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» Buoteyvoloyia 4

* Ta xpwpata tng Protexvoloyiog

*  Avaykouotnro -
.

I. Aiwatnpnon tng promoikiAoTnTag ‘in vitro’
Yrodouec diatnpnong

* Blonowkhotnra

v Zulloyéc kaMiepysuwv & Prohoyikon u?u]gou Kevipa Brodoyikiv ;[Elpum (ProamoBetripra),
Movoeia duoikric wotopiac, Tpanelec \.'EVEILKDU UAKOU [ kpuOOUVTI PN O KATL
=  Texvoloyiec — EpyaAcsia ”

II. Aiatnpnon Tn¢ PromoikiAoTnTag 'in situ’
Armokaraoctaon & diaTNENoN TWV OIKOOUSTRUATWY

1. BiowmapakoAouBnon paocei tpuxwv chmmra&ucﬁ:-' ProaigBntnpeg, piotéoT).
2. Afiomoinon TWV 0IKOOUOTNUIKWY UnNPEdItUV TW
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nnpe L TWV YUKWV OF PUOIKA Kal TEXVNTA oUCTNUATAd.
TMapaywyn evapvemg & VEWV tpuhmu.w wpo¢ To mepipaiiov
UAIKWY, OUCIWV K.d.

J yumepaouaTa

BipAloypagia (mapabeon orig Siapaveisg)

https:;“,:’eDs.orgfscience—updates;’interacﬁve—_ﬂnline—maps—make—sateliite—ocean—déta—accesﬁihle



Eicaywyn

> BiorexvoAoyia
* Ta xpwpara Tng Prorexvohoyiag
*  Avaykaiotnra
* BiowoikiAoTnra



Health, Medical, Diagnostics

Yellow Food Biotechnology, Nutrition Science
Aquaculture, Coastal and Marine Biotech
X suara Agricultural, Environmental Biotechnology - Biofu
Dlo. Ve &oviac els, Biofertilizers, Biét'&ﬂlt‘:? iation, Geomicrobiology
Arid Zone and Desert Biotechnology
Bioterrorism, Biowarfare, Biocrimes, Anticrop war-
fare
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Gold  Bioinformatics, Nanobiotechnology

Grey  Classical Fermentation and Bioprocess Technology
Gutierrez A 2010.

The protection of maize under the Mexican biosafety law: environment and trade. 1001 7875,/2up2010-186.
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IdiaiTepa Evrova amo Tig apxgg T ;- ) 2 1ov q.

EvdsikTIKa:

v KAiparikn kpion

(aU€ non Beppokpaciag Tou TAavnTn, ofivion wkeavwy, EAAEIYN vepoU K.a.),
v’ mepipaAAovTikn pumavon,
v\ EAASIYN TPWTWY UAWY Kal EVEPYEIGKWY TTOPWY K.d.

L Avamrtuén Blrotexvoloyikwv edappoywv e eMidpacn oto meptBaAiov yLa
= qapakoAouBnon & eKTipnon,
" aWOKATACTACH, dIATNPENON YUOIKWY CUCTNUATWY Kal UTTNPECIWY,
= TTapaywyn EVEPYEIAC,
= Jdnuioupyia vewv UNKWY & ougiwyv @IAIKwy TTpog To Trepipaiioy,
= diayvwon, Oepaweia K.a.

> TIPOOTACIA YUOIKOU TTEpIPAAAOVTOG Kali
> peAtiwon avBpwivng {wng.

» Awatpnon BromolKiAoTNTaC & OLKOCGUOTNHATWY
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Aatnpnon Tng PromoikiAoTnTag 'in vitro'

Ymodoueg diarnpnong

v" Tulloyéc kaAhiepyeiwv & BlohoyikoU uAtkoU, Kévtpa Bloloyikwv mopwv
(Broamobetnpla), Mouceia ¢uolknc Lotoplac,
Tpamnelec yeveTikoU UAKOU / KpuoouvTnpnon KA.

e Texvoloyiec— Epyaleia
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OXETIKA sunnm Kﬂ;._. I |
SuvaToTnTa eAEYXOUEVWY TIE'EI ofel

TTAnpowopiec (metadata) yia kaBe oTeAexog

tavtonoinon oteAéxoug (strain ID / kwdikog cuAhoyrc)

TP OEAEUOT CITOUOVWONC

ouvOnkec kaAALEpyeLacg (Beppokpaoia, evtaon / dwrtoneplodoc pwTog, oAATOTNTA,
pH, cuotaon BpemTikoU PECOU K.0l).

LOTOPLKO ouvVTAPNonc (m.X. umtoKaAALEPYELEC, KpUuOOUVTAPNON)

TIELPALOTLKEC OUVONKEC

4~ L€ EPEUVNTLKEC EPYAOLEC, OL EMLOTNLOVEC MapaBEToOuV UNTOXPEWTIKA

ta metadata twv oteAe)wv wote va dtaodalileTal

n aflomotia Kat n emavaAnPipoTnTa TwV AMOTEAECUATWY.

BioaoypaAsia (Biosecurity/ Biosafety)
amouyn £100dou 0To TTEPIPAAAoV:

aAAoxBovwyv opyaviouwy

YEVETIKA TPOTIOTIOINUEVWY N HETaAAayuEvwy taxa
TAPACI TWV

TTaBoyovwy TTapayovtwy.



E. Ala‘m L,
fekvokoviag'itpm=ia |

1. KaAALlEpyeleC (amopdvwon kat Statrpnon otehexwy,
povokalgpyeiec / ouykarigpyeieg)

2. QPUkn wg nepaparodpuTo OTNV EPEVVA
Acetabularia = pehém mRNA (artd 1934-1950, 1961-62)
Chlorella = kUkAog Calvin (1950),
Chlamydomonas reinhardtii = punavikd epeBiopara (fyoc, ayyypa
n Bapvtnra), avdatuén paoctyiwy, bwrtoouvBeTKEC YpWOTIKEC Kat
bwtod extnc, petaBollopoc yvooToysiwy K.o.

3. Moplakéc pebobdot
(Aetoupyika yovidia, yovibiwpatikn, avaiuon yovidblaknic ékbpaonc,
HETOKWHLKOTIOIN O, e TayOVIS LWATIKY), HETA-HETaYPabWILK,
TIPWTEWLKG).

4, TEeVETIKI PN)XOVLKI] — YEVETLKA Tpomonoltnpueva ukn:
Synechococcus & Synechocystis,



KUpieg diataeic pwtopioavridpaoTnpwy yia KAAMEPYEIEC HIKPOYUKWY

Avolixta (
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Raceway pond !,

Low operation cost
Low biomass

High contamination risk

Kopiee diatafeic
pwToPloavTidpacTnowy

Flat panel
photobioreactor

High operation cost
High biomass
Low contamination risk

——p KhAcioTa
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Tubular photobioreactor
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https://www.newsbreak.gr/wp-content/uploads/2024 /12 /spiroulina-kalliergeia-serres.jpg



KaAAIEpYEIEC HAKPOWYUKWY

Falace et al. 2018. Ex situ cultivation protocol for

Cystoseira amentacea var. stricta (Fucales, Phaeophyceae)
from a restoration perspective. PLoS One. 2018 Feb
15;13(2):e0193011. doi: 10.1371/journal.pone.0193011.
PMID: 29447238; PMCID: PMC5813978.

Xpnon onopiwv / BAAOTIKWV PLEpWV

*  Metadurtevon aptifAactwy / atopwv
LETA armo KoAALEPYELA in vitro

»  Xpnon TEXVNTWV UMOOTPW HOTWV

.;.‘-r-...:' : 'I-:r R 47 : e h i. sﬂL':‘“ Ji‘.‘: |
De La Fuente et al. 2019. First ex situ outplanting of the

habitat-forming seaweed Cystoseira amentacea var. stricta
from a restoration perspective. Peerl, 7: e7290.



Kpiowa oTadia Tng TexvoAoyiag Twv KAAAIEQYEIWV TWV QUKWY

Media recycling

1. Cost effective allernative
2. Media replenishment
3. Favor cultivation

Strain selection 4. Vary metabolite content
1. High growth and metabolite o

Control of biological
contaminants

1. Media sterilization

a. Physical & chemical treatment

 Media requirements

1. High growth by nitrogen
2. High metabolite by phosphorous
. 3. High lipid by carbon




ITI. Aiatnpnon tnc PpiomoikiAoTnrag 'in situ’

Amokataotaon & SiIaTAPNON TWV 0IKOOUGTRHATWY

1. BiowapakoAoUBnon pdoel QuKUV
(ProaicOnTripec 1 pioTéaT, PloavaAloeig).

2. Afiomoinon Twy 0IKOOUOTNHIKWY UTNPECIWY TWY YUKWV
0t QYUOIKA Kal TEXVNTA ouoTrhpara.



BiomrapakoAouBnon (Biomonitoring)

BioavaAuoeic (Piodokiuég, bioassays) * Bapéa pétalda,
diadikacisg omou spappolovral PIoBEIKTES » Putoddppoka Ko
* OPYOVLIKEC OUGLEC

BioaigBnrnpec (biosensor) n Biotéor (biotest)
OUOKEUEG OTIOU YIVETAI PETPNON TWV ATOKPICEWY TWV OPYAVIOHWY BEIKTWY
yla TRV EKTIUNON TWY CUVETTEIWY TWV aPIoTIKWYV TEPIPAAAOVTIKWY TTAPAUETPWY

oToug euPpioug opyaviououg. ';;

BaoileTal ornv umoBeon oTi n au§non Twy KUTTAPWY gival avaAoyn Ue _
TNV CUYKEVTPUION TOU TEPIOPIOTIKOU BpenTiKOU N avTIoTpOQUIC aw&hovn =
tn¢ tofivne (tofikotnTa efapraral amo °@, S%e. K.a.)

https://www.tame-water,com fen/ e & %
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BiowapakoAouBnon (Biomonitoring)

BioavaAuoeic
Bioaio®nrnpeg (biosensor), Biotéor (biotest, bioassays)

TTAeovekTnuara
» opyaviopoi guaioBnTol oTI¢ TTePIPAAAOVTIKEG HETAPOAES -
* OXETIKA EUKOAOG XEIPIOUOC o \ :
» Bev utapxouy nBikoi Teplopiopoi (OTTWE oTa amovAUAWTA) i Q‘ |
kara Tn dokipn Tng ToikoTnTag TWY S1APOPETIKWY Evmﬂg%_?_' 8 \R
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Selenastrum capricornufum

KaBoplouo emuteédou Bpentikwv n

tofikwv evioewy (akopa kalpe pétalha).  Scenedesmus subspicatus
TAuka vepa Iuka vepa




Test compounds

Crude oits: South Louisigng Kuwai,
Venezueia, and Alaskan

Diesei fusl oilsNo- 2: Amer. Petrol. Institute,

Bzon Rouge, Boaytown, Montang Mew
lersey

Crude oilsrAtkinson Poit, Norman Wels,

Fembina, and VenezueizCorexit (unnamead)

Coal iguefattion, shale-oiland petroisum
products

Crude oil: Tunisian

Cruce oii: Ekafish

BPlight diesel
BE 1100%

BE 1100WD
=hell Ol Herder

Crude oils: Ekofisk and Stragjford

Crude oil; Norm an Wells Corexit 9550

Diesel fuel oil No.-2: AmericanPetroledm
Instituie

Chrysene [water soluble PAH)

Oil samplesfrom thetarker Prestige spill

Eight groups of crude oil

Accidental oilspill m Mumbai Harbor

Test species

Agmenaiium guadriplfcatum
Chiorello outotrophica
Cylindrotheca sp.

Lomimaria saccha ring
Phytlophore truncata

Selenastriim cap icom utnm
Microcystis gert ging so

Skeletonema costalum

Skdletonema costa tum
Phaendactylum tricomutom
Chaetoceros cerai osporim

Chiarella soiing

Skeletonema costafum
Tha lossiosirg psewd ona nd
Phaeodactyium tricomu tum

5t. Laurence Estuary phytoplankion

(in situ dosing)

Selenostrum caop icomutum

Microcosms

Dunalielia tertiolecta

Warine phytoplankton conimunity

Matural periphyion

Observed stress response References

Fuel oit lethal & 10 mL{20mLj~%

Crude oils: not toxic & 30 mL (Z0mL)™

Photosynthesis of Chiorefio outs trophica was only temporar ity depressed by the crude  Batterion et &l (1878)
oilsat 30 mL (20 mLT* Fourof thefuel oils inhibited photosynthess, O, output

decreasing tozero withoutrecovery (exception: Montana fuel oif).

In siw primary production was sienificantly inhibited by all ty pes and concentrations of
oiltesed (at 10 ppm). inhibition generally increased with increasing oil concentration. Hsso stal [1878)
The crude oikCorexdt mixtures were more toic than crude ol or Corexit alone.

Based on *C asimiation messur ements the coaHiguefaction products inhibited gea
photosynthesis at w ater-solubie fractions concentrations two-orders of magnitude
fower than the petroleum products; shake-oil products were intermediate in toxicy.

Gddingsand
Waehington [1581)

Towicity isreisted to nutrient imitation condtions. 100 mg L lethalin P and N limited
media, and |ess =evere in the Si-limited media. Chi-w and carbon uptake more senstive Kanydis(1281)
parameters for assessng hydrocarbon toxicity than cell counting.

5. costotum. and growth ratemost sendtive than chiorophyll content per cell and the
- = = Osteaard =t.al. {1882)

ratio of in vivo Tluorescence to chiorophyll content.

Stmulatory effects on photosynthess by low levelsof BP licht desel ((.05%) and the

oil dispersant BP 1100 (£.005%), either alone o in micture, Inhibion of Chi-ocontent

at higher leveizof BP licht diesei, BF-1100X and & all the tested concentrationsof oil

dispersants BF 1100WD and Shell O Herder.

Chigr and Chiu {1585}

Reduced photosy nthetic capacky. Hishest sensitivity: 5. costatum. Simifar results by lab Hegseth and Ostzaard
batch and in situ dialysis culture: (1585}

Chi-areduced at oil exposure concentration of 1-2 mg L No observed a@fection in
Marine commun ity com position.

IntermsofChiocontent: 30 EC,=0015g 'Y, S0 EC»=0014 g Y Td EC.,=0.01562
I3t

Sronetal [1993)
Ei-Dib etal {1997)

Photosynthetic activiy and chiorophy lFo concentration decreased after 24—72 b Gonzaier stal {2009
SEnificant inhibition of photosynthess (based on Fy/fm, ETR...; and FI'I"HJ_tl:S'mthEﬂE

efficiency t-values) after only 1 h of oif exposure with clear concentration dependency, CameraMartinez et al
After 3'd, photosynthesistemained inhibied althouch cefl survival was only slightly (2018

effected.

High concentrations of oil of decreased Chi-a'content. Huangetal 2010

in situ; sgnificantdecrease in phytopiEnkton populkstion; inhibition of photosynthess

: laEwaret d. {2013}
a=ocigted with degradation of pigments [increa= in phiasophyting. R e



déopeuon CO,

» PioAoyikn avTAia avBpaka
» mapaywyn O,

» Tapaywyn opyavikng uAng & opyavikwy svwoswv®,

o
M b

= npooAnyn BpETTIKWV
» TEPIOPIOUOC EUTPOWITUOU,
» Ppioe€uyiavon,
» emefepyacia & avakUKAWGON AUHATWY KAT,

. paon TPOWIKWY TAEYUATWYV
» TpPOYRN Yid avWTEPA TPoYiKA emiweda,

TexvoAoyieg yia Tov ‘HeTplacpo’ (mitigation) Tng maykoopiag KAIHATIKAG Kpiong.



d S1auopYWon OIKOTUGT NUATWV
v 3nuioupyia Kal oTaBepoToinon EVOIAITNLATWY
v Bepycshiwdeic opyaviouol
daon HakPOYUKWYV, OYKWOEIC EVACOPECTWHEVES HOPYES K.d.
» PiomoikiAoTnTa

s Tapaywyn opyavikng UAng & opyavikwy EVWOEWV

v mapaywyn Piopalag & Prosvepyeiag
Tapaywyn @IAIKWY TTpog To TepiPalAov UMKWY
Tapaywyn Tpowipwyv & mpooBeTwyY diIATPOPNRS
Tapaywyn wRKTIKWY OUCIWY
Tapaywyn YapUakeuTiKwy & ProdpacTiIKWY EVWTEWY

N A S

<

napaywyn PiomAaoTiKWyY
v\ mapaywyn wmpwTreivwy and HovoKUTTapoug opyaviopoug, SCP
© mapaywyn vavoowparidiwyv

TexvoAoyieg yia Tov 'weTplagpo’ (mitigation) Tng maykoopiag KAIHATIKAG Kpiong.



z pwToouvBeon & puBuiIon KAipaTog

» Otopeuon CO-
» PioAoyikn avtAia avBpaka
» mapaywyn Oy,

Tapaywyn opyavikng UAng & opyavikwy evwoewv®

TexvoAoyieg yia Tov ‘HeTplacpo’ (mitigation) Tng maykoopiag KAIHATIKAG Kpiong.



MmAe davBpaxac (“blue carbon” )

O avBpakac mou
* SeouevETAL
(pwroouvBeon k.a.)
&

*  amoBnkeveTOL
(BroAoywkn avtAia C)

amno BaAdoola Kol mapakTia
OlKOOUOTN AT HETW
BroAoyikwv dlepyaciwv.

e Plankton uses
carbonate
to produce
its imestong
peotoction

3

Dead orqanisms sink
. ¥ . O to the bottom of the

" . oOC¢an
i

' Carbon storage
Mnyn: by sedimentation

Ocean and Climate Platform 2020 — D




MrtAe GvBpakacg
(“blue carbon” ) =

O avBpakac mou
decpeveTon &
anoBnkeveTal
anoé Badacaola Kal
TMOPAKT LD
OlKOOUOTHHOTA
HEOW BloAoyLkwV
SlEpyaoLwv.

To mAaiotlo tnc peAetnc Yokohama Blue Carbon

CO. absorption and " 1
2 CO, emission reduction
carbon .Etmge in forests b.v blue resources

C0O, absorption
and carbon
storage as blue
carbon in SCEs |

>

Friendly Ocean Blue resources Blue carbon

Citizen collaboration in CO, emission €O, taken up from the
ocean development, Ligs = —-;— reduction by utilizing atmosphere by shallow
environmental & abundant marine coastal ecosystems
education, and resources such as (SCEs)

energy, food, and
biomass

environmental
awareness

2ToV WKeavo anobnkevovtal tepdonec nooodtntec CO,.

>To W pata 0 C prmopsl va Tmopapevel pun S LtAUTOC Kol Ywplc va £XeL amoouvTeBel yia peydha 1ot poTa
(moAAEc exatovtadec xpovia). Tumikd aBabr) mapdKTio otkoou oTnpata meplAapfavouyv:

Maykpopia daon, mapaktia £An kot eKBoAsc, Saon ayyeloonEpUWY Kat Sacn pakpodukwv KaAouvtal
ouyva owoouothpata pmAe avBpaka “blue carbon ecosystems”.

Kuwae et al. 2022. im plementation of blue carbon offset crediting for seagrass meadows, macrozlgal beds, and macroalgae farming in Japan. Marine Paolicy, Vol138,
155N 0308-597¥, https://doiorg/ 10 10316/ marpol. 2022 104996,
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To putomAaykto otn S£€opevon tov C

Oplopeva €i6n Baldoolou putonAayktoU TOU XOUV DOKLUAOTEL Elval Ta:
» Tetraselmis sp. ((Laws and Berning 1991, Matsumoto et al. 1995),

. (Takano et al. 1992),

Chlorococcum littorale (Pesheva et al. 1994),

Chlamydomonas sp. (Miura et al. 1993),
. (Matsumoto et al. 1995; Matsumoto et al. 1996), kat
. (Matsumoto et al. 1995).

AmoTeAeopaTikoTnTa deopucuonc avlpaka opIoHEVWY EIdWV

Taxa pikpoduKwv Méeywotn [CO,] BifAloypadia

100% Seckbach et al. 1971
Scenedesmus sp. 80% Hanagata et al. 1992
Chlorococcum littorale 60% Kodama et al. 1993

45% Nakano et al. 1996
Chlorella sp. 40% Hanagata et al. 1992
Dunaliella tertiolecta 15% Nagase et al. 1998
Nannochloris sp. 15% Yoshihara et al. 1996

Tetraselmis sp. 14% Matsumoto et al. 1995



g - PuTomAayKTo
TTaykoopio KAipa

Acopeuon Tou C - BioAoyikn avtAia

EvaopeoTwpeveg poAideg (opyavikog C & CaCO;|) kaBilavouv ota i{nuarta
-~ ouykpartnon C yia peyaAeg mepiodoug

Emiliania huxleyi

To o KoIvo anTopuTo

0t OAOUG TOUG WKEeavoug.

AvBioeig vepol: 1000ddeg km?,
c10IKa og peoaia yewypawikd wAarn.
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http:/www_constantinealexandernet/2013/06/13/index htm|



acrocystis sp.












Nnaoi Goree,
¥ eveyaAn




MACROALGAE CULTIVATION AND

CARBON SEQUESTRATION
Carbon Sunlight

dioxide Use for
longlived low
« @ Harvest by Process ot sea %:rrhon
LY ship ulr or onshore products
i
operoted asdboidiiun. .

vahicle

Macroclgoe cultivated in Use for algal
diverse offshore systems s = bioenergy with
- carbon capture

ond storage

-

R — F T e R
R T .
e
e o

Matural
biomass
sinking
UNDERGROUND

OOcEANwsmNs TR mmsmumn{

oceanvisions.org/oceoncdr

https://oceanvisions.org/macroalgal-cultivation/












Ewidpaon KAIHATIKAC Kpiong

* AUSnon Tng Bepporpaciag

AuokoAia Tpooappoyng Twy HAaKpoYUKWY aThY awoTopn Seppokpaaiakn aufnon.
TTpoPAeyn: avnikaraoraon dacwy amo Buoavoeideig avanTueig pakpopukwy (turfs).

»  Ogivion wkeavwy, avgnon DCO,

» EAarTwon evacPpéoTwong ota evacPeoTWHEVA HAKPO- KAl HIKPO- QUKN.
» Zupikvwon Kai e§apavion daowv HAKpOPUTWV.

To M0 KoIVO amTo®uTo 08 OAOUG TOUG WKEAVOUG.
AvBioeic vepou: 1000adeg km?

&2 £101Ka O€ PEOAia YEWYPAPIKA TTAATH.

Emiliania huxleyi, kokkoAIBogopo.



O¢ivion Oksavwv & KokkoAlBodopa
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Emiliania huxleyi,
KOKKOAIBo@opo



O€ivion Sf2keavwyv & KokkoAiBowopa
AToTeAéopaTa HeAETWY

U Iglesias-Rodriguez et al. (2008)

2 £ uynho COz, To Emiliania huxleyi eppavioe:
* yeyaAUtepn apBovia

* ~40% PapuTtepouc KokKOAIBoug

* abénon evaopeoTwong

* au€non TpwTOoYEVOUG TTapaywyng

O AMec peAretec (Meier et al. 2013, Riebesell &
Tortell 2011, Feng et al. 2017)

* peiwon Papouc KoKKoAIBwy

* yeiwon puBuwyv evaoPeoTWong

* au€non pwToouvBeTIKNG dcopsuong avBpaka

* gTTOXIKN peTaPpAnToTNTA OTNV £EvacPEoTwon

ZupwEpaopa

H amokpion Twy KokkoAIBopopwy oTnv of ivian:

* dev eival gviaia

+ e€aprarai amo £idog, 6TEAEXOC Kai TTepiParAov
* emnpeal &1 Tov BaAacoio KUKAo avBpaka Kai Tnv
TapaywyikoTnra

Emiliania huxleyi, kokkoAiBopopo



TTpokAnoeig ou mpemel va € emepacTouy

To gpuronmAaykto (BTT) oTn deopcuon Tou C

» ouxva n aufnon tou ®TT emnpealerar apvnrika amo Tnv auvnon Tou CO,
(Watanabe et al. 1992, Lee & Lee 2003).
£TMIAOYN OTEAEXWY TTOU UTTOPOUV VA avTiPETWTioouv UWPnAég ouykevrpwoaoeic CO-.
30% -70% kopeouou (Hanagata et al. 1992, Iwasaki et al. 1998 Sung et al. 1999).

* €Aeyxog Twv peraPoAwv Tou pH — av§non Tng avamTugng akoun Kai
100% Tou CO, (Olaizola 2003),

> ewiTeuEn BOepuikng oTaBepoTnrac

Ta agpia wou S10XETEUOVTAI EVTOC TWV KaAAIEPYEIWY
gemnpealouv ouxva Tn Beppokpaaia (Ono & Cuello 2007).

TToAAEc Piopnxavieg mou ekAUouv CO,, oupTrepiAappavopsvwy Twy oTtaBuwy
NAEKTpoTTapaywyne, PpiokovTal 0c mapaKTIEC WEPIOXEC.

> xpnon BaAhacoivou vepol wg peco avamrtuing,
WOTE va YEIwBEi To KOOTOC OUVTNPNONG TNG KAAAIEPYEIAG PUTOTTAQYKTOU.
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» EAATTWON gvaopéoTwaong oTa svacPeoTwHEVA HAKPO- KAl HIKPO- QUKN.

Lithothamnion minervae

Maerl/rhodolith-forming species
for which no sequences are available
(Lithothamnion minervae, L. valens).

https://litoraldegranada.ugr.es/el-litoral/el-
litoral-sumergido/flora/macroalgas/algas-
rojas/lithothamnion-minervae/

;_ ’ _ http://dryades.units.it/Corallinales/key/schede/Litho
® & -.!e%t."s del Rio thamnion_minervae e.htm



=  mpooAnyn BpemTIKWY
» TEPIOPITUOS EUTPOWITUOU,
» Proefuyiavon,
» enefepyaoia & avakUKAWON AUHATWY KATT



ATOKATAOTACN 0IKOOUOTRHATWY
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1. Nepo amd notdapa fj pudkia katsuBuvetal oTov TeXvnTO LYPOTOTIO KAl TAElbEUEL apyd HEOQ OO APKETEC
pikpec Aipveg. Auto stutpenel oe peyalouc pumouc (m.y. okoumnidia) va PuBilovral oto Bubo.

2. Tovepod pATpdpeTal oo UKpoopyaviopouc Kal UK TToU avamtiooovTal EmpuTiKG o pakpoduta.
Antopokpivouy BpenTikd cUOTATIKG, ELOLKG VITPLKA.

3. Metd and nv mapapov] Tou vepou yLa HEpikec nuepec (1-5) otov teyvnto vypdtono, kaBapd vepod
aneAeuBepveTal kat tadAL oTov MOTA O 1§ 0TO pudKL Kat n otabpn Tou vepou emiotpédel o Kavovikda udin.



2016.
ation of Eutrophic Lakes Using

doiore/10,5772/64111
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Decrease in: Turbidity, EC, TSS, TOC, TP, TN, Fe, CI and Na’

Bioeuyeiavon

Xapowukn omtwg Chara, Nitella k.a. PonBoUv oTnv amokaraoTaon

Increase in: SDD, Chl a, phytoplankton indices - TD, TB, R, SI, E
Stability in: T, DO, pH, HCU;, K’, TE, TLI and PMPL

¥y 2

3

r s
Relative instability in SO, and Ca

>

4

FINAL STABILIZATION
OF WATER HABITA
2019 .

Settlement of

charophyte Nitella mucronata

Eibn onwc to Nitella congesta AettoupyoUv wc:
* uUnxaviopoc otabepomnoinonc Wnuatwy
» BeAtiwon SlavyeLag vepou
»  £vOelfn KaAng OlKOAOYLKIC KOTAOTOONC

OwkoAoyikn e€€ALEn / amokatdotaon

Ytadlakn petaPaon amo

vdnAn BoAepotnta & Bpentikd poptia

= otaBepa, oAwyotpodLkd I} LECOTPOPLKA CUCTI LT
* Avénon dtadaveiac (1 SDD) kat otaBepomnoinon DO
* Meiwon Bpentikwv (J, TP, TN, TOC)

* AA\ayn ¢utomAayktikov duvapikou (4, Chl a)

* AU€non Bromowkthotntac (1 R, Sl, E)

Napiorkowska-Krzebietke & Skrzypeczak (2021) S Rep 11:14564

+ Napiorkowska-Krzebietke et al. (2008), PhD thesis
+ MeAétec amokaraoraong opuxawy pe Charophytes (Westem Australia)



YuTaAAsia



YuTtdAAeia, 2018
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YutdAAcia, 2018




Xpnowuonoinon twv $ukwv
otnv enefepyacia AUUATWY

*  Y&podefapeveg e MAAYKTIKA LLKpOodUKN OTWC
Scenedesmus & Micractinium K.o.
MeploploTikoil MOpPAYyOVTIEC:

Kupilwe dwc (paBoc, avadeuon, avavéwaor vepou |

*  Texvntd pudkia e MEPLPUTIKA ULkpod UKD

MAEOVEKTNHOTA TEXVNTWY PUAKLWV
* eV AMALTELTAL EVEPYELA VLA TNV ALWPNON TWV KUTTAP WV,
* gUKoAn cuAloyn Bropddoc e

BepLOUO TWV AVWTEPWV TUNHATWVY TOU EpiduTOU

(KoTWTEPA TUNUOTO TTOPAPEVOUV

MPOOKOAANLEVA OTO UNTOCTPWHA). -> Alnacpa & BlokaUoLaL.



https://www.niwa.co.nz/file/37211

Aetapevec YinAovu PuBpuou Avantuéng Qukwv, AYPAD
(High Rate Algae Ponds, HRAP)

Pnxéc defapevec pe ouvexn KukAhodopia vdatwy. To TILO KOWO QVOLYTO OUCTNH
enefepyaoioc Avpatwy pe xpnon pikpogpukwv (Oswald & Gotaas 1957).
Madikéc avarntuéelc otoug TporikoUc (T T dwe P oe 0An tn dlapKeLla TOU ETOUC).



H emituxng Asitoupyia Twy diadikaociwy PioTikng eme epyaciag amopAnTwy
g€apTarai amwo Tn Xpnon

*  PakTnpiwy,

*  PUKWV,

*  UUKATWYV,

*  mwpwTolWWV K.AT.

Ta piIkpo@UKN gival £vag amo TouG KaAUTEPOUG TTAPAYOVT £
Bioeuyiavong yia Tnv emef epyacia Twy AUPATwWy Kai
diadpapaTtilouv TTOAU onuavTiko poAo oTn diadikaacia PloamoKaTacTaong:

v' mapayouv O, Kkai dcopcvouv CO, Kata Tn pwToouvBeon
v/ diatnpouv TNV KaAn oioTnTa Twy uddaTwyv HEOW auTokaBapiopou.
v'  oIKoVopIKa amodoTikn Auon

Epuwovég ‘ : : -

dcopguon CO, kara Tnv auf non Twy HIKPoQUKWY (KAILATikn Kpion)

TTapaywyn avavewoijwy TNywy eVEPYEIag, omwe PiovTileA, PiopeBavio, agplo udpoyovou
kai ProAITTacuyara K.a.



2. XNHATIKA ameIkOVIan TS
pioefuyiavonc moikiAwv pUnwv pe @UKn (phycoremediation)

f-------‘--ﬂ------‘

! Acid Mine Drainage !

Dairy Wastewater :

Bioremediation of
Pollutants by
Algae

-y

Alcohol Distillery Wastewater |

--------------’

' Heavy Metals

-



Bo-amoppodnon petdAAwyv anod Bakthipia

Active Transport

"l‘r:"izfﬂ.ec"_:;;r Bacterial Cell b
Aaeiresiaie
CInteraction:
Metal - _
NiHPO, precipitation )2\ Metal-binding protein
Complexation

EPS + Cd?*=> EPS-Cd /
Extracellular Interaction

Oplopéva pakpodukn onwe Ta eldn Ulva fascato kal Sargassum densifolium (El-Wakeel et al.
2019), epdavifouv kat avta toAdd vmtooyopevn duvartotnta Blo-anoppodnoncg (bio-
absorbance) oe Bapéa pétadda omwc ta tovra xoAkou (Cu*?).






http://theazollafoundation.org



https://theazollafoundation.org



BioAiraopa Anabaena spp.: evdooupPIWTIKO KuavoPaKTNPIo HE
AlwTodeopcuon 1o wTEpidopuTo Azolla — BioAimaoua oe opulwveg







BioAiraopa (biofertilizer)

TTpooBnkn Wukwv oTo £dawog

Ta YUKN ouppaiouy

a) oTnv au€non Thg mTAPAYWYIKOTNTAS ToU £3AQOUC
(To £6awog PeATIUVEI TNV TAPAYWYIKOTNTA TWV KAAAIEPYEIWY)

B) PeATiwon TS WOIOTNTAC TOU TTEPIPAAAOVTOG
(To £édawog peTpialel TIG EMTTWOEIG TWY TEPIPAAAOVTIKWY pUTWV
Kal TaBoyovwy opyaviguwy Kal wapayoviwy)

y) oTnv uyeia

(To £édawoc PeATiwvEl TRV Uyeia Tou avBpwmou, Twv {WwV Kal TWV QUTWY).
T1.x. mpoidvra amo uTOTAQYKTO HTTOPOUV Va mPOOTATEYOUV
KaAAlgpyoupeva uUTA amo TPooPoAES amo 100G, PakTripla i HUKNTEG.



BioAiraopa (biofertilizer)

napadeypa dparodpukn, xYAwpodukn K.o.. aAAd o)t ....po50ABor (!!!)

AiaGeocipuotnra

XapnAo KOoTtoc

Opentikn afla

MAovolo oe pikpoBpemtika (Fe, Cu, Zn, B, Mn, Co and Mo),
MAouoio os pakpoBpemntika (Ca, K and P),

Bitapiveg

Avéntikec opuovec (auxins, betaines, cytokinins kat gibberellins)
I6wotnta xnAlwonc (chelating property)

=2 Efarpetiko BeAtiwtiko edadouc !

[€vn TTOU XPNOLLOTIOLOUVTOL OE TIOAAEC MAPAKTLEC XWPEC onwc Kiva, MaAlia, IpAavdia,
larwvia, Kopéa, NopPBnyia, Zkwtia kat Quhutnivec (Kumar et al. 2012):

Ascophyllum, Dictyopteris, Durvillaea, Fucus, Laminaria, Macrocystis, Padina and
Sargassum (Kumar & Sahoo 2011).



OVOuATO EUTIOPLIKWV TIPOTIOVTIWY

L]
L]
L]
Seaweeds Format Applications
Ascophyllum nodosium Seaweed extract + Mg L | Biosumulant
- Soluble seaweed extract  |L | Plane growth
powder stimulant; sail
ameliorant
Sargassum sp., Laminaria Scawred and NPK L | Ferubzer and
sp.. and Ascoplyllum brostumulang
nodosin
Brown scaweeds Seawced extract and L | Fernhzer and
fish protein baosamulant
Mix of mainly green algae | Seaweed compost with |5 | Fernhizer and
mixsse] shell liming
Ascoplryllum nodasum Seaweed extract wath L | Feruhzer and
urea, iron, and anuno biostimulant
acuds
Composting 5 | Compost
accelerators accelerator
including seaweed
Ascopliyllum modosim Seaweed extract L | Biosumulant
Ascophylluom modasam Ohrganic-muneral L | Femlizer
ferulizer with
seaweed extract
.‘I.#Dj.‘ﬁrﬂun modosim Seaweed extract + L Ferulizer
NPK
Ligmd seaweed extract | L | Biosomulam
Sohd scaweed cxract 5 | Biosomulant
Ecbdorsiar maxina Seaweed exrract L | Ferubzer and
biosomulant
Ascophylium nodosum Soluble scaweed 5 | Supplement
powder
Kelp meal S | Feralizer and soil
amendment
Liquefied seaweed L | Biostmulant
Sawpassm wightii Sun dned seaweed S | Ferubzer and
brosomulant
Agarofit algac Fermented algac + S | Biosumulant
vegetable structure
Ascophyllum nodosom Seaweed extract L | Biosumulant

Bio magic
BiotechMarine
Maxicrop

K.Cl.

braweed product Crop Format Effect
el . 4 A 5 d exmmn || Encremes m fresh and dry mas
Mlancicrog Capaiow smewwem | Seaweed exmact | Incoesse lengsh, dusneter, ansd fnair
¥ Al aedonm yickd
Apmeiia giodomifies Srgwred exmact | bnproved overall phymiolagical
heahth snd reduce dallar spot
dnene {Sdemsnn hemaracirpa)
Binechhanne Vi riera Sewweed exmact || bnsprove growth sogether winh &
beerer
CEpaAY i kecisilnsg
FsCTETSenn i plint o
espevully m leaves and sgart
In.nlmfr:rlll:qhmr-
Pieavya (Sunpavm wighti] | £ ooypumm g Seaweed exmany | Dievelioped rotance wo the
campryins P, malvaseaum u sord
Ceofrrar 1M He™ Mlshur demerrisca Scawred exmract | Stronger vegrtaivor growth than
[ Asprpilisns 1} cemtrah, sl improved fowrr
ansd Kelpak™ quabity and prodosiged blnsming
[ Fabfowsia svanama)
syl nodanm 1 Hra rurepars Seawerd extract | hnprovensst i the peaductnany
and ] comtent of olives and the
quabiny of olive o
Rmrmimgns intnidis At Lisgainl ferbser Lanpuerneed soed permanstiom, st
sk tnn Eengrh, poost leennh,
Bumnber of latenal poohs, musdher
ol beavrn, b, length and
wenght of vopriablo, ol
chiarophyil, and carntrmost
iyl £ o ol Seawred rxtrat | bnerease the sotad phernobs and
favonoah componcan and ol
sntnoondans levels
Asrpliplasm neslosiim Fiver mimifra Sevweed e | lmproved Sorliey corfficienin,
shoot bevgeh, shaoot dumeter. and
Fraf area
Beonlieed eckol froam ity Searmrred Soamulave maire shoot amd roor
Gl i O ETITEE clonganon snd mansbher of
sevminal rooss and exhibated
siprovemient i the bio hemmesl
sTIvities
Dt e (nasindy RLF Composy Anosly rae of df t'ha of compamn
Lamsumaris ap. snd Hpoeprndon mnd moreried the vidld of rwa
r.‘rln-h ) Poitincd fufymi e SR cfoje (i il
femise)
iyl I, . Seroood ot | bicresme plana heyghe, soot ayseama,
Ipeprnacum sl congmgratioe of muncral |
the dhoat. Frait iscteases yickd
sl queshiey fuerr, color, e,
ental solwhle solich, ascoabric acid,
=l nmneral e}
i mruigc”: Ayl Fromannun Powder Iz weane 1 odl snsoune and bead seea
Sepaiim, i seaweed
Liamsinana EXOrAT
Lsrowsa favicany and Mabss hispeerwesis Sevaerd exmrcy | bnwreased ehe seedimgs growth and
S T umproved the sl ewrynse
snviters in repling sl
Nizamuddana zanardimn Trithowm gevfarum Laqusd freeibiaer | Synengetic isflucnce wigh urc
fiernfrer that imcrease growth
Phradft sciaeesd [imanly el Clommpant bncreased potal prodhucticn amd
Lamminiria o, arsd erducrd Boncomerol
€ jptirina 1. prosductisn
|rppiar Mlaistime Abrimichun Luqud feribiser | Enbunce the growth
Pevvate Lud il
Sanped™ Vini raifera Seawerd exrracy | Prostiene the grape coloring
Alneplipllon modoimm sl Oy st el Sevweed extrarr | Poisive cifeer o seed geemmnation
SarET A Lamaia iavond plant devebopment, i
prosdinman
wrplipfam amdsimm Vinn missjrrd Seawerd exoract | Inorease o vackd, nember off bermes,
sl snthocyanan excracisbainy of
by sdans
(i deporricatum Capusum avwwenn | Lup=d frrsboer | Enaches gormmmean, grawth,




. Zuldoyn} GUAAWV

: '#‘.: Qwtoypadia amo aktr ¢ Kopowkncg,
“aF %y TEAN 19°Y, apyxéq 20° auwva.

PobdoMBwkoi muBpuéveg tou N. AtAavtikou




Mlchalak& Mess’yasz “%‘-@l’l

https://doi.org/10. 19&1@51% -020-0




s paon TPOWIKWY wAEYUATWYV
» TPOYN Yid avWTEPA Tpowika emiweda



$Ukn we {wotpown oTIC UBATOKAAAIEPYEIEC

Mn Tofika BaAacaia HIKPOWUKN,

amoTeAOUV TNV KUPIA TTNYN TPOVNG

yla TouAaxioTov Kamola otadia Tou BloAoyikoU KUKAoU
ToAAWY kaAAigpyoupevwy BaAiacoiwy wwv.

YynAn diatpowiki afia:

UYNAN TTEPIEKTIKOTNTA O MOAUAKOPEDTA Airapa oféa
(Muller-Feuga et al. 2003).

TToAAa Bahacaia {wa dev £XoUV TNV IKAvoTnTa oUvOeoNg
O€ IKAVEG TTOCOTNTEG OPIOUEVWY Pacikwy Aitapwy of ewy, S Dot
ouveTtwe, e€apTwvTal amwo Tpon PACIOUEVN O QUKN.

Skeletonema, Thalassiosira, Tertraselmis, Pavlova,
Isochrysis kai Nannochloropsis
TT.x. To diatopo Thalassiosira pseudonana
KaAAIEPYEITAI EUPEWG WG TPOYN
yia ToAAa paAakia Tou Eipnvikou wkeavou.



‘EAeyxoc AcBevelwv oTig YSATOKAAALEPYELEC

OdEAn amo TN Xpnon Twv UIKpodUKWV WC CUMTANpwHata dlatpodng
» EUmenta

* YynAnc Statpodiknc alog
(mAovola oe mpwtelveg, Autidia Kol amapoiltnta BpemTika).

ErunpooBeta oplopeva pikpodukn dtabetouv (buoika)
* AvTIBIOTIKEG OUTIEC

» AvoocoSieyeptika Blopopta.

[EVETLKN PNXOVIKN

BLoevepyEc OUOIEC OMWC

auénTikéC oppovec yia ta Yapla, avilBaktnplakec ovuoiec, untopovadec epfoliwy,
OTOXEUUEVA OTOUC Loug RNA k.a.

JApepa, oveEEAEYKTN XPNON QVTLBLOTIKWY, akouad Kol ¢poppdAnc* 11

*m‘tc’:ppupn oy wyric Tne etalpeioc Avbpousda - IxyBuokahhepyeieg, evavtia otov 1yBuokadlizpyntn Xpnoto Aofspbdo
ITEAOKOTO TIOU KOTAYYELAE XPrion XNULKWY ouo oy, OTWE G opprOAN, TIC OATILEC TPODEC, KL TO X PWHOTO Twv SiTuwv.

28 Maiou 2020
https://tvxs.gr/news/ellada/dikaiosi-toy-ixthyokalliergiti-stalakato-gia-tis-ixthyokalliergeies-poy-mas-taizoyn-toks



ZuvéuaoTikn
moAU-tpodIKN
vdatokaAALEpYELOL

ZUYKOAALEPYELEC

Araujo 2021, open access
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Integrated Multi-Trophic Aquaculture (IMTA)

ZuvSuaoTikn TToAU-TpodIkr USATOKAAALEPYELD - ZUYKOAALEPYELEC

Fed Aquaculture Suspension Extractive Aquaculture
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Aquaculture (Invertebrates) ' .. >3 . J
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*

IxOuokaAAié PYELOG PiE

. Dmpaxcxahhepvem (6 Bnuaroddyol opyavicpoi, POM),
* Quxokadhgpyeia (adopoitwvouv diahupéva avopyava Bpemnikd, DIN),
* KaAhépyeia Opupparodaywyv (ry. exwvodepua, ohoBolpia, moAlyaitotl)
(peydAwy braotdoswv POM, nepittwpara —evdoneprtwpata (F & PF) and touc dinBnuatoddayouc.

* H Broavarapatn otov nuBpéva avaysvva emupocBeta DIN, kavovrac ta duaBéoipa ota pakpodikn



: diauopPwWaon OIKOoUGTNUATWY
v dnuioupyia kal oTaBgpomoinan evAlaITUATWY
v Bepehwdeic opyaviouoi
daon HakpPOYUKWYV, OYKWOEIC EVATPECTWUEVEC LHOPYES K.d.
» PiomoikiAoTnTa



-

TexvnNTd UTTOOTPWHOTO. AUTEC OL KATALOKEUEC UMopoUV va ipooteBoUv og p oA PO UOEC.

o

- _;.u: .‘;;il | i s 'JI. o _.--'-‘:"é -

— L

(a) Living seawalls are generally fat and featureless, and otherwise provide little protection for marine life.

{b] Panels have been designed using 3D printing technology to incorporate complex texture and a variety of microhabitat features.

{l::l Seawalls can be retrofitted in a variety of configurations to suit site conditions, ecological objectives or aesthetic preferences.

{d, E] Within months, the complex panels were colonised by a variety of invertebrate and macroalgae and fish.

Source: Maria Vozzo



s://news.flinders.edu.au/wp-content/upl
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Aua&aawan

Edwards, A., Guest, |., & Humanes A. 2024. Rehabrlltatmg coral reefs in the
Anthropocene. Current Biology, 34, R399-R406. https://doi.org/10.1016/j.cub.2023.12.054




Avaddocwon:

The innovative endeavour of planting Posidonia seagrass with the use of seeds took place on
the island of Lipsi, in the bay of the Aegean Marine Life Sanctuary.

https://archipelago.gr/planting-underwater-gardens-of-posidonia-seagrass-a-new-innovative-planting-process/
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Italy: Sinis Peninsula,
Cilento National Park,
Bergeggi Island,;

Greece: Gyaros island

gt iR - o A .F‘#
Tl 2 "‘q-r - - i 11 .-d_
ROCPOPLife project co-funded by the European Commission LIFE Programme Agreement N® LIFE16 NAT/IT/000816 and part of the NATURA 2000
network. https: //www.rocpoplife.eu/wp-content/uploads/2019/12/ROC-POPLife_layman_final WEB.pdf




KaAAIEPYEIEC HAKPOWYUKWY

Falace et al. 2018. Ex situ cultivation protocol for
Cystoseira amentacea var. stricta (Fucales, Phaeophyceae)
from a restoration perspective. PLoS One. 2018 Feb

15:13(2):e0193011. doi: 10.1371/journal.pone.0193011.
PMID: 29447238; PMCID: PM(5813978.

L] =]

Xpnon onopiwv / BAAOTIKWV LEpWV

Metadutevon aptifAaotwy / atopwy
LETA o KoAALEpYELA in vitro

Xpnon TEXVNTWY UTIOOTPW LATWY

B o =
De La Fuente et al. 2019. First ex situ outplanting of the

habitat-forming seaweed Cystoseira amentacea var. stricta
from a restoration perspective. Peerl, 7: e7290.


















Canal d'amour, Képkupa 2025




"  mwapaywyn opyavikng UANg & opyavikwy eVWOEWV
nmapaywyn Propalag & Progvepyeiag

Tapaywyn @IAIKWY Tpog To TepiPailAov UMKWY
mapaywyn Tpowipwv & mpooBeTwy diaTpoPng
Tapaywyn mNKTIKWY 0UCIWY

Tapaywyn @apuakeuTikwy & PiodpacTiKWY EVWOEWY

O

SR

mapaywyn PromAdoTiKWwyY

naApAYWYNn mPWTEIVWY awd HOVOKUTTAPOUS
opyavioguoug, SCP

mapaywyn vavoowpdanidiwy



BioouvBeon

H BloAoyikn oUvBeon UTEPTEPEL TWV XNUKWY HEBOSWVY
YlaTL oL TEAeuTaleg eivat

eMimoVvec Kat akpBec Sladikaoleg Kol
TOL XNLLKA TTou XprnotpomnotoUvtal Sev elval dLALka tpog to meptBaiiov.




Texvoloyiec petatponinic Bropdaloc oe KAUOLUO KOL EVEPYELO

Buopdda: n opyavikn UAN EVIOC TwV opyaviopwy dlaBeoyun oe avavewaotpn Baon

N NAlakn evépyela amoBnkeveTal peow dwtooUuvBeonc Le Tn popdn TNS XNULKAC
Kal TiapaAAnAa mapayovtal ToAUTTAOKEC KAl XPrOLUEC XNULKEC EVWOELC.

Asipopoc napaywyn BLOKAUCLLWY KL ONHAVTIKNG aflog XNULKWV EVWOEWV.,

JUyxpova BrokavoiLpa
*  AAkoOAec (BroatBavoln, BlopeBavoin)
*  BuovtileA
* Buoaéplo

, Mpotdvia vnAng afiog
*  Yépoyovo

*  AAkooAec (EuATOAn = puoIKO YAUKAVTIKO, YAUKEPOAN)
*  Opyoavika oféa: (KUTPLKO, YAUKOVIKO 0fU

* TAUKOWVTLKEC ouaiec: dpouktoln

* Buapivec: C, B12

*  AvTIBlOTIKA: OTPENMTOMUKLVN, KEAAOOTIOPLVEC

* [pwteivec & apwoéa

*  Bolndaopoato

*  Blogsviopoanwontika

*  BomAaoTtikd



Aquaticbiofuels

lNnarti emeiyet;
e EEQVTANON OPUKTWY KOU OLWV
o Opuktd Kavopa (auEavopeva Tpo PANUAT GITO TH XPHON OpUKTWY KAUO W)
- E€opuén: ouppatiki & udpavAikn pwypdartwon i diappnén (fracking)
- Emefepyacia, aroBnkeuon
* MeTapopa (artuxnpara K.d.)
* Xpion
=2 KAwpatikr Kplon, ofivion wKeavwy, VEKPEC [WVEC ........
MNnori pUkn;
e Aev avraywvilovtadl tnv YeEwpyia, mpooappoyn oxedov navtou (....pnuo !)
Mewovektnua: vnAo k6oTOoC
TEXVLKA EQMOS LA WOTE Vol LEWBEL

(vavokataAnireg, aflonoinan cuvpolovTwy K.a.)

e  Asv ypslalovrtal KaBapo, YAUKO VEPO

e  YUynAn napaywylkotnta

e  Mn tofika Kol BlodLacmwpeva

e Ta ¢pUkn otgpovvton Ayvivng Kot dAAwv peydAwv BromoAupepwy,
mou mapepmodifouv tn Upwon tnc Bropalog onwe ota avwtepa GuTa.

AUveTal To mpoPAnua eni Tn¢ ovoiac pe Ta Brokavolua ; 5 & Me mvnapaywyn H,; .,réin .

AvaxkukAwon: xprion CO, aAAd ko eKIToprn. .9_9 Sev UTIdLPYEL TO i510 TIp c':Blnu&'



TMapaywyn prokavaipwyv
ava £ido¢ QuUToTAayKTOU

TTepiexopevo oc
Taxa HIKPoYUKWY BiokaUaoipo BipAoypayia

(% Enpou Papouc)
Chlarefla sp. 29 | Sheehan etal. (1998)
Dunaliella tertiolecta 3642 Tsukahara and Sawayama (2005
Tetraselmis suecica 15-32 Chisti(2007)
Thalassiosira pseudonana 21-31 Brown et al. (1996)
Nannochloropsis sp. 46 Hu et al. (2006)
Botryococcus braunii 29-75 Metzger and Largeau (2005)
Nannachloris sp. 31 Sheehan et al. (1998)
Skeletonema costatum 87 Rekha et al. (2012)
Chlorella maring 70.6 Rekha et al (2012)
Dunaliella sp. 66.6 ShenbagaDevi (2010)
Nannaochloropsis sp. 68.5 ShenbagaDevi (2010)

* Ta pn 1} povoakopeota Aumapd of€a purikouc 16 1} 18 atépwv davBpaka
glvat ta KaAUTEpa yLa TNV mapaokeun BrovtileA.



BwobdwAwotripto (biorefinery)
H povada nmou Stabetel Tic anapaitnteg teyvoloyieg Kat eEomMALOUO
ylo TV petatponni The Bropddog os BlokaUoLHo, EVEPYELA KAL ONAVTLKA TIOPOTIPOIOVIOL.

ZOpwon: Metatponn yAukolng o€ alBavoln (kavoipo kivnong, okéto n pe Bevlivn) + H,

Meteotepomnoinon: tpiyAukepidia + pebBavoin = peBUAeCTEPEC
» Metatponn ¢utikwv eAaiwv (A Iwikwv Autwv) os BrovtileA.

Avaepopia amolkodopunon aotikwy arnofAnitwy GUTIKWVY LEPWY, KOTIPLA KATT
IAU¢ (mapanpoiov, mAoUolo og Bpemntikad + LYvooTolyela)
» Broaépio (= pelypa CH, + CO,)
Beppukn &
nAekTpLKN evEpyeLa &
» BoAinaopa

Dark
fermentation

* NMapaywyn H, 1L,O
nopoucia pwtog

Anaerobic

digestion '
Biodiesel

Fermentation

Biogas Bioethanol



lyne arm |
boiling chamber

Ta ®Ukn wg Mnyég Blokavoipwy

a) Opwon tne Bropdog 2 mapoaywyr] BroeBavoAng

B) exyUAion Autibiwv Riinige

Oplopéva ¢ukn mapdyouv peydhec moooTec Arudiwy.
NMeploagotepa anod 300 oteAyn GUKWY £YOUV XU PAKTNPLOTEL WC
OLKOVOULKWE onuavTikad (dudropa, yAwpodUkn K.a.).

To yAwpodukoc Botryococcus braunii mapdyesl peydala mood Aumbdiwv.
Napdyer povadikouc C17-C34 akopeotoug moAu-udpoyovavBpakeg
>30% Enpou Papouc.

O metpedaikol oytotéhBot, Kol pikpd mooootd apyou metpeiaiou,

nipogpyovtal anod vdpoyovavBpakec tou Botryococcus.
Acid Value (AV)

AL 10.66 mgKOH/g —— 0.51 mgKOH/g
ez / mﬁ/ N 100 wi.%
\. BIODIESEL

Transesterification

"“':::C |/ ._‘II_’:‘.s_tﬂiﬁcuiﬂn
L % ~4 -

Crude algal oil Esterified oil Biodiesel
httpsfwww.scienced r ect.com/=cience/articie/ piif S16878507 17300419

hrtps /fclaauburn. edu/ces/energy /goas-as
energy-a-look-to-the-future/






https: //upload. wikime dia.orgfwikipedia/commaons/thumb/6,/6f /Formati
on_of_Chiorella_cell-based_spheroids.webp/800px-
Formation_of _Chlorella_celtbased_spheraids webp. png

Ta QUkKn wg Mnye¢ Blokauoipwy

8) cuotipara napaywyng H,

Moapaywyn H, and ¢ukn
(Chlamydomonas sp., Scenedesmus sp.,
Nannochloropsis sp., Chlorella sp., Dundliella sp.).

O€ OUYKEKPLUEVEC OUVONKEC
(apeon N éupeon Brodpwtoluon
n {Upwaon napouaoia i anouvoia GwToc).

To 2000 avakaAUgBnke otL w |
kata tn dwrtoouvBeon To YAwpodUKog
Chlamydomonas reinhardtii

amnovucia Beiov avti va mapayet O,
mapayet H,. d

Melis, A. et al. 2000. Sustained photobiological
Hydrogen Gas Production upon Reversible :
Inactivation of Oxygen Evolution in the Green Alga §
Chlamydomonas reinhardtii. Planty Physiology.
2000;122:127-135.

(i) i




Ta QUkn wg Mnyég Blokauoipwy
8) cuotipara napaywyng H,

— H kaUon H, otig unxavéc, anmodEépel w moparmpoiov pévo vepo.

Tuto braitepo Exouv ta GUKN AUTE WOTE va Tt payouv aépo H,;
OpLopeva YAwpodUKn Kal alwToSECUEUTIKA KUQVOBaKTpLa TTapAyouV a€pLo H,
XPNOLUOTIOLWVTAC TNV EVEPYELA TOU NALAKOU PWTOC. @ ST

2 it gy
i thap fropl=all dack

EXouv OUYKEKPLUEVEC USPOYEVAOEC

e- ano H,0 petadépovtal ota atopa odnpou,
nou evronilovtal otig udpoyevaoeg =2 ékAuon H,.
(beppebdotivn)

Kupiapyo epunodlo: evaloBnoia udpoyevaowv ato O,

YEVETLKN HNXOVLKA
LETATPOTI] TNC SOUNAC TwV uSpoyevacwy =2
| evawoBbnoiag oto O,




TTapaywyn petparocg

Mikpoprakn KuyeAn Kauaipou

Reduced
Fuel oxidant
'
Mogator L-F] ’
(reduced) [ : ¥
N < v

Y.’ ;

E coll (oxidisad) ’ I
l lon-Exchange-
Membran

Oxidant

O€ eidwaon mpog CO,

KuyeAn Kauaipou

Hz + OE -2 HEO
+
NAEKTPIOUOC
+

BepuoTnTa



TTapaywyn petparocg
BioAoyiko EwToPoATdiko ZuoTnpa

Anode |Anode Cathode |
Respiring '
Bacteria

CEM Attached algae

KubéAn kavoipou pikpodukouc-Baktnpiov
https://ars.els-cdn.com/content/image/1-s2.0-50960852415013401-Fx1.jpg

https://www.youtube.com/watch?v=uPNDOwD410Q8

https://www.youtube .com/watch v=X-HE4Hfa-OY




‘E€umva kTnpia

Bioevepyn mpoooyn

pe @UKN

SolarlLeaf 2013

@ = 40°C

143

TNS CUVOAIKNG avaykng
oe BgpuoTnTa

0AO TO XpPOVO




Ta ¢Ukn w¢ wnyn TPowYng

Zuykoutdn n KaAliépyeia Makpowukwyv we Tpown

» ATIO To TIapeABOV PEXPL KaL OpEPA, CUAAEYOVTAL TIEPLTTOU
500 £id6n paxkpoduKwY, W TPodn KoL yLa EEoywyrn XNUIKWV.

» Kiwelol ouykoulav pakpodukn yia meploocotepo ano 2000 xpovia,

onuepa cuAAeyovtal 74 eién pakpodukwyv Kat kKuavoBaktnplwyv ano 36 yevn
» EAaxiota pakpodukn, kupiwe ta pododUkn Porphyra, Kappaphycus kai Gracilaria,
kaBwc¢ Kat ta KeAmodukn (kelps, datoplkn) Saccharina, Laminaria xow Undaria,

avartuooovTal os udatokaAALEPYELEC VLA Xpnon o€ Tpodéc Tou avBpwnou
A via eaywyn] MNKTLKWVY EVWCEWV.




Porphyra

Avamruén Z®
Conchocelis

XelpovaxTikn ™ 2 uykop1dn
ouyKopIdn HE '

HnXavnuara
Ene€epyaoia



Ta gukn w¢ wNyn TPOWNng

Zuykouitdn n KaAAiepyeia Makpo@ukwv w¢ Tpopn

Saccharind (Laminaria) japonica H unAA MeplekTikoTNTA 0 1W6H10 TWV KEATIOG UKWV ATOTEAEL
XPNOLUO IPOCBETO yia To avBpwrivo SLaLToAoyLo.

Medicatn Filie

&AW'

'i

o Rgeiis * HIW




= Natural colorants and

dyes » Functional foods
* Food additives # Dietary supplements
* Anti-oxidants # Essential Amino acids
® Anti-inflammatory & Fluorescent labelling
& Anti-carcinogenic * Cancer biomarker
* immune boosters » Aguafeed

* Cosmetics & skin care / * Animal feed

; » Biodiesel feedstock
e Rich in vitamin B, A & C  Upids & * Oleochemicals
" . Eheaners | Fattyacids | e Dietary supplements
* MNutritional balance — 2
J Agquafee

e Reduces blood *

cholesterol * Rich source of DHA & EPA

Immuno-modulatory \ L Phy?nﬁternls- Therapeutics

agent : * Anti- cancerous
* |mproves cardio health Polysacchari- * Anti-cholesterol agents
& Rich antioxidants Has ® Improves cardio-vascular

\ conditions
Secondary
Metabolites
& Nutraceuticals

¢ Cosmeceuticals

* Drug delivery

* Dietary fibres

s Anti-microbial activity

* Anti-atherosclerosis

& Alginates — cosmetic
stimulants; processed foods

# Carrageenan—canned &
processed food

& Agar- capsule manufacture and
as foods

Carotenoids — rich
antioxidants
Anti-cancerous

Improves retinol functions
Synergistic compounds
Anti-tumorous
Prophylactic medicines
Anti-microbials



Ta @UKn wg wnhyR mpooOeTwv diIaTpoPig

KoaAAigpyera MLKpo@uUKWV w¢ MPooUeta S1aTpopng
Light UVs

Bitapiveg

H evbokuttapikn Beon twv
Brrapwvwy ota dUKn Kot ol
nepBaAloVTLKOL TIAPAYOVTEC
TtouU Kupiwe puBpilouv to
TIEPLEXOUEVO TWV KUTTAPWV.

Source: Del Mondo 2020



Ta eUKn w¢ Tnyn mpooOeTwy dI1aTpoPnc

KaAALEpyeia pikpo@UKWV w¢ mpoodeta Siatpo@ric

To paotyiodopo xAwpodukoc Dunaliella kadALepyeital yLa BLopnXaviKn apaywyn Thne
B-kapwrtivne kabwc napayst kata 50 popeg neploocotepn os oxeon Ue T Arthrospira (ex

Spirulina). Ot kaAAiépyelec Dunaliella avéxovtal unAéc adatdTnTed.




Ta eUKn w¢ nyn mwpooOeTwyv diaTpopnc

KaAAlEpyeia piKpo@UKWV w¢ pooUsta Statpo@rig

To paotyiodopo xAwpodbukoc Haematococcus KOALEPYELTOL O HEYAAEC TTOCOTNTEC YL
eKXUALON TNC aotafavOivng, Lo KapwTLvng TTOU XPNOLUOTIOLEITOL WC AVTIOSELBWTLKO
oTLC TpodEC USATOKAAALEPYELWV I WC XPWOTLKI) 0 TPpod£EC KAl KAAAUVTIKA.




Ta eUKn w¢ nyn mwpooOeTwyv diaTpopnc

KaAAigpyeia pikpo@ukwy w¢ mpoodeta Siatpo@ric

To kuavoPaktnpio Arthrospira (Spirulina):
Exel moAU vPnAo eninedo mpwteivwv (50-70% Enpov Bapouc),
vPnAo MoocooTo Birtapvwy B, Baoilkwv akOpeoTwV AUmoapwV 0EWV KoL

B-kapwTivne. Epmopikéc kaAAlEpyetec Arthrospira 6njLLoUpyoUVTaL KOL O€ TIEPLOPLOUEVOUC
unaiBplouc Bloavtibpaothpec.

XpnoLpomoLeital we cupmAnpwua diatpodnc Kot os untootiopevouc AnBuopouc.
100% pisciké npoidy
Hupig indoyn
—
—_‘
F————Y

—_—
—_—

SN iy
bl "“"ﬂ‘ﬂﬂﬂm
t’l'ﬂ?ﬂg“m -

— [

—




Arthrospira

Atpvn Kossorom, Toavt.

ZuAdoyn avBiwonc (a, b).
FTEYVWUO Kl
npoetotpaoia dihé

(c, d, e, ).

Dr. Gatuger










Ta @UKN W¢ TNyn YAPHAKEUTIKWY EVWOEWYV

Qoapuakevtikéc Evwoelc amo Qukn

Awadopa TUTOL KuavoBaktripta Kol pUKn ELVaL TTNYEC EVWWOEWVY UE
ovTiBlotikn & avtikapKwvikn wblotnta, kKabwc kot aAAwWY PapUaKEUTLIKW
EVWOEWV.

MNowiAa kuoavoBaktripta mopayouV eVwoelc SpaoTikeg os aboyovouc.
JouA@oAumidia: SpaoTIKEC OTOV LO TOU £PMINTA, TNC MVEUHOVLOC, KOL TOV
HIV.

ToAutoéivn: avTipuknTakn 8pdon, pe yapnAn toflkotnta yio Tov
avBpwro.
Lyngbya majuscula nopayel aovptdibia B & C: Spaotika otov chpdmwd; =
KOPKivo Tou IMVEUHOVAL e &)«i
To Baddooio pododukoc Lophocladia sp. MapayeL tnv AopokAadivn e

dpaon oTov KapKivo tou mvelpova Kol Tou otrjfouc. :

Otav oL XpNOLUEC BEPATIEUTLKEC EVWOELC TALUTOTOLN 60UV,
10 PpUKoc kaAAlepyeital pallka os BloavildpaoTrnpeg,
ouyKopileTat Kat

oKoAOUBEL ekYUALON Kol KOBapLOUOC

TWV EVEPYWV OUOTATIKWY,

Ta omotia kat dratiBevrol otnv ayopd.



Ta @UKN W¢ TNyN TNKTIKWY EVWOEWY

lNMnktikec Evwoeic ano QaAacoia Makpo@Ukn

Oplopeva BaAdooia poakpodUkn datodUkn Kot podod UK MOPAYOUV ITNKTLKES
EVWOELC OTIWC otAyiviké o€0 (N to petaAAko Tou aAac, aAyviko aAacg), Kappayevavn,

ayoap kot ayapoln.

Mpoiovta ypnowa eneldn npokaiovv mRéEN o udatika StaAvpata.

H ouM\oyn twv Badacoiwv pokpodUKwY YIVETOL
elte ano Balacoia puoikd nepiBdAlovia ite amo vSATOKAAALEPYELEC.




Ta eUKN WC TNYR TNKTIKWY EVWOEWY

Mnktikéc Evwoeic ano Oadacoia Makpo@ukn

Alywika Alata

Ta alywika alara sivol Sopikoi Belkol moAvoakyapitec.
Zuviotouv to 20-40% tou £énpou Bapouc twv datodukwv.

Npoodepouv avtoyri, evAuyioia Kat okAnpoémta ota patodukn,
Tat BonBouv wote va avBLoTATAL OTIC UNXCVLKEC TILETELC.

Asv napoaokevalovrol YnHUIKa,

Xpnoluomnolouvtat oTnv:

l.  udavtoupykn,
II. Bropnyovia xaptioU Kol 080VIOKPENOC, O UALKA EKTUTIWONC, OTIABwonC
vnodnuatwy, KaBwe Kal og e€0pufn metpeAaikric AAoTng,

l1l. Bropnyoavio tpodipwv W SLOYKWTIKA TTAYWTWY, LapUEAAS WV K.0., KoL OE TIANPWTLKA
UALKQL KoL Ttp olovTa SLoKOoUnonc oTnv apTomnotia.

MNyEc aldyVIKWV aAdTwWVY ONUAVTIKEG amo sunopikn anoyn anotsAolv ta Saccharina japonica,
Kat eidn Twv yevwv Laminaria, Ascophyllum, Ecklonia, Fucus, kaBwc kal To yiyavtio Macrocystis
pyrifera, pue pnkoc éwc 60 m kal Bapocg > 300kg.



Ta eUKN W¢ TNYN TNKTIKWY EVWOEWY

Mnktikéc Evwoeic ano Oadacoia Makpo@ukn

Kappayevavn, ayoap kot ayapoln

MpOKeLTAL YL TTOAUEPR, TIOU TIP OEPYXOVTCL A0 podo@UKn,

ue umnepPolika moAUTIAOKN XN LK ouvBeon:

To dyop Kal Ol KOPPOYEVAVEC ELval YpappLKa TOAULEPD eVaAAAOTOpEVWY popiwy (1-3)
B-yohaktolng kat (1=4) a-yaraktolng.

Kappayevavec: mpogpyovtal ano eAayiota yevn pododukwv. H peyalutepn mapaywyn
VLVETOL OTLG TPOTILKEC TIEPLOXEC, LE TIEPLTTOU TO % TNC MOy KOOULOC TTOPAYWYIC OTLC

@\ utiveg kat tnv lvéovnoia.

Ayap: Autodueic mAnBuopoi Gelidium cuh\éyovtal yia tTnv e€aywyn vPnAng-moLoTnNTog
Ayap O€ TO00OTO Nepimou 35% TNC MAYKOOULAC TTAPAYWYC.

Ayapdln: mAnBuopol Gelidium sivat mnyn ¢ xapnAng os Beukd ayapolng mou
XPNOLUOTIOLEITOL O€ TINKTWHOTA Yio OTTLKonoinon tou DNA.

= i £




BloAoyLkEG Spaocelc & GUOLKOXNULKA YO OKTNPLOTLKA
TWV EEWKUTTOPLKWYV TTOAUUEPWV EVWOEWV Kol ot SuVNTIKEC EhOPUOYEC TOUC

Biological
- activities Physico-chemical
f,f’"ﬂ_f- Anticoagulant properties
: Pharmaceutical i T
/ market ' Antiparasitic o
[ Hypocholesterolemic Gelation bytirocolioids
capacity
Antiviral  Antiinflammatory market

Immunostimulant Viscosity

Cosmetic and

nutraceutic )
markets Agriculture market

Antioxidant Plant growth
stimulant /
' . T e

Source: Laroche 2022



BiomAaoTika

Fermentation

Bioplastic

Inamuddin, Tariq Altalhi 2023. Handbook of Bioplastics and Biocomposites Engineering Applications Wiley



BiowAdoTika

NON-TOXIC

PROPERTIES
BIOCOMPATIBILITY OF BIODEGRADABILITY
BIOPLASTICS

NON-IMMUNOGENIC

Inamuddin, Tariq Altalhi 2023. Handbook of Bioplastics and Biocomposites Engineering Applications Wiley



Ta @UKn yia Tnv mapaywyn PromAaoTikKwy

Apeon petatporn pikpodpukwy pe uPnAo MpwTeiviko poptio mpoc PLomMAACTIKA.

Hot press

l Piseticisar ) Protein-based
bioplastics

Protein-rich
microalgae

Eppeon petatpornn pikpodukwv pe uPnAo mpwTteiviko ¢opTtio npoc Bro-rmoAvoupebavn

(bio-based polyurethane).
Protein extraction

H
) I"‘ ‘/ 9 Biobased
H polyurethane
Protein-rich Protein Diamine Ethylenee

microalgae hydrolysate



Ta @UKn yia Tnv mapaywyn PiomAaoTikKwy

Conventional

plastics Biodegradable

& bio-based
EREESRIE —. ' Short harvesting life ]
nature ?
\V/ V
Produce various Starch,

—

l Excessive usage &
: Cellulose, PHA
r \ ,
Improper disposal A polymers BB
\"4 E V
ioplastics 5 : t
Possible use of J O not compeie

harmful chemicals with food sources

S | e N

Chia et al. 2020. Nature's fight against plastic pollution: Algae for plastic biodegradation and bioplastics production,
Environmental Science and Ecotechnology, Vol-4, ISSN 2666-4984, https://doi.org/10.1016/j.ese.2020.100065.

Corn,
sugar

f{,

>




Ta @UKn yia Tnv mapaywyn PiomAaoTikKwy

PRODUCTION

IIHI“h e

YEAR

Nanda, N., Bharadvaja, N. 2022. Algal bioplastics: current market trends and technical aspects.
Clean Techn Environ Policy 24, 2659-2679. https://doi.org/10.1007/s10098-022-02353-7



$UKN yia TRV mapaywyn PiomAdoTikwy aAAd Kai
via Thv amodounon wAaoTikwy !

Algél

Biodegradation

biomass

Naturally‘ ‘ Syntheticall

Y

Algae colonize
on plastic
surface

l & PLASTIC
gignamers @ PGLLUTION . —
Hzg @ Bioplastics
New cell biomass PLA: Polylactic Acid: PHB: Polyhydroxybutyrate

PHA: Polyhydronyalkanoale; PE: Polyethylens; PVC: Polyvinyl Chioride

Chia et al. 2020. Nature's fight against plastic pollution: Algae for plastic biodegradation and bioplastics production,
Environmental Science and Ecotechnology, Vol-4, ISSN 2666-4984, https://doi.org/10.1016/].ese.2020.100065.



Npwtgivec amod HOoVOKUTIUPOUC OPYOLVLIOHOUC
N MPWTIEIVEC HOVOKUTTOPWY OPYUVICHWYV 1] HOVOKUTTOPLKEC TTPWTIEIVEC

Single Cell Protein (SCP)

7

Ynokataotato 1 mpocBeto dwatpodng mAololag o MPWIEIVEC yia avBpwmou g kat {wa.

https://microbenotes.com/single-cell-protein/



M'VwpilopoTo TWV MKPOOPYOVIOUWY KoL THG Topaywync npwteivwy (SCP)

OTnV onmola CURUETEXOUV.

y
MICROALGAE

\

@ Protein content
60-70%

® Characteristics

Phototrophics,  production of
omega-3 fatty acids.

@ Potential disadvantages
Economical limitations of scale-up,
digestibility (need of cell wall
disruption to release nutrients).

® Protein content

: Yeast: 38-52%
R Fungi: 0.23-15%

® Characteristics

Use different substrates, production
of vitamins and micronutrients.

® Potential disadvantages

Improvement of protein content
and essential amino acid profile.
Possible presence of toxins.

~
BACTERIA

® Protein content
50-80%

® Characteristics

High protein content, growth on C1
substrates

@ Potential disadvantages

Palatability issues. High content of
nucleic acid. Production of toxins.

® Examples ® Examples @ Examples
Tetraselmis suecica, Isochrysis Yeast. Saccharomyces cerevisiae, Methylobacterium extorquens,
galbana, Dunalielfa tertiolecta, Kluyveromyces marxianus. Methylococcus capsulatus,
Chlorella stigmatophora, Spirulina Fungi: Aspergillus oryzae, Yarrowia Rhodobacter sphaeroides, Afifella
Spp. lipolytica. marina.
\

Pereira et al. 2022. Single-Cell Proteins Obtained by Circular Economy Intended as a Feed Ingredient in Aquaculture.
Foods, 11, 2831. https://doi.org/10.3390/foods11182831




BéAtiotec Stadikaoiec mapaywyric MPWIEIVWV o pPovoKUTTapouc opyaviopouc (SCP),
TIOU EVOWHATWVOUV TMIPOCEYYITELS KUKALKIG OLKOVOULOC.

SHBSTR#.'I"ES# WASTE

= g !
3P -8

Agricultural and food
wasle

Lirban waste

l Stenlzicion
LABORATORY SCALE
P Microalgae
k @ Yeast &
L Fl’.ll'lgl
\ Bacteria

SPC Adguisition fram collections
producers I=glation from natural habitat

Scale up

APPLICATIONS

| Target markets |

| Dietary source of proteins, functional
ingredient, inmmunostimulatory

| ‘additive |

Desired characteristics

Mon 1oxic N
Fully regenerable

= Zontain a carbon source

Capable of supporting

mulipiication of microorganisms

- EConnmic

PILOT PRODUCTION

Production of microbial
biomass {and metabaolites)

Evaluation:
; i I - Mutritional and toxicology
HL = Reproduction rates and

recovery levels .
L

standardization of

1 Optimization and
production

INDUSTRIAL PRODUCTION

- Cell wall disruption
- Filtration
- Congentration, purification

Security evaluation
= Elimination of foxic
compounds and some
nucleic acids

Final product

Pereira et al. 2022. Single-Cell Proteins Obtained by Circular Economy Intended as a Feed Ingredient in Aquaculture.

Foods, 11, 2831. https://doi.org/10.3390/foods11182831



[d MAeovektijpota

Muikpoopyavicpol
(Baktnpla, LOpec, LUKNTEC, HiKpodUKN):

* uPnAog peTaBOALOUOG Kal TaxUE puBHOC avartuing
= napaywyn peyaing Bropaloc o€ UKPO XpOovo

AuvaTtoTnTa YEVETLKIG TPOMONOINONG:
* BeAtiwon Statpodiknc atiag
* TPOTIOTOLNON CUCTACNC AUWOEEWV

Xprion moikilwv Kot ¢OnVwVv uMOCTPWHATWV:
*  VEWPYLKA & Ktnvotpodika anolAnta
* mplovidy, Eopata EUAOU, KAACUTTOKL K.dL.
*  QKOWUN KAl opyavika aroBAnta
= gupPBolAn otn peiwon puTTWV

Noapaywyn:
* qavefaptntn ano KALUATIKEC cUVONKEC
*  QUVEXNC KoL EAEYXOLLEVN



PIREC MPWTIEIVEC

U Edappoyeg

AvBpwmvn dwatpodni:
*  TINYN MPWTIEIVWV, BITAUIVWV KoL HETAAAWY
* peilwon xoAnotepoAnc & ocakydpou
* XpPNon oTov EAEYX0 MOXUCOPKLOC

KoaAAvvtika:
* KPEUEC MPOCWITOU
*  Kpaylov

* Tmpolovta Neputoinong paAAwwv

Zwotpodéc & vbarokalAEpyEeLEG:
* Booedn, nouAepika, Papia
* gOAOUOC, ECTpOd A, YOPLOEC
* BeAtiwon avamntuéng kat empiwong
* gvioyuon avooiac & avtoxnc oTto OTPEeC




Navotexvoloyia

i

—

Navotexvoloyia

KOTavonon kat EAeyxoq tg uAng ot draotaocelg 1-100 nm,

omou eudavifovral HoVadIKEE LOLOTNTES KAl KOWVOTOUES EPOPLOYEC.
—%‘Hf‘-‘
-
20°S kot kupiwg 21°5 cuwvac:

P
- o A
[d Richard Feynman (1965 Nobel Prize) |
Bewpeital o «mATEPOCH TNC vavntzxvu?mvtu.q
(d Norio Taniguchi (1974):
XPNOLUOMOLNOE P WTOC ToV 0po “vavotexvoloyia” yia Slepyaoieg NULAywWYwWV
O€ KALUOKO VOVOUETPWV. ' }v
—

d Zoyxpovn épevva:
avantuén BLodpaoTiKwY VOVOSWHATIOWV VLG TNV AVTLHETWTTLON:
" ¢ eSAMAWONC LOAUGLLOTLKWV adﬂeiﬁéuw

= ¢ auénNUEVNC LiKpoBLakng MOAVAVBEKTIKOTNTOC

1 H BroolUvBeon vavoowpoatidiwv Bewpettal:
= OLKOVOLLKN
= dilkn npog to nepiBaiiov
= BlwoLun texvoloyia



KOpleg ebappoyEC TWV VAVOOSWHATIS iwv

DNA
Probing

Tissue
Engineering

Wouna
Healing

Uzair ef al 2020. Green and Cost-Effective Synthesis of Metallic Nanoparticles by Algae: Safe Methods for Translational Medicine.
Bioengineering (Basel). 16,7(4):129 dot 10.3380/bioengineering/040128. PMID: 33081248; PMCID: PMC7 712047



Edapuoyec & epmopikn aflomoinon vavoowpatidiwv

i

U Kopieg epappoyég (| vawnumumi&m XpnotpomnolouvTal
(Wiechers and MI:ISEE 2010): oTNV KABNUEPWAETNTA OF:
- ij_rExvu?'«vam e  KaAAUVTIKA
= BLD'-ULTP':KH ' * BEPOTMEUTLKA OKEUAOUOTO
" QOepamneia KapKivou . * OQUOTNLOTO OTOXEUHEVNC XOPAYNONG
= d)&p'uamsunmn ' bapudkwy
" kataAuon - » OLOTNAHOTA PETADOPAC YOVISLWVY

= LOTPIKN OTELKOVLON

. , (gene delivery systems)
= meplBaAAovTLkEC EPAPLOYVEC

d EmutA€ov edoappoyec: _
= BroocupfaTo UTIOKATACTATO LOTWV & Umumibﬁ Uypwv
= UALKQ aVOyEVVNONC OOTWY KAl LOTWVY |
= BroaloBntnpeg (biosensors)

d Anoypadn KatavaAwTiKwV TIPoLlovTwy, A;I';pllmq 2013: 1.266 vavomnpoiovra
= 714 oxetika pe vyeia & svuetia
= 104 tpodpa & mota
= 28 nmodKa mpoiovta
J Navoowpartibia apylpouv (AgNPs):
"  QTOTEAOUV TO MO EUNOPEU POTOMOLNUEVO VOVOUALKO MOyKOOUiwG
= YpnoLUOToloUVTaL KUpLlwg W avTipikpoBlakol mopayovteg



Zuykpion twv Stadopetikwv pedodwv cuvBeong vavoowpatdiwv

Synthesis of nanoparticles
Conventional methods
(Using Chemicals)
[ |
Top-Down Approach Bottom-Up Approach
Laser ablation
Sputtering
Mechanical grinding
Etching
I
| ! |
© Advantages @ Disadvantages © Advantages

® conveanicnl operation ® coergy comumption @ chemical homogeneity

.:‘I‘Ikllwll‘ @ high economic cost ® high vield S e




®Ukn we “Blospyoctacia’ vavoowuatidiwyv

L]

e

J Opvaumum Bionapaywyoi vavoowpatibiwy (Thakkar et al. 2010):
d)urct
HUKNTEC
(UMOMUKNTEC
Baktnpila <

Lot >

¢dUKn 2 '

J Qukovavotexvoloyiac (phyconanotechnology)
Davis et al. 1998, Thakkar et al. 2010, Sharma et al. 2015
» Muwpodukn kat pakpodukn ge vwnn 1 Enpn Hop _n,_

" Aewroupyouv wc duowkd “Bloepyactéoia’ SUVBEoTC vavoowpomSiwy

o

[ Ta ¢Ukn pmopouv va mapayouv uerahhn?wﬁaumtﬁm (N2Z):
= apyupou (Ag) P

= Xpuoou (Au) U Edappoyéc vavoowpatidiwy:
" eppLidpitn (svudarwuévo ofeidio owdripou) " quTipKpoBlakn Spadon
= mnaAAabiou (Pd) = Blolatplkn

" KATAAUTEC
=  meplfaroviikéc edapUOYEC
* awoBntnpec & Ploteyvoloyia



&

Tetraselmis gracilis, |

Escherichia coli, Klebsie ., P. vulgaris nas a _'?ﬁoéa; Bacillus subtilis,
Corynebacterium spp., Proteus \ is ' hylococcus aureus kat Vibrio
cholera. p

Amphora-46: ehuployes PLOTIUPITIKWY OUOTHLETWY yia T Xxopriynon dapupdakou (drug
delivery). Among all the available nanomaterials for drug delivery applications, porous
silica NPs have been investigated in numerous studies due to unique properties of
diatoms. The authors emphasize that nature has provided us with the three-dimensional
(3-D) porous structures, the single-celled photosynthetic diatom.

Turbinaria conoides: Bacillus subtilis xal Klebsiella planticola.
Sargassum longifolium: Aspergillus fumigatus, Candida albicans kol Fusarium sp.
Caulerpa racemosa: Stap hylococcus aureus kol Proteus mirabilis.

Pithophora oedogonia: .oyupn avaoteAAovoa §pdon EVAVTLA TOOO OE gram- 000 Kdl O
gram+ Baxkt)pua. This green process gives the greater potential biomedical applications of
silver nanoparticles.

Botryococcus braunii yaAkoUyxa ot apyvpouya vavoowpatidia 3 gram-: Pseudomonas
aeruginosa, Escherichia coli ko Klebsiella pneumoniae, éva gram+: Staphylococcus aureus
KOl TO pUKNTa Fusarium oxysporum.



L ]

L

bacteria : highest activity a j:_,éagainst S.'aureus, lowest
activity Enterococcus faecalis.

- B

Turbinaria conoides: antibiofilmag

Cystoseira baccata: significant potential for the treatment of rectal cancer.

Ecklonia cava: good antimicrobial properties and biocompatibility with the human keratinocyte cell line
and hence can be applied in biomedical, drug delivery, tissue engineering, and biosensors.

Padina terastromatica: cytotoxic activity on human liver cancer and lung cancer.

Chlorella vulgaris:Candida albicans and Staphylococcus aureus.

Tetraselmis kochinensis: drug delivery, biomedical application, and catalysis.



@ukoouvBson petaAlikwv NI kat ol epappoyEég Toug ato neptfailov

| ‘1 Synthesisof 9 2
' . metallic 9

Zf:‘ nanomaterials A

/  byaigac

Graphical Abstract

Wen, Jiajun & Gao, Fengyu & Liu, Hengheng & Wang, Junyi & Xiong, Tingkai & Yi, Honghong & Zhou,
Yuansong & Yu, Qingjun & Zhao, Shunzheng & Tang, Xiaolong 2023, Metallic nanoparticles synthesized by
algae: Synthetic route, action mechanism, and the environmental catalytic applications. Journal of
Environmental Chemical Engineering. 12. 111742. 10.1016/j.jece.2023.111742.
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d Ta vavoowpatidia amno ¢ukn xpnmuonnmﬁMLw(?
= mepBalAoviikol KaTaAUTEC
="  PpwroKataAUTEC

" UAKA amoppOTavons [ |Siaitepo evBiadépov mapouctdlouy:
= AgNPs & CuNPs ylo. ¢pwtoKataAuTiK armodopunaon Xpw oTLKwY
= Fe-based vovoowpotidia yia eneéepyooia Avpdtwy
= mopwén Blonupttikd vavoUAlka ano didtopa
yla drug delivery kot KatatAUTIKEG EPAPUOYES
J Edapuoyéc
" QITOLKOOONGCH OPYOVIKWY pUTIWV
= gropdkpuvon alwxpwdtwy oo Blopnyovika Avpoto
= mpoopodpnon Bapewv PeETAAAWY
= gnefepyaocio vypwv amofAntwy

»  éheyyoc aEpuwv pOTWY (1 MeAAovTiKi] TPOOMTIKI}:

BLwotpec TexvoAoyiec amoppUumoveong
= «IPAaocivn» vavokatdAuon
= gukAikn Brooikovopia & afionoinon Avpdtwy



Ta @UKn oTnv €peuva Tou dIACTANATOC

MeAeTn auénong Twv YUKWV

oe ouvOnkeg undevikng Paputnrag (diacTnua),
gxouv ndn di1efaxOei o TupauAoug Kai

oToug diaoTnuikoug otaBuoug Salyut kai Mir.

Meyovog peyaAne ofeidwong:
2,4 dioekaropupia Xpovia mpiv.

MeTatpomn Tou KAipaTtog otov Apn
- pnxavikn au non Tng Bepuokpaciag TG aTHooYaipag Tou
Xpnon dikpoopyaviopwy (agiAofeva evdiaiTnuara: AVTApKTIKN £pNUOG).
TT.x. Chroococcidiopsis > £dapoyEvean;
WaoTE va akoAouBnoouv Ta avwTepa @uTa Kai Ta {wa




EvdiaiTnpa Tou kuavoPakrtnpiov Chroococcidiopsis

AvamTuooeTal oc ToAAd gpnuika TepipaiiovTa

* OTNV KATW ETIQAVEIA
diapavwy Ppaxwy
(uToAIBIKO) N

* 0€ TTOPOUG
(kpuTtTOEVIOAIBIKO)

* N OXIOPEC TOUG
(xaopoevdoAiBiko).

i. they trap moisture underneath them. Experiments have shown that small amounts of maoisture can cling to the undersurfaces
of rocks for weeks after their above-ground surfaces have dried out.
2. Second, because the pebbles are translucent, they allow just enough light to reach the organisms to sustain growth.

Friedmann envisions large farms where the bacteria are cultured on the underside of strips of glass that are treated to achieve the
proper light-transmission characteristics.

Mars today, however, is too cold for this technigue to work effectively. Before even as hardy a microbe as Chroococcidiopsis could be
farmed on Mars, the planet would have to be warmed up considerably, to just below the freezing point.

https://science.nasa.gov/science-news/science-at-nasa/2001/ast26jan_1



Napoﬁ, A., Micheletti, D., Pindo, M. et al. 2022. absence of increased genomic variants in the cyanobacterium
Chroococcidiopsis exposed to Mars-like conditions outside the space station. Sci Rep 12, 843 7. https://doi.org/10.10358/541598-022-12631-5

Amougia aunong yeveTikwy TapaAAaywyv oto kuavopakTnpto Chroococcidiopsis
HETA TNV €KOEON TOU Ot OUVONKEG TTAPOUOIEG TOU TTAQVATN Apnh
oTo eEWTEPIKO XWpo diaaTnuikou oTaBuou.

DMNA damage accumulation
Dehydration

v
"
‘ g space-derived CCMEE 029

Ground-reference  Dried CCMEE 029 1.5 year-space exposure

CCMEE 029 i
' A Ground control
/,r 2 - 9 Genomic v_ariant
\ I ; \ analysis
\ Ground-reference

Three indipendent liquid cultures genome

Post-flight rehydration

Li et al. 2022. protection and damage repair mechanisms contributed to the survival of Chroococcidiopsis sp. Exposed to a mars-like near space
environment. Microbiol Spectr. 21;10{6):20344022. doi: 10.1128/spectrum.03440-22.

AuUEnon tng exdpaonc yovidiwv nou eumAgkovtal otn cUvBeon EPS, kapotnvosibwy,
OKUTOVEUATIVNC Kol oUVBEC MPWIELVWV.



Zupmepaopara



Ta pUkn amoteAolv Paoika epyakeia The wepiBaRAovTikig PioTexvoAoyiag.

2 uupaAiouv:
v' oTtn diatnpnon Tng PlomoikiAOTRTAG Kal

v\ 0TNV anoKAaTaocTaon olKkoouoTNHATWY.

XpnoipomolouvTal yia piomapakoAouBnon, Pioawoppunavon, deousuong CO-:,
KUKAIKNG OIKovopiac kal Tapaywyns Piuoipjwy mpoioviwy.

H PloTexvoAoyia QUKWY OUVIEEI TRV TPOOTATIA TNS PUONEC UE TN Piwoiun
avanTtufn Kai Tn HeTaPaacn oc MO «wPACIVES>» TEXVOAOYIEG.

H mpooTaocia Tng PiomoikiAOTNTAg €ivai amapaitntn yia To HEAAOV TNG
BioTexvoAoyiag.

» H mpooTacia Tng PromoikiAoTnTag (Twv QUKWY) KAl TWV 0IKOOUOTRHATWY
dev apopa povo Tn diatRpnon Tng {wng oToug udarivoug PioToToug,
aAAa kai Tn diaowakion TOAUTIHWY BIOTEXVOAOYIKWY AUTEWY
yia To HEAAQV Tou TTepIPAAAOVTOC Kal TG Kolvwvidag.




