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Since we first burned wood, humans have sought new and
better sources to meet our energy demands by therese kehler
he kingdom of Queen Elizabeth I was humming along quite nicely
when, around the mid-1500s, Her Majesty caught wind of an
environmental crisis in the offing. The forests were disappearing.
Wood was the first energy source and had been so for
millenniums. But kilns of industry and hearths of homes had been
eating up the English forests at an alarming rate and it became
evident all this building and burning might leave the nation without
enough for another critical product: its warships.
The monarchy declared that coal shall be burned and the kingdom made it so.
Not easily, of course. There were fears and protests and new challenges. Someone
had to figure out how to get the coal into the cities. Homeowners had to maintain their
chimneys — an added expense. And there were health risks, too. Coal mine explosions,
choking smoke in the air and a nightmare-inducing malady called soot warts, a type of
cancer caused by the accumulation of ash in the undergarments of chimney sweeps.

T
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canadians are voracious energy
consumers, and every year we’re using
more. Between 1990 and 2015, the
nation’s energy consumption grew
by 30 per cent — and we’re not alone.
Globally, consumption increased by
2.1 per cent in 2017.
Wonder if the trend will continue?
Look around. Population growth is
an obvious factor; the United Nations
estimates Canada’s population will

ILLUSTRATION BY STEVEN P. HUGHES

HOW TO CATCH FIRE

But people adapted, even flourished.
Within 300 years, the switch to coal set
the stage for electricity and an improved
quality of life. Today, Canadians
have light at the flip of a switch,
life‑supporting medical equipment
and everyday comforts that we have
come to rely on — cold beer and Netflix,
anyone? — all indirectly brought to us
by a 16th-century monarch.
But what is the long-term effect of
our standard of living?

’85 MSc, inaugural director of the
university’s Future Energy Systems
research initiative. “The Stone Age
didn’t come to an end because we ran
out of stones. The hydrocarbon age is
not going to end with running out of
hydrocarbons.”
The conundrum is clear. We need
cleaner energy sources but the supply, so
crucial to our lives and economy, mustn’t
be disrupted in the process.
This is what drives the more than
800 U of A researchers and thousands
of students working to solve energy
challenges. They are making solar and
wind power easier to store. Cleaner
processes for the oil and gas industry.
Computers that use less energy. An
electrical grid that isn’t so leaky. Each
small project creates a bigger picture:
a future where energy is produced
sustainably, reliably and efficiently.

increase by 21 per cent to 45 million
by 2050. Economic growth is also key,
especially in countries like China and
India where energy use is skyrocketing.
And don’t discount the impact of our
beloved gadgets: data centres and data
transmission networks each account
for about 1 per cent of global electricity
demand. And what about a future that
includes electric vehicles charging in
every driveway?
It’s not sustainable.
All that burning — coal, now
joined by oil and gas — has fired up
another environmental situation. Call
it greenhouse gases, CO2 emissions
or climate change, this time it’s the
atmosphere at risk, and the next
energy transition lies in reducing our
reliance on fossil fuels for energy. Not
because we’re going to run out of fossil
fuels; our time to address the effects of
climate change will run out before the
hydrocarbons do, says Larry Kostiuk,

change is hard. Burning hydrocarbons
might not be good for the environment
but at least we know how it works. The
future, though, is a work in progress, a
confusing mishmash of energy sources.
Hard, yes. And a bit scary, too.
“What are the problems? What are
the issues? How am I going to actually
learn all these things that I need to
learn?” says Anne Naeth, ’76 BSc, ’85
MSc, ’88 PhD, reeling off the reactions
of average folk. People really want to
understand what will happen. But if
they don’t, that’s when they get anxious.
Naeth, a land reclamation scientist,
succeeded Kostiuk in August as
director of Future Energy Systems, the
$75-million, seven-year, cross-campus
research initiative, federally funded by
the Canada First Research Excellence
Fund. The group’s mandate is to develop
the energy technologies of the near
future and figure out how to integrate
them into today’s social, economic and
infrastructure realities.
The university has further stepped
up to the challenge, naming energy one
of its official signature areas of research
and teaching, with Naeth as the director.
After all, the U of A has long had a focus
on energy research — perhaps most
notably in the 1920s when researcher
Karl Clark dumped oily sand, hot water
and caustic soda into an old-fashioned
washing machine. His experiments

eventually unlocked Alberta’s oilsands.
So, what does the future of energy
look like to the woman at its forefront?
“You’ll get some of your energy from
solar and you’ll get some of your energy
from wind,” Naeth says. “But the sun
doesn’t always shine and the wind
doesn’t always blow. We’re going to
have to have better storage batteries.
We’re going to have to have a better grid
through which we can move this energy.”
Underpinning it all, like the safety net
to a secure supply, will be fossil fuels.
“Oil and gas are going to have a
future. But that’s not the question we
should be asking,” says Peter Tertzakian,
‘82 BSc(Spec), an economist, author
and public speaker on future energy
issues. “We get too hung up in trying
to predict [whether] we’re going to use
100 million barrels a day, or 90, or 80. It
doesn’t matter. It’s just a huge amount.
It’s a ridiculously unsustainable problem
when it comes to emissions. The better
question is … who is going to be the most
efficient supplier?”
Then he lobs the ball into another
court. “And how are we going to use it
more efficiently?”
when larry kostiuk launches into
his narrative about the history of energy,
he starts at the beginning. It quickly
becomes clear that this is a story he
has told often — and one that he needs
people to hear.
In his telling, this is not just a story
of wood and coal, steam and horses. It’s
a story of curiosity, innovation, comfort
and desire. It’s a story of people as energy
consumers. The first human need, he
says, is warmth. The second is light. The
third? “The innate laziness of mankind,”
says Kostiuk with a mischievous grin.
Tertzakian observes the same
human propensity, if not for laziness,
at least for making life easier. Consider
how far removed we now are from
our energy. Once upon a time, heating
our homes meant finding the wood,
chopping the wood, getting it into
the stove and lighting it. Now we
adjust the thermostat. No wonder
we take energy for granted. Even a
few years ago, we would have at least
had to write a cheque to the utility
company. How can we be aware of our
environmental impact, Tertzakian
newtrail spring 2019
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1800

Invention of the
first battery

wonders, if we don’t even go through the motions of paying the bill?
If we were paying attention, though, we might notice that things have
been getting cheaper over the last decade.
The energy industry is in what Tertzakian calls an era of abundance; oil
and gas companies are more efficient at getting products out of the ground.
Lower prices, as anyone in Alberta can tell you, can hurt the economy. The
drop in oil prices has contributed to a dramatic increase in the length of
unemployment in the province, which has tripled in the last 10 years.
Tertzakian points to another effect of this abundance: consumer
trends. Seventy per cent of all vehicles purchased in Canada are trucks or
SUVs, which emit significantly more CO2 than a small Toyota car. “And not
even a hybrid one,” he emphasizes. “This is a social issue. This is based on
consumer behaviour. But who is going to implement policy … that says you
can’t buy a pickup truck? Politicians, they’re not going to touch it. Because
if they do, they’re going to get voted out.”
If consumers aren’t changing, it becomes even more vital to ensure the
energy we use is cleaner and more efficient. Solving these challenges will
require people, research and fresh perspectives.
anne naeth deals with a lot of pointed questions. Will people
lose jobs? Will everyone need an electric car? Will the old appliances still
work? Will this affect my life?
And those are just the ones from her mom.
Mary Naeth is 86 and lives on a farm near Paradise Hill, Sask., a village
of roughly 500 people just northeast of Lloydminster. It’s also a place
where the power, too often, is out.
In answering this barrage of questions, Naeth would tell her mom about
localized power sources like wind or solar or geothermal, and super‑duper
batteries that will store energy until needed. She paints a picture of a world
with fewer centralized power plants and fewer electricity outages due to a
downed transmission line kilometres from her mom’s farm. It all sounded
very familiar to Mary. “And she said, ‘Oh, so it’s just kind of like back when
we got the generator,’ ” Naeth says with a smile. “So we’ve gone full circle.
And my mom made that connection.”
We’re all going to need to use our imaginations when it comes to
how society will change along with the energy sources. In five, 10 or
20 years, we won’t have centralized systems in which the energy flows
in one direction, but multiple systems in which individuals are both
consuming and producing energy. Will this mean that urban downtowns
densify? Or will the prospect of reliable, localized energy encourage the
proliferation of smaller, remote communities? Will everyone have a car?
Or will ride‑hailing become the norm?
“Our communities might need to be organized in entirely new ways,
around social and environmental sustainability, instead of around the
easy flow of traffic and consumer goods,” says Sheena Wilson, ’98 BA, ’06
PhD, a co-lead of the energy humanities theme of Future Energy Systems.
“We can ask ourselves all sorts of questions about why we live the way we
live, and if changing the way we access energy will change everything.”
In other words, by looking ahead and envisioning future challenges,
we can start now to figure out the best way to address them.
At the centre of this energy transition is knowledge, or the lack of it.
For researchers and thinkers at the U of A, it’s a matter of tackling those
questions one project at a time.
Perhaps the true future of energy, says Kostiuk, lies with the 1,000 grad
students who will work in Future Energy Systems and beyond. Mechanical
engineers talking to land reclamation practitioners. Mining engineers
talking to political scientists. Assuming each student goes on to a 40-year
career in energy, that adds up to 40,000 total years of work that will stem
from the university’s investment in energy.
“That will leave a mark,” Kostiuk says with a smile.
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1698

Coal-burning steam
engines launch the
Industrial Revolution

~100 ad

The first mention
of a wind wheel

~200 bc

First references
to coal extraction
in China

~300 bc

Water mills are used
around the world

1858

1886

Humans drill
the first oil well
(in Ontario)

1949

The first gasoline-powered
car hits the road

U of A professor Karl Clark
perfects a technique to
extract oil out of sands

1954

Nuclear power
goes mainstream

1956

Solar cells begin
powering toys and
space satellites

2004

U of A researcher
David Bressler
discovers how
to convert fat
into fuel

ENERGY MILESTONES
For millenniums, humans have sought
out new energy sources to meet our
growing and changing needs. Here’s
how we got from the first fire to
mega‑floating solar plants.

2013

Jillian Buriak,
’96 BSc(Hons), ’01 PhD,
creates cheap,
sprayable solar cells

by kate black, ’16 ba

~400,000 bc

First evidence of
humans using fire

2017

~3,000 bc

Horses domesticated

2018

A self-powered electric
plane takes flight

A floating solar plant in
China creates enough energy
to power 15,000 homes

newtrail spring 2019

25

LOST IN
TRANSMISSION
Solving the challenges behind the
system that keeps the lights on
by therese kehler

light up a room. Charge a phone. Refrigerate the milk. The electrical grid that
allows us to have all of this at our fingertips is considered a critical piece of North
American infrastructure. But it was conceived in the time of Edison — how does it
hold up to today’s power needs?
The short answer? Not very well, and one reason for that comes down to a pair of
commonly used (but not necessarily well understood) abbreviations: AC and DC.
The very first power systems were DC, or direct current. DC moves like a steady
stream of water from a hose but is only good for very short distances. In the 1880s,
power companies adopted the idea of AC technology. Alternating current, or AC, is
an electric current that reverses direction at fixed intervals — in North America, it
switches 60 times every second, known as a frequency of 60 hertz.
It all sounds very technical but the reasoning was purely pragmatic: AC could
be delivered to users who were many, many miles away with low transmission
losses, so that meant building few power plants. The system that developed at that
time is the one still used today: centralized generating plants creating 60-hertz AC
electricity, transformers to
step up its voltage before
high-voltage transmission
and step it back down before
it enters your home, and
thousands of kilometres of
AC-friendly transmission and
distribution lines.
But the AC grid of
yesteryear isn’t keeping
up with DC demands of
today. Renewable energy
sources produce DC power.

The AC grid of
yesteryear isn’t
keeping up with the
DC demands of today.
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LED lights and consumer electronics
need DC power. The power system
always leaked like a sieve, but every
time electricity is converted between
AC and DC, it wastes a little bit more.
“There’s a huge amount of power
generated each day around the world
and lots of energy consumption. If
you’re able to save just one per cent of
these losses in the system, that’s a huge
amount,” says engineering professor
Yunwei (Ryan) Li, who leads a team of
researchers and grad students studying
technologies to improve the grid.
That buzzing you sometimes hear
near transmission lines? That’s a sign
of energy being lost. So is the heat you
feel in those ubiquitous converter boxes
used in charging your phone or laptop.
Reduce the number of conversions
(remember that in some cases it must
convert from DC to AC and back to DC
again before it reaches your devices)
and you improve efficiency, says Li.
“Eventually it makes sense that [we] have
DC-based energy storage, DC-based
power generation, then you may just
have DC grids. So that structure of the
grids will probably need to change.”
Part of the answer lies in something
called a smart grid — a seemingly allpurpose term but what is really just the
gradual morphing of the existing grid
into something that connects more
seamlessly with digital technology and
renewable energy sources.
The term smart grid covers a number
of concepts. One is the notion of two-way
electricity flow — for example, instead
of the grid simply being a one-way
electricity delivery system, it would
also accept surplus power generated
by solar panels on your roof. A smart
grid could be something that responds
automatically to an outage in west
Edmonton by calling for power from
the U of A micro-grid. A smart grid
could predict an intense storm heading
toward a wind farm and take it offline
to prevent a damaging power surge. It
could instruct your refrigerator to go
into low-power mode to offset high
demand. These are the types of scenarios
researchers are investigating in several
projects at the U of A — and while all
have long-term ramifications, the ones
that focus on reliability and efficiency
are, in Li’s opinion, paramount.
The integration of wind energy
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into the electrical grid
is an example of an area
that falls under both of
those parameters, Li says.
There are times when
its power quality — that
is, the electricity’s
voltage, frequency and
waveform — doesn’t match
the grid’s requirement for
60-hertz AC power.
“You have to store that
energy somewhere because,
otherwise, the voltage could
go up or the frequency won’t
be 60 hertz anymore. And
then you have problems
with power quality or system
stability,” he says.
This includes an issue
called tripping the load,
which leads to power
interruptions and blackouts.
One of Li’s projects is
to improve the supply of
renewably sourced power.
“You improve the power
quality of the systems so that
we ensure your load is always
connected and running
properly.”
And returning to the
AC/DC dilemma, storing
energy sourced from wind
and solar requires a battery
and batteries produce DC.
It brings us right back to
the challenge of converting
energy to send it to the grid.
All of this does not
mean that transmission
lines (26,000 kilometres in
Alberta alone) will need to be
replaced overnight with DC
or hybrid AC/DC lines. The
transition, he says, will be
gradual.
Indeed, changes are
already happening. In 2015,
two DC transmission lines
stretching for a total of 835
kilometres were completed
between the Calgary and
Edmonton areas at a
combined cost of $3.5 billion.
Bit by bit, the grid is
getting smarter and the
process will continue for
decades to come, says Li.

THE CHALLENGE:
How can we reduce the amount of
methane, a heat-trapping gas, that
human activity is putting into the
atmosphere?
THE RESEARCH:
Harness a natural phenomenon,
methane-eating bacteria,
to deal with industrial
production of the gas
THE PLAYERS:
Catherine Tays, ’13 BSc, a PhD
student in microbiology and
chemical engineering, working with
chemical engineering researcher
Dominic Sauvageau and biological
sciences researcher Lisa Stein

This Bacteria Eats
Gas For Breakfast
Sometimes nature provides a solution to our
manufactured problems. Researchers just need
to find a way to make that natural solution work
for us. Bonus points: in solving one problem,
these researchers have also found a useful
byproduct. by mifi purvis, ’93 ba
What’s better than solving a problem?

Solving the problem and discovering a new and useful
non-toxic byproduct in the process.

What’s the problem anyway?

Methane is a greenhouse gas, the byproduct of natural
and industrial processes. It gets talked about less than
CO2, but emissions of methane are rising at a higher
rate and, compared with CO2, it traps more heat.
About 60 per cent of methane emissions are caused by
human activity. (Researchers are working to address at
least one other cause. Read more on page 6.)

You can’t ‘solve’ methane!

Nature already has. Methane-eating bacteria exist and
Catherine Tays, ’13 BSc, is working on ways to harness
the phenomenon on an industrial scale. Optimizing the

process would let the bacteria
deal with methane at the
source, for example, in oilsands
wastewater treatment plants,
pulp and paper mills, and even
landfills.

So what’s the useful
byproduct?

These hungry methane eaters
(called methanotrophs)
digest the delicious methane
and, when they do, they
produce compounds called
metabolites. “Then we collect
the metabolites to make stuff,”
she says. The aim is to make
biodegradable plastics and
biofuels out of them, she says.
“We need to grow the bacteria
better, persuade them to do
what we want them to do.” Tays,
who has been supported by a
donor-funded scholarship, says
commercial production is the
big goal.

What attracted her
to working with bugs
that eat gas?

Since she was a child, she
wanted to help solve climate
change, Tays says. “Every little
girl wants to save the planet.”
newtrail spring 2019
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THE CHALLENGE:
Is it possible to harness
low-temperature geothermal
energy?
THE RESEARCH:
Adapt a traditional Stirling
engine so that it can be
powered by temperatures not
much hotter than a cup of tea
THE PLAYERS:
Graduate students David
Miller, ’16 BSc(MechEng), Jason
Michaud, ’16 BSc(MechEng)
and Calynn Stumpf, ’16
BSc(MechEng), working under
David Nobes, professor of
mechanical engineering

OLD TECH,
NEW TRICKS

Grad students are adapting centuries-old
engine designs to capitalize on abundant
geothermal energy
the potential for
geothermal energy
surrounds us. “Geophysicists
tell us there’s more
geothermal energy under
the ground than there
is hydrocarbon energy
in Alberta,” says grad
student Calynn Stumpf, ’16
BSc(MechEng). But it turns
28
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out that not all geothermal
energy is equal. “The
problem is, here it’s all below
100 degrees Celsius,” he says.
It’s difficult to harness such
low temperatures to create
electricity, but now a team is
adapting a two-century-old
engine design to help solve
a modern challenge.

Stumpf is part of a team
of grad students — which
includes David Miller,
’16 BSc(MechEng)
and Jason Michaud,
’16 BSc(MechEng) — working
to adapt a traditional Stirling
engine to harness energy
at these less-than-100 C
temperatures. The Stirling
engine is not the same as the
internal combustion engine
in your car, but it is similar in
some key ways.
“Engines turn over because
of a pressure difference,” says
Miller. “In a Stirling engine,
it’s hotter on one side of the
engine and colder on the
other side.” As gas inside the
engine moves from one side
to the other, it is heated or
cooled. This leads to pressure
cycles that force the piston
to move, he explains. The
motion of the piston turns
a shaft, and it’s the power
from this rotation that can
be harnessed for things like
locomotion or electricity.
In your car, the heat
comes from burning fuel and
the temperatures can reach
several thousand degrees.
But, unlike the ones in
our cars, Stirling engines can
convert heat from any source
into electricity. Since the heat
doesn’t have to come from
the burning of hydrocarbon
fuels, the engines can
generate electricity without
carbon dioxide emissions.
The team’s Stirling engine
taps into an “ultra‑low”
temperature source. In other
words, these engines can
run when the hot side of

the cylinder is 95 degrees
Celsius — hot enough to make
some ramen or a decent cup
of tea — and the cold side just
above freezing. Suddenly, the
low-temperature geothermal
energy that is abundant in
Alberta is a viable source
of power. But a larger
temperature differential
generates even more power
and that’s where Alberta’s
bone-chilling winters can be
a plus, explains Michaud.
This group of Albertaborn students — Miller is
from St. Paul, Stumpf from
Lacombe and Michaud
from Sherwood Park –– can
easily picture massive
Stirling engines dotting the
landscape, taking advantage
of the province’s low-grade
geothermal heat.
They aren’t there yet,
though. They’ve built labbench-scale Stirling engines,
but you’d need more than
10 of them to power a single
60‑watt light bulb. The
team is currently reworking
designs to maximize the
power output. They will be
using the data from this
work to design a bigger
engine — and one that’s costeffective. “It becomes more
expensive to build a bigger
engine,” says Michaud. “It’s
important that we are able to
predict the power output of
these engines before we start
committing those resources.”
The three students graduate
this year, so a new team of
students will carry their
work forward. –with files
from kenneth tam
OLEG KOV / ISTOCK / GETTY IMAGES

Unlike the engines in our
cars, Stirling engines are
based on a design that
converts heat from any
source into electricity.

Friction
Is a Drag
by therese kehler

It’s a fossil-fuelled world and society
isn’t quitting hydrocarbons any time
soon. Which is why some researchers are
applying their expertise to improving how
hydrocarbons are produced, consumed
and — in this case — transported.
“It is a fact that the standard of living
of Canadians is high because we use a
lot of energy. So, we can’t just
stop that right away to fight
climate change, to reduce
emissions,” says Arman
Hemmati, an assistant
THE CHALLENGE:
professor of mechanical
How can we make
engineering. “What we have
the transport of
to do, however, is make a
petroleum products
responsible use of those
safer and more
efficient?
resources.”
One way is to make the
THE RESEARCH:
transportation of fossil
Reduce friction in
fuels more efficient. To
pipelines, drag on
that end, Hemmati’s team
transport trucks
is targeting two invisible
enemies: friction and drag.
THE PLAYERS:
Arman Hemmati,
Better Pipelines
assistant professor
Pipelines work by pushing
in mechanical
fluid forward, using
engineering, and
pressure introduced from
Arash Zargar,
above-ground pumping
master’s student
stations. As the fluid loses
in engineering
acceleration, the next
pumping station delivers
another shot of pressure.
But that process gets a lot stickier, so to
speak, when the substance is bitumen.
Even when diluted, the viscous
substance is filled with silica sand and
clay particles, which create friction that
slowly wears down the pipeline, especially
along the bottom. Regular (and expensive)
cleaning and maintenance are required to
prevent pipeline failure — and leaks.
Hemmati’s team is looking at a process
that could push bitumen off the walls of
the pipe and force it to the middle, where
it could flow more freely. Versions of this
concept, called vortex generators, are
currently in use but they are costly and
corrode easily. Hemmati’s idea involves
adding internal cross-sections to the pipes
with projections that almost look like teeth.
These ridges would shape the fluid so most
newtrail spring 2019
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of it spirals through the middle, reducing
the impact — and wear — on the walls.
Reduced friction means pumping
stations won’t have to work as hard, which
in turn means they’ll use less energy and
limit corrosion damage. The result would
be less maintenance and a reduced risk of
leaks. Hemmati has received a $100,000
Alberta government grant to continue the
research. “I think that would be one of the
ways that we are going to change the view
of pipelines. And that will have implications
not only in Alberta, not only in Canada, but
worldwide,” he says.

Reducing Truck Emissions

The same broad principles are being
applied to an above-ground challenge
that can be a real drag when it comes to
transporting fuel by truck: the wind.
Gusts hitting the broadside of a
semi-trailer truck create a corresponding
low-pressure dead zone on the other side,
which in turn creates a stability problem,
says Arash Zargar, a grad student working
with Hemmati. The driver responds by
wrestling the vehicle to keep control, which
uses more fuel. Says Hemmati: “If we can
reduce the drag, we can reduce the amount
of emissions.” Heavy-duty diesel vehicles
are responsible for about five per cent of
greenhouse gas emissions in Canada.
The concept is straightforward: install
simple modifications on the trailer, such
as flaps or teeth, to deflect the wind and
increase stability. The challenge is to
develop a computer simulation method
that effectively and efficiently predicts the
impact of wind flow when the modifications
are introduced, says Zargar.
In the end, any modifications must be
affordable to install and proven to reduce a
business’s operating costs, says Hemmati.
A reduction in emissions is just icing on the
cake. –with files from kenneth tam

THE CHALLENGE:
How do we address water
contamination from
energy production?
THE RESEARCH:
Use chicken feathers to
remove contaminants
from water
THE PLAYERS:
Post-doctoral fellow
Muhammad Arshad
and PhD student Irum
Zahara working under
Tariq Siddique, associate
professor in renewable
resources and Aman
Ullah, associate professor
agricultural food and
nutritional science

WANT MORE ENERGY?
Coming in May: two opportunities
to go deeper on the topic

Decontaminate Water
With Chicken Feathers
no matter how you do it, it seems that producing energy
affects water. In Alberta, there are tailings ponds around oilsands
production facilities. In the United States, the Electric Power
Research Institute suggested that some types of decommissioned
solar panels be stored until recycling processes become available,
to ensure toxic chemicals used in their construction never leach
into groundwater. In Newfoundland
and Labrador, concerns have been
raised that hydroelectric projects might
increase levels of methylmercury
in nearby water. Renewable energy
technologies promise to eliminate
carbon emissions but their impacts on
water still aren’t fully understood.

 Keep your eyes open for the U of A’s Energy Week, May 6-10.

The week celebrates the naming of Energy Systems as one of the
university’s signature areas of research and teaching. Learn more
about Energy Week events at ualberta.ca/energy-systems.

 Catch the Powering Up Alberta’s Energy Future panel at Calgary’s
Central Library, May 22. Come hear from experts including Peter
Tertzakian, ‘82 BSc(Spec) (page 23), Maggie Cascadden (page 33),
Steve Bergens and John Parkins, ‘97 MSc, ‘04 PhD.
ualberta.ca/alumni/events
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How It Works:
Feathers are more than 90 per cent keratin
protein, made of a variety of amino acids.
Feathers are strong because this protein is
“cross-linked,” but when you break those
cross-links in the lab you create unravelled
biopolymers with a high surface area that
can adsorb, or stick to (rather than absorb,
or take in) particles such as heavy metals.
Researchers wash the feathers, grind
them into powder and treat them with

modifying agents. Then they mix
the powdery keratin biopolymer
into industrial water, where it
adsorbs contaminants. Then they
remove the dirty biopolymer,
leaving cleansed water.
Why It’s a Good Solution:
Until now, adsorbents have been
too expensive. “There are many
adsorbents that can be used
to remove contaminants,” says
Muhammad Arshad. He’s a postdoc in the Faculty of Agricultural,
Life & Environmental Sciences.
“Few are as cost-effective as
chicken feathers.”
The Canadian poultry
industry produces 1.2 billion
kilograms of chicken meat a
year. Along with that comes
about 100,000 tonnes of feathers,
Arshad says. “Most are landfilled
or burnt, but we could use
them.” As the team continues
to research, they could also find
opportunities to recycle the
contaminants caught in the
feather biopolymer.
How Close Is It?
Ready to roll. A team was
able to extract arsenic from
contaminated groundwater
this way. After refinements, the
adsorbents can now remove
more than 85 per cent –– in some
cases nearly 100 per cent –– of
certain contaminants.
Next Steps:
The team will test keratin
biopolymers on water collected
from the field, then refine them
to take on new contaminants
from other energy sectors.
“If we develop cost-effective
methods for decontaminating
water before new technologies
are adopted, we can prevent
environmental impacts before
there’s a risk of them occurring,”
Zahara says.
–with files from kenneth tam
ZOONAR GMBH / ALAMY

newtrail spring 2019

31

NEW POWER TOOLS

Our myriad devices, vehicles and appliances require more energy all the time.
These research breakthroughs are poised to lessen the rate at which we
burn energy, improving how we generate and store power. by therese kehler
THE NEED

THE CHALLENGE

THE BREAKTHROUGH

Computers aren’t improving, because
their circuits use a lot of power
and throw a lot of heat. Atom-scale
devices could be the solution.

 Computers work on internal
transistors that constantly switch
from binary 0 to binary 1 and each
switch creates heat, explains
Taleana Huff, ’15 MSc, a physics grad
research fellow working with Faculty
of Science professor Robert Wolkow.
More switches equal more power,
generating more heat. “Your whole
laptop is going to melt if you try to
make it better or faster.”
Ergo, faster computers need
a smaller, energy-efficient on-off
switch, which will also help with
another big problem. By the year
2040, experts predict the energy our
computers need could exceed the
amount produced worldwide.

 Huff uses a specialized scanning probe
microscope with the world’s sharpest tip.
(Wolkow has the Guinness World Record.)
The team believes it has reached the ultimate
limit for smallness: it’s just one atom wide
at the business end. The tool allows Huff
and the others to make bits that represent
binary information out of just two atoms — a
fraction of the size that would be required
using conventional seven- or 14-nanometre
transistors.
“We’re using individual atoms where you
would normally have a very large transistor.
When a transistor does that operation, it’s
using tons of energy,” she says. The atomic
switch uses “almost a negligible amount.”

A better, portable power
generation system.

 Triboelectric nanogenerators are
devices that convert external energy
into electricity — think of dragging
your feet along a carpet — but they
produce a low-quality, alternating
current that no one could improve.
At least until Jun Liu, ’18 PhD,
working with chemical engineering
professor Thomas Thundat, saw
something unexpected.

 One day, Liu was using a specialized atomic
microscope that uses a tiny cantilever to
“feel” objects to create images. He hadn’t yet
pushed the button to apply electricity to the
sample, so he was puzzled when he saw a
current. Turns out, the cantilever’s movement
was generating electricity that was flowing in a
steady, strong direct current: a tiny generator.
Liu and Thundat have since created a
prototype device, with a provisional patent,
that paves the way for future electronic
devices to contain nanoscale generators
that will harvest energy from the tiniest
movements — the swish of your clothes,
engine vibrations, even a heartbeat.

 Energy is stored inside battery
chemicals, then used over a specific
cycle — maybe driving a Tesla 600
kilometres or working 20 hours on
a MacBook. Hezhen (Andrew) Xie, a
PhD student in chemistry professor
Jillian Buriak’s lab, is seeking to
improve a chemical battery’s energy
density, making it last longer.
A separate challenge is to create
desperately needed technology
that can better store renewable
electricity for when the sun don’t
shine and the wind don’t blow.

 A recent success for Xie involved replacing
the graphite inside a lithium battery with
silicon nanoparticles and a highly conductive
graphene aerogel. The research determined
size and shapes that would keep the silicon
from breaking down during repeated charging
and discharging. Xie is also researching
sodium as a cheap, plentiful replacement
for lithium, which could be a breakthrough
for large-scale “batteries” — or storage
systems — for renewably sourced energy.
His breakthrough means energy could be
stored in a sodium-ion battery and devices
with these improved batteries would last
longer and go farther.

Devices that are faster, stronger
and won’t burst into flames.

Remember the self-winding watch?
Well, consider this: thanks to a
lab accident, you could eventually
charge your smartphone just by
walking around.

Better batteries.

From electronics to vehicles to
household electricity, batteries
are key to unplugging — or, at
least, plugging in less often.
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QUOTED
 Says Huff:
“My adviser had been
dreaming of testing these
circuits for, like, 10 years
before we actually managed
to do it using this tool.
Moving individual atoms is
a little bit harder than you
would think it is.”

People-Friendly
Energy Projects
by cailynn klingbeil

 Says Liu:
“We’ve just built a bridge
between science in the
lab with a real application.
We’ve bridged the gap.”

 Says Xie:
“There are so many cars
in the world. If we use
electrical vehicles based on
clean energy, there will be
much less emissions and
pollution.”

What comes to mind
when you think of
“energy”? Maybe wind
turbines, a pumpjack or
turning on a light switch? To
one PhD student in the
School of Business, her first
thought is of people. “The
whole point of getting
energy is to make people’s
lives better,” says Maggie
Cascadden. But sometimes
the way energy is produced
can have a negative effect
on people living nearby.
Cascadden wants to
change that by finding ways
to make our energy projects
more people-friendly.

THE CHALLENGE:
What’s the best way to involve
communities living near energy
developments in the decision-making
process?
THE RESEARCH:
Develop a framework that planners
can use to engage nearby communities
to ensure they see benefits from the
projects
THE PLAYERS:
PhD students Maggie Cascadden and
Kylie Heales, working under business
professor Dev Jennings

ILLUSTRATIONS BY STEVEN P. HUGHES

Cascadden’s
background is in best
practices for Impact
Benefit Agreements. These
negotiated contracts,
usually between First
Nations communities
and resource developers,
are meant to ensure
communities receive
tangible and, hopefully,
long-term benefits
from nearby resource
development, rather than
just incurring the costs.
In such an agreement,
a community affected by a
mining project, for example,
could gain infrastructure,
skills and jobs at all
points of the project,
Cascadden explains. Bestpractice criteria include
empowerment, respecting
local land and culture,
and communication and
understanding.
Though Impact Benefit
Agreements have been
around for years, some are
stronger than others. A
framework for community
consultation would make
the process smoother
and ensure communities
negotiating such an
agreement for the first time
have a full picture of the
possibilities.
“It’s really important

we figure out a way
to adequately and
appropriately involve the
people who are next to big
development projects,”
Cascadden says, “so, even
though they happen to be
next to it, they’re not doing
worse off than the people
who are far away.”
Currently, Cascadden,
alongside PhD student
Kylie Heales, is working
under business professor
Dev Jennings to determine
how to ensure the
people and communities
near constructed
wetlands are involved
in the development and
reclamation process.
Constructed wetlands
are systems that simulate
the properties of natural
wetlands, nature’s water
decontamination system.
Researchers in Alberta are
researching constructed
wetlands to reclaim
tailings ponds. Heales’
and Cascadden’s project,
in the early stages with
a pilot study rolling out
later this year, could lead
to fresh ways of doing
business — and not just
for companies reclaiming
tailings ponds.
The framework for
consultation will provide
them a guide to involve
communities effectively
for this project and, with
some adjustments, to many
types of future projects that
affect local communities.
“I’m excited because
I think the results of this
project will help make
our energy systems more
people-friendly throughout
the process, not just [at]
the end point of having
energy to power our lives,”
Cascadden says.
newtrail spring 2019
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TURNING WASTE
INTO FUEL
Forge Hydrocarbons
David Bressler, ’96
BSc(Hons), ’01 PhD,
professor of agricultural
food and nutrition
sciences

FROM RESEARCH
TO REALITY
Turn your windows into solar panels,
plus more ingenuity from U of A
spinoff companies
by michael brown

what if every window
on a downtown skyscraper
was its own little solar panel,
collecting the sun’s energy
and creating electricity?
The idea isn’t new. But one
company has taken a big step
toward making this a reality
with the help of tiny silicon
dots that have the power
to create, well, power, and
revolutionize urban spaces in
the process.
Applied Quantum
Materials, a U of A spinoff
founded by chemistry
professor Jonathan Veinot
and David Antoniuk, ’78
BSc(ElecEng), ’83 PhD,
is already conducting
commercial tests of
its luminescent solar
concentrator technology.
Luminescent solar
concentrators have long
shown promise in the quest
to retrofit buildings. The
silicon-based film showcases
a specialty of Veinot’s U of A
chemistry lab: quantum
dots and nanomaterials. The
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film collects sunlight — both
direct and diffuse — and
channels it to photovoltaic
cells inside window frames.
In January, AQM received
$420,000 in clean technology
development funding
from Alberta Innovates, an
organization that speeds
research to market.
While still a few
years from being ready
for market, the product
creates solar potential for
downtown towers that
have a lot of glass and small
rooftops. The company is
working with partners All
Weather Windows and PCL
Construction to conduct the
tests.
“We hope to demonstrate
that our technology will
revolutionize the building
industry,” says Antoniuk.
U of A research has
spawned other energyrelated companies. Here is a
look at a few of them. –with

files from mara simmonds,
’89 ba, ’90 ba(speccert)

Forge Hydrocarbons
transforms waste fats
and industrial oils into
hydrocarbons such
as diesel, gas and jet
fuel. This technology
uses pressure and
temperature, like the
geological conditions
that created crude
oil — except in a matter
of hours, not millions
of years. Forge plans to
open a demonstration
plant in Sombra, Ont.,
that is projected to
produce 19 million litres
per year of renewable
liquid hydrocarbon.
forgehc.com

DELIVER ELECTRICITY
THROUGH A
SINGLE WIRE
WiDyne Technologies
Pedram Mousavi,
engineering professor,
Adam Maunder, ’12
BSc(EngPhys), ’13 MSc, and
Telnaz Zarifi, ’16 MSc

After developing
technology to transfer
electricity through
a single wire (rather
than the double wires
currently used), the
researchers behind
WiDyne have teamed up
with Edmonton-based
Landmark Homes and
Levven Electronics
(which also began at the
U of A) to save money on
home construction.

WASTES NO MORE
AdvEn Industries

FASTER, CHEAPER,
SMALLER
COMPUTING
Quantum Silicon
Robert Wolkow, physics
professor

Quantum Silicon uses
atomic level science
and “quantum dot”
technology to create
the same binary state
used by computers (1s
and 0s) — but using
only a fraction of the
physical space and
only one-thousandth
of the electricity. (More
on page 32.) Past
partners have included
U.S. technology giant
Lockheed Martin, which
provided funding through
an agreement with the
Alberta government.
quantumsilicon.com

Weixing Chen, professor
in chemical and materials
engineering

AdvEn Industries
provides materials for
making electrodes such
as supercapacitors or
lithium-sulphur batteries
using Alberta oilsands
wastes, agricultural
wastes, recycled plastics
and biochar (a type of
charcoal produced from
organic waste matter). In
particular, the company
provides high-end
specialty activated
carbons, which are highly
porous, for applications
such as energy storage
and gas adsorption. It
has completed pilot
trials of three to five
tons per year and is now
waiting for funding to
build a 100-ton-per-year
demo plant in Edmonton.
adven-industries.com

Indigenous Workers
Tell Their Stories
Social sciences and humanities help us examine
the challenges of energy systems by mifi purvis, ’93 ba
As our methods of generating and consuming power change,
we need to look at the big picture. More than asking technical
questions, it will take thoughtful research from all fields of study.
Angele Alook, ’02 BA, ’05 MA, spends a lot of time thinking about the
social, economic, labour and gendered aspects of our energy use. She
co-wrote a report for the Parkland Institute — a donor-supported,
non-partisan research institute — that examined the experience of
Indigenous people working in oil and gas. She shared some insights.
How do social sciences and the humanities fit into energy research?
Literature and art reflect society around us, and right now we’re
witnessing a transition in our energy systems. In the past 200 years,
society has become dependent on fossil fuel consumption. Social sciences
and humanities examine the impacts of this and help us imagine a future
in which this isn’t the only source of energy. They let us look at what that
means for our economy, our relationships, what it means for men and
women, for Indigenous Peoples who are stewards of the land and settler
people who want to mitigate climate change. Social sciences also help us
articulate the stories we tell about resource extraction.
What prompted you to interview Indigenous oil and gas workers
about their experiences? There’s emerging research into educational
barriers that Indigenous Peoples face finding work in oil and gas but we
didn’t know much about their experiences once they were at work in the
industry. For this project, I asked 16 Indigenous workers from Wabasca,
employed in a range of oilfield occupations, to tell me their stories. (Over
three energy futures projects, I completed 50 such interviews.) I also relied
on Indigenous knowledge systems to guide my research, complementing
my sociological approach.

SHARLOTTA / ALAMY

What did you find? Four primary qualitative themes emerged: career
mobility, effects on families, the boom-and-bust nature of the industry,
and the ramifications of living in a region dominated by resource
extraction. Sound familiar?
Yes, those are the same kinds of concerns you’d find among all oil
workers. How did the group in Wabasca differ? Our research indicated
that these workers have extra layers of concern, including fewer
opportunities for promotion. “It was harder for me to move up,” said one
Indigenous worker. “Even if I was better than someone else, they’d move
up faster … usually the white guys.”
At the same time, the workers we interviewed live in the area, they
have homes and extended families nearby, whereas workers from outside
live in camps far from their homes. We found that these connections to
home helped Indigenous workers counter some of the negatives.

What about people working for
Indigenous-owned companies?
People in these companies experienced
less discrimination and had more
avenues to advance their careers. But
Indigenous-owned companies that sell
goods and services to oilfield companies
had to overcome stereotypes. One man
from Wabasca said, “We’d have to really
sell our people.” Respondents
said these companies
have to counter
THE CHALLENGE:
discrimination not faced
How does the
by other businesses.
experience of rural
Also, Indigenous-owned
Indigenous oilfield
companies have imported
workers, on and
off reserve, differ
a system of capitalism
from that of other
that threatens to
workers?
entrench an imbalance
into small communities,
THE RESEARCH:
For the Parkland
moving them away from
Institute, Angele
Indigenous social systems
Alook interviewed
focused on the collective
Indigenous people
good and family networks.
at work in oil and
gas. Social science
researchers wanted
to fill a knowledge
gap about the
experiences of these
workers.

There must be a way
forward. It is a complex
and nuanced relationship
between the industry
and these workers. The
THE PLAYERS:
main issues we have
Angele Alook, ’02 BA,
to face are related to
’05 MA, researcher
our
colonial history
Ian Hussey, and
and lie in Indigenous
Department of
Sociology grad
Peoples’ relationship to
student Nicole Hill
the land. Despite being
residents in the area and
most closely affected
by industry, the Indigenous people we
interviewed were aware of the sharp
irony that they are not the primary
beneficiaries of the industry — rather
companies and governments are. They
report feeling cut off from the land, that
it has been taken from them. I believe
solutions lie in looking to our treaties,
taking to heart the UN Declaration
on the Rights of Indigenous Peoples,
and creating conditions for better
self-governance and nation-to-nation
negotiation. It’s complicated, with no
one formula to solve it. Research based
in social science is key to developing
better policies as industry changes.
Angele Alook specializes in labour market analysis,
paid and unpaid labour and social policy. From the
Bigstone Cree Nation, she’s part of the Corporate
Mapping Project team at the Parkland Institute, and
Just Powers, a group of feminist scholars studying
how energy generation and use shapes society.
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Could an old technology answer
some modern problems?
by mifi purvis, ’93 ba
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WONDER WHEEL

energy is all around us — it can be
harvested from sources such as wind,
sun and moving water — but it’s still
difficult to store effectively. Working
under the supervision of Pierre Mertiny,
researchers are chipping away at the
challenges and high costs of energy
storage. One possibility is the new use of
an old technology: the flywheel.
You know, almost intuitively, how
the mechanical energy storage system
called a flywheel works. Think of a footoperated sewing machine or a spinning
top. Both collect and store kinetic energy
in the flywheel, and release it when
needed, typically over a short time.
Mertiny’s team is using flywheel
technology to build a mechanical battery
that stores surplus energy from any
source to ensure it’s available for high
demand or acute energy needs, such as
during peak electrical consumption or
sudden power outages.
Flywheels are energy dense, meaning
they’re ready to supply power in quick
bursts to deal with those spikes in use.
“Flywheels are good at providing high
power — a lot of energy in a short time,”
says grad student Miles Skinner. They are
also great in low temperatures, a limiting
factor for chemical batteries, as anyone
trying to use a smartphone outdoors in
winter can attest. Plus, chemical batteries
can contain materials that are hazardous
to the environment.
A body in motion will
stay in motion unless
THE CHALLENGE:
something is acting on
How do we create
it to slow it down. In a
better storage for
flywheel that something
renewable energy?
is friction, which reduces
the kinetic energy storage
THE RESEARCH:
Adapt a centuriesand results in energy loss.
old technology to
The team has worked
meet today’s energy
to address the friction
storage needs
problem, including
THE PLAYERS:
designing a vacuum
Graduate students
enclosure and employing
Miles Skinner,
low friction bearings to
’17 MSc, and
limit losses. Skinner is
Balakrishnan
working on a different
Nagarajan, working
under Pierre Mertiny,
aspect of this problem:
’05 PhD, and Ahmed
the buildup of force.
Qureshi, professors
The flywheels that
of mechanical
the team is working on
engineering
rotate fast, around 20,000
to 40,000 revolutions per

minute in some prototypes. “An electrical
engineer might be concerned with how
to add or take out energy,” Skinner says.
As a mechanical engineer, he explains
his concern is with the force that builds
up in the rotating flywheel. “The forces
are enormous. It can tear itself apart,”
he says. He is studying the behaviour of
flywheels over their service life, stress
and strain buildup in a flywheel, and
how to use the information to improve
the next generation of flywheel energy
storage systems.
Flywheels are already in use in some
European trains, where they collect,
store and release kinetic energy from the
vehicles’ braking systems. Another big
potential application for a flywheel is in
energy utility grids.
Utility companies can use stored
kinetic energy as a buffer, stabilizing
the frequency of their grid, mitigating
power fluctuations, blackouts and spikes
in demand. While only certain parts of
current flywheel systems are recyclable,
Skinner believes that challenge can be
overcome. In the meantime, they have
an exceptionally long life, 20-plus years,
he says.
Mertiny’s group, which started
in 2006, is making prototype energystoring flywheels. Their next challenges
include extending energy storage time
from minutes, which would be useful
when operating a train or a bus, to
hours or days, which would be useful in
energy grids. And they need to make it
cost effective. The team did some initial
work to design flywheels for residential
solar installations to collect solar energy
and store it to power homes through
times the sun isn’t out or when the home
is hungry for more energy that the
installation can give.
The winning formula will come from
interactions among multiple energy
sources and the ways we integrate the
new ones into our energy infrastructure.
The magic of how we power ourselves in
the future is at this point of interplay.
“Energy storage and generation will
be multi-faceted,” Skinner predicts. “We
have to ask how can we maximize the
benefits to get the most of various
sources. No single one is the best, but all
of them will have their place.” –with files
from rich cairney

What’s Coming on
the Energy Horizon?
We asked some alumni working in the
energy sector to tell us what they see as
the biggest challenges in the next five to
10 years. Here’s what they had to say.

“Society’s expectations of the industry are changing
rapidly, including the expectations the next
generation of workers have of employers. Companies
will need to recruit and manage people differently
to attract top talent if they want to make the
technological advancements that are required to
continue moving the industry forward.”
Mavis Ure, ’03 BSc(ChemEng), director of tailings operations and
chair of the Women’s Leadership Development Network, Suncor

“We need to think about it as
a two-part challenge. First,
our economy is critically
tied to Alberta’s oil and
gas sector being globally
competitive on both cost
and carbon. The value
this sector generates will
allow Alberta to transition
to more diversified energy
offerings with opportunities
to export our technologies
and expertise worldwide.
This lets us address the
second part: transitioning
the consumption of energy
in Alberta to low-carbon
emissions solutions.”
Candice Paton, ’06 BSc(MechEng),
executive director of clean technology,
Alberta Innovates

“Alberta’s largest
challenge will be how
we carve our niche
in a rapidly changing
global energy system.
We are global energy
superpowers, but
have yet to shift our
focus to the changing
landscape in this global
system. Our collective
expertise needs to spend
significantly more time
thinking through how
we generate profits and
deliver value in a world
that is moving toward
electrification and
decarbonization.”
Sean Collins, ’09 BCom, president,
Terrapin Geothermics

“One of the biggest challenges is finding ways
to produce our energy in a sustainable and
environmentally responsible way. One way to tackle
this is with automation and new technologies to
improve the processes that already exist.”
Nicolas Olmedo, ’10 BSc(MechEng), president and founder, Copperstone Technologies
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