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Presentation Outline

1. Introduction of Algal Turf Scrubber® Technology
A Development History
A Function and Design
A Algal Biomass Products

2. Applications and Projects

3. Treatment Performance

4. Application in Korean Environment



What is an Algal Turf Scrubber®?

AA culture unit for attached algae
AThe algae remove nitrogen and phosphorus from the water
AThe algae is regularly recovered and processed

ARecovery of algal biomass maintains the culture units in an
accelerated growth phase

ASustainable treatment performance as nutrients are
continuously recovered and removed from the treatment
unit
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Algal Turf Scrubber®
Early Stage Development
1970s 6 1980s
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Algal Turf Scrubber® Design
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Algal Turf Scrubber® Design
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Algal Turf Scrubber® Design
System Inflow
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Hgdromentio Water is surged down the sloped floway in a pulsing motion.
R TV TR The pulsing surge stimulates algal growth.




Algal Turf Scrubber® Design
System Inflow
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Algal Turf Scrubber® Design
Algal Turf Floway
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The algal turf biomass is recovered on a 7-14 day cycle using
Hydr oMenti ads proprietary harvest desi
biomass contains excess nutrients removed from the water.
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Algal Turf Scrubber® Design
Biomass Production
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Algal turf or dense mats of simple algae are cultivated on the surface of
the floway. As the algae grow, they remove nutrient pollutants
Hgdromemtio (phosphorous and nitrogen) from the water.
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The algal turf biomass is recovered on a 7-14 day cycle using
Hydr oMenti ads proprietary harvest desi
biomass contains excess nutrients removed from the water.
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Algal Turf Scrubber® Design
Centralized Biomass Recovery
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Harvested algae is conveyed by the water via a concrete flume to a
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Algal Turf Scrubber® Design
Centralized Biomass Recovery System
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Algal Turf Scrubber® Design
Centralized Biomass Recovery
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The harvested algae is removed from the water with a Flex Rake.




Algal Biomass Products

National Society of
Professional Engineers
Professional Engingers in Industry
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Algal Biomass Products

Biofuel Production and
Bioplastics

Compost/Organic
Fertilizer and Container
Media

Livestock Feed
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Algae Based Biofuel Production

Algae Biomass

Biochemical Direct Thermochemical
Conversion Combustion conversion

Extraction o Anaerobic ElEE kG Thermo

Fermentatia Digestion Gasificatio

Chemical
Liquefactio

chemical
Fuel Cell

Pyrolysis

Ethanol,
Acetone,
products Butanol

Methane, QOil and

Hydrogen Fuel Gas

Electricity Bio-oil

Charcoal
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Algal Turf Scrubber® Compost/Container Media
Production

MAPSoil Typical Analysis
Nitrogen (N) 2.0
Phosphorus (P,0:s) 1.0
Potassium (K,0) 0.5
Sulfur (s) 0.2%
Calcium (ca) 1.5%
Magnesium (Mg) 0.25%
Moisture 40%
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Algal Biomass Products
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OCompost @ $10/ton $664 $885 $1,549 $1,770 $2,213
OMethane Gas @ $4.20/MMBTU * $1,339 $1,795 $2,688 $3,581 $3,591
OFeed @ $80/ton (8% Moisture) * $5,247 $6,997 $12,244 $13,993 $17,492
m Electrical Energy @ $0.12/kWh * $8.,423 $11,230 $16,845 $22.460 $28,075
mFeed @ $150/ton (8% Moisture) * $9,839 $13,119 $22,958 $26,237 $32,797
||:| Container Mix @ $200/ton \ $13,276 $17,702 $30,978 $35,403 $44,254
|l Feed @ $300/ton (8% moisture) *\ $19,678 $26,237 $45,916 $52,475 $65,594

* Costs of converting biomass to byproducts have not been determined and will vary considerably between products

Algal Productivity (dry-g/im2-day)




Top 5 Florida Agricultural Commodities

Value of
Agricultural Sales
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2012. Florida Agriculture by the Numbers, FDACS

Rank Items (Thousands $)
1  Greenhouse/Nursery 1,745,219
2 Oranges 1,248,875
3  Tomatoes (Fresh Market) 630,750
4 Sugarcane 542,951
5  Cattle/Calves 502,456




HydroMentio

WATER TREATMENT TECHNOLOGIES

Composted Algae Growing Media
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Albano et al, 2010 (ASHS abstract/poster)




Composted Algae 0 Leaf Greenness
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Albano et al, 2010 (ASHS abstract/poster)
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Composted Algae 9 Fully Open Flowers

Fully Open -lowers
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P<0.0001

CA-No Fert PB-No Fert n=6
LSD=2.89

Albano et al, 2010 (ASHS abstract/poster)
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Composted Algae 9o Consumer Survey

Consumer Preference Survey for Marigold (Expt. 2)
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Albano et al, 2010 (ASHS abstract/poster)
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Algal Turf Scrubber®
Applications and Projects
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Surface Water Restoration

Application Segment Description of Opportunity

Surface water restoration Municipal Direct treatment and removal of
pollutarts causingmpairments such a
nitrogen and phosphorus

Non -Point Source Pollution Reduction

Application Segment Description of Opportunity

Treatment of agricultural runoff Agricultural  Reduction of ptutants primarily
nitrogen anghosphorus from
agricultural lands to me&@MDLs

Treatment of urban runoff Municipal Reduction of pollutants primarily
nitrogen anghosphorus from urban
lands to meet TMDLs

Potable water supply enhancement Municipal Reduction of pollutantprimarily
nitrogen anghosphorus that impact
potable water qualitthrough

Q stimulation of algal growth in surface

N waters
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Point Source Pollution Reduction

Application Segment Description of Opportunity

Domestic wastewater treatment Municipal Reduction of pollutants primarily
nitrogen anghosphorus from municig
wastewater discharges

Industrial wastewater treatment Industrial Reduction of pollutants primarily
nitrogen,phosphorus and metals
from industrial discharges

Remediation of confined animal Agricultural  Reduction of pollutants primarily

feedlot operations and aquaculture nitrogen and phosphorus from
operationdivestock production facilitie
to meet National Pollutant Discharge
Elimination System (NPDES)
permitting
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Algal Turf Scrubber® Systems
Pilot and Full Scale Locations
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Patterson ATS
(1995-1996)

Stanislaus County, CA
0.2 MGD x 50
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HMI Aquacul tu
(2000-2002)

Okeechobee County, FL
30 MGD x 220¢
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S154 ATSE with
Treatment (2003 -2004)
Okeechobee County, FL

1-6 MGD x 300606

Image USDA Farm Setvice Agency
Image U.S. Geological Survey,
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System Stability 0 Extreme Weather Conditions
2004 Hurricanes Frances and Jeanne
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Lake Lawne ATSE ( 2
2009)

Orange County, FL
2x110m3/ day X
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STA-1W ATSE
(2009)

Palm Beach County, FL
Pilot
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Powel | Creek AT
(2009)

Lee County, FL

Pilot
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Santa Fe ATSE
(2009)

Alachua County, FL

Pilot
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Egret Marsh ATSE
(2010)

Indian River County, FL

38,000m3 day x 5758
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