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A Le tter from 

biofueLne t CAnAdA’s 

Sc ie ntif ic D irec tor

Dr. Donald L. Smith

Scientific Director

BioFuelNet Canada

 In this 2nd volume of BioFuelNet’s Fueling Success magazine, we are thrilled to highlight some key examples of 

innovation stemming from our early investments. Thanks to funding provided by the Networks of Centres of Excellence 

program and the contributions of over 150 partner organizations, we certainly have a lot of progress to report! 

 Within this volume you will read about novel approaches to producing biomass on marginal lands, new techniques 

to increase sugar yields from that biomass, innovative process technologies to increase the efficiency of biofuel manufac-

turing, and exciting developments in engines that use these new renewable fuels. We are fortunate to benefit from such a 

broad range of expertise within our network; this mix is essential for us to collectively address the barriers that have so far 

been holding biofuels back.

 BioFuelNet has recently restructured our research program around 10 focused projects and 6 multi-disciplinary 

task forces to allow us to better work together to help move this industry forward. As a result of this restructuring, it is now 

easier than ever to get involved in the network and contribute to finding a collective solution; please visit our website (www.

biofuelnet.ca) and contact us if you would like to become a part of our community.

 In the coming months and years, BioFuelNet will continue to push for innovation that has an impact on Canadians, 

through cleaner air, a stable supply of renewable energy, agricultural sustainability and good jobs. The present report really 

just provides a glimpse of things to come.

  

  Kind regards,



Garret Munch radiates enthusiasm – especially 
when he gets a chance to talk about his passion: clean 
energy. “You have to admit,” says the University of Mani-
toba graduate student, as though anticipating an objec-
tion, “biofuels are cool.”

When Munch began working on his Master’s degree 
in engineering, he had his sights set on producing bio-
diesel. Fresh from an undergraduate degree in biochem-
istry, “I was eager to apply my science background to the 
real world,” he says. The idea of using vegetable sources 
of biodiesel quickly caught his fancy. “I was convinced it 
was the greatest idea since flux capacitators,” he recalls. 
“This was the future, and I was going to be part of it!” His 
enthusiasm ran into the hard wall of reality when he read 
this sentence: Increasing demand for vegetable-based 
biodiesel has caused an increase in food prices world-
wide. “I decided I didn’t want to contribute to the prob-
lem,” he says.

Munch wasn’t about to give up on his dream, though; 
he just had to find a different way to grow his biodiesel 
precursors. Enter a little-known yeast strain called Rho-

dosporidium diobovatum.  “Another student in my lab 
group had published a paper on the ability of different 
yeast strains to produce the fatty acids that serve as pre-
cursors to biofuels,” says Munch. “It turns out the diobo-
vatum was one of the high producers.”

Munch wasted no time putting the strain to the test 
in Dr. Cicek’s lab. He soon found it had star quality: not 
only did it grow very fast and produce fatty acids in abun-
dance, but it could metabolize a number of different car-
bon sources, one of them the glycerol recovered – iron-
ically enough – from the sludge left over after producing 
biodiesel from vegetable oil. 

The hard-working yeast strain also intrigued Munch’s 
project supervisor, University of Manitoba engineer-
ing professor Dr. Nazim Cicek. Munch had proven the 
strain’s worth in a laboratory flask. But what kind of yield 
would it produce on a larger scale? In bottom-line terms, 
“We wanted to scale up the process to find out if it had 
commercial potential,” says Dr. Cicek. “I also thought it 
would be useful for Munch to learn what post-treatment 
looks like.”

Putting waSte to work
A group of reseArChers teAms up to deveLop A 
more effiCient wAy to produCe biofueLs
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Munch knew just where to turn. Some months earli-
er, he had attended a BioFuelNet annual general meet-
ing where he met a student of Dr. Lars rehmann, an 
assistant professor of chemical and biochemical engi-
neering at the University of Western ontario in London. 
As the two grad students chatted about their respective 
projects, Munch learned that Dr. rehmann’s chief inter-
est lay in optimizing bioreactor performance. As such, he 
had the equipment and expertise to pilot-test Munch’s 
bioprocess on a larger scale. 

This led to Munch to apply for a BioFuelNet ex-
change grant, which funded an eight-week stint in Dr. 
rehmann’s lab. Such grants are an integral part of Bio-
FuelNet’s ongoing education and training program. The 
program helps train and launch a large number of young 
professionals, dubbed Highly Qualified Personnel, who 
will develop the Canadian biofuels industry to its full ex-
tent.

Specifically, the program provides r&D training, 
professional skills training, career development and net-
working opportunities, and funding for r&D initiatives 
within the academic, public and private sectors in Can-
ada and beyond.

Student exchanges such as the one that brought 
Munch and Dr. rehmann together seek to strengthen 
interactions within the BioFuelNet community, transfer 
knowledge between labs, expose young professionals 
to different problem-solving approaches, and strengthen 
Canada’s exposure to the international biofuels scene.

The exchange bore ample fruit for Munch: Drawing 
on Dr. rehmann’s experience and research facilities, he 
was able up his production scale to a 100-L pilot-scale 
reactor system. He breathed a sigh of relief when his 
yeast came through with flying colours. “Thanks to my 
BioFuelNet connections, I’ll be able to go even bigger,” 
he says. 

As it happens, “going bigger” isn’t as simple as using 
larger quantities of starting materials. “A process can be 
straightforward when you’re working with just a litre, but 
as the system gets larger, the surface area-to-volume 
ratio changes, which makes it more challenging to get 
oxygen into the system,” Dr. rehmann explains. What’s 
more, “using a larger impeller [the rotating component 
of a centrifugal pump] increases the shear stress on the 
yeast, which can lead to cell breakdown.” In other words, 
it’s not a given that a procedure that works in a beaker 
will also work in a bioreactor. “That’s why it’s important to 
take small ideas and move them up to a semi-industrial 
scale,” says Dr. rehmann.

The final step will be to determine whether the pro-
cess has economic legs. “This will depend on several 
factors, including the price of fossil fuels and the avail-
ability of industrial partners,” notes Dr. rehmann. The 
research group eventually plans to expand the project to 
include other sources of waste to feed the yeast. Ideally, 
“we can eventually link up with a biofuel production com-
pany that generates the waste we use as fuel,” says Dr. 
Cicek – a win-win scenario if ever there was one.

In the meantime, Munch plans to return to the Uni-
versity of Manitoba, where he and Dr. Cicek will work on 
fine-tuning the growth conditions for his yeast strain in 
hopes of achieving even higher fatty acid yields.  

In recent news, Munch recently accepted a PhD po-
sition in Dr. rehmann’s lab! 

Munch is right where he wants to be. He’s still grow-
ing fuel, just as he set out to do. “The only difference 
is that my ‘labour force’ is microscopic,” he says with a 
chuckle. “And I think it’s amazing that the waste I’m using 
in the process comes from biodiesel production itself. 
Talk about closing the loop!”
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Depending on how many years separate you from 
your last chemistry class, you may or may not remember 
the definition of a catalyst: a compound that facilitates a 
chemical reaction without being consumed by the reac-
tion. Many reactions can’t happen efficiently – or at all 
– without catalysts. 

one such reaction is the conversion of hydrocar-
bons, such as the methane found in natural gas, to hy-
drogen and “syngas,” a gaseous mixture used to produce 
liquid biofuels. The catalysts typically used for this con-
version process have two strikes against them: they’re 
quite costly, and they get deactivated during the chemi-
cal reaction. This means “you have to continually supply 
more catalyst to keep the reaction going, which further 
increases the cost,” says Dr. Nicolas Abatzoglou, pro-
fessor of Chemical Engineering and director of GrEEN-
TPv research Center at the Université de Sherbrooke. 
In business terms, this means less efficient production. 

For the past several years, Dr. Abatzoglou, who also 
serves as BioFuelNet’s Conversion Theme Leader, has 
been working to make the conversion reaction, called 
“reforming” more efficient and thus commercially viable. 

At the heart of his mission: creating a better catalyst. 
After the requisite trial and error at the lab bench, he 
and his research team hit pay dirt in 2010, with a “more 
robust and resistant compound than the products used 
in the industry,” he says. When he compared his new cat-
alyst to commercially available alternatives, he found it 
not only increased yields but stayed active for longer pe-
riods of time. That’s because his catalyst is much more 
resistant to “catalytic fouling,” a process that gradually 
degrades the compound. As Dr. Abatzoglou explains, a 
longer-lasting catalyst has the two-pronged benefit of 
saving costs and sparing the environment from the im-
pact of discarding fouled catalyst. The US patent for his 
creation came through in 2012.

MoLecuLar MarveL
A noveL CAtALyst greAses the wheeLs 
of biofueL produCtion
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With the basic research behind them, the research-
ers set out to test the new catalyst on a wider scale 
through a joint collaboration with BioFuelNet and En-
erkem Inc., a green chemical company that uses ad-
vanced gasification technology to convert a variety of 
feedstocks into biofuels and other chemicals.  Collabo-
ration with Enerkem will help steer the research toward a 
viable, competitive process in the open market. 

Enerkem’s laboratory in Edmonton, the company’s 
first full-scale commercial “waste-to-alcohols” facility, is 
in the midst of testing the novel catalyst, and results to 
date do not disappoint. “The catalyst did just as well at 
the Enerkem laboratory facilities as it did in our lab,” says 
Dr. Abatzoglou, adding that “we’ve now established, in 
our own laboratories, the high yield and stability of the 
catalyst for over 500 hours of operation within a range of 
conditions.” This suggests the process will have legs on 
an industrial scale.

Although Dr. Abatzoglou finds his greatest comfort 
zone in the process lab and in technology transfer, he 
says BioFuelNet could play an important role in bringing 
his work to industry’s attention. Indeed, his research is 
linked with BioFueNet’s Integrated Thermal Biorefinery 
Task Force, a group of experts focused on enhancing 
the thermochemical conversion of mass across the val-
ue chain. The Task Force provides a framework to in-
tegrate the technology with downstream processing, 
transportation, and use of end products.

“Any company that makes biofuel is a potential cli-

ent, as well as companies producing hydrogen,” says Dr. 
Abatzoglou. Given that more than 80 percent of global 
hydrogen production comes from natural gas, the cat-
alyst’s use can extend to this sector. What’s more, “the 
added efficiency of our catalyst could make it commer-
cially viable to produce hydrogen and syngas not just 
from natural gas, but from almost any methane-rich gas,” 
he says. This includes biogases produced by anaerobic 
fermentation, such as landfill gas. “Methane-rich gases 
can often be environmental nuisances, and finding ways 
to transform them into useful fuels and products is a very 
important research priority right now.”

If the cost of using biogas as a “starter” becomes 
comparable with the cost of starting from fossil fuels, 
the possibilities for green biofuel production multiply – 
an obvious boon for the environment. Industrial applica-
tions could include solid oxide fuel cells (SoFC) for effi-
cient production of electricity and third-generation liquid 
biofuels like green diesel and gasoline.

In the meantime, Dr. Abatzoglou and his research 
associates are back at the lab bench, exploring the 
mechanisms that allow the novel catalyst to work so well. 
He has enlisted several of his students to work on the 
effort, and takes his role as their mentor very seriously. 
“They’re society’s future technological leaders,” he says.

If his catalyst yields its chemical secrets, Dr. Abat-
zoglou hopes to keep tweaking the molecule to achieve 
still greater improvements in efficiency. “There’s no rea-
son to stop where we are now.” 
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The production of biofuel calls for large doses of pa-
tience. It can take several years to grow the trees and 
grasses, known as feedstock, that serve as the raw ma-
terial for biofuel, and large swaths of land are required to 
grow these plants at commercially viable levels. 

Here’s the problem: a large proportion of Cana-
da’s most arable land is set aside for agriculture. Us-
ing this land for growing biomass would mean sacrific-
ing food-producing crops, not to mention stirring up the 
thorny food-versus-fuel debate. In short, it’s a nonstarter. 
How then to procure the biomass to feed the emerging 
biofuel industry – efficiently and sustainably?

The recently launched Pan-Canadian Feedstock Tri-
als hopes to answer the question.  Spearheaded and 
funded by BioFuelNet, the three-year project seeks to 
identify the most salutary combination of feedstock and 
conversion technologies for the production of liquid bio-
fuel. Partners include Agriculture and Agri-food Canada 
and the Canadian Wood Fibre Centre, along with a few 
private partners. 

Now in its second phase of operation, BioFuel-
Net has focused its support on 10 major projects. The 
Pan-Canadian Feedstock Trials fall under Project 1, 

called Purpose-Grown Feedstock. Given that the viabil-
ity of the biofuel/biomass industry depends on a steady 
supply of feedstock for conversion, the trial addresses 
the industry’s needs at a most basic level.

The research takes place at four sites, strategically 
chosen to reflect Canada’s different climate and grow-
ing conditions: Nappan, Nova Scotia, Guelph, ontario, 
Kemptville, ontario, and Edmonton, Alberta. Growing 
the same species in these four separate regions will 
help the researchers determine the most – and least –
hospitable growing conditions for the plants.  

First challenge: what plants to use? Corn – a ready 
source of biofuels such as ethanol – has acquired a bit 
of a bad rap, arguably for good reason: using corn for 
fuel diverts the crop from its important use as a food 
source. “That’s why the new science is focusing on cre-
ating liquid fuel from biomass rather than corn,” says 
Dr. Naresh Thevathasan, the trials’ primary coordinator. 
“The hard part is figuring out the best feedstock to pro-
vide that biomass.” 

To this end, the Pan-Canadian Feedstock Trials are 
focusing on two clones of hybrid poplar trees and two 
varieties of switchgrass – a combo the team hopes will 

feeDing the fLaMe
A pAn-CAnAdiAn reseArCh projeCt seeks to 

identify the best sourCes And strAtegies for 

hArvesting the biomAss required to produCe biofueL
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provide the best balance of yield, convenience and flexi-
bility. Poplars can grow fairly quickly, so trees planted to-
day may reach two or three metres in height by the end of 
2015, when the researchers plan to harvest the first crop. 
A bonus: “once you remove the biomass, new shoots 
grow from the stump, so you don’t have to replant,” says 
Dr. Thevathasan. The switchgrass, meanwhile, can be 
harvested annually. “We’re reducing the risk by having 
this mixture of biomass sources,” he explains. Not only 
can they harvest the two plants at different times, but “if 
a disease strikes the poplars, we can rely on the grass, 
and vice versa.”

Next challenge: where to grow the stuff. The land 
they’ve targeted to test their feedstock – categorized 
as Agricultural Capability Class 3 and 4 land – has low-
er-grade soil than agricultural land. “It’s ‘marginal land’ 
that has limitations such as stoniness, not much topsoil, 
excess water, or sloping,” says Dr. Naresh Thevathasan. 
Not surprisingly, this puts a ceiling on yield. 

While fertilizers are an obvious way to boost produc-
tivity, they don’t do the environment any favours. While 
the researchers hope to avoid using fertilizers, Dr. The-

vathasan concedes they may need to go down that road. 
Throughout the project, he and his colleagues will keep 
track of how much fertilizer they may need, along with 
herbicides, insecticides fungicides, and fuel for farming 
equipment.

The team will also report on details of soil quality, 
rates of growth, rates of biomass removal, among other 
parameters. “We’re monitoring a range of inputs at all 
four test sites, such as labour, fuel, and pest controls,” 
says Dr. Kevin vessey of Saint Mary’s University in Hal-
ifax, creator of the Pan-Canadian Feedstock Trials and 
leader of BioFuelNet’s Low-Cost Sustainable Feedstock 
Task Force. “The goal is to conduct a ‘life cycle analysis’ 
of the production system.” 

The next step will be to assess the cost-effective-
ness of growing these crops and selling them in local 
markets. BioFuelNet’s industry partners have flagged 
the availability of low-cost, sustainable feedstock as a 
major barrier to advanced biofuel production and there-
fore assessment of economic feasibility has also been 
woven into Project 1. A complementary project called 
Supply Chain Logistics will develop models to assess 
the economics and environmental footprint of the feed-
stock growth and conversion strategies explored within 
Project 1. 

The results could give farmers new avenues for 
earning their living. According to Dr. Thevathasan, many 
of today’s farmers hesitate to grow biomass to sell to 
the biofuel industry because they’re not confident they 
can turn a profit. By the end of the trial, “we may be 
able to tell farmers that [for example] one particular vari-
ety grows extremely well in Southern ontario, but not in 
Nova Scotia,” he says. If all goes as planned, “land own-
ers can use this information to produce biomass on an 
economically viable scale to supply the emerging liquid 
biofuel industry in Canada.”
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ApproAchinG criticAl mAss 
Several generations ago, biomass – especially wood – 
served as the primary source of energy for both homes 
and industries in Canada. Low-cost fossil fuels have 
reduced the country’s dependence on biomass, such 
that they only supply about 4.7% of our primary energy 
needs today.
 That said, the industry is poised for a big leap. 
Canada’s forest industry is already making good use of 
biomass for the pulp and paper industry’s energy needs. 
Bioproducts such as bioplastics and glass fibre repre-
sent a still greater opportunity for biomass applications. 

By 2015, analysts expect the global market potential for 
emerging bioproducts will reach*:

•  Green chemicals: $62.3 billion

•  Bioplastic and plastic resins: $3.6 billion

•  Wood fibre composites: $35 billion

•  Glass fibre market: $8.4 billion

•  Carbon fibre: $18.6 billion

Sources: 
Natural resources Canada; Centre for Energy

*The market prices are in USD.



These days, fuels for cars vary almost as much as 
the cars themselves. Each country has its own standards 
for biofuel content, resulting in a mishmash of fuel com-
positions. In Brazil, for example, ethanol reigns supreme 
at the pump, and customers who want to buy 100-per-
cent gasoline will pay a premium. In Canada, car fuel 
might contain just 10 percent ethanol. other countries 
mandate a biofuel content of 20 percent, and still others 
leave the decision to market forces.

This “wild west” of fuel mixes poses a concern for 
car manufacturers that also produce engines, such as 
the Ford Motor Company. When the company sells en-
gines to other countries, the engines have to function 
within the host country’s emission and biofuel standards. 
This calls for adaptable engines that maintain peak per-
formance with different biofuel blends.

Not surprisingly, “creating engines that accommo-
date all these different fuel types is an enormous chal-
lenge,” says Dr. Ming zheng, co-founder of the state-of-
the-art Clean Diesel Engine Laboratory at the University 
of Windsor. over the past 10 years, the lab has received 
an infusion of $11 million from government and industry 
– and a crucial connection to renewable fuel experts in 

Canada via BioFuelNet. “It’s a university setting, but we 
focus on solving real-world problems,” says Dr. zheng, 
who also served two terms (2003-2013) as Canada’s 
research Chair in Clean Diesel Engine Technology.

recognizing the importance of this work – not just 
for the growing biofuels industry in Canada but for inter-
national business – BioFuelNet invited Dr. zheng to join 
the network when it launched in 2012. Now one of the 
“work packages” within BioFuelNet’s combustion and 
engine operations project, Dr. zheng’s research will help 
bridge the gap between biofuel policy and practice. 

As one of the lab’s ongoing industrial partners, Ford 
is also on board, working with Dr. zheng’s laboratory 
to help design the engines needed for the international 
market. “We manufacture our engines so they’re able to 
run efficiently with biofuel,” says Dr. Jimi Tjong, manager 
and technical leader at Ford. “That way we can market 
them in many parts of the world.” 

Dr. zheng’s lab has been focusing on low-tempera-
ture combustion (LTC), a technology that has the poten-
tial to greatly reduce pollutant emissions of diesel en-
gines. The research team has already made substantial 
strides toward this end when it developed technologies 

the efficiency exPertS
A CLeAner And more robust engine is Coming to A 
vehiCLe neAr you, Courtesy of university of 
windsor reseArChers
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of adaptive combustion control along with exhaust gas 
recirculation to reduce emissions of LTC engines. 

The balance between emission control and fuel 
efficiency remains a challenge, though. Here’s how Dr. 
zheng explains it: “one of the pollutants in engine ex-
haust is nitrogen oxides (Nox). Lowering the flame tem-
perature of the engine reduces the production of Nox, 
but it also leads the fuel to burn less efficiently.” This 
means the fuel doesn’t stretch as far on the road. An-
other problem with current LTC technology is that levels 
of hydrocarbons and carbon monoxide in the engine ex-
haust remain relatively high.

What Dr. zheng’s group seeks to do now, with Ford’s 
ongoing involvement, is to improve the LTC technology 
to achieve the best of both worlds:  a diesel engine that 
efficiently burns a variety of fuel mixes and keeps emis-
sions under control – a tall order, to be sure. To this end, 
they test different injection techniques, mixing process-
es, and combustion control algorithms. To eye on the fu-
ture, the group has been working on smarter igniters and 
more efficient combustion chambers.

If the endeavour sounds highly complex – well, it is. 
Imagine a sequence of hardware and software that be-
gins with a research engine, followed by gas analyzers, 
pressure and temperature controllers, real-time emis-
sion monitors, fuel flow monitor, fuel injection controller, 
online heat release monitor, and data synchronization 
manager. The research platforms allow zheng’s group to 
dig in the fundamental hurdles that are pertinent to the 
next generation engines. That’s the sequence that occu-

pies Dr. zheng’s work days. “We’ve been testing and re-
fining our processes with single-cylinder engines, using 
a variety of different biofuel mixes,” he explains. The next 
step will be to Guinea-Pig the technology on the larger 
diesel engines in commercial use today.

Since that time, Dr. zheng and his colleagues have 
been meeting with BioFuelNet fuel experts regularly to 
discuss how the work is progressing. “They have chem-
ists who help us understand the chemical properties of 
different fuels and engine developers who share their 
knowledge about physical properties,” Dr. zheng ex-
plains, citing BioFuelNet researcher Murray Thompson, 
a mechanical engineering professor at the University of 
Toronto, as “instrumental in the collaboration.” 

Dr. zheng sees enormous potential for the research. 
right now, using ethanol in a gasoline engine lingers 
the engine’s thermal efficiency to up to 30 percent, he 
says. The diesel technology he’s perfecting in his lab, 
meanwhile, can raise an engine’s thermal efficiency to 
50 percent, whether the fuel is gasoline or ethanol.

Dr. Tjong says he applauds a collaboration that sees 
university researchers, graduate students, and industry 
partners coming together toward a common end. “We’ve 
had Master’s and PhD students performing their experi-
ments using our state of the art facilities,” he says.

If all goes as planned, Dr. zheng expects the re-
search will “help the industry identify the best types of 
biofuel to use commercially—and use them more effi-
ciently.” Yes, it could be big.
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Developing novel fuels is a balancing game. Want 
an eco-friendly mix? Prepare to give up some perfor-
mance. Looking to cut costs? Anticipate some combus-
tion glitches. If you’re going for higher performance, you 
may need to compromise on carbon footprint. Find the 
right balance between these parameters and you could 
have a winner on your hands.

The search for a winning fuel is what drives Prof. Jef-
frey Bergthorson, an engineering professor and Panda 
Faculty Scholar in Sustainable Engineering and Design 
who leads the Alternative Fuels Laboratory at McGill 
University. Like many other researchers, Prof. Bergthor-
son would like to see a greater proportion of clean fuels 
thrown into the traditional mix. 

In his quest for the brass ring – a cleaner product 
that doesn’t skimp on performance – Prof. Bergthorson is 
setting his sights on biogas from anaerobic digestion of 
waste as well as gasified biomass. His vision has earned 
him the position of lead researcher on BioFuelNet Proj-
ect 7 – combustion and engine operations – one of 10 
projects funded under BioFuelNet’s 2015-2017 portfolio. 
The project has Prof. Bergthorson collaborating with Bio-

FuelNet researchers in six major Canadian universities 
along with industry partner Siemens-ADGT (formerly 
rolls-royce Canada). 

“We know that highly upgraded biofuels, such as 
drop-in biojet fuels, perform well in existing transporta-
tion technologies,” says Prof. Bergthorson. “The problem 
is that they’re costly and inefficient to produce.” He has 
a different paradigm in mind: “Using lower-value fuel 
blends, especially those derived from wastes, to improve 
the life-cycle efficiency of the bio-energy for stationary 
heat and power applications.”  

That’s the theory. In practice, several wrinkles need 
to be ironed out before lift-off. For one thing, “lower-value 
fuels contain inert gases, which results in poorer com-
bustion properties,” he says. What’s more, the hydrogen 
produced during biomass or waste gasification can desta-
bilize the engine flame and induce a phenomenon called 
flashback, in which the flame flashes into the wrong part 
of the engine. The upshot? A drop in engine performance. 
Prof. Bergthorson is working to deepen his understanding 
of these waste-derived fuel blends, with the ultimate goal 
of improving their efficiency and reducing their emissions.

a fine BaLance
A mCgiLL university meChAniCAL engineer joins the 
seArCh for A fueL mix thAt performs weLL, hAs A 
reAsonAbLe Cost, And LeAves A smALL CArbon footprint

Dr. JEFFrEY BErGTHorSoN, EHSAN ATIBEH, SANDEEP JELLA, ANToNIo LIPArDI,
SEAN SALUSBUrY, PHILIPPE vErSAILLES, Dr. GrAEME WATSoN
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Meeting the increasingly stringent pollutant-emis-
sions regulations poses a considerable challenge for the 
gas-turbine industry and demands innovative combus-
tor design solutions. To this end, Prof. Bergthorson has 
been studying the behaviour of a range of fuels in simple 
laminar and turbulent flames, using state-of-the-art diag-
nostic techniques. “By using simple flames, rather than 
a full-scale engine, we can vary single parameters and 
study their impact,” he says. At the same time, he and 
his colleagues are developing strategies to prevent such 
engine snags as flashback or flame blow-off.  

If this prep work seems laborious, Prof. Bergthorson 
says the effort pays off in spades. “Solving performance 
and pollution problems at an earlier stage of design 
means we can minimize expensive rig testing or design 
iterations down the road,” he notes. 

Looking still further ahead, he envisions his fuel 
blends generating power and heat for boilers, internal 
combustion engines, and low-emission gas-turbine en-
gine systems. As such, his project serves as a critical 
link between the novel fuels created within BioFuelNet’s 
Conversion projects and their utilization in such major 
industries as power generation and transportation. The 
Network’s Social, Economic and Environmental Sustain-
ability (SEES) group evaluates the impacts of these proj-
ects across the value chain.

All fuel researchers seek to develop fuels that emit 
as little nitric oxide (Nox) – the source of acid rain and 
numerous other ill effects on planetary and human 
health – as possible. As an offshoot of his combustion 
modelling work, Prof. Bergthorson has taken an interest 
in assessing the Nox emissions produced by adding dif-
ferent alcohol fuels to standard gasoline.  His findings to 
date bode well for these biofuel blends: “All alcohol fuels 
produce lower Nox emissions than the equivalent hy-
drocarbon [traditional] fuels,” he reports. The smaller the 

alcohol molecule, the lower the emissions, with metha-
nol getting first prize. The only problem: “Methanol is tox-
ic and has a low energy density.” At the other end of the 
spectrum, “butanol behaves much like a hydrocarbon in 
terms of combustion and emission properties.” The best 
compromise, he believes, may lie with ethanol – a biofu-
el that humanity has had a long relationship with.

In his hunt for cleaner, cost-competitive fuels, Prof. 
Bergthorson sometimes feels like he’s racing against the 
clock. “oil prices may be down today, but it’s clear the 
demand will eventually exceed the supply of petroleum 
fuels,” he says.  “Whether in five, ten or fifty years, we’ll 
need alternatives – for the environment, for energy secu-
rity, and for maintaining our quality of life.” Prof. Bergthor-
son is doing his part to make it happen sooner, rather 
than later.

hot to the touch
Burning metals for energy? Dr. Bergthorson calls 
it a “crazy idea,” but he thinks it may have legs. He 
and his colleagues at McGill are burning powdered 
aluminum or iron with air to generate heat. In the 
best-case scenario, “the heat could be used to pow-
er an engine with zero carbon-dioxide emissions,” 
he says. But why metal? “Metals store energy in a 
much smaller volume than, say, hydrogen, so they 
can produce more power than even the best batter-
ies or other zero-carbon options,” he explains. Along 
similar lines, his group has also been reacting metal 
fuels with water to generate hydrogen gas and heat 
on demand. “The idea is to produce hydrogen when 
we want it, so we’re taking advantage of its benefits 
while avoiding storage issues and safety hazards.”
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A true scientist keeps an open mind and avoids 
making assumptions. Ideas that seem plausible must be 
tested, retested, and tested once more. Most ideas die 
on the vine, but once in a while an idea has legs and 
wings and catches everyone by surprise, not least the 
person who came up with it.

So it was with the idea of growing willow trees at an 
angle in hopes of increasing their sugar yield for biofuel 
production. Dr. Nicholas Brereton, a research fellow at 
the Université de Montréal’s Plant Biology research In-
stitute (IrBv) and graduate of Imperial College London 
in the U.K., had tested several other growth conditions 
in hopes of squeezing more “juice” from the willow trees, 
but none had panned out. “Tipping trees seemed a little 
ridiculous, but testing fanciful ideas is part of the scien-
tific process,” he says.

BioFuelNet agreed. Dr. Brereton’s project has earned 
a place among the Pan-Canadian Feedstock Trials, a re-
search block recently integrated into BioFuelNet’s fund-
ing structure. These trials have an overarching vision in 
common: establishing a cost-effective and sustainable 
feedstock production system across the country. 

Why use willow trees in the first place? According to 

Dr. Brereton, “some varieties have the highest-record-
ed biofuel yield of any trees on the planet.” They’re also 
hardy, thriving in windy slopes and poor soil where more 
delicate species might not survive. “They have strong 
roots, efficient nutrient absorption, and grow very fast,” 
he adds.

on trips to Scotland, Dr. Brereton had observed that 
strong winds exerted considerable pressure on willow 
trees, bending their trunks down to angles as high as 45 
degrees. When he analyzed the wood from those trees, 
he found that it produced five times more sugar than ex-
pected. “The increase in yield was bigger than anything 
we’d ever tested before,” he says.

on a whim, Dr. Brereton decided to replicate the tilt-
ed growth pattern under controlled conditions. He took 
baby willows to the Imperial College greenhouse and 
grew them at a 45-degree angle. To his happy surprise, 
the wood in these “cultured” willows showed the same 
qualities as the wood in the windswept Scotland trees.

Ever the scientist, Dr. Brereton wanted to know why. 
Having recently seen a London Natural History Muse-
um exhibit in which researchers used computed tomog-
raphy (CT) to scan fossils, he contacted museum per-
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sonnel and asked if he could borrow their equipment. 
“our building adjoins the museum, so I just hauled my 
samples over to the museum equipment,” he says with 
a chuckle. The high-resolution technology enabled him 
to view the composition of the wood at a cellular level. 
“We found that tilting the tree prolongs the life of cer-
tain cells that would normally die,” he says. This leads 
the tree to produce a gelatinous, sugar-rich fibre – the 
tree’s strategy for staying upright – that accounts for its 
increased biofuel yield.  

It was through BioFuelNet that Dr. Brereton’s work 
came to the attention of Michel Labrecque, an adjunct 
botany professor at the Université de Montréal and 
head of the research division at the Montreal Botanical 
Garden. “one of my BioFuelNet colleagues had collab-
orated with Nick and told me what he was doing,” he 
says. “It seemed like a good idea to import his exper-
tise.” 

Dr. Labrecque’s own expertise lies in phytoremedi-
ation, the ability of plants to tolerate and even thrive in 
harsh conditions. “We know that willow trees grow well 
in soil that contains long hydrocarbons produced by 
the oil industry,” says Dr. Labrecque. “They can actually 
help decontaminate polluted soil.” 

In order to figure out what conditions prompted the 
trees to get into this “clean-up mode,” Dr. Labrecque’s 
research group was working on analyzing trees’ re-
sponses to different stressors – a hand-in-glove fit with 
Dr. Brereton’s work, as it turned out. 

Dr. Brereton readily accepted Dr. Labrecque’s of-
fer to join his lab as a postdoctoral fellow, with partial 
funding from BioFuelNet. “Canada has many species of 
willow trees – in fact, a third of our woody flora is com-
posed of willows – and many different environments, so 
it’s the perfect laboratory for the type of work I’m doing,” 
he says. What’s more, a network of willow-based phy-
toremediation trials already exists across the province 
of Quebec. 

over the past year, Drs. Brereton and Labrecque 
have been following two parallel tracks: identifying 

stressors that trigger phytoremediation and those that 
produce better wood. In addition to wind, they plan to 
investigate the impact of dry soil, marshy soil, and soil 
with different types of pollutants. “It stands to reason 
there might be an overlap between the variables that 
lead to phytoremediation and those that improve the 
quality of the wood,” says Dr. Brereton. If his hunch 
proves correct, the commercial applications could be 
huge. “Having trees that can clean up the land and give 
a high yield of biofuel makes it economically viable to 
compete with the oil industry.”

BioFuelNet has recently agreed to fund the second 
phase of the project. This phase has the researchers 
teaming up with colleagues in Alberta and Northern 
Ireland, who are shipping them a variety of local tree 
samples treated with different contaminants. “our hope 
is that some of the samples will have that win-win quali-
ty we’re after,” says Dr. Brereton. Looking further ahead, 
the group plans to induce the beneficial stressors arti-
ficially, much as Dr. Brereton did when he angled the 
greenhouse-grown willow trees.

BioFuelNet has also integrated the project into its 
Low Cost Sustainable Feedstock Task Force, a multi-
disciplinary group involving members from academia, 
industry and government. The task force seeks to take 
the uncertainty out of sourcing low-cost, reliable and 
sustainable feedstock supplies for biorefinery opera-
tors. Dr. Brereton’s work has the added advantage of 
using land unsuitable for conventional agriculture. 

Although Dr. Brereton says he “wouldn’t mind see-
ing the end of the winter snow,” he hopes to stay in 
Canada for the foreseeable future. “Everyone is so nice 
here,” he says, adding that “in London, people can be 
a bit brusque.”

Wherever he ends up, Dr. Brereton plans to contin-
ue tapping the willow tree’s rich potential. “It’s rare that 
you find a line of investigation that has such low risk 
and high potential,” he says. “It’s a path worth exploring 
further.” 
For more on this project, please see: http://www.biomedcentral.
com/1471-2229/15/83
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