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Goal

 To model the processes and costs included in the production  
of fuel from algal turf



Key Processing/Recycling Pathways

1 Benthic algal polyculture turf will also include entrained planktonic species 
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Assumptions/Givens

 Scale to the DOE’s 2012 Harmonization Study for algal biofuels
 Average Production of 1340 Short Tons (AFDW) of Algae per day being 

delivered to the Fuel Production Plants

 Approximate Composition of Biomass Being Processed



Components of Fuel Production

 Feedstock Growth
 Algal Turf Scrubber® (ATS™)

 Harvesting
 Option 1: Scraper

 Option 2: Vacuum Truck

 Processing into Biofuels
 Hydrothermal Liquefaction of 

whole algal biomass

 Fermentation of algal biomass 
protein and carbohydrate 
fractions followed by 
Hydrothermal Liquefaction



Available Types of Algae Production

 Open Ponds: 
Microalgae

 Photo-bioreactors: 
Microalgae

 Algae Turf Scrubber®: 
Microalgal Polyculture
(many species mixed 
together in an aquatic 
ecosystem)
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ATS™
 ATS™ generates 10-20 

g/m^2/day AFDW, or more 
using systems not yet 
optimized for biomass 
production

 Originally developed and 
used to clean water as it 
flows across the surface to 
which the algae is attached.

 Harvested biomass contains 
a high percentage of ash 
from current systems – have 
not been optimized for 
reduced ash



Harvesting and Dewatering
 ATS™ Harvesting: One potential 

harvester uses a combination, 
squeegee/vacuum system – low 
energy intensity !

 Photo-bioreactors/Open Pond 
Harvesting: requires the use of 
costly chemicals for flocculation and 
high-energy-intensity techniques 
such as centrifuge to separate the 
algae from the water
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HTL (Thermochemical) Conversion

 Primary production 
concerns: High pressure, 
high temperature, time

 Almost any biomass can 
be processed in HTL

 Typically a 40% to 50% 
conversion efficiency (by 
mass)

 Produces “biocrude” 
product that must be 
further upgraded to 
renewable hydrocarbon 
fuels



Fermentation (Biochemical)

 Primary production 
concerns: Living 
organisms, time, 
regulated temperatures

 Efficiency ranges based 
on organisms used and 
component of biomass 
being processed

 Can convert protein and 
carbohydrate fractions 
of the biomass into a 
mix of alcohols
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Fermentation with HTL Conversion
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Main Products

HTL only (after fuel upgrading) Fermentation and HTL (after fuel upgrading)

• Isobutyl Alcohol
• Methane
• Ethanol
• Naphtha
• Renewable Diesel

• Methane
• Naphtha
• Renewable Diesel
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My Role

 To compile the information into a spreadsheet for a cost 
analysis vs. production output
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Spreadsheet Breakdown

 Diagram

 Inputs

 ATS™

 Harvesting

 Processing

 Entire Biomass HTL

 Fermentation with HTL Extraction

 Total Production of Fuel

 Capital Costs

 Summary

 Subsidies

 Charts

 Production Cost Reviews



Spreadsheet - Summary



Spreadsheet - Inputs



Spreadsheet – Cost Analysis



Spreadsheet – Cost Analysis pt. 2



Spreadsheet - Subsidies



Preliminary Conclusions

 More cost effective than traditional biofuel creation processes 
despite lower lipid production yields and potential higher 
processing costs
 Credits for Purifying water

 No cost for water use

 Not as energy intensive for harvesting

 “HTL only” processing creates approximately 94 million GGE per 
year

 “Fermentation and HTL Combination” produces approximately 75 
million GGE per year



Where to go from here?

 Research into the conversion processes, specifically from ATS 
algae biomass into fuel

 Research into specific locations, and resource availability for 
implementation of this system

 Research into the “real-world” costs of construction for the 
system (many assumptions were made in order to be 
consistent with other published papers)

 Research into more realistic prices for nutrient removal rates 
from water
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Sources for Pictures

 http://www.hydromentia.com/Products-Services/Algal-Turf-Scrubber/Product-
Documentation/Assets/ATS-Technical-Brochure.pdf

 http://algae.illinois.edu/Projects/Hydrothermal.html

 http://journeytoforever.org/biofuel_library/ethanol_motherearth/meCh1.html

 http://www.photobiology.info/Seibert.html

 http://www.globalwaterintel.com/archive/14/3/market-profile/green-gold-
alchemy-algae.html

 http://biomassmagazine.com/articles/9327/nextfuels-targets-palm-oil-waste-for-
advanced-biofuel-production

 http://www.dailytech.com/Pressure+Cooker+Method+Requires+No+Catalyst+to+
Produce+Algal+Crude/article33980.htm

 http://www.oilseedcrops.org/algae/

 Renewable Diesel from Algal Lipids: An integrated Baseline for Cost, Emissions, 
and Resource Potential from a harmonized Model
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