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CSIRO Energy Transformed Flagship

Low-Cost Algal Fuels Project

e CSIRO Marine and Atmospheric Research (Aspendale & Hobart)
e Australia National Algae Culture Collection (ANACC)
w>1000 Australian microalgal strains

e Energy Transformed Flagship target:

wDevelop Australian feedstocks and conversion processes that result in
the production of biofuels at or below $1.50/L by 2015
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Why Biofuels?

wFuels enjoy 6% sector growth per annum
wFuture supply issues (peak oil) & energy security (imports/refining)
wWEmissions predicted to grow as other sectors diversify

OIL PRODUCTION HITS A CEILING

Production followed demand until 2005, when it levelled off despite continued price
increases. There seems to be a production 'cap’ at about 75 million barrels per day.
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Biofuels: the oil crop solution?
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Current commercial interest in algal biofuels

Organic biomass
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P5 N yhihbased jet fuel: ASTM approval

wAmerican Society for Testing and Materials (ASTM) D7566 -11a

w1st Jul 2011: approval of aviation turbine fuel containing a maximum of
50% synthesised hydrocarbons

w Hydroprocessed esters and fatty acids from various renewable sources
wSector can operate revenue services

wWHRIJ revenue services
wlLufthansa (Hamburg-Frankfurt; 6 month trial)
WKLM (Amsterdam ¢ Paris)
wFinnair
winterjet
wAeroMexico (Mexico City ¢ Madrid)
wThomson Airways (6% October 2011; daily from 2012)
wContinental (7t November 2011)
wAlaska Airlines (75 flights; from 9t November 2011)
wQantas (Sydney-Adelaide; 13t April 2012)
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Some benefits of algae for fuels

e Local and renewable source A lifts energy security

e Grows rapidly A more biofuel/ha than terrestrial plants

e Uses non-arable land A no competition with land for food
e Can be harvested all year round (in varying amounts)

Phototrophic: Light as energy source that is Heterotrophic:
converted to chemical energy via photosynthesis Organic carbon as energy source
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Phototrophic Microalgae

* Microalgae biomass is produced commercially around the world
almost exclusively for human nutritional products.

* Mostly in small to medium-scale, open pond cultivation systems.

e About 10,000 tonnes of microalgae biomass produced globally in
sunlight each year for commercial use (Benemann, 2010):
wKey strains A Spirulina, Chlorella, Dunaliella and Haematococcus
wAbout half is Spirulina in China
wJapan and Taiwan are the main producers of Chlorella
wOther major growers in Australia, the U.S. and India

 Most R&D effort focused on phototrophic raceway cultivation.
* Processing costs are high A economic barrier for biofuels.
* Negligible amount of biofuels produced this way.
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Commercially Cultivated Algal Species

Spirulina (Arthrospira platensis)
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Scale-up Challenges: Water & Harvesting

* Phototrophic: 20 g m2 d* at 30% lipids
w 30cm deep pond:
C Algae concentration very dilute: 0.3 gL't d!
C Lipid concentration also dilute: 0.25 g L' d*
A A huge amount of water is needed!!

e Also: Harvesting challenge
wWAd5S G S NR ynEnsiked thﬁ?syfrﬁal‘debbstructlon
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e Can we significantly increase algae concentration P g L -
to reduce water required and harvesting costs?

e.g. using thin-film systems (CSIRO Highett)
e.g. via heterotrophic cultivation (CSIRO Hobart)
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Heterotrophic Microalgae

e Microalgae are also produced commercially by dark fermentation,
using a carbon source like starch or sugar.

* Another 10,000 tonnes of biomass is produced globally this way
each year for commercial use (Benemann, 2010):
wMainly in the Far East for Chlorella, as a nutritional supplement

wIn the U.S. and Germany for oil (tryglycerides) high in the omega-3 fatty acid
DHA, used mainly as an infant formula ingredient.

* Fermentation is used for producing algal oils for biofuels (e.g.
Solazyme in the U.S.)

e Currently, a negligible amount of biofuels produced this way.

* Microalgae also grown for live aquaculture feeds in tanks and
small PBRs ¢ each producing a few kilos to a few tons.

11 | Microalgae for biofuel production | David Batten %



CSIRO A What about Thraustochytrids ?

e Heterotrophic protists ¢ kingdom Chromista, phylum Heterokonta

 Marine and other saline environments

* Omega-3 long-chain 0 X / polyunsaturated fatty acids (LC- PUFA)
e Docosahexaenoic acid (DHA) & Eicosapentaenoic acid (EPA)

e Saturated and monounsaturated fatty acids suitable for biodiesel

e Other co-products, such as carotenoid pigments
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Thraustochytrids A Biodiesel & Omega-3 oils

Thraustochytrids
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Group/Strain
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Optimisation of Biomass in 2L Fermenters

CSIRO Clayton fermentation
National Collaborative Research Infrastructure Strategy (NCRIS) facility

3 i . 13' 1% g Z:.- R 4
' a P
g |
-~ b
| e
Lee Chang et al. Thraustochytrids Glycerol 70 g/L 52% @

CSIRO

Yan et al (2011) Chlorella Molasses 71g/L 57.6%

protothecoides

15 | New Australian thraustochytrids | Kim Lee Chang




Pal

/| { Lwh Q& w Shrastothydrids A y (i 2

Biodiscovery

e 36 new thraustochytrid strains - temperate & tropical Australian environments.
e Lipid profiles with potential biodiesel and omega-3 LC-PUFA applications.

e Aurantiochytrium-like strains A Group G, H particularly good for biodiesel
Scale-up in a fed-batch cultivation system

e Biomass and oil production were improved.

Preliminary life cycle analysis:

e Lifecycle impact of heterotrophic, algal-derived biodiesel is comparable to fossil
diesel, but not superior.

e High energy costs: bioreactor energy inputs, impeller, feed supply, pumping...etc.

Future research:

* Optimize biomass and lipid production
e Scale-up to 400L to validate
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Other CSIRO Research into Algal Fuels

* Microalgae flourish in municipal wastewater treatment ponds.
* They help to purify the wastes by removing nutrients (N,P).
* Energy intensity < traditional mechanical treatment.

ca St 02dz2NYS 2Altiansithbipantstamulfi-purpose
ones recovering water, energy, nutrients, metals.

17 | Microalgae for biofuel production | David Batten



Integration of HRAPs at their WTP

Transfer Covered Lagoon ASP Polishing Cutfall (FPB)
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Our Scenario Results Favour Oil Extraction

Under Scenario 2, algal oil could be
produced quite cheaply and would be
profitable for Melbourne Water if sold
for 60 cents per litre or more.
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Scenario 2 (oil extraction + AD) displayed
a good carbon footprint, while Scenario 3
(the SCWR) was energy intensive.




Studying the WHAT, WHERE and HOW of algal fuels

WHAT! WHERE!?
CSIRO = Microalgae :Jg‘;;‘::‘c';  Location CSIRO
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CSIRO Highett

20 | Microalgae for biofuel production | David Batten




Thank you

Dr David Batten
CSIRO Energy Transformed Flagship
david.batten@csiro.au

Dr Tom Beer
CSIRO Marine and Atmospheric Research

Mr Kim Lee Chang (PhD student)
CSIRO Marine and Atmospheric Research and
School of Plant Science, University of Tasmania

Dr Lucas Rye
Shell Australia
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