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Why Biomass?

Broad Problems: (1) Energy crisis and (2) global warming

Biomass as Feedstock for a 4+ U.S energy consumption 97 quads

Bioenergy and Bioproducts Industry:
The Technical Feasibility of a (200 1) .

Billion-Ton Annual Supply

420 million bbl oil/ day, 55% imported, will
Increase to 68% by 2025.

+3% of total energy (2.9 quads) comes
from biomass.

+ National Target:
30% energy from biomass by 2030, 35
billion gallons of biofuel by 2017.

+Need an increase Iin the biomass use for energy by five times.

(USDA-DOE, 2005)



2. Global warming

TOTAL GREENHOUSE GAS EMISSIONS Global CO, emissions that cause

Millicn tonnes CO2 equivalent .
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U.S. leads among the producers of green house gas (GHG)
emissions in the world



Why Microalgae ?

+ Highest biomass productivity, 100 g/m?/day
(365 tones/hal/yr against 70 tones/halyr for energy cane).

+ No competition with food unlike other biofuels
+ Uses waste water for growth (waste water treatment media)

+ Net GHG reduction as it Is carbon neutral

(1.6-1.8 g of CO,_needed for biosynthesis of 1 g dry algal
biomass). -




Algae to biofuel. Major challenges

1+ Production of biomass
BCultivation
BHarvesting

} Processing of biomass

—



Attributes of Algae Production Costs

Major purchased
equipment
Installation

Electricity

Algae
Production
Costs

Fertilizers
Infrastructure

Building



Acceptable algae biomass prices vs.

Petroleum prices
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(Chisti, 2008;
Shen 2009)



Present Algae Cultivation Systems
-Open Ponds (suspended algae cultivation

Paddle Pond area
wheel oted
tator
5 SO0 50cmin 5
cm -70 cm I | denth
in depth L1 I N N N depth t . :
(a) Raceway pond (b) Circular pond (¢) Unstirred pond

(Shen 2009)



Photobioreactors for suspended algae
cultivation
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Immobilized algae cultivation systems
for Attached algae

Gel bead

Enclosure methods :(a) cells in a polymer matrix sheet; (b) cells in
a gel bead

Non enclosure method®lgal Turf Scrubber Technology developed for attached alga
cultivation

(Shen 2009)



shdallenges in suspended algae
Jitivation systems

harvesting

/ technical and hence least economical



Attached algae cultivation systems

-Fundamentals

(Adey 1980)

A substrate material.
Cells grow attached on
this substrate.

Initial attachment by
bacteria.

Algae starts dominating
the substrate with the
help of bacteria.
Mature biomat
formation with highest
dominance by algae.



Our research goal

1 To develop an advanced cultivation system
for algal biomat production using high
strength industrial wastewater for
bioremediation, carbon cycling and bioenergy
applications.

—



Standard reactor configuration

Water entering area
from the tube onto the
mat

Substrate on
which algae are to
be grown

Tube pumping
water from
reservoir
\ Drain hole which
7 drains the water
flown through the
mat back into the
Power & reservoir
head
E-?;t)er 553L capacity
pump reservoir (Raw
wastewater +
Inoculum)




Attached algae cultivation systems at
UGA Bioconversion laboratory
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Preliminary experimental details

Substrates Geotextile
and polymer materials

Growth media- Tap
water and industrial
wastewater.

Months: April -July 200
pH of water- 7.5

Span of each
experiment- 21 days




Algae Biomat










