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Bioenergy — Capturing solar energy in chemical
bonds via photosynthesis

* By using plants and algae
as a source of energy, we
are substantially reducing
the net amount of carbon
released in the atmosphere

 The overall reduction
depends on:

— The amount and source
of ‘inputs’
 Fertilizer, transportation
— Processing costs

— Land use change




* Energy security (EISA, 2007)
— Reduced dependence on ‘unreliable’ oil-producing
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The new economics of oil
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Source: U.S. Census Bureau, International Data Base, July 2015 Update.



Advanced lignocellulosic biofuels
produced from biomass crops cultivated
. »on low-productivity land

 Not ethanol, but
butanol

* Not from sugar or
starch

* Not from food crops

* Not on prime
agricultural land

l”, US-India Consortium for Development of '
Sustainable Advanced Lignocellulosic Biofuel Systems -
RISSTF




* Annual, seed-propagated grass
» Originated in Africa
* Genetically diverse
« Robust: adaptable to many different conditions
— Preferred in hot and dry environments
» Used for the production of grain, sugars and biomass

Disease tolerance
Drought-tolerance
Flooding tolerance
Consistent yields

Amenable to
biomass processing

- Modified cell
wall composition
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Crop production on flood-prone land (Missouri)

« Several million acres of agricultural land are prone to
seasonal flooding

« This land would be ideal for bioenergy crops

» This requires flood-tolerant crops and risk-tolerant
farmers




Enhancing sorghum’s response to flooding

Formation of aerial roots Formation of dense roots
from internodes above the that ‘float’ on the water

water level



Observation of roots in
the soil via a camera
Inserted in transparent
tubes

Observe differences
between flooded vs.
well-watered roots

Match observations with
gene expression studies
conducted in parallel



Improving biomass conversion with

brown midrib mutants

Defective genes resulting from treating the seed with
chemicals that modify DNA

brown midrib mutants have altered cell wall composition

Initially used as forage because of improved intake and
palatability
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Glucose yield from bmr biomass increased by 20-30%

Lignin content Glucose yield
Aromatic cell wall polymer
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Glucose yields of sorghum stover from bmr and wild-type lines after
pretreatment and 48 h of enzymatic saccharification (60 FPU/g cellulose)



University of Florida Stan Mayfield Biorefinery
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Techno-economic analysis:
Ethanol from biomass

81

Total cost of W Foeastack
ethanol production: = Capital
1.98 USD/gal

m Chemicals
® Enzymes
m Utilities

m Other

u Fertilizer

m Electricity

n 8 & 8

Breakdown of the Ethanol
Production Cost (US cent/gal)
o

$161 million capital cost
$7.33/annual production gal 5 12
30 22 million gallons/year
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Assumptions:
2.5% enzyme, $1.00 kg enzyme, $40/ ton dry bagasse, 0.24 g EtOH/g DW

I. Nieves/ R. van Rijn
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Bioresource Technology

journal homepage: www . elsevier.com/locate/biortech

Fermentation of sweet sorghum derived sugars toCbutyric acid @Mi
at high titer and productivity by a moderate thermophile
Clostridium thermobutyricum at 50 °C BUT ANOL [

Liang Wang*, Mark S. Ou”, Ismael Nieves”, John E. Erickson ®, Wilfred Vermerris*, L.O. Ingram *,
K.T. Shanmugam **

Bioenerg. Res.
DOI 10.1007/512155-015-9670-6

Sweet Sorghum Juice and Bagasse %
for the Production of Optically PureCLactic Acid’by Native

and Engineered Bacillus coagulans Strains

Mark S. Ou’ - Deepika Awasthi’ + Ismael Nieves' - Liang Wang' - John Erickson? -
Wilfred Vermerris'~ « L. O. Ingram' - K. T. Shanmugam



Fermentation of glucose by C. thermobutyricum at 50°C
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K.T. Shanmugam / Liang Wang

LB medium + yeast extract (5 g/L) + glucose (150 g/L) + betaine (1 mM) + CaCO; (20 g/L); pH 7.0



Challenges for biorefineries in the US

« The prices of oil and natural gas are at record lows
— Difficult for biofuels to compete

* There are major risks associated with the exploration
and use of the yet untapped reserves of petroleum

— Biofuels can play a role in the transition away from
oil, and do so in a sustainable manner

« Major opportunities for the genetic improvement of
bioenergy crops and industrial microbes

Florida Axes State Renewable Fuel Standard

This has had a major impact on the construction of new biorefineries

We need a level playing field (tax policies) and a mechanism to reward
sustainably produced biofuels from home-grown crops
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