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Preface to the Report
Algae are possibly one of the most useful organisms. In addition to the fact that algae are responsible for
consuming most of the CO2 and releasing the most amount of oxygen that keeps us alive, the vast diversity
of algae also lends itself to being the feedstock or starting point for a whole of products and applications.
In the recent past the possibility of making biofuels from algae has been in the limelight. However, it is
becoming clear that it will take at least a decade before algae-based fuels are a commercial success.
Of greater interest to many businesses and entrepreneurs should be the fact that there are a number of
other algae-based value added product opportunities that exist outside of fuels.
The main focus of the report is to provide comprehensive insights on the current and emerging non-energy
products from algae, with a business and market focus.
The report provides details on the range of product possibilities, their market sizes, and profitability of
algae products. It also provides details on the production processes, success stories and factoids of
companies that have been involved in the algae products venture. Product possibilities from both
microalgae and macroalgae have also been dealt with in detail in this report.
The Comprehensive Report on Attractive Algae Product Opportunities will serve as a useful guide for
entrepreneurs and businesses keen on venturing into this exciting domain.
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This report covers a comprehensive list of value added products from algae, comprising the
following
High-value
Nutraceuticals
a)
b)
c)
d)

Medium-High value
Nutraceuticals

a) Spirulina and Chlorella
Astaxanthin
Betacarotene
Omega-3 fatty acid (DHA and
EPA)
Coenzyme Q10

Pharmaceuticals
a) Antimicrobials, Antivirals
Antifungals
b) Neuroprotective Products

Cosmetics

Hydrocolloids
and a) Agar,
Alginate,
Carrageenan

Chemicals

Low to Medium value
Fertilizer and Animal Feed
a)

b)

Aquaculture feed ( Shrimp
feed,
Shellfish
Feed,
Marine
Fish
Larve
cultivation )
Animal Feed
Fertilizer

c)
Substitutes for Synthetics

a) Biopolymers and Bioplastics
b) Lubricants

Bioremediation

a) Anti-cellulite
a) Paints, Dyes and Colourants
b) Skin Anti-ageing and sensitive skin
treatment – Alguronic acid

a) Wastewater treatment and
nutrient credits
b) CO2 capture and carbon
credits
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CHAPTER 1
MICROALGAE
MACROALGAE

&

While non-fuel applications of algae are our main focus, we also need to know
some details about the major types of algae - the microalgae and macroalgae.
This chapter deals with an overview of microalgae and macroalgae, their
composition, and the various energy and non-energy products which can be
obtained from them.

1.1 Introduction
1.2 Microalgae
1.2.1

Composition of Microalgae

1.2.2

Microalgae and Cyanobacteria Products

1.3 Macroalgae
1.3.1

Composition of Macroalgae

1.3.2

Products from Macroalgae

1.4 Comparison between Macroalgae and Microalgae
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SAMPLE TOPIC
 Microalgae and Cyanobacteria Products

Microalgae Energy and Non-Energy Products
Energy Products







Non-Energy Products






Biodiesel
Ethanol
Hydrogen
Methane



Biomass – where algae biomass is directly
used for combustion



Other hydrocarbon fuel variants, such as JP8 fuel, gasoline, biobutanol, etc.

Biomass
Health Food
Aquaculture
Animal Feed additive

Poly Unsaturated Fatty
Acids (PUFA)
ARA
DHA
PUFA Extracts
GLA
EPA

Antioxidants
Beta carotene
Tocopherol
CO2 Extract

Coloring Substances
Astaxanthin
Phycocyanin
Phycoerythrin

Fertilizers /Soil Conditioners
Fertilizers, Growth Promoters, Soil Conditioners
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 Products from Macroalgae
Macroalgae could produce a combination of end products. These end products can be broadly
categorized as energy products and non-energy products from macroalgae. The schematic below
illustrates some of the potential products that could be derived from macroalgae.

Methane
Ethanol

Energy Products

Biodiesel
Hydrocarbon &
Derivatives

Macroalgae
Non-energy
Products

Food (Nori, Anori,
Kombu, Wakame,
etc.)
Fertilizer
Hydrocolloids
(Agar, Carrageenan,
Alginate)

Agar, carrageenan and alginate are popular examples of seaweeds—these have been used as food
for human beings, feed for animals, fertilizers for plants and source of various chemicals. In the
recent past, seaweeds have also been gaining momentum as new experimental systems for
biological research and integrated aquaculture systems.
Detailed description and market trends of the above non-energy products have been provided
in the relevant chapters.
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Cultivation of algae under appropriate conditions is very important to
enhance the quality and quantity of the end products (non-fuel products).
This chapter provides a detailed description of various cultivation systems
employed in micro and macroalgae cultivation, culture methods followed
for different algal species, optimum conditions necessary for algal growth
rate and also the challenges and efforts involved in algae cultivation.

CHAPTER 2
ALGAE
CULTIVATION

2.1 Introduction & Concepts
2.2 Macroalgae Cultivation
2.2.1

Macroalgae Cultivation Systems

2.2.2

Feasibility of Cultivating Macroalgae on a Large Scale

2.3 Microalgae Cultivation
2.3.1

Algae Cultivation in Various Scales

2.3.1.1 Algae Cultivation in Lab Scale
2.3.1.2 Algae Cultivation on a Commercial Scale
2.3.2

Algae cultivation – Factoids

2.3.3

Algae Cultivation Challenges & Efforts
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SAMPLE TOPIC
 Microalgae Cultivation
Factors that determine Algal Growth Rate
While different strains and species of algae exhibit different growth rates, the following are the
important factors that determine the growth rate of algae, in general:














Light - Light is needed for the photosynthesis process
Temperature - There is an ideal temperature range that is required for algae to grow
Medium/Nutrients - Composition of the water is an important consideration



Salinity – While algae may adapt to a wide range of salinity, many species do not tolerate
a large sudden change in salinity.
pH - Algae typically need a pH between 7 and 9 to have an optimum growth rate
Aeration - The algae need to have contact with air, for its CO2 requirements





Alkalinity - High alkalinity promotes calcification and this encourages the rapid growth of
calcifying algae such as red coralline algae and green Halimeda spp. High alkalinity
combined with calcium dosing promotes the precipitation of phosphate and this limits
algae growth.



Mixing - Mixing prevents sedimentation of algae and makes sure all cells are equally
exposed to light
Photoperiod - Light & dark cycles



Temperature








The optimal temperature for microalgae cultures is generally between 20 and 30°C
Optimal temperatures vary with the species and strain cultured



Temperatures lower than 16°C slow down growth; Temperatures higher than 35°C are
lethal for a number of species



Outdoor algal cultures can be cooled by a flow of cold water over the surface of culture
system
Controlling the air temperature indoors can be done with air-conditioning units.
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 Algae Cultivation on a Commercial Scale
There are two main methods of cultivation
  Ponds
 Photobioreactors

Companies Using Ponds and PBRs
Company

Types of Culture Infrastructure

A2BE Carbon Capture

Photobioreactor

Algenol Biofuels

Open Pond

Algae. Tec

Photobioreactor

Aquaflow Bionomic

Open Pond

Aquatic Energy

Open Pond

Aurora Algae

Open Pond

Bionavitas

Photobioreactor

Cellana

Open Pond and Photobioreactor

Circle Biodiesel

Photobioreactor

Dynamic Biogenics

Photobioreactor

Greenshift

Photobioreactor

Heliae

Photobioreactor

Infinifuels

Open Pond

Inventure Chemicals

Open Pond

LiveFuels

Open Pond

OriginOil

Photobioreactor

Parabel

Photobioreactor

Sapphire Energy

Open Pond

Seambiotic

Open Pond

Solena Group

Photobioreactor

Solix Biosystems

Photobioreactor

Texas Clean Fuels

Photobioreactor
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Different Methods of Cultivation
Algae cultivation can be done in a variety of environments. Some of the prominent ones are:










Desert-based algae cultivation



Cultivation in waste water



Cultivation next to power plants



Cultivation in photobioreactors



Marine algae cultivation



Cultivation in freshwater



Cultivation in open ponds



Cultivation in closed ponds

Detailed inputs for cultivation in each of the above environment are provided in relevant
chapters.
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Harvesting of algae is a critical step in the cultivation of algae. Harvesting
of algae, particularly microalgae is very difficult because of the small size
and often motile unicells. This chapter describes the common harvesting
practices for microalgae, trends and advances in harvesting microalgae and
prominent harvesting practices or macroalgae. It also dwells in detail on
some of the methods employed for harvesting specific macroalgal strains.

CHAPTER 3
ALGAE
HARVESTING
3.1 Microalgae Harvesting
3.1.1

Prominent Harvesting Practices for Microalgae

3.1.2

Trends & Latest in Harvesting Microalgae

3.2 Macroalgae Harvesting
3.2.1

Prominent Harvesting Practices for Macroalgae

3.2.2

Methods Employed for Harvesting Specific Macroalgal Strains

SAMPLE TOPIC
 Prominent Harvesting Practices for Microalgae
The main types of harvesting methods are:











Filtration - Mechanical harvesting using filtration, by means of strong membranes, such as
microscreens.
Chemical Methods - Chemical and/or biological harvesting by means of flocculants



Centrifugation – It uses the action of centrifugal force to promote accelerated settling of
particles in a solid-liquid mixture.



Flotation - Another method is froth flotation, whereby the water and algae are aerated
into froth, with the algae then removed from the water.



Cross-flow electro-filtration – It uses a conductive filter called electro membrane in a
cross-flow electro-filtration system. In continuous mode, the applied electric field
enhances the harvesting performance.
Ozoflotation – It uses ozone with doses of 0.12–0.23 mg/mg of dried biomass




Electrochemical harvesting – It works on applied current and addition of electrolyte such
as sodium chloride (NaCl)
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Details of each of the harvesting methods are described in the report.

 Prominent Harvesting Practices for Macroalgae
The common procedure for the majority of targeted species is to harvest the total biomass of
each plant; the thallus is removed either by hand grabbing or cut using a cutting implement.
Exceptions to this practice are the harvesting practices used with species like Alaria, Laminaria
and Himanthalia, in which the plant is cut above the holdfast to enable regeneration.
A seaweed harvesting company professes to use a species-specific harvesting practice for the
following species.




Alariais cut above the receptacles taking only the frond of the plant
Laminariais cut 5 cm above the stipe
Himanthaliais cut above the button holdfast.

Following the collection, the processing of harvested seaweeds vary according to the desired end
product, but commonly involves washing, usually with freshwater, sorting, drying (using in-house
drying apparatus, or outside drying in suitable weather) and final packaging.
In case of other species, the seaweed grows in belts between the boundaries of the lowest tides
and the half tides. It is harvested floating when the tides are not too high. The fully grown
seaweed is harvested with spade wheels and rafts made of steel floats (or even spade wheels,
adjustable cutters). After the conveyor belts have collected the right volume of weed, it is dumped
into large sacks and left afloat until a boat collects a whole load to take it to the factory.

 Methods Employed for Harvesting Specific Macroalgal Strains
Some macroalgae are attached to rocks by holdfast. Holdfasts are just like tree's roots which hold
down the kelp. Such macroalgae are harvested by tearing off top portions and leaving the holdfast
to allow regrowth.
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Harvesting Methods Followed in Different Countries for Various Strains
Country

Strain

Harvest Method

Ascophyllumnodosum

Cutting done by hand using a sickle

Chondruscrispus, Mastocarpusstellatus

Hand cutting and hand raking

Ascophyllumnodosum

Done by hand using a sickle

Chondruscrispus, Mastocarpusstellatus

Hand cutting and hand raking

Ascophyllumnodosum

Done by hand using a sickle

France

Chondruscrispus, Mastocarpusstellatus

Hand cutting and hand raking

Norway

Ascophyllumnodosum

Various methods of mechanical harvesting

Ascophyllumnodosum

Raking from boats using a cutter rake, or
by cutting at low tide using a sickle or
knife

Canada

Chondruscrispus, Mastocarpusstellatus

Hand-operated rakes or drag rakes towed
behind inshore fishing vessels.

Iceland

Ascophyllumnodosum

Mechanical harvesting.

Chondruscrispus, Mastocarpusstellatus

Hand-operated rakes or drag rakes towed
behind inshore fishing vessels.

UK

Ireland

USA
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CHAPTER 4

CHAPTER 4

ALGAE
ALGAEDRYING
DRYING

The final step in processing algae is drying of the dewatered slurry. By drying,
the algae biomass is converted to a stable storable product. Drying process
should be carried out carefully in order to obtain the desired product with
high quality. This chapter gives us the various methods of drying the algae
particularly microalgae.

4.1 Common Methods of Drying Algae
4.2 Other Methods of Drying Algae

SAMPLE TOPIC
 Methods of Drying Algae
Drying methods that have been used for microalgae include spray drying, drum drying, freezedrying and sun drying.

Drum Drying
Drum drying is the most common method of algae drying.
Drying the algae on the drum dryer has the dual advantage of sterilizing the samples and breaking
the cell wall.
The principle of this drying method is the application of a wet slurry or paste onto a rotating,
preferable chromium plated, heated drum.
The material to be dried is heated for a few seconds and the ensuing dehydration causes the cell
wall to open.
The major disadvantage of drum drying is that the process requires large amounts of energy at a
relatively low thermal efficiency.
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CHAPTER 5

CHAPTER 5

ALGAEPRODUCTS
PRODUCTS
&
ALGAE
AND
MARKET– AN OVERVIEW
–
AN
MARKET
OVERVIEW

The number of products that can be made from algae is virtually unlimited,
due to the occurrence of large variety of species. This chapter provides a broad
outline on the various non-energy products that can be derived from the algae
and also an overview of microalgae and macroalgae market.

5.1 Energy Products from Algae
5.2 Non-Energy Products from Algae
5.3 Microalgae Market
5.3.1.1 High Value Products from Algae
5.4 Macroalgae Market

SAMPLE TOPIC
 Non- Energy Products from Algae
The bulk of commercial products from algae are derived from seaweed, produced for food and
alginates and partially harvested from natural populations, rather than cultivated. Commercial
products from microalgae are largely limited to a few easily cultured species with proven market
demand and market value, often as health food or feed in aquaculture.
Unlike fuels, the market for non-fuel algae-derived products such as nutraceuticals, pigments,
fertilizers, feed and food industries, cosmetic industry and chemical industry have the markets
which are more readily accessible providing greater margins.
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Overview of the Non-Energy Products that can be derived from Algae







Algae in Nutraceuticals
Single Cell Protein
Poly unsaturated fatty acids
Pigments/Carotenoids
Bioactive compounds
Vitamin Supplements
















Feed
Aquaculture Feed (Shrimp
feed, Shellfish Feed, Marine
Fish Larvae cultivation)
Cattle and hog feed
Pet food ingredient
(aquarium food and
speciality pet foods)







Textiles



Algae derived oleic oil for
textile lubrication
(Solazyme)
Alginate Fibre for fabrics

Pharmaceuticals
Osmoregulators
Drugs
Antioxidants
Anti-microbial agents
(antibacterial, antifungal,
antiprotozoal, Anti-viral agents
Anti-tumour agents
Anti-obesity and anti-diabetic
agents
Anti-inflammatory agents
Anti-adhesive therapies
Aiding the immune,
cardiovascular and nervous
systems. Used in fibromyalgia,
diabetes, and hypertension
patients and in degenerative
diseases treatment, skin disease
treatment
Therapeutic delivering agents
Cosmetics
Anti-cellulite
Skin care, sun protection and
hair care
Tooth paste, Shaving cream
Lotions and creams
Antibacterial cream





















Chemicals









Defoamers
Inks
Algae based resins
Speciality chemicals like Propyl
butyrate, Butanol etc.
Stable isotopically labelled
compounds
Dyes and colorants
Polyhydroxyalkonates
Phycobiliproteins







Algae as/in food
Puddings, Sauces and Creams
Beverage/Juice
Sweet biscuits
Chocolates
Dark coloured baked products
Edible coatings
Food colouring agents
Cheeses and butter or margarines
Food gels
Stabilizer/emulsifier
Food Packaging
Seaweed Food such as Nori
Agar, alginates and carrageenans
(as gelling and/or thickening
agents)

Pollution Control
Wastewater treatment and
nutrient credits
Biofilters for fish pond effluents
Heavy metal biosorption
CO2 capture and Carbon Credits
Soil additives, conditioners and
fertilizers
Novel Applications in Other
Industries
Paints -Paints seeded with the
diatoms.
Construction - Algae / sand
composites as substitutes for
mortar, brick, concrete, asphalt
and other civil engineering
applications
Lubricants - Dielectric fluids and
lubricants
Electronics – Algae based Batteries

To order a copy of the report, visit
https://secure.clixoo.com/purchase/oilgae/alg_pdt/report.htm

Comprehensive Report on Attractive Algae Product Opportunities – Preview (Updated Nov 2018)

Details of each of these products are discussed in the relevant chapters of the report.

 Microalgae Market

Overview of commercially produced algae and their market statistics
Microalgae

Annual Demand
(2018)

Producer
Country

Application and
Product

Spirulina

10,000 Tons

China, India, USA,
Myanmar, Japan

Chlorella
Dunaliella salina
Haematococcus
pluvialis

XX
XX
XX

XX
XX
XX





XX
XX
XX

Price

Human nutrition US$ 10-25/kg
Animal nutrition
Cosmetics
Phycobiliproteins
XX
XX
XX


Market statistics of other commercially produced algae are given in detail in the report
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CHAPTER 6
ALGAE
NUTRACEUTICALS

Algae find application in various industries such as pharmaceuticals,
nutraceuticals, etc. For instance in the nutraceuticals industry, algae are very
much useful to derive many nutraceutical products as they are rich sources
of proteins, vitamins, minerals, antioxidants, carotenoids, etc. This chapter
provides us in detail all the nutraceutical products that can be obtained from
algae, suitable algae strains used for the production, and also the uses of
these products.

6.1 Single Cell Protein (SCP)
6.1.1 Spirulina
6.1.2 Chlorella
6.2 Omega-3 Fatty Acids
6.3 Carotenoids
6.3.1 Astaxanthin
6.3.2 Beta Carotene
6.3.3 Lutein
6.3.4 Zeaxanthin
6.3.5 Lycopene
6.3.6 Canthaxanthin
6.3.7 Fucoxanthin
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SAMPLE TOPIC
 Summary of Algae Nutraceutical Products
Algae
Nutraceuticals

Single Cell

Polyunsaturated

Carotenoids and

Protein

Fatty Acids

Pigments

Bioactive
Compounds

Spirulina

DHA

Beta Carotene

Antioxidants

Chlorella

ARA

Astaxanthin

Lipids

GAL

Lutein

Carbohydrates

EPA

Lycopene

Peptides

Zeaxanthin

Proteins

Phycocyanin

Pigments

Fucoxanthin

Vitamins

Canthaxanthin

Detailed explanations for each of these products are provided in the report.
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Lycopene
Product Category

Carotenoid

Other Current Sources

Red fruits ; Tomatoes, Water
melon

Algae Strains Used

Cyanidioschyzon
merolae;
Chlorella marina , Chlorella

Status of Commercialisation

Research stage.

Like all carotenoids, lycopene is a polyunsaturated hydrocarbon (an unsubstituted alkene).
Lycopene, a red coloured carotenoid is the most potent carotenoids at quenching singlet oxygen,
a particularly damaging oxidant. Apart from its use as nutraceutical product, it is used as a
colourant in food and beverages.
In plants, algae and other photosynthetic organisms, lycopene is an important intermediate in the
biosynthesis of many carotenoids, including beta carotene, responsible for yellow, orange or red
pigmentation, photosynthesis, and photo-protection.
Current Sources

Lycopene is a bright red carotenoid pigment and phytochemical which is found in tomatoes,
watermelons and other red fruits
Algae Strains Used

There are varied numbers of strains that produce lycopene along with other carotenoids in stress
conditions. Some of the important species that can yield lycopene include:




Cyanidioschyzonmerolae
Chlorella marina
Chlorella sp.

Applications - Health Benefits
Research studies reveal that lycopene has the following health benefits:
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Protects the body from free radicals that can otherwise cause damage to body cells resulting
in more serious illnesses.
Reduces the risks of certain cancers such as prostate cancers.
Prevents heart diseases

In algae, lycopene is an important intermediate in the biosynthesis of many carotenoids, including
beta carotene, responsible for the yellow, orange or red pigmentation, photosynthesis and photoprotection.
Due to its strong colour and non-toxicity, lycopene is a useful food colouring and is approved for usage
in the USA, Australia and New Zealand and the EU.
Different studies have confirmed the benefits of the antioxidant property of lycopene in the treatment
of various disorders including cancers, diabetes, osteoporosis, cardiovascular diseases and male
infertility. However, most of these studies focus on the anti-cancer benefits of lycopene.

Beta Carotene
Market
Beta carotene is a leading carotenoid globally, accounting for $400 million in 2018, with natural beta carotene
(from algae) estimated at about 35% of the market. The growth in the total market is about 5% CAGR, and thus
the market is expected to reach a size of about $500 million by 2024.
The main end uses for beta carotene will be dominated by food and beverages, followed by dietary supplements,
and by cosmetics and animal feed after that. Food and beverages segment contributed over 30% of total revenues
in 2018.
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CHAPTER 7
GAE IN
ALGAE
IN
PHARMACEUTICALS
PHARMACEUTICALS

Algae produce a wide variety of chemically active metabolites in their
surroundings as an aid to protect themselves against other settling
organisms. These metabolites are very valuable in the field of
pharmaceuticals. This chapter describes in detail the various bioactive
compounds of algae and their applications in pharmaceutical industry. It
also provides us the methods involved in the extraction of these bioactive
compounds from algae.

7.1 Algae - Anti-microbial Agents
7.2 Algae as an Antibacterial Agent
7.3 Algae as Anti-fungal Agents
7.4 Antimicroalgal Action
7.5 Algae as Antiviral Agents
7.6 Anti-obesity and anti-diabetic agents
7.7 Anti-inflammatory agents
7.8 Anti-adhesive Therapies
7.9 Radioactive Protection
7.10 Neuroprotective Products
7.11 Human therapeutic Proteins
7.12 Other Applications of Algae in Pharmaceuticals

7.2 Methods of Extraction of Bioactive Compounds from Algae
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SAMPLE TOPIC
 Algae as an Antibacterial Agent
Antibacterial Features of Selected Compounds from Microalgae
Microalga

Active Compound

Target Microorganism

Phaeodactylum tricornutum

Eicosapentaenoic acid

MRSA, Listonellaanguillarum,
Lactococcus
garvieae, Vibrio
spp.

Haematococcus pluvialis

Short Chain Fatty Acids

-

Short-chain fatty acids
(butanoic acid and methyl
lactate)

Escherichia coli, Staphylococcus
aureus

Skeletonemacostatum

Unsaturated,
saturated Vibrio spp.
long chain fatty acids

Euglena viridis

Organic extracts

Pseudomonas, Aeromonas,
Edwardsiella, Vibrio, E. coli

S. costatum

Extra-metabolites

Listeria monocytogenes

Methanolic extracts

-

Klebsormidiumcrenulatum
Chlorococcum sp.

Aqueous extract

-

Chlorococcum HS-101

á Linolenic Acid

Chlorokybusatmophyticus

Acetone extract

Chlamydomonasreinhardtii

Methanolic and
extract

Staurastrumgracile
Pleurastrumterrestre
Dictyosphaeriumpulchellum

Chlorella vulgaris

hexanolic S.
aureus,
Staphylococcus
epidermidis, Bacillus subtilis, E.
coli, Salmonella typhi
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 Algae as Antiviral Agents
Antiviral Mechanisms
Sulfated polysaccharides

Interfere with attachment of virus to target cell

Cyanovirin

Interferes with membrane fusion and host cell
entry

Sulfoglycolipids

Inhibit reverse transcriptase

Carrageenans

Increase T and B cell mitogens

Spirulina

Increase phagocytic activity, antibody production,
NK cell accumulation.

 Methods of Extraction of Bioactive Compounds from Algae
Supercritical fluid extraction (SFE)
Working Principle
Supercritical fluid extraction is based on the use of solvents at temperatures and pressures above
their critical points. This technique has been employed previously to extract a wide variety of
interesting compounds from different food-related materials.
One of the most valuable characteristics of SFE is the highly reduced (often to zero) employment
of toxic organic solvents. Carbon dioxide (CO2) is the solvent most commonly used to extract
bioactive compounds from natural sources using SFE. In fact, CO2 has a series of interesting
properties for bioactive extraction:






It is cost efficient.
Its critical conditions are easily attainable (30.9°C and 73.8 bars)



It is an environmentally friendly solvent that is Generally Recognized As Safe (GRAS) for
use in the food industry.
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The main drawback of supercritical CO2 is its low polarity, a problem that can be overcome by
employing polar modifiers or cosolvents to change the polarity of the supercritical fluid and to
increase its solvating power towards the analyte of interest. For example, the addition of
relatively small percentages (1–10%) of methanol to carbon dioxide expands its extraction range
to include more polar analytes. The modifiers can also reduce the analyte– matrix interactions,
improving their quantitative extraction.

Advantages of using CO2 under supercritical conditions for the extraction of marine
bioactive compounds:





High diffusivity and the relative ease in tuning the temperature and pressures applied,
so that solvent strength and density can be modified easily.
Possibility of attaining solvent-free extracts.

Once the extraction procedure is finished, the depressurization of the system converts CO2 from
a liquid to a gas making it easier to recover the extract. These properties are responsible for the
extended use of supercritical CO2 for extraction of bioactive compounds.
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CHAPTER 88
CHAPTER
ALGAE AS/IN FOOD &
ALGAE AS/IN FOOD
FEED
AND FEED

Algae are promising sources for new food and functional food products and can
be used to enhance the nutritional value of foods, due to their well-balanced
chemical composition. This chapter provides us the information on the various
algal strains used for food applications, their production processes to obtain the
desired products and also their market value.

8.1 Microalgae as/in Food
8.2 Seaweeds for Food
8.3 Hydrocolloids
8.3.1.1 Seaweed Hydrocolloids
8.3.1.2 Agar
8.3.1.3 Alginates
8.3.1.4 Carrageenan
8.4 Food colourants
8.5 Other Applications
8.6 Algae as Feed
8.6.1.1 Animal Feed
8.6.1.2 Fish Feed
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SAMPLE TOPIC
 Microalgae as/in Food
Microalgae Strains Used in Food Applications include

















Spirulina (Arthrospira) maxima (Blue Green Algae)
Chlorella vulgaris (Green algae)
Schizochytrium sp.(Marine Microalgae)
Isochrysisgalbana
Scenedesmus sp.
Porphyridiumcruentum
Haematococcus pluvialis(Green algae)
Diacronemavlkianum

Applications of Microalgae





Traditional foods, such as mayonnaises/salad dressings, puddings/gelled desserts,
biscuits/cookies and pasta, were supplemented with biomass from different microalgae,
to add colouring and functional attributes, making the products more sensorially
attractive and with possible health benefits.



Hydrocolloids such as agar, alginate and carrageenan isolated from wild and cultivated
algae and are used as additives in the food industry for their emulsifying and thickening
properties.

 Agar
Species of Algae Used for Making Agar








Acanthopeltis japonica



Gelidiumamansii, G. cartilagineum, G. caulacanthum, G. corneum, G. liatulum,
G. ligulatum, G. pacificum, G. pristoides, G. sesquipedale
Gelidiellaacerosa
Gracilariaconferviodes
Pterocladiacapillacea
Pterocladialucida
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Production Process

Collection
Pre-treatment

•Desired strains of algae are collected, cleaned of shells and
diatoms, washed with seawater, and air dried.

•Once they are air dried, the algae are pre-treated with 2%
suspension of Ca (OH)2 at 110~ for 2 h. After this pretreatment, the solution is decanted and algae are washed with
water.

Extraction

•Three levels of extractions are performed using Ca (OH)2 at
specific pHs

Filtration

•Extracted algae are filtered under vacuum through a filter
carton with diatomite layer, cooled, gelatinized, and cut into
pieces.

Washing

•The gels are then washed with tap water, frozen, thawed,
dehydrated with acetone, and dried in air.

Market
Agar is a relatively mature industry in terms of manufacturing methods and applications.
The global agar market size was estimated at about US$ 255 million in 2018 and is anticipated to grow at a
CAGR of 5.1% from 2018 to 2023. Food-grade agar is now considered a commodity and may be relatively
cheap, often around US$20 per kg, but higher qualities could command prices higher than $20/Kg. The
highest-quality agarose can exceed US$ 5,000 per kg, but much less of it is used and only for very specific
applications.

Market Segments
Agar – about 90% of this is used for food applications (bakery uses, confectionary, meat and fish, plus
dairy products) the other 10% for bacteriological applications.
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CHAPTER 9

CHAPTER 9

ALGAECOSMETICS
COSMETICS
ALGAE

Algae have a natural resistance to several environmental aggressions. These
benefits make them to be included in cosmetics formulations. Algae are used
as raw materials, bulk extracts, and as specialized functional ingredients. This
chapter provides insights into the some of the most important cosmetics
products from algae, important strains used for the production and also the
production processes involved.

9.1 Prominent Cosmetics from Algae
9.2 Fucoidans
9.3 Anticellulite
9.4 Skin care, sun protection

SAMPLE TOPIC
 Important Cosmetics from Algae
Cosmetic Type
Potent Sea Kelp Masque (for oily/sensitive
skin)

Description
Concentrated, cold-pressed Nereocystis, Laminaria and
Rockweed seaweeds, packed with antioxidants and
further combined with BC Glacial and Kaolin Clays to help
re-balance and heal the most sensitive skin types. This
masque will be a perfect suggestion for your
oily/sensitive skin types for oil control and assists with
healthy cell turnover from sun-damage.

LaminariaBody Lotion (for sensitive skin)

A soothing, fragrance free moisturizing body lotion,
formulated with nutrient rich wild seaweeds, therapeutic
rainforest botanicals and natural oils to supplement
skin's moisture balance, revitalize stressed skin and
further promote soft, youthful skin. Suitable for all skin
types, especially sensitive.
Protein -rich extract from Spirulina
Repairs the signs of early skin aging, exerts a tightening
effect and prevents striae.
Details of other cosmetic products are given in the report.
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 Skin care, sun protection
Algae Cosmetic Market
In cosmetics, algae act as thickening agents, water-binding agents, and antioxidants.
Carrageenans are extracted from red algae and alginates from the brown algae. Other forms of
algae such as Irish moss contain proteins, vitamin A, sugar, starch, vitamin B1, iron, sodium,
phosphorus, magnesium, copper and calcium. These are all beneficial for skin either as emollients
or antioxidants.

Global market
The global natural and organic cosmetics market accounted for US$ 11.5 billion in 2017, and is expected to
expand at a CAGR of 11.1% during 2018-2026.
Rising average life expectancy leads to increased popularity of anti-ageing products and exotic natural
ingredients have strong marketing power and can command a premium price. Research is being conducted into
novel functional ingredients from macro- and microalgal sources: Compounds such as mycospoine-like amino
acids, terpenes and carotenoids, tocopherols and pyrenoine (an extract from the macroalga Fucus) are all under
investigation as photo –protective ingredients.
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CHAPTER 10
ENVIRONMENTAL
ENVIRONMENTAL
APPLICATIONS
OF OF
APPLICATIONS
ALGAE ALGAE

Use of algae for environmental remediation applications has become
another important highlight in the algae non-fuel applications. This
chapter describes the use of algae in various environmental applications
such as wastewater treatment, CO2 capture and as biofilters for fish pond
effluents.

10.1 Algae-Based Wastewater Treatment
10.2 Biofilters for Fish Pond Effluents
10.3 CO2 Capture using Algae

SAMPLE TOPIC
 CO2 Capture Using Algae
Even though algae represent only 0.5% of total global biomass by weight, algae produce
about 60% of the net global production of oxygen on earth, which is more than all the
forests and fields combined. Algae’s ability to sequester CO2 and produce massive amounts
of O2 has prompted scientists to theorize that propagating algae in large ocean dead zones
may be a way of sequestering millions of tons of CO2 and adding to atmospheric oxygen.

Advantages of Algae-based CO2 capture
Selecting the most appropriate technology to limit the amount of carbon dioxide entering
the atmosphere has been the major focus of research for the last five years.
An ideal methodology for photosynthetic sequestration of anthropogenic carbon dioxide
must have the following attributes:
















Highest possible rates of CO2 uptake
Permanent sequestration of carbon
Revenues from substances of high economic value
Use of concentrated, anthropogenic CO2 before it is allowed to enter the atmosphere.
Capturing CO2 at the source
Recycling CO2 into multiple beneficial uses
Displacing the use of fossil fuels and their CO2 emissions
Enhancing the net CO2 emission performance of fossil fuel gasification and thermal extraction
processes

Algae strains suitable for carbon capture
Several species of microalgae are known to capture carbon dioxide from flue gas. However, mass
culture of defined strains has been demonstrated in only a few cases (Spirulina,Dunaliella), and
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other algae (e.g. Chlorella, Haematococcus) are mass cultured with considerabledifficulty.
However, most algal species have not yet been mass cultured in open ponds.

Carbon-Capture Efficiency and Characteristics for Some Microalgae Species


Chlorella sp.

In 2014, Chien-Ya Kao conducted an experiment to analyze the biomass and lipid productivity of
Chlorella sp. MTF-15 cultivated using aeration with flue gases from a coke oven, hot stove or
power plant in a steel plant of the China Steel Corporation in Taiwan. Using the flue gas from the
coke oven, hot stove or power plant for cultivation, the microalgal strain obtained a maximum
specific growth rate and lipid production of (0.827 d−1, 0.688 g L−1), (0.762 d−1, 0.961 g L−1), and
(0.728 d−1, 0.792 g L−1), respectively. This study demonstrated that Chlorella sp. MTF-15 could
efficiently utilize the CO2, NOX and SO2 present in the different flue gases. The results also showed
that the growth potential, lipid production and fatty acid composition of the microalgal strain
were dependent on the composition of the flue gas and on the operating strategy deployed.
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CHAPTER
11 11
CHAPTER
NOVEL
NOVEL APPLICATIONS IN
APPLICATIONS
IN
OTHER INDUSTRIES
OTHER INDUSTRIES

Apart from the use of algae in nutraceuticals, food, cosmetics industries,
algae are also widely used in other industries such as solvents, dyes and
colourants, textiles, biopolymers and bioplastics, lubricants, pigments etc.
In this chapter a detailed explanation on the use of algae in various
industries are given.

11.1 Algae Chemicals
11.2 Dyes and Colourants
11.3 Solvents
11.4 Biopolymers & Bioplastics
11.5 Algae Textiles
11.6 Pigments
11.6.1 Phycocyanin
11.6.2 Chlorophyll
11.7 Lubricants
11.8 Other Applications of
Algae
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SAMPLE TOPIC
 Dyes and Colourants
Algae are the ideal substitute for chemical dyes and pigments. Algae contain three major classes
of photosynthetic pigments: chlorophylls, carotenoids (carotenes and xanthophylls) and
phycobilins.







Chlorophylls are greenish pigments which contain a porphyrin ring. This is a stable ringshaped molecule around which electrons are free to migrate.



Carotenoids are usually red, orange, or yellow pigments, and include the familiar
compound carotene, which gives carrots their colour. These compounds are composed of
two small six-carbon rings connected by a "chain" of carbon atoms.



Phycobilins are water-soluble pigments, and are therefore found in the cytoplasm, or in
the stroma of the chloroplast. They occur only in Cyanobacteria and Rhodophyta.

Pigment composition of several algal groups
Division

Common Name

Major Accessory Pigment

Chlorophyta

Green algae

Chlorophyll b

Charophyta

Charophytes

Chlorophyll b

Euglenophyta

Euglenoids

Chlorophyll b

Phaeophyta

Brown algae

Chlorophyll c1 + c2, Fucoxanthin

Chrysophyta

Yellow-brown or golden-brown Chlorophyll c1 + c2, Fucoxanthin
algae

Pyrrophyta

Dinoflagellates

Chlorophyll c2, Peridinin

Cryptophyta

Cryptomonads

Chlorophyll c2, Phycobilins

Rhodophyta

Red algae

Phycoerythrin, Phycocyanin

Cyanophyta

Blue-green algae

Phycocyanin, Phycoerythrin
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Applications
Food Colouring
Phycocyanin colourants in general are non-toxic, and non-carcinogenic. Uses of phycocyanin in
foods include the colouring of fermented milk products, ice creams, chewing gum, soft drinks,
alcoholic drinks, desserts, sweet cake decoration, and milk shakes.

Clothing
Algae can be used for dyeing our clothes in an eco-friendly way. Chlorophyll derivatives are used
for dyeing of fabrics, such as wool, acetate derivatives and cotton.
British scientists have come up with a novel application of using algae to add colour to fabrics and
paints. These algae called diatoms are single-celled organisms paced in shining shells. These shells
add a distinctive feature to the algae, which makes them act as crystals, enabling them to change
their colour depending on the configuration of the holes in their shell. The sensitivity of the colour
is maintained without changing the chemical composition of the fabric.
As the paint dries, the algae align themselves horizontally at the surface, reflecting light in a
uniform manner. So, even a transparent paint, and transparent silica shells can produce strong
shade. This can provide a safe and an economical alternative for dye industry.

Biopolymers & Bioplastics
The global bioplastics production capacity is set to increase from around 2.05 million tonnes in 2017 to
approximately 2.44 million tonnes in 2022. It will still be a tiny portion of the overall plastics market, which
was about 320 million tons in 2017.
The most widely used bioplastic is made by NatureWorks LLC, a unit of Cargill & Teijin Ltd. of Japan. It is a
corn-based and biodegradable plastic, and is already is used in dozens of products. More companies aspiring
to produce bioplastics are regularly emerging. And more feedstock for bioplastics is also being experimented.
Algae are a potential feedstock for bioplastics.
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CHAPTER
12 12
CHAPTER
COMPANIES
&
COMPANIES
AND
UNIVERSITIES
UNIVERSITIES ASSOCIATED
ASSOCIATED
WITH
WITH ALGAE PRODUCTS
ALGAE PRODUCTS

A large number of companies and universities are working on algae
products. This chapter gives profiles of prominent companies involved
in this sector.

12.1 Summary of Companies associated with Algae Products
12.2 Prominent Companies Working on Non-Fuel Products
12.3 Companies Associated in the Algae Nutraceuticals Sector

























Parry Nutraceuticals, India
Hydrolina Biotech, India
Sun Chlorella, Japan
Cyanotech, USA
Qualitas Health, Israel
Astareal AB (former Bioreal AB)
BM Energy Group and AstaNovo AS
CO2BIO, Norway
Cellana, USA
Aurora Algae, USA
Martek Biosciences, USA
Australian Spirulina, Australia (TAAU Australia Pty Ltd)

12.4 Companies Associated in the Health/Pharmaceutical Sector







Rincon Pharmaceuticals
Triton Health and Nutrition
List of Companies in Algae Health Products Ingredient Manufacturing is also
Provided

12.5 Companies in the Algae Textiles and Chemicals Sector
Algix LLC
Cereplast
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12.6

Companies Associated with the Algae Food or Feed Industry






12.7

Other Companies








12.8

Alltech
Heliae
Monsanto

Algaeon Inc.
SimrisAlg
MicroAlgae
Sahara Forest Project

Universities Working on Algae Non-Fuel Products

SAMPLE TOPIC
 Companies Associated in the Algae Nutraceuticals Sector
Parry Nutraceuticals, India
Headquartered at Chennai, India
Main line of activity Microalgal health supplements production
Company Profile
Parry Nutraceuticals is a division of E.I.D. Parry (I) Ltd. and a part of the USD 3.8 billion Murugappa
group. E.I.D. Parry businesses cover a wide range of products including sugar, microalgal health
supplements from Parry Nutraceuticals and bio products from Bio Products Division. Parry
Nutraceuticals’ products have become an integral part of several major brands in 38 countries,
the main markets being in North America, Europe, South East Asia and the Far East for many years
now.
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Non-fuel algae products













Organic Spirulina
Parry SuperBlu (Phycocyanin extracted from Parry Organic Spirulina)
Natural Mixed Carotenoids (from Dunaliella salina)
Astaxanthin (from Haematococcus pluvialis)
Lutein
Lycopene

Partnerships Valensa International, USA
About Parry Astaxanthin
Astaxanthin is a red colored carotenoid pigment that naturally occurs in most marine crustaceans
and some species of fish. It is responsible for the reddish tinge that usually accompanies these
animals, a prominent example being the pink colored flesh of the salmon fish.
Parry Natural Astaxanthin is extracted from the micro alga Haematococcus pluvialis.
Haematococcus is a unicellular, microscopic green alga, which accumulates massive amount
ofnatural Astaxanthin under appropriate growth conditions, to protect itself against
environmental stress. Haematococcus pluvialis cells accumulate 15,000 PPM of Astaxanthin
before harvesting. Once harvested the whole cells are spray dried and then carefully cracked to
ensure bioavailability and packaged in absence of oxygen to ensure stability of this product.
To process oleoresin into powder, the broken cells are extracted in non-petrochemical solvents
and distilled to obtain Astaxanthin oleoresin with < 100 ppm of solvent residues in the final
product. The oleoresin is then converted into powder form.
Parry Nutraceuticals employs novel technology and processes in cultivation and production, to
ensure stability and purity of Parry Natural Astaxanthin. Parry Nutraceuticals has a patent to this
effect.
Parry Nutraceuticals has a patent for the Astaxanthin production process, Patent no: 201526.
The algal facility is located at Oonaiyur, an isolated hamlet in southern India away from industrial
pollution, ground water contamination and with a conducive environment for growth of the
algae.

To order a copy of the report, visit
https://secure.clixoo.com/purchase/oilgae/alg_pdt/report.htm

Comprehensive Report on Attractive Algae Product Opportunities – Preview (Updated Nov 2018)

Grown in an algal facility certified ISO 9001, ISO 14001 and ISO 22000. Parry's Natural Astaxanthin
is KOSHER and HALAL certified.
Parry Nutraceuticals offers a stable Haematococcus pluvialis biomass with a concentration of
15,000 PPM of Astaxanthin.
Parry Nutraceuticals also offers Astaxanthin oleoresins (solvent extracted) 2.5% and 5%, ideal for
softgel formulations. It also offers a microencapsulated powder (1.5% DC grade) to suit various
formulation requirements like capsules and tablets.
Parry Nutraceuticals has an alliance with Valensa International. Valensa International in the US
has a patent for Astaxanthin in eye care, which shows that Astaxanthin plays an important role in
reducing macular degeneration, and damage caused by UV radiation.
Through Valensa, Parry can also offer Co2 extracted Zanthin® oleoresins (7%), beadlets (2.5%) and
Zanthin® soft gels with a delivery of 4 mg Astaxanthin.
Valensa has a unique trademarked supercritical CO2 extraction process called Deep Extract ™.
They also use a stabilization technology called O2B™ to add more stability to this sensitive
product.
Parry Astaxanthin is used in varied applications such as dietary supplements, functional
beverages, cosmetics and high quality animal feed & pet food formulations.
Parry Organic Spirulina
Parry Organic Spirulina is manufactured using pure vegetarian organic nutrients which are
“certified Organic”. Unlike regular Spirulina, no synthetic chemicals, fertilizers or trace minerals
are allowed under these standards, especially Naturland, for cultivation of Organic Spirulina. We
also do not add any additional trace minerals like Iron during our cultivation process.
The key features of Parry Organic Spiruliaare















100% organic and vegetarian
Plant based nutrients used in cultivation
No animal inputs used in cultivation
Suitable for vegans
No chilean nitrate
Non-GMO , Gluten - Free
Low moisture content to improve shelf life
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 Universities Working on Algae Non-fuels Products
University of California, San Diego
The National Centre for Natural Products Research at the University of Mississippi is carrying out
considerable amount of research on various applications and benefits of Spirulina. Dr. David
Pasco, assistant director of the research centre, focuses on developing biological screens that use
molecular tools to identify compounds within plants that contribute to their health benefits,
especially those that exhibit immune enhancing and anti-cancer properties.
His research also deals with the isolation and identification of innate immune enhancing
components within natural products that have been used traditionally to enhance immune
function. Some of this research has led to the development of two patented and commercialized
botanical extracts, one for general enhancement of immune function (Spirulina extractImmulina®) and the other for improving skin elasticity and wrinkle reduction (fraction from Aloe
Vera). Numerous clinical trials have been conducted using these products and several more are
underway.
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Due to wide range of applications and end uses of algae, a number of
industries can derive synergistic benefits from algae energy industry. This
chapter provides a list of industries which can explore investing in the algal
energy domain due to its synergistic benefits.

SAMPLE TOPIC
 Sewage & Water Treatment Companies
The industries listed below can use algae for the secondary stage of wastewater treatment



























Meat and Poultry
Pulp and Paper, and Produce (i.e., Fruits & Vegetable)
Textiles Dyeing
Metal Finishing
Dyes & Pigments
Pharmaceutical
Food & Dairy
Biotechnology
Starch & Cellulose
Chemicals
Pesticides & Insecticides
Photography
Fertilizers

 Polluting Industries
Industries that emit large amounts of CO2 during their operations can use algae for CO2
sequestration. They thus get two benefits: They are able to sequester CO2 cost-effectively, and
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they get a fuel feedstock. The following is the list of companies emitting significant amount of
CO2 that could specifically benefit from growing algae:













Coal Burning and Natural Gas Power Plants
Petrochemicals
Iron & steel
Cements
Sugar
Tyres
Carbon Black
Mining
Aluminium
Paper
Inorganic chemicals
Fertilizers
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