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Imagine Our Algae Future

Visionary Algae Architecture and Landscape Designs from the International Algae Competition

2012

How will growing algae change the world and improve our lives?
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—20 Vincent Callebaut ' &

Algae airships

French architects Vincent Callebaut propose “algae airships’, using hydrogen-creating seaweed which allows the structures to float
above the ground. (Copyright: Vincent Callebaut)




@ Vincent Callebaut

City sail

Another of their s Is the Dragonfly city farm, which grows crops and feed for animals on multiple levels, and generate power
( ght: Vincent Callebaut)
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Bio-reactor

In Germany, this building has become the world's first to have a “bio-reactor facade” — panels filled with algae which produce energy
and can cool the interior. (Copyright: IBA)



rasova technologie za vice nez
6 mil. EUR (stavba 2011-2013)
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Vyuziti komercné pestovanych ras

L. potraviny

Proteinove dopliiky v potravé podvyZivenych déti a dospélych (Spirulina)

II. krmiva

Proteinové a vitaminové doplitkky v krmivech pro driibez, dobytek,
prasata, ryby, mlze (Gstfice)

II1. potravin.
dopliiky

Rasovy prasek jako zaklad pro vyrobu doplitki zdravé vyzivy (Chlorella,
Spirulina)

1V. leciva

B-karoten jako mozny lék proti rakoviné klize. Anibiotika pti hojeni ran.
Kyselina y-linoleova stimulace tvorby prostaglandinu. Regulace syntézy
cholesterolu.

V. pigmenty

B-karoten pro barveni potravin a jako potravinovy dopln€k (provitamin
A). Xantofyly v krmivu pro driibeZ a ryby. Fykobiliny jako potravinarské
barvivo, v diagnostice, kosmetice a jako chemikélie pro analyzu.

VI. fykokoloidy

Alginaty, agar, karagen pro pouZiti v potravinaiském primyslu, kosmetice

VII. zdroj
chemickych latek

Glycerol, mastné kyseliny, lipidy vosky, steroly, uhlovodiky, AK,
enzymy, vitaminy C a E, polysacharidy, iontoménice.

VIII. palivo

Uhlovodiky s dlouhym fetézcem, esterifikovane lipidy, vodik, bioplyn

IX. hormony

Auxiny, gibereliny, cytokininy

X. ostatni

Biofertilizace, bioremedice, environmentalni technologie




Historie velkoploSnych kultivaci

Algal culture from laboratory to pilot plant (Burlew 1953) Carnegie
Science Washington — Chlorella jako potravina

Je mozn¢ zajistit vysokou produktivitu, zjiSténou v laboratori, ve
vetSich systémech?

jednotka (sklenéné trubice zabirajici plochu 57 m?) —
béhem svého provozu - 50 kg suSené chlorelly
vysoka nakladnost produkce (ca $ 520/kg).

dalsi ,,tovarny* na chlorellu - Asie (Tajvan).
1977 stladeni vyrobni ceny na $11 /kg (séja $0,2 /kg)

preparaty z chlorelly: potravinovy dopln€k (prodavana v tabletach
,,Chlorella Growth Factor®)
ne levny zdroj proteint



Vyuziti ras pri ¢iSténi odpadi
W. J. Oswald, University of California Berkeley (1957)

prototyp ,,high rate algal pond* - ovalna nadrz michana lopatkou
(kolesem), ucinnost byla srovnatelna s biologickou oxidaci
(sekundarnim ¢isténim) v klasicke Cistirn€ odpadnich vod

2 hlavni problémy:
1) kolisani druhoveého slozeni béhem roku,
2) zaveéreCne odstranéni fasove biomasy - finanéné€ narocné

Co s koneCnym produktem? obsahoval kromé tas 1 bakterie a detritus.
Mylny predpoklad:

Burlew 1953 — optimalizujeme-li1 kultivaci pro chlorelu, bude mozné
poznatky vyuzit pro vSechny ostatni mikrofasy



1) jednoducha biotechnologie: péstovani fasové |
biomasy, vyuzita jako potravina (potravinovy |
dopln¢k, krmivo) \A

2) sofistikovana biotechnologie a vysoka
pocateCni investice

* oteviené systémy, selektované kmeny, dodavany
mineralni Ziviny a dodatecné zdroje C — vyuziti
jako food supplement (napt. Chlorella,
Limnospira, Dunaliella)

* uzaviene systémy, bunky rostou preferencné na
autotrofnich médiich, vétSinou pro ziskdvani
specifickych chemicky latek ze selektovanych
kmenu (napt. Porphyridium, Limnospira,
Dunaliella)

* systémy vyuzivajici komunalni a priimyslovy
odpad - bioremedice, fasové populace tvoreny
nc¢kolika druhy, pfitomny bakterie a zooplankton
(Micractinium, Qocystis, Oscillatoria,
Chlamvdomonas., Euelena, Ankistrodesmus)




Kultivacni média

Co by mélo splnovat kultiva¢ni médium:
Proc rasy kultivujeme?

skonduktivita by méla odpovidat podminkdm

puvodniho biotopu studovan¢ho kmene

opH
*zdroj C

*zdroj N (amoniak, dusi¢nany, dusitany, mo¢ovina)

zdroj dalSich zakladnich prvku (fosfor —fosfore¢nany, sira —51rany,

vapnik, sodik, draslik, hoiCik, zelezo) (k
/_

stopove prvky (mangan, nikl, zinek, bor, vanad,
kobalt, méd’, molybden)

» dalsi latky, které podporuji rust (vitaminy, S\/_{
metal - EDTA

O

—<

hormony, pudni dekokt)
*pufr
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Table 6.2. Recipes of a few selected growth media used for growing different algae. All concentrations are in g L™!, unless indicated otherwise and the quantities are for

1 litre of culture solution.

Nutrient solution ;e Chlorella Limnospira Dunaliella
Substance
sinice, zel.fasy BG11 Modified Allen's Bold's Basal Sorokin/Krauss (1956) Zarrouck (1966) Ben-Amotz & Avron (1989)

. P —
NaNO3 ( 1.5 > ( 1.5 > 0.25 2.5
KNO3 1.25 0.505
KoHPO,4+ 3H20 0.04 0.039 0 0.5 0.014
KH>PO, 1.25
MgS04+ 7H,0 0.075 0.075 0.0 1.0 0.2 1.2
MgCl, - 4H,0 0.1
CaCly+2H,0 0.036 0.025 0.084 0.04 0.08 0.033
Ca{N03)2 . 4H20 0.02
Na,Si03+9H,0 0.058
Citric acid 0.006 0.006
Fe-Ammonium citrate 0.006
FeCls 0.002
FeS04+ 7H,0 0.00498 0.05 0.01
EDTA, 2Na-Mg salt 0.001 0.001 0.05 0.5 0-0
NaHCO; 1.7
Na,CO3 0.02 0.02
NaCl 0.025 1.0
K2S04 1.0
KOH 0.031
Tris-HCI 6
H3BO,4 (ug I-1) 2.86 2.86 11.42 114 2.86 6
MnCl,+4H,0 (ug I-1) 1.81 1.81 1.44 14 1.81
ZnS04+7H,0 (ug I-1) 0.222 0.222 8.82 88 0.222
ZnCl, 14
Nap,Mo04+ 2H,0 (pg I-1) 0.391 0.391
CuSQ4+5H,0 (ug I-1) 0.079 0.079 1.57 16 0.08
CuCly+2H,0
Co(NO3),+6H,0 (ug I-1) 0.0494 0.0494 0.49 5
CoClz+6H,0 (pg I-1) 4.8
MoOs (pg I1) 0.71 7 0.01
Adjust final pH 7.4 7.8 6.8 7.5



Vybér kmenu pro velkoplosne kultury
fyziologicka kritéria:

e curytermni kmeny

e kmeny s minimalni fotoinhibici

e kmeny s minimalni respiracni rychlosti za tmy (ztrata biomasy az 1/3)
» kmeny tolerujici vysoké koncentrace O,

» kmeny tolerujici osmoticky stres (vysoka rychl. vypafovani)
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For acetone (mg/l):

Chlorophyll a—= (12.7 X A663) — (269 X A645)
Chlorophyll b= (22.9 X A645) — (4.64 X A663)
Chlorophyll a+b= (9802 X A663) + (202 X A645)

Fbr 90% methanol (mg/l):

Chlorophyll a—= (16.5 X A665) — (83 X Agso)
Chlorophyll b= (33.8 X A650) — (12.5 X A665)
Chlorophyll a+b= (4.0 X A655) +(25.5 % A650)

For diethyl ether (mg/l):

Chlorophyll a= (9.92 X A660) — (0.77 X A642.5)
Chlorophyll b= (17.6 x Agsz.5) — (2.18 x Asso)
Chlorophyll a +b=(97.12 x Ageo) + (16.8 X Agars)
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7) Electrical resistance
Coulter counter — pocita bunky méfi jejich objem (bunky maji velky
odpor — nevedou elektfinu, bunky nasavany po jedné do uzkéeho

otvoru mezi dvé elektrody, preruseni proudu

8) Prutokova cytometrie

Bunky proudi uzkym prostorem a pierusuji laserovy
paprsek, Sirsi vyuziti — proteiny, DNA, chromozomy

9) Image Analysis
analyza obrazu, klasifikacni algoritmus 10) PAM fluoromentrie



Velkoplosné kultivace
kompromis mezi optimalnim systémem a ekonomickymi
moznostmi

Schematické znazornéni tubularniho fotobioreaktoru

Clean water
plus nutrients

Clear rigid

from overflow

Qutlet —p

manifold
Return Algae recirculating
manifold tank

Inlet

manifold CO2 YAYAS “#_ \

Algae plus cleaning beads
continuously circulate

Pump



http://home.bt-webworld.com/cellpharm/products.htm
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Photobioreactors of the facility in Kl6tze, Saxony-Anhalt, Germany.



Plexiglas bubble column reactor with
diameter 0.2 m, heigth 2 m, working
volume 50 - 60 L



Algosolis, Francie

planar thin photobioreactors, are perfectly
adapted to be a highly productive «curtain

wall photobioreactor», thereby forming the
actual building facade




Otevrené nadrze 1ze rozdélit do Ctyr typu:
 kruhové¢ nadrze, agitaci provadi rotujici rameno
 podlouhl¢ nadrze

e kultivaCni nadrze s uréitym sklonem

e piirozené nadrze

Kruhové nadrze michany
rotujicim ramenem, Chlorella
(Taiwan)
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POle“hlé nédrie Sapphire Energy's Las Cruces, New Mexico

Nejjednodussi konstrukce jsou
mélké jamy v zemi, prekryté
nepropustnou folii.

Cyanotech Hawaii

Nature Beta Technologies Ltd (FEilat, Israel)



Experlmentalm narze podlouhle




Velké produkc¢ni jednotky

Podlouhlé nadrze na péstovani Arthrospira o celkové plose 100 000 m?
Earthrise Company, Kalifornie




Cyanotech Corporation on the Big Island of Hawai, USA




Velkoplosné kultivace
MBU AVCR Tieboti
Opatovicky Mlyn







Prirodni nadrze

Jezero Twin Taung, Barma
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Lake Chad is a large,
shallow lake in Africa
(Nigérie, Niger, Cad,

2001

Spirulina may have an even longer history in Chad, as far back as the 9th century Kanem
Empire. It is still in daily use today, dried into cakes called Dih¢ which are used to make
broths for meals, and also sold in markets. The Spirulina is harvested from small lakes and

ponds around Lake Chad


http://upload.wikimedia.org/wikipedia/commons/9/94/ShrinkingLakeChad-1973-1997-EO.jpg

Kolace , dihe"
okoli jezera
Cad

francouzsky algolog Pierre
Dangeard byl prvni (1940), kdo
poznal spirulinu z kolacd “dihe,” které

vyrabéli lidé z afrického kmene
Kanembu ...
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www.fis‘htonsult.drg .

www.fishconsult.org
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70. |éta — vodni kvét v odparovacim zarizeni pro
ziskavani uhlic¢itanu sodného Sosa-Texcoco Ltd.

prvni systematicka studie kultivacnich narokd
této sinice

produkce ,,polocCisté" kultury do r. 1997; 300 t
suseného produktu rocné
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Fig. 8.1. Lightresponse curve of photosynthesis (P-curve). The intercept on the vertical axis is
the measure of O, uptake due to dark respiration. I, light compensation point; s, light saturation
intensity; I, light intensity value at which photoinhibition occurs.
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Fig. 8.2. The effect of population density on the specific growth rate (dashed line) and the output
rate (continuous line) in outdoor Spirulina cultures. Nutrients and temperature are not growth-limiting.
Peak solar irradiance — above 2000 uE m—2 sec~! (after Richmond, 1988a).




photon flux density ozarenost
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Fig. 8.4. Optimal cell density and maximal productivity of biomass as affected by photon flux
density. The cells were grown in 1 cm plate reactor and different rates of incident photon flux density
were applied to each side of the reactor. Cell density was adjusted by daily harvesting. Arrows
indicate optimal cell densities (from Hu etal., 1998b). Reprinted with permission from Springer-

Verlag (Appl. J. Microbiol. & Biotechnol.).




Evaporace
Michani (agitace)

Michani zajistuje: stejnomeérne ozareni bunék, homogenni distribuci
zivin, lepsi vyuziti CO,; zamezuje: tvorbe gradientu kolem

jednotlivych bun€k (ziviny, plyny) sedimentaci a teplotni stratifikaci;
jak dlouho bunky v osvétlené horni vrstveé

Co se stane, kdyz se mélka nadrz nemicha ???

Ruzné metody michani:

1. lopatkové kolo (koleso)
pohanéné elektrickou energii

2. probublavani vzduchem nebo
vzduchem sycenym CO, L L
3. ostatni (ru¢ni michant, P S e s A M
vyuZziti energie vétru, solarni

energie) Nadrz michana probublavanim vzduchu

y-—(Gas inlet




OPDg  OPDf

Population density
(mg dry wtI=1)
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Fig. 8.8. A schematic view of the effect of the stirring rate on culture productivity in relation to the
population density (after Richmond & Grobbelaar, 1986).




Kontaminanty velkoploSnych kultivaci - houby

jing¢ fasy




Kontaminanty
velkoploSnych
kultivaci -
zooplankton




Kontaminanty
velkoplosnych kultivaci
- hmyz




Harvesting = sklizeni

Filtrace gravitaci - nejjednodussi zarizeni pro filtraci pouzivana
predevsim v rozvojovych zemich (vlaknita Limnospira)

jednoduché latkove filtry pro separaci Limnospira
https://www.youtube.com/watch?v=xqNORq5czY



Suction box

Fine weave belt

Influent

5creen

Filtration drum

Suction







Centrifugace

Flokulace netoxické

flokulanty: derivaty bramboroveého

Skrobu, chitosan, vapenec



levny zpusob suSeni na
slunci - Limnospira

Susenti




Technologicky vyspélejsi zpusoby suSeni

L

* bubnové suSeni: aplikace koncentrovane ,
biomasy nebo pasty do rotujiciho
predehiatého bubnu. Material je vysusen | i
béhem nékolika sekund, tato rychla
dehydratace zpusobuje prasknuti BS. il

Condensing
steam

e suSeni vstrikovanim:
koncentrovana biomasa musi byt
tak fidka, aby se dala nasavat.
Stravitelnost produktu je niZsi

v porovnani s bubnovym
susenim. Nejpouzivanéjsi proces
suseni pro vSechny druhy
mikrofras.

zafizeni pro suSeni vstiitkovanim



Table 10.12. General evaluation of available algae drying methods

Method Advantage Limitations Algae Remarks
Drum-drying Fast and efficient Cost intensive All algae except Ruptures cellulosic cell walls,
Spirulina sterilizes the product, not suitable
for Spirulina
Spray-drying Fast and efficient Cost intensive All algae Sterilizes the product, breakage of
cellulosic cell walls not always
guaranteed
Sun-drying Very low fixed capital and no Slow process, weather All algae Biomass may ferment, sterilization
running costs dependent not possible, does not break
cellulosic cell walls
Solar-drying Low capital costs Weather dependent Al algae Does not break cellulosic cell
walls, sterilization not possible
Cross-flow-drying ~ Faster than sun- and solar-drying, Requires electricity ~ All algae Does not break cellulosic cell
cheaper than drum-drying walls, sterilization not possible
Vacuum-shelf-drying Gentle process Cost intensive All algae Does not break cellulosic cell
walls, product becomes
hygroscopic, sterilization not
possible, preserves cell constituents
Freeze-drying Gentle process Slow process, cost All algae Does not break cellulosic cell

intensive

walls, sterilization not possible,
preserves cell constituents




Table 11.1. Selected data on yields of different algae grown under outdoor conditions

Yield -
Algae (E'med Growth period Location Reference
Chlorella pyrenoidosa 18 Summer Trebon, CSFR Zahradnik (1968)
Chlorella ellipsoidea 18 May Trebon, CSFR Zahradnik (1968)
Chlorella sp. 20 1 year (mixotroph) Taiwan Tsukada et al. (1977)
Chlorella sp. 15 1 year (autotroph) Taiwan Tsukada er al. (1977)
Chlorella sp. 21 | year Japan Tsukada et al. (1977)
Chlorella sp. 12 1 year Japan Tamiya (1957)
Chlorella sp. 17 I month Australia Dodd & Anderson (1977)
Chlamydomonas 7 ? Trebon, CSFR Nekas & Lhotsky (1967)
Tetraselmis sp. 18 ? Lamezia, Italy Benemann (1986)
Dunaliella salina 60 ‘short period’ Israel Ben-Amotz (1980)
Ankistrodesmus 20 ? Waterfontain, SA Benemann (1986)
Scenedesmus obliquus 11 240 days Dortmund, FRG Stengel & Soeder (1975)
Scenedesmus obliquus 5 1 year Bangkok, Thailand Payer et al. (1978b)
Scenedesmus obliquus 20 1 year Mysore, India Becker & Venkataraman (1982)
Scenedesmus obliquus 30 325 days Sausal, Peru Heussler (1985)
Scenedesmus obliquus 15 330 days Cairo, Egypt El-Fouly et al. (1985)
Scenedesmus obliquus 19 200 days Rupite, Bulgaria Dilov et al. (1986)
Scenedesmus sp. 19 10 days Trebon, CSFR Benemann (1986)
Spirulina sp. 812 200 days Mysore, Thailand Becker & Venkataraman (1984)
Spirulina sp. 15 ? Bangkok, Thailand Goldman (1979)
Spirulina sp. 10 1 year Mexico Durand-Chastel (1980)
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