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Research lines:

AI\/IicroalgaIbioprospection culturescaleup,
and strainimprovement

marbpiotech

| = AAIgae asgunctional food and feed
marine biotechnology group

AAIgaIbiomedicalapplications (nutraceuticals,
cosmeceuticals, pharmaceuticals)

ABioremediation, wastewater treatment, and
nutrient recyclingwithin the concept of circular
economy
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Microalgae and Cyanobacteria

Photosynthetic microorganisms

A Unicellular or colonial

A Eukaryotic or prokaryotic
(cyanobacteria)

A Freshwater or marine species

A Size 0.2,200 pm

A Different colours (pigment
composition)

A Different shapes
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Microalgae Industrial Cultivation

Opensystems | Closedsystems
Low energy demand High control
Less control High energy consumption

Possible Contaminations Very IOW ”Sk Of Contamination
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[ chlorophyceae
- - -
Biodiversit e
[ ] streptophyta
[ ] Glaucocystophyta

D Cryptomycota
[ choanoflagellida

Microalgae have been M sicoccea

[ cryptophyta

estimated to include B Rottera
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1 Alveolata
anything between 200,000 W e R
[ chytridiomycota . fe el gp,\"“ﬁﬂg‘a-*'
. . e )
to 800 OOO SpeC|eS [[] Basidomycota bas'd’“hm < A ,‘;\«}3\‘*?:,8;,'1’).1’f(’‘x o
! Peg;, oot s.\)v\a\JX rinea %7080
. Ascomycota Sclorog 'zg Cé;:;@(\““‘sﬁs nosiocc“‘near“m\ﬂ\
nia G s 0t 7) IN2O
Erysiphe %\:}mo 5
Sord \ grytomycoﬂnﬂ 121 JN054664.1.1478U
Sord
Less than 50,000 are poni
poth

pelomyces

described -

Less than 50 are cultivated
at industrial scale
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Aurantiochytrium sp.
Chlorella.sp
Chlorogloeopsis fritschii
Cladophora

Derbesia

Dunaliella tertiolecta
Enteromorpha prolifera
Filamentous algae
Harvested algae
Isochrysis sp.

Laminaria digitata
Nannochloropsis sp.

P. palmata

Oedogonium

Paviova (P-1)
Pseudochoricystis ellipsoidea
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Composition

o
® ¥ s .
=% §8.0 oo Sargassum sp.
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e} .O o OQ‘QQ@.. Spirulina sp.
) Passne >
] Tetraselmis sp.
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Gurreri et al. (2023) Sustainable Chemistry and Pharmacy
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Applications

Biogas, Biofuels,

& Bioplastic Microalgae Food & Medicine

Fertilizer & co,
Blostlmulants

% & & Animal Feed
?\?’\? Bioremediation

Wastewater Treatment

Production on
Non-Arable Land

Sutherland et al. (2021) Current Research in Environmental Sustainability
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Biofuels production

Lipidsextraction Biofuels

¢

Cultivation
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Water Framework Directive / Wastewater Treatment Regulation

Regularlyupdated

Lowerlimits for Nitrogenand Phosphorous
Highercoverage fosmallertownsand ruralareas
Extended list oEmergingpollutants

https://environment.ec.europa.eu/topics/water/wateframeworkdirective en

Official Journal EN
of the European Union L series

2024/3019 12.12.2024

DIRECTIVE (EU) 2024/3019 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 27 November 2024

cnncerning urban wastewater treatment

https://eur-lex.europa.eu/eli/dir/2024/3019/oj/enq

—_



https://eur-lex.europa.eu/eli/dir/2024/3019/oj/eng
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Wastewater treatment
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Conventional approach Innovative approach
Microalgae-Bacteria
% - o bioremediation
|_.. ;’;‘: | . -\
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). k, g L ’ '_ —
Primary Secondary Tertiary \‘x-_-/
treatment treatment treatment
Q High economic and energy costs 3 Improved water quality
\_ Low efficiency Jo Biomass production for further applications
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Phosphorous

Heavy Metals

Polychlorinatred
Biotransformation Byphenyl{PCB}
PolycyclidAromatic

Hydrocarbons

(PAH3

Pesticides
PolyFluoroAlkyl
Substance$PFAS)

Pharmaceuticals



| compound | Remoi 09 | spedes | insallaion

Synechocystisp.

(] 2

o . European
>.o:o< marbiotech OCMAR g jatien p

®° marine biotechnology group _
* Centro de Cidncias do Mar

—  MARINEBOARD

Spiked culture
medium
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Synechocystisp.

Pesticides

Dimethomor TCHEE SIS Advancing s & Ocean Science

Chlorellapyrenoidosa

Tetradesmus
quadricauda

Tetradesmusbliquus

Isoproturon Tetradesmus

quadricauda

Tetradesmusbliquus

Pyrimethanil Tetradesmus

quadricauda
Chlorellasp. and
Scenedesmusp.
Chlorellasp. and
Scenedesmusp.
Cypermethri Chlorellasp. and
Scenedesmusp.

Spiked culture

Chlamydomonaseinhardtii '
medium

89-99 Nannochloropsisculata
91-98 Chlorella vulgaris
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Wastewater Treatment With Microalgae
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Advantages Sustainable Viable costs Biomass LessCQand
system production GHG
emissions

GREENDUNEHOTBIOREACTORS

e
- . -

O

BLUE MATER

Vv ngh volume/area ratio: 480 £ m

V Modular systems

V Connected in sequence or in parallel
to achieve the total volume required

European
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High land requwements in standard
cultivation systems

Theaim of this studywas to evaluatemicroalgae
biomass production, and tertiary treatment
efficiency of urban wastewater using natural
microalgalconsortiumn pilotGreenDun€#’BRs
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Wastewater Treatment With Microalgae

Experimental setip with 3 sequential modules with a
total working volume of 1440L installed at wastewater
treatment plant at Algarve, Portugal

DALY ANALYSIS

Cell growth control Treatment efficiency
V pH measurements V totalN
V Optical density (750 nm) V' N-NH,

V' N-NG,

OUTDOOR CONDITIONS
Continuous operational mode
V Spring (June 2028HRT 24 hand 12 h
V Summer (August 202DMRT 24 h and 48 h

Figure Natural Blooms development@reenDune Natural Bloom Culture
PBRs V 7 days of stabilization

A) Stabilization phase ar8) During the experiments V 12 days of culture
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Fig. 2. Biomass concentration (mg Lh (a), pH

300 1m0 variation (b), and water quality parameters in the
250 105/ PBRs effluent (treated wastewater) (c) TN, (d) NHJ,
= w00l (e) NO3, (f) TP, (g) PO;~ and (h) COD in the different
| H m B o seasons and hydraulic retention times: winter 24h
05| o . .
:;’m— E E E - = (W24h), winter 48h (W48h), spring 24h (SP24h),
£ 80 . spring 12h (SP12h), summer 24h (SU24h), summer
& 100}
@ . 85| = 1 48h (SU48h), autumn 24h (AU24h) and autumn 48h
50| [ == 80! ==} (AU48h). In these diagrams, the x represents the
ol Ep . 0 X L - 7sl i . i . . average value and the horizontal dash the median of
Wath; ‘Wsth SE2Sn G SCUEL BUSh. SSUMD - AI3Eh SO " W24h WaBh SP2¢h SP1Zn SU4h SU4Sh AUZ4h AU4sh the nutrient’s concentration. The box limits are
(c) (d) defined by the lower and upper quartiles of the data
w 3 and the whiskers are the minimum and maximum
_ n ) values of the data set. The horizontal lines across the
L s charts represent the legal limit for that nutrient in the
Ew Ezn discharged treated wastewater.
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rais et al. (2020) J Cleaner Production Pereira et al. (2023) Applied Sciences
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v“@ d

Morais et al. (2020) J Cleaner Production Pereira et al. (2023) Applied Sciences
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AD

LCA: GreenDune (GD) and Nitrification-denitrification (ND)

Log10 units
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TE 348

Morais et al. (2020) J Cleaner Production Pereira et al. (2023) Applied Sciences
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Wastewater Treatment With Microalgae: Green Treat

| -diversity Shannon

Bdelloidea (8 ASVs) Season
Uronema acuminatum
60— Adneida Summer
Dataca A
Arthronoda Winter
Chydoridae Spring
Winter 25 = 407 Citesti
. Summer b el
754 : = —\ Chytriomycetace:
o * Spring season 2 50l -
= E Autumn % desmus
- 20 & - autumn 5
> : 2
) E3 spring 5 ol .
< N (S oebida
B so- ’ ‘ B3 summer " N (A
§ 15 - winter & -20-+
0
O _L: .
! Sy = { : = :
60 40 20 0 20 40
251 1.0 7 PCO1 (40,3% of total variation)
a .
O & & & o - w _
& & & & c = = s
& & S 5 3 3 g
3 = - . .
; dominated by rotifers!
Species richness Species richness and evenness Autumand : Tetradesmusp.
Biodiversity changes with seasons! r Chlorellasp.
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- __ 5007 1 T
@iggé A < 4503 B BIOgaSpI’OdUCtlon
2 4004 2 4007
E 2507 E ] . . .
8 220 B 2503 Higher biogas production
3 E T 2004 . .
g2 I 2 150 and methane yield in the
8 1003 R 8 100 _
P i Spring

0_ TT [T T T T T T T[T T I T T T I T[T T T I T T[T T ITTiTT] 0 RN R L L

0 10 20 30 40 50 0 10 20 30 40 50 _ _
Time (days) Time (days) Lower yields than with

Figure 2. Accumulated biogas production after 50 d: (A) different seasons (O) summer (¥) autumn (M) spring (A) winter and (B) winter mono alg al Cu |tu res

season with different HRT (l) 24 h and (O) 48 h and (&) Skeletonemamonoculture. The data plotted are the differences between the means of
the digested sample and the mean of the inoculum control (all n= 3). Error bars represent standard deviation.

Low Intrinsic
Table 2. Maximum biogas and methane production (mL/g volatile solids) using non-hydrolyzed (NH) and hydrolyzed (H) biomass. b | Od eg rad ab | I |ty d ue to
Product Summer Autumn Spring Winter24 Winter48 Skeletonema th e p reval e n Ce Of
Biogas NH 258 £38 be 172 £57 ¢ 311 £47b 167 £37 ¢ 190 £55 b, 464 £19
Methane NH 211 £97 %4 155 432 %4 252 £36 %4 149 424 %4 135 463 *4 - P redators?
Methane H 189 £8# 81 114 239 £12# 191 +£29# 137 £21 # -

The reported results are the difference between the means of the digested sample and the mean of the inoculum control (all n= 3) *the respective standard deviation. The same letters (abe
used to compare biogas production), or symbols (* used to compare methane production between all non-hydrolyzed biomass conditions; # used to compare methane production between
non-hydrolyzed and hydrolyzed conditions of the same season) indicate no statistical difference between tested conditions.
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Case study: RHHEEDIationProject

ASGHENT THE CONSORTIUM -

RIjR
0 L/
i . 4 CEmerging pollutants are defined as compounds that ar:
/ o 7‘ / 1L not currently covered by existing waiguality
N regulations, have not been studied before, and are

4 sensichips . .
bmm o\ / thought to be potential threats to environmental

oevon e ecosystems anduman health Yy R & FS & ¢
Farreet al. 2008

¢ ru ]
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GreekDemosite

Takingnto accountpreviouscollecteddata, the
bioreactorswill be placedafter the secondary
wastewatertreatment, toremoveexcessutrients
andpollutantsnot removedby thecurrently
implementedsystem.

Y o

‘%"

Locatedin Greece Elefsina andits gulf, isa suburban city

from Athens metropolitan area. It is situated in thariasio
Plain and iis a major industriatentre, with the largest oil
refinery in Greece

¢ ru ]
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TurkishDemosite

In Dilovasj the bioreactorswill befedwith primarilytreated
wastewater therefore conductingmostof the treatment, to
demonstratetheir versatility

e B,

et 8

Micro-algea >

based plant
location

Locatedn Turkey Izmit Bay is a sertiosed embayment situated in the
Marmara Sea. Residential and industrial areas in the region have
increased threefold since 1980s, thus increasing the pollution.

¢ ru ]
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Case study: RH¥EDIiationProject

Theaimisto preventfurther accumulationof pollutantsin the
seawaterof Mare Piccolopumpingwater from GalesdRiver.
Mare Piccolas veryimportant for musclesaquaculture avery
well known specialtyfrom Taranto.

e m
L « e li\“ L
WiN ‘it |‘ '
‘\l“ AL ,( Y

Locatedin southltaly, Mare piccolasabaysurrounded |
by Taranto city. In thpast it hasbeenoverloadedwith 3
pollutantsfrom severalsources, ILVAboveall.

’ . " g . "_ . '“'.vi-‘ _- — .
. ' ol ' s
¢ Eu ]
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List of major contaminants deemed to be removed from EU waters and are in line with thelRBBiationGA, based on the Directive 2013/39/EU (WFD) and th
Proposal (for a Directive of the EU and of the Council) amending Directives 2000/60/EC, 2006/118/EC and 2008/105/EC cbomigloends common within the
WEFD and its proposed amendment.

Pesticides
Aldrin

Dieldrin
Endrin
Isodrin

Atrazine

Chlorpyrifos
DDTs

Trifluralin

Clothianidin
Diuron

Endosulfan

Hexachlorobenzene
Hexachlorocyclohexane
Deltamethrin
Esfenvalerate
Isoproturon
Pentachlorophenol

PFAS/PFOS
Perfluorohexane sulfonic acid (PFHxS)

Perfluorononanoic acid (PFNA)
Perfluorobutane sulfonic acid (PFBS)
Perfluorohexanoic acid (PFHxA)

Perfluorobutanoic acid (PFBA)

Perfluoropentanoic acid (PFPeA)
Perfluoropentane sulfonic acid (PFPeS)

Perfluorodecanoi@cid (PFDA)

Perfluorododecanoic acid (PFDoDA)
Perfluoroundecanoic acid (PFUNDA)

Perfluoroheptanoic acid (PFHpA)

Perfluorotridecanoic acid (PFTrDA)
Perfluoroheptane sulfonic acid (PFHpS)
Perfluorodecane sulfonic acid (PFDS)
Perfluorotetradecanoic acid (PFTeDA)
Perfluorohexadecanoic acid (PFHXDA)
Perfluorooctadecanoic acid (PFODA)

Pharmaceuticals Metals PAHs
17 alphaethinylestradiol Cd Anthracene
17 betaestradiol Pb Naphthalene
Azythromycin Hg Fluoranthene
Erythromycin Ni Benzo[a]pyrene
Diclofenac Ag Benzo[b]fluoranthene
Ibuprofen Benzo[K]fluoranthene

Carbamazepine Benzo[g,h,i]perylene

Clarithromycin Indeno[1,2,3cd]pyrene

Estrone Chrysene
Benzo[alanthracene

Dibenz[a,h]anthracene

PCBs
PCB 77 (Dioxilike)

PCB 81 (Dioxilike)
PCB 105 (Dioxiike)
PCB 114 (Dioxiike)

PCB 118 (Dioxilike)

PCB 123 (Dioxilike)
PCB 126 (Dioxilike)

PCB 156 (Dioxilike)

PCB 157 (Dioxiike)
PCB 167 (Dioxilike)

PCB 169 (Dioxilike)
PCB 189 (Dioxilike)

Dicofol Ammonium perfluoro (2Znethyl3-oxahexanoate) (HFRDA or Gen X)

Propanoic Acid / Ammonium 2,2{8fluoro-3-(1,1,2,2,3,2hexafluore3-
(trifluoromethoxy)propoxy)propanoate (ADONA)

Bifenox 2- (Perfluorohexyl)ethyl alcohol (6:2 FTOH)
Dichlorvos 2-(Perfluorooctyl)ethanol (8:2 FTOH)
Acetic acid / 2,2ifluoro-2-((2,2,4,5tetrafluoro-5-(trifluoromethoxy)1,3-dioxolan4-

Aclonifen

Heptachlor/ Heptachlor epoxide

yl)oxy}(C604)
Terbutrin Perfluorooctanoic acid (PFOA)
Acetamiprid Perfluorooctane sulfonic acid (PFOS)
Bifenthrin
Glyphosate
Imidacloprid

Nicosulfuron
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Greek Demo Site

Reactors30 units Analyzed parameters
Total volume:15 n? pH
Consortium developing timel0 days Redox potential
Hydraulic Retention Time24 hours Ammonium concentration
Sensors6 Turbidity

Conductivity

Chlorophyll content

¢ ru ]
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Advancing

Preliminary results

Starting point After one month
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