


Microalgae: Systematic and diversity

A Microalgae functional definition: Q AN/ icsvairzzamsin s soke

These include:
- Prokaryotes (Cyanobacteria & Prochlorobacteria)
- Herbal protists (herbal progenitors)
- Many mixotrophic representatives (auto and heterotrophic)

;;;;
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Chloroplast

A Life forms:
- Trichomes (multicellular filaments)
- Cocci
- Flagellates
- Colonies (three-dimensional)

Colonies

Trichomes
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Microalgae: M etabolism
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A Autotrophy
- Energy production by inorganic substrates
(phototroph = by light)

A Heterotrophy
- The abillity or requirement to synthesize all metabolites
from organic compounds

autotrophic mixotrophic J heterotrophic

ﬁ HELMHOLTZ

| ASSOCIATION



Microalgae culture: M etabolism
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Chlorella vulgaris Spirulina platensis Haematococcus pluvialis
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Microalgae culture
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Microalgae culture: Culture parameters
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Culture medium/nutrients

¢

Temperature

: Aeration/mixing
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Microalgae culture: Species selection
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A Species selection

Ease of culture in traditional culturing systems

High productivity

Important bio compounds
- Fatty acids;
- Pigments;

- Proteins/aminoacids

High value biomass
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Microalgae culture: C ultivation systems
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Microalgae culture: Cultivation systems
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A Open systems

- exposed to the atmosphere / direct exchange
between culture and environment
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Microalgae culture: Cultivation systems
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A Closed systems

- largely limited exchange between culture and
environment
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Microalgae culture: Cultivation systems

A Batch- and Semi-
batch cultures

A Continuous cultures

Kultur Substrat

Satzkultur
Batch-Kultur

Y

Kultur N
Substrat

kontinuleriche
Kuttur

Kultur
Produkt

AV
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Microalgae culture: « Cultivation systems

Burma: harvest with buckets from the lake and linen bags



Microalgae culture: Cultivation systems

Q PV iizaisiaiinros
Open systems: open pond or raceway pond

ALow cell densities lead to large amounts of culture

AFrequently extremophilic species
Dunaliella salina - high salinity
Spirulina - alkaline medium
Chlorella - high nutrient concentration

M H 0
ASSOCIATION

ASimple and cost-effective method



Microalgae culture: Cultivation systems
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Algae
harvesting
and/or

settling CO2 Bubblers
ponds

Water and Nutrient
inlet

Paddlewheel
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Microalgae culture: Cultivation systems

Q NV izemzzamyseram
Closed systems: Photobioreactors or fermentors

A Circumvented from the atmosphere
(Gas exchange prevented - technical supply of gases)

Tubular systems
Flat-panel systems
Plastic bag systems
etc.

Fermentors

Optimization on photosynthesis performance
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Microalgae culture: Cultivation systems
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Microalgae culture: Cultivation systems
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Flat-panel systems / PBRs
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Microalgae culture: Cultivation systems
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Plastic bag systems /| PBRs
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Cultivation systems

culture

Microalgae
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Microalgae culture: Cultivation systems

*
ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

Merkmal Offene Systeme

Geschlossene

Systeme
Algenart Begrenzte Auswahl Flexibel
Populationsdichte Gering Hoch
Ernteeffizienz Gering Hoch
g:g’?it\ggrungszeitraum gemaligte bgmhLZzzeﬁf B. warme Ganzjihrig
Verunreinigung sehr grof} Unwahrscheinlich
Lichtnutzungseffizienz Gering/mittel Mittel/sehr gut
Temperaturkontrolle Keine Sehr gut
Qualitat der Biomasse Anfallig Nicht anfallig

Flexibilitat der Produktion

Vergleichsprazision

Prozesskontrolle Nicht
Wetterabhangigkeit Stark

Effektivitat des ,Behandlungs-*

Prozesses

Niedrig, Zeitaufwandig,
grol3es Volumen durch

Problemlos moglich

Zu gewissem Grad

maoglich
Gegeben
Insignifikant

Hoch, kurze Zeit,
relativ kleines

Volumen

geringe Konzentration



Microalgae culture: S tatus quo
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Used culturing systems in global ** and European microalgae companies
from Vieira & Pulz, not publ., from Pulz, 2007.

Culture system Europe |World**

Heterotrophic 4 7

Phototrophic

- lakes 1(+2)** |9
- ponds (open ponds and raceway) 13 41
Closed photobioreaktors 10 9
Total 28 66
Failed attempts (for 20 years) 20 64

ﬁ HELMHOLTZ
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** excl. Europe; *** Production abroad in European possession



from Vigani et al. 2015

Microalgae culture: S tatus quo
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Portugal France Switzerland Netherlands Sweden Germany
N. Companies: 1 N. Companies: 1 N. Companies: 1 N. Companies: 2 N. Companies: 2 N. Companies: 3
Food Feed
Feed Food Food Food Food Feed Dried algae Dried algae
Dried algae EPA/DHA EPA/DHA Dried aigae Astacmithln:  Astaanthin Astaxanthin Astaxanthin
Aquaculture feed Other dietary EPA/DHA EPA/DHA Aguaculture
supplements B-carotene B-carotene feed
Phycocyanin
—~——
Canada Mongolia
N. Companies: 2 N. Companies: 1
Feed Food
Dried algae Dried algae
Algal paste
Japan
USA N. Companies: 6
N. Companies: 11
Food
Food Dried algae
Dried algae Astaxanthin
Astaxanthin B-carotene
EPA/DHA Phycocyanin
Mexico Taiwan
N. Companies: 1 N. Companies: 2
Feed Food
Dried algae Dried algae
Israel India Myanmar Thailand Australia New Zealand V N. Companies: 5
N. Companies: 3 N. Companies: 2 N. Companies: 1 N. Companies: 1 N. Companies: 4 N. Companies: 1 Food
Food Food Food Food Food Food g;%?:e
Dried algae Dried algae Dried aigae Dried algae Dried algae EPA/DHA
Astaxanthin Astaxanthin B-carotene B-carotene
B-carotene B-carotene
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Microalgae culture: U tilization

*

\ ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

ﬁ HELMHOLTZ

| ASSOCIATION



Microalgae culture: U tilization
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A Products and visions

-mostly Ahigh valueo produI

- Isolated products: dyes, fatty acids for the
pharmaceutical industry, cosmetics, etc.

- energy extraction

- biomass: food and feed for animals -
Aquaculture
ﬁHELMHOLTZ
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Microalgae culture: P roducts
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Microalgae culture: P roducts
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Microalgae

Grenzen Sie lhre
Suchergebnisse ein

Beauty & Gesundheit (s)
Wohlbefinden & Wellness (44)

Gewichtsreduzierung & Diat (2)

Bucher (z)
Sachbiicher & Ratgeber (z)

Ratgeber zu ahnlichen
Produkten

Spirulina platensis ..

Halle Ebayer Augen a...
ALGENMASKE FUR DEN K.

Alle Ratgeber zu ahnlichen
Produkten aufrufen ...

Sucheptionen
Ort
D l Europa N

[] Artikel in Umkreis von
200 %

km von |28203
Nur anzeigen:

[] Zahlungsmethode PayPal
[] Kaufoptionen

[ Auktionen v ]

™1 Waitara Waifantinnan

culture: P

roducts

49 Artikel gefunden flr:

Chloreiial (Diese Suche speichern)

Listenansicht I Bildergalerie Sortieren nach:l bald endende Angebote zuerst % | Ansicht anpassen
. : Versand :
v Artikelbezeichnung Gebote Preis* n:: 28203, DEU Restzeit a
' Chlorella Vegi-Kaps 120
O = Stiick - Beste HANNES' =SobrtKaufen EUR 14,95 EUR 1,95 5Std. 43Min.
Qualitat
Barbel Drexel Chlorella
O Spirulina Guarana WildYams 4 EUR 15,60 EUR 530 P 5Std. 48Min.
Set
e manako® Chlorella y
O W Pressinge 20250gDose. g pmiaer £UR 2990 EUR5.90 P  6Std 02Min.
e 2000 Stiick :
Chlorella . chne Zusatze,
rein, 2500 x400mg= 1kg =Sofort Kaufen ;
O Genttes Were, A ousist! e EURG0:90 EUR4.90 6Std. 23Min.
MHD 4/10
 CHLORELLA ALGE 250 Rt
O = KONZENTRAT TABS JE TSofort&Ney EUR 14,90 éta—te_n_von B P 6Std. 31Min.
1000 MG NUR 14 .90 Am:ﬂ.ka
: ARNDT, ULRICH: Spirulina, . "
O 7] Chiorella, AFAAlgen GEB ~0rféMey EUR 12.90 Kostenlos P  6Std. 43Min.
SPIRULINA 2500 TAB A 400 EUR 6.95
O MG, 1 KG+BONUS 60 St - EUR29,00 | | ionde 6Std. 46Min.
CHLORELLA S )
CHLORELLA 4000 Thl= 1kg
| SPITZEN Qualitat 13 EUR 61,00 EUR 7.00 P 7Std. 31Min.

mitNachweis



Microalgae

Grenzen Sie lhre
Suchergebnisse ein

Tierwelt (145)
Fische (141)
Reptilien (s)
Hunde (1)

Beauty & Gesundheit (121)
Wohlbefinden & Wellness (124)
Gewichtsreduzierung & Diat (7)

Bicher (12)

Sachbiicher & Ratgeber (11)
Studium & Wissen (2)
Musik (3}

Garten (2)

Mabel & Wohnen (1)

Ratgeber zu ahnlichen
Produkten

100g gesunde Futters. ..
Spirulina platensis ..
ALGEN-SCHLANKHEITSUM. ..

Alle Ratgeber zu ahnlichen
Produkten aufrufen ...

Suchoptionen

Ornt

e [= =

culture: P

295 Artikel gefunden flr

roducts

spirulina

(Diese Suche speichern)

Listenansicht | Bildergalerie Sortieren nach:! bald endende Angebote zuerst ¥ | Ansicht anpassen
. £ Versand
v Artikelbezeichnung Gebote Preis* nach 28203, DEU Restzeit a
- 100%ige reine Spirulina-Tabletten EUR 1,80 :
| = - 100ml - EUR 4,99 ARG RN P 1Std. 12Min.
: Fischfutter Flockenfutter - :
= SPIRULINA Premiumqualitat 2L FSofort& ey EUR 1540 EUR 1,90 1Std. 33Min.
' Fischfutter Flockenfutter < :
= SPIRULINA Premiumqualitat 4L =Sofort & Ney EUR 24,90 EUR 1,90 1Std. 38Min.
- 1L Koi Pellets 3mm CypriCo - -
| = Spirulina Koifutter wSofort&Ney EUR 4,30 EUR 2,40 25td. 50Min.
Natura Vitalis Spirulina Herzdose :
O l‘gl 1700 Spiruletten 8 EUR 29,05 EUR 3,90 38td. 18Min.
O
Spirulina - green power, 500 Kps. .
| ! s SENSATIONSPREIS - EUR 8,50 EUR 5,50 P 3Std. 18Min.
; Spirulina - die Wunderalge von -
] 53 Frank Felte (2002) 1 EUR 1,00 EUR 1,00 P 3Std. 20Min.
: Spirulina die blaugriine
] = Wundernahrung-Marianne E. - EUR 1,99 EUR 1,60 P 45td. 16Min.
Meyer
==
R e - EURT,69 EUR 350 P 4Std 43Min

Tabletten a 400mg



Microalgae culture: Isolated p roducts
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@ @ i @‘, Dunaliella salina - Accumulation of
@ ~carotenoids under stress (orange
il ) .
/2 Q = and red pigments)
" e;‘iy’f‘“

Haematococcus pluvialis 7 red
colorant

Astaxanthin

Chlorella 1 yellow colorant
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Microalgae culture: Isolated p roducts
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Development of a nutritive and neuroprotective
algae combination - the RecAl project

ﬁ HELMHOLTZ
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:AWI, University of Bremen, MIAL & CRM



Microalgae culture: Isolated p roducts
RecAl Q PNV simzzaminissros
A Algae properties
A Health promoting effects of specific ingredients e.g.
essential aa, P U F Aatamins and minerals

A Substances suitable for a preventive or therapeutic

application against neurodegeneration.

A Project aims

A Develop a formulated, high-quality food supplement
(algae extract) from different algae with special

emphasis on the neuroprotective effects.  #cumoun

| ASSOCIATION



Microalgae culture: E nergy extraction
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L9 @@g
e : @ 9 P &
Possibilities of energy production & o ‘¢cad%
s 'eo,” Bl
] -
Processes Final product
Extraction and Transesterfication Biodiesel
Fermentation Ethanol
Anaerobic digestion Methan
Gasification Hydrogen, Syn gas
Drying Powder
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Microalgae culture: Energy extraction

I

\ ALFRED-WEGENER-INSTITUT
Start: Q ANV ripmsminiinross
6.11.08 in Niederaussem T G

Obijective:
- Investigation of options for flue gas utilization

- Optimization of the complete process chain 1

from algae production to the final product using 1000 m* phomb‘”iﬁg;‘;ﬁﬁ'fg‘l‘jsne

waste heat on flocculated algae to produce dried Phase 2 (2011): outdoor

algae for chemical conversion.

(e
Partners: e —
Phytolutions n
RWE )
Jacobs-University, Bremen, %
i i _P':.h . D:(:} i B

Quelle RWE



Microalgae culture: E nergy extraction project
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Microalgae culture: Energy extraction 0 Project ALLGAS

co, €O,
0, l
0, 0, 0, 0, ’07

MICROALGAE HRAP
(4X 0.52 Ha) (LEAR®)

Pretreated wastewater Pretreated wastewater + CO,

oo,

i
GASHOLDER e WATER SCRUBBING Microajgaeculture

TORCH (320m?) COLUMN {7
A HARVESTING SYSTEM

)
]
E
ANAEROBIC DIGESTER
(2750 m*)

BIODIESEL

Harvested

I Biomass

Reusewater

BIOGAS
UPGRADDING SYSTEM

'
>90% CH..

v AUTOTROPHIC NITROGEN
GAS STATION REMOVAL (ELAN ©)
HOPPER
NH. rich: stream
: e v
EENTHREUIGE CROPS & GARDENS
e

Anaerobic digester effluent

Biogas flows
cE »>

Water / Biomassflow,
:‘:_.‘)

Concentrated
Biomass

2
aqualia BDIe€X Z Fraunhofer
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Microalgae culture : A quaculture
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Wild (capture) fisherles

Source: Historical data 1950-2010: FAQ. 2014, “FishStat).” Rome: FAO. Projections 2011-2050: Calculated at WRI, assumes 10 percent reduction in
wild fish catch between 2010 and 2050, and linear growth of aquaculture production at an additional 2 million tons per year between 2010 and 2050,

See www.wri.org/publication/improving-aquaculture for full paper. " WORLD RESOURCES INSTITUTE

10% reduction in wild fish catch until 2050!
2 M additional ton per year of aquaculture production 4 )
until 2050; ca. 50% are fed species!



Microalgae culture: for fish oil and/or meal replacement

S AVAY) Rttt
A Fish oil and fishmeal are essential ingredients of
aquaculture feed

A Worldwide production of fishmeal and fish oil is
stagnating, however...!

Global Fishmeal & Fish Oil Production 1964-2011
thousand tonnes

i § & 8

w—Fishmeal
«Fish Oll




Microalgae culture: for fish oil and/or meal replacement
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Aéprices for fishmeal and f
A Prices for alternative protein and lipid sources are also

Increasing!
S0 paer Lorinss USDr per tonne
J000 2300
1500 1800
1000 1300
ifh 2 I i 1 B I 1 5 MM - i i i i i i i
2005 2006 2007 2008 2009 010 2000 2002 2005 006 2007 2008 2009 010 AT 2002
— Fishmeal — Soymeal e Fish 0l — Soybean oil
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Microalgae culture : A quaculture

AW/
The importance of aquaculture

A 2050 an additional 80 M tons of fish and seafood
IS required, approx. 50% are fed species!

A Question: what should we feed?

APossibleal t ernati vesé
AVegetable commodities like soya and lupins

AByproducts from fish processing and animal
production (e.g. heads, frames, viscera, feather and
skin)

Alnsects (e.g. larvae black soldier fly)

AMicroalgae???



Microalgae culture : A quaculture
SAVAY) et
Microalgae properties of interest for aguaculture

A Good composition of amino acids and fatty acids
A Strengthening of the immune system
A Improvement of fat metabolism

A Antiviral and antibacterial properties, improves intestinal
function

A Increase of the stress resistance

A Supply of vitamins, minerals and other bioactive
substances

ﬁ HELMHOLTZ
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Microalgae culture : A quaculture
Q ANV szzmmiisirois
Uses of microalgae in aguaculture

A Replacement of fish oil and/or meal

A Feeding of filter-feeder organisms (e.g. mussels)

A Larval rearing (culture and enrichment of rotatoria,
artemia)

A During development stages of shrimp (addition on reaching
the Protozoea stage, during the Mysis stages, change to carnivorous
lifestyle)

A Integrated Aquaculture (e.g. Aquaponic systems)

A As feed additive / supplement

ﬁ HELMHOLTZ
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Microalgae culture

: A quaculture

Tab.: Application of microalgae in aquaculture

e/

Application form

Current aquaculture feed

Research

Concentrate/Paste

live
cooled
frozen

Nursery

green water
crustacean feed
rotifers feed

Powder

spray dried
drum dried
freeze dried

Broodstock
special feed
Premix feed

grow-out
fishmeal and fish oil substituté

Extract I

water extract
solution
supercritical extraction

Premix feed
pigments and omega 3
(Astaxanthin, DHA/DPA

grow-out
ppigments and omega 3

(Astaxanthin, DHA/DPA

ﬁ HELMHOLTZ
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Microalgae culture: for fish oil and/or meal replacement

AW/
A Commercial application of microalgae mainly in

niche markets such as larval and broodstock
feed so far!

A Reason: Prices for microalgae biomass still so far
away from prices of alternative commodities like
soya

A BUT!

A All major aquaculture feed manufacturers are investing
In research to replace fishmeal and fish oil with
microalgae!



Microalgae

aquatic feed and nutrition company

[ June 10,2016 | Featured, Grain & Wheat News (&) No comments

culture: for fish oil and/or meal replacement
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Coppens Intemanonal, an mnwatwe s

ing | ir ‘se'cts and 'algae as
fishmeal alternatwes ‘

By Jane Bymne %
V 30-Jun-2014
| Last updated on 01-Jul-2014 at 09:37 GMT

& 1 comment

Related tags: Skretting, Insect meal, Nutreco, Tilapia, Shrimp, Catfish, Soy, Algae

Nutreco’s fish feed division, Skretting, is ploughing a significant
amount of its research funds into the development of alternative
proteins to fishmeal for the aquaculture sector.

The Dutch group recently organized
Aquavision 2014 in Norway around the
theme of farmed fish being a key element
in feeding the global population of some nine billion in 2050.

Jose Villalon, corporate sustainability director at Nutreco, told
delegates during the three-day event in Stavanger that
aquaculture can be used as a model for how protein should be
farmed in the future as it has far lower feed conversion ratios
compared to pig, chicken, lamb and beef production.

| added supply will allow the aquaculture industry to grow, he said

Alltech has acquired Coppens Intemational, a leading international
aquatic feed solutions company in the Netherlands. Coppens
International is now part of the Alitech family of companies, which
includes 14 other companies that Alitech has acquired globally since
2011

For almost 24 years, Coppens International has earned a strong
reputation for being an innovative, high-quality aquatic feed producer.
The company's specialties include temperate and tropical marine and

freshwater diets for a variety of j le and adult species. The
" | ramnanu alen nradiicac ton_analitv arnamental snecialtv and bait feeds.
The Buzz &
BioMar to produce fish feed from microalgae
May 27, 2016
AlgaelndustryMagazine com tes
nd

enmark-based feed
company BioMar will
start producing fish feed

with omega-3 fatty acids obtained
from microalgae, in what it says will
reduce the stress on marine
resources to provide sustainable
feed. The product was developed

in a joint venture with Te

Holdings and Bunge and will be
produced at their renewable oils
manufactunng plant in Brazil

BioMar said in a statement

BioMar CEO Carlos Diaz calls the

new product a ‘game changer” as it BioMar CEO Carlos Diaz has a background in both the aquaculture and

harmaceutical industries
will reduce stress on limited P

supplies of omega-3 sources

including fishmeal and oil or krill meal, which BioMar uses in its products sold to the aquaculture industry. The




Microalgae culture: for fish oil and/or meal replacement
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https://www.veramaris.com



