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More than 60% is relying on Coal Burning

Indonesia is planning construction of 10 GW coal-fired
electric generator plant to meet growing demand of
electricity

10 GW means about 150 million tons of coal to be burned
every year

Annual CO2 emission from the plant is 500 million tons to be
durr;pt(ejd to the atmosphere, unless CO2 sequestering is
applie
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i
SENTLY THE EbRDEN OF ABSORBING CO2 EMISSION FR(S_.M

E POWER RESTS ON THE FORESTS —

IS THERE ANY ALTERNATIVE?
MICRO ALGAE PRESENTS AN ALTERNATIVE WHILE SERVES AS A NEW
SOURCE OF RENEWABLE ENERGY
WHY?

Micro algae growth rate is 100 times faster than land-based plants

The chlorophyll within the micro algae absorbs CO2 by the help of sun energy
to convert it to sugar and other nutrients, and produces oxygen that is
released to the atmosphere in exchange of CO2.

Micro algae growth cycle is doubling every 24 to 48 hours

Micro algae can produce lipids (oil) (20 to 65 % by weight);
carbohydrates/sugars (10 to 40%) and protein (20 to 40%)

There are more than 100,000 species of algae in the sea and fresh water to
choose from to produce any specific product.

Some species (Nannochloropsis and Bryococcus Braunii) contains more than
60% oll
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Oil content
(% of dry Qil yields (annual)
weight)

30-35 600 L/ha

25-30 5.830 L/ha

Microalgae

35-80 58.700-136.900 L/ha
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DVVANTAGES OF MICROALGAE COMPARED TO LAND-BASED PLANTS

— c—

m— -
—

s hot compete with food production

ectare of land can produce more than 60,000 liters of oil annually, or
)0 gallons, or 300 barrels.

_b'sorb more CO2 gas per hectare than land-based plants
'§n of dry algae is equivalent to 788 kg of Carbon/coal or 2.9 tons of CO2

"These gases are food for algae, the more is absorbs gas, the more it grows
The algae can become a renewable source of energy producing bio-fuel, bio-ethanol,
even hydrogen.
The algae is also a renewable source of organic feed-stock for animals and fish, or
fertilizer
Also feedstock to produce bio-polymers/plastics (bio-degradeable) as well as materials
for pharmaceuticals.
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INDONESIA AS A MARITIME COUNTRY

—

;';,; ical country with lots of sunshine and solar energy

coastal area: 81,000 km2 of coastal line, ideal for algae
Ivation and production on a large scale basis

St of industrial installlations that produce major CO2
éions lays near or on the coastal area (power plants,
iSteel production, petro-chemical and gas plants), makes CO2
;-E‘SEquesterlng by algae veru natural

—= Indonesia is also second largest coal production (and exports)
in-Asia, next to Australia, and will depend mostly on coal for
electric production in the foreseable future
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RPOSE OF RESEARCH _
A - r —
Focus on developing large-scale algae production system
Design and engineering of Photo-Bioreactor (PBR) which can be produced at low
cost on a large scale basis with production cost of $500K per hectare for the first
generation (presently lowest cost available commercial system is $1M per hectare).
Design should maximize efficiency of the algae production, including:
Photonic efficeincy
Direct injection of CO2 gas capability

Dissolved oxygen removal to prevent oxy-toxicity to the algae

Complete monitoring and control of process variables such as flow-rate, pH,
salinity, macro and micro nutrients

Dark-light zone cycling to prevent photo-saturation effect and hysteresis

Spectrum shifting to increase photo efficiency

Light filtering to maximize PBR material life-time under full outdoor

conditions

Capable of producing algae density of at least 5gms/liter at harvest point
Final research outcome is to produce a prototype of a modular PBR that covers
200m2 area with 50,000 liters volume which can be scaled-up for system covering
1 ha of area by simply adding similar module units, with volume capacity of
2,500,000 liters.
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METHODOLOGY
c— = J’

io reactor with the followong features:

Continuous growing cycle and maximizing light exposure to the algae growth media

Simple fabrication and assembly

Maximizing volume per unit area

Optimum photo efficiency of absorption by algae cells and maximizing productivity/growth

Ease of CO2 injection with controllable flow rate and ease of oxygen removal

g) Application of “air-lift” principle for thorough algae light exposure while producing dark-light short cycles
h) Monitoring and control of all variables: flow-rate, pH, temperature, salinity, photo intensity

 PBR material selection, candidates: polycarbonate, HD PE, PVC; initial selection: PC
CO2 injection system: sparger at bottom of each column to create “air-lift” and creating
dark-light cycling for the algae particles

Oxygen removal: by sparging mixture of CO2 and N2 gas and by diffusion through
membrane

Flow control of growing media and gasses to control the effective residence times
Nutrient and pH control for maximizing growth rate

Sea-water intake: Pre-filtering to remove particles, and sterilization prior to use in
system
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o ETHODOLOGY (2)

Algae growth enhancements: applying succesfully tried methods on land-based
plants using proven proprietary nano-trechnology methods. Doubling growth
rates is possrble

‘Stmllatron absorb more CO2 and produce more brix. Proven method for land-
based plants/leaves.

Aigae harvesting use low cost methods instead of costly centrifuge and

Product extraction:
Lipid/oil by sovent extraction to produce bio-diesel

Carbohydrate and sugar: enzymatic extraction followed by fermentation to produce
bio-ethanol

Protein and minerals for animal feed and fertilizer

PILOT TESTING: It is planned to set-up pilot testing for CO2 sequestering at
the Medco Downstream bio-ethanol plant in Lampung and produce algae
products for various applications
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BENEFITS OF RESEARCH PROGRAM

ion of low-cost Photo-bioreactor that can be mass-produced for
ications in Indonesia

au G COZ € 5110 9 power pPIa and austries

__'a renewable source of energy from microalgae as a viable alternative to
fuels tha does not compete with food prodcution in land-based agriculture

- _cut to produce paper
. -The creation of new jobs and down-stream industries using algae products
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Algae Development Program Schedule

I
DESCRIPTION 1 2 3 456 7 891011121 2 3 45 6 7 8 910 11 12

Start-up Preparations

Design & Engineering of PBR

Procurements, Equipment & Materials

Laboratory Set-up

Mold Fabrication

PBR Fabrication Prototype |

Prototype | Integration & Testing

Redesign

Mold Fabrication

PBR Fabrication Prototype Il

Prototype Il Integration & Testing

Prototype Field Installation _

Instrumentation & Process Control Design

System Integration and Testing

Harvesting Method Investigation

Harvesting Method Testing

Algae Product Testing

Bio-Fuel/Algae Oil Extraction

Medium Scale PBR Construction (1 Ha)

Medium Scale Pilot Operational Testing
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DIAéﬁM‘OF ALGAE PRODUCTION SYSTEM

NaOCl
storage

Gas Algae

Scrubber & Extraction
Heat

Exchanger




APPLICATION FOR CO2 SEQUESTERING BIO-ETHANOL PLANT

OTHER CELLULOSIC ETHANOL C’:/ISASSAI—YA BIO-ETHANOL PLANT
cEBaE MODIFICATION (SIMPLIFIED)
BIO-MASS DISTILLER RECTIFIER
SOURCES
(GRASS ETC.)
DIGESTER
STARCH TO
SUGAR Gl
CELLULOSE TO CONVERSION
SUGAR
CONVERTER BEER
FILTER SHCAR = o
SOLN. ETH.
p FILTER
MAKE-UP ’
WATER & FERMENTER
NUTRIENTS L

SUGAR
SOLUTION

SOLID WASTE
—> TO BOILER
ALGAE
PHOTO-
BIOREACTOR

CO2 FROM

FERMENTER PP

CO2 Injection Ports -

Algae ALGAE

: CARBOHYDRATE | ALGAEOIL | » ALGAE OIL
Extraction ISUGAR EXTRACTION
EXTRACTION

I_»PROTEIN & WASTE (FOR
FEED & FERTILIZER)

BIO-ETHANOL (CELLULOSIC & ALGAE) PLANT

Wet
Algae
paste

wiith

== cracke

i cells | Oil extraction

from wet
algae paste

RE&D Algaelink NV
www_algaelink.com




h
AMPLE OF OPEN-POND RACEWAY ALGAE CULTIVATION (FLORIDA, USA)
; " cm—
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CHLORELLA, A MULTI-PURPOSE ALGAE

* Used Chlorella. a type of
green algae

* Easy to grow
* Extremely high levels of
photosynthetic efficiency

* The Chlorella maintains a
fast rate of cell division.
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- BOTRYOCOCCUS BRAUNII (Bb)
RALGAE WITH HIGHSHYDROCARBONCONTENT

Bb

» Botrvococcis braunii, or Bb, 1s a source of

biological hydrocarbons.

 Upto 75% of Bb’s dry weight is a
hydrocarbon that can be used for diesel.
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= Wake & Hillen 1980

—rivalevvw

= Mature, oil-rich algae can be
processed into a number of
commercial products:

27/01/2009




bOTENTIAL APPLICATION WITH FLOATING VERTICAL PBR IN
THE COASTAL AREA
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