needed, the user could just fold it up and store it
in a pocket.

Sepúlveda is one of many researchers building devices to turn everyday movements into abundant
energy without making pollution. Nano means “tiny.” A generator is a machine that produces
electric current. His nanogenerators aren't really tiny. They just make electricity using tiny
particles.

Researchers are inventing more and more creative ways to capture energy from our everyday
motions. Some have created devices that can be installed in shoes, clothing and other items that
people wear. Others have found ways to capture energy from motions such as falling rain,
evaporating water or the rotating tires of a moving car. And on July 20, university researchers in
Pennsylvania and Utah unveiled an energy harvester that can be worn like a watch. Walking or
jogging while wearing it could generate enough power to run a small device. What type? It might
power something to monitor someone’s health, according to Susan Trolier-McKinstry. She’s a co-
developer and engineer at Pennsylvania State University in University Park.

Any movement is a potential source of energy, says Xing Fan. He is a mechanical engineer at
Chongqing University in China. He helped develop a fabric that can capture some of this wasted
energy. Special threads within it conduct electricity. Shirts made from such a material could
generate power from the natural activity of whoever wears it. 

“You move your body every day,” Fan says. So there’s no limit to the amount of mechanical energy
available. The tricky part, he concedes, is figuring out how to get your devices to use it. 

A recipe for electricity

Indeed, the challenge for researchers like Fan and Sepúlveda is figuring out how to translate —
change — that energy into a form that devices recognize and can use.
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University-based engineers have developed a
novel energy harvesting device that resembles
a wristwatch. Through a process known as
piezoelectric effect, it harnesses energy
released by the mechanical deformation of
materials.
Penn State MRI/University of Utah

Electric charges can build up, like on this
child's hair as he rides down a slide. This
static electricity can discharge with a shock.
Scientists are exploring ways to harness this
static electricity to power new devices.
Ken Bosma/Flickr (CC BY 2.0
(https://creativecommons.org/licenses/by/2
)

The body stores and uses mechanical energy.
Devices use a different form of energy: electricity.
How do you transform one to the other?

You can find one answer to that question on a dry
winter day. Walk around in a heavy sweater or
shuffle across a wool carpet. Now touch a metal
door knob. You’ll get shocked. Why? When the air
is dry, particles called electrons build up on your
body. (Wet air helps them escape into the room
around you. Dry air doesn’t.) Electrons have a
negative electric charge. When you touch the door
knob, all those negative charges jump from your
hand to the metal. You feel that jump as a
surprising jolt. If the room is dark enough, you
can see it as a tiny flash, too.

This effect is called static electricity. Many
materials build up an electric charge when they’re
rubbed against something else. Rub a balloon on
your hair, for example, and it gathers enough
electric charge to stick to a wall. Scientists use
the word triboelectric (Try-boh-ee-LEK-trik) to
describe materials that accumulate charge this
way. It’s not a new idea. Ancient Greek scientists
knew that they could build up energy by rubbing
fur on amber, a kind of natural plastic produced
by trees.

Energy builds up as atoms in the material absorb
and release electrons. (In Greek, “electron”
means “amber.”) Triboelectric materials trade and
gather electrons as they jostle and bump up
against each other. The movement of electrons
creates electricity. And our electronic gadgets
work only when they have a steady flow of electrons. Normally, that takes a power cord attached
to some wall outlet or a battery. But those outlets aren’t portable, and batteries need to be
replaced or recharged.

What’s more, devices are changing, notes Zhong Lin Wang. He is an electrical engineer at Georgia
Institute of Technology in Atlanta. Many are shrinking in size. Some can even be implanted in the
body to take measurements or keep someone healthy. Others can monitor the environment,
agricultural crops or disaster zones. New flexible electronic devices include paper-like computer
displays and electronic skin. For such uses, Wang says, maybe there’s a better way to provide
power than plugging in a cord or inserting a battery.

Taking charge
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This fabric can harvest energy from the
motion of the human body.
Georgia Tech

Since 2005, Wang has been studying what he
calls “self-power.” In 2006, he and his team
introduced nanogenerators that use piezoelectric
(Pee-AY-zo-ee-LEK-trik) wires. Such materials
release a spark when they bend or are squeezed.
When bent, the wires produced enough current to
power small devices. But piezoelectric materials
can be brittle, which means easy to break.

In 2012, Wang’s lab introduced a bendable
generator that instead used triboelectric materials.
You might think of it as a very small static-
electricity factory. Wang called his invention
TENG, for “TriboElectric NanoGenerator.”

It looks like a sandwich, with metal sheets
serving as the “bread” and two triboelectric slices
as the lunch meat inside. As the generator bends
and flattens, its triboelectric materials rub
together. This makes electrons build up on one

side. Those electrons then pass through the metal to produce an electric current.

Wang built a floor mat out of the generator to demonstrate this. Simply stepping on the mat
created enough electricity to power an alarm.

Since then, Wang has been fine-tuning his recipe. In 2015, he and Fan worked together to build a
flexible TENG that looks like a piece of paper covered in ridges. And like a piece of paper, it’s
flexible enough to be rolled. When it rolls or unrolls, it charges. It also can harvest energy from
vibrations due to sound. With this feature, the TENG could be installed on a smartphone and
collect energy from the sound of a user’s voice. That means people could charge their phones
simply by talking on them.

In Michigan, Sepúlveda’s device has a similar basic design. But it works in a different way. 

Imagine making a bed. “You take a bed sheet, lay it on the bed, and another sheet on top, and
another on top of that,” says Sepúlveda. Those sheets, he says, will bend and curve. They touch
each other in some spots and have air between them in others. Now, instead of fabric, imagine
those sheets are made of flexible materials that can hold a charge. Next, place positive and
negative charges inside each layer. As the layers compress and expand, charges get closer and
farther apart. That generates a current.

The flexible materials that produce electricity in this way are foams, said to be ferroelectrets  (Fair-
oh-ee-LEK-trets). Sepúlveda described his device as a ferroelectret nanogenerator, or FENG.  He
and his students used it to develop that flexible, self-charging speaker. It can be folded up and
tucked into a pocket for audio on the go.

Getting to a flexible future

These nanogenerators use cheap materials and produce a lot of energy for their size, says Wang.
That makes them appealing. But challenges remain before any of these will work in the real world.
For instance, triboelectric parts will wear down over time and stop producing as much electricity.
Knowing this, scientists like Wang are looking for low-cost materials that will be durable and
efficient. It will take long tests to make sure these generators won’t break down under normal
use.
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This bracelet is made from a fabric that can
harvest energy from the person wearing it.
Georgia Tech

Classroom questions
(https://www.sciencenewsforstudents.org/questions/ques

what-powers-these-electronics-we-do)

Once engineers have a winning formula, they will
still have to get the generators and devices to
share usable energy. And they need to figure out
the best way to use the technology. Different
devices and uses may have power demands that
require a mix of smart approaches. That may
mean, for example, combining different types of
generators and materials to make hybrids.

Fan says the biggest challenge is to mine more
energy out of everyday life, but without getting in
the way. New gadgets are exciting, but they
shouldn’t add extra weight or hassle to the user.
“We want to do more, but we don’t want to carry
more,” he says. And it’s important to find ways to
generate energy without producing extra pollution.

He thinks that's possible. So do the other
researchers. They envision a future in which
devices don't “tax” their users with extra weight
— and don't tax the planet with extra pollution.
In the drive to turn the body’s movements into
energy, the ultimate goal of these researchers is
the same. They want to find clean, creative ways
to power our devices.

Indeed, says Sepúlveda, “Our main focus is to
solve real problems, not only in science but also
in society.”

Power Words
(more about Power Words  (https://www.sciencenewsforstudents.org/power-words-aid-
stem-literacy) )

amber     Fossilized tree resin (not sap). Researchers think most of this gemstone likely comes from
conifers, or evergreen trees that bear cones.

application     A particular use or function of something.

audio     Having to do with sound.

battery     A device that can convert chemical energy into electrical energy.

current     A fluid — such as of water or air — that moves in a recognizable direction. (in electricity)
The flow of electricity or the amount of charge moving through some material over a particular period
of time.

develop     To emerge or come into being, either naturally or through human intervention, such as by
manufacturing.

electrical engineer     An engineer who designs, builds or analyzes electrical equipment.

electric charge     The physical property responsible for electric force; it can be negative or positive.

electric current     A flow of electric charge — electricity — usually from the movement of negatively
charged particles, called electrons.
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electricity     A flow of charge, usually from the movement of negatively charged particles, called
electrons.

electron     A negatively charged particle, usually found orbiting the outer regions of an atom; also,
the carrier of electricity within solids.

electronics     Devices that are powered by electricity but whose properties are controlled by the
semiconductors or other circuitry that channel or gate the movement of electric charges.

engineer     A person who uses science to solve problems. As a verb, to engineer means to design a
device, material or process that will solve some problem or unmet need.

environment     The sum of all of the things that exist around some organism or the process and the
condition those things create. Environment may refer to the weather and ecosystem in which some
animal lives, or, perhaps, the temperature and humidity (or even the placement of components in some
electronics system or product).

fabric     Any flexible material that is woven, knitted or can be fused into a sheet by heat.

ferroelectret     An adjective used to describe materials that can hold an electric charge after being
exposed to an electric field.

generator     A device used to convert mechanical energy into electrical energy.

hybrid     An organism produced by interbreeding of two animals or plants of different species or of
genetically distinct populations within a species. Such offspring often possess genes passed on by each
parent, yielding a combination of traits not known in previous generations. The term is also used in
reference to any object that is a mix of two or more things.

mechanical     Having to do with the devices that move, including tools, engines and other machines
(even, potentially, living machines); or something caused by the physical movement of another thing.

mechanical engineering     A research field in which people use physics to study motion and the
properties of materials to design, build and/or test devices.

monitor     To test, sample or watch something, especially on a regular or ongoing basis.

nano     A prefix indicating a billionth. In the metric system of measurements, it’s often used as an
abbreviation to refer to objects that are a billionth of a meter long or in diameter.

particle     A minute amount of something.

piezoelectric     An adjective describing the ability of certain materials (such as crystals) to develop
an electric voltage when deformed, or squeezed.

plastic     Any of a series of materials that are easily deformable; or synthetic materials that have
been made from polymers (long strings of some building-block molecule) that tend to be lightweight,
inexpensive and resistant to degradation.

pressure     Force applied uniformly over a surface, measured as force per unit of area.

renewable energy     Energy from a source that is not depleted by use, such as hydropower (water),
wind power or solar power.

smartphone     A cell (or mobile) phone that can perform a host of functions, including search for
information on the internet.

static electricity     The buildup of excess electric charge on some surface instead of flowing through
a material. This charge buildup tends to develop when two things that are not good conductors of
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electricity rub together. This allows electrons from one of the objects to be picked up and collected by
the other.

technology     The application of scientific knowledge for practical purposes, especially in industry —
or the devices, processes and systems that result from those efforts.

triboelectric     An adjective to describe an electric charge that develops when two things rub against
each other, causing friction.
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