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Could algae replace
petroleum as the
next big fuel source?
Scientists at ASU
and all over Arizona
are playing with
pond scum for a
living to find out.
BY KERIDWEN CORNELIUS
PHOTOGRAPHY BY BRIAN GODDARD
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Algae grows in troughs
at Phyco Biosciences’
facility in Casa Grande.
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t the outdoor facility of Arizona State University Polytechnic’s Laboratory for Algae Research and Biotechnology, the
afternoon sun ﬂashes on rows of ﬁsh tank-like bioreactors
bubbling with emerald-toned algae blooms. Nearby, creaking paddles churn shallow vats of army green scum soup,
and jumbo test tubes ﬁzz with what look like the staples of
smoothie shops: orange juice and wheatgrass juice.

A

These are the bright, living ancestors of the dark, dead liquid
that rules the world. For if you buried these colorful concoctions
underground, waited several hundred million years, then delved
back down, up would gush a greasy, jet-black geyser of crude oil.
And therein lies the crux of the global energy crisis: time. If it
didn’t take the planet several hundred million years to fossilize algae into crude, there would be a constant, ready supply. Instead,
according to OPEC, the Earth has a ﬁnite 1,300,000 million barrels
of crude oil, and we gulp 85 million barrels a day.
Tick, tock. Tick, tock. Tick, tock.
Which is why what the ASU scientists are doing is so revolutionary: They’re turning those several hundred million years of chemical reactions into a few days.
“All we’re doing now is having the algae do the same thing [as
petroleum], but we can do it directly from living organisms, and
then it becomes a renewable fuel,” says ASU algologist Milton Sommerfeld.
According to some scientists, the United States could potentially meet all of its annual energy needs by devoting 2 percent of
its land to algae.
One might expect to ﬁnd the algae-friendliest land in the
country’s moist, mildewed corners – the Florida wetlands or Forks,
Washington. But no. A 2009 study by the National Renewable Energy Laboratory rated six top locations around the world that could
potentially produce the largest supply of algae biofuel. The No. 1
place? Phoenix.

The Battle of the Biofuels
Slime is stepping into the limelight. This June, the U.S. Department of Energy funneled $24 million into algae biofuel research,
$6 million of which will go to ASU. Last summer, ExxonMobil pumped
$600 million into synthetic algae biofuel. Bill Gates, the Rockefellers
and other trusts have pooled together $100 million to an algae gasoline startup. Boeing launched the Algal Biomass Organization, which
will hold its international summit this September in Phoenix.
If this hullabaloo is causing déjà vu, there’s a reason. In the past
few years, a parade of crop candidates has promised to be the next
big biofuel source. Corn, soy, sugarcane, switchgrass – they seemed
like they had all the answers, but they turned out to be greenhouse
gas producers in eco-friendly clothing.
The energy chain required to make ethanol from corn – diesel farm
machinery, nitrogen fertilizer made from natural gas, pesticides made
from petroleum, distillation plants that burn coal or natural gas, and
yeasts that expel carbon dioxide – emits about as much greenhouse
gas as it replaces. Plus, converting food cropland to biofuel farms
shrinks global food supplies, jacks up global food prices, and requires
converting forests or grassland into food cropland.
All told, producing biofuels from crops like corn contributes
twice as many greenhouse gases as the same amount of gasoline,
according to a 2008 study by Princeton researchers.
It’s not the plants’ fault. They can’t be blamed for having needy
things called roots. But the fact that algae don’t have roots is what
separates them from all the other biofuel crop candidates.
Let’s look in the rearview mirror: 3.5 billion years ago. Earth’s
atmosphere was a cauldron of carbon dioxide lanced by lightning
bolts and rocked between roller coaster temperature swings. Almost no life forms existed or had any hope of existing.
Until blue-green algae bubbled onto the scene. These single-
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carbohydrates can make products ranging from food to
ethanol. The oil is reﬁned to make car-ready diesel or,
through a more expensive process, gasoline or jet fuel.
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ndustries produce carbon dioxide, which is fed to algae that
can grow in open ponds or troughs, or closed bioreactors
made of plastic or glass. Exposed to sunlight, algae can double
its biomass daily and can be harvested daily.
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Phyco Biosciences’
George McNeely holds
algae pellets that can be
used as livestock feed.
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celled organisms were adaptable, evolving through trial and error
to thrive in ice, desert, soil and saltwater. They learned to dine on
sunshine, converting it into energy. They gobbled carbon dioxide
and released it as oxygen, so that over hundreds of millions of
years, they transformed the Earth’s unlivable CO2 atmosphere into
an oxygen-rich one that gave rise to life as we know it.
Yes, algae are pond scum. But they are also little green Adam
and Eves.
So it’s no surprise that scientists later sought help from the single-celled heroes that once saved the world from CO2. In the wake
of the 1973 oil crisis and Middle East fuel embargo, the U.S. Department of Energy (DOE) reached for a life preserver in the form of
alternative, sustainable, domestic fuel. In 1978, they launched the
Aquatic Species Program to learn how to produce fuel from algae.
Algae, they reasoned, are nature’s fastest growing plants. Because they have no roots, they can grow in all directions, doubling
their biomass within hours. Farm crops are harvested once a year.
Algae are harvested once a day. In one year, one acre of soybeans
produces 48 gallons of biodiesel; one acre of corn makes 350 gallons of ethanol. In the same amount of time and space, they calculated, algae could potentially produce 1,000 to 6,500 gallons of oil.
Because algae have no roots, they can grow in saltwater, wastewater ponds or stacked aquariums, so they don’t take up valuable
cropland or aﬀect global food prices.
Algae farms can be located next to coal-ﬁred power plants,
where they’ll gobble the CO2 emissions, release the oxygen into the
air and convert the carbon into their biomass. Algae are so good
at this that, though they make up less than 1 percent of the Earth’s
plant biomass, they produce 60 percent of the world’s oxygen.
The DOE identiﬁed the key resources necessary for successful
algaculture: sunshine, available land and saltwater. “[They] found
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that the best place was the sunny Southwest,” Sommerfeld says.
The Aquatic Species Program contracted with Sommerfeld and
other scientists to scour the Southwest for algae strains best suited
for making biofuel. They collected almost 1,500 strains at 150 sites.
Over the next several years, they made huge strides in identifying and
manipulating algae strains and engineering production systems.
But by 1996, oil was cheap again. Americans were riding high
on their Hummers with no stop signs in sight, leaving more expensive alternative fuels to choke on their exhaust. The Aquatic Species
Program screeched to a halt.
Sommerfeld and other scientists continued to toil quietly and
with little funding, biding their time until rising oil prices led people to turn once again to algae.

Scum at Work
Think of ASU’s Laboratory for Algae Research and Biotechnology (LARB) as a training camp for algae athletes. “ We pick the best
athletes, and the best athletes get to play on the big ﬁeld,” Sommerfeld says. “If they’re not good athletes, they don’t get to go out
there. Because it’s too expensive and too time consuming.”
On the biofuel playing ﬁeld, the best algae athletes are fast-growing, ravenous and fat-ﬁlled, and they don’t mind crowds and don’t
stick to the sidelines (the test tube walls). Of the million or so algae
strains in the world, only a few hundred have been deemed worthy to
reside in the refrigerators and bubble in the vats at LARB.
Once the scientists identify the optimum strains, they put them
through an experimental regimen. Some stay in reactors inside the
lab, others go outside into ponds of varying depths churned by paddles of varying speeds, or in bioreactors facing varying directions.
All the variables are being tested to optimize the growing process,
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At ASU’s Laboratory for Algae
Research and Biotechnology, algae
grows in indoor bioreactors (left)
and outdoor pools (above).

Sommerfeld says. Next, the algae are put to work at tasks that vary
from dirty jobs to white-collar careers.
Job No. 1: chemical waste cleaner.
Agricultural runoﬀ is a slurry of fertilizers, pesticides and fecal
matter that contaminates the water table and eventually seeps into
lakes and oceans, killing plant and animal life. People in rural areas
may dig wells and pump up this poisonous water, which is saturated with nitrates and phosphates that can cause brain damage and
blue baby syndrome. But to algae, it’s a mocha latte.
The ASU scientists have loaded algae bioreactors onto a truck,
trundled down to dairies and wells, ﬂushed the wastewater through
the voracious algae, and put it back Evian-pure.
“ To give you an idea of how fast algae will take nitrate out of the
water,” Sommerfeld explains, “the maximum contaminant you can
have in water and still use it is about 10 parts per million, and in this
case you go from 30 to less than 10 in 12 hours. With phosphorus, we
can take it from about three to four times the maximum contaminant level down to basically non-measurable within 30 minutes.”
Job No. 2: food and product manufacturer.
Algae is high in protein that can be used to make animal feed,
dietary supplements, and red and green ﬂour that is all the rage at
the LARB’s Christmas parties. The carbohydrates in algae can be
pulped into paper or fermented into ethanol. The fats make excellent omega-3 supplements, and can be used to make anything petroleum makes, says ASU professor Mark Edwards, author of Green
Algae Strategy. “ Today we make all kinds of things out of fossil fuels.
Tomorrow we can make those things out of algae.” That includes
biodegradable plastics, asphalt, tires, lotion, cosmetics, fertilizers,
preservatives and, of course, fuel.
Job No. 3: biofuel producer.
In 2006, Arizona Public Service Co. (APS) became the ﬁrst organi-

zation to siphon oﬀ CO2 emissions from a power plant, feed it to algae,
and turn the crop into transportation-grade biodiesel and ethanol,
says Steven Gotfried, renewable energy spokesman for APS.
The company’s Redhawk plant, about 60 miles west of Phoenix,
was a test facility for Massachusetts-based GreenFuel Technologies’ space-age algaculture system. APS was curbing its CO2 emissions, and executives cruised around in Fords fueled by vegetable
oil-scented algae biodiesel, which doesn’t cough up black soot particulates because it was never fossilized like petroleum, ASU’s Edwards explains.
Studies suggest that fuels from cellulosic sources like algae
could cut greenhouse gas emissions by 90 percent. Trucking company J.B. Hunt tested a half algae biodiesel/half diesel blend in its
tractor-trailers, resulting in an 82 percent cut in particulate emissions but no reduction in power.
Algae fuel does emit carbon dioxide, but most scientists consider it carbon neutral because CO2 was taken out of the atmosphere
in order to make it. “So it’s a recycling of the CO2, versus now we’re
burning petroleum and all this new CO2 is released into the atmosphere,” Sommerfeld explains.
With no alterations, algae biodiesel can be pumped into diesel engines, which include ships, semi trucks, trains, construction
equipment, diesel vehicles and school buses (which currently belch
carcinogenic petroleum diesel onto children). San Diego-based
Sapphire Energy, the company funded by Bill Gates and the Rockefellers, is making algae gasoline that ﬁts into the current infrastructure of pipelines, reﬁneries and gasoline-burning engines.
With certain modiﬁcations, algae fuel can even ﬁt into the infrastructure of the airlines. Sommerfeld and his colleague, Qiang Hu,
patented a process to reﬁne algae oil into jet fuel. Time magazine
called it one of the top innovations of 2008. Continental Airlines
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Algae products on display at
ASU Polytechnic’s laboratory.

and Japan Airlines have already juiced their jets with algae fuel
blends and successfully test ﬂown a 737 and 747.
Unfortunately, GreenFuel Technologies did not take oﬀ. The
company crashed – a victim of the recession, spokespeople stated,
though the fact that the system cost twice as much as expected may
have made failure inevitable. APS’s algae fuel experiment ended.
At the same time, algae biofuel startups and programs nationwide collapsed, and the reality of the industry’s expense sank in
like big, fat algae cells settling to the bottom of a scummy vat.

The Cost of Green Gasoline
The elusive quarry everyone in the algae industry is chasing is
a number: the cost of a gallon of algae biofuel. The numbers that
pop up aren’t encouraging. A case study of GreenFuel Technologies’
algae model by the University of Queensland in Australia put the
ﬁgure at $20.31 per gallon. Colorado algae company Solix Biofuels
said last year it could make algae fuel for $32.81 per gallon.
“Algae typically costs between $5,000 to $10,000 a ton to produce,” says Michael McCloud, business developer at Phoenix-based
Phyco Biosciences. “ With biofuel’s value at $400 a ton, it doesn’t
make a whole lot of economic sense to grow algae for biofuels.”
Not yet, he says. But he and others believe that day will come.
Hu told The Arizona Republic last year that their goal was to bring
the price of algae biofuel to $2 a gallon in the next three years.
“Keep in mind, what did it cost to produce the ﬁrst barrel of oil?”
Sommerfeld says. “ What it costs to produce the ﬁrst one is not what
it’s going to cost to produce the tenth one or the thousandth one.”
Also keep in mind that it matters less now what the ﬁrst barrels
of oil cost than what the last barrels will cost. Or what a gallon of
gasoline really costs now. A 1998 study by the International Center
for Technology Assessment factored in tax and program subsidies,
protection costs, environmental and other costs and estimated the
real price of a gallon of gasoline was between $5.60 and $15.14.
Still, increasing algaculture eﬃciency enough to get the price
from $20 or $30 to $2 takes a signiﬁcant amount of time, money
and risk. How do algae businesses, and the industry as a whole,
take that leap into the unknown? And should they?
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The Step-by-Step Scum Plan
The answer may lie in Casa Grande, down a dirt track, past several thousand dairy cattle to 40 acres of barrenness broken by a
humble beige trailer and six long, scummy troughs. It looks a lot
less scientiﬁc than the ASU laboratory. And that’s exactly the point.
This is the production facility for Phyco Biosciences, an algae
company started by Ben Cloud and Michael McCloud. Their background is agriculture, so they view algae not through the microscope lens of the laboratory but from the broad, businesslike perspective of a farmer surveying his ﬁelds.
“ We look at [algae] as a crop,” McCloud says. “If you’re looking
at it as biotechnology, it makes sense to look at it in a laboratory. If
you’re looking at selling this as a commodity, it’s got to be managed
on an agricultural basis.”
By the end of the year, these 40 acres will be striped with 148
troughs, dug systematically by tractors that simultaneously lay
down a high-tech liner and a simple but ingenious aeration system that uniformly supplies algae with CO2. They may look less cool
than paddled ponds or bioreactors, but they reduce capital cost by
30 percent and operation cost by three times, McCloud says.
Phyco Biosciences is not funded by any government grants.
They’re betting the farm because most of the grants are researchfocused initiatives that would set them back years, McCloud says.
“ We’re ready to go to market now.”
They have a long-term business plan. Step 1: food additives and
dietary supplements. Step 2: animal feed. Step 3: biofuels.
“The reason we’re going to the food market right now is that
we’re looking at prices between $12,000 to $18,000 a ton for that
product,” McCloud says. “But naturally, those are very small markets. We’re talking 100 tons a year.”
If regulatory issues can be hurdled, the next step is feed. Algae
are rich in omega-3s and ideal as a supplement to the diets of cattle
and ﬁsh, which are fed largely on low-omega-3 corn instead of their
natural diet of high-omega-3 grass or algae. The result is animals
that are less healthy and meat or milk that is lower in omega-3s.
With algae supplements, McCloud says, “the animal gets the
nutritional beneﬁt, as well as passing it on down the food chain.
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So the animal overall is healthier and less susceptible to disease,
the animal’s oﬀspring are healthier, and then the products, whether
they be milk or meat, are healthier.”
Supplementing cattle’s diet with algae also makes economic
sense, says operations manager George McNeely. “There have been
studies that suggest it can reduce the cattle’s daily feed ration by
10 percent, which equals about 75 cents per cow per day. When you
have 3,000 cattle, that’s a substantial savings.”
Translation: Algae for feed could be green gold.
“Feed opens up the opportunity to move to hundreds of thousands of tons, and that’s where production expands rapidly to meet
demand, and we gain the operational knowledge to further reduce
cost,” McCloud explains. “Once we’re at that size and scale, that’s
when we feel that biofuels is really going to start becoming a reality.... As we begin oversupplying the markets, algae becomes more
and more like a commodity, and once we hit that point of saturation, then it starts making sense to press the oils out and start selling those oils into another market like fuels.”
Phyco Biosciences wants to become the bellwether for the burgeoning algae industry in Arizona. “I think there’s a lot of pent up
demand,” McCloud says. “And I think as soon as someone is able to
demonstrate a sound business model for algae, there’s the potential
for the powder keg to explode.”

Oil yield comparison of crops
(Gallons per acre, annually)

Algae: 1,000-6,500

Oil Palms: 635

Algae in Arizona
Brad Biddle and Eric Johnson drive around Phoenix in vehicles
that smell like French fries. They’re not making a fast food documentary. They’re ﬁlling up with biodiesel made from local restaurants’ used frying oil. They’re so passionate about local, alternative
fuel that they started the nonproﬁt Desert Biofuels Initiative to help
kick-start the biofuel industry in the Valley.
“Arizona currently sends $4 billion out of the region to pay for
fuel,” Biddle says. To promote keeping some of that money in the
region, they held conferences, corralling the state’s biofuel businesses, many of which work with algae.
There’s Gilbert-based Diversiﬁed Energy, a renewable energy
company developing economic algae cultivation; Scottsdale-based
PetroSun, a diversiﬁed energy company whose algae farms were featured in the recent documentary Fuel; Gila Bend-based Desert Sweet
Biofuels, a shrimp farm experimenting with algae; Scottsdale-based
Energy Derived, which makes solar drying technology for algae; Overgaard-based nutraceuticals startup Algae Biosciences; and Arizona
BioIndustry Association (AZBio), a trade organization that represents
all aspects of the biosciences and has a strong interest in algae.
Then there’s Scottsdale-based Heliae, working with ASU to create
an algae jet fuel business. And academic programs like ASU LightWorks, the multidisciplinary solar and biofuels eﬀort that earned the
DOE’s $6 million grant, and the University of Arizona, which received
about $3 million from another DOE grant last January.
But not everything has been rosy for this bloom of algae businesses.
Some companies are merely dabbling in algae, many are struggling to survive, and others have gone under. Grants have been lost
and hopes dashed by the recession. However, the consensus among
those that survive is not that the algae industry has gone stagnant
but that the weeding out of unsound business models and white
elephant programs is just Darwinian economics at work.
Still, nobody thinks the algae industry is booming in Arizona,
but everyone involved thinks it should be. “I think everybody thinks
the same as I do – that we could become the main hotspot of algae
research,” says Robert Green, president and CEO of AZBio.
Last March, AZBio launched the Arizona Algae Workgroup, a

Jatropha:
202

Source: U.S.
Department of Energy

Sunﬂowers: 102
Camelina: 62
Soybeans: 48

collaborative eﬀort Green says has been so successful that industry specialists in California and the government of Chile want to be
part of it. They’re working hard to prepare for the Algae Biomass
Summit, which will be held in Phoenix September 28-30. More than
800 leaders in the algae industry from around the world will be attending the conference at the JW Marriott.
“The eyes of the world algae industry will be on Phoenix for
those few days in September,” Green says. “It’s the perfect platform
to show who we are and what we’re accomplishing.”
“ We really have the opportunity to be algae central here, given all
the natural resources and research resources,” Biddle says. “The way
that the semiconductor transformed Silicon Valley, I think that algae
could transform another region, and I really think it should be us.”
Algae will not be the knight in scummy armor that single-handedly solves the energy crisis. Experts agree that an assembly of strategies – algae, solar, wind, electric, waste oil biodiesel, increased efﬁciency, etc. – must inherit the Earth when King Petroleum kicks the
bucket. Numerous variables make it impossible to calculate a time
range, but in overly simplistic terms, 1.3 trillion barrels of proven
crude oil reserves divided by the 85 million we use per day equals
42 years. As crude resources dwindle, forces of supply, demand and
scarcity will trigger an energy crisis of epic proportions.
And in the time it took to read this article, the population used
up another 1 million barrels of oil.
Tick, tock. Tick, tock. Tick, tock.
— Keridwen Cornelius can be reached at
kcornelius@citieswestpub.com.
PM
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