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Algae for Energy Security Solutions

Algal  Biomass 

For 

Energy

(DARPA, AFRL, DLA)

Biodiesel, JP-8, JP-5
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Algal Biomass Production: Carbon Feedstocks
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Kauai, HI

Solar input: 5.1 kWH/m2/day

Precipitation:  1050 mm/year

Average temp. range:  18-30 oC

San Diego, CA

Solar input: 5.4 kWH/m2/day

Precipitation:  262 mm/year

Average temp. range:  9-25 oC

Imperial Valley, CA
Solar input: 5.8 kWH/m2/day
Precipitation:  74 mm/year
Average Temperature range:  4-43 oC

Pecos, TX

Solar input: 5.7 kWH/m2/day

Precipitation:  295 mm/year

Average temp. range: -2-37 oC

Works in Various Climates

Mississippi: Plenty of water, CO2, 

land, forestry, sun

Kentucky: Agriculturally rich, 

abundant coal, water, land
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Algal Biomass and Product Opportunities
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http://www.google.com/imgres?imgurl=http://www.daviddarling.info/images/diatoms.jpg&imgrefurl=http://www.daviddarling.info/encyclopedia/D/diatom.html&h=250&w=361&sz=26&tbnid=gxwJiRu5OkCqbM:&tbnh=84&tbnw=121&prev=/images?q=Diatoms&usg=__g-FW8n0CURjSoXwDaAn0QToW42c=&ei=cte7S_nwB4eCsgOY7aCBBQ&sa=X&oi=image_result&resnum=6&ct=image&ved=0CBoQ9QEwBQ
http://www.masco.net/castintactweb/images/panel_images/pigments.jpg
http://www.google.com/imgres?imgurl=http://babyloss.files.wordpress.com/2009/10/grass2.jpg&imgrefurl=http://babyloss.wordpress.com/2009/10/29/the-things-ive-tried/&h=350&w=425&sz=129&tbnid=1D_p-f0Vuv17LM:&tbnh=104&tbnw=126&prev=/images?q=Grass&usg=___guJpTtoUbHxmX-z_HTpdf6VlQk=&ei=Dtu7S5X-OpPQsgP6xeTbBA&sa=X&oi=image_result&resnum=1&ct=image&ved=0CBAQ9QEwAA
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Algae:  High Oil and Protein Yields on Waste Carbon

Crop
Oil

gal/ac/yr

Supply U.S. oil

demand

(million acre)

Soybean 48 4167

Camelina 86 2326

Rapeseed 124 1613

Coconut 287 697

Palm Oil 635 315

Algae (DARPA) 2,000 100

Algae-(IR&D) 3700 54

Algae (plausible) 5000 40

Algal Biomass Post-Oil Extraction
‘Spent Biomass’

Protein, free amino acids, fatty acids
pigments, minerals, carbohydrates

Poultry, cattle, pigs, fish
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Algal  Biomass

Protein and nutrition

for animals and

aquaculture

Algae for Food Security Solutions
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Why Algae?...Global Food Demand 

Growing affluent populations demand more meat protein
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Hamour

X

Feed Conversion 

Ratio

2.0

1 Million Tonnes 2 Million Tonnes

X

Annual Protein Demand = 900k Tonnes

=

37,500 
Acres

DEMAND

SUPPLY
=

Profitable Plant Size

+
# of 

Plants+
Siting 

Analysis

TOTAL FEED REQUIREDANNUAL FISH REQUIREMENT
% PROTEIN IN 

MARINE SPECIES DIET

45%

X

Annual Protein Yield Per Acre = 24 Tonnes

40 Tonnes

Annual Algae Yield Per Acre % Protein in GA Algae

60%
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Protein Supply, Demand and Trend 

5-year Average

*

Algae protein content

Farm productivity Fish digestibility
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Source: University of Idaho, Aquaculture Research Institute

Fishmeal Cannot Meet Aquaculture Demand

FISH FARMING GROWING

PROJECTED GROWTH IN FISH FARMING

FISH CAUGHT FOR FOOD CONSTANT

FISHMEAL (FROM WHOLE AND 

PROCESSED FISH) CONSTANT

Million Tonnes

$100-200B/yr Business
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Protein Content of Algal Biomass

• Available land, water, sunlight, 

CO2 and nutrients
– Land can be arable and non-arable

– Quality and type of water is flexible 

– Sunlight is limited to 14 MJ/m2/day annual 

average

– CO2 can be generated through a variety of 

sources

– Nutrients can be costly

• Protein yield per weight is 

significant

– Comparable to fishmeal

Ingredient

Protein 
(g) per 

100 
grams

Dried whey 13

Non-fat milk 
powder

36

Low-fat soy 
flour

47

Low-fat 
sunflower seed 

flour
48

De-fatted 
peanut flour

52

Spirulina 58

GA 254 62

Vital wheat 
gluten

75

Soy protein 
isolate

81

Egg white 

powder
82

Unsweetened 
dry gelatin

86
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Fishmeal and Algae Have Comparable Protein 

and Other Nutrient Profiles
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Amino Acids

Source: US Department of Agriculture, Research Service

Fish Meal, Menhaden Special Select

Soybean Meal 

(includes antinutrients harmful to fish)

Algae, Spirulina
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Amino Acid Profile of Algae and Soybean

Algae 1 Algae 2 Algae 3

% Sample Basis % Sample Basis % Sample Basis

Dry Weight 91.09 91.03 83.61

Ash 9.93 18.75 29.43

Moisture 8.91 8.97 16.390

Ash-free Dry 

Weight
81.16 72.28 54.18

Protein (Crude) 41.15 55.06 58.69

Fiber (Crude) 0.67 10.60 1.59

Amino Acid Amino Acid Amino Acid

Methionine 0.69 1.09 1.13

Cystine 0.51 0.73 0.52

Lysine 4.42 3.83 3.10

Phenylalanine 1.63 1.88 2.57

Leucine 2.83 3.50 4.69

Isoleucine 1.22 1.45 1.85

Threonine 1.64 2.68 2.51

Valine 1.84 1.96 2.86

Histidine 0.83 1.13 0.94

Arginine 2.09 3.36 4.78

Glycine 1.84 2.70 3.41

Aspartic Acid 3.09 6.56 5.59

Serine 1.43 2.81 2.69

Glutamic Acid 3.99 8.34 8.49

Proline 2.14 5.27 5.57

Hydroxyproline 0.01 0.14 0.39

Alanine 2.61 3.54 5.57

Tyrosine 1.12 1.19 1.86

Taurine 0.07 N/A N/A

Total 34.09 52.19 58.53

Soybean, mature seeds, raw

Protein 36.49 g

- Tryptophan 0.591 g

- Threonine 1.766 g

- Isoleucine 1.971 g

- Leucine 3.309 g

- Lysine 2.706 g

- Methionine 0.547 g

- Cystine 0.655 g

- Phenylalanine 2.122 g

- Tyrosine 1.539 g

- Valine 2.029 g

- Arginine 3.153 g

- Histidine 1.097 g

- Alanine 1.915 g

- Aspartic acid 5.112 g

- Glutamic acid 7.874 g

- Glycine 1.880 g

- Proline 2.379 g

- Serine 2.357 g

http://en.wikipedia.org/wiki/Protein_(nutrient)
http://en.wikipedia.org/wiki/Tryptophan
http://en.wikipedia.org/wiki/Threonine
http://en.wikipedia.org/wiki/Isoleucine
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Lysine
http://en.wikipedia.org/wiki/Methionine
http://en.wikipedia.org/wiki/Cystine
http://en.wikipedia.org/wiki/Phenylalanine
http://en.wikipedia.org/wiki/Tyrosine
http://en.wikipedia.org/wiki/Valine
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Histidine
http://en.wikipedia.org/wiki/Alanine
http://en.wikipedia.org/wiki/Aspartic_acid
http://en.wikipedia.org/wiki/Glutamic_acid
http://en.wikipedia.org/wiki/Glycine
http://en.wikipedia.org/wiki/Proline
http://en.wikipedia.org/wiki/Serine
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Substitution in Chicken Feed 

• Carbohydrates

• Fats

• Proteins

• Vitamins

• Minerals

• Water

• Antioxidants

• Pigments

• Enzymes

• Antimicrobials 

http://www.poultryhub.org/wp-content/uploads/2012/04/Broiler-shed-interior.jpg
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Summary

• Algae can be grown on a variety of feedstocks to 

generate biomass

• Protein and fatty acids are valuable ingredients for animal 

feed

• Aquaculture and poultry farming can greatly benefit from 

algal primary/by-products

• Agriculture biomass and CO2 to algal biomass  to animal 

biomass process represents a valuable commercial 

option for a growing nutrition demand worldwide


