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číslo smlouvy: XXXX
č.j.: XXX
uzavřená podle § 2586 a následujících zákona č. 89/2012 Sb., občanský zákoník, ve znění pozdějších předpisů (dále jen „občanský zákoník“)

Smluvní strany

Česká republika – Ministerstvo zemědělství
se sídlem: Těšnov 65/17, 110 00 Praha 1 
IČO: 00020478, DIČ: CZ00020478
bank. spojení: ČNB, centrální pobočka Praha 1, č. účtu: 10006-1226001/0710
zastoupená: Ing. Pavlem Pojerem, ředitelem Odboru Řídicí orgán OP Rybářství
ID datové schránky: yphaax8
(dále jen „Objednatel“)
a

se sídlem: 
IČO: , DIČ: , Je/Není plátcem DPH
společnost zapsaná v obchodním rejstříku vedeném ,
oddíl , vložka 
bank. spojení: , č. účtu: 
zastoupená: 
ID datové schránky: 
(dále jen jako „Zhotovitel“)

(společně dále jen jako „smluvní strany“)
uzavírají tuto smlouvu o dílo (dále jen „smlouva“):




Preambule
1. Zhotovitel není osobou, na niž by se vztahovaly (i) sankční režimy zavedené Evropskou unií na základě nařízení Rady (EU) č. 269/2014 o omezujících opatřeních vzhledem k činnostem narušujícím nebo ohrožujícím územní celistvost, svrchovanost a nezávislost Ukrajiny a nařízení Rady (EU) č. 208/2014 o omezujících opatřeních vůči některým osobám, subjektům a orgánům vzhledem k situaci na Ukrajině, stejně jako na základě nařízení Rady (ES) č. 765/2006 o omezujících opatřeních vůči prezidentu Lukašenkovi a některým představitelům Běloruska, a dále (ii) české právní předpisy, zejména zákon č. 69/2006 Sb., o provádění mezinárodních sankcí, v platném znění, navazující na nařízení EU uvedená v tomto odstavci.
2. Zhotovitel odpovídá za to, že žádný jeho poddodavatel není po celou dobu trvání této smlouvy osobou, na niž by se vztahovaly (i) sankční režimy zavedené Evropskou unií na základě nařízení Rady (EU) č. 269/2014 o omezujících opatřeních vzhledem k činnostem narušujícím nebo ohrožujícím územní celistvost, svrchovanost a nezávislost Ukrajiny a nařízení Rady (EU) č. 208/2014 o omezujících opatřeních vůči některým osobám, subjektům a orgánům vzhledem k situaci na Ukrajině, stejně jako na základě nařízení Rady (ES) č. 765/2006 o omezujících opatřeních vůči prezidentu Lukašenkovi a některým představitelům Běloruska, a dále (ii) české právní předpisy, zejména zákon č. 69/2006 Sb., o provádění mezinárodních sankcí, v platném znění, navazující na výše uvedená nařízení EU.
3. Zhotovitel se tímto zavazuje udržovat prohlášení podle předchozího odst. 1 a 2 Preambule smlouvy v pravdivosti a platnosti po dobu účinnosti této smlouvy a Objednatele bezodkladně (nejpozději však do 3 pracovních dní ode dne, kdy příslušná skutečnost nastala) informovat o všech skutečnostech, které mohou mít dopad na pravdivost, úplnost nebo přesnost předmětného prohlášení (dále jen „Informační povinnost“). 
[bookmark: _Toc212632746][bookmark: _Ref332807223]
Článek I.
1. Předmětem smlouvy je závazek Zhotovitele provést dílo – analýza využití řas/sinic v akvakultuře ČR, které je blíže specifikované v Příloze č. 1 této smlouvy (Podrobná specifikace díla) a to vše v souladu s článkem II. této smlouvy (dále jen „dílo“ nebo „plnění“) a závazek Objednatele zaplatit Zhotoviteli cenu za provedené plnění.
Účelem této smlouvy je realizace veřejné zakázky v otevřeném řízení s názvem Využití řas v akvakultuře ČR, která je na profilu zadavatele vedena pod Systémovým číslem v elektronickém nástroji E-ZAK P25V00000245 (dále jen „veřejná zakázka“), a to v souladu s podmínkami vyplývajícími ze zadávací dokumentace veřejné zakázky. Toto plnění je nezbytné pro úspěšné a efektivní čerpání podpory z Evropského námořního, rybářského a akvakulturního fondu v novém programovém období 2021–2027.

[bookmark: _Toc212632747]Článek II.
Místo plnění, provádění díla, doba plnění, termín předání a převzetí díla
1. Místem plnění je území České republiky. Místem předání a převzetí plnění je sídlo Objednatele.
2. Plnění podléhá připomínkovému řízení tak, aby bylo před jeho převzetím Objednatelem bez jakýchkoliv vad a nedodělků, a to i drobných a ojediněle se vyskytujících. 
3. Předání a převzetí plnění bude probíhat na základě předávacího protokolu (dále jen „Předávací protokol“), který bude vyhotoven v elektronické podobě ve formátu (PDF/A), přičemž každá ze smluvních stran obdrží elektronicky podepsaný datový soubor Předávacího protokolu. Tomuto předání a převzetí plnění bude předcházet předání návrhu výstupů plnění Objednateli k připomínkovému řízení. Výstupem tohoto připomínkového řízení bude písemný Předávací protokol, že plnění je bez jakýchkoliv vad a nedodělků, a to i drobných a ojediněle se vyskytujících a že plnění bylo poskytnuto v plném rozsahu v souladu s touto smlouvou, včetně její Přílohy č. 1. Předávací protokol bude po uskutečněném připomínkovém řízení  uzavřen na základě předložení finálního výstupu plnění ze strany Zhotovitele za podmínky, že plnění je bez jakýchkoliv vad a nedodělků, a to  i drobných a ojediněle se vyskytujících.
4. K přechodu vlastnictví dochází převzetím plnění bez jakýchkoliv vad, a to i drobných a ojediněle se vyskytujících nedodělků, na základě Předávacího protokolu.
5. Doba plnění začíná bezprostředně po nabytí účinnosti smlouvy a termíny realizace činí: 
· Zahájení realizace: ihned po nabytí účinnosti smlouvy. 
· Termín pro písemné předložení návrhu výstupů plnění: nejpozději do 15. 09.2025.
· Termín pro písemné předložení finálního výstupu plnění: nejpozději do 30. 09. 2025. Finálním výstupem se rozumí výstup předmětného plnění bez jakýchkoliv vad a nedodělků, a to i drobných a ojediněle se vyskytujících, včetně akceptace/potvrzení formou Předávacího protokolu tohoto výstupu Objednatelem, že se jedná o plnění bez jakýchkoliv vad a nedodělků, a to i drobných a ojediněle se vyskytujících. Finální výstup bude předán v elektronické podobě dle obecných požadavků Přílohy č. 1.

Článek III.
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1. Celková cena za dílo je následující (viz Příloha č. 2 smlouvy – Položkový rozpočet):
Maximální celková cena díla bez DPH ………………………………....[doplní účastník],- Kč
DPH (21 %) za celkovou cenu díla …………………………………..….[doplní účastník],- Kč
Celková cena díla včetně DPH............................................,,,,,,,,,,,,,,,,.[doplní účastník],- Kč.
2. Uvedená cena je sjednána jako cena maximální a nejvýše přípustná a zahrnuje všechny náklady Zhotovitele nutné k provedení plnění v rozsahu, kvalitě a způsobem specifikovaným v Příloze č. 1 smlouvy, včetně nabytých práv Objednatele vyplývajících z licenčních ujednání uvedených v čl. VI. smlouvy. Změna ceny je možná pouze v případě, že v průběhu realizace předmětu díla dojde ke změnám sazeb DPH. V tomto případě bude celková nabídková cena upravena podle výše sazeb DPH platných v době vzniku zdanitelného plnění.

Článek III.
Cenová ujednání – variantní řešení pro neplátce DPH (plátce DPH tuto variantu z textu smlouvy vymaže)
1. Celková cena za dílo je následující (viz Příloha č. 2 smlouvy – Položkový rozpočet):
Celková cena díla ..…………………………………………..…...[doplní účastník],- Kč.
2. Uvedená cena je sjednána jako cena maximální a nejvýše přípustná a zahrnuje všechny náklady Zhotovitele nutné k provedení plnění v rozsahu, kvalitě a způsobem specifikovaným v Příloze č. 1 smlouvy, včetně nabytých práv Objednatele vyplývajících z licenčních ujednání uvedených v čl. VI. smlouvy. Stane-li se Zhotovitel v průběhu trvání smlouvy plátcem DPH, celková cena díla zůstane nezměněná, s tím, že veškeré náklady související s touto změnou jdou k tíži Zhotovitele; v tomto odstavci smlouvy uvedenou celkovou cenou za dílo se pak bude v tomto případě rozumět celková cena díla včetně DPH.

Článek IV.
Platební podmínky a fakturace
1. Objednatel je povinen uhradit Zhotoviteli cenu za dílo (finální výstup plnění včetně akceptace) dle Přílohy č. 1 smlouvy na základě řádně vystaveného daňového (v případě plátce DPH) nebo účetního dokladu (v případě neplátce DPH) - faktury doručené Objednateli. 
2. Zhotovitel není oprávněn vystavit fakturu dříve, než Objednatel převezme bezvadné a Objednatelem odsouhlasené plnění a obě smluvní strany podepíší Předávací protokol o řádném předání a převzetí plnění. 
3. Splatnost daňového nebo účetního dokladu, není-li Zhotovitel plátcem DPH, se stanoví na 30 kalendářních dnů po jeho doručení Objednateli.
4. Faktura musí splňovat náležitosti řádného daňového dokladu požadované zákonem č. 235/2004 Sb., o dani z přidané hodnoty ve znění pozdějších předpisů, v případě neplátce DPH náležitosti účetního dokladu dle § 11 zákona č. 563/1991 Sb., o účetnictví, ve znění pozdějších předpisů, avšak výslovně vždy musí obsahovat následující údaje: označení smluvních stran a jejich adresy, IČO, DIČ (je-li přiděleno), údaj o tom, že vystavovatel faktury je zapsán v obchodním rejstříku (je-li v něm zapsán), označení této smlouvy, označení poskytnutého plnění, číslo faktury, den vystavení a lhůta splatnosti faktury, označení peněžního ústavu a číslo účtu, na který se má platit, fakturovanou částku, razítko a podpis oprávněné osoby.
5. Faktura musí obsahovat registrační číslo projektu a jeho název a musí k ní být jako její příloha přiložen Předávací protokol.
6. Nebude-li daňový (plátce DPH) nebo účetní (neplátce DPH) doklad – faktura obsahovat stanovené náležitosti nebo v ní nebudou správně uvedené údaje a přílohy dle této smlouvy, je Objednatel oprávněn ji vrátit ve lhůtě její splatnosti Zhotoviteli. V takovém případě se přeruší běh lhůty splatnosti a nová lhůta splatnosti 30 dnů počne běžet doručením opravené faktury.
7. Objednatel neposkytne Zhotoviteli zálohy.
8. Platba se považuje za splněnou dnem odepsání z účtu Objednatele ve prospěch účtu Zhotovitele.
9. Objednatel preferuje zaslání elektronické faktury Poskytovateli do datové schránky Poskytovatele ID DS: yphaax8 nebo na e-mailovou adresu podatelna@mze.gov.cz, ve strukturovaných formátech dle Evropské směrnice 2014/55/EU nebo ve formátu ISDOC 5.2 a vyšším.

Článek V.
Povinnosti Zhotovitele
Zhotovitel je povinen:
1. Uzavřít pojištění pro případ vzniku škody vůči Objednateli nebo třetím osobám v souvislosti s plněním této smlouvy, a to s dolní hranicí pojistného plnění minimálně 400 000,- Kč (slovy: čtyři sta tisíc korun českých).
2. Originál nebo úředně ověřenou kopii pojistné smlouvy nebo pojistného certifikátu je Zhotovitel povinen předložit nebo předat Objednateli nejpozději v den uzavření této smlouvy. 
3. Pojistná smlouva ani pojistné podmínky nesmí obsahovat taková smluvní ujednání o výlukách z pojištění, která by vylučovala či omezovala po celou dobu účinnosti smlouvy nárok pojištěného na pojistné plnění v souladu s vymezeným účelem pojistné smlouvy.
4. Zhotovitel je povinen řídit se pravidly a veškerými ostatními právními předpisy platnými pro OP Rybářství včetně příslušných právních předpisů Evropské unie (a to včetně pravidel pro povinnou publicitu a archivaci). Zhotovitel prohlašuje, že měl možnost se s těmito pravidly seznámit a deklaruje znalost dotčených právních předpisů.
5. Zhotovitel je povinen písemně oznámit Objednateli změnu údajů o Zhotoviteli uvedenou v záhlaví smlouvy a jakékoliv změny týkající se Zhotovitelovi ne/registrace jako plátce DPH, a to nejpozději do 5 pracovních dnů od uskutečnění takové změny.
6. Zhotovitel je povinen zajistit po celou dobu plnění této smlouvy dodržování veškerých právních předpisů České republiky s důrazem na legální zaměstnávání, spravedlivé odměňování a dodržování bezpečnosti a ochrany zdraví při práci, přičemž uvedené je Zhotovitel povinen zajistit i u svých poddodavatelů, kteří vykonávají činnost na území České republiky. 
7. Ve smlouvách s poddodavateli je Zhotovitel povinen zajistit srovnatelnou úroveň s podmínkami této smlouvy. Zhotovitel odpovídá za sjednání a dodržování nediskriminačních smluvních podmínek se svými poddodavateli, včetně poskytování řádných plateb za provedené práce těmto svým poddodavatelům.
8. Zhotovitel je povinen při výkonu administrativních činností souvisejících s plněním předmětu smlouvy používat, je-li to objektivně možné, recyklované nebo recyklovatelné materiály, výrobky a obaly.



Článek VI.
Licenční ujednání
1. Zhotovitel prohlašuje, že je oprávněn vykonávat svým jménem a na svůj účet majetková práva autorů k plnění (pokud plnění bude dílem ve smyslu autorského díla dle § 2 zákona č. 121/2000 Sb., o právu autorském, o právech souvisejících s právem autorským a o změně některých zákonů (autorský zákon), ve znění pozdějších předpisů) a že má souhlas autorů k uzavření následujících licenčních ujednání, toto prohlášení zahrnuje i taková práva autorů, která by vytvořením autorského díla teprve vznikla. 
2. Zhotovitel poskytuje Objednateli (nabyvateli licence) oprávnění ke všem v úvahu přicházejícím způsobům užití autorského díla bez jakéhokoliv omezení, a to zejména pokud jde o územní, časový nebo množstevní rozsah užití.
3. Smluvní strany se výslovně dohodly, že cena za poskytnutí této licence je již zahrnuta v ceně díla podle čl. III. této smlouvy.
4. Zhotovitel poskytuje licenci Objednateli (nabyvateli licence) jako výhradní, kdy se zavazuje bez předchozího písemného souhlasu Objednatele neposkytnout licenci třetí osobě a zdržet se výkonu práva autorské dílo sám užít. Tato povinnost se na Zhotovitele nevztahuje v případě použití autorského díla pro vlastní vzdělávací či vědecké účely.
5. Objednatel (nabyvatel licence) je oprávněn práva tvořící součást licence zcela nebo zčásti jako podlicenci poskytnout třetí osobě.
6. Objednatel (nabyvatel licence) je oprávněn upravit či jinak měnit autorské dílo, jeho název nebo označení autorů, zveřejnit jej, stejně jako spojit autorské dílo s jiným dílem nebo zařadit do díla souborného, a to přímo nebo prostřednictvím třetích osob.
7. Zhotovitel odpovídá za obsahovou, ale i formální správnost textu, a to i stylistickou, gramatickou a typografickou úpravu v souladu s příslušnými normami a za rozvržení textu, který bude čitelný a chronologicky uspořádaný včetně fotografií.
8. Objednavatel (nabyvatel licence) je oprávněn licenci nevyužít.
9. Smluvní strany se výslovně dohodly, že vylučují ustanovení § 2364, § 2370 a § 2378 občanského zákoníku.
10. Zhotovitel tímto prohlašuje, že pokud v souvislosti s plněním na základě této smlouvy vytvořil databáze, zřídil je pro Objednatele jako pro pořizovatele databáze dle § 89 zákona č. 121/2000 Sb., o právu autorském, o právech souvisejících s právem autorským a o změně některých zákonů (autorský zákon), ve znění pozdějších předpisů (dále jen „autorský zákon“), a Objednateli tak svědčí všechna práva užít celý obsah databáze nebo její kvalitativně nebo kvantitativně podstatné části a právo udělit jinému oprávnění k výkonu tohoto práva. Objednatel je oprávněn databázi měnit a doplňovat bez souhlasu a vědomí Zhotovitele.
11. V případě, že by se z jakéhokoliv důvodu stal pořizovatelem databáze Zhotovitel, Zhotovitel touto smlouvou převádí veškerá práva k databázi na Objednatele a Objednatel tato práva přijímá.
12. Stejně tak v případě, že Zhotoviteli vznikla na základě této smlouvy zvláštní práva pořizovatele databáze ve smyslu § 88 a násl. autorského zákona, Zhotovitel touto smlouvou veškerá tato práva převádí dle § 90 odst. 5 autorského zákona na Objednatele a Objednatel tato zvláštní práva pořizovatele databáze přijímá.
13. Smluvní strany se výslovně dohodly, že odměna za převod veškerých práv k databázi, včetně zvláštních práv pořizovatele databáze, je již zahrnuta v ceně díla podle čl. III. této smlouvy.
14. [bookmark: _Hlk191388361]Případná změna v osobě Zhotovitele (např. právní nástupnictví) nebude mít vliv na oprávnění udělená v rámci této Smlouvy Zhotovitelem Objednateli.

Článek VII.
Realizační tým
1. Zhotovitel je povinen poskytovat služby spojené s plněním Objednateli prostřednictvím členů realizačního týmu, které uvedl ve své nabídce v zadávacím řízení této veřejné zakázky a které jsou uvedeny v Příloze č. 3 této smlouvy. Jakákoliv dodatečná změna jednotlivých členů realizačního týmu musí být předem písemně schválena ze strany Objednatele s tím, že osoby, které by měly členy realizačního týmu v této smlouvě výslovně uvedené nahradit, musí splňovat kvalifikaci požadovanou ze strany Objednatele pro tu kterou konkrétní roli v rámci zadávacích podmínek veřejné zakázky. Objednatel se zavazuje, že svůj souhlas neodmítne bez existence relevantního důvodu, který bezodkladně sdělí Zhotoviteli. Při změně členů realizačního týmu není nutné uzavírat dodatek k této smlouvě.
2. Objednatel si vyhrazuje právo požádat o výměnu člena realizačního týmu pro opakovanou nespokojenost s kvalitou jím odváděné práce nebo pro nedostatečnou komunikaci s Objednatelem. Lhůta pro výměnu člena je 10 pracovních dní od zaslaného požadavku Objednatele. Zhotovitel je povinen ve stanovené lhůtě požadavku vyhovět.
3. Objednatel je rovněž oprávněn spolupracovat při provádění dohledu nad stavem plnění dle této smlouvy s vybranou, nezávislou, odborně erudovanou třetí osobou, případně s týmem třetích osob, pro zajištění odborné garance na straně Objednatele. Zhotovitel je povinen plně respektovat postavení takové třetí osoby/týmu osob, spolupracovat s ní/nimi a poskytnout maximální součinnost dle pokynů Objednatele.
4. Zhotovitel se zavazuje, že se vedoucí týmu bude účastnit všech jednání s Objednatelem, pokud se Zhotovitel s Objednatelem nedohodne jinak.

Článek VIII.
Sankční ustanovení, náhrada škody
1. V případě prodlení Objednatele s platbou, na kterou vznikl Zhotoviteli nárok, uhradí Objednatel úrok z prodlení ve výši 0,01 % z dlužné částky za každý, i započatý den prodlení. 
2. V případě porušení jakékoliv ze smluvních povinností ze strany Zhotovitele uvedených v čl. I odst. 1 smlouvy (včetně jakékoliv z povinností Zhotovitele stanovených v Příloze č. 1 smlouvy) anebo v čl. V odst. 1 nebo 3 smlouvy anebo v čl. VII je Zhotovitel povinen uhradit Objednateli smluvní pokutu ve výši 5 % z celkové ceny díla (včetně DPH jde-li o plátce DPH) uvedené v čl. III odst. 1, a to za každý jednotlivý případ porušení některé z těchto povinností. 
3. V případě, že Zhotovitel nepředloží výstupy (včetně akceptace Objednatelem) v termínech uvedených v čl. II odst. 5 smlouvy, je Zhotovitel povinen uhradit Objednateli smluvní pokutu ve výši 2 000,- Kč za každý i započatý den prodlení. V případě prodlení s předložením výstupů o více než 30 kalendářních dnů se uplatní namísto čl. VIII odst. 3 postup dle čl. VIII odst. 8 smlouvy.
4. V případě, že Zhotovitel neodstraní vady vytýkané Objednatelem v jeho reklamaci ve lhůtě dle čl. IX odst. 4 smlouvy nebo písemně neoznámí Zhotoviteli změnu v termínu dle   čl. V odst. 5 smlouvy, je Zhotovitel povinen uhradit Objednateli smluvní pokutu ve výši 2 000,- Kč za každý i započatý den prodlení.
5. Za každé jednotlivé porušení povinnosti dle čl. IX. odst. 1 anebo 2 smlouvy je Zhotovitel povinen uhradit Objednateli smluvní pokutu ve výši 10 000,- Kč.
6. Pokud dojde ze strany Zhotovitele k porušení pravidel pro povinnou publicitu (čl. V odst. 4 smlouvy), zavazuje se Zhotovitel uhradit Objednateli smluvní pokutu ve výši 
20 000,- Kč za každé jednotlivé porušení. Jedná se o pravidla vyplývající z Pravidel pro žadatele a příjemce z Technické pomoci Operačního programu Rybářství 2021–2027 a z Manuálu jednotného vizuálního stylu Ministerstva zemědělství.
7. Zhotovitel souhlasí, aby Objednatel každou smluvní pokutu nebo náhradu škody, na něž mu vznikne nárok, započetl vůči platbě (faktuře) ve smyslu ustanovení čl. IV. Pokud nedojde k započtení nebo nebude-li uplatněná smluvní pokuta nebo náhrada škody započtena v plné výši, zavazuje se Zhotovitel k doplacení dlužné částky, a to do 10 kalendářních dnů ode dne doručení písemné výzvy Objednatele k jejich úhradě.  
8. Pokud dojde ze strany Zhotovitele ke zpožděnému plnění tak, že nebude možno realizovat předmět či účel smlouvy, tzn. nastalo zpoždění s dodáním plnění o více než 30 kalendářních dnů oproti termínu realizace dle čl. II odst. 5, je Zhotovitel povinen uhradit Objednateli smluvní pokutu ve výši 30 % z ceny daného plnění (včetně DPH jde-li o plátce) dle článku III odst. 1. V případě sporu, zda bylo či nebylo možno realizovat předmět či účel smlouvy, je Objednatel oprávněn jednostranně určit, v jakém okamžiku již není předmět smlouvy realizovatelný.
9. Uplatněním smluvní pokuty není dotčeno právo Objednatele na náhradu škody v plné výši, pokud mu v důsledku porušení smluvní povinnosti Zhotovitele vznikne, ani právo Objednatele na odstoupení od této smlouvy, ani povinnost Zhotovitele ke splnění povinnosti zajištěné smluvní pokutou.

Článek IX.
Mlčenlivost a finanční kontrola, odpovědnost za vady
1. [bookmark: _Hlk191388772]Zhotovitel se zavazuje během plnění smlouvy i po ukončení smlouvy zachovávat mlčenlivost o všech skutečnostech, o kterých se dozví v souvislosti s plněním smlouvy s výjimkou dodržování zákona č. 106/1999 Sb., o svobodném přístupu k informacím, ve znění pozdějších předpisů, pokud je Zhotovitel povinným subjektem dle zákona č. 106/1999 Sb. Povinnost mlčenlivosti zahrnuje také mlčenlivost Zhotovitele ohledně osobních údajů, bude-li Zhotovitel s osobními údaji nakládat při realizaci předmětu této smlouvy; odpovídá za to, že z jeho strany bude případné nakládání s těmito osobními údaji v souladu s příslušnými právními předpisy o ochraně osobních údajů, zejm. v souladu s nařízením Evropského parlamentu a Rady (EU) 2016/679 ze dne 27. dubna 2016 o ochraně fyzických osob v souvislosti se zpracováním osobních údajů a o volném pohybu těchto údajů a o zrušení směrnice 95/46/ES (obecné nařízení o ochraně osobních údajů; GDPR) a zákonem č. 110/2019 Sb., o zpracování osobních údajů. 
2. Zhotovitel je podle ustanovení § 2 písm. e) zákona č. 320/2001 Sb., o finanční kontrole ve veřejné správě a o změně některých zákonů (zákon o finanční kontrole), ve znění pozdějších předpisů, osobou povinnou spolupůsobit při výkonu finanční kontroly prováděné v souvislosti se službami hrazenými z veřejných výdajů a kontroly ze strany orgánů Evropské unie. 
3. Zhotovitel garantuje, že dílo vytvořené na základě smlouvy je úplné a že jeho vlastnosti odpovídají vlastnostem díla sjednaným smlouvou. Zhotovitel poskytuje záruku za jakost jednotlivých plnění od okamžiku protokolárního předání a převzetí plnění bez připomínek, a to po dobu 24 měsíců.
4. V případě, že předaná plnění vykazují vady, Objednatel tyto vady bez zbytečného odkladu písemně u Zhotovitele reklamuje, přičemž pozdější uplatnění reklamace v záruční době nemá vliv na platnost této reklamace. Písemná forma je podmínkou platnosti reklamace. V reklamaci Objednatel uvede, jak se zjištěné vady projevují. Odstranění vad provede Zhotovitel na svůj náklad nejpozději do 14 dnů od obdržení písemné reklamace, nestanoví-li Objednatel ve své reklamaci lhůtu jinou.

Článek X.
Společná ujednání
1. Zhotovitel tímto prohlašuje, že je držitelem veškerých povolení a oprávnění, umožňujících mu uskutečnit plnění díla dle smlouvy.
2. Zhotovitel tímto prohlašuje, že v době uzavření smlouvy není v likvidaci a není vůči němu vedeno řízení dle zákona č. 182/2006 Sb., o úpadku a způsobech jeho řešení (insolvenční zákon), ve znění pozdějších předpisů a zavazuje se Objednatele bezodkladně informovat o všech skutečnostech o hrozícím úpadku, popř. o prohlášení úpadku jeho společnosti.
3. Objednatel je oprávněn odstoupit od smlouvy v případě, že
a) na majetek Zhotovitele byl prohlášen úpadek nebo
b) Zhotovitel sám podá dlužnický návrh na zahájení insolvenčního řízení nebo
c) Zhotovitel vstoupí do likvidace nebo
d) v případě, kdy dojde k podstatnému porušení povinnosti Zhotovitele, za něž se považuje zejména porušení jakékoliv povinnosti Zhotovitele uvedené v čl. I odst. 1 (včetně povinností stanovených v Příloze č. 1 smlouvy), čl. II odst. 5 (zejména v případě prodlení Zhotovitele delším než 30 dnů), v čl. V odst. 1 a 3 nebo čl. VII smlouvy nebo
e) Zhotovitel poruší závazek dle odst. 3 Preambule smlouvy udržovat po celou dobu trvání Smlouvy prohlášení Zhotovitele dle odst. 1 a 2 Preambule smlouvy v pravdivosti a platnosti nebo
f) Zhotovitel poruší Informační povinnost dle odst. 3 Preambule Smlouvy. 
Odstoupení od smlouvy ze strany Objednatele je vždy bez jakýchkoliv sankcí vůči Objednateli. Účinky odstoupení od smlouvy nastávají dnem doručení písemného oznámení o odstoupení druhé smluvní straně.
4. V případě, že na straně Zhotovitele nastanou okolnosti, v jejichž důsledku nebude Zhotovitel schopen dočasně či dlouhodobě zajistit plnění smlouvy, je povinen bez zbytečného odkladu, nejdéle do 2 pracovních dnů ode dne vzniku takových okolností, informovat o této skutečnosti Objednatele a současně navrhnout řešení. Obě smluvní strany se zavazují, že v takovém případě vynaloží veškeré úsilí, které lze na nich objektivně požadovat k dokončení plnění předmětu smlouvy. Dosáhne-li prodlení, dle věty první tohoto odstavce, více než 5 kalendářních dnů, vyhrazuje si Objednatel právo odstoupit od smlouvy bez náhrady nákladů Zhotoviteli.
5. Objednatel je oprávněn bez jakýchkoliv sankcí a bez uvedení důvodů tuto smlouvu vypovědět. Výpovědní doba činí jeden kalendářní měsíc a začíná běžet od prvního dne měsíce následujícího po doručení výpovědi. 
6. Zhotovitel má povinnost řídit se veškerými písemnými nebo ústními pokyny (potvrzenými emailem) Objednatele. Na pokyny, které by mohly být v přímém rozporu se zněním smlouvy a s příslušnými platnými právními předpisy, upozorní Objednatele. 
7. Zhotovitel se zavazuje postupovat při plnění smlouvy v souladu se smlouvou a se všemi aktuálně platnými právními předpisy. 
8. Zhotovitel si zajistí veškeré podklady potřebné pro zpracování plnění díla vlastními prostředky.
9. K této smlouvě neexistují žádná vedlejší ujednání.
10. Objednatel si vyhrazuje právo mít připomínky k rozsahu plnění díla.
11. [bookmark: _Hlk191389107]Zhotovitel může pověřit zhotovením plnění díla třetí osobu (poddodavatele) s předchozím písemným souhlasem Objednatele. Při provádění plnění díla touto třetí osobou má Zhotovitel odpovědnost jako by plnění díla prováděl sám.
12. Objednatel je povinen poskytovat Zhotoviteli nezbytnou součinnost po celou dobu plnění díla. 
13. Zhotovitel svým podpisem níže potvrzuje, že souhlasí s tím, aby obraz smlouvy včetně jejích příloh a případných dodatků a metadata k této smlouvě byla uveřejněna v registru smluv v souladu se zákonem č. 340/2015 Sb., o zvláštních podmínkách účinnosti některých smluv, uveřejňování těchto smluv a o registru smluv (zákon o registru smluv), ve znění pozdějších předpisů. Smluvní strany se dohodly, že podklady dle předchozí věty odešle za účelem jejich uveřejnění správci registru smluv Objednatel; tím není dotčeno právo Zhotovitele k jejich odeslání.
14. Smluvní strany prohlašují, že případné zpracování osobních údajů bude probíhat v souladu s aktuálně účinnými právními předpisy o ochraně osobních údajů, zejm. v souladu nařízením Evropského parlamentu a Rady (EU) 2016/679 ze dne 27. dubna 2016 o ochraně fyzických osob v souvislosti se zpracováním osobních údajů a o volném pohybu těchto údajů a o zrušení směrnice 95/46/ES (obecné nařízení o ochraně osobních údajů), dále jen „GDPR“ a zákonem č. 110/2019 Sb., o zpracování osobních údajů.


Článek XI.
Závěrečná ustanovení
1. Veškeré změny a doplňky smlouvy budou uskutečněny po vzájemné dohodě smluvních stran formou písemných dodatků, podepsaných oprávněnými zástupci obou smluvních stran.
2. Práva a povinnosti smluvních stran, pokud nejsou upraveny smlouvou, se řídí ustanoveními § 2586 a násl. občanského zákoníku, a subsidiárně dalšími ustanoveními občanského zákoníku.
3. Smluvní strany se dále dohodly, že použití ustanovení § 1765 odst. 1 a § 1766 občanského zákoníku je pro tuto smlouvou vyloučeno.
4. Tato smlouva nabývá platnosti dnem podpisu oprávněnými zástupci smluvních stran. Tato smlouva nabývá účinnosti dnem jejího uveřejnění v registru smluv.
5. Smlouva je vyhotovena v elektronické podobě ve formátu PDF/A, přičemž každá ze smluvních stran obdrží oboustranně elektronicky podepsaný datový soubor.
6. Ukončením účinnosti této smlouvy nejsou dotčena ustanovení smlouvy týkající se nároku z vadného plnění, nároku z náhrady škody, nároku ze smluvních pokut či úroků z prodlení, ustanovení o ochraně informací, licenční ujednání, ani další ustanovení a nároky, z jejichž povahy vyplývá, že mají trvat i po zániku účinnosti této smlouvy.
7. Tato smlouva se řídí právním řádem České republiky. Veškeré spory vyplývající z této smlouvy budou řešeny soudy České republiky, přičemž v případě, že Zhotovitel má sídlo/bydliště mimo území České republiky (spory s mezinárodním prvkem), bude věcně a místně příslušným soudem vždy soud určený podle sídla Objednatele.
8. Smluvní strany prohlašují, že se s obsahem smlouvy seznámily, rozumějí mu a souhlasí s ním, a dále potvrzují, že smlouva je uzavřena bez jakýchkoliv podmínek znevýhodňujících jednu ze smluvních stran. Tato smlouva je projevem vážné, pravé a svobodné vůle smluvních stran, na důkaz čehož připojují smluvní strany své vlastnoruční podpisy.
Nedílnou součástí této smlouvy jsou následující přílohy: 
· Příloha č. 1 – Podrobná specifikace díla
· Příloha č. 2 – Položkový rozpočet 
· Příloha č. 3 – Realizační tým
	Dne dle elektronického podpisu
Objednatel       
                      

	Dne dle elektronického podpisu
             Zhotovitel



	



		

	Česká republika – Ministerstvo zemědělství
Ing. Pavel Pojer – ředitel odboru Řídicí orgán OP Rybářství
	firma – Doplní účastník
jméno – Doplní účastník
funkce – Doplní účastník


Příloha č. 1 – Podrobná specifikace díla

Základní informace
Účel veřejné zakázky 
Účelem realizace veřejné zakázky je zajištění komplexní analýzy týkající se potenciálu pěstování řas/sinic v akvakultuře v České republice a jejich následného využití. Pěstování řas/sinic představuje perspektivní oblast, která může přispět k rozvoji udržitelných a inovativních technologií v oblasti akvakultury, zemědělství a environmentálního hospodářství. Cílem zakázky je poskytnout podrobný odborný výstup, který umožní objektivní hodnocení možností pěstování různých druhů řas/sinic, a to jak z technologického, tak z environmentálního a ekonomického hlediska.
Analýza bude vycházet z dostupných odborných studií a dokumentů, včetně národních a evropských legislativních dokumentů, zaměřených na podporu udržitelného zemědělství, akvakultury a ochrany životního prostředí, včetně dotazníkového šetření/rozhovorů s potencionálním zájemci, nebo produkčními rybáři.
V návaznosti na tento výstup bude možné identifikovat klíčové výzvy a příležitosti spojené s pěstováním řas/sinic v ČR. Tato analýza bude základem pro případné následné kroky pro financování a realizaci konkrétních projektů.

Cíl veřejné zakázky
Cílem této veřejné zakázky je zajištění odborné analýzy, která poskytne podrobné posouzení možnosti pěstování řas/sinic v akvakultuře na území České republiky. Analýza by měla identifikovat vhodné oblasti pro pěstování řas/sinic, zhodnotit technologické, ekonomické a ekologické aspekty tohoto procesu a navrhnout potenciální oblasti jejich následného využití.

Předmět veřejné zakázky
Předmětem této veřejné zakázky je vypracování odborné analýzy, která poskytne podrobné posouzení možnosti pěstování řas/sinic v akvakultuře ČR a posouzení možností jejich následného využití. 

Vymezení díla
Zhotovitel zhotoví dílo, jehož obsahem bude minimálně:
• Aktuální situace v pěstování řas/sinic v Evropě.
 • Aktuální situace v pěstování a využití řas/sinic v ČR a porovnání s jinými zeměmi Evropy se srovnatelnými podmínkami (Rakousko, Německo, Polsko, Slovensko a Maďarsko).
 • Analýza platné legislativy EU a ČR. 
• Posouzení podmínek produkce a využití v ČR, výčtu vhodných řas/sinic a produktů z nich. 
• Analýza využitelnosti v praxi v oblasti akvakultury. 
• Využitelnost pěstování řas/sinic podniky akvakultury (rybářskými subjekty) jako diverzifikace činností. 
• Ekonomická analýza pěstování řas/sinic ve střední Evropě a využitelnosti řas/sinic včetně specifikace potenciálních nebo existujících bariér využitelnosti. 
• Součástí analýz bude i realizace šetření/dotazníkového šetření nebo rozhovorů s posouzením, zda by o pěstování řas/sinic byl mezi rybáři/potenciálními žadateli zájem. Součástí výstupu bude seznam použitých zdrojů, včetně odkazů na internetové stránky

Obecné požadavky a informace
Požadavky na návrhy výstupů a finální výstup
Návrhy výstupů i finální výstupy plnění budou předány pouze v elektronické podobě na datovém nosiči v českém jazyce po uzavření připomínkového řízení ze strany Objednatele. Elektronická verze bude ve formátu DOC a PDF/A, datový nosič bude obsahovat také datasety k realizovaným průzkumům/šetřením apod.
Za kvalitu obsahu výstupů odpovídá Zhotovitel.
Kontrolní den k plnění zakázky
V rámci plnění zakázky Objednatel požaduje uspořádat min. jednou za dva měsíce kontrolní den, jehož cílem je informování o postupu plnění smlouvy, případně konzultace obou smluvních stran k plnění zakázky. Zhotovitel vyhotoví zápis z kontrolního dne, který bude podléhat připomínkovému řízení Objednatele.
Ostatní informace / činnosti relevantní pro realizaci zakázky 
Následující výstupy/činnosti bude Zhotovitel povinen v termínu stanoveném Objednatelem předložit/vykonat na žádost zástupce ŘO OP Rybářství:
· seznam případných dotazovaných osob/institucí zapojených do sběru dat vč. případných dotazníků či přepsaných strukturovaných rozhovorů;
· seznam plánovaných rozhovorů / terénních šetření, včetně časového harmonogramu;
· ostatní výstupy generované sběrem dat.
V případě potřeby se jakéhokoli šetření nebo rozhovorů může zúčastnit zástupce MZe. 
Zhotovitel je povinen veškeré návrhy dotazníků / šetření / rozhovorů odeslat Objednateli k připomínkám a odsouhlasení. 

Základní dokumenty 
Dokumenty volně ke stažení
· Zelená dohoda pro Evropu: https://eur-lex.europa.eu/legal-content/CS/TXT/?uri=CELEX:52019DC0640
· Strategie „od zemědělce ke spotřebiteli“ pro spravedlivé, zdravé a ekologické potravinové systémy: https://eur-lex.europa.eu/legal-content/CS/TXT/PDF/?uri=CELEX:52020DC0381&qid=1708693292070
· Strategie EU v oblasti biologické rozmanitosti do roku 2030: https://eur-lex.europa.eu/legal-content/CS/TXT/?uri=celex%3A52020DC0380
· Programový dokument OP Rybářství 2021–2027
https://eagri.cz/public/portal/-q306473---tJssasEH/op-rybarstvi-2021-2027
· Víceletý národní strategický plán pro akvakulturu pro léta 2021 až 2030: https://eagri.cz/public/portal/-q306467---yszAxBZ1/vicelety-narodni-strategicky-plan-pro
· Nařízení evropského parlamentu a Rady (EU) 2021/1060: https://eurlex.europa.eu/legal-content/cs/TXT/?uri=CELEX%3A32021R1060
· Nařízení evropského parlamentu a Rady (EU) 2021/1139: Publications Office (europa.eu)
· 
Publikace Mikrořasy – solární továrna v jedné buňce  
· 
Towards a strong and suistainable EU algae sector_en      
· 
BLUE BIOECONOMY – TOWARDS A STRONG AND SUSTAINABLE EU ALGAE_en
· 
Řasy-článek ŘASY_článek 
· 
Algae management in EU Member States_CZ     


Příloha č. 2 – Položkový rozpočet

	Plnění 
	Cena v Kč bez DPH
	DPH (neplátce DPH nevyplňuje)
	Cena v Kč s DPH (neplátce DPH nevyplňuje)

	Využití řas v akvakultuře ČR
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Příloha č. 3 – Realizační tým

	Funkce v týmu
	Jméno a příjmení člena týmu
	Kontakt (emailová adresa)

	Vedoucí týmu
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| Mikrobiologicky Ustav AV CR, v. v. .

ALGATECH - Centrum rasovych biotechnologii,
Laboratote pro vyzkum fas, zalozené jiz v roce 1960 v T
tieboriské pracovisté Mikrobiologického tistavu AV CR z
fasy a jejich vyuziti v potravinarském a krmivaiském primys Anni
rinarni mediciné. V soucasnosti patii Centrum ALGA’?ECHynlll;za; ‘s,\}:éltltr)lsllaér:lnzl a’vete:
pracovisté zékladniho a aplikovaného vyzkumu mikroskopickych Fas sinicna“;‘arla
syntetickych bakterii, vEetné vyvoje fasovych biotechnologii, a je nejvé’tél‘m 1‘? ey
Stém zabyvajicim se vyzkumem mikrotas v CR. Centrum ALGATECH sidh’lzr ?C'O‘:l ;
rické budové Opatovického mlyna z 18. stoleti, ktera byla nedgvno rekonstruons' 5
a roz§ifena v moderni vyzkumné pracovisté s vynikajicim pristrojovym vybaveva’na

Centrum ALGATECH provozuje unikatni tenkovrstevnou kultivagni jedncl)l;lin'
(1000, 100 a 50 m?) pro autotrofni kultivace a biotechnologickou halu pro het s
trofni kultivace mikrotas, véetné vybaveni pro zpracovani ¥asové biomasy. i

Rasové biotechnologie dnes feSi aktudlni otdzky — vyuZiti fas v potra\lfinéf*stvi
a krmivarstvi ¢ jako zdroje obnovitelné energie a paliv. Prakticky vyznam maji
irazné cenné latky obsazené v rasach a sinicich. Tyto latky, které se v laboratof'ith
Centra ALGATECH izoluji, charakterizuji a testuji na tkdtovych kulturach, mai
mozné vyuziti i v mediciné. Soucasti vyzkumu je v neposledni ¥adé i Vyvoj n’ovyc%
pristroji a metodickych postupt pro sledovéni fotosyntézy. Vyzkum na Opatovickéln
mlyné, kde na védeckych projektech v soucasné dobé spolupracuje ngkolik kolegti
z Evropské unie, Norska, USA, Izraele a Japonska, je v mnoha smérech na svétove
drovni, o cemz sved¢i publikace v prestiznich éasopisech a rtiznd ocenéni.
Organizacné se centrum ¢leni do ¢étyt laboratoii:

:Prebqn, vzniklo z pivodni
rebvovm. V celé své historii se
amerovalona mikroskopické

LABORATOR RASOVE BIOTECHNOLOGIE

® Vyvoj novych technologickych postupt vedoucich ke zvySeni produktivity mikro-
tas ve fototrofnim i heterotrofnim rezimu.

® Inovace downstream procesti v produkei fasové biomasy.

® Vyhledavani, popis a produkce novych aktivnich latek sekund4arniho metabo-
lismu mikroftas, testovani jejich aplikace.

® Vyvoj novych metod extrakce bioaktivnich latek z mikrotas.

LABORATOR FOTOSYNTEZY

® Nové pristupy ve vyzkumu metabolismu mikrofas, predevsim metabolismu
fotosyntézy.

e Vyvoj novych metod a pfistroji uréenych pro vyzkum i aplikaci v zemédélstvi,
monitoringu prostiedi a vodnim hospodéatstvi.

LABORATOR ANOXYGENNICH FOTOTROFU

® Vyvoj novych optickych ptistroji pro detekei anoxygennich fototrofi.

. Izolacg bioaktivnich ldtek a studium bioakumulace u anoxygennich mikro-
organismu.

® Studium fototrofnich mikroorganismi jako potencidlniho zdroje biopaliv, pie-
devsim vodiku.

LABORATOR BUNECNYCH CYKLU
L S‘Fudium mikrotas jako zdroje biologicky aktivnich terpenoidi.
® Bioremediace a recyklace kovi s vyuzitim mikroias.

Fotografie na obalce: Rasa rodu Botryococcus (foto Ant én, Proyecto Agqua)

Rasoveé biotechnologie - cesta k produkci
vysoce kvalitni a cenné rostlinné biomasy

Prvni rozmach fasovych biotechnologii nastal v padesatych letech minulého sto-
leti. Tehdejsi poznatky byly shrnuty do ,bible“ Ffasovych biotechnologii Algal
culture: from laboratory to pilot plant, kterou editoval John S. Burlew v r. 1953.
v gedesatych letech bylo hlavnim cilem vyvinout technologie, které by zajistily
produkei biomasy mikrofas jako nédhradu jinych zdroj bilkovin v obavé z mozné
potravinové krize. Druhé4 vlna zvyseného zdjmu o mikrofasy nastala v sedmdesa-
tych az osmdesatych letech minulého stoleti, kdy se zacaly rozvijet velkoobjemové
produkce riznych kment mikrotas, vétsinou v otevienych nadrzich, pro piipra-
vu potravnich dopliikt a krmiv (kultivace mikrofasy Chlorella v J apgnsku nebo
mikroiasy Spirulina v Mexiku, USA, Thajsku, Jihoafrické republice a Ciné) a dal-
sich cennych produktt (napk. kultivace Haematococcus pro astaxantin na Havaji
nebo mikrofasy Dunaliella pro B-karoten v Australii).

Mikrotasy rostou ve vodnim prostfedi, které se da dobfe kontrolovat a upravo-
vat. Husté produkéni kultury mikrofas (obvykle > 0,5 g biomasy na litr) jsou Fize-
né pripravené, dobi'e michané suspenze bunék, péstované za vhodnych rastovych
podminek s dostatetnou vyZivou a vyménou plyni. Piedstavuji proto, z hlediska
biotechnologie, idedlni, vysoce produkéni solarné-biologickou ,tovarnu®. Prestoze

Co jsou mikrofasy?

Oznaceni ,mikrofasy” se obvykle pouziva v biotechnologiich v nejsirsim smyslu slova pro
orokaryotni sinice i eukaryotni fasy - jednobunécné i visknité kmeny, jejichz velikost je
v fadu mikrometrd. V tom se lisi od makroras (Cesky se obvykle nazyvaji chaluhy) rostou-
cich pfedevaim v mofich, jejichz stélky dosahuji délky az nekolika metr0. Nejmensi zna-
mou mikrofasou je jednobunéénd morska sinice Prochlorococcus, kterd ma v pruméru
méné nez 1 mikrometr.

Mikrofasy reprezentuji nejstarsi mikroorganismy, které - pred vice nez 2,5 miliardami
let - zacaly tvorit kyslikatou atmosféru Zemé. Vyvinuly se v rozmanitou skupinu vodnich
i pOdnich druhU s nezpochybnitelnou ekologickou dileZitost, jejichz rozsireni je neu-
véritelné: vyskytuji se ve viech hlavnich ekosystémech od chladnych polarnich oblasti
pies extrémné kyselé, alkalické nebo salinni prostredi az po horkeé prameny a pouste.
Mikrofasy provozuji fotosyntézu a metabolické pochody podobné jako vyssi rostliny,
ale maji podstatné vyssi rychlost rostu diky vétsi Geinnosti fotosyntézy, velmi kratkym
reprodukénim cyklOm, jednoduché bunécné struktufe s malymi naroky na vedlejsi me-
tabolické funkce a konkurencni fyziologické procesy (napf. vyvoj podpirného aparatuy,
kveteni, vyvoj plodU, atd.).

Pfirodni mikrofasy, fytoplankton, tvori zaklad potravniho retézce. Rostou ve sladkovod-
nich nadrzich, tekoucich vodach a predevsim morich, kde jsou odpoveédné za témér polo-
vinu globalni primarni fotosyntetické produkce. Vysledkem Siroké fyziologicke riznosti
druhU mikrofas je produkce biomasy s obsahem nejriznéjsich cennych latek (tabulka 1).
Mikrofasy jsou jejich jedineénym zdrojem - od surové biomasy bohaté na bilkoviny, oleje,
polysacharidy a antioxidanty az po cenné sekundarni metabolity s potencialnim vyuzitim
v mediciné.






tové produkce biomasy mikrotas (vice nez 35 000 tun) pochézi jen z nékolika rodt
(Arthrospira, Chlorella, Dunaliella, Nannochloropsis a Haematococcus).

Za poslednich 60 let ptinesly fasové biotechnologie fadu aplikaci — od tradi¢ni
produkce biomasy pro lidskou a zviteci vyzivu pies pudni aplikace v zemédélstvi,
technologie pro ¢isténi odpadnich vod, produkty pro kosmetiku a farmacii az nej-
noveéji po zdroje biopaliv ,tieti“ generace. Od prvniho desetileti tohoto stoleti piebi-
ra svou roli genetické inzenyrstvi: nadprodukce uréitych latek 1ze dosahnout bud
vnesenim uréitého genu (DNA) do jiného, produkéniho mikroorganismu nebo jsou
cilené ,vylepSovany“ jiz zndmé kmeny.

Oxygenni fotosyntéza

Fotosyntéza predstavuje jedinecny proces, ve kterém fototrofni organismy (rostliny
a mikrorasy) preménuji svételnou energii na jinou formu energie (chemickou), ulozenou
v biomase; zaroven se uvoliuje kyslik.

CO, + H,0 + Ziviny + svételnd energie > biomasa + O, + prebytecné teplo [1]
Prakticky vSechny formy Zivota na Zemi zavisi pfimo Ci nepfimo na fotosyntéze jako
zdroji biomasy, kysliku a energie pro metabolismus a rUst. Také fosilni paliva jsou produk-
tem davné fotosyntézy. Vedlejsim, ale zaroven navysost dulezitym produktem fotosyn-
tézy je molekularni kyslik, ktery podminil vznik kyslikaté atmosféry a nasledné existenci
vetsiny soucasnych forem Zivota na Zemi. Nezanedbatelna ¢ast energie se také vyzari
jako teplo.

Oxygenni fotosyntéza je anabolicky proces, ktery lze vyjadrit jako redoxni reakci, po-
hanénou svételnou energii (fotony), v némz jsou oxid uhlicity a voda preménény na
jednoduché cukry a kyslik. Zjednodusend rovnice fotosyntézy se dd sumarné vyjadrit
jako:

6C0O,+ 6 H,0+svétlo > 6 CH,,0, + 0,[2]

Proces fotosyntézy mé dvé faze - svételnou a temnotni (obr. 1) - a dohromady se
sklddad z nékolika desitek jednotlivych reakci. Ve svételné fazi je svetelna energie
zachycena fotosyntetickymi membranami a pfeménéna na chemickou energii, ktera
je vézana ve vysokoenergetické slouceniné adenosin trifosfatu (ATP) a vznikd bio-
chemicky reduktant, nikotinamid adenin dinukleotid fosfat (NADPH,). Obé latky jsou
ihned pouzity v tésné navazujici tzv. temnotni reakci, kterd probihd mimo thylakoidy,
ve stromatu, 3 NADPH, a ATP jsou vyuzity v biochemické redukci CO, na jednoduché
triuhlikaté slouceniny a nasledné na cukry.

2 o 2 NADPH: =1 co,
2 svételné temnotni /4
reakce —— reakce \
0: 3 ATP (CH20)
cukry

Obr. 1. Svételné a temnotni déje ve fotosyntéze
Substraty této multienzymové reakce jsou voda a oxid uhligity, meziprodukty jsou reduktant NADPH,
3 vysokoenergeticks slougenina ATP. Primarnimi produkty fotosyntézy jsou kyslik a jednoduché cukry.
Zdrojem energie je slunecni zafeni, které je uchavano jako chemicks energie

Vyzvy a otazky Mikrofasy - soldrni tovarna v jedné bunce

| Mikrofasy v dobrém i ve zlém

P#irodni populace mikrotas byly v raznych civilizacich odeddvna vyuzivany jako
potravni doplnék i lééebny prostiedek. Po staleti byly sklizeny vodni kvéty sinice
Spirulina (nyni oznatované jako Arthrospira) v prostiedi alkalickych jezer v ze-
mich, jako je Mexiko, a pouzivany jako potravni doplnék. VysuSend biomasa sinice
sbirand z povrchu jezera Texcoco byla pod jménem tecuitlat! proddvana na aztéc-
kych trzich v Mexiku, jak popsali v 16. stoleti Spanélsti conquistadofi. ,Kolacky*
suSené biomasy jsou dodnes zndmé od africkych jezer v Cadu pod jménem dihé.
Tisice tun pfirozené rostouci populace Spiruliny jsou sklizeny z alkalickych jezer
v Barmé, stejné jako populace Aphanizomenon flos-aquae z jezera Klamath v Ore-
gonu, a jsou vyuzivany ke komer¢ni produkei biomasy.

Po mnoho staleti, snad i tisicileti, je v nékterych st¥edoasijskych a vychodoasij-
skych zemich konzumovana vldknité sinice rodu Nostoc jako dietni doplnék. Bio-
masa obsahuje nejen bilkoviny a jiné vyzivné latky, ale i fadu sloucenin, které maji
antibakteridlni, antivirové a protinadorové aktivity.

Eutrofizace (piebytek Zivin) povrchovych vod je v8ak pii¢inou nepiijemného
jevu, jakym je rozvoj tzv. ,vodnich kvétia“ mikrofas. Dochdzi k nému dtsledkem
lidské ¢innosti p¥i zneéisténi povrchovych nddrzi pramyslovymi nebo komunélni-
mi odpadnimi vodami, splachy ze zemé&délské pudy nebo hnojenim rybnikt. Ma-
sivni rozvoj vodnich kvétt piredstavuje ekologicky problém, protoze snizuji kvalitu
vody a zhorsuji zivotni prostiedi. Pokud pomineme nepiijemny vzhled a zédpach pii
rozkladu mrtvé biomasy, vznika v mnoha p¥ipadech i riziko pro lidské zdravi v da-
sledku toxickych vodnich kvéta. Pfemnozené vodni kvéty mohou zptsobit rtzné
alergické reakce, nevolnost & bolesti hlavy. Napi. béZnd sinice naSich vod tvofict

toxin mikrocystin, poSkozujici jatra teplokrevnych zivocichd.

| Rasové biotechnologie

Biologické principy a technologie péstovani mikrofas

Ze vztahu [1] vyplyva, ze fotosyntetickd produktivita fasovych kultur je ovlivné-
na predevsim svételnym rezimem. Mnozstvi fotond zachycené jednou buiikou je
kombinaci nékolika faktort: intenzity svétla, hustoty bunék, tloustky vrstvy kul-
tury a intenzity michani. Maxim4lni moZna intenzita viditelného svétla na po-
vrchu Zemé je zhruba pétkrat az desetkrat vyssi (asi 2000 pmol [fotont].m?s?,
odpovid4 asi 400 W.m?) neZ je potfebné pro nasyceni fotosyntézy. Proto mize byt
az 90 % zachyceného viditelného svétla disipovdno (nevratné ztraceno) jako teplo,
aby nedoslo k piehlceni/poskozeni fotosyntetického aparatu. Byly navrzeny riz-
né zpusoby, jak svételnou energii pii fizenych kultivacich mikroras co nejucinnéji
vyuzit, napi. nastavenim idedlni hustoty bunék a intenzity michéni, konstrukef
vhodnych kultivaénich zafizeni a vybérem kmenu s uéinnéjsi fotosyntézou. Jde
o0 to nastavit cely systém tak, aby bylo co nejvice vyuZzito vhodné osvétleni, pro-
toze tt¢innost fotosyntézy je maximélni p¥i nizsich ozafenostech pod satura¢nim
bodem (200—400 pmol [fotonti].m?2.s). Kratkd draha svétla v kombinaci s vysokou
hustotou bunék a intenzivni turbulenci vyvolava intermitentni svételny reZim,






tzn., Ze v husté kultute dochdzi vlivem intenzivniho michani bunék k rychlému
stfiddni rezimu svétlo/tma v cyklech desitek az stovek milisekund (frekvence
10-100 Hz). Experimentéalné bylo dokazéno, ze takové intermitentni osvétleni zvy-
Suje ucinnost fotosyntézy (a produkei biomasy), protoze tyto frekvence odpovidaji
rychlostem obratu enzymu fotosyntetického aparatu.

Husté, dobfe michané kultury mikrotas (algakultury) predstavuji umély sys-
tém, ktery se vyuziva pro produkci biomasy. Je zcela odlisny od ¥idké populace
fytoplanktonu v p¥irodé. Husté umélé algakultury maji obvykle dostate¢nou oza-
fenost bunék, optimélni vyzivu a vyménu plynta (0,/CO,), suspenze jsou homo-
genni, dobfe michané, s hustotou bunék o nékolik ¥add vyssi nez maji populace
fytoplanktonu v pfirodnich podminkéch. Kultury mikrotas maji proto vétsi tole-
ranci k vysoké ozatenosti a dosahuji vysoké di¢innosti pfemény slunecni energie
na biomasu.

Ve srovnéni s vyS$8imi rostlinami maji mikrotasy nékolik piednosti: rychly
a kontrolovatelny rust (zivotni cyklus je obvykle jeden den), moznost kultivace
v motské nebo brakické vodé, kterd je nepouzitelnd pro normalni zemédélstvi,
a kontinudlni produkci s moznosti sklizné a zpracovéani v pravidelnych interva-
lech. Pro produkéni kultivace je mozné vyuzit i nékteré komunalni a pramyslové
plynné nebo kapalné odpady, které mohou byt zdrojem oxidu uhli¢itého, dusi-
ku, fosforu nebo tepla. Takto napéstovand biomasa neni pochopitelné urcena ke
konzumaci, ale je mozné ji vyuzit pramyslové (nap#. p¥i produkei paliv). Mikro-
fasy poskytuji také moznost kultivace na zemédélsky nevyuzitelnych tzemich
nebo v pramyslovych a méstskych aredlech, kde nebudou konkurovat potravnim
plodindm.

Kultivacni postupy
Pti fototrofni kultivaci mikrofas je mozné vyuzit pfirozené (slune¢ni) nebo umé-
1é svétlo. Sluneéni energie je zdarma, ale zavisi na dennim cyklu, povétrnostnich
podminkéch, roénim obdobi a volbé lokality. Kromé svétla se pti vlastni kultivaci
mikrofas uplatiiuje také celd fada dalsich, vzdjemné provazanych proménnych,
ovliviiujicich celkovou produktivitu systému. Obecné jsou vSechny systémy pouzi-
vané pro kultivaci mikrotas zaloZeny na dostateéné cirkulaci (michani) kultur, aby
nedochézelo k jejich usazovani. Butiky jsou tak dostateéné vystaveny svétlu a ne-
stini si navzdjem. Intenzivnim michanim je zajistén také dostatetny pfisun zivin
(predevsim dusiku a fosforu, stejné jako dalsich prvka), regulace kultivaéni teploty
(obvykle 25-35 °C) a vymeéna plynt (doddvka CO, jako zdroje uhliku a odvétrani
0, vzniklého fotosyntézou, obr. 2). P¥i péstovani hustych produkénich kultur je kli-
¢ovou podminkou dodateény p¥isun CO,, protoze jeho piirozena koncentrace ve
vzduchu (< 0,04 ppm) je o ¥4d nizsi, nez je tieba.

Pro kultivaci mikrofas se pouzivaji dva zdkladni kultivaéni rezimy: vsadkovy
a kontinudlni. Ve vsddkovém rezimu se kultura nasadi a po ur¢itém obdobi ristu je
v jednom okamziku celd sklizena a zpracovédna. V kontinualnim rezimu se kultura
sklizi pribézné podle rychlosti riistu a ¢erstvé zivinové médium nahrazuje spotie-
bované ziviny. V praxi se obvykle pouziva kombinace obou pfistupt, semikonti-
nudlni rezim, coz znamen4, Ze jen ¢ast kultury je v uréitych intervalech odebrana
a zpracovana.

Vyzvy a otazky

SVETLO  Ziviny, oxid uhlicity,
voda
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Obr 2. Schéma péstovani mikrofas a zpracovani biomasy

Algakultura mikroras je péstovana v osvétlené kultivacni jednotce v zivném médiu s dodavkou CO,. Bé-
hem kultivace je nutné odstranit kyslik vznikajici pfi fotosyntéze. Pri sklizni jsou bunky oddéleny od média
a zpracovany. Biomasu |ze pouZit jako doplnék stravy nebo krmivo, pripadné pro biorafinaci, kdy z biomasy
Ziskdvame komplexnim zpracovanim predevaim cenné latky s vysokou pfidanou hodnotou a zbytek se
nasledné vyuziva jako biopaliva, potravina, krmivo, hnojivo nebo zdroj chemickych dtek

Vyuziti prirozeného slunecniho zéreni snizuje investice do zdroju svétla a naklady pro-
vozu v fadé velkych venkovnich i sklenikovych kultivaci mikroras. Nicméné pro nékterée
komercni kultivace ve velkoobjemovych sklenikovych fotobioreaktorech se vyuZivaji
také umélé zdroje svétls, bud jako dodatecné osvétleni (firma Salata GmbH, Thuringen,
Ritschenhausen, SRN), nebo dokonce jako vyluény zdroj svétla v uzavrenych fotobiore-
aktorech v biotechnologickych haldch, napf. pfi kultivaci zelené mikrofasy Haematococ-
cus pro ziskavani karotenoidu astaxantinu (firma AstaReal AB, Gustavsberg, Svédsko).
Vy3i naklady jsou ovsem také vyvazeny vyssi cenou konecného vyrobku.

Z hlediska osvétleni kultur je dulezity pomér ozéfeného povrchu k celkovému objemu
suspenze. Cim vy3sije tento pomér, tim lepsi je predpoklad dosazeni vysoké produktivity.
Je logické, ze vy33i produktivity je dosazeno v dobfe michanych zafizenich pracujicich pri
mensi tloustce vrstvy suspenze, protoze ta podminuje kratké cykly svétlo/tma, kterym
jsou bunky vystaveny pfi ristu. Pro dané zarfizeni je nutné nastavit optimalni hustotu
bunék, aby bylo dosazeno nejvyssi fotosyntetické Ucinnosti.






Uspésna kultivace vyzaduje také sledovani kultivacnich podminek, predevsim svét-
la, teploty, pH, koncentrace rozpusténého CO, a kysliku a mnozstvi zivin. Dilezits je
i mikroskopicka kontrola stavu kultury. Vyskyt bakteridlnich i jinych kontaminaci mize
znamenat, ze kultura neni zdravs, a predstavuje jedno z hlavnich omezeni pro produkéni
kultivace mikrofas.

Fotosyntetické monitorovaci metody slouzi k nastaveni optimalnich podminek pro rist
mikroras (a produkci biomasy), nebo naopak k nastaveni stresovych podminek pro induk-
ci syntézy cennych sekundarnich metabolitl (karotenoidl, Skrobu, oleju). Koncentrace
rozpusténého kysliku je povazavana za spolehlivy a citlivy ukazatel fotosyntetickeé akti-
vity kultur mikrofas. Od devadesatych let se stala fluorescence chlorofylu jednou z nej-
pouzivanéjsich metod pro sledovani fyziologickeého stavu kultur mikroras diky citlivosti
a snadnosti méreni, stejné jako rychlosti ziskani vysledko.

Obr. 3. Laboratorni kultivace mikrofas v riznych objemech od 0,5 do 2 litrd
Kultivagni nddoby jsou osvétleny, temperovany a michany bublanim smési vzduchu s 1-2 % CO,
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Kultivacni zafizeni

Startovni kultura, tzv. ndsada nebo inokulum, se obvykle ptripravuje v laboratofi.
Nejjednodussim zatizenim pro jeji pripravu jsou osvétlené sklenéné ldhve nebo val-
ce umisténé ve vodni ldzni a bublané smési vzduchu s CO,, o objemech 0,5-10 litra
(obr. 3). Teprve pak se kultura pienese do venkovnich zatizeni. Rozpéstovani ino-
kula z malého objemu az do venkovni velkoplosné kultivace je nékolikastupnovy
proces a trva nékolik tydnu (obr. 4). Jednotlivé kroky kultivace znamenaji vzdy
naredéni kultury asi o jeden tad, aby nedoslo ke svételnému Soku, ktery by mohl
vést ke ztraté kultury. Minim&lni koncentrace biomasy ve venkovni kultivaci, aby
nedochézelo k fotoinhibici, odpovidé asi 5-10 g.m* (~100-200 mg chlorofylu na m?).

sbirka kmend

1000 ( 1001

Obr. 4. Postup rozpéstovani startovni kultury (inokula) mikrofas od monokultury bunék udrzavanych
ve shirce na agaru pres laboratorni valcové a panelové fotobioreaktory az k venkovni kultivaci na kaskade
s plochou 90 m? 0 objemu 600-1000 litrd

Pro péstovani produkénich kultur mikrotas byla navrzena fada kultivacnich
systému a technologii s vyuzitim pfirozeného i umélého osvétleni. Pro kazdé kulti-
valni zafizeni je nutné zvazit nékolik zakladnich parametru, kterymi jsou: osvét-
leni, temperace, michadni/cirkulace, vyména plynt (doddvka CO,/ odstratiovani O,),
pouzity material a ¢isténi. Volba vhodného systému a rezimu péstovani pak musi






Obr. 5. Priklady otevrenych venkovnich systémd pro kultivaci mikrofas, které mohou byt rozsireny do

velkych produkénich zavodd

(3) Mélka zdén3 nadrz vylozend plastovou foli (osvétlens plocha 10 m? hloubka 10 cm), kters je michana
bublanim smési vzduchu a CO,; Centre for Aquaculture, University of Naples Federico I, Portici, Italie
(foto J. Masojidek)

(b) Kulatd nadrz michana rotujicim ramenem s bubldnim smési vzduchu (+C0,) (osvétlend plocha 1 m?,
hloubka 10 cm, objem 100 ); Institute for Ecosystem Study of the CNR, Sesto Fiorentino, Itdlie (foto
J. Masojidek)

(c) Obézny ndhon michany lopatkovym kolesem (osvétlens plocha 60 m?, hloubka 30 cm, objem 1800 l);
National Mariculture Center, Oceanographic & Limnological Research v Eilatu, Izrael (foto J. Masojidek)

(d) Kaskady naklonénych ploch s tenkou vrstvou suspenze (< 1 cm), kterd cirkuluje pomoci Cerpadla (osvétle-
n3 plocha 650 m?, celkovy abjem 6500 |), Mikrobiologicky Ustav AV CR, v. v.i, v Treboni (foto archiv MBU)

Fotobioreaktor

Vyraz ,fotobioreaktor” se dnes v fasovych biotechnologiich obvykle pouziva predevsim
pro uzaviené nebo polouzaviené systémy, kde neni pfimy kontakt mezi kulturou mi-
kroras a atmosférou. Na rozdil od otevrenych systéms - michanych nadrzi, obéznych
nahon0 nebo kaskad - je kultura mikrofas ve fotobioreaktorech chranéna pred poveétr-
nostnimi vlivy, a tak je mozno lépe kontrolovat kultivacni podminky a kontaminaci a lze
dosahnout podstatné vyssi sklizhové hustoty i produktivity biomasy nez v otevfenych
nadrzich. Zdrojem svétla pro fotosynteticky rust je bud slunce, nebo umeélé zdroje svét-
la (Z3rovky, zarivky, vybojky a v soucasnosti prevazné svétlo emitujici diody). Osvétlenou
¢ast fotobioreaktoru tvori napf. horizontalné ci vertikalné umisténé trubice nebo pane-
ly, v nichZ obih3 kultura mikrofas. Fotobioreaktory jsou vyrobeny z prihlednych plastd
nebo skla. Z dovody Udrzby a obsluhy jsou fotobioreaktory pro komercni produkci ob-
vykle navrzeny jako moduly.

s
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byt vypracovana specidlné pro kazdy produkéni kmen, protoze univerzalni kulti-
vacni systém neexistuje.

Existuji dva zdkladni biotechnologické postupy, které se pouzivaji pro kultivaci
mikrotas: prvnim je péstovani v otevienych nadrzich, které maji plochy az v fadu
stovek hektard; druhy zpasob pfedstavuji uzaviené systémy — fotobioreaktory
nebo fermentory.

Otevrené kultivacni systémy

V otevienych systémech — coz jsou pfirodni ¢i umélé nadrze, obézné nahony nebo
kaskady naklonénych ploch — maji kultury mikrofas pfimy kontakt s okolnim
prostfedim. Tyto systémy jsou konstrukéné jednodussi i provozné levnéjsi nez
fotobioreaktory a slouzi k produkci velkych mnozstvi biomasy. Podle mistnich
pozadavku a klimatickych podminek se pouzivaji rizné varianty téchto zafizeni
vyrobenych z riznych inertnich materidla (beton, PVC, laminat, nerezova ocel).
Michani je zajisténo obéznymi Cerpadly, rotujicimi rameny, lopatkovymi koly
nebo bublanim vzduchem. Velka hloubka suspenze (10-30 cm; pomér ozédiené-
ho povrchu k celkovému objemu je obvykle < 10) zpusobuje nizkou primérnou
ozarenost bunék a nedostateéné michédni. Kultury v otevienych systémech jsou
vétSinou péstovany pfi nizké koncentraci biomasy v rozmezi 0,5-1 g biomasy na
litr a produktivita biomasy je zpravidla nizka (-1 g.m?2.den?) vzhledem k omeze-
nému michani a nedostatku svétla v hlubsich vrstvach suspenze. Vyhodou je, ze
tyto systémy vykazuji pfedev§im nizké nédklady na produkei biomasy, téméf se
neptehtivaji, umoznuji snadny odvod vznikajiciho kysliku a jejich obsluha je rela-
tivné jednoducha. Oteviené systémy jsou vhodné pro rychle rostouci kmeny nebo
ty, které se kultivuji za velmi specifickych podminek (napt. vysoka alkalita nebo
salinita zivného roztoku). Pro velkoobjemové produkce biomasy se obvykle vyuzi-
vaji mikrotasy Arthrospira, Chlorella, Dunaliella a Nannochloropsis. Velké mél-
ké nadrze o velikosti nékolika km? se pouzivaji napiiklad: pro komeréné tispésné
péstovani halofilni (slanomilné) mikrotasy Dunaliella salina v zdpadni Australii
k produkei f-karotenu. Produktivita nddrzi je velmi nizka (~1 g [suSiny]. m2.den™).
Oteviené nadrze se také pouzivaji pro péstovani Spiruliny a Chlorelly v Japon-
sku, Thajsku, Kalifornii, na Havaji, Taiwanu, v Indii a Cing.

Jinou variantou jsou tenkovrstevné systémy, které se konstruuji tak, aby tloust-
ka vrstvy kultury byla pouze nékolik centimetri a mohlo tak dojit k dobrému osvét-
leni bunék mikroias suspenze v celém objemu. Turbulence je zajisténa cirkulaci
kultury pomoci ¢erpadla. Prikladem jsou tzv. kaskddy ,tfeboriského typu®, které
se vyuzivaji jiz od r. 1960 pro kultivaci rychle rostoucich kment zelenych mikrofas
(Chlorophyta). Kultura mikrofas roste v tenké vrstvé (< 1 cm), pomér ozafreného
povrchu k celkovému objemu je obvykle > 100, a tak je mozné dosdhnout vyso-
kych hustot biomasy (15-35 g.1'), coz je vyhodné z hlediska sklizné i zpracovani.
V téchto systémech je mozné dosdhnout velkych vynost biomasy na plochu i objem
(az 40 g [suSiny]. m?2.d?) i v mirném klimatickém pédsu. Kaskady zalozené na kulti-
vaci mikrotas v tenké vrstvé suspenze kombinuji vyhody otevienych systému (p#i-
nizs§i naklady na produkei) s nékterymi vyhodami uzavienych systému (dostateéna
turbulence kultury, velka hustota kultury a dosazeni vysoké produktivity).






Obr. 6. Priklady uzavrenych nebo polouzavienych systéms - fotobioreaktord, které se vyuzivaji pro

velkoobjemovou produkci biomasy mikroras

(3) Fotobioreaktor tvofeny soubéznymi fadami vodorovnych sklenénych trubic umisténych ve skleniku
s pomocnym umélym osvétlenim; firma Salata GmbH, SRN (foto C. Grewe)

(b) Dvoutroviovy trubicovy fotobioreaktor tvoreny smyckou plastovych trubic; Centro di Studio dei
Microrganismi Autotrofi del CNR, Scandicci, Ttélie (foto G. Torzillo)

(c) Série alvealsrnich plochych paneld postavenych vertikalné (vyrobce firma Subitec GmbH), umisténych
ve skleniku v arelu tepelné elektrarny firmy Vattenfall v Senftenbergu, SRN (foto J. Masojidek)

(d) Venkovni fotobioreaktor ,Green Wall Panel” je usporadan ze soubéznych plochych paneld
z PE folie (vyrobce Fotosintetica & Microbiologica Srl, Ttélie); umistény v Instituto per
lo Studio degli Ecosistemi del CNR, Sesto Fiorentino, Itélie (foto J. Masojidek)

(e) Anuldrni fotobioreaktory tvorené dvéma polyakryldtovymi valci umisténymi jeden uvniti druhého tak,
aby tvorily kultivacni prostor osvétleny zvenci (vyrobce Fotosintetica & Microbiologica Srl, Italie),
umisténo v Instituto per lo Studio degli Ecosistemi del CNR, Sesto Fiorentino, Italie
(foto G. Chini Zittelli)

(f) Anularni sklenény fotobioreaktor o objemu 100 litrd s vnitfnim LED osveétlenim; navrzeno a umisténo
v Mikrobiologickém Ustavu AV CR, v. v. i, v Treboni (foto J. Masojidek)
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Uzavrené systémy - fotobioreaktory

Termin fotobioreaktor se pouziva pro uzaviené nebo polouzaviené michané kul-
tivacni systémy, které jsou osvétlovany bud pFirozenym, nebo umélym svétlem.
Celosvétové se pouziva mnoho nejriznéjsich typt fotobioreaktort, jejichz vybér se
Tidi pfedevSim pouzitym kmenem, ic¢elem kultivace a lokalitou (nékolik piiklada
je na obr. 6). Ve srovndni s otevienymi systémy se ve fotobioreaktorech obvykle do-
sahuje daleko vyssi hustoty biomasy, protoze vhodné podminky kultivace jsou lépe
nastavitelné a kultura mikrofas je dobfe michéna.

Nejjednodussim fotobioreaktorem je osvétleny vak obsahujici kulturu mik-
roi'as, ktera je michdna pomoci proudu vzduchu obohaceného CO,. Nejbézngjsi
fotobioreaktory jsou tvofeny systémem prahlednych trubic, vdlet nebo plochych
panel, které tvori kultivaéni smy¢ku. Jsou vyrobeny ze skla nebo prihlednych
plastt odolnych k vnéjsim vlivim, usporddany vodorovné nebo svisle, a to do
smycky nebo do série vedle sebe. Kultura mikrotas ve fotobioreaktorech cirkuluje
pomoci ¢erpadel nebo proudu stlaceného vzduchu. Peristalticka a membranova
cerpadla jsou pro kulturu ,hydrodynamicky“ méné stresujici nez ¢erpadla odstre-
diva. Fotobioreaktory se obvykle musi ochlazovat, aby byla dodrzena fyziologicka
teplota. Bud' se chladi pomoci tepelnych vyménika nebo st¥ikanim vody na po-
vrch fotobioreaktoru, pfipadné je mozné ponofit kultivaéni smycku systému do
temperac¢niho rezervoaru.

Ve srovnani s otevienymi systémy maji fotobioreaktory fadu vyhod: reprodu-
kovatelné kultivaéni podminky s ohledem na vlivy prostiedi, sniZené riziko kon-
taminace (¢imz se rozSifuje vybér pouzitelnych kment), nizké ztraty CO, a mensi
pozadavky na prostor. Naopak uzaviené systémy se obtizné Cisti, materidl osvét-
lené ¢asti muze starnout, snizuje se prunik sluneéniho zéfeni a systém musi byt
chlazen a zbavovan kysliku, aby nedochazelo k inhibici fotosyntézy. Ve srovndni
s otevienymi systémy jsou ndklady na produkci biomasy nevyhnutelné vyssi. Kon-
strukéni cena a néklady na obsluhu a udrzbu jsou asi o ¥ad vy$si neZ u otevienych
nédrzi (~100 USD m?).

Heterotrofni kultivace mikrofas ve fermentorech

Mikrotasy obvykle rostou fototrofné (energii ziskdvaji ze svétla), nicméné nékte-
ré kmeny, napi. Chlorella, Chlamydomonas, Phaeodactylum, Haematococcus, aj.,
mohou rust i heterotrofné (podobné jako bakterie) bez osvétleni, v médiu obsahuji-
cim anorganické soli a také organicky substrat jako hlavni zdroj energie pro rust.
Heterotrofni fermentory pro produkéni kultivaci mikrotas byly testovany v sedm-
desatych letech a jsou Siroce vyuzivany od devadesatych let, predevsim v Japon-
sku. Komeréni fermentory se vyuzivaji v §iroké Skdle objemt az do statisict litri.
Fermentory a fotobioreaktory maji mnoho spoleénych kultivaénich zasad: kon-
trolu pH a teploty kultivace, sklizeri, michéni, odplyfiovani atd. Vyznamné rozdily
jsou v tom, ze kultury ve fermentorech rostou v dob¥e definovanych podminkach,
bez svétla, ale potfebuji organické slouéeniny jako zdroj uhliku a energie (cukry,
acetat, aj.), vyzaduji intenzivni michédni a dostateénou doddvku stla¢eného vzdu-
chu jako zdroj kysliku pro katabolické procesy. Je také nezbytné pracovat sterilné
s axenickou kulturou, jinak hrozi nebezpeé¢i bakteridlni kontaminace. Heterotrof-
ni kultury mohou rust az o ¥ad rychleji nez fototrofni, ale obsah fotosyntetickych






pigmentid v biomase je nizsi. Hustota biomasy muze dosdhnout vice nez 100 g na
litr s produktivitou vy$si nez 10 g na litr objemu za den. Fermentory se s ispéchem
vyuzivaji napt. pii komeréni pramyslové kultivaci mikrotasy Crypthecodinium
cohnii k produkei kyseliny dokosahexaenové (DHA; C22:6, n3). Obvykle se vyuziva
dvoustupiiovy proces: fize rastu bunék v kompletnim ristovém médiu, nasledné se
nadprodukce lipidd indukuje limitaci dusikem.

| Biotechnologicky dUlezité kmeny mikroras

Mikroiasy maji ohromnou ekologickou, genotypovou a metabolickou rozmanitost.
Vice nez 100 000 kment mikrofas bylo izolovano z pfirodnich stanovist a jsou udr-
7ovany ve sbirkach kultur po celém svété (napt. UTEX, Austin, USA; IAM, Uni-
versity of Tokyo, Japonsko; SAG, Gottingen; CCALA, BU AV CR, Tteboii, Ceska
republika; ISE-CNR, It4lie). Bioprospekee i shirky jsou vyuzivany k vybéru kmend,
které by spltiovaly pozadované vlastnosti.

Nékteré sladkovodni i mo¥ské kmeny se daji péstovat v fizené algakultuie
v kultivaénich systémech, kde lze podminkami ovlivnit metabolické procesy,
biotechnologii je vyuZiti robustnich kment, které rostou rychle, jsou adaptabilni
k podminkdm pouzivanych kultivaénich systému a piedevsim produkuji vysoké
obsahy pozadovanych latek. Do dnesni doby je jen nékolik kment — Chlorella,
Arthrospira, Dunaliella, Crypthecodinium, Haematococcus a Nannochloropsis,
které maji komeréni uplatnéni ve velkoobjemovych kultivacich v méfitku stovek
¢ tisich litrt. Na druhé strané se nékteré kmeny péstuji za vyssich naklada ve
fotobioreaktorech, pokud se zaméfime na velmi cenné latky. Priklady nejcastéji
vyuzivanych produkénich kment mikrotas a jejich biotechnologické vyuZiti jsou
uvedeny v tabulce 1.

Arthrospira (Spirulina)

Planktonni sinice (vldkna o délce 50-500 pm a priméru 3—4 pm) pochdzi z alka-
lickych subtropickych jezer v Mexiku, Cadu nebo Barmé. P#i kultivaci vyzaduje
teplotu kolem 35 °C a pH mezi 9-10 s obsahem hydrogenuhli¢itanu. Nejcastéji se
péstuje v obéznych nahonech nebo michanych nadrzich. Roéni celosvétova produk-
ce je cca 1215 tisic tun suSené biomasy. Vyhodou je snadné stravitelnost, proto-
ze buiiky nemaji celulézovou sténu. SloZeni biomasy je velice bohaté na bilkoviny
(55-70 %), které obsahuji esencidlni aminokyseliny. Déle jsou v biomase obsazeny
lipidy (5—6 %) véetné polynenasycenych mastnych kyselin (a- a y-linolenova kyse-
lina) a polysacharidy (19 %). Biomasa se obecné vyuzivd jako zdroj zdravé vyzivy,
doplnék krmiv pro domadci zvitata a ryby nebo ve farmaceutickém a kosmetickém
pramyslu.

Chlorella

Zelené mikrotasy rodu Chlorella (Chlorophyta) tvoii malé kulovité burnky
(2—10 pm). Jsou to velmi rychle rostouci mikrofasy, které zahrnuji kmeny s vy-
sokou teplotni toleranci mezi 15 a 40 °C. Velkd rychlost rtistu potlacuje kon-
taminaci jingmi mikro¥asami. Chlorella roste dobte fototrofné v anorganickém
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médiu, stejné jako heterotrofné (ve fermentoru napf. s pfidavkem glukézy).
Fototrofni kultivace se provadi v michanych néadrzich, ob&znych ndhonech, kas-
kadach nebo fotobioreaktorech. Celkova roéni produkee je asi 5 tisic tun. Bioma-
sa se vyuziva jako zdrava vyziva a doplnék krmiva pro domaéci zvitata a ryby,
stejné tak jako ve farmaceutickém a kosmetickém pramyslu. Obsahuje proteiny
(a7 50-55 % suginy), polysacharidy (10-15 %), lipidy (10-15 %), esencidlni ami-
nokyseliny, nenasycené mastné kyseliny a karotenoidy (pievazné lutein a vio-
laxantin), stejné jako nékteré vitaminy a minerdly. V biomase je obsaZena také
nespecifickd smés bioaktivnich latek, oznacovana jako chlorella ristovy faktor
(Chlorella Growth Factor, CGF), kterd m4d imunostimulaéni vlastnosti. Za neptiz-
nivych fyziologickych podminek (napi. nedostatek zZivin) produkuji nékteré kme-
ny Chlorelly zvy$ena mnozstvi polysacharidi a lipidd, které mohou byt zdroji pro
vyrobu biopaliv.

Tabulka 1: Biotechnologicky nejéastéji vyuzivané produkéni kmeny mikrofas

Produkt a vyuziti Technologie Kmen mikroras

zdrava vyziva, potravni

a krmné dopliky zavedend Arthrospira (Spirulina), Chlorella
B-karoten zavedena Dunaliella
astaxantin zavedena Haematococcus

Nannochloropsis, Isochrysis,

7iva potrava a krmné doplnky s Chaetoceros, Pavlova, Tetraselmis,
zavedena

pro akvakultury Phaeodactylum, Skeletonema,

Thalassiosira, aj.

polynenasycené mastné Crypthecodinium, Schizochytrium,

kyseliny (PUFA) Zayedend Phaeodactylum, Nannochloropsis
xantofyly Gutemyolen ve vyvoji Scenedesmus, Chlorella
zeaxantin)

polysacharidy ve vyvoji Porphyridium

Botryococcus, Nannochloropsis,
tuky, oleje, biopaliva ve vyvoji Phaeodactylum, Thalassiosira,
mutanty Chlamydomonas

Nostoc, Cylindrospermum,

biofarmaka ve vyvoji .
Anabaena, aj.

Dunaliella

Zelené salinni mikrofasy rodu Dunaliella (skupina Chlorophyta) maji bi¢ikaté
butiky o velikosti asi 10 pm s velmi tenkou plazmatickou membrénou. Dunaliella
obsahuje p-karoten (oranzovy pigment, mize tvoiit vice nez 10 % susiny) a je tak
pfirozenym zdrojem karotenoidt pro potravni aditiva i krmeni pro akvakultury ryb
a korysa. V burikéch obvykle doprovazi B-karoten i dalsi karotenoidy (predevSim






lutein, neoxantin, zeaxantin, violaxantin), které se akumuluji v olejovych ka-
pénkéch. Piirodni B-karoten je uvddén na trh v rdznych formach: extrakty nebo
praskova biomasa se vyuzivaji jako antioxidant nebo barvivo pro humanni pouZziti
a krmiva. Z biotechnologického hlediska je Dunaliella velmi vyhodnym kmenem,
protoZe se péstuje za vysoké salinity (1-4 M NaCl) v pasivnim i biotechnologickém
rezimu ve venkovnich, mélkych otevienych lagunach nebo nadrzich pfi vysoké oza-
fenosti a teploté kolem 30 °C (Australie, Izrael, USA a Cina).

Haematococcus

Tato sladkovodni jednobunéénd mikrofasa patii mezi jedine¢né piirodni produ-
centy karotenoidu astaxantinu (cihlové ¢erveny pigment). Biosyntéza je obvyk-
le doprovazena transformaci zelenych vegetativnich bunék na cervené cysty ve
stresovych podminkéch, kterou provazi akumulace astaxantinu (1-4 % biomasy).
Roste pomalu pfi 25-28 °C, coz zpusobuje ndchylnost ke kontaminaci jinymi mik-
rofasami. Kultivace proto nejtastéji probiha dvoustupiiové — v uzavieném systému
se pfi nizké ozarenosti péstuje zelend forma, kterd je nasledné vystavena stresu
(nedostatek Zivin v kombinaci s vysokou ozafenosti), aby se transformovala na
Eervenou formu obsahujici astaxantin. Podobné jako B-karoten slouzi i astaxantin
v riznych formach (biomasa nebo Cisty pigment) jako uéinny antioxidant (lapac re-
aktivnich kyslikovych radikéla) pro zdravou vyzivu ¢lovéka a jako p¥irodni barvivo
pro krmeni v akvakulturach ryb a koryst. Produkce biomasy je ve stovkach tun,
nicméné se jednd o produkt s vysokou ptidanou hodnotou.

Crypthecodinium

Tento kmen patii do skupiny obrnének (Dinoflagellata), které rostou ve vodach jak
sladkych, tak i brakickych a motskych. Crypthecodinium se péstuje heterotrofné
ve fermentorech. Z hlediska biotechnologického je dulezité jako producent PUFA,
dokosahexaenové kyseliny (C22:6, »-3).

Nannochloropsis

Rod Nannochloropsis (skupina Eustigmatophyceae) jsou drobné, pfevdazné moi-
ské jednobuné&éné mikrotrasy o velikosti jen 2—-3 pum, coz je nevyhodou pro separa-
ci bunék. Mikrotasy rodu Nannochloropsis obsahuji velké mnozstvi karotenoida
(violaxantin, zeaxantin a dalsi). Z biotechnologického hlediska jsou velmi cenné,
protoze dokazi akumulovat velké mnozstvi oleji (60-70 % biomasy), véetné polyne-
nasycenych mastnych kyselin (eikosapentaenova kyselina, C20:5, ©-3). V souc¢asné
dobé se pouzivaji kultury piedevsim jako energeticky bohaté zivé krmivo pro akva-
kultury juvenilnich stadii ryb a koryst. Tato mikrofasa se pokldd4 také za jeden
z potencidlnich zdroju biopaliv z mikrotas. Navic se ukazuje jako slibny kmen pro
genetické manipulace zaméfené na zvySeni produkce cennych latek.

| Mikrorasy pro akvakultury

Kultivace mikroias je soucédsti provozu komerénich akvakultur, protoze se ke kr-
meni larvalnich stadii ryb, mékkysa a korysu pouziva fada kment, napt. Nan-
nochloropsis (Eustigmatophyceae);Isochrysis a Pavlova (Haptophyta); Tetraselmis
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(Prasinophyceae), Chlorella, Dunaliella a Haematococcus (Chlorophyceae);
Phaeodactylum, Skeletoma a Navicula (Bacteriophyceae). Mikrofasy jsou vyuzi-
vany bud piimo jako nahrada pfirozené planktonni potravy (zivé krmivo), nebo
v podobé zpracované biomasy jako pridavek do krmiv. Vyznam mikrotfas spo-
¢iva ve zvySeni nutriéniho obsahu (proteiny, lipidy, polysacharidy, karotenoidy,
mastné kyseliny, atd.). 7ivé kultury mikrofas navic pozitivné ovliviiuji i zdravi
a fyzickou kondici ryb, protoZze zlep$uji prostfedi v akvakultuie produkei kys-
liku, spotfebou CO, a odpadnich zivin (biofiltrace) a potlacenim rtstu bakterii
(tzv. green-water technique), coz se projevuje zejména lepSim prezivanim a rts-
tem juvenilnich stadii ryb a korysu. V Izraeli byla vypracovana uzaviend techno-
logie pro udrzitelné akvakultury jako integrované systémy kultur mikrotas (nebo
makrotas), algivorti (mlzi) a ryb, vétSinou v oddélenych nadrzich. Takové uzavre-
né systémy jsou &asto nezbytné, protoze komeréni moiské akvakultury provozo-
vané ve velkém mé&fitku (hlavné klece nebo nddrze s rybami ¢i krevetami) zne-
¢istuji pobfezni vody tak, Ze ¢ini dalsi rust tohoto odvétvi v mnoha ¢astech svéta
neudrzitelnym.

| Zpracovani biomasy mikroras

Mikrofasy jsou vhodnymi producenty biomasy, protoze nékteré kmeny maji ve
srovnani s béznymi plodinami o ¥ad vy$&i uéinnost pfemény soldrni energie a fi-
xace CO, na biomasu. Napéstovani fasové biomasy je ale jen ¢dst cesty ke konec-
nym produktém. Po sklizni se fasova suspenze nejprve zahusti odstiedénim nebo
filtraci, dle potieby se tento proces doplni o promyti, které odstrani nezddouci me-
tabolity, piebyteéné Ziviny a bakterie. Zahusténd suspenze mikrofas je nésledné
zchlazena a vznikl4 ,Fasova polévka“ se poté ususi. Schéma celkového kultiva¢niho
procesu je zndzornéno na obr. 2. Jednd se o né&kolikastupriovy proces, v némz je
vedle vlastni produkce biomasy mikrofas velmi podstatny a energeticky znacné
naroény zejména proces ziskdni zahusténé biomasy (oddéleni bunék od Zivného
média). To vyzaduje jeden nebo vice krokd oddé&lujicich pevnou fazi od kapalné,
protoze nizké hustota bunék (obvykle v rozmezi 0,3-5 g/l) a malé velikost nékte-
rych mikrofas (v rozmezi 2-40 um) zptsobuji znaénou nédrocnost celého procesu.
Volba zptisobu zpracovani zahusténé biomasy (down-stream processing) pro urcity
kmen je zdsadni pro ekonomickou produkei. Mize predstavovat asi 25 % celkovych
nékladt na produkei biomasy.

Podle velikosti a tvaru bunék se pro sklizen (zahusténi) kultury mikrofas po-
uzivaji rtizné metody — pasivni sedimentace v kénickych nadobéch, odstfedéni,
filtrace, flotace nebo flokulace. Zatim nejpouzivangjsi technikou sklizné kultur
mikrofas je odstiedéni v pratokovych centrifugach, u #¥idkych kultur se piredrazu-
je membrénové filtrace. Pii dobré separaci (tzn. odvodnéni) je mozné dosdhnout
20-30% obsahu biomasy ve vodné suspenzi.

Konvenéni filtrace je vhodnou metodou jen pro relativné velké buiiky nebo vldk-
na (~70 pm, napi. Arthrospira nebo Coelastrum), které lze oddélit pomoci husté
tkaniny na vibraénich sitech. Pro vyuZiti této techniky u mensich bunék (< 20 pm,
napt. Chlorella nebo Scenedesmus) je nutno pouzit modifikovanych zptsobd, jaky-
mi jsou membranova filtrace, ultrafiltrace nebo tzv. cross-flow filtrace.






Pri flokulaci se vyuziva pritomnosti specifické latky, flokulantu (polyvalentni,
Casto polymerni kationty), ktery snizi negativni naboj fasovych bunék a vytvoii
agregdty. V praxi se nejcasté&ji pridavaji soli jako FeCl,, AL(SO,), nebo Fe,(SO,),.
Tato metoda se ¢asto vyuziva k odstranéni piirodnich vodnich kvétta. Dalsimi moz-
nostmi jsou bioflokulace pomoci chitosanu (netoxicky polymer acetylglucosaminu),
autoflokulace zménou hodnoty pH nebo ko-flokulace ve smésich uréitych kment
mikrofas.

Flotace je zptsob separace bunék zalozeny na zachyceni bunék mikrofas s po-
moci dispergovanych bublinek vzduchu. Jeji hlavni pfednosti je nepfitomnost ja-
kychkoli chemikalii. Testuji se také metody sklizné bunék magnetickou separa-
ci, kdy se mikrotasy zachytdvaji na magnetické ¢astice (napi. Fe,O,). Praktické
uplatnéni této techniky je omezeno na ¥idké kultury, podobné jako flokulace nebo
membranové filtrace.

Rozbiti (dezintegrace) bunék je dulezity krok pied suSenim, pokud maji mikro-
tasy (napt. Chlorella, Haematococcus) pevnou celulézovou sténu, kterou clovéek
neni schopen stravit. Dezintegrace bunék tak umozni, aby se jejich cenny obsah
stal pro ¢lovéka dostupnym. Provadi se napt. abrazi s balotinou, ultrazvukem,
vysokym tlakem nebo ptisobenim enzymt.

Zahusténou a dezintegrovanou biomasu mikrofas lze vyuzit pfimo napi. pro kr-
meni zvitat. Ve vét§iné potravnich a dalSich aplikaci je nutné suspenzi mikroias
dehydratovat, aby obsah vody v biomase byl pod 5 %. Lze vyuzit vysuSeni na slunci,
sprejové suseni nebo lyofilizaci. Posledné zminénd metoda je nejsSetrnéjsi, ale velmi
nakladnad, zatimco suSeni na slunci je levné, ale muze dojit k degradaci biomasy.
Nejpouzivangjsi metodou v praumyslovém méfitku je sprejové suseni, pfi némz se
suspenze bunék rozstiikne do proudu horkého vzduchu v komote sprejové susarny
a prasek suSené biomasy sedimentuje ve sbéraci. Pii tomto procesu se obvykle na-
rusi i bunééné stény a neni potieba dezintegracni krok.

Po ususeni mohou nésledovat dalsi technologické kroky v podobé extrakei ti¢in-
nych latek, napiiklad barviv, oleji, vitamint a podobné. Extrakéni ¢inidlo — polarni
nebo nepolarni — se 1i§i podle povahy extrahovanych latek. Sofistikovanym a velmi
Setrnym zpusobem ziskdni uéinnych latek je tzv. superkritickd extrakce, kdy za
urditych teplot a tlaku maji extrakéni ¢inidla zaroven vlastnosti plynu i kapaliny
(napt. oxid uhli¢ity). Pii vhodné nastaveném poméru teplota : tlak se plyn zaéne
chovat jako kapalina a je mozné s nim extrahovat.

| Vyuziti mikrofas

Mikrotasy se jako fylogeneticky velmi staré organismy pfizptsobily Siroké skale pro-
ménlivych podminek a extrémnich stanovist. To mélo za nésledek, Ze si vyvinuly fadu
ochrannych systému proti raznym stresorim — extrémnim teplotdm, salinité, nutric-
ni limitaci, desikaci (extrémnimu vysu$eni), obvykle jesté v synergii s vysokou ozaie-
nosti. Proto ve svych butikdach produkuji riazné sekundarni metabolity, ochranné nebo
zasobni latky, jako jsou pigmenty, lipidy, polynenasycené mastné kyseliny (PUFA),
antioxidanty, cytostatické, antifungdlni nebo antibakteridlni latky (tabulka 2).

Za poslednich asi 60 let pfinesly fasové biotechnologie fadu aplikaci — od tra-
diéni produkce biomasy pro lidskou a zviteci vyzivu pfes uplatnéni v technologiich
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¢isténi odpadnich vod aZ po pouziti biomasy pro kosmetiku a farmacii a nejnovéji
jako zdroje biopaliv. Kultury mikrotas jsou také aplikovdny k vylepSeni struktury
a kvality pidy jako biostimulanty ¢i biopesticidy nebo se vyuzivaji jako potrava
v akvakulturach vodnich Zivoéicht (ryby, korysi, mékkysi), pfipadné pii bioreme-
diacich. Od prvniho desetileti tohoto stoleti pfebira svou roli genetické inZenyr-
stvi — cilené nadprodukce uréitych latek lze dosdhnout bud vnesenim urcitého
genu (DNA) do jiného, produkéniho mikroorganismu nebo jsou cilené ,vylepsova-
ny“ jiz znamé kmeny. Evropska4 legislativa je zatim ke genetickym manipulacim
mikroorganismu spiSe odmitava.

P¥i vyuziti biomasy mikrofas se ¢asto hovo¥i o biorafinaci. Je to postup obdobny
klasické rafinaci ropy, kdy z biomasy ziskdvame komplexnim zpracovdnim pre-
devsim cenné latky s vysokou p¥idanou hodnotou a nasledné se vyuziva zbytek —
proteiny, lipidy i polysacharidy — jako biopaliva, potraviny, krmiva a zdroje chemic-
kych latek, pfipadné hnojiva nebo jiné produkty.

Ve vétsim komerénim méfitku jsou zatim mikrofasy vyuzivany v potravinafr-
stvi, krmivaistvi, kosmetice a farmacii.

Mikrofasy ve vyzive

V piirodé stoji mikrotasy jako producenti na po¢dtku potravniho Fetézce. Obsahuji
giroké spektrum nutriéné dalezitych latek: proteintd, aminokyselin, polysacharidd,
lipid#, pigmentt, nukleovych kyselin (tabulka 2).

Tabulka 2: Nutri€né dolezité l5tky obsazené v biomase mikrofas, kromé proteind, polysacharidd
a lipidu

chlorofyl, fykocyanin, fukoxantin,
B-karoten, astaxantin, lutein, zeaxantin,
kantaxantin

barviva a antioxidanty

linolenova, arachidonova,
eikosapentaenova a dokosahexaenova
A, B1, B2, B3, B6,B12, C, E, H, kyselina
listové, kyselina pantotenova

polynenasycené mastné kyseliny (®-3, ®-6)

vitaminy

esencidlni aminokyseliny leucin, valin, arginin, lysin, izoleucin,
(> 5 g/100 g proteinu) fenylalanin, thyrosin

antibakteridlni, antivirové a fungicidni
ostatni latky, toxiny, proteiny, steroly, vitaminy,
mineraly, vlaknina a dalsi

Primérnim produktem je biomasa, nejéast&ji ve formé doplikt stravy nebo
tzv. funkénich potravin (které mimo zékladni nutriéni funkei podporuji zdravi
a prevenci nemoci). Vyzivové doplitky pFichézeji na trh vétsinou jako tablety, kaps-
le nebo jako prasek fasové biomasy, ktery je mozné piidavat do potravin (jogurty,
népoje, pecivo). N&kteii producenti nabizeji i extrakty z vybranych druht mikro-
fas. Stejné se biomasa mikrofas vyuzivd jako nutriéni doplnék krmiv, v nichz je
zdrojem proteint, lipidd, vitamint, mineralt a dualezitych bioaktivnich latek.






Jen mikrofasy (a nékteré vyssi rostliny) syntetizuji polynenasycené mastné ky-
seliny (PUFA), které jsou dtlezité pro kardiovaskularni systém a fyzickou kondici.
V souéasnosti maji PUFA (napi. kyselina linolova, linolenova, arachidonova, eiko-
sapentaenova a dokosahexaenova), podobné jako karotenoidy, velmi rozsahly trh
pro vyuziti v potravinarstvi a krmivarstvi.

Biomasa mikrotas obsahuje prakticky vSechny esencidlni aminokyseliny, majo-
ritné jsou zastoupeny leucin, valin, arginin, lysin, izoleucin, fenylalanin, thyrosin
(> 5 g/100 g proteind). V mensim mnozstvi je zastoupen napi. i tryptofan, ktery
chybi v mase ¢i mléce.

Podobnou dileZitost jako PUFA i esencidlni aminokyseliny maji i karotenoidy
(B-karoten, astaxantin nebo lutein) jako koloranty pro vybarveni ktize okrasnych
ryb & koryst nebo pefi ptdkia. Nejvétsi uplatnéni nachdzi astaxantin piedevsim
v chovech lososti nebo pstruhi, kde je nezbytny pro vybarveni masa. Synteticky
produkt sice kryje 95 % spotteby, ale ve stéle vice zemich (Japonsko, USA, Kanada)
se dava prednost piirodnimu astaxantinu, ktery se ziskava z krunyita moiskych
koryst nebo z mikroiasy Haematococcus. Atkoliv se do krmiv lososovitych ryb pfi-
dava pouze malé mnozstvi astaxantinu, podili se tento pigment az na 20 % ceny
krmiva. V posledni dobé stdle populdrngjsi pstruh ,lososovy“ je vlastné bézny
pstruh krmeny potravou bohatou na astaxantin, kterda doda masu pozadovanou
lososovou barvu.

Mikrofasy jsou vzhledem ke své schopnosti akumulovat kovy i nekovy velmi
vhodné pro inkorporaci nékterych biogennich prvku do biomasy, napt. chromu, Ze-
leza, j6du, selenu, zinku a dal3ich. Organicky védzané prvky jsou pak vhodnymi do-
pliiky stravy nebo krmeni, pokud je diagnostikovéana jejich deficience v organismu.

Dopliiky vyzivy z mikroias musi spliiovat vSechny pfislusné pozadavky na kva-
litu a zdravotni standardy potravin, tzn. povoleny obsah skodlivych nebo toxickych
latek z hlediska rizik, jako jsou tézké kovy (olovo, kadmium, rtut a arzén), pii-
rodni toxiny, bakteridlni kontaminace, pesticidy, dioxiny, polychlorované bifenyly,
polycyklické aromatické uhlovodiky, perzistentni organické polutanty a dalsi. Pro-
vozy pro produkeci mikrofas a jejich nasledné zpracovani musi mit pochopitelné
zavedeny a schvdleny systém analyzy rizika a stanoveni kritickych kontrolnich
boda (HACCP).

Cenné a bioaktivni latky pro farmacii a kosmetiku

Dalsi dileZitou oblasti je uplatnéni mikroias jako zdroje uréitych bioaktivnich
latek vyuZitelnych pro farmaceuticky priamysl. Kultury mikrofas jsou idedlni
platformou pro produkci latek s vysokou ptidanou hodnotou, protoze pfedstavuji
fizené, velmi flexibilni ,biotovarny“ pohanéné sluncem, s nizkymi pozadavky na
provoz.

Vzhledem k fototrofnimu rtstu jsou mikrofasy vystaveny piitomnosti reaktiv-
nich kyslikovych radikélt a vyvinuly si proto mechanismy ochrany. Jsou to napt.
lipofilni lapade (scavenger) reaktivnich radikala (karotenoidy, zejména P-karoten,
a-tokoferol, lutein a astaxantin). Polysacharidy obsazené v mikrofasdch predsta-
vuji dalsi vyznamné bioaktivni latky. Pfikladem je unikatni bioaktivni latka chlo-
rella ristovy faktor CGF (Chlorella Growth Factor), ktery se izoluje jako vodny ex-
trakt biomasy. Je smési riznych slozek — nukleopeptidu se sirou a polysacharidi,
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z nichz nejdulezitéjsi je B-1,3-glukan. Jako imunostimulant podporuje CGF rege-
neraci tkani a ochranu bunék proti nékterym toxickym latkdm, odolnost k riznym
chorobdam a také zpomaluje proces starnuti.

V réamci celé skupiny mikrofas jsou z hlediska produkce bioaktivnich latek (se-
kundarnich metaboliti) nejzajimavéjsi sinice. Obsahové latky sinic je mozno t¥idit
podle rtznych kritérii, nejéast&ji to viak byva podle biologického d¢inku nebo na
zdkladé chemické struktury studované latky. Muazeme proto ramcoveé rozlisit bioto-
xiny a cytotoxiny. Ty prvni jsou schopny usmrtit vicebunééné organismy, ty druhé
indukuji smrt jednotlivych bunék ¢i jednobunéénych organismu. Pokud se tyce che-
mickych struktur bioaktivnich latek, sinice obsahuji pfedevsim cyklické a linedrni
peptidy, depsipeptidy, polyketidy, makrolidy, cyklické étery, alkaloidy (heterocyklic-
ké slouceniny), terpenoidy, makrolaktony, derivaty nukleosidu a lipopolysacharidy.

Velmi dileZitou skupinou bioaktivnich latek jsou cyanotoxiny, které produkuji
predevsim sinice tvoiici vodni kvéty (napt. Microcystis, Anabaena a Aphanizome-
non). Tyto latky mohou byt kategorizovédny jako neurotoxiny, hepatotoxiny, geno-
toxiny, imunotoxiny a embryotoxiny, podle afinity k buiikam specifické tkané. Nic-
méné vétsina téchto latek vykazuje biologickou aktivitu smiSenou. Cyanotoxiny
jsou sice toxické pro zvifata i Elovéka, ale mohou byt i potencidlnim zakladem 1é¢i-
vych pifpravki. Rozsdhlé testovani novych kment v fadé svétovych laboratoii se
proto zaméfuje na sekundarni metabolity jako potencidlni biofarmaka. Tyto latky
produkuji nékteré sinice (napt. rodu Nostoc, Cylindrospermum, Anabaena) v riz-
nych fazich rtstu. Charakter bioaktivnich latek (napi. puwainafycinu, tolytoxinu,
nostotrebinu, aeruginosinu, anabaenopeptinu), které byly izolovany z téchto kme-
nd v laboratofich MBU v T¥eboni, je velmi rozdilny — od oxadiazin@ ptes neribo-
zomalni linedrni peptidy a cyklické lipopeptidy az po polyfenoly. Maji antivirové,
antibakteridlni a antifungélni iéinky, jsou to také cytotoxické latky, stejné jako in-
hibitory protedz. Jejich studium je vyznamné pro hledani novjrch protinadorovych
pripravk, antibiotik a jinych 1éka.

Vzhledem k tomu, Ze mikrofasy rostou fototrofné za kontrolovanych podmi-
nek, mohou inkorporovat také nékteré stabilni izotopy z anorganickych slouc¢enin
(napi. C, ¥N, 2D) do svych produktd, napi. polysacharida nebo proteint. Riazné
biologické produkty oznaéené stabilnimi izotopy se pouZzivaji jednak pro védecké
ucely (zjistovani struktury molekul nebo fyziologické pokusy), ale piedevSim pro
klinické ucely (diagnostické testy).

Kosmeticky primysl vyuZivd nejen fadu latek z moiskych makroskopickych
fas, ale vyhled4dvanou surovinou pro kosmetické pfipravky jsou i mikrofasy. Ami-
nokyseliny a nukleové kyseliny vyzivuji a hydratuji pokozku, vitamin E a karo-
tenoidy ptisobi jako antioxidanty, ostatni vitaminy a lipidy ptsobi proti starnuti
pokozky, podporuji regeneraci tkéni a podobné. P¥ipravky na pomezi kosmetiky
a dermélnich 1é¢iv byly pouzivany naptiklad ve veterindrni mediciné k podpote
kvality srsti u psti a kotek nebo se ve formé suspenznich masti uzivaly k urych-
leni hojeni ran.

Biopaliva z mikroras
Rist z4jmu o biopaliva vyrabénd z rostlinné biomasy byl vyvoldn pfedevsim sna-
hou nahradit drah4 a ubyvajici fosilni paliva obnovitelnymi, uhlik-neutralnimi






zdroji. Tim by se zvysila udrzitelnost zivotniho prostiedi, protoze by se vyuzivaly
i civilizaéni ,odpady“. Oleje nebo §krob obsazené v biomase je mozné konvertovat
na bio-diesel, bio-olej, nebo bio-etanol (obrazek 7). Biomasu lze také fermentovat
na bioplyn nebo ji piimo spalit a vyrobit elektfinu nebo teplo. Je téz mozné ji zpra-
covat termochemickymi metodami na olej nebo syngas (smés plynt, predevsim
CO a H,), ktery je zcela zésadni surovinou pro nasledné vyuZziti v rafinériich.
Za uréitych podminek mohou mikrorasy produkovat i bio-vodik.

V poslednich desetiletich je problematika biopaliv z mikrotas intenzivné studo-
véna na fadé vyzkumnych pracovist, protoze je celosvétovou snahou snizit spotte-
bu fosilnich paliv a nahradit je biopalivy.

Obr. 7. Bunka mikrofasy jako fotosynteticks ,bunécna tovarna” pro produkci biopaliv

Zdrojem biopaliv (bio-diesel, bio-olej, bio-etanol) z biomasy jsou predevsim oleje nebo Skrob. Biomasu je
mozné téz fermentavat na bioplyn nebo ji primo spalit 3 vyrobit elektrinu nebo teplo. Je téz mozné ji
zpracovat viemi termochemickymi metodami na kapalna biopaliva (bio-ole), bio-nafta) 3 predevsim pak na
syngas (smés plynd, predevsim CO a H.,), ktery je zcela zasadni surovinou pro nasledné vyuzitiv rafinériich.
Za urtitych podminek mohou mikrorasy produkovat i bio-vodik
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Hlavnim problémem jsou dosud vysoké produkéni ndklady na biomasu, které
zplisobuji predevsim nizkd produktivita, nedostatetna technickd vyspélost kulti-
vaénich zaiizeni, vysoké provozni ndklady (energie na provoz — elektfina, teplo)
a cena vstupnich surovin (voda, CO, jako zdroj uhliku, Ziviny — fosfaty, dusi¢nany,
Zeleznaté soli a dalsi). Ziskavani energie z konvenénich zdrojt je tak stdle radove
levnéjsi. SniZeni nakladt na produkei biomasy by bylo mozné dosdhnout u rychle
rostoucich kment mikrotas vyuZzitim ,odpadni“ energie nékterych pramyslovych
zaiizeni (elektrarny, spalovny, bioplynové stanice, akvakultury), které mohou byt
i zdrojem ,Jevného“ odpadniho CO,, pfipadné i nutrientt (dusi¢nany, fosfaty aj.).

Mikroiasy maji z hlediska paliv vyrazné vyssi potencidl ve srovnani s ostat-
nimi zdroji biomasy. Né&které druhy, napiiklad Nannochloropsis nebo Chlorella,
mohou akumulovat az 60 % zasobnich ldtek (lipidt nebo polysacharidi), pokud
rostou za uréitych podminek. Problémem je, Ze vSechny kmeny produkujici zvyse-
né mnozstvi oleji nebo Skrobu rostou pomalu, protoze velkou ¢ast energie ziskané
fotosyntézou investuji pravé do syntézy zdsobnich latek, a nikoliv do ristu. Navic
je obvykle nutné provést zasah do kultivaéniho procesu (,zhorseni“ kultiva¢nich
podminek, napf. nutriénim stresem), aby doslo k hromadéni energeticky bohatych
latek, coz jesté vyraznéji zpomali rust.

Rada spoletnosti a statnich agentur po celém svété nyni masivné investuje do
vyzkumu mikrotas a vyvoje velkoplosnych kultivaénich systémt, aby se snizily
produkéni nédklady na biopaliva (Exxon Mobil, Solix, GreenFuel Technologies,
BioFuel Systems, Solazyme, AlgaeLink, aj.). Souasné technologie produkuji tunu
biomasy mikroias za tisice dolard, coZ je o jeden az dva tady vice, nez by bylo pro-
fitabilni pro produkeci biopaliv. Nicméné tento zamér vyrazné zrychluje vyzkum
v fasovych biotechnologiich. Podstatny pokrok ve vyuzitelnosti téchto technologii
1ze o¢ekavat v horizontu 10 az 15 let.

V podminkéch Ceské republiky se nabizi feSeni umistit kultivaéni zafizeni
v blizkosti priimyslovych nebo chemickych areali, které maji pfebytek odpadniho
tepla, CO, a zdroje odpadnich dusi¢nant a fosfat. V jednoduché sklenikové kon-
strukei by bylo moZné rozsifit sezénu pro provoz kultiva¢nich zatizeni, ktera by
kombinovala vyhody otevfenych i uzavienych systému. Vyuziti vySe zminénych
,odpadt® z primyslu nebo energetiky by pak kompenzovalo umisténi kultivaci
do oblasti mirného pdsu s mensi intenzitou sluneéniho svitu. Biomasa by se na
misté zpracovala na biopaliva nebo chemické suroviny dostupnymi technologiemi,
a tak by odpadla slozit4 logistika dopravy surovin a produkti. Zpétné vyuziti pra-
myslovych odpadt by zdroven snizilo ekologickou zatéz prostredi, pfedevsim emise
CO, do ovzdusi a dusiénant a fosfat do povrchovych vod.

Dalsi moZnosti, jak vyuZit biomasu, je termochemické konverze (tepelny anae-
robni proces), tj. zpracovani na razné produkty — olej, uhlik a plyn. Termochemické
zkapalfiovani nevyzaduje suSeni biomasy, je mozné vyuzit biomasu s obsahem vody
nad 60 %, a proto m4 tato metoda jasnou vyhodu ve srovnani s pyrolyzou. Vysledna
kapaln4 bezvoda frakce obsahuje bio-olej (a dehet), ktery vznika ze vSech orga-
nickych latek v butice (lipidd, proteint, vldkniny, sacharida), a proto dava vyssi
energeticky vytézek nez pouze samotné lipidy.

Mikroiasy jako napt. Chlamydomonas jsou za uritych podminek schopné
produkovat také vodik. Jiz po fadu desetileti se o této cesté uvazuje jako o velmi
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elegantnim feseni. BohuZel biologicka produkce vodiku piedstavuje pomérné slo-
7ity proces, ktery spo¢iva v tom, Ze buniky mikrofas jsou schopné fotosynteticky
§tépit vodu na kyslik a protony. P¥i nedostatku siry a za anaerobnich podminek
mikrotasy pfepnou z produkce kysliku na vyvoj vodiku, protoze se ¢dste¢né potlaci
citlivost enzymt hydrogendz ke kysliku. BohuZel ani tento proces se v brzké bu-
doucnosti (pokud viibec) zfejmé nestane schiidnou a rentabilni cestou k obnovitel-
nym zdrojim biopaliv.

Pfes sviij nesporny potencidl v oblasti alternativnich zdroju paliv stéle existu-
je mnoho problémi, které brani masovému rozvoji fasové biotechnologie pro ko-
meréni vyuziti. Mezi tkoly vyzkumu a vyvoje patii piedevsim: (1) vybér vhodnych
kment s vy$§im obsahem vychozich latek; (2) dosazeni vyssi fotosyntetické uéin-
nosti zdokonalovanim produkénich systému; (3) propracovani péstebnich postupt
pro vybrané kmeny mikrotas a (4) snizeni vyrobnich nékladu, tj. spotieby energii,
zivin a vody.

Environmentalni biotechnologie

Environmentdlni aplikace jsou velmi zddanou oblasti biotechnologie, ktera se vé-
nuje vyzkumu a uplatnéni biologickych procest pro sanaci kontaminovaného pro-
stfedi, tedy vody, ptdy i vzduchu. Od minulého stoleti jsou mikrofasy pouzivany
pro bioremediace, protoze pokud jsou klimatické podminky p#iznivé, mikrotasy
rychle rostou a maji vysokou toleranci k fadé toxickych latek. Kultury mikrotas,
nékdy v kombinaci s jingmi mikroorganismy, jsou vyuzivany k ¢isténi komunélnich
a zemédélskych odpadnich vod, stejné jako prisaka z komundlnich skladek, od-
padnich vod z potravinat¥ské a priamyslové vyroby nebo rybich akvakultur. S pomo-
ci mikrofas je tak moZné snizovat Zivinové zatizeni (eutrofizaci) povrchovych vod.

Mikrotasy mohou byt vyuZity i k odstranéni tézkych kovi, protoze maji schop-
nost tyto kovy akumulovat (napf kadmium, olovo, rtut, zinek, arzén, chrom,
nikl, aj.) Casto se také uvazuje o pohlcovani (sekvestraci) odpadniho CO, ze spa-
linovych plynt v produkénich kultivacich mikrotas, ale vzhledem k obrovskému
mnozstvi oxidu uhli¢itého vznikajictho palenim fosilnich paliv je fasova biotech-
nologie jen kapkou v mo¥i. V roce 1990 byl proveden uspésny pokus v Elbingerode
(SRN) s vyuzitim CO, z kominovych plynt, vznikajicich pfi vyrobé vépna z arago-
nitu, pro péstovéani mikroias ve fotobioreaktoru o objemu 10 tisic litri. Problémem
v tomto pFipadé je, ze odpadni CO, nebo zZiviny mohou obsahovat nezddouci pii-
mési, které znehodnocuji vyuziti biomasy pro nutriéni tcely.

Uvazuje se i o vyuziti kultur mikrofas v odstranovéni dalsich §kodlivych mikro-
polutanti, jako jsou polychlorované bifenyly, polycyklické aromatické uhlovodiky,
chlorované perzistentni organické latky, 1é¢iva, hormony, aj., které jsou obsazeny
v odpadnich vodach.

| Vyhlidky fasovych biotechnologii

Z pohledu biosyntézy nabizeji mikrorasy moznosti alternativnich metabolickych
cest pro produkeci novych bioaktivnich latek. Prvni p#istup k budoucimu roz-
voji nemusi zahrnovat genetické modifikace produkénich kment, ale spo¢iva:
(1) v prohlubovani nasich biologickych znalosti o stévajicich kmenech mikrotas






a jejich metabolitech; (2) v bioprospekei novych kment a potencidlnich produkti;
(3) v nastaven{ uréitych rtstovych podminek a (4) ve vylepseni vyrobnich procest
a technologii. Vybér kment miize zahrnovat i vyuziti metabolomickych databézi,
stejné jako bioprospekei, které mohou najit nové kmeny, piipadné definovat nové
bioaktivni latky. Faze optimalizace spo¢iva v intenzivnim vyzkumu zalozeném na
znalostech biologie mikroias, navdzaném na bioinZenyrstvi.

Genetické inzenyrstvi piedstavuje tiplné odlisny piistup. Molekuldrni biotech-
nologie je problematika ¢asto diskutovand z hlediska etického a environmental-
niho, protoze piirodni geneticky materiél je pozménén a vznikd v podstaté jiny
organismus. Pro biotechnologické vyuziti se jedna bud o konstrukei geneticky
modifikovanych kment mikrofas, které by prokazaly zvySenou syntézu nékte-
rych cennych latek, cestou modifikace uréitych genti produkéniho kmene, nebo
o pienos uréitych gent a vloZeni do jiného (transgenniho) mikroorganismu, napf-
rychle rostoucich bakterii. Znamenalo by to napiiklad konstrukei geneticky mo-
difikovanych kment mikrotas, které by produkovaly vysoké procento ,energetic-
kych® substratt v butice, napt. oleju. U eukaryotnich kment mikrofas jsou, na
Sinice jsou nepomérné piistupnéjsi ke genovym manipulacim vzhledem k mensi
bariéfe rtiznych obalovych membran, které brani inkorporaci exogenni DNA do
genomu prijemce.

Mikrotasy jsou také slibnou platformou pro zvysenou produkci cennych latek,
protoze mohou byt péstovany v masovém méfitku. Rekombinantni proteiny, jako
napt. vakciny, terapeutické protilatky a primyslové enzymy, mohou byt produ-
kovany za relativné nizkych nakladi. Nékteré cenné rekombinantni proteiny
byly vyrobeny v chloroplastech mikrofasy Chlamydomonas, u které bylo popr-
vé vyuzito mnoho z transformaénich technik, a poté pouzity na jiné skupiny
mikrofas.

Posledni dvé desetileti piinesla vyrazné pokroky genetického inzenyrstvi, ale
piesto bylo vétsiho dspéchu dosaZeno jen u nékolika modelovych kment mikro-
fas. Zatim nejsme schopni standardizovat genetické a metabolické manipulace pro
komeréné dilezité kmeny. Je potieba ziskat mnohem vice zkuSenosti a znalosti
mechanismt, které #idi regulaci genové exprese u mikrotas.

Autori dékuji viem spolupracovnikiim, jmenovité Ing. Karoliné Ranglové
z Centra Algatech, za jejich ndméty, pripominky a diskuse pfi psani textu.
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Kirby Lithographic Company Inc. 1953; Masojidek J., Kopecky J. Mikrorasy pro
produkci biopaliv (analyza soucasného stavu a mozZnosti). Studie vypracovana
pro Ceskou technologickou platformu pro uZiti bioslozek v dopravé a chemickém
priamyslu. 2010; Richmond A., Hu Q. (eds.). Handbook of microalgal mass culture:
applied phycology and biotechnology. Blackwell Science 2013.

I Potraviny pro budoucnost

Jiz v Sedesatych letech se v Tfeboni zacalo s kultivaci mikrofas, jejimz cilem byla
produkce biomasy pro lidskou vyzivu, pozdéji pak jako potravnich a krmnych
dopliiki pro zlepsSeni fyzické kondice. Vyznamnym okamzikem bylo vyslani
Jtreboriské“ Chlorelly do vesmiru v roce 1978 v ramci programu Interkosmos. Od
devadesatych let se tieboniska Chlorella objevuje v ¥adé vyrobkt, vyrabély se kos-
metické pripravky z Chlorelly (napt. firma Dihé, s. r. 0.), dosud se vyrabi piipravky
pro zdravou vyzivu (napi. UniLact, HM Harmonie, s. r. 0.), tieboniské 1azné zacleni-
ly procedury s Chlorellou do svych wellness programu.

V roce 2011 ziskalo pracovisté podporu z opera¢niho programu Vyzkum a vyvoj
pro inovace a stalo se vyznamnym regiondlnim centrem excelentniho vyzkumu
a vyvoje, dnes zndmym jako Centrum ALGATECH. Tento projekt pokracuje jako
Algatech Plus v Narodnim programu udrzitelnosti.

V soucasné dobé se pracovisté zapojuje do programu Potraviny pro budouc-
nost v ramci Strategie AV 21. Jde o prelomovy projekt Akademie véd Ceské
republiky, ktery vznikl v roce 2015. Jak uz motto ,,Spickovy vyzkum ve vefejném
zajmu“ napovid4, jeho cilem je Fesit problémy a vyzvy, kterym ¢eli soucasné spolec-
nost. Strategie AV 21 zahrnuje celkem patnéct vyzkumnych programa.

Program Potraviny pro budoucnost reaguje na vyznamny spole¢ensko-ekono-
micky problém, kterym je riziko celosvétového nedostatku potravin, jejich kvali-
ta, vliv na zdravi ¢lovéka a efektivita produkce. Program vyuziva multidiscipli-
narni pristupy a nejmodernéjsi technologie, které mohou pfispét nejen k vyssi
efektivité slechténi, k lep§imu vyuziti cennych latek & mikrofas, ale v koneéném
dusledku i k prevenci nékterych nemoci traviciho traktu ¢ k omezeni plytvani
potravinami. Programu se ucastni Spitkova vyzkumnd pracovisté dustava

AV CR, ktera spolupracuji s vyznamnymi univerzitnimi a rezortnimi pracovisti.
Nové poznatky vyuziji naptiklad Slechtitelé, podniky zabyvajici se produkei
a zpracovanim rostlinnych a Zivo¢iSnych potravin, statni spréva, neziskové éi
pacientské organizace.

Vyzkumny program Potraviny pro budoucnost je zaméreny na:
ziskavani novych poznatku o dédiéné informaci rostlin, které pomohou p#i slech-
téni odolnéjsich a kvalitnéjsich plodin;
molekularni technologie pro slechténi hospodaiskych zvirat, produkei, zpraco-
vani a vyuziti potravin zivo¢isSného ptvodu;
prevenci nemoci traviciho traktu, pfedevsim s ohledem na vliv lepku i probiotik
na zdravi ¢lovéka;
lepsi vyuziti mikrotas v potravé a vyvoj fasovych biotechnologii;
vyzkum cennych latek rostlinného i zivo¢isného ptivodu a jejich vyuziti;
hledani novych biotechnologickych postupd, které by umoznily zpracovani
pfirodnich materialu i bioodpadi;
hledéni pt¥i¢in toho, proé¢ lidé plytvaji potravinami, s cilem piispét k omezeni
téchto ztrat.

Zucastnéna pracovisté AV CR:
Ustav experimentalni botaniky
Ustav zivocisné fyziologie a genetiky
Mikrobiologicky tstav

Ustav chemickych procest
Sociologicky ustav.






Cilem této publikace je sezndmit zdjemce s oborem Fasovych biotechnologii,
tzn. ¥izenym péstovanim mikrotas v ,algakulturdch® a jejich vyuzitim. Naleznete
zde také obecny prehled druhti a kmenti mikrofas a zdkladni postupy a zatizeni ~
pro jejich péstovani, pouzivané v-masovych kultivacich mikrofas pro produkei bio-
masy a cennych produktt. Studium mikrofas umoznilo mnoho vyznamnych objevi
ve fotosyntéze (Otto Heinrich Warburg — respirace; Melvin Calvin — asimilace CO,).
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1. INTRODUCTION

Now is the time to fully harness the potential of algae as a renewable resource in Europe.
The need to ensure the security of supply of raw materials and energy has become all the
more pressing with the unjustified and unprovoked Russian military aggression against
Ukraine, which affects the availability of fertilisers, animal feed ingredients and energy.
This is ‘fuelling high global energy, commodity and food prices and increasing
uncertainty, factors that are dampening growth and exacerbating inflationary pressures
globally’*.

A growing global population, the depletion of resources, environmental pressures, and
climate change require a different approach to be taken to food and economic
systems. For this to happen, it is essential to develop new and sustainable ways of
feeding a rapidly growing global population. How? By, for one, making use of the vast
and too little used resource that is the seas and the ocean — currently the source of only up
to 2% of human food, despite covering over 70% of the Earth’s surface?.

The European Green Deal®, the Farm to Fork Strategy* and the Sustainable Blue
Economy Communication® identify the potential of farmed seafood as a source of
protein for food and feed with a low-carbon footprint. The Farm to Fork Strategy
highlights the role of algae as an important source of alternative protein for a
sustainable food system and global food security.

Strategic guidelines for a more sustainable and competitive EU aquaculture for the
period 2021 to 2030° (Strategic guidelines for EU aquaculture) stress the need to
promote the farming of algae — both macroalgae (seaweed) and microalgae’ — as a way of
contributing to achieving several objectives of the European Green Deal. The farming of
algae can contribute to achieving the EU’s objectives in terms of decarbonisation, zero
pollution, circularity, the preservation and restoration of biodiversity, the protection of
ecosystems and the development of environmental services. Algae can replace fossil-
based products, and serve as raw material for plant biostimulants, bio-based chemicals
and other materials, and biofuels. The Sustainable Carbon Cycles Communication®
recognises the potential of algae for the blue carbon economy.

The ‘Food from the Oceans’ report® prepared by the European Commission’s (the
Commission) High-Level Scientific Advice Mechanism identifies seaweed as having the
potential to satisfy the projected more than 100 million tonnes of additional biomass
demand for human food in the next 20 years. The production and processing of algae and

1 European Council Conclusions, 23-24 June 2022

2 EU marine territory (5.7 million km?) is bigger than land territory (4 million km?). At the same time, the total amount
of biomass is 1 billion (dry) tonnes, 69% of which comes from the agriculture sector, and 31% of which comes from
forestry, while fisheries and aquaculture account for less than 1% (JRC Biomass report).

3 COM/2019/640 final.

4 COM/2020/381 final.

5 COM(2021) 240 final of 17.5.2021.

6 The Commission Strategic Guidelines for a more sustainable and competitive EU aquaculture

" European standard EN 17399:2020 defines algae as a functional group of organisms consisting of microalgae,
macroalgae, cyanobacteria and labyrinthulomycetes. Algae also refer to plant-like aquatic organisms ranging in size
from single-celled organisms (microalgae and cyanobacteria) to giant multicellular forms such as seaweed
(macroalgae).

8 Sustainable Carbon Cycles Commission Communication

% Food from the Oceans
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other new marine resources (biomass) can help to provide sustainable food and feed®
products as well as pharmaceuticals, nutraceuticals, plant biostimulants, bio-based
packaging, cosmetics and other non-food products (see Figure 1).

Environmental
restoration
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Figure 1: Algae biomass applications!!

But expansion of seaweed cultivation at sea should not affect the equilibrium of marine
ecosystems and should avoid reproducing in oceans the same environmental mistakes
historically done on land.

Although currently small, the European algae sector has the potential to become a
significant part of the EU blue bioeconomy. A combination of research and innovation
in the EU and enthusiastic entrepreneurship has created the momentum the EU algae
sector needed to develop and expand — the UN Global Compact!? even call it a Seaweed

10 Studies show that substituting algae or seaweed as a protein and Omega-3 fatty-acids source for fish nutrition have
positive effects on fish growth rates and survival percentages of fish, reduces feed costs and be a more sustainable
source of fish nutrition Review on use of macro algae (seaweed) in fish nutrition., Saleh, H. 2020

1 Images © Adobe Stock: Drimafilm (duckweed background); Dewald (animal feed); valya82 (seaweed bowl);
Atelopus (bioremediation pit); Viktor (algae on lake bottom); chokniti (biofuel algae); Miha Creative (fertilisers);
Voyagerix (facial); lovelyday12 (cement); Arsenii (bioplastic granules); sharkyl (pills).

12 The UN Global Compact is uniquely positioned to support companies as they align their practices with what is
required for a sustainable and inclusive future. With the support of all 193 countries participating in the UN General
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Revolution®™® — while contributing to the achievement of the European Green Deal
objectives. This puts Europe in a very good position to harness its algae potential over
the next decade.

The Seaweed for Europe coalition'* estimates that European demand for seaweed could
increase from around 270 000 tonnes® in 2019 to 8 million tonnes in 2030 and reach
EUR 9 billion® in value in 2030 across all sectors, with feed, food and plant
biostimulants (fertilising products) being the largest!’. Such an increase in production
could create around 85 000 jobs, remove thousands of tonnes of phosphorus and nitrogen
from the European Seas annually, mitigate up to 5.4 million tonnes of CO2 emissions a
year and relieve pressure on the land?.

A thriving EU algae industry could become a flagship and source of inspiration for other
industries to become more regenerative, innovative and socially exemplary, creating
thousands of jobs in the process, especially in coastal communities. As announced in the
Communication on the Commission’s new approach for a sustainable blue economy?,
this Communication looks at the potential of algae in the EU and sets out a coherent
approach, including targeted actions, to support the upscaling of regenerative!® algae
cultivation and production throughout the EU, and to develop and mainstream the
markets'® for food and non-food algae applications.

2.  WHY ALGAE ARE CONSIDERED AN UNTAPPED RESOURCE IN EUROPE

Low in fat and rich in dietary fibres, micronutrients and bioactive compounds, algae are
often presented as a healthy and low-calorie food, with some species known for having
a particularly high protein content. Their biochemical compounds and properties make
algae a valuable material for a growing number of other commercial applications, e.g.
animal/fish feed and feed additives; pharmaceuticals; nutraceuticals; plant biostimulants;
bio-based packaging; cosmetics or biofuels and services provider for wastewater
treatment; for example, carbon and nutrients fixation etc. Algae also remove nutrients
from aquatic ecosystems, thereby reducing eutrophication?®. Seaweed, when being
cultivated at sea, removes carbon, thereby reducing ocean acidification. All these
potential benefits will of course have to be considered in light of the existing EU

Assembly, the UN Global Compact remains the global normative authority and reference point for action and
leadership within a global corporate sustainability movement.

13 Seaweed Revolution: a Manifesto for a Sustainable Future, Lloyd’s Register Foundation, UN Global Compact, 2020
14 Seaweed for Europe is a business organisation aiming to support systematic innovation and the sharing of best
practices, to mobilise investments and to raise the profile of seaweed. It is composed of 56 algae sector stakeholders.

15 Seaweeds and microalgae: an overview for unlocking their potential in global aquaculture development, Food and
Agriculture Organization of the United Nations (FAO), 2021 https://doi.org/10.4060/cb5670en.

16 Best case scenario, source: Seaweed for Europe.

17 Hidden Champion of the Ocean: Seaweed as a Growth Engine for a Sustainable European Future, Seaweed for
Europe, 2021.

18 Regeneration is the ability of an ecosystem — specifically, the environment and its living population — to renew
itself and recover from damage. Regeneration refers to ecosystems replenishing what is being eaten, disturbed or
harvested. Its greatest force is photosynthesis, the transformation of solar energy and nutrients into plant biomass.
Seaweed cultivation can deliver valuable ecosystem goods and services, including providing new habitats for fish and
mobile invertebrate species (according to this Report).

19 Mainstream marketing means marketing aimed at the masses. It indicates that a marketing campaign’s target
audience is very large and that the products and services being marketed can be used by almost everybody.

20 Blue carbon: The potential of coastal and oceanic climate action, Claes, J., Hopman, D., Jaeger, G., Rogers, M.,
2022.




https://ungc-communications-assets.s3.amazonaws.com/docs/publications/The-Seaweed-Manifesto.pdf
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https://www.seaweedeurope.com/wp-content/uploads/2020/10/Seaweed_for_Europe-Hidden_Champion_of_the_ocean-Report.pdf

https://onlinelibrary.wiley.com/doi/full/10.1111/raq.12584
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legislation, and balanced with the potential health risks, when relevant (e.g. considering
the high content of heavy metals in certain algae species).

The seaweed industry in Europe, currently focused more on the harvesting of seaweed
from the wild rather than cultivation in aquaculture facilities as in Asia, is still very
much at an embryonic stage®’. While the Asian market?>!# has grown significantly over
the past decade (where seaweed accounts for around a half of global aquaculture
production), European seaweed production is so far negligible (see Figure 2 below).
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Figure 2: Marine aquaculture production in the EU and globally?.

Despite its current marginal share in the global seaweed market?*, given the favourable
business prospects, Europe can develop a strong algae industry centred on aquaculture
production and innovative seaweed mariculture (marine permaculture®®). Such an
industry may harness the potential of vast European seas while creating jobs for local
communities, producing healthy low-carbon products, regenerating coastal ecosystems

21 Brief on algae biomass production, Araujo, R., Lusser, M., Sanchez Lopez, J. and Avraamides, M. (editor(s)),
Publications Office of the European Union, Luxembourg, 2019; Sustainable Seaweed Aquaculture Full
Recommendations, Barbier, M. et al., 2019.

22 Of the 35.8 million tonnes of algae produced globally in 2019, 34.8 million tonnes (97% of global production) were
produced in Asia, while EU production was 0.085 million tonnes (0.2% of global production), of which only around
0.4% was cultivated, while the rest was harvested from wild stocks. Source: FAO, 2019 (Footnote 13).

23 Data source: FAO.

24.0.3 million tonnes/year of algae production in Europe (99% wild harvesting) against almost 36 million tonnes/year
of production globally (99% algae aquaculture) (FAO, 2019 data).

BMarine permaculture is a form of marine farming that reflects the principles of permaculture (an approach to land
management and settlement design that takes its lead from patterns observed in flourishing natural ecosystems), by
recreating seaweed forest habitats and other ecosystems in nearshore and offshore ocean environments. Doing so
enables a regenerative long-term harvest of seaweeds and seafood, while regenerating life in the ocean. Marine
permaculture uses deep-water irrigation technology to access cold and nutrient-rich deep water. In the EU, seaweed
cultivation in marine permaculture could be facilitated in the Mediterranean and Atlantic waters of the southern part of
the EU.
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(e.g. fixing CO2 and nutrients and generating oxygen) and providing ecosystem
services?,

The EU is a top global importer of seaweed products in terms of value (EUR 554 million
in 2016), so there is clearly a strong demand for seaweed products in Europe. This
demand is set to increase in line with health and sustainability trends. A growing human
population worldwide and consumption patterns will further boost demand for algae and
algae-based products?’. EU demand for algae and algae-based products is equally
expected to increase in the years to come (see Figure 3). With regard to microalgae,
which can also be produced on land and far from the sea, market demand for chlorella?®
and the cyanobacteria spirulina® is also growing in the EU.

European demand for algae and algae-based products

EU demand for seaweed may EU is a top importer worldwide
reach up to EUR 9 billion in of seaweed products:
2030 EUR 554 million in 2016
(£3.000% increase in

best case scenario)

Growing human population
worldwide

Market for chlorella will
/\/ accelerate with an annual
| I I ‘ I | | ’ ‘ growth rate of 6.4% to 2025

Market for spirulina will

75 million vegans and
vegetarians in Europe

accelerate with an annual Ageing population and
growth rate of 8.7% to 2025 increasingly health-conscious
consumers

Figure 3: Expected increase in demand® for algae-based products®3L,

It is expected that the European market will grow at an annual growth rate for chlorella
and spirulina of 6.4% and 8.7% respectively by 2025%. The demand for food and drink
products containing seaweed in Europe increased by a factor of 2.5 between 2011 and
2015%2, The EU’s growing vegetarian and vegan population, currently estimated at

% Seaweed aquaculture has the potential to provide many ecosystem services, including climate change mitigation,
coastal protection, the preservation of biodiversity and the improvement of water quality (EKLIPSE expert report).

27 <Summary for policymakers of the thematic assessment of the sustainable use of wild species of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)’, July 2022.

28 Chlorella is a common single-celled green alga of both terrestrial and aquatic habitats that is cultivated to be used as
food or food ingredient on the EU market, It is rich in nutrients, it’s a good source of several vitamins, minerals and
antioxidants.

29 Spirulina is a microscopic filamentous aquatic cyanobacterium (genus Spirulina) that is cultivated for use as a food
supplement. It is among the most popular algae-based food supplements . Spirulina has a high protein content, rich in
vitamins (B1, B2; and B3), microelements (copper, iron, magnesium etc.), and contains essential fatty acids Omega-3
and Omega-6. Spirulina platensis, a super food?, Jung, F., Kruger-Gengte, A., 2019, Journal of Cellular
Biotechnology.

30 In the broader context, projected EU biomass demand is 40-100% higher than the available supply (Report EU
Biomass in a net zero economy (climate-kic.org)).

31 The European Market Potential for Seaweed of Marine Algae. CBI. 2021.

32 Mintel 2016.
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around 75 million, and increasingly environmental and health-conscious consumers will
also increase the demand for plant-based food and non-food products, including algae.

All EU maritime regions have also been recognised as fertile ground and areas where
considerable environmental and socioeconomic benefits could be derived from the
development of the algae industry®. For example, the Atlantic Ocean and the North Sea
provide ideal natural conditions for seaweed cultivation due to their cold, nutrient-rich
waters, and researchers believe®* that Europe has vast areas suitable for seaweed
cultivation®.

3. WHAT HAS BEEN DONE SO FAR AND WHY IS IT NOT ENOUGH?

The Roadmap for the Blue Bioeconomy®® published by the Blue Bioeconomy Forum®’ at
the end of 2019, after consulting around 300 relevant stakeholders, identified bottlenecks
and made recommendations in four main areas: (1) policy, environment and regulations;
(2) finance and business development; (3) consumers and value chains and (4) science,
technology and innovation. On the current EU algae sector and the potential for its
sustainable growth, it concluded that the development of algae cultivation has been
hindered by factors such as high production costs, low-scale production, limited
knowledge of the markets, consumers’ needs and the risks and environmental impacts of
algae cultivation, as well as a fragmented governance framework. Figure 4 below
summarises the biggest problems and identifies general and specific ways of addressing
these problems.

In recent years, the Commission has initiated and supported a number of algae-related
initiatives currently in an implementation or planning phase (2021-2023). These include
the EU4Algae project®® (creation of a collaborative European Algae Stakeholder
Platform), EU research and innovation funds’ calls for applications (Horizon 2020%,
Horizon Europe*?), the Bio-Based Europe Joint Undertaking®!, investments in the algae
sector made possible by the European Maritime and Fisheries Fund*? and the European

33 A global spatial analysis reveals where marine aquaculture can benefit nature and people, Theuerkauf, S. J., Morris,
J. A, Waters, T. J., Wickliffe, L. C., Alleway, H. K., Jones, R. C., 2019.

34 Global Potential of Offshore and Shallow Waters Macroalgal Biorefineries to Provide for Food, Chemicals and
Energy: Feasibility and Sustainability, Lehahn, Y., Nivrutti, I., Golberg, A., 2016.

3 Data show that China, with 13 000 km of coastline with an actual area that can be cultivated of 136 223 ha (1362
km?), cultivated 20.1 million tonnes of algae in 2019. By contrast, the EU-27, with its 66 000 km of coastline and 5.7
million km? of marine area (141 000 km? of which are near-shore waters (0-1 nautical mile from the coastline) and 715
000 km? are territorial waters (0-12 nautical miles from the coastline)) cultivates less than 1000 tonnes of seaweed a
year. If the EU’s algae potential were unlocked by 2030, EU suppliers could produce one third of the market’s
requirements.

3 Blue Bioeconomy Forum Roadmap

37 The Commission launched the Blue Bioeconomy Forum (BBF) in 2018 to bring together industry, public authorities,
academia, finance and civil society in order to strengthen the EU’s competitive position, harness the potential of
renewable resources and ensure the sustainable use of the resources of the emerging blue bioeconomy. The BBF’s aim
is to develop a common understanding of the current state of the blue bioeconomy in the EU and to formulate
recommendations on strategic developments, market opportunities, appropriate financial assistance, regulatory actions
and research priorities.

38 The EU4Algae project

39 Horizon 2020

40 Horizon Europe

41 Bio-Based Europe Joint Undertaking (BBI-JU)

42 European Maritime and Fisheries Fund (EMFF)
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Regional Development Fund®, blue economy-related business support mechanisms
(Blue Invest**, the Aquaculture Assistance Mechanism).

Problems

Objectives

Action
areas

* High production costs
* Low-scale production

* Limited knowledge of the
markets and of consumers’
needs

* Limited knowledge of the
risks and environmental
impacts of algae cultivation

* Fragmented governance

\ mﬂock the potential of the EN ﬁ
algae sector by:

Increasing the sustainable
production, the safe
consumption and the
innovative use of algae-based
products,

upscaling regenerative algae
cultivation and production
developing and
mainstreaming the markets

Improve the governance
framework and legislation in
this area

Support the improvement of
the business environment

. Close knowledge, data,

technological and innovation
gaps

. Increase social awareness

and acceptance of algae and
algae-based products

framework for food and non-food algae
/k applications /

Figure 4: Problems, objectives and proposed action areas for EU algae-related
initiatives*®.

There are also initiatives in place to help increase knowledge of algae, such as the
European Marine Data and Observation Network*® (mapping algae companies), the
Commission’s Knowledge Centre for the Bioeconomy*’, the Joint Research Centre’s
(JRC) Biomass study*®, algae-related studies looking at how algae could help to achieve
climate-related goals*® and its relationship with nutrients®®, ocean literacy and
awareness-raising initiatives®!, smart specialisation strategies, etc. The EU Mission
Restore our Ocean and Waters by 2030 Board® states in its recent report® that
regenerating the ocean and waters is vital for human existence, wellbeing and the
livelihoods of EU citizens. The Food 2030° initiative being deployed via Horizon
Europe has convened and fostered a systems approach to R&I policy that connects land
and sea, producers to consumers, from ‘farm to fork to gut and back’. It is calling for a
transformation of the food systems to respect planetary boundaries, provide healthy safe
and nutritious food and diets for all, and sustain a diverse fair and inclusive thriving food

43 European Regional Development Fund (ERDF)

44 Blue Invest

4 Information based on the work of DG for Maritime Affairs and Fisheries (DG MARE) (public consultations,
targeted stakeholder consultations etc) for the drafting of this document.

46Emodnet human activities

47 Commission’s Knowledge Centre for Bioeconomy

48 JRC Biomass study

49 Algae and Climate Study

50 Algae, shellfish and nutrients study

51 EU40cean Coalition for Ocean Literacy

52 EU Mission: restore our ocean and waters

53 “Regenerating our ocean and waters by 2030: interim report of the mission board healthy oceans, seas, coastal and
inland waters’, European Commission, Directorate-General for Research and Innovation, Publications Office, 2020,
https://data.europa.eu/doi/10.2777/885438.

54 https://research-and-innovation.ec.europa.eu/research-area/environment/bioeconomy/food-systems/food-2030_en

7



https://cinea.ec.europa.eu/funding-opportunities/calls-tenders/eu-aquaculture-assistance-mechanism-and-eu-aquaculture-website_en

https://ec.europa.eu/regional_policy/en/funding/erdf/

https://webgate.ec.europa.eu/maritimeforum/en/frontpage/1451

https://www.emodnet-humanactivities.eu/view-data.php

https://knowledge4policy.ec.europa.eu/bioeconomy_en

https://knowledge4policy.ec.europa.eu/projects-activities/jrc-biomass-mandate_en

https://maritime-spatial-planning.ec.europa.eu/fundings/algae-and-climate

https://webgate.ec.europa.eu/maritimeforum/en/node/6865

https://webgate.ec.europa.eu/maritimeforum/en/node/4484

https://ec.europa.eu/info/research-and-innovation/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/healthy-oceans-seas-coastal-and-inland-waters_en



economy. One of the ten Food 2030 pathways for action is aimed at developing solutions
for food from the ocean and freshwater resources, where the role of algae farming is
central.

The European Blue Forum of sea users® will further enable discussions between blue
economy sectors (e.g. the algae sector as a major part of the EU’s blue bioeconomy),
stakeholders and scientists to develop synergies and reconcile competing uses of the sea
in the interests of climate neutrality, zero pollution and the protection and conservation of
the marine environment.

Currently, algae, specifically seaweed aquaculture, are subject to a multitude of both EU
and national regulatory texts (Figure 5)%. Instead of the fragmentation this occasions, the
algae sector could benefit from a more coherent approach.

Marine
Strategy
Framework
Directive

Alien
Species
regulation

Habitats
directive

Regulation
concerning the use
of alien and locally
absent species in
aquaculture

Water
Framework
Directive

SEAWEED
AQUACULTURE

Regulation on
compliance
measures for users
of the Nagoya
Protocol

Maritime
Spatial
Planning
Directive

Regulation on
the Common
Fisheries Policy

Recommendation on the
monitoring of metals and
iodine in seaweed,
halophytes and products
based on seaweed

Regulation on
Novel Foods

Figure 5: EU legal acts relevant to seaweed aquaculture

Every action listed in Section 4 contributes individually to the development of the EU
algae sector. However, a more coordinated and systemic approach is needed,
supplementing the existing framework with additional policy actions, e.g. simultaneously
using different levers to boost the development of a regenerative EU algae sector.

55 Announced by the Commission in its Communication on a new approach for a Sustainable Blue Economy, to be set
up in the coming months following a call for proposals: https://ted.europa.eu/udl?uri=TED:NOTICE:351341-
2022:TEXT:EN:HTML&tabld=1.

5 Commission guidance documents such as Commission staff working document on the application of the Water
Framework Directive and the Marine Strategy Framework Directive to aquaculture (Link) and Guidance on
aquaculture and NATURA 2000 clarify the application of EU environmental legislation to the aquaculture sector.
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The Commission has a central role to play in creating the conditions that make it
possible to do something about the impediments the EU algae sector currently faces. It
should also address the potential concerns of EU citizens about the environmental
sustainability of large-scale seaweed cultivation and the safety of algae-based products
placed on the EU market.

4. \WHAT DOES THE EU NEED TO DO?

To unlock the potential of the EU algae sector, regenerative algae cultivation and
production need to be upscaled throughout the EU, and the markets for food and non-
food algae applications need to be developed and mainstreamed. Once this has been
done, the EU’s potential to ensure a continuous supply of algae biomass, strategic
autonomy from imports and the smooth functioning of the algae sector would be
unlocked.

To harness the full potential of the EU algae sector, specific actions have been identified
on the basis of an extensive preliminary analysis of the sector and wide-ranging
stakeholder consultations®’. The actions identified build on existing initiatives (see
Section 3 above), the best available science, knowledge and data and the best
business practices.

The Communication identifies 23 actions aimed at:

(1) improving the governance framework and legislation,

(2) improving the business environment,

(3) closing knowledge, research, technological and innovation gaps, and

(4) increasing social awareness and market acceptance of algae and algae-based
products in the EU.

The actions outlined in this Communication are meant to be piloted in a coordinated
way. They will be implemented in close collaboration with Member States and relevant
stakeholders.

To implement the actions envisaged in this Communication, certain funding has been
earmarked®® and some algae-related actions in Horizon Europe have already been
closed®® or are ongoing®. The Commission will continue to look into opportunities to
incorporate algae-related actions into the above and other funding calls®*

57 Summary of the Open Public Consultation

58 Such as two projects included in the DG MARE Work Programme 2023 (to support the setting up of a regenerative
EU algae industry and to pilot regenerative ocean farms).

%9 Unlocking the potential of algae for a thriving European blue bioeconomy, HORIZON-CL6-2021-CIRCBIO-01-09,
closed 6.10.2021.

60 Lighthouse in the Baltic and the North Sea basins — bringing sustainable algae-based products and solutions to the
market, HORIZON-MISS-2022-OCEAN-01-06 (application deadline 27.9.2022); Towards local community-driven
business models: regenerative ocean farming, HORIZON-MISS-2022-OCEAN-01-10, (application deadline
27.9.2022).

61 Such as European Maritime, Fisheries and Aquaculture Fund, EU LIFE programme, Interreg Europe programme,
European Institute for Innovation and Technology (EIT Food) etc).
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4.1. Improving the governance framework and legislation

Currently, certain EU legislation applies to seaweed cultivation at sea or algae cultivation
on land, e.g. legislation on food safety or fertilising products (Figure 5). However, there
is considerable fragmentation in areas where there is no EU-level regulatory framework
and different national regulations, depending on an EU Member State sector’s specific
circumstances, are in place, (e.g. on licensing, access to marine space, species to be
farmed).

The EU algae sector therefore needs coherent and streamlined governance throughout the
EU, including simplified procedures and a monitoring and quality framework, with the
ultimate aim of placing on the market sustainably sourced and safe biomass algae-based
products. Actions to this end could include developing a new algae farmers’ toolkit for
algae cultivation in the Member States, tailored to the cultivation conditions in different
sea basins, and promoting the integration of algae-related provisions into national
governance frameworks (e.g. maritime spatial plans) and strategies (e.g. bioeconomy
strategies). A specific action should focus on ways for algae farmers to facilitate access
to marine space for algae cultivation and to facilitate the obtention of algae farming
licenses (e.g. building on the guidance document for access to space envisaged in the
Strategic guidelines for EU aquaculture, sharing good practices using the open method of
coordination for aquaculture, etc.).

The Commission will also encourage Member States to include algae cultivation in their
national/regional spatial plans under the Maritime Spatial Planning Directive promoting
sustainable development and encouraging the coexistence of different sectors in the
marine area. Better governance also entails developing new or improved industry
standards for algae products and considering making necessary legal changes.

The Commission will:

1) starting in 2023 and in close collaboration with relevant stakeholders, develop a new
algae farmers’ toolkit;

2) work with Member States® to facilitate access to marine space, identify optimal sites
for seaweed farming and include seaweed farming and sea multi-use in maritime
spatial plans;

3) by the end of 2026, together with the European Committee for Standardization
(CEN), develop standard testing, quantification and extraction methods for algae
ingredients and contaminants;

4) by the end of 2026, together with CEN, develop algae biofuel standards and a
certification methodology for algae-biofuel products to be used in various transport
sectors, particularly heavy road, aviation and maritime transport;

5) starting in 2023, assess the market potential, efficiency and safety of algae-based
materials when used in fertilising products and the need to amend Regulation (EU)
2019/1009 on EU fertilising products to include algae-based materials.

The Commission calls on the Member States to simplify national licensing procedures

62 E,g. through the Marine Spatial Plan Assistance Mechanism and Member States expert group, as well as the open
method of coordination for aquaculture.
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and governance®? for algae cultivation®.

4.2. Support the improvement of the business environment

A smoothly functioning and thriving business landscape and healthy marine environment
are crucial for the effective growth of a regenerative algae sector. The improved business
environment will scale up EU industry’s collaboration within the EU and with the algae
industries of countries bordering the EU in order to prepare novel food applications,
where appropriate and discover species that are used as traditional food in the Member
States®. It should also result in new algae species being brought onto the EU market,
increasing the variety in that market of algae species to be used as food or feed or for
other purposes.

Algae production should be promoted through different funding mechanisms as a way of
diversifying economic activity and sources of income for communities in coastal and
rural areas. In particular, the Commission will encourage and support the reorientation of
fishers’ careers to regenerative ocean farming through pilot projects.

Targeted support should be provided for innovative small and medium-sized enterprises
(SMEs) making the best use of market intelligence and strengthening investors’
capacities to mobilise capital for high-potential businesses/technologies, preparing new
sustainability coaching packages for SMEs, and providing technical assistance to
accelerate business-to-business (B2B) cooperation. The possible use and extraction of
nutrients derived from algae-based products, and the inclusion of algae-based products in
green labelling and green procurement frameworks, should also be assessed.

The Commission will:

6) starting in 2023 and together with the algae industry, examine the algae market and
propose market-stimulating mechanisms to support and promote the transfer of
technology from research to market;

7) by the end of 2024, based on the good practices, feed indicators and other relevant
information develop specific guidance to promote replacing fish-based feed with
algae-based feed;

8) work with the algae industry and Member States to:

A. identify valid and safe alternatives to the use of nutrients and CO2 from
various sources for microalgae cultivation and organic certification;®

B. promote the extraction of nutrients from algae biomass®’

C. support the life cycle assessment of the environmental and climate
impact of algae -cultivation and production by considering the
development of monitoring methodologies and indicators to measure
the environmental impact and sustainability of seaweed cultivation;

83 E.g. access to space, the selection of species to be cultivated, national health-related aspects (e.g. iodine levels) etc.
64 The Commission will support this process by developing a guidance document on good practices for administrative
procedures, and enabling the exchange of good licensing and governance practices for algae cultivation in the context
of the open method of coordination for aquaculture.

6 Before 15 May 1997 (date of entering into force the novel food regulation)

% This includes using secondary nutrients (from wastewater) or excess nutrients from eutrophic surface waters for
microalgae and cyanobacteria cultivation in closed circles.

67 E.g. to produce nutrients for plant biostimulants (biofertilisers), with the focus on processed biomass (e.g. remaining
biomass after the extraction of active ingredients or biomass derived from wastewater treatment plants or washed
ashore (beachcast)).
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9) fund, in 2023/2024, pilot project(s) supporting the reorientation of fishers’ careers
from fishing to regenerative ocean farming;

10) enhance targeted support for innovative SMEs and projects in the algae sector
through the scaled-up activities of the Bluelnvest Platform®;

11) starting in 2023, facilitate sea basin and macroregional cooperation by promoting
innovative interregional partnerships (e.g. the blue bioeconomy, focusing on algae),
through smart specialisation strategies and the 3S Sustainable Blue Economy
Platform®°.

4.3. Close knowledge, data, technological and innovation gaps

Technological developments, innovation and better knowledge are crucial for boosting
regenerative algae cultivation and production in the EU. The availability of reliable
information on the EU algae sector, including socioeconomic and environmental data, is
currently limited’. This slows down the development and mainstreaming of algae
production markets. Determining the potential of algae to contribute to achieving the
European Green Deal goals requires a targeted collaborative research effort that can be
provided by the EU Horizon Europe programme, including through dedicated calls of
Sustainable Blue Economy Partnership’ and the EU Mission: Restore Our Ocean and
Waters by 203072,

The main algae production methods are in the process of being developed (see Figure 6),
but there is a need to develop innovative equipment to increase productivity in the algae
sector and the quality of algae-based products. Such equipment could include large-scale
(possibly automated) cultivation and processing systems, monitoring probes with control-
command systems, etc. that can reduce unpredictable biomass loss and labour costs.
Innovative equipment can also play a crucial role in improving downstream processes,
such as biorefineries for the treatment of the entire biomass of macroalgae and
microalgae, not just a small volume of active components while the rest of the biomass is
wasted. There is also a need to remove systemic innovation barriers and accelerate
market access to algae-based products’®.

Better knowledge of environmental impacts of wild seaweed harvesting and the amounts
of seaweed washed up on EU coasts should also be acquired, to assess what amount of
this type of biomass can provide sustainable business opportunities for EU companies.
The algae cultivation sector would certainly benefit from an EU-wide centralised
approach of maintaining European seaweed strains. This approach would also help
conserve seaweed biodiversity.

% This may include the delivery of market intelligence and strengthening the capacities of investors to mobilise capital
for high-potential businesses/technologies, new coaching packages on sustainability for SMEs, and technical assistance
to close deals more quickly.

69 Smart Specialization Platform

0 Report on the Community of Practice Workshop: Algae production in Europe: status, challenges and future
developments, the European Commission’s Knowledge Centre for the Bioeconomy.

I The European Partnership for a climate neutral, sustainable and productive Blue Economy is a public-public
partnership between the EC and the MS established under Horizon Europe.

2 EU Mission: Restore Our Ocean and Waters has set a target to develop solutions for zero-carbon and low-impact
aquaculture.

3 For example, to further advance and move to the market algae powered batteries thanks to the discovery that blue-
green algae perform photosynthesis and generate a small electrical current that “interacts with an aluminum electrode
and is used to power a microprocessor,” Bombelli, P et al: ‘Powering a Microprocessor by Photosynthesis.” Energy &
Environmental Science, May 2022. DOI: 10.1039/D2EE00233G
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Figure 6: Main algae production methods in Europe

Despite its capacity to remove carbon and reduce ocean acidification, until now seaweed
has been mostly neglected in blue carbon assessments. But studies suggest that
macroalgae may be displaced by currents and deposited in carbon sinks beyond
macroalgae habitats’*. Carbon may also be sequestered by converting algae into durable
products such as algae-based circular materials (including packaging). Clarifying and
quantifying these processes could enable aquaculture producers to obtain additional
incentives (e.g. blue carbon credits) for their activities such as regenerative seaweed
farming and integrated algae production.

But more knowledge is needed of viable options for improving policy and legal
arrangements to incorporate blue carbon as a natural climate solution; to investigate
financial approaches and accounting tools for greenhouse gas emissions and carbon
removal and sequestration using algae and how this is affected by cultivation and use; to
clarify property rights; to compile a list of developing technologies (e.g. sensors) and
computational tools (e.g. artificial intelligence, block-chain) for measuring and
monetising blue carbon sequestration at low cost and improving our understanding of
lesser-known aspects of the blue carbon cycle (e.g. seaweed contributions). Better
understanding is also required of the feasibility of and perspectives for developing the
blue carbon economy, particularly blue carbon farming and the certification of carbon
removals. Through innovative seaweed mariculture approaches (such as marine
permaculture), seaweed cultivation could also be facilitated in the Mediterranean and
Atlantic offshore waters of the southern EU where the water depth is suitable for such
operations.

4 <The future of Blue Carbon science’, Macreadie, P.I., Anton, A., Raven, J.A. et al, Nat Commun 10, 3998 (2019).
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Knowledge
The Commission will:

12) by the end of 2023, integrate algae sector knowledge into the EU aquaculture
assistance mechanism;

13) by the end of 2025 and in collaboration with relevant stakeholders, do a study to gain
better knowledge of seaweed climate change mitigation opportunities and the role
of seaweed as blue carbon sinks;

14) by the end of 2025 and in collaboration with researchers and academics, assess the
options for an EU-wide approach to conserving seaweed biodiversity by maintaining
and documenting European seaweed strains in a centralised biobank network or
databank;

15) starting 2023 and subject to European Food Safety Authority advice start discussions
on the establishment of maximum levels of contaminants and iodine in algae
and/or the adoption of a new monitoring Recommendation for algae species for
which insufficient occurrence data for contaminants are available, in order to allow
the establishment of maximum levels™.

16) starting in 2023 and in collaboration with Member States, study existing monitoring
schemes and available data on seaweed harvesting from the wild and from
beachcast on EU coasts.

Technology developments and innovation
The Commission will:

17)support, through Horizon Europe and other EU research programmes, the
development of new and improved algae processing systems and novel production
methods for high-value compounds traditionally sourced from algae (e.g.
biorefineries, precision fermentation, cell-free systems), processing algae to make
circular bio-based products for multiple applications;

18) together with Member States, support, through Horizon Europe and other EU
research programmes, the development of better and scalable algae cultivation
systems (e.g. integrated multi-tropic aquaculture (IMTA), sea multi-use, offshore
cultivation, photobioreactors and algaeponics) or methods (e.g. cellular mariculture
and macroalgae in tanks) for dealing with the current technical constraints of
macroalgae and microalgae production systems;

19) address algae biofuel-specific technological and systemic challenges and identify
market take-up measures in the context of Horizon Europe.

Data

The Commission will:

20) starting in 2023, prepare an overview of the availability of algae-related data’
(e.g. production, employment, turnover and other socioeconomic data) and issue a
recommendation on centralising the sources of such data.

5 In view of the health risks related to the possible occurrence of high concentrations of heavy metals in certain algae
species, the discussions on maximum levels and monitoring will also be linked to discussions on the need for
consumption advice regarding the consumption of certain seaweed species

6 From various sources such as European Market observatory for Fisheries and Aquaculture products (EUMOFA),
Eurostat, the Data Collection Framework, industry etc.
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4.4. Increase social awareness and market acceptance of algae and algae-
based products

EU consumers and citizens are often not aware of the many benefits of algae cultivation
and algae-based products, ranging from regenerating marine ecosystems to creating low-
carbon products and generating blue economy jobs. Increasing social awareness of algae
and algae-based products can boost the demand for them, spurring the EU algae sector’s
development.

Knowledge of the blue bioeconomy sector can be increased through educational
programmes in schools, seaweed cooking shows, leaflets and press articles on the topic,
and social media campaigns. Targeted analysis of consumer behaviour and preferences
for algae-based products would also help to get an idea of where knowledge is lacking
and where it is therefore necessary to organise awareness-raising initiatives and in what
direction to take algae business development.

The Commission will:

21) starting in 2023, support the raising of consumer awareness by:

A. doing a consumer behaviour and preference analysis’’ of the perceptions
of algae-based products;

B. launching a fact-based EU-wide and/or, where relevant, regional or local
communication campaign(s) to promote the variety of applications and
benefits of algae-based products’®;

22) raise the sustainability profile of algae-based products in the EU sustainable food
labelling framework, including in marketing standards for fisheries and aquaculture
products and green public procurement initiatives envisaged as part of the Farm to
Fork Strategy.

23) starting in 2023, together with the EU4Ocean platform and Member States, promote
awareness-raising actions for schools and universities on the blue bioeconomy and
innovative solutions for regenerative aquaculture.

5. CONCLUSIONS

By acting now, the EU can seize the opportunity to address potential glitches, and not
only respond to the increasing interest in considering algae as an alternative raw material
in various economies, but also provide the impetus for developing an economically,
socially and environmentally safe, renewable and competitive resource for the growing
EU and international algae-based products market. As the Horizon Europe’s Mission
Restore our Ocean and Waters by 2030 states, regenerating the ocean and waters is vital
for human existence, wellbeing and the livelihoods of EU citizens, in particular coastal
communities. Algae can play a significant role in this.

In the context of the European Green Deal, this initiative plays an important role in
turning the current environmental and climate-related challenges into business

7 E.g. using the Eurobarometer - a collection of cross-country public opinion surveys conducted regularly on behalf of
the EU Institutions since 1974.

8 Could be combined with targeted awareness-raising actions, such as setting up an algae cooking contest to increase
consumers’ engagement and awareness.
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opportunities. It provides an integrated and systemic approach to creating synergies
between actions that are already underway and proposing new actions, described in this
Communication. Such integration and coordination are crucial for ensuring the effective
implementation and smart economic application of the EU budget by ensuring synergies
and maximising knowledge sharing.

The EU algae sector is a young and dynamic one, with a fast-changing industry, ever-
increasing knowledge and an ever-increasing number of research projects. The
Commission will prepare a report assessing progress in implementing this
Communication by the end of 2027.
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Glossary

Term or acronym

Meaning or definition

ABO Algae Biomass Organization

B2B Business-to-business

B2C Business-to-consumer

BBF Blue Bioeconomy Forum

CEN European Committee for Standardization
CFP Common Fisheries Policy

CMO Common Market Organisation

COP26 UN Climate Change Conference (Conference of the Parties, COP)
EABA European Algae Biomass Association

EC European Commission

EFSA European Food Safety Authority

EGD European Green Deal

EMFAF European Maritime Fisheries and Aquaculture Fund
EMFF European Maritime and Fisheries Fund
ESIF European Structural and Investment Funds
FAD Fish Aggregating Devices

HRAP High Rate Algal Pond

IMTA Integrated multi-trophic aquaculture

LCA Life-cycle assessment

MS Member States

MSP Maritime spatial planning

PBR PhotoBioReactors

OPC Open Public Consultation

SME Small and Medium-sized Enterprises
YOY Year-on-year






1. Introduction: The Potential of Algae in Europe

1.1. Scope

This document provides supporting information to the development of the European Commission
Communication “Blue Bioeconomy! - Towards a Strong and Sustainable? EU Algae Sector®”
(hereafter: “EU Algae Initiative”). The EU Algae Initiative will aim to unlock the algae potential in
Europe by increasing sustainable production, ensuring safe consumption and boosting innovative use
of algae and algae-based products. This will help to achieve the objectives of the European Green Deal,
the transition to a green, circular self-sufficient and carbon neutral EU, post Covid-19 recovery and
mitigation of economic crisis resulted by Russia’s military aggression against Ukraine. In this vain,
this Staff Working Document aims to: Identify valid, well-founded and realistic policy solutions
and actions based on best available science, information, good practices and views provided by the
relevant algae sector representatives during the stakeholder consultation process.

This staff working document takes due account of previous analyses, recommendations, studies and
guidelines of the Blue Bioeconomy and algae sector?.

1.2.What are algae?

Algae is a common name for a group of taxonomically unrelated organisms sharing a number of traits.
Algae include cyanobacteria, eukaryotic microalgae and seaweeds (or macroalgae). Common traits are:
oxygenic photosynthesis (use of visible light to fix CO2 with oxygen release), chlorophylls as main
photosynthetic pigment, lack of differentiated tissues, primary producers in aquatic ecosystems. There
are exceptions because some algae can grow in the dark using simple organic compounds and some
algae do not possess photosynthetic organelles so are unable to perform photosynthesis®.

! The “blue bioeconomy”, includes any economic activity associated with the use of renewable aquatic biological resources to make
products. Examples of such products include novel foods and food additives, habis, nutraceuticals, pharmaceuticals, cosmetics,
materials (e.g. clothes and construction materials) and energy. Businesses that grow the raw materials for these products, that extract,
refine, process and transform the biological compounds, as well as those developing the required technologies and equipment all form
part of the blue bioeconomy. European Commission., 2020. Directorate-General for Maritime Affairs and Fisheries, Blue bio-economy:
situation report and perspectives, Publications Office. Available at: https://data.europa.eu/doi/10.2771/053734

2 1f done right, algae cultivation goes beyond the notion of sustainability — it is regenerative by nature, where “regeneration” is the
ability of an ecosystem — specifically, the environment and its living population — to renew and recover from damage. Regeneration
refers to ecosystems replenishing what is being eaten, disturbed, or harvested. Regeneration's biggest force is photosynthesis which
transforms sun energy and nutrients into plant biomass.

3 The most notable sub-sector in Blue Bioeconomy is the algae sector (Blue economy report 2022)

4 Provided in (non-exhaustive list) the: the Blue Bioeconomy Forum Roadmap, Pegasus-Phycomorph Seaweed Aquaculture Guidelines,
Blue economy reports 2018-2022, Blue bioeconomy reports 2018 and 2020 , in Seaweed for Europe’s report, SUBMARINER
Roadmap beyond 2021 (includes macroalgae, marine biotechnology, and sea multi-use recommendations and national and trans-
national Baltic Sea Region projects e.g. Macro-cascade, GRASS, Alliance, ERA-NET Marine Biotehnology etc.), The Seaweed
Manifesto, Lloyd’s Register Foundation (2020), AAC Recommendation Seaweed, EnAlgae — several guiding documents and
infosheets about algae; Protecting seagrass through payments for ecosystem services; Seaweed aquaculture cultivation challenges
ecosystem services; Seaweed Cultivation in Scotland: A Guide; Practical Guidances for the Sustainable Ocean Principles, UN Global
Compact; Policy brief Future of seaweed aquaculture industry; Brief on algae biomass production, ASC seaweed standard; Impact
assessment study to support the development of EU Algae Initiative; the current Status of the Algae Production Industry in Europe: An
Emerging Sector of the Blue Bioeconomy

5 European standard EN 17399:2020 defines algae as a functional group of organisms consisting of microalgae, macroalgae, cyanobacteria
and Labyrinthulomycetes.
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https://blueindicators.ec.europa.eu/published-reports_en
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https://www.unglobalcompact.org/take-action/practical-guidances-for-the-un-global-compact-sustainable-ocean-principles

https://inweh.unu.edu/wp-content/uploads/2016/09/unu-seaweed-aquaculture-policy.pdf

https://publications.jrc.ec.europa.eu/repository/handle/JRC118214

https://www.asc-aqua.org/wp-content/uploads/2017/06/BC2146_ASC-MSC_A4_6pp_ARTWORK_LRES.pdf
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Although there is a vast range of algae species — with estimates suggesting 72,500 species® — global
production focuses on five genera accounted for more than 95% of world seaweed cultivation
production’, including the well-known Japanese kelp, nori and wakame®®. In Europe, the main species
farmed and already sold on the European market are Saccharina latissima, Alaria esculenta and Ulva
sp. On a smaller scale and for niche markets, there are also: Porphyra spp., Palmaria palmata, Codium
tomentosum, Gracilaria gracilis and Laminaria digitata®®, while for microalgae the species produced by
most enterprises are Chlorella sp. and Nannochloropsis sp.

The coastal EU waters are colonized by a strong diversity of wild populations of algae with a total of
1550 different seaweed species™!, of which only 23 are currently included as food or food supplements
in the EU Novel Food catalogue®?.

Additionally, algae are key organisms in coastal ecosystems that provide habitat, food, reproductive
areas and shelter to species from different levels of the food web®3. In fact, about 50% of the
photosynthesis on Earth occurs in seaweeds and microscopic algae floating in the oceans** absorbing
a range of excess inorganic nutrients from the ocean, including nitrogen and phosphorus®®, as well as
other compounds such as CO>'®. Research is currently conducted on the carbon storage potential of
algae, leading some to speak of a forthcoming “Seaweed Revolution™!’, although carbon storage needs
to be further explored*®.

6 How Many Species of Algae are There? Guiry, M., 2012. Journal of Phycology, 48(5), pp.1057-1063.

7 Laminaria/Saccharina (35.4 percent); Kappaphycus/Eucheuma (33.5 percent); Gracilaria (10.5 percent); Porphyra/Pyropia (8.6 percent);
and Undaria (7.4 percent), FAO, 2019 data

8 The Global Status of Seaweed Production, Trade and Utilization. - FAQ, 2018. Volume 124. GLOBEFISH Food and Agriculture
Organization of the United Nations.

% Seaweeds and microalgae: an overview for unlocking their potential in global aguaculture development. FAO, 2021

10 Michele Barbier, Bénédicte Charrier, Rita Araujo, Susan L. Holdt, Bertrand Jacquemin & Céline Rebours (2019) PEGASUS -
PHYCOMORPH European Guidelines for a Sustainable Aquaculture of Seaweeds, COST Action FA1406 (M. Barbier and B. Charrier,
Eds), Roscoff, France. https://doi.org/10.21411/2c3w-yc73

11 European seaweeds under pressure: Consequences for communities and ecosystem functioning. Mineur, F., Arenas, F., Assis, J.,
Davies, A., Engelen, A., Fernandes, F., Malta, E., Thibaut, T., Van Nguyen, T., Vaz-Pinto, F., Vranken, S., Serrdo, E. and De Clerck,
0., 2015. Journal of Sea Research, 98, pp.91-108.

12 Algae as food and food supplements in Europe Araujo, R., Peteiro, C., 2021., EUR 30779 EN, Publications Office of the European
Union, Luxembourg.

13 potential effects of kelp species on local fisheries. Bertocci, 1., Aratjo, R., Oliveira, P. and Sousa-Pinto, 1., 2015. Journal of Applied
Ecology, 52(5), pp.1216-1226.

4 The majority of this production is from oceanic plankton - drifting plants, algae, and some bacteria that can photosynthesize. One
particular species, Prochlorococcus, is the smallest photosynthetic organism on Earth. But this little bacteria produces up to 20% of the
oxygen in our entire biosphere. That’s a higher percentage than all of the tropical rainforests on land combined (NOAA, 2022)
Available at: https://oceanservice.noaa.gov

15Seaweed Aquaculture for food Security, Income Generation and Environmental Health in Tropical Developing Countries World Bank
Group, 2016; Development and objectives of the PHYCOMORPH European Guidelines for the Sustainable Aquaculture of Seaweeds
Barbier, M., Charrier, B., Araujo, R., Holdt, S., Jacquemin, B. and Rebours, C., 2022. Phycomorph European Guidelines for a
Sustainable Aquaculture of Seaweeds.

16 Sequestration of macroalgal carbon: the elephant in the Blue Carbon room. Krause-Jensen, D., Lavery, P., Marba, N., Masque, P. and
Duarte, C., 2018. Biology Letters, 14 ; Important contribution of macroalgae to oceanic carbon sequestration. Ortega, A., Geraldi, N.R.,
Alam, I. et al., 2019. Nat. Geosci. 12, 748-754.

17 Lloyd’s Register Foundation. (2020). Seaweed Revolution: A Manifesto for a sustainable future (V. Doumeizel, ed.)

18 A seaweed aquaculture imperative to meet global sustainability targets Duarte, C.M., Bruhn, A. & Krause-Jensen, D. 2021. Nat
Sustain.; Testing the climate intervention potential of ocean afforestation using the Great Atlantic Sargassum Belt.. Bach, L.T.,
Tamsitt, V., Gower, J. et al., 2021. Nat Commun 12, 2556.
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1.3.Algae sector — the most notable EU Blue Bioeconomy sector

While in Eastern Asia algae have been an integral part of human diets for centuries, in Europe they are
mainly considered as niche®® or novel food product. Low in fat and rich in dietary fibres, micronutrients
and bioactive compounds?, algae are often portrayed as healthy and low-calorie food, with some
species known for having particularly high protein content?’. The biochemical compounds and
properties make algae a valuable ocean material, paving the way for a growing number of potential
commercial applications also outside the food industry: animal/fish feed and feed additives, medical
devices, pharmaceuticals, nutraceuticals, fertilisers, plant biostimulants, bio-packaging,
cosmetics or biofuels?? (see Figure Nr.1)%,

Macroalgae
W

Microalgae

Human food

Food supplements
& nutraceuticals

Animal feed
Spirufina Fertilisers & bioestimulant
ertilisers & bioestimulants
AN
Y Cosmetics & wellbeing
IVAVAV,

Pharmaceuticals
Bioremediation
Hidrocolloids
Biofuels

Research

Bioactive compounds
Other

Figure 1. Potential commercial applications of algae in Europe?*

Beyond these examples, algae biomass has many more innovative applications that are being
developed or scaled, including textile fibres, laundry detergents, construction materials, biochar for soil

19 A good or service with features that appeal to a particular market subgroup. A typical niche product will be easily distinguished from
other products, and it will also be produced and sold for specialized uses within its corresponding niche market. Niche products are more
expensive than non-niche products. Examples of niche products are organic food, expensive, high quality coffee etc.

20 Bioactive Compounds in Seaweed: Functional Food Applications and Legislation. Holdt, S.L. and Kraan, S. (2011). Journal of
Applied Phycology, 23, 543-597.

21 palmaria palmata (also known as dulse), and Porphyra tenera (Holdt and Kraan, 2011).

22 61% of seaweed production companies in Europe direct their biomass production to food uses (36% as human food, 15% for food-
related uses like supplements and nutraceuticals and 10% for feed). The 39% remaining are dedicated to cosmetics and well-being
products (17%) and all other applications such as fertilizers and biostimulants (11%). For microalgae producing companies, these
shares are similar: 56% or food uses and 44% non-food (with a higher relative importance of pharmaceuticals). Source: An overview of
the algae industry in Europe. Producers, production systems, species, biomass uses, other steps in the value chain and socio-economic
data, Vazquez Calderon, F., Sanchez Lopez, J.Guillen, J., Avraamides, M. editors, Publications Office of the European Union,
Luxembourg, 2022, ISBN 978-92-76-54516

23 Comparative proteomics reveals proteins impacted by nitrogen deprivation in wild. Garnier M, Carrier G, Rogniaux H, et al., 2014.;
Sustainable Seaweed Aquaculture Full Recommendations. Barbier, Michele, et al., 2019.

24 An overview of the algae industry in Europe. Producers, production systems, species, biomass uses, other steps in the value chain and
socio-economic data, Vazquez Calderon, F., Sanchez Lopez, J.Guillen, J., Avraamides, M. editors, Publications Office of the European
Union, Luxembourg, 2022, ISBN 978-92-76-54516




http://dx.doi.org/10.1007/s10811-010-9632-5

https://publications.jrc.ec.europa.eu/repository/handle/JRC130107

https://publications.jrc.ec.europa.eu/repository/handle/JRC130107

https://publications.jrc.ec.europa.eu/repository/handle/JRC130107

https://doi.org/10.1016/j.jprot.2014.02.022

http://www.phycomorph.org/doc/PEGASUS_SUSTAINABLE_SEAWEED_AQUACULTURE_FULL_RECOMMENDATIONS.pdf

https://publications.jrc.ec.europa.eu/repository/handle/JRC130107

https://publications.jrc.ec.europa.eu/repository/handle/JRC130107



improvement and carbon dioxide removal® or methanation that converts the biomass into biogas. On
the other hand, leakage of agricultural nutrients into the aquatic ecosystems can cause periodic blue-
green algae blooms with negative consequences on coastal ecosystems (through oxygen depletion and
the creation of anaerobic conditions) and that also cause concerns for human health. This latter example
demonstrates that by removing nutrients (causing eutrophication) from coastal marine waters we can
bring waters them back into productive value chains thus turning coastal marine pollution into business
opportunities.

European Algae Biomass Association (EABA) estimates a turnover in algae products in EEA
countries of more than €350 million in 2018 (including transformation), by considering both
companies and jobs. This estimate reaches more than €400 million?® when including equipment
companies and R&D companies. In algae turnover data estimates, care should be taken by considering
bulk biomass and transformed products, as algae product value (after transformation) greatly exceeds
the value of bulk biomass (see figure Nr.2).

ALGAE BIOMASS ALGAE PRODUCT
VALUE VALUE Figure 2.
Current EU
> €100 000 /ton dry >€10000 /kg A MARKETS algae value
Extraction of hig | R chains®’
algae (odontella, value compounds ’
y; faemmcg:cﬁ: ( Asthmn‘fhin' Nutraceutic _
Currently, 7 Schizochytrium, Fucoxanthin, DHA, B- arma the main
algae o production
Cultivated algae (undaria, Food processing (dryi H
mEthOdS / Alaria, Saccharina,%lva, Chll-lor:II-::, &encafsulation, formguIai:ir::l'll-,Ig H FDD: Ith In the EU
P / Spiruling,...) reciepies...) uman healt are Iald
, -
Plant and down in
" Harvested seaweed Seaweed extracts (containing animal )
€ 1-10/ton eq. dry ez, U e SEESCRE SmRones) health flgure Nr. 3
below. Main
Harvested seaweed Ext‘ractlon of colloids - Food additives a|gae
{Laminaria, Chondrus...) texturisers (Alginate, Carrageanans...) -
production
€70
/ke volumes

(according to the available data) in Europe and globally are provided in the Table 1 below.

ZBiochar from commercially cultivated seaweed for soil amelioration. Roberts, D., Paul, N., Dworjanyn, S., Bird, M. and de Nys, R.,
2015. Scientific Reports, 5(1) ; A Review on Application of Seaweed in Construction Industry. International Journal of Emerging
Technology and Advanced Engineering. Praveena, R. and Muthadli, A., 2016., [online] 6(9) ;Focus on Fibres: Sustainable Seaweed
Fabric... Seacell Ross, 2017. [Blog] The Sustainable Fashion Collective ; Seaweed Bacteria Could be the Answer to Environmentally
Friendly Laundry Days. Gatten, E., 2020. The Telegraph, [online].

% JRC estimates show a turnover of EUR 328 million (including processing) plus EUR 1 trillion of services (including technology
providers, R&D, consultancy and trader/exporters. This values include macro, micro and spirulina. The estimates also show around 2
000 people employed in the production and processing of macro, micro and spirulina plus 3 900 people in service enterprises.

27 Source: EABA
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Figure 3. Main algae production methods in Europe

France is the largest farmed seaweed producer in the EU, and only reported a production volume of
500 tonnes in 2016%8. Seaweed farming of most species (Laminaria, Alaria, Undaria, Saccharina etc)
requires the mastering of the reproductive life cycle (seeding, growing and harvesting), although some
other species (Ulva, Porphyra, etc.) can also grow and multiply by themselves (undergo vegetative
reproduction). Seaweed is mainly farmed out at sea but can also be produced in open ponds with direct
access to sea water. Microalgae on the other hand are produced on-land in open or closed systems. In
open systems, usually in Open Raceway Ponds (ORP) stirred by a paddle wheel, the growth medium
is in direct contact with the atmosphere. Closed systems are usually designed as Photobioreactors
(PBR) - horizontally or vertically arranged tubes or panels with high volumetric productivity and
controlled conditions - or as fermenters — to benefit from the ability of microalgae to grow in the dark
on sugars (heterotrophic production) - both with access to seawater for marine species or freshwater
for freshwater species®®. As of April 2022, a total of 187 algae and 212 Spirulina® production plants
(at sea and on-land) have been identified throughout the EU3:?*, Among those algae plants, 57%
produce macroalgae and 43% microalgae (by number of production plants, not the production
volumes). The largest number of companies are based in France, followed by Spain, Italy, Germany
and Ireland. In other European countries (namely Faroe Islands, Greenland, Switzerland and the UK),
there are 57 production plants (47 macroalgae, 8 microalgae and 2 Spirulina) have been mapped (Figure
4).

2Towards sustainable European seaweed value chains: a triple P perspective, S W K van den Burg, H Dagevos, R J K Helmes, ICES
Journal of Marine Science, Volume 78, Issue 1, January-February 2021, Pages 443-450.
29 Brief on algae biomass production, Araujo, R., Lusser, M., Sanchez Lopez, J. and Avraamides, M. editor(s), Publications Office of the
European Union, Luxembourg, 2019.
30 Spirulina is the most commonly produced cyanobacteria globally and whether dried or prepared as a food or food additive, is a rich
source of many vitamins and minerals
81JRC algae database. Joint Research Centre and Bioeconomy Country dashboard — EC’s Knowledge Centre for Bioeconomy
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Table Nr.1. Algae production volumes in Europe and globally

Algae® type Production European volumes (2020) | Global volumes
methods

Seaweed (or | Wild harvesting | 300 000 tonnes wet weight | 1.09 million tonnes of

macroalgae) (boat and | per annum (or 37 000 tonnes | wet weight in 201532
handpicked) eq. of dry weight per annum)

Seaweed farming at
sea (long lines)

~ 600 tonnes of wet weight
per annum (or ~45 tonnes

35.76 million tonnes
of wet weight in 2019°

Seaweed farming | eq. dry weight per annum)
on-land*?

Microalgae In open raceway | ~ 100 tonnes of dry weight | 56 456 tonnes of wet
ponds or | per annum weight in 202134
photobioreactors

Cyanobacteria In open raceway | ~120 tonnes of dry weight
ponds or | per annum
photobioreactors

Labyrinthulomycetes | In open raceway | No data
ponds or

photobioreactors

Looking forward, algae are a promising ocean resource, largely untapped in Europe that offers an
enormous potential for a variety of food and non-food uses. These have the potential to contribute to
mitigate the impact of global challenges such as climate change, environmental degradation,
biodiversity loss, and unsustainable food production while creating new business opportunities for
Europe. Figure Nr.4. outlines how the EU Algae Initiative can contribute to achieving the objectives of
the European Green Deal. The production of algae mitigates climate change by, for example, mitigating
COg, absorbing phosphorous and nitrogen'*. Food applications of algae products can contribute to the
Farm to Fork Strategy®® and more sustainable and innovative food systems. Additionally, non-food
applications of algae, such as for the production of biofuels®® can help achieve sustainable energy
objectives.

Nevertheless, to unlock algae potential in the EU a cross-cutting and realistic strategy needs to be put
in place to address current problems from scaling up the production, reducing costs, developing
innovative technologies until improving knowledge about potential risks to the environment or human
health and impacts from algae products and production processes (see heading 2 below) by achieving
objectives (heading 4), proposed policy solutions, and corresponding actions points (heading 5 below).

32 The Global Status of Seaweed Production, Trade and Utilization. FAO, 2018. Globefish Research Programme. Volume 124,

33 In open raceway ponds or photobioreactors

34 Seaweeds and microalgae: an overview for unlocking their potential in global aguaculture development. Cai, J., Lovatelli, A., Aguilar-
Manjarrez, J., Cornish, L., Dabbadie, L., Desrochers, A., Diffey, S., Garrido Gamarro, E., Geehan, J., Hurtado, A., Lucente, D., Mair, G.,
Miao, W., Potin, P., Przybyla, C., Reantaso, M., Roubach, R., Tauati, M. & Yuan, X. 2021. FAO Fisheries and Aquaculture Circular No.
1229. Rome, FAO.

35 COM(2019) 640 final, 11.12.2019

36 Are algae ready to take off? GHG emission savings of algae-to-kerosone production, Prussi M., Weindorf W., Buffi M., Sanchez Lopez
J., Scarlat N. 2021. Applied Energy
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Figure 4. Algae in the European Green deal

Why algae are an untapped resource in the EU?

While today’s EU algae sector remains small, the conditions are favourable to grow it into an
innovative sector within the EU Blue Bioeconomy. Figure Nr. 5 provides an overview of the EU
demand for algae and algae-based products. As the EU is a top global importer of seaweed products
in terms of value (€554 million in 2016)%, there is clearly a strong demand for seaweed in the EU
which is only set to increase in line with health and sustainability trends®. Seaweed for Europe
estimates that European demand for seaweed will reach €3.0 — 9.3 billon in 2030 across all segments,
with feed, food and biostimulants being the largest®. For example, the demand for Chlorella and
Spirulina is growing in Europe, and it is expected that the European market for Chlorella will grow
at a compound annual growth rate (CAGR) of 6.4% to 2025, The CAPR for the European market
of Spirulina is expected to grow with 8.7% to 2025. There is a growing vegetarian and vegan
population in the EU; currently there are around 75 million vegetarians and vegans living in the EU%,
This number is expected to increase in the coming years and leads to a growing market and increase
in demand for plant-based food products, including algae. Additionally, the ageing population in the
EU and increasingly health-conscious consumers are drivers for an increase in demand for algae food
products, such as spirulina and chlorella based products. Moreover, EU coastal regions have been

87 Hidden Champion of the Ocean: Seaweed as a Growth Engine for a Sustainable European Future. Seaweed for Europe, 2021.
38 Entering the European market for seaweed or marine algae. CBI Ministry of Foreign Affairs, 2021.
39 The European market potential for seaweed or marine algae. CBI Ministry of Foreign Affairs. 2021.
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recognized as a fertile ground and with high opportunity areas for the algae sector to thrive. The
Atlantic Ocean and the North Sea indeed provide ideal natural conditions for seaweed cultivation
due to their cold, nutrient-rich waters*°, and researchers believe that Europe has vast areas suitable
for seaweed and macroalgae cultivation®!. Besides, data show that China, having 13 000 km coastline
with actual cultivation area of 136 223 ha (1362 km2), has cultivated 20.1 Mio tons of algae in 2019.
At the same time, EU-27, with its 66 000 km coastline and 5 mio km? of marine area (where 141 000
km? are near-shore area (0-1 nautical mile from coastline) and 715 000 km? territorial waters (0-12
nautical miles from coastline)) has an annual cultivated seaweed amount of less than 1000 t*2, If the
EU algae potential is to be unlocked, by 2030, one-third of algae products in the global market could
be produced by the EU suppliers®4. This increase in production would create around 85,000 jobs and
would remove thousands of tonnes of phosphorus and nitrogen annually and would mitigate up to
5.4 million tonnes of CO, emissions per year.

European demand for algae and algae-based products

EUl demand for seaweed may EU is a top importer worldwide
reach up to EUR 9 billion in € of seaweed products:
2030 EUR 554 millionin 2016
(£3.000% increase in

best case scenario)

Market for chlorella will Growing human population
/\/ accelerate with an annual worldwide
‘ || | ‘ | growth rate of 6.4% to 2025 \ 75 million vegans and
[| | Market for spirulina will vegetarians in Europe
accelerate with an annual Ageing populationand
growth rate of 8.7% to 2025 increasingly health-conscious
CONSUmers

Figure 5. Expected growing demand for algae products

1.4.Political context

As aquatic resources, algae fall under the European Commission’s Fisheries and Maritime Affairs
policy. More specifically, the algae sector, as part of the blue bioeconomy, is considered an evolving
and growing innovative sector of the blue economy providing new prospects and creating jobs. Algae

40 Recent Pace of Change in Human Impact on the World’s Oceans Halpern, B.S., Frazier, M., Afflerbach, J., Lowndes, J.S., Micheli,
F., O’Hara, C., et al. (2019. Science Reports, 9, Article No. 11609.

41 Global Potential of Offshore and Shallow Waters Macroalgal Biorefineries to Provide for Food, chemicals and Energy: Feasibility
and Sustainability. Lehahn, Y., Nivrutti, I., Golberg, A., 2016.

42 Spatial Analysis of Marine Protected Area Networks in Europe’s Seas 1I. Agnesi, S., Annunziatellis, A., Chaniotis, P., Mo, G.,
Korpinen, S., Snoj, L., Tunesi, L., Reker, J., 2020.
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cultivation falls under the notion of aquaculture, which is shared competence*® between the EU
Member States and European Commission (the latter performs an "open method of coordination"#4).
The EU algae initiative will be implemented as an initiative complementary to national legal acts and
policies

The EU’s new approach to the sustainable blue economy* recognizes the role of algae in delivering
on the European Green Deal*® objectives to ‘build a climate-neutral, green, fair and social Europe’
and develop innovative, healthy and sustainable food systems, and a sustainable and circular
bioeconomy*’. The document also sets an action to develop a dedicated EU Algae initiative*® in 2022.
The various types of algae production fall under the Common Fisheries Policy (CFP), covering both
harvesting of marine biological resources and aquaculture. The new Strategic Guidelines for
Aquaculture® recognize algae’s potential as alternative protein source for sustainable food and feed
systems and in promoting aquaculture systems with lower environmental impact. As renewable
biological resources, algae are also a small but growing part of the European Commission’s
Bioeconomy Strategy *°, setting out the Commission’s priorities for economic activities based on
renewable biological resources from land and sea and acting as a cross-sectoral policy framework to
ensure optimum use of biological resources, as well as identification and resolving of potential trade-
offs. The strategy is also related and fits within the objectives of the Clean planet for all
(decarbonisation strategy)®!, which aims to improve the productivity of aquatic and marine resources
to capture the full range of opportunities of the bioeconomy in tackling climate change. The
Bioeconomy strategy development in EU regions report>?outlines that Spain, France, Belgium
Denmark, Italy and Germany have bioeconomy strategies that include aquatic biomass from fish,
aquaculture production and algae. Additionally, Spain and Germany have highlighted blue growth and
blue biotechnology respectively in their regional bioeconomy strategies®

4 EUR-Lex - 12016E004 - EN - EUR-Lex (europa.eu); FAQ EU competences and Commission powers (europa.eu)

44 Aquaculture policy (europa.eu); Open method of coordination - Wikipedia,

4Sustainable Blue economy communication (COM(2021) 240 final (17-5-2021) recognizes potential of algae to provide viable and
sustainable alternative food and feed materials and to produce other bio-based products. Algae-based food and feed production in the EU
is a major opportunity for the development of a sustainable food sector that will alleviate environmental pressures exerted by agriculture,
aquaculture, and fisheries. Animal feed produced from microalgae can help reduce catches of wild fish. Producing algae in the sea can
help remove excess carbon, nitrogen and phosphorus from water. The Commission will also explore the potential of cell-based seafood
as an innovative and sustainable alternative.

46 Available at: European Green Deal

47 The EU Blue Economy report 2022.European Commission, Directorate-General for Maritime Affairs and Fisheries, Addamo, A.,
Calvo Santos, A., Guillen J., et al.., 2022.

48 To adopt a dedicated initiative on algae in 2022 to support the development of the EU’s algae industry. The initiative will facilitate
the authorisation of algae as novel foods by cutting application costs, facilitate market access, increase consumer awareness and
acceptance of algae products and close gaps in knowledge, research and innovation;

49 Available at: EU Blue Farming

50 Available at: Bioeconomy Strategy

51 Available at: Clean planet for all

52 Available at; Bioeconomy Strategy Development in EU Regions

53 Pays de la Loire region (France) published one sectoral strategy on algae: Regional roadmap for the microalgae sector. Andalusia
(Spain) has 1 regional bioeconomy strategy embedded in blue growth: Bases for an Andalusian strategy to promote business activity in
the field of the blue economy. The Canary Islands (Spain) have three bioeconomy strategies embedded in blue growth: Canary Islands
Blue Economy Strategy 2021-2030.
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On 22 June 2022 the Commission adopted its proposal for EU legally binding nature restoration
targets®, with the objective in particular to restore ecosystems capable of removing and storing carbon
and preventing and reducing the impact of natural disasters. Algae’s potential for carbon uptake,
recycling and sequestration and nature-based solution towards the impact of natural disasters could
help achieve these targets. Connected are the Commission’s initiatives —on the certification of carbon
removals and adopted communication on sustainable carbon cycles with algae carrying potential
towards the objectives by removing and storing carbon and nutrients from marine ecosystems in their
production cycle®®. Overall, enhanced EU production and use of algae will help to ensure sustainable
food and farming systems, economic circularity and bio-based products.

Algae cultivation should also consider and can contribute to marine ecosystem conservation and
restoration, where the EU puts forward various legislations with a positive bearing on EU ecosystems.
The Habitats Directive®, Marine Strategy Framework Directive® and the Water Framework
Directive®® aim to conserve and ensure good environmental status of EU waters to protect marine life,
including algae, from the cumulative pressures of climate change and other anthropogenic pressures®”.
Furthermore, all Directives specify that developments, including algae cultivation, should not lead to
negative ecosystem impacts (e.g. ecosystem-based management of human activity

While algae are referred to in various pieces of EU legislation, there is currently no dedicated EU policy
focused specifically on algae. Most relevant legal acts are further elaborated in the subheading 1.5,
while a more comprehensive overview of algae related legislation is provided in Annex X. Within the
EU, some Member States already recognise the potential of algae by introducing algae cultivation into
national strategic documents like National Strategic Aquaculture Plans, Marine Spatial Plans
and/or National Bioeconomy Strategies®.

At international level, the possible capacity of algae to store and sequester carbon provides an
opportunity to help reach greenhouse gas emission reduction targets set under the Paris Climate
Agreement® . In addition, a scaled algae industry shows opportunities to contribute to nearly the entire
Sustainable Development Goals (SDGs)®1%? agenda, from coastal communities' empowerment and
ocean regeneration to low-impact food systems. Under the Convention of Biological Diversity (CBD),
the Nagoya Protocol aims to preserve the genetic diversity of ecosystems by increasing cooperation
among stakeholders involved in access to and benefit-sharing for genetic resources (e.g. resource
exchange, collaborative research, inclusion of local and/or indigenous knowledge)*°.

54 Proposal for a Regulation of the European Parliament and of the Council on nature restoration, COM(2022) 304 final of 22.6.2022.
55 Available at: Sustainable Carbon Cycles

5 Available at : Habitats Directive

57 Available at : Marine Strateqy Framework Directive

58 Available at : Water Framework Directive

59As of April 2022, ten Member States have dedicated bioeconomy strategies (Austria, Finland, France, Germany, Ireland, Italy, Latvia,
the Netherlands, Portugal and Spain) and seven Member States (, Croatia, Czechia, Hungary, Lithuania, Poland, Slovakia, Sweden) are
in the process of developing a dedicated strategy at national level (European Commission’s Knowledge Centre for Bioeconomy country
dashboard and EU Bioeconomy Strategy Progress Report, forthcoming).

60 The Paris Agreement

61 Available at: Sustainable Development Goals

62 Available at: Algae2030 (algonauts.org)
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2. Problem definition
2.1.0verview of problem definition

The Blue Bioeconomy Forum Roadmap®® published by the Blue Bioeconomy Forum® at the end of
2019 and after an extensive consultation process of around 300 stakeholders, identified 14 problems,
structured around 4 domains: (1) Policy, environment and regulations; (2) Finance and business
development; (3) Consumers and value chains and (4) Science, technology and innovation. This sub-
heading is a follow-up of the above roadmap and takes into account latest developments.

A number of problems were identified with regards to the current EU algae sector and the potential for
sustainable growth of the sector. Figure Nr.7 outlines the most significant problems of the current EU
algae sector, and the resulting specific and general objectives to address these problems. The specific
and general objectives are explained in more detail in chapter 4.
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Figure 7. Problems, objectives and proposed action areas for the EU Algae Initiative.
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algae-based products /

Fragmented governance
framework

2.2. Low production volumes

Nowadays, 99% of algae production volumes in the EU depend on seaweed harvesting from wild
populations at sea®®. Although well managed and based on advice from national scientific bodies, algae
harvesting from the wild will not be able to sustain the growing demand for algae products in the future.
Farmed seaweed represents roughly only 1% of the algae biomass in the EU, while globally, there is
an opposite trend, where 99% of global seaweed production comes from farming practices. Upgrading

63 Available at: Blue Bioeconomy Forum Roadmap
6 DG MARE of the European Commission and the Executive Agency for Small and Medium Sized Enterprises (EASME) initiated the
Blue Bioeconomy Forum (BBF) in 2018 to bring together industry, public authorities, academia, finance and civil society in order to
strengthen EU's competitive position, exploit the potential of renewable resources and ensure the sustainable use of the resources of the
emerging blue bioeconomy. The aim of the BBF was to develop a common understanding of the current status of blue bioeconomy in the
EU and to collectively identify strategic developments, market opportunities, appropriate financial assistance, regulatory actions and
research priorities.
55 68% of the macroalgae production enterprises in the EU harvest from wild stocks?*
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and accelerating sustainable seaweed cultivation systems is crucial to achieve successful increase
of seaweed production volumes in the EU. Long and cumbersome process do deploy a farm (i.e.
access to maritime space) is one of the causes of low production. In addition, current competition for
marine space for various activities can be tackled via the modification of the national Maritime Spatial
Plans (MSP) in the Member States with well-integrated seaweed farming. However, this will need to
be done without jeopardizing the environmental, economic or social objectives on which current
maritime spatial planning is based, and following a careful assessment of trade-offs and co-benefits.5®

Although microalgae cultivation amounts are currently negligent in the EU (estimated 350 t yearly),
microalgae cultivation in photobioreactors (71%) which are closed on-land systems®’ have a potential
of substantial scale-up of the production without a maritime space requirements and limited land needs.
Additionally, 19% of microalgae is produced in open ponds and 10% is produced in fermenters.

Whereas 83% of companies producing Spirulina use open-ponds. European production volumes are
minor but the economic value of the resulting products is notably compared to seaweed. Cultivation
of microalgae requires specific infrastructure, valuable equipment and manpower which make
the production costs relatively high. Upscaling microalgae production systems can reduce costs but
need space and considerable investments, which, at a producer’s level is very challenging.

In general terms, when addressing algae cultivation, species selection and improvement as well as
metabolic enrichment strategies can provide solutions to not only increase biomass volumes but also
increase the proportion of interesting valuable compounds within the algae. Although a longer process,
upstream knowledge (research in genomics, metabolomics etc.) is essential to provide solid
knowledge-based solutions. Moreover, the EU already possesses a sound research basis but
technology transfer should be strongly supported, besides investments and space.

2.3. High production costs

Cultivating algae in the EU is costly today. This explains why most products are not competitive on
the global market and confines them to niche markets. Strategies to be more cost efficient and to have
more optimised processes can be deployed individually (to reduce energy and water consumption,
increase automation and nutrient recycling, etc.), but globally, the following strategies are currently
being implemented to reduce production costs:

e Upscaling algae production systems can reduce costs but would need more space and considerable
investments. The latter could be achieved without any risk if the downstream market was secure
and stable. Fluctuating market prices and the unstable position of niche markets make investments
risky at a producer’s level.

e Developing advanced biorefinery technologies to valorise each fraction of the algae biomass can
increase the global value of the incoming algae biomass and in effect the cost-effectiveness of algae

% As emphasised by the Bioeconomy Progress Report: ‘Bioeconomy Policy: Stocktaking and future developments’, integrated land and
sea use assessments are essential to ensure environmental integrity, provide good biosphere stewardship, and finally develop sustainable
biomass strategies
67 Current Status of the Algae Production Industry in Europe: An Emerging Sector of the Blue Bioeconomy. Araujo et al., 2021.
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cultivation. However, not all algae biomass fractions are marketable. Bringing more novel algae
species to the EU market in line with the Novel Food Regulation needs to be continued (e.g. via the
EU4Algae project).

2.4. Limited knowledge of market and consumers

In the EU, algae-based products have been consumed for decades without explicit knowledge of the
consumers. Today, consumer awareness towards natural ingredients and plant-based products is
increasing, and has slowly expanded the diversity of other algae food and high value health products
besides the simple low value texturisers.

However, algae-based food is not traditionally consumed in the EU and there is a large proportion of
consumers who are not ready or even willing to integrate algae in their staple diet. Awareness on
exceptional nutritional benefits®1%3%40 and low environmental footprint®3> and acceptance of
algae products should be raised to the EU citizens in order to boost the demand. At the moment,
potential consumers have limited knowledge on how to prepare algae-based recipes, about the
consumption of algae products, and on the potential risks that may arise due to the presence of certain
compounds (for seaweed: iodine, heavy metals, inorganic arsenic), and simply where to buy products.

The business-to-business markets are often unaware on potential algae uses ranging from animal feed
to compostable or edible biopackaging, to algae-based textiles, tissues and pigments, cosmetics, or
plant biostimulants to support the growth of organic agriculture practices. They are also often unaware
on low environmental and carbon footprint of algae production and products.

Besides social awareness and consumer acceptance to boost the demand, connections between suppliers
and buyers need to be improved. For instance, harmonized prices and clear commercial channels to
buy algae biomass could enable algae products to reach buyers who are willing to experiment with the
products on untapped markets.

2.5. Limited knowledge on risks and impacts of an expanded algae production

To ensure that the algae sector develops sustainably, it is important to understand potential impacts of
a developing algae industry (as supported by the results of the Open Public Consultation that ended
August 2021, see Figure Nr. 8 below). Besides the Life Cycle Analysis, which provides comparative
scenarios indicating the process with highest environmental impact and steps how to act on them
(notably used for microalgae production), more detailed and consistent measurements need to be
performed, such as the impact on local biodiversity, environmental footprint and proposals for
compensation measures (notably used for seaweed production).
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governed at the EU level (number of responses to the OPC).

There is also a need to increase knowledge on environmental benefits of seaweed aquaculture, such as
carbon and nutrients capture and carbon sequestration. Harmful impacts on local ecosystems, such as
reduced genetic diversity need to be considered (have already been reported in Chile, Tanzania). Also,
potential darkening of ocean colour (e.g. due to eutrophication) leading to higher heat absorption and
hence ocean warming® needs to be assessed. Therefore, more studies and monitoring programs are
needed to better understand and assess potential negative effects and proposing risk mitigation
strategies. The latter may help to increase the acceptance of algae products by consumers in the EU.

2.6. Fragmented governance framework®°

Seaweed aquaculture at sea or algae cultivation on land need to comply with different national
regulations (licensing, access to marine space, species to be farmed) depending on the EU Member
States, EU rules (food safety, fertilising products etc), industry standards etc.

Although scientists recommend not to shift species from one marine area to another or not to spread
the same seedlings in different areas in order to prevent potential mono-clonal escapes replacing natural
wild populations, such situations may happen. This may distort local genetic diversity.

Access to marine space can be allocated to the aquaculture production, provided the national MSP
allow it and the license is temporary for an agreed time frame. Licensing processes, including the
validity duration of the license and its renewal terms, are managed entirely by the national authorities
and vary significantly from country to country. The licensing process can be intermittent, multi-step
and resource-intensive, which makes it a barrier for setting up new investments.

88 Testing the climate intervention potential of ocean afforestation using the Great Atlantic Sargassum Belt, Bach, L.T., Tamsitt, V.,
Gower, J. et al., 2021. Nat Commun 12, 2556.
69 Governance framework (for the purpose of this document) reflects the interrelated relationships, factors, and other influences upon
EU public sector (national authorities and European Commission). Governance frameworks structure and delineate power and the
governing or management roles. They also set rules, procedures, and other informational guidelines. In addition, governance frameworks
define, guide, and provide for enforcement of these processes. These frameworks are shaped by the goals, strategic mandates, financial
incentives, and established power structures and processes of the EU public sector.
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Regarding more downstream legislation, there are differences between the EU Member States in terms
of certain, non harmonised at EU level, food safety measures such as not exceeding iodine thresholds
in algae biomass before commercialization. Such differences between countries have created
discords between suppliers and buyers across borders and lead to commercial tensions.

3. Why should the EU act?

3.1. Legal basis and context
The Treaty on the Functioning of the European Union (TFEU) provides for the following distribution
of responsibilities between the EU and the Member States in areas relating to algae:

1) The European Union has exclusive competence with regard to the conservation of marine biological
resources within the framework of the common fisheries policy’® (see Article 3 (1d) TFEU)"*;

2) The European Union shared competence with the Member States in matters of
agriculture” and fisheries”® (including aquaculture, thus covering the production of seaweed, the
common organization of the markets in fisheries) to the exclusion conservation of living marine
resources (see Article 4 (2d) TFEU)™*, and Union policy will contribute to pursuing objectives in the
main areas of:

- Common public health safety concerns for the aspects defined in the TFEU,;
- Consumer protection (Article 4 (2k) TFEU);
- Environment (Article 191 TFEU)">.

There is currently a lack of harmonized algae-related legislative framework between Member
States. This section provides an overview of the EU regulatory framework applicable to algae from
their production or collection to their processing into food, feed, pharmaceuticals, chemicals and other
products. Some EU regulations are relevant for all types of algae, namely those that deal with aquatic
resources, renewable biological resources and anthropogenic pressures on the environment. Other
policies and regulations are only applicable to one phase of the value chain, such as the Common
Fisheries Policy (cultivation or wild harvesting) or rules on food packaging, and various rules apply to
specific products, e.g. additives in feed. Overall, algae industry needs to be aware of various rules and
regulations (as outlined in this sub-heading and Annex 5).

Product safety and consumer protection are the priority when considering bringing new algae
products to the EU market. For organic algae, labelling and production, EU level rules are set up. In
seafood, producers need to consider maximum allowed levels of iodine, heavy metals and other
contaminants. In algae as foods also high concentrations of contaminants may occur, but so far
occurrence data have been lacking to allow the establishment of maximum levels in food, in order to

70 Regulation (EU) No 1380/2013 of the European Parliament and of the Council of 11 December 2013 on the Common Fisheries Policy:
includes rules on the capture of marine resources and aquaculture (including freshwater aquaculture), thereby covering the various types
of algae production.

1 Available at: Article 3 (1d) TFEU

72 Available at: agriculture

73 Available at; fisheries

4 Available at; Article 4 (2d) TFEU

5 Available at; article 191 TFEU
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protect EU consumers against the health risks from those contaminants (in particular high
concentrations of heavy metals) in algae. Maximum allowed levels are available for contaminants in
feed and fertilisers. Obtaining health claims for algae-based foods may be an extensive process as
strong substantiation of any health benefits is needed. In addition to the rules on products, the algae
business is strongly impacted by the elements of the general regulatory environment such as
agricultural/aquacultural subsidies, aquaculture licensing, public procurement criteria, tax schemes,
and trade agreements. Needless to say, not every single rule will apply to every single algae producer
or processor, depending on their production methods, final products and size of the operation® 7.

For the cultivation of algae for food and feed, various legal acts are in place. Compliance with EU food
safety legislation’® sets out basic legislative principles for algae products to ensure safe human nutrition
and to protect consumer interests. Furthermore, new algae food products entering the EU market might
fall under the Novel Food Regulation”®and would require authorisation by the European Commission,
The Novel Food legislation applies to foods and ingredients that were not consumed significantly in
the EU before May 15, 1997. As the algae industry is an emerging sector in the EU and demand for
algae biomass is rising for a variety of products, new algae species will most probably need to get a
Novel Food authorization before being allowed to enter the EU market and be included in the Union
List of authorised novel foods.

Macroalgae have a long history of usage in the production of thickening and gelling agents applied as
additives in food, cosmetics, and pharmaceuticals. The Regulation on food additives® regulates their
use and contains a list of authorized food additives. It includes eight macroalgae-derived additives
under codes E401-E407a. Commission Regulation on specifications for food additives® further
specifies the origin, composition, and usage of the accepted additives. Several novel or underutilized
macroalgae species could be used for production of food additives, although they would not be accepted
as food or food ingredients. In addition to the traditional macroalgae-derived thickening and gelling
agents, macroalgae contain pigments, antioxidants, and bioactive compounds, the properties and
potential applications of which are under active research®. However, any novel macroalgae-derived
phytochemicals intended for use as food additives, require an authorization before their entry into the
EU market.

The EU has, furthermore, issued a Recommendation on the monitoring of metals and iodine® in
seaweed, halophytes, and products based on seaweed (through a specific list of species). These
monitoring data are needed to establish maximum levels on the basis of the ‘As Low As Reasonably

6 European Union Legislation and Policies Relevant for Algae. Leinemann F., Mabilia V., 2019.

""European Union legislation on macroalgae products. Lahteenmaki-Uutela, A., Rahikainen, M., Camarena-Gomez, M.T. et al, 2021.
8 Available at : EU food safety legislation

9 Available at : Novel Food Regulation

80 Available at: Regulation (EC) No 1333/2008

81 Available at: Regulation (EU) No 231/2012

82 Bjoactive Compounds in Seaweed: Functional Food Applications and Legislation. Holdt, S.L. and Kraan, S., 2011.

; Recovery and utilization of seaweed pigments in food processing. Current Opinion in Food Science. Aryee A, Agyei D, Akanbi T.,
2018. Current Opinion in Food Science 19:113-119. ; Source, extraction, characterization, and applications of novel antioxidants from
seaweed. Jacobsen C, Sgrensen AD, Holdt S, Akoh C, Hermund D., 2019. Annu Rev Food Sci Technol 10:541-568. Available at:

83 Available at : recommendation on the monitoring of metals and iodine
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Achievable’ principle, in order to limit the adverse health effects for consumers. Algae used in animal
feed/feed additives do not need pre-market authorization, but do have to comply with regulation on
feed hygiene®, marketing of feed®®, undesirable substances in feed® and feed additives®’. As
mentioned earlier, the Commission shares competence with Member States in this regard.

When used in pharmaceuticals, algae need authorization through centralized procedures, under the
EU Medicine Agency. Algae used as sources of fine chemicals, botanical extracts and active substances
or for speciality high-value applications in pharmaceutics and medicine fall under the main legislation
for chemicals in the EU: the Regulation on the Registration, Evaluation, Authorisation and
Restriction of Chemicals)®. The Cosmetics Regulation (EC) No. 1223/2009 is addressing concerns
for human health, and REACH - for environmental concerns of substances used in cosmetics. The EU
Fertilising Products Regulation® harmonises the rules for EU fertilising products, giving these
products access to the EU single market. However, national legislations (with different rules) may
apply in parallel, and regulate "national™ fertilising products in national markets.

Algae cultivation itself falls within the area of aquaculture (Article 34 of the CFP regulation)®®, where
the Commission establishes non-binding Union strategic guidelines on common priorities and targets
for the development of sustainable aquaculture. Therefore, the inclusion of algae cultivation within
multiannual national strategic aquaculture plans falls to the responsibility of Member States, along
with regulating algae licensing, marketing and production requirements. In order to obtain the ‘organic’
label, algae producers need to comply with the Organic regulation® and additionally require an
Environmental Impact Assessment (EI1A)% with thresholds determined by each Member State
individually. Furthermore, the EU encourages Member States to include algae objectives in their
national/regional spatial plans under the Maritime Spatial Planning (MSP) Directive®® promoting
sustainable development and encouraging coexistence of different sectors in the marine area.

Finally, algae production can be integrated into other industrial activities, e.g. wastewater treatment
and industrial CO> capture. In this regard, relevant algae products can fall under the remit of the Waste
Framework Directive (WFD) and specifically under End-of-waste criteria®. A revision of the WFD
is underway for 2023.

Some of the main legal references related to the seaweed aquaculture are laid down in Figure Nr. 6
below.

84 Available at : requlation on feed hygiene

8 Available at : marketing of feed

8 Available at : undesirable substances in feed

87 Available at : feed additives

8 Available at: REACH

89 Available at : Fertilising Products Regulation

9% Available at : Article 34 of the CFP regulation
91 Available at : organic regulation

92 Available at: Environmental Impact Assessment
9 Available at: Maritime Spatial Planning Directive
94 Available at: End-of-waste criteria.
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Figure 6. Overview of legal acts relevant to seaweed aquaculture®®

An elaborative overview of existing and forthcoming initiatives and explanation of their relevance to
algae is provided in Annex 5.

3.2. Is it necessary for EU to act?

The European Union can only act in areas according to a division of responsibilities set in EU treaties
(See 3.1 above). The EU Blue Bioeconomy, including the algae sector, plays an important role in
achieving European Green Deal objectives and Sustainable Development Goals (SDGSs). A growing
global population, exhaustion of resources, environmental pressures, and climate change, require a
modified approach to our food systems. To overcome these challenges, new sustainable ways to feed a
rapidly growing global population are essential. The European Commission’s Group of Chief Scientific
Advisors elaborated in its 2017 “Food from the Oceans” advice®® how the ocean offers untapped
potential to meet global food demand through direct food production or biomass harvest. The
production and processing of food from the ocean, such as algae and other new marine resources can
help provide sustainable food products, animal feeds and non-food products. The European
Commission intends to play a key role in the development of a regenerative EU algae sector.

As part of the Farm to Fork Strategy, the Commission aims to "launch a process to identify new
innovative food and feed products, such as seafood based on algae"®. In addition, the Commission
stresses the need for well-targeted support to the algae industry to develop its potential as a sustainable
food system.

Currently, the lack of harmonization between Member States poses obstacles to the rapid and successful
development of an algae sector in the EU. These may be the licensing procedures, access to marine

% Design: Michéle Barbier, Institute for Science and Ethics

9 Food from the oceans : how can more food and biomass be obtained from the oceans in a way that does not deprive future generations
of their benefits?. European Commission, Directorate-General for Research and Innovation, Group of Chief Scientific Advisors,
Publications Office, 2017,
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space including multi-use, spatial planning, carrying capacity of EU marine waters, competition
between countries, access to algae seeds, guidelines around algae-origin biostimulants, organic
production and labelling, traceability, origins control, and preserving, protecting and improving the
quality of the environment, etc.

Not taking action at this stage would mean a missed opportunity for Europe in terms of creating an
algae industry sector creating new and quality jobs in coastal regions, helping to restore ocean health
and biodiversity, making low carbon footprint products etc. Not improving the traceability of bulk
biomass and algae-based products can create consumer suspicion on the products origin and production
methods, which will hinder the downstream market and confine the products to niche markets (as it is
today). Not ensuring environmental sustainability of up scaled algae production systems, through
fundamental knowledge, is likely to lead to potential drawbacks on local ecosystems and create social
controversy. By acting, the EU can seize the opportunity to address these potential drawbacks,
and not only respond to the increasing demand for algae, but also provide a safe, sustainable
(economic and environmental) and competitive resource for the growing EU and international
market.

3.3. Would there be an added value of an EU action?

Coordinated action at EU level is necessary to unlock the algae potential and to enforce environmental,
health, food, social and economic benefits that algae sector will provide. In respect of the subsidiarity
mentioned, the EU must thus act in those areas and across EU maritime regions.

The goal is to integrate algae into the national policies, be thoughtful of the algae sector’s complexities
and specificities, and promote its integration into internal markets. It is essential that the homogeneous
political approach does not replace national policies, but complements them and harmonizes the rules
on the use of algae as food and non-food products. Similarly, national legislation and licensing
requirements necessary to carry out algae-related activities will have to be harmonized to facilitate
intra-EU algae sector developments. Clear regulations in the sector would eliminate barriers to new
investors and young entrepreneurs to enter the sector, and will increase its broader visibility and
recognition.

The growth of the sector will be fostered when new products are continuously developed and
introduced into the market. This can be promoted through EU level actions by helping innovation and
simplifying the authorization procedures for new foods. The improved labelling and European
standards of algae and algae products would certainly lead to a better competitive position for EU algae
producers and processors, compared to algae producers from outside the EU, and would push the
request for products of EU origin. This would also establish consumer confidence in the products, and
make it easier for producers to adhere to standards when labelling is done in a coherent way.

4. The EU Algae Initiative and its objectives

One strong value added of a dedicated EU Algae Initiative lays in the coordinated supervision of the
existing and additional actions listed in previous sections. The unlocking of the EU algae industry will
indeed emerge from this system-level approach that will create synergies between this long list of
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complementary actions. This integration and coordination is key to ensure smart economic stewardship
of EU budget by avoiding duplication and maximising knowledge sharing across these actions.

The set-up of the Algae Initiative can be done in a cost-efficient way given that many of these actions
are already planned, budgeted or already being implemented. The Algae Initiative can indeed:

- Leverage existing programs and actions directly contributing to the algae agenda (cf section 5.1).
EU4Algae can for instance be a powerful amplifying channel to engage the algae community and
disseminate knowledge generated by the Algae Initiative.

- Collaborate with adjacent EU programs that can also contribute to the algae agenda, for instance
collaborating with EU4QOcean and their literacy and awareness campaigns to promote algae, or with
Blue Invest to present algae companies to investors.

- Officialise the “algae interest group” that exists across DGs and make it the network of focal points
for the Algae Initiative

- Activate DG MARE budget already validated in the Work Programme and that could be allocated
to funding new actions listed in section 5.2

However, to make the EU Algae Initiative successful, some additional enablers will be required:

1. Clear allocation of Commission resources to play this coordination role across existing and new
actions listed in this document, under the official mandate of the Algae Initiative, signalling to
other DGs that the Algae Initiative will be in charge of creating synergies across them on algae-
related topics and programs.

2. Engage with Horizon Europe to shape proposals aligned with the new actions proposed in
section 5.2, as long as they are consistent with workstreams defined by Horizon Europe plan
and roadmap.

Assess possibility to unlock additional budget in 2023 and 2024 for additional actions from section 5.2
that cannot be funded and resourced by all other mechanisms listed above.

4.1. General objectives
The main goal, and 10-year vision, is to unlock algae potential in the EU by increasing sustainable
production®’, safe consumption® and innovative use of algae products in the EU.

Unlocking the algae potential in the EU by developing a thriving, strong and sustainable EU algae
sector would contribute to strengthening the EU economy and limit dependency on imports of raw
materials and nutrients from other parts of the world. The Covid-19 pandemic and recently started
Russia’s military aggression against Ukraine reinforce the case for diversifying the production of key
raw materials in the EU and making this production sustainable. A thriving EU algae industry would
also be a key contributor to the European Green Deal and a flagship and source of inspiration for other

97Sustainable production and consumption can be defined as production and use of products and services in a manner that is socially
beneficial, economically viable and environmentally benign over their whole life cycle Sciencedirect
9 Algae products intended for consumption on the EU market shall correspond to the “safe products” definition laid down in the Directive
2001/95/EC of 3 December 2001 on general product safety
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industries to become more regenerative, innovative and socially exemplary, with thousands of good
jobs created, notably in coastal communities.

Positive impacts on the people, nature and the economy - described in the next chapter - would be
unleashed and will contribute to addressing key ocean (acidification, biodiversity loss, pollution,
habitat destruction) and socio-economic (self-sufficiency, unemployment, obesity and malnutrition
etc.) challenges of our time.

4.2. Specific objectives
Specific objectives to implement the general objective above are:

1. To upgrade® and upscale regenerative algae cultivation and production throughout the EU
2. To develop and mainstream the markets for food and non-food algae applications.

Algae food applications, for instance, algae sold in supermarkets and prepared in restaurants should
become accessible to a wide variety of EU consumers. For non-food applications, EU-sourced algae
should become a mainstream sustainable raw material and feedstock across various sectors ranging
from animal feed, agriculture, textile, cosmetics, nutraceuticals, packaging, etc.

Increasing the capacity of algae production (and hence the whole value chain) in the EU is essential for
reaching such a target. Seaweed for Europe estimated (in their most ambitious scenario) that the
European seaweed production capacity could reach 8 million tons fresh weight by 2030 (currently: 0.3
million tons fresh weight per year) 34 to supply around a third of a EUR 9 billion European seaweed
market.

In this 2030 target vision, fundamental research in algae genetics, genomics and metabolomics has
built the required knowledge for biodiscovery, strain selection and ability to stabilize the quality and
increase the productivity of biomass, but also to increase the productivity of inherent compounds of
interest (e.g. high value bioactives). Research and long-term monitoring programs deployed within
production sites at sea (seaweed) have improved knowledge on environmental services of algae
production regarding nutrients uptake, ecosystem services, and the role of algae as a nature-based
climate solution. This research also provided conclusive information regarding the positive and
negative environmental impacts, essential for guiding aquaculture and hence ensuring environmental
sustainability of seaweed cultivation. Improved and new algae cultivation and processing systems and
methods have been tested, validated and scaled, leveraging technological breakthroughs, for instance
regarding biomass stabilization, full value transformation (e.g. via biorefineries) and technology
integration (e.g. industrial symbiosis) to guarantee economic viability of the produced algae. Public
and private capital would have been raised to fuel this research innovation and infrastructure
development.

In this target 2030 vision, algae would not be any more a niche industry in the EU:

- Algae production would be siginificantly scaled up, and would be environmentally friendly and
economically viable and sustainable;
- Innovative products would be available on the market, in the broadest range of applications.

99 Upgrading is the process of replacing a product with a newer version of the same product
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- Algae products placed on the EU market would be safe and their health benefits would be
substantiated, recognized and praised for (for food, feed and non-food applications);
- The industry would develop in a socially fair and resilient way and would leave no-one behind.

To deliver this ambitious (and sustainable) growth in EU algae production and new products
development within the next decade, many structuring enablers need to be deployed across the theme
of research, technology innovation, policy reforms, capital mobilised, improved governance and
awareness and acceptance raising.

4.3. Operational objectives

To reach the specific objectives presented above, the following operational objectives have to be
achieved.

4.3.1. Improve and harmonize governance and legal frameworks.

Algae sector would benefit from harmonized governance throughout the EU, involving common legal
procedures, monitoring and quality thresholds with the final goal to deliver an EU label guaranteeing
safe and traceable biomass or algae-based products.

Among others this objective implies development of common guidelines regarding algae cultivation
and commercialization as well as integrate algae-related provisions into national governance
frameworks (e.g. maritime spatial plans). For instance, development of centralized guidelines for
new algae farmers in the Member States to be performed. Specific actions may look at addressing
access to algae cultivation sites at sea (these diverge between countries) as well as at safe concentration
limits of certain compounds (e.g. iodine) required before commercialization (also differ across the
countries). Another example would be to draw an intra-EU policy on organic production of microalgae.
Improved governance also implies improved licensing and access to space procedures, improved
industry standards and necessary legal changes.

4.3.2. Support the improvement of business environment.

Well-functioning and growing business landscape and environment are crucial for an effective growth
of a regenerative algae sector. Some of the actions to implement under this objective are bringing more
algae species to the EU market by considering industry collaboration for preparing novel food
dossiers and by discovering species that are used as a traditional food in the EU Member States.
Reorientation of fishers careers to regenerative ocean farmers through a pilot projects could be
encouraged. Support could be provided to algae producers and transformers to attain existing EU
quality labels, which can provide a price premium to their respective products and help to achieve
economic sustainability. Implementation of the EU4Algae project will promote partnerships and
knowledge exchange, will accelerate the development of a regenerative, equitable and climate-friendly
algae industry in the EU by fostering stakeholder collaboration (for further details see sub-heading 5.1).

4.3.3. Increase social awareness and acceptance

EU consumers and ordinary citizens often are not aware about the multiple benefits algae cultivation
may bring ranging from marine ecosystem regeneration until creating low-carbon products and
generating blue economy jobs. Social awareness of algae and algae products needs to be increased to

boost the demand and knowledge of the EU Blue Bioeconomy sector through, for example, educational
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programmes at schools, seaweed cooking shows or by conducting a consumer behaviour and
preferences analysis on algae products.

4.3.4. Closing knowledge, research, technological and innovation gaps

Implementing this objective is key to succeed with implementing the general objective above. Algae
sector in the EU has rather limited availability of algae-related data (production and socio-economic
data)?*,1%, There is a need to develop innovative equipment able to increase and stabilise productivity
and quality levels such as large scale efficient and optimized production systems, automation
equipment, monitoring probes with control command systems, nutrient recycling, etc. which can reduce
unpredictable biomass loss but can also reduce labour costs. This equipment could be sound for
downstream processes like biorefineries able to treat algae biomasses of macro- and microalgae. There
Is also a need to remove systemic innovation barriers and accelerate algae innovation and market
access etc.

5. Ongoing and proposed policy actions

The algae sector is currently a niche sector in the EU on a development trajectory given the advantages
of algae products and consumer demand, e.g. algae foods. However, as described in Chapter 1 to unlock
the algae potential in the EU Blue Bioeconomy, without compromising on sustainability and safety
issues, a policy intervention to support and regulate the sector needs to be considered. This chapter
describes and explains (1) existing and ongoing algae-related actions and (2) proposes a range of
new policy actions structured around 4 specific objectives described above.

As indicated earlier, algae industry sector is at the early development stages therefore there is no or
very minor regulatory measures. The existing ones are very fragmented and mentioning in sectoral
legal acts of “algae” is either minor or inexistent (see sub-heading 1.5 and Annex 5 for more details on
the legal algae-related context). As the development of algae cultivation mostly falls within the remit
of the aquaculture, which is managed by the EU Member States, currently there is minor scope for
further legislative changes to support the development of algae sector. After a careful review of the
potential legislative changes with algae sector experts, stakeholder groups (see the results of the
stakeholder consultation in Annex 2 and 3) and based on collective knowledge of the Commission, a
possible future amendment of the scope of the fertilising products regulation (Regulation (EU
2019/1009) to allow more algae related materials could be considered. However, any proposal for such
an amendment should be duly supported and justified by an in-depth technical assessment of the market
potential, the agronomic efficiency and the safety of certain algae materials when used in fertilising
products. Existing and ongoing algae-related actions

This sub-heading describes the ongoing support to the algae sector, which is provided not in a targeted
strategic way, but more as part of the wider Green Deal Strategy. By continuing “business as usual”
algae-related calls could be still released, funded, contracted and implemented, while the regulatory
framework could be improved e.g. as part of Sustainable Blue Economy Strategy. To understand how
the algae-sector will look like in 3-5 years without the Algae initiative, we have to throw light on the

10 Report on the Community of Practice Workshop: Algae production in Europe: status, challenges and future
developments. European Commission’s Knowledge Centre for Bioeconomy.
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expected outcomes of the current algae-related initiatives that are in an implementation and planning
phase. Consequently, in the following paragraphs, the most important initiatives that can influence the
algae sector (2021-2022) are presented. These initiatives (non-exhaustive list) are: EU4Algae, current
EU funding calls (Horizon 2020, Horizon Europe, BBI-JU, EMFF, ERDF, etc.), business support
mechanisms (Blue Invest, private financing, etc.), initiatives that contribute to the knowledge base, like
the Commission’s Knowledge Centre for Bioeconomy, the JRC’s biomass study, as well as specific
algae-related studies, ocean literacy and awareness raising initiatives etc.

5.1.1. European Algae Stakeholder Forum (EU4Algae)

EU4Algae project was kicked off in February 2022 to run for three years. The project aims to support
EU algae innovation and market access, contributing to increasingly sustainable production of algae,
ensuring safe consumption and boosting innovative use of algae and algae-based products in the EU.
EU4AIgae consortium consists of some leading European algae organizations!®* that already have a
network of some 300 algae sector stakeholders.

EU4Algae contractor will deliver the following (non-exhaustive list):

e Create an EU-wide collaborative algae sector network — EU Algae stakeholder forum
(EU4Algae)

e Review and compile existing national incentives, best practices and procurement
mechanisms facilitating the development of algae businesses and increasing demand for algae
products

e Examine current national policies and forward planning for potential introduction of financial
incentives on the price of algae and algae-based products in the Member States

e Compile information on business support actors, initiatives and mechanisms in the Member
States to support collaboration and broader knowledge sharing at the EU level

e Will examine future EU research and innovation needs to enhance the potential of algae,
including the nutritional benefits of algae, the development of new algae-based products, new
business models and emerging algae applications at the initial phase of research

e Consider setting up an online Algae Intelligence and Innovation corner on the EU4Algae
website with an updated periodic list of EU funding sources for algae-related projects

e Support the addition of new algae species to the Novel Food Catalogue

e Aggregate actual algae-related funding calls to make them available for the algae sector
stakeholders

e Review and analyse state of the art knowledge on quantifying ecosystem services of algae-
based on bioremediation and carrying capacities of EU waters for seaweed aquaculture and
marine permaculture, and impacts of cultivation, restoration and harvesting on marine
ecosystems.

101 EURA, European Algae Biomass Association (EABA), Seaweed for Europe, sSPRO (Submariner network), Technopolis Group
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5.1.2. Algae-related EU funding calls

A number of existing funding calls are already supporting the development of algae sector. Among
others, these are Horizon 2020, Horizon Europe, BBI-JU/CBE-JU calls, blue economy window calls
(EMFF), ERDF and other EC funding calls already awarded or programmed. While EU4Algae project
mentioned above will aggregate the actual funding calls and make them available to the stakeholders,
below are few examples of recent calls.

One of the 5 key action areas of the EU research framework program Horizon Europe is the mission
“Restore our ocean and waters by 2030”. The objective of this Mission is to restore by 2030 the health
of one of our most precious shared resources: our ocean and waters. Alongside Horizon Europe the
Mission also mobilises the European Maritime Fisheries and Aquaculture Fund (EMFAF), InvestEU
and other EU programmes. Together, they will provide around €500 million in seed funding during
2021-2023. Along with Member State contributions and private funding, this will create a big and
lasting impact. In a nutshell, this means to: (1) protect and restore marine and freshwater biodiversity
and ecosystems, (2) eliminate pollution, and (3) make the blue economy carbon-neutral and circular.
So far there have been released or planned following funding actions where algae are explicitly
mentioned in the description or scope:

o Unlocking the potential of algae for a thriving European blue bioeconomy??

. Building alternative protein-friendly sustainable and healthy food environments!®

o Innovative food from marine and freshwater ecosystems*%4

o Filling knowledge gaps on nutritional, safety, allergenicity and environmental assessment of
alternative proteins and dietary shift%®

. Novel, non-plant biomass feedstock for industrial applications®®

o Photosynthesis revisited: climate emergency, “no pollution and zero-emission” challenge
and industrial application®’

o Environmental services: improved bioremediation and revitalization strategies for soil,

sediments and water'°®

Circular Bio-based Europe Joint Undertaking (CBE JU) — the successor of Bio-based industries
Joint Undertaking (BBI JU) will launch the algae-related calls (Annual Work Programme 2021-22) on
22 June 2022. BBI-JU has funded between 2014 and 2020 some ten algae-related projects. Some
examples are provided below.

SPIRALG was a successful aquatic biomass project, aiming to demonstrate the sustainable feasibility
of biorefining of EU produced Spirulina biomass in the agro-food and health sectors.

102 HORIZON-CL6-2021-CIRCBIO-01-09 — Total funding: 18 mio EUR, 9 Mio per project, 2 projects. Deadline: 01 Sep 2021
103 HORIZON-CL6-2022-FARM2FORK-01-07: Total funding: 12 Mio EUR, 12 Mio per project, 1 project. Deadline: 15 Feb 2022
104 HORIZON-CL6-2022-FARM2FORK-02-05-two-stage: Total funding: 18 mio EUR, 6 Mio per project, 3 project. Deadlines: 15 Feb
2022 (First Stage), 06 Sep 2022 (Second Stage)
105 HORIZON-CL6-2021-FARM2FORK-01-12: Total funding: 11 Mio EUR, 11 Mio per project, 1 project. Deadline: 01 Sep 2021
106 HORIZON-CL6-2021-CIRCBI0-01-05: Total funding: 12 Mio EUR, 6 Mio per project, 2 projects. Deadline: 01 Sep 2021
107HORIZON-CL6-2022-CIRCBIO-02-04-two-stage: Total funding: 6 Mio EUR, 6 Mio per project, 1 project. Deadlines: 15 Feb 2022
(First Stage), 01 Sep 2022 (Second Stage)
108 HORIZON-CL6-2021-ZEROPOLLUTION-01-10: Total funding: 11 mio EUR, 5,50 Mio per project, 2 projects. Deadline: 01 Sep
2021
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The REDWine project will demonstrate the technical, economic and environmental feasibility of using
the CO2 rich gas generated during the red wine fermentation and winery liquid effluent to support the
production of Chlorella biomass and extracts. The SCALE project (2021-2025) will build and operate
a first-of-its-kind flagship plant producing ingredients with high nutritional value derived from the
untapped microalgae diversity, for food, food supplements, feed and cosmetics sectors, through
economically-sound processes and in an environmentally friendly way. ALEHOOP project (2020-
2024) will demonstrate - at pilot scale - the feasibility of recovering low-cost dietary proteins from
algae-based and plant residual biomass sources, namely seaweed and the by-products of vegetables
production using biorefineries. MULTI-STR3AM project (2020-204) will develop a sustainable multi-
strain, multi-method, multi-product microalgae biorefinery integrating industrial sidestreams to create
high-value products for food, feed and fragrance. NENU2PHAR project (2020-2024) will develop a
viable sustainable and biodegradable alternative to the existing petrochemical-based plastic.

European Maritime and Fisheries Fund (EMFAF) has funded a number of algae-related projects.
These projects cover a range of different algae related topics and target different ways to promote the
sustainable algae sector in the EU. For example, the AlgaeDemo® project aims to demonstrate large-
scale seaweed cultivation at open sea and quantify the environmental effects of seaweed cultivation.
The Biogears!'? project supports the eco-friendly offshore aquaculture sector by developing prototypes
of biogears for use in the mussel and seaweed sector. To promote the sustainable production of
biopesticides for agriculture produced from microalgae biomass, EMFAF funds the innovative
ALGAENAUTS!! project. The objectives of the KELP-EU? project are to enable the EU blue
circular economy through innovative, sector-leading seaweed biorefinery. EMFAF funded Algama!!?
to launch a project named ‘Seafood Algternative’ aimed at producing fish substitute from algae to
develop the algae sector and to preserve marine life. Additionally, the ULVAFARM !4 project was
funded to promote large scale sea cultivation of green seaweed. Besides, the AFRIMED !° aims to
develop, implement and promote a protocol to restore damaged pl forests in the Mediterranean Sea.

EIT Climate-KIC is a Knowledge and Innovation Community (KIC), working to accelerate the
transition to a zero-carbon, climate-resilient society. To achieve above Climate KIC features innovative
algae start-ups (e.g. Swedish algae factory*6), success stories (Microalgae biorefinery 2.0 project''’)
or innovations (MiAlgae project!!®)

EIT Food accelerates innovation to build a future-fit food system that produces healthy and sustainable
food for all. EIT Food invests in projects, organisations and individuals that contribute to the healthy
and sustainable food system. It unlocks innovation potential in businesses and universities and create

109 Available at: AlgaeDemo

110 Available at: Biogears

11 Available at: Algaenauts

112 Available at: Kelp-EU

113 Available at: Algama foods

114 Available at: ULVAFARM

115 Available at: AFRIMED

116 Available at: Climate-KIC

117 Available at: Microalgae Biorefinery project
118 Available at: MiAlgae project
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and scale start-ups to bring new technologies and products to market. It also equips entrepreneurs and
professionals with the skills needed to transform the food system, and educate and inspire the next
generation. The forthcoming 2022 call, among others, includes the focus area Sustainable aquaculture
aiming to promote new emerging sustainable production systems and aquaculture species and will
cover adaptation of existing systems to new species or production of species in currently underexploited
areas e.g. to scale up of systems for production, harvest, and processing of seaweed.

. Innovative food from marine and freshwater ecosystems!®

o Filling knowledge gaps on nutritional, safety, allergenicity and environmental assessment of
alternative proteins and dietary shift'%

. Novel, non-plant biomass feedstock for industrial applications?*

o Photosynthesis revisited: climate emergency, “no pollution and zero-emission” challenge
and industrial application'??

o Environmental services: improved bioremediation and revitalization strategies for soil,

sediments and water'?

5.1.3. Strategic guidelines for the sustainable development of EU aquaculture

The updated “Strategic guidelines for the sustainable development of EU aquaculture” (2021)2,
include recommendations for the development of alternative aquaculture and food systems, incl. algae,
in multi-annual national strategic aquaculture plans for the next period (2020-2030) and simplification
of administrative procedures, mostly regarding permit application processes. The Strategic Guidelines
have identified the challenges and obstacles for algae production in the EU due to complex and not
harmonised legislation and propose solutions for national countries to overcome these. The EMFAF
programmes will support Member State’s efforts to develop sustainable aquaculture, including
alternative aquaculture sectors, in line with the EU strategic guidelines during the 2021-27
programming period. The programmes’ strategy and actions are assessed to ensure they address the
specific needs of the sector and for consistency with Member states’ multiannual national strategic
plan, as aligned with the EU strategic guidelines.

The suggested solutions include: simplification, streamlining and harmonising, where possible, of
legislation and administrative guidance on aquaculture for new licences or licence renewals; a ‘one-
stop-shop’ system for aquaculture licences; longer-term licensing, include an obligation to monitor
report data, and sanctions for non-compliance, including licence revocation.

Strategic guidelines have also stressed the importance of coordinated spatial planning principles and
have listed a scope of topics the planning has to consider for algae aquaculture:

119 HORIZON-CL6-2022-FARM2FORK-02-05-two-stage: Total funding: 18 mio EUR, 6 Mio per project, 3 project. Deadlines: 15 Feb
2022 (First Stage), 06 Sep 2022 (Second Stage)
120 HORIZON-CL6-2021-FARM2FORK-01-12: Total funding: 11 Mio EUR, 11 Mio per project, 1 project. Deadline: 01 Sep 2021
121 HORIZON-CL6-2021-CIRCBIO-01-05: Total funding: 12 Mio EUR, 6 Mio per project, 2 projects. Deadline: 01 Sep 2021
12HORIZON-CL6-2022-CIRCBIO-02-04-two-stage: Total funding: 6 Mio EUR, 6 Mio per project, 1 project. Deadlines: 15 Feb 2022
(First Stage), 01 Sep 2022 (Second Stage)
123 HORIZON-CL6-2021-ZEROPOLLUTION-01-10: Total funding: 11 mio EUR, 5,50 Mio per project, 2 projects. Deadline: 01 Sep
2021
124 Available at: Strategic guidelines for the sustainable development of EU aquaculture
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1. The development of offshore algae farming, special areas for organic aquaculture and the
integration of suitable aquaculture activities into protected areas, e.g. Natura2000;

2. The development of combined forms of aquaculture, algae with mussels and fish — IMTA, and
seek for synergies and multi-use of space at sea, e.g., combining offshore wind parks and
seaweed.

3. Promote algae (micro- and macro-algae) ecosystem services including in ponds and wetlands;

4. The adaptation of algae cultivation to climate change and mitigation of climate change impacts
(e.g. carbon capture)

5.1.4. Algae business support mechanisms

The Commission have developed certain business support mechanisms where algae industry could
benefit from. Two of the existing ones are outlined below

Bluelnvest is up and running and aims to boost innovation and investments in sustainable technologies
for the blue economy, by supporting readiness and access to finance for early-stage businesses, SMEs
and scale-ups. It is enabled by the European Maritime and Fisheries Fund. Among other actions, Blue
Invest has compiled a project pipeline that currently lists 12 micro- and macroalgae related projects'?.
Bluelnvest organises regular pitching events for SMEs in front of investors to increase the chances of
getting funding. Algae projects have been featured quite remarkably e.g. the Bluelnvest Info day 28
March 2022% includes pitches of 4 algae companies and annual the Algaeurope 2021 conference'?’
included the Bluelnvest session with pitches of 5 algae companies.

Aquaculture Assistance Mechanism (2022-2024) will support in the implementation of the EU
strategic aquaculture guidelines by providing logistic, administrative and technical support and by
enhancing cooperation between Member States and stakeholders for the development of sustainable
aquaculture in the EU (2021-2030). This includes the support to the seaweed aquaculture and to the
promotion and development of the Integrated Multi-Trophic Aquaculture in the EU Member States.

5.1.5. The European Commission’s Knowledge Centre for Bioeconomy

The Knowledge Centre for Bioeconomy*?® is a European Commission initiative on better knowledge
management for policymaking on the bioeconomy. It is coordinated by the Commission’s Joint
Research Centre (JRC). It pulls together knowledge and expertise on different elements of the
bioeconomy, including algae!?® and from different sources in order to assess the status, progress and
impact of the bioeconomy and support science-based policy making.

5.1.6. Algae related studies and projects
Apart from the EU4Algae, mentioned above, some other studies contribute to the development of algae
sector (non-exhaustive list):

125 Available at : Bluelnvest algae related projects

126 Available at: Bluelnvest info day pitches

127 Available at: Bluelnvest session pitches

128 Available at: https://knowledge4policy.ec.europa.eu/bioeconomy

129 Available at: https://knowledge4policy.ec.europa.eu/bioeconomy/topic/algae-biomass _en
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1. Shellfish, Algae and Nutrients (2022-2023/4) will assess the potential of shellfish and algae
to recycle nutrients and to estimate the greenhouse gas emissions generated by their production,
will develop digital maps that must provide complete coverage of EU seas.

2. Algae & Climate (2022-2023) will estimate the nutritional yield of various algae species, the
proportion of an animal feed that can be displaced by algae, the costs and greenhouse gas
emissions of algae production benchmarked against land-based crops, the land area that could
be used for inland production of algae.

3. The JRC’s Biomass Mandate'*° aims to provide data, models and analyses on EU and global
biomass supply and demand and its environmental, social and economic sustainability. It covers
all sources of biomass, including from algae and all uses.

5.1.7. Ocean literacy and awareness raising

Supported by the European Commission, the European Ocean Coalition (EU4Ocean)'® connects
diverse organisations, projects and people that contribute to ocean literacy and the sustainable
management of the ocean. The coalition is made up of three components: a Platform for organisations
and individuals engaged in Ocean Literacy initiatives, a European Youth Forum for the Ocean and
a Network of European Blue Schools. During its third year of the implementation, EU4Ocean is
becoming a reference forum for Ocean Literacy in Europe. Public engagement in Ocean related themes
e.g. in schools, exhibitions, conferences etc. have been existing for years, but now there is an umbrella
for European Ocean Literacy. Gathering many actors in Europe (research organisations, youth, schools
etc.), the benefit for the algae sector is tapping into a huge network of local “influencers”, and people
working with the end-users of algae products. Algae offers huge opportunity for food, feed,
pharmaceuticals, biopackaging, etc. but these opportunities often are not known to civil society. Co-
developing awareness and dissemination projects with these local actors (translators) would benefit the
algae sector in the long-term.”

Taste the ocean®®? is a campaign from the EU with top chefs across Europe to encourage consumers
to buy and enjoy sustainable fish and seafood. Cooking with seaweed will be explored during the next
episodes of the #TasteTheOcean campaign.

Supported by the European Commission, Euronews have monthly ¢’Oceans’’ episodes featuring many
Blue economy and ocean related aspects. Two episodes'® so far have already featured algae as a
sustainable future alternative.

5.1.8. Algae related industry standards

European Standards are needed to assure safety of algae products, to ensure that products and materials
are tailored-made for their purpose, promote the interoperability of products and services, facilitate
trade by removing trade barriers, promote common understanding of a product etc. To develop algae-

130 Available at: https://knowledge4policy.ec.europa.eu/projects-activities/jrc-biomass-mandate_en
131 Available at: | Maritime Forum (europa.eu)

132 Available at: Taste The Ocean (europa.eu)

133 Available at: Will seaweed save the world? | Euronews
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related standards the European Committee for Standardization (CEN)*** has established a dedicated
technical committee CEN/TC 454 — Algae and Algae products!®®. The committee has a work in
progress and so far has delivered a range of industry standards'®® and technical reports®’. Further
development of necessary standards is important for successful development and scaling up of the algae
industry and in particular a common harmonisation with International Standardization Organization
(ISO), FAO and other International associations (ABO, ISAP) on that matter.

5.2. Coordinated additional enablers — new proposed policy actions

Annex 1 lists additional proposed policy actions taking a systems approach, i.e. addressing in parallel
different levers to boost a sustainable EU algae sector. These are cost-effective actions bucketed by
themes around improvement of the governance framework, improvement of business environment,
social awareness and acceptance, knowledge, research, technology and innovation as well as
technology transfer.

These actions are meant to be performed in parallel. They will require additional resourcing to be
delivered and implemented successfully (funding and staffing), and most importantly to be piloted in a
coordinated fashion so the compendium of algae actions contributes to a meaningful, integrated
objective under the EU Algae initiative.

6. Conclusions and recommendations

A thriving EU algae industry may become a key contributor to the European Green Deal and its flagship
initiatives: decarbonisation, zero pollution, circularity, biodiversity, sustainable food. The sector may
also become a source of inspiration for other industries to become more regenerative, innovative and
socially exemplary, with thousands of high quality jobs created, for instance, in coastal communities.
Recent Commission-led initiatives like the new approach for a Sustainable Blue Economy and the EU
Strategic Aquaculture Guidelines recognize the potential of algae.

According to the evidences provided in this document, algae sector has a huge potential in the EU. To
unlock the algae potential there is a need to upscale regenerative algae cultivation and production
throughout the EU, and to develop and mainstream the markets for food and non-food algae
applications. Once the above is achieved the EU security of supply of algae biomass, strategic
autonomy from imports and smooth functioning of the algae sector will be ensured.

However, the broad range of problems (outlined in the heading 2) limits development of EU algae
sector.

134 CEN is an association that brings together the National Standardization Bodies of 34 European countries. CEN provides a platform
for the development of European Standards and other technical documents in relation to various kinds of products, materials, services
and processes.

135 Available at: CEN/TC 454 - Algae and Algae Products

136 Terms and definitions (EN 17339), Identification of the biomass of microalgae, macroalgae, cyanobacteria and
Labyrinthulomycetes - Detection and identification with morphological and/or molecular methods (EN 17477), Methods for the
determination of productivity of algae growth sites (EN 17480)

137 Specifications for chemicals and biofuels sector applications (CEN/TR 17739), - Food and feed applications: General overview of
limits, procedures and analytical methods (CEN/TR 17559), Specifications for cosmetic sector applications (CEN/TR 17611),
Specifications for pharmaceutical sector applications (CEN/TR 17612), Cosmetic applications (CEN/TR 17611:2021), Pharmaceutics
applications (CEN/TR 17612:2021)
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A number of ongoing actions (listed in sub-heading 5.1 above) contribute to a certain extent to the
development of the EU algae sector, but not in a coordinated manner. A coordinated approach is needed
where existing actions are supplemented by additional policy actions taking a systemic approach.

Specific attention should be devoted to proactively addressing potential concerns of EU citizens
regarding environmental sustainability of large scale-seaweed cultivation and food safety of algae
products (contaminants, iodine, bromine, etc).

Recommendation:

Based on the evidences outlined above, it is recommended that the Commission elaborates and adopts
a cross-cutting EU Algae Initiative that (1) takes into account and brings forward best available science,
knowledge, data and practices; (2) considers and proposes realistic enablers for algae sector to take off,
(3) integrates existing algae-related actions; (4) addresses potential environmental and food safety
concerns, (5) raises awareness and acceptance of algae products in the EU.
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1. ANNEX 1: Proposed policy actions with explanations

Table below provides a list of the suggested policy actions structured around 4 action areas:

Action area 1: Governance framework and legislation

Guidelines
Policy actions proposed Implementation Responsible
body
L The Commission in | Why: a centralized toolkit set by the EU are useful for new | European
close collaboration with | algae farmers (those who start new business or intend to | Commission
relevant  stakeholders | change from e.g. fishing activities to algae cultivation) and to | (\ARE),
will develop a new better u_nderstand development_ of new regenerative algae Industry
. production farms. The toolkit will be a practical guide for the
algae farmers toolkit development of new regenerative algae farms throughout the
entire value chain, including cultivation, harvesting,
processing, logistics, labelling of algae and algae based
products as well as licensing and permits, existing standards,
Best Available Technologies (BAT), good practices and other
relevant aspects for seaweed, microalgae and cyanobacteria.
How:
1. By contracting the establishment of a new algae
farmers toolkit
2. Tailoring the toolkit to each EU marine region
National procedures and governance
Policy actions proposed Implementation Responsible
body
The Commission will call | Why: Current licensing procedures often are fragmented, | Member States,
Member States authorities | complex, labour-intensive and lengthy. Simplification is | European
to simplify  national | needed to facilitate and speed up setting of algae cultivation, | Commission
licensing procedures and | integrated multi-trophic aquaculture, multi-use or marine
governance for algae | sites and co-exploitation of farming sites by multiple entities.
cultivation Besides, improved transparency and efficiency of the

procedures is needed.

How: by (1) making inventory of existing national and
regional algae licensing and permits procedures across the
Member States; (2) setting a roadmap with recommendations
for necessary governance changes; (3) implementing
necessary governance (or legal changes) tailored to the
specific Member States and maritime regions.
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Commission will support this process by compiling best
practices™®® and existing procedures across the Member States
with the aim to streamline and harmonise national
regulations.

2. The Commission will
work  with  Member
states to facilitate
access to marine space,
identify optimal sites
for seaweed farming
and include seaweed
farming and sea multi-
use in the Maritime

Why: To identify gaps and enabling factors for seaweed farm
development in multi-use settings and to consequently
facilitate establishment of such farms in multi-use of marine
space settings, which is currently difficult. Use of existing
monitoring data to identify suitable sites for macroalgae and
multi-use systems.

How:

1. As a follow-up to the current study of the EU MSP
Assistance Mechanism on how Member States have dealt
with (low-trophic) aquaculture and sea multi-use in their

European
Commission
(MARE)

Member states

Spatial Plans Marine Spatial Plans to commission a follow-up analysis
(study) on how/whether seaweed farming is considered
and supported in national MSPs (e.g. via the Blue
Forum®® activities).
2. Based on the new acquired knowledge e.g. findings of
“Shellfish and Algae” study, analyse optimal conditions,
develop criteria for optimal sites to include into national
MSP plans.
Standards
Policy actions proposed Implementation Responsible
body
3. The Commission will | Why: Algae contain a range of useful active elements in the | European
work with the European | biomass, but their detection, quantification (e.g. chlorophyll) | Commission

Standardization
organization (CEN) to
develop standard test,
quantification and
extraction methods for
algae ingredients and
contaminants

and consequent extraction (e.g. lipids) is challenging due to
large range of testing methods. Food safety are some of the
key concerns of European consumers as regards algae related
products. A European standard is needed to establish a
unified method to detect contaminants (incl. biofouling),
iodine and heavy metals.

How: By developing European standards with test,
quantification and extraction methods for active ingredients
in algae such as phycobiliproteins, fatty acids,
polysaccharides, amino acids, proteins, lipids, vitamins, for
detection and quantification of contaminants.

(ENER, MARE)
CEN

138 E.g. Seaweed for Europe Licensing Toolkit

139 In particular, via the one of the Blue Forum key themes - Blue Life (use of the ocean for sustainable farming, fishing, biomass
production, ocean life protection, sustainable human activities at sea)
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4. The Commission will | Why: Algae contain active elements in the biomass, like | European
work with CEN to | lipids, that makes them feasible for producing biofuels. A | Commission
develop algae biofuel | European standard is needed to establish unified methods for | (ENER, RTD),
standards and a extracting biofuels and developing relevant certification | CEN

e methodology.
certification
methodology for algae- How: By developing relevant European standards within the
biofuel products to be CEN/TC 454 - Algae and algae products.
used in various transport
sectors, particularly
heavy road, aviation and
maritime transport;

EU legislation

Policy actions proposed Implementation Responsible

body

5. The Commission will | Why: (1) to facilitate use of materials recovered from algae | European
assess  the  market | grown on waste!*?, or from algae which have themselves a | Commission
potential, efficiency and | waste status, in production of EU Fertilising Products®4! (GROW)

safety of algae materials
when used in fertilising
products and the need
for amend Regulation
(EVU) 2019/2009 on EU
Fertilising products to
include algae materials

(2) to allow the use of certain cyanobacteria in the production
of EU fertilising products

How:

1. To clarify status of waste-grown algae whether algae
grown in wastewater, or with waste input (e.g. off gas CO2
or ammonia) are considered to be a “waste” or “product” and
identify “end of waste criteria” for algae with waste status

2. Review the exclusion of cyanobacteria [in
Component material category (CMC) 2] in the regulation
3. Clarify the status of algae collected from the sea and

identify “end of waste criteria” for algae collected from the
coast!.

Develop “end of waste” criteria for recovered materials used
in the production of fertilising products.

Action area 2: Supporting the improvement of business environment

140 At present, mechanically processed algae (no chemical processing or extraction) can be used under CMC2. Algae material collected
from nature and which have waste status, e.g. floating algae removed from a canal, algae filtered from eutrophic waters, seaweed
collected from beaches for tourism could be considered CMC 2 if they are harvested in such conditions as to contain negligible
impurities. Algae can be used as input material to compost CMC3 and digestate CMC5. Four taxa of algae are currently authorised
under CMC7 (biostimulants), but only if not processed (other than drying, freeze-drying) and potentially other taxa of algae or micro-
algae could be added to this list. Materials processed from algae can be used in CMCI1, but not if the algae is classified “waste”.
However, the status under CMC1 of materials processed from algae which are grown on waste streams (fed by nutrients from sewage,

manure, etc.) is unclear.

141 “Fertilising product’ means a substance, mixture, micro- organism or any other material, applied or intended to be applied on plants

or their rhizosphere or on mushrooms or their mycosphere, or intended to constitute the rhizosphere or mycosphere, either on its own or

mixed with another material, for the purpose of providing the plants or mushrooms with nutrient or improving their nutrition efficiency
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Policy actions proposed Implementation Responsible

body

6. The Commission will | Why: For algae sector to take off, a targeted support is
work  with  algae | necessary to tackle existing bottlenecks and facilitate
industry to examine | procedures, access to funding, to obtain necessary knowledge,
algae  market and | to develop technologies, boost innovation etc as well as support
propose market | technology transfer from research to market
stlmulat_lng How: the Commission will work with industry (e.g. via the
mechanisms to support EU4Algae platform) to identify feasible market support
and  promote the mechanisms and promote their implementation
technology transfer
from research to market

7. The Commission will | Why: 18 mio tons of wild fish is processed into fish oil/meal | European
prepare specific | for animal and fish feed, which algae may (partly) replace. Commission,
guidance to promote Industry
replacing  fish-based | How: The following actions could be examined as part of
feed with algae-based | potential policy research/study:
feed (1) Introduction of ambitious EU forage fish dependency ratio

(FFDR) for aquaculture, combined with requirements to
maintain the nutritional and health quality of the farmed fish,
and respect the environmental objectives of the EU’s 2030
Biodiversity Strategy and Farm-to-Fork Strategy.

(2) Introduction of financial incentives for the uptake of algae-
based fish feed4.

(3) Make the “ALARA (as low as reasonably achievable)”
principle more ambitious, which is essential to further lower the
EU limit values for dioxins and Polychlorinated biphenyls
(PCBs).

(4) Introduction of minimum blend-in targets for sustainably-
sourced, non-fish-derived EPA + DHA*® in fish feed.

(5) Introduction of algae-based fish feed as a sustainable
activity in the future Sustainable Finance Taxonomy for
sustainable fisheries and aquaculture (in future revisions).

8. The Commission will | Why: use of algae for cleaning wastewater from nutrients and | Industry,
work  with  algae | recycling of nutrients from algae has big potential but is not European
industry and Member | well-explored in the EU. Commission
States to: (AGRI,

MARE,

e to identify valid and
safe alternatives for

142 This can, for example, be done through; a) Introduction of differentiated import duties for imported salmon that is sustainably-sourced
(e.g. with an FFDR < 1); b) Removal of tariffs for algae oil; c) Phasing out of subsidies for European forage fisheries while also

maintaining a level playing field.

143 Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) are omega-3 fatty acids.
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use of nutrients and
CO2 from various
sources for microalgae
cultivation and organic
certification

promote extraction of
nutrients from algae
biomass

support life  cycle
assessment of
environmental  and
climate impact of
algae cultivation and
production by
considering the
development of
monitoring

methodologies  and

indicators to measure
environmental impact
and sustainability from
seaweed cultivation

Why: There is currently limited options of using different
sources of nitrogen, phosphorus and CO2 to use as fertilisers in
closed microalgae cultivation processes.

Why: A quality accounting of the marine ecosystem services!+
and potential impact of seaweed cultivation on these
ecosystems will help to track the performance of the sector
towards achieving its sustainability goals'°. Algae cultivation,
if done properly, has a regenerative impact on the surrounding
ecosystems.

How: To clarify regulatory questions related to the
“waste” status of inputs that are used to feed algae. Algae
production can ensure synergy between wastewater treatment
and nutrient removal, carbon capture and use of waste heat, and
production of valuable materials and biomass energy. But only
if regulatory questions are clarified (especially relating to
waste-status of inputs used to “feed” algae)®®. Consider the
opportunities to develop test sites for removal of nutrient from
side-streams. Demonstrate industrial symbiosis concepts to
pilot phase, exchanging and recycling carbon, nutrients and
energy among industrial activities (to consider existing best
practices e.g. Kalundborg and Sétenas Symbiosis centres). To
consider floating technologies for the cultivation of emergent
macrophytes and halophytes as one option to remove nutrient
from eutrophicated waters. Study the impact of floating
wetlands not only on nutrient removal but also on other
pollutants such as the bacterium Escherichia coli'®.

How: Based on the current work in progress (EGTOP, EABA
working groups) and in close collaboration with relevant
stakeholders (e.g. DG AGRI), EU4Algae to prepare
recommendations for economically and legally viable nutrients
and CO2 alternatives for organic microalgae cultivation

SANTE), EM
ODNET

144 Ecosystem services are defined as the gains acquired by humankind from surroundings ecosystems

145 The Commission is going to propose the revision of the Regulation on European Environmental Economic Accounts (EEEA) to
expand its coverage to include a new module on natural capital accounting, fully consistent with the UN framework. This is in line with
the recommendation of the European Court of Auditors and the recent mid-term review of European Strategy for environmental accounts

(ESEA) 2019-2023

146 To consider exisiting studies such as innovation on the integration of a microalgae photobioreactor with macrophytes floating wetlands
for waste water treatment (https://patents.google.com/patent/\WWO2015092093A1/en) and the bioenergy use of the biomass from floating

wetlands for wastewater treatment has been also investigated (https://biomasscarbonpositive.eu/).
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1. To contract a study compiling existing monitoring good
practices, methodologies and indicators of potential
environmental impact from seaweed cultivation.

Develop a system to ensure environmental monitoring practices
and setup standards for obligatory monitoring and data for new
farms

The Commission will
fund pilot project(s)
supporting
reorientation
fisher’s careers
regenerative
farming

of
to
ocean

Why: Steady decline of fishing opportunities and degradation
of marine aquatic habitats could be turned around, when fishers
could switch from extracting marine activities to marine
farming and marine habitat regeneration. This would provide
new career and employment opportunities in coastal regions
and contribute to regeneration of coastal marine habitats and
fish resources.

How: To contract pilot projects and to provide financial,
training and infrastructural advice mechanisms to aid in the
organization of the pilot projects through the existing funding
mechanisms, such as EMFAF and Horizon Europe.

European
Commission
(MARE)

10.

The Commission will
enhance the targeted
support to innovative
SMEs and projects in
the algae sector through
the scaled-up activities
of the Bluelnvest
platform

Why: Many algae start-ups and SME would benefit from public
financing to de-risk their operations and attract private
investors. Also, algae entrepreneurs would benefit from
mentoring and acceleration/ incubation services to stress test
their business models and help them professionalise their
fundraising and access networks of private investors.

How: This may include the delivery of market intelligence and
strengthening capacities of investors to mobilise capital for
high potential businesses/technologies, new coaching packages
on sustainability for SMEs, and technical assistance to
accelerate the closing of deals.

European
Commission
(MARE)

11.

The Commission will
facilitate cooperation at
sea basin and
macroregional scale
by promoting
innovative interregional

Why: Algae cultivation is currently negligent in the EU and its
development needs to be supported. Growing conditions,
species, national procedures etc are different across EU
maritime regions and countries. Improved collaboration at the

European
Commission
(MARE)

147 Improving Microalgae Research and Marketing in the European Atlantic Area: Analysis of Major Gaps and Barriers Limiting Sector
Development. Judith Rumin, Raimundo Gongalves de Oliveira Junior, Jean-Baptiste Bérard, and Laurent Picot ; Summary of results
and policy recommendations for cultivation of algae in North West Europe for energy production (and potentially other non-energy
products) - Arvaniti, Efthalia., 2016. Summary of Results and Policy Recommendations for Cultivation of Algae in North West Europe
for Energy Production (and Potentially Other Non-Energy Products. EnAlgae. Available at: https://edepot.wur.nl/424045
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partnerships (e.g. Blue
Bioeconomy with focus

on algae/shellfish),
through the
implementation of

Smart Specialisation
Strategies and the
dedicated 3S platform
on Sustainable Blue
Economy

macroregional scale would help to better coordinate algae
sector development efforts.

How: By developing Smart Specialisation Strategies

Action area 3: Closing knowledge, research, technological and innovation gaps

Knowledge
Policy actions proposed Implementation Responsible
body
12. The Commission will | Why: As part of the proposed dedicated EU Adquaculture | European
integrate algae sector | Assistance Mechanism, it is important to distinguish algae | Commission

knowledge into the EU
aquaculture
assistance mechanism

sector knowledge to facilitate easy access to information for
relevant stakeholders, including Member States authorities.

How: By implementing algae as an important aspect of the EU
aquaculture assistance mechanism, to be, for example, included
under:

e Pillar 1 (website development): include a chapter dedicated
to algae;

e Pillar 3 (knowledge base development): consider a
prominent place for algae;

e Pillar 4 (technical expertise): consider a short background
paper on algae;

¢ Pillar 5 (trainings, conferences and workshops): algae topic
(e.g. IMTA) to be included at one of the planned events

Aquaculture
Assistance
Mechanism

13.

The Commission and
relevant stakeholders
will perform a study to

gather better
knowledge on the
seaweed climate
change mitigation

opportunities (e.g. via
seaweed cultivation and
seaweed forest
restoration) and role of

Why: Algae’s potential to sequester carbon can potentially
benefit the business case for algae production if carbon
sequestration can be rewarded financially or otherwise.

Why: algae use soluble carbon, phosphorus and nitrogen to
grow, thus removing them from natural environments and
consequently reducing ocean eutrophication and acidification.
But the development of environmental services and market-
based instruments is limited by the lack of solid data and
knowledge as well as monetarization methods for services in
relation to eutrophication and acidification.

European
Commission,

Member States
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seaweed as blue carbon | How: By contracting a study to examine the following:

sinks e improving policy and legal arrangements to incorporate

blue carbon as natural climate solution

e reviewing and investigating financial approaches and
accounting tools for emissions and sequestration of
greenhouse gases by algae and how it is affected by
cultivation and use

e improving stewardship by incorporating indigenous
knowledge and values;

e clarifying property rights; developing technologies (e.g.
sensors) and computational tools (e.g. artificial
intelligence, block-chain) for measuring blue carbon
sequestration at low cost; and improving our
understanding of lesser-known aspects of the blue
carbon cycle (e.g. seaweed contributions).

H 0W148 .

To contract a study, preferably accompanied with real life data
gathering from algae production systems, to

1. Obtain data on how much carbon and nutrients are taken up
by seaweed during their growth process. Study shall gather
information on available carbon sequestration projects*® and
data on exact carbon amounts sequestered in seaweed
aquaculture and make scenarios based on life-cycle approach
to showcase impacts.

2. Explore strategies for recycling industrial side-streams
containing soluble mineral nutrients, like nitrogen and
phosphorus e.g. from fermentation, food production,
aquaculture, or anaerobic digestion activities, and also reusing
captured CO2 produced by industrial activities, e.g. power
plants, CHP, cement industry, food fermentation etc., to “feed”
/ ”fertilise” algae production.

3. Explore the possibility to create a CO2 framework that
contains mandates and economic and other incentives
supporting development and deployment of algae-based
technologies that upcycle industrial CO2 for production of

148 Based on the existing EU initiatives on Sustainable carbon cycles and Certification of carbon removals. Available at: Sustainable
carbon cycles (europa.eu)
149 Oceans2050 and Pilot projects like LIFE BIORest to establish norms to use algae for bioremediation; create regulatory framework

to encourage the same across the EU
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energy, materials and food. Examples for better regulation of
CO2 emissions include introduction of a carbon tax and a
functional EU ETS.

4. Explore the potential to develop nutrient trading systems that
include nutrient uptake by algae by commissioning a review
study, examining practices such as the NutriTrade platform.

5. Develop a study to analyse existing and proposed (if any)
compensation mechanisms and possible business models, and
also assess the role of private sector and NGOs and get them
involved, e.g. municipalities, industry, foundations.

14. The Commission, in

collaboration with
research and academia
will prepare guidance
for a EU-wide approach
for conserving seaweed
biodiversity by
maintaining and
documenting European
seaweed strains in a
centralized biobank’s

Why: Transition from decentralized, often poorly documented
algae stock cultures to a centralized, easily accessible and open
access databank will help promote food security and
biosecurity, conserve biodiversity under the threat of climate
change and prevent the extinction of local strains.

How: By launching a study or project

1. To identify main organization(s)**®® able and willing to
become centralized seaweed biobank organization
(including IT capacity plus a seaweed scientists working
together)

European
Commission

Academia

network or databank | 2. To elaborate a pathway of setting up a centralized network

made up of regional biobanks, connected in a network to

the centralized databank. The biobanks could be organized

by regions (e.g. Baltic, North Sea, Iberian Sea, Norwegian

Sea, Irish / British, Arctic, Mediterranean).

3. To follow two related objectives:

(1) biobanking for applied purposes e.g. cultivation (at sea,
in tanks), research,

(2) Restocking, biodiversity conservation — identifying
species and areas of high risk and major ecological
importance®®

150 To consider the existing ones e.g. Alfred Wagner Helmholtz Institute, Microbial Resource Research Infrastructure
151 Other specific tasks in establishing centralized biobanks may include:

> To consider establishing new biobanks that specifically address the following:

i.  Taxa that are particularly difficult to cultivate and need specialized cultivation/cryopreservation methods (biodiversity aspect)

ii.  Taxa that are under threat of climate change or have been identified as highly important for ensuring food security

> To consider establishing specific experts working groups on

i.  identifying taxa of commercial interest

ii.  On establishing a conservation plan of seaweed species and regions of high (e.g. due to climate change) and major ecological
importance (eg by identifying regions of enhanced genetic diversity or species richness) and to promote isolation and preservation of
strains in regional biobanks instead of local culture collections.

> To elaborate methods to follow in order to standardize and promote biobanking of seaweed strains.

> |dentify EU Regulations and national governance frameworks to implement the Nagoya Protocol provisions into the database
(requires legal advice)
To identify possible incentives for scientists to contribute to the seaweed biobanks
> To identify potential educational, youth engagement and awareness raising initiatives
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15.

subject to European
Food Safety Authority
advice start discussions
on the establishment of
maximum levels of
contaminants and
iodine in algae and/or
the adoption of a new
monitoring
Recommendation  for
algae species for which
insufficient occurrence
data for contaminants
are available, in order to
allow the establishment
of maximum levels®2,

Why: currently no maximum levels of contaminants and iodine
and algae are set as well as no unified monitoring procedures
are in place. This leads to very fragmented situation due to
insufficient occurrence data in the Member states.

How: when better monitoring data are available, proper
examination and discussions with engagement of appropriate
stakeholders will help to establish maximum levels and
possibly adopt a new monitoring regulation

European
Commission,
Member States

16.

The Commission and
Member States will
study existing
monitoring ~ schemes
and available data of
seaweed  harvesting
from wild and
beachcast on the EU
coasts

Why: Wild harvesting of seaweed and beach-cast collection are
important business activities which will remain a good source
of biomass and economic opportunity for various applications,
knowledge development, economic activities e.g. combined
with coastal tourism, stewardship for native species and
biodiscovery. However, wild harvesting needs to be properly
monitored to remain sustainable and even regenerative for
natural ecosystems.

How: To study and evaluate existing wild seaweed harvesting
and beached seaweed collection practices, species, marine
regions, data monitoring schemes, etc. The study should foster
a joint interpretation of targets set by relevant EU Directives
(Natura 2000, WFD, MFSD etc.) with regard to “harvesting”
marine resources (e.g. macroalgae, beach cast). The study will
provide conclusions and recommendations for sustainable
harvesting and beachcast collection of seaweed, broken down
by species, marine regions, collection/harvesting methods and
valid mechanisms to gather real data on harvested and collected
seaweed amounts.

European
Commission

Research

152 In view of the health risks related to the possible occurrence of high concentrations of heavy metals in certain algae species, the
discussions on maximum levels and monitoring will also be linked to discussions on the need for consumption advice regarding the
consumption of certain seaweed species
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Policy actions proposed Implementation Responsible
body
17. The Commission will | Why: The potential of biorefinery to process the algae in | European
support via Horizon | (multiple) valuable products is not fully used. Lab-scale | Commission
Europe and other EU | experiments with biorefineries are often not up scaled and never
research programs te | . ie ful| transition from experimental research to commercial
development and . . . .
innovations on  new uptake. Microalgae cultivation in photobioreactors has high
and improved algae | Potential but to scale up the production, further costs reduction
processing systems | and energy saving technologies are needed.
and novel
production methods = How: By taking stock of existing R&I projects to identify
for high-value | specific development and innovation needs in algae processing
compounds that include for instance:
traditionally sourced
from algae (e.g. 1. Logistics, pre-processing/pre-treatment
biorgf!neries, 2. Lessons learned from cross-cutting macro- and
precision microalgae value chains.
fermentation, cell-f_ree 3. Develop concepts to scale up biorefineries on boats on
SyStemS)-' processing de-centralised/centralised processing
algae into circular ' _
biobased products for 4. Robust systems that can handle seasonal fluctuations and
multiple applications multiple seasonal streams of biomass.
5. Processing of seaweed beach-cast and other microalgae
for production of biogas and digestate through anaerobic
digestion.
6. Promote open access pilot-sites for prototyping and
testing at scale and couple them with SME innovation
vouchers and mentoring services e.g. Smart Pilots,
Alliance etc.
7. To look at the energy-saving technologies and strategies,
as well as scale up and cost reduction of photoautotrophic
production systems in photobioreactors.
18. The Commission | Why: Various innovative algae cultivation systems are | European
together  with  the | considered by the sector but lack of evidence on functionality | Commission

Member states will
support via Horizon
Europe and other EU
research programs the
development of
improved scalable
algae cultivation
systems (e.g. IMTA,
multi-use,  offshore
cultivation,

photobioreactors and

and feasibility (for example high costs and technical adaptability
to off shore conditions) hamper use of these.

How: By examining national policies and by identifying specific
research and development needs, for instance, to be funded via
Horizon Europe, with specific attention for

1. Development of scalable technical solutions for cultivation
and harvesting of macroalgae incl. elevator farming,
harvesting, automation and digital solutions, that improve
operational management, reduce cost, increase safety
(occupational) and quality.

Member States
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algaeponics) or
methods (e.g. cellular
mariculture, and
macroalgae in tanks)
contributing to
solving current
technical constraints
of macroalgae and
microalgae
production systems

2. Innovation Actions focusing on development of large-scale
offshore cultivation systems and multi-use systems,
building on results of the H2020 multi-use projects,
UNITED?®®, MUSICA®,

3. Innovation actions to investigate site-specific solutions with
varying combinations of fish, algae and mussel farming at
one site in order to find optimal technical and economical
solutions

4. Innovations Actions to support and bring IMTA to the
market, building upon projects such as IMPAQT, and
algaeponics on land.

5. Research, Development and Innovation actions exploring
the concept of cellular mariculture and macroalgae
production in tanks.

6. Improvement of microalgae production systems and
development of new systems.

7. Promote open access pilot-sites for prototyping and testing
at scale and couple them with SME innovation vouchers in
exchange of mentoring services concepts that have been
implemented in e.g. Smart Pilots!®, Blue Bio Value
Accelerator®®® etc.

19.

The Commission will
address algae biofuel-
specific technological
and systemic
challenges and
identify market take
up  measures in
Horizon Europe.

Why:

For algae biofuels specific challenges occur based on specific
product and market characteristics

How: Research and Innovation actions to address specific
challenges and opportunities for algae biofuels exist e.g. in the
following areas:

Carbon fixation and conversion efficiency, harvesting and
logistics, cost effectiveness, energy efficiency, socio-economic
and environmental sustainability of cyanobacteria/microalgae
and macroalgae production systems.

This can be supported by market uptake measures and a systemic
analysis of challenges and opportunities for algae biofuel uptake
in specific transport sectors (e.g. aviation/maritime), and
evaluation of necessary financing schemes.

Data

Policy actions proposed

Implementation

153 H2020 UNITED project: https://www.h2020united.eu/
154 H2020 MUSICA project: https://musica-project.eu/
155 Available at: SmartPilots | Interreg Europe

156 Available at: Acceleration 2021 - Blue Bio Value
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20. The Commission will
prepare an overview
of the availability of
algae-related  data
(e.g. production,
employment, turnover
and  other  socio-
economic data) and
issue recommendation
regarding
centralising the
source for such data

Why: The availability of good quality data for the algae sector
in the EU (production and socio-economic data) is currently
limited™’. A centralized data source consisting of all algae-
related data would be useful while conducting research in the
field, and is critical in monitoring and evaluating the impact
of various measures implemented by the Member States and
the European Union to support the development of the algae
sector.

How: (1) Contract a feasibility study for improving the
availability of, and establishing a central source for algae
related data (input/output data algae cultivation, production,
turnover and employment); (2) Liaise with JRC to leverage
current efforts on improving the data for algae and related
products across member states collected so far, (3) ensure
coordination with the activities undertaken under the Data
Collection Framework.

European
Commission,
Member States

Action area 4: Increasing social awareness and acceptance

Towards consumers

Policy actions proposed

Implementation

Responsible body

21. The Commission will

support raising
consumer  awareness
by:

A. doing a consumer
behaviour and

preference
analysis*®® of the
perceptions of
algae-based
products;

B. launching a fact-
based EU-wide

and/or, where
relevant, regional
or local

Why: Awareness around application, use, qualities,
benefits, potential risks, and potential of algae products
among buyers and consumers in the sector is lacking. Action
could help in the development of markets for algae food
products.

How:

- To compile an overview of algae and seafood related
communication campaigns funded/led by the EU by
hosting the information on an EU hosted online
environment where local and EU-wide communication
campaigns are shown;

- To support the development and launch multi-media
(internet, TV, radio) and multi-lingual campaigns across

European
Commission

157 European Market Observatory for fisheries and aquaculture products (EUMOFA), Data Collection Framework, report on the
Community of Practice Workshop: Algae production in Europe: status, challenges and future developments, European Commission’s

Knowledge Centre for Bioeconomy, JRC Data catalogue (https://data.jrc.ec.europa.eu/collection/id-00363), EUROSTAT’s Fisheries and

Aqguaculture data

158 E.g. using the Eurobarometer - a collection of cross-country public opinion surveys conducted regularly on behalf of the EU

Institutions since 1974.
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communication
campaign(s) to
promote the variety
of applications and
benefits of algae-
based products®®;

the member states to increase outreach towards EU
consumers

22. Raise the sustainability

profile of algae-based

products in the EU
sustainable food
labelling  framework,

including in marketing
standards for fisheries

and aquaculture
products and green
public procurement

initiatives envisaged as
part of the Farm to Fork
Strategy.

Why: Algae cultivation processes and algae products are
having low or even negative carbon footprint. To move
towards zero-carbon EU, there is a need to establish
financial support mechanisms to low carbon production as
comparing to carbon-intensive production. To establish
such mechanisms (e.g. green procurement) there is a need
to map good practices in the EU and beyond to inspire
national authorities for change.

Consumer attitudes towards algae products, how they
choose their option from the available possibilities and their
level of awareness about the various applications of algae
are unknown. Understanding consumer perceptions of
seaweed products in order for companies in the sector to
respond to these preferences would be key.

How: To contract a study to investigate green procurement
support mechanisms in the Member States to invest in algae
farming projects or subsidize algae products taking into
account the regenerative nature of the algae cultivation
(reduction of excess nutrients, carbon, improved water
quality etc.). To consider also potential of public-private
partnerships.

To collect consumer data and preference trendsi®® and
publish the insights on an EU hosted platform (Ex: Potential
candidates for hosting include the page on consumer market
demands'® or the page on consumer outcomes!®?). To
explore designing and implementing a simulated online
store for the purpose of testing consumer preferences for
algae and algae-based products. This tool will collect and
provide data on user choices regarding the variety of
product types, origin, presentation, packaging and flavour.

European
Commission
(MARE),
Member States

159 Could be combined with targeted awareness-raising actions, such as setting up an algae cooking contest to increase consumers’

engagement and awareness.

160 Could be a separate study or collaboration with existing consumer behaviour analysis organisations e.g. Eurobarometer
161 Available at: Market studies | European Commission (europa.eu)

162 Available at: Consumer scoreboards | European Commission (europa.eu)
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23. The

Commission,
together  with  the
EU40cean  platform
and Member States will
promote awareness
raising actions with
schools and universities
in the area of Blue
Bioeconomy and
innovative solutions for
regenerative

aquaculture

Why: Presenting fact-based information related to algae to
pupils and young students can help in raising awareness and
sparking vocational interest at an early age (15-23 years
old).

How: For school levels:

e organize science symposia (like the European Schools
Science Symposium?®3) with focus on algae and related
topics;

o promote the Handbook for the European Blue
Schools'® to encourage students to pursue projects in algae
and related topics;

Link blue schools with blue Universities, Zoos, Aquarius
etc. and promote algae farming and blue biotechnology, and
algaepreneurship as upcoming career sectors. (ERASMUS+
funding on algae and blue bioeconomy?). For university
levels:

« In-depth programs focusing on innovations around algae
production,  processing and  bio-entrepreneurship/
algaepreneurship can be given at university®®

Member
European
Commission

States,

EU40cean

163 Available at: European Schools Science Symposium

164 Available at: Handbook for the European Blue Schools.

165 An initiative in the Mediterranean region that could be supported is BlueSkills initiative from Italy Algeria Maritime Cluster which
focuses on capacity building on blue economy topics by collaborating with universities https://ufmsecretariat.org/wp-
content/uploads/2019/03/Project-Snapshot-BlueSkills-1.pdf
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2. ANNEX 2: STAKEHOLDER CONSULTATION SUMMARY

2.1. Introduction and overview of the consultation strategy

Stakeholder consultation to support EU Algae initiative included public consultations®® and open

public consultation (12 weeks), targeted interviews, stakeholder surveys and 5 webinars to support the
EU Algae Initiative.

2.1.1. Consultation scope and objectives

The objectives of the stakeholder consultation were to:

» Collect facts, views and opinions on current challenges in algae production and consumption and
options and preferences for resolving them;

« Ensure all voices are heard with adequate representation of all stakeholder groups — industry, public
authorities, civil society, research; academia, NGOs, EU citizen etc.

» Gather further information, including roadmaps, policy briefs, studies and analysis of policies,
actions and technologies.

+ Various consultation stages and actions aimed to obtain a comprehensive stakeholder view on the
different policy options and necessary actions to unlock EU algae potential.

For the targeted stakeholder interviews and surveys, the balanced set of stakeholders was established
in terms of algae value sectors, types of organizations and geographical regions. The consultation
strategy aimed to target different relevant algae sector representatives e.g. suppliers, producers,
processors, end-users, research, academia, sector organisations, non-governmental organisations and
MS authorities, all major sea-basins e.g. Atlantic, Mediterranean Sea, North Sea, Baltic Sea, Black Sea
and main producing Member States e.g. France, Spain, Portugal, Ireland, Germany, Netherlands,
Denmark, Belgium etc.

2.1.2. Selection of consultation activities & their accessibility

Consultation activities were structured in a way to have a cascading effect and a possibility to validate
the results of previous consultations with the consecutive ones.

Policy actions (laid down in Annex 1) were drafted according to the results of all consultation activities.

A comprehensive consultation of citizens and stakeholders took place as follows:

(1) Feedback on the inception impact assessment of the initiative (21 December 2020 - 18 January
2021) Link
(2) A 12-week public consultation via the Commission's Have Your Say Portal took place 19 May 2021
- 11 August 2021
(3) Various targeted stakeholder consultations (first half of 2021) as follows:
e Interviews (19) targeting different sectorial representatives (suppliers, producers,
processors, end-users, research, sector organisations and MS authorities)

166 Have Your Say Portal
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e Surveys targeting mostly umbrella/business organisations;

e Webinars/virtual discussion (5) on various intervention areas (provisional topics: improving
governance framework, supporting the functioning of the market, improving business
environment, increasing social awareness and acceptance, closing knowledge, research
and technological and innovation gaps).

As a result of the consultations, the following reports were prepared:

(1) A factual summary of the public consultation that is published at the Commission’s Have Your Say
Portal website and

(2) A consultation summary report that is an analysis of all consultation activities corresponding to the
Algae initiative (this Annex).

2.1.3. Summary /overview on consultation activities by stakeholder groups and indicative

timing
Consultation | Feedback | 12-weeks | Targeted | Written |5 Post-study
activity period on | public interviews | surveys |webinars | consultations
A consultati
on
"I‘d'c"’}“"e 1 Q2@ Q23Q2021|23 Q|23 OQ
planning 2021 2021 2021 | 2021
Stakeholders
EU citizens X X X
Algae industry | x X X X X
Business X X X X X
organizations
Public X X X X X
authorities
Research X X X X X
Academia X X X X X
NGOs X X X X

2.1.4. Consultation webpage & communication activities

The general description of the EU Algae initiative together with the inception impact assessment (11A)
and public consultation results is published at the Commission’s Have Your Say Portal. The
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communication about the consultation activities, key deliverables and actions was performed via
Europa website!®” and various social media tools e.g. LinkedIn, Facebook, Twitter.
2.2.  Consultation Activities and Tools

To gather input for refining the policy actions, an online public consultation was launched, several
stakeholders throughout the value chain were interviewed and three webinars were organised. The
summary of the responses to the public consultation, the interviews and the key outcomes from the
webinars are elaborated below. First, the responses from the public consultations, together with the
input generated from the interviews are discussed, whereafter an overview of the webinars is shown. A
more detailed description of the responses from the stakeholders is available in Annex 3 — Stakeholder
consultation results.

2.2.1. Characteristics of the respondents

108 respondents provided their input to the online public consultation (PC) published on the EU Survey
portal which took place from 19" of May to 11" of August 2021. Out of the 108 respondents in the PC,
56% of them were written in English, 14% in Spanish, 16% in French, and 6% in Dutch.
Additionally, there were contributions in the following languages: Croatian, Estonian, Greek,
Italian, Romanian, and German.

As visualised in Figure 1, 31 out of 108 participants indicated that they participated on behalf of a
company/business organisation and 26 participants on behalf of an academic/research institution.

108
____________________________ ;
Total  Academic/ Company/ EU citizen Business Non- Non-EU Public Environmental Trade Other
research  business associatiogovernmental citizen  authority organisation union
institutionorganisation organisation
(NGO)

Figure 1 Distribution of respondents among affiliation with organisation

This public consultation received a balanced number of responses, in terms of the organisation sizes of
respondents and brought together 30% of large organisations (250 employees and more), 30% of micro

167 News item on the public consultation results on the inception impact assessment (11A).
53




https://ec.europa.eu/fisheries/press/towards-strong-and-sustainable-eu-algae-sector-%E2%80%93-conclusions-public-consultation_en#:~:text=The%20aim%20of%20the%20initiative,algae%20and%20algae%2Dbased%20products.&text=Algae%20represent%20a%20largely%20untapped,%2C%20bioplastics%2C%20fertilisers%20and%20biofuels



(1 to 9 employees) organisations, 17% of small and 9% of medium sizes organisations. 16 respondents
indicated as ‘other’.

The distribution of the respondent’'s country of origin is balanced throughout the European Union.
Respondents originate from in total 24 countries: sixteen countries within the EU, four in Europe, but
not in the EU, and four countries outside continental Europe. Out of the 108 respondents, 23 originate
from France, 19 from Spain, and 11 from Belgium. The other respondents were spread over 21 different
countries.

To gain insights on the spread of respondents within the value chain of the algae sector, respondents
indicated their organisation's role in the value chain. As visible in figure 2 below, 40 out of 108
participants are active in algae production, and 43 out of 108 are active in R&D organisations (please
see Annex 3 for more details).

Suppliers (25 Production (40 Pre-processing (14 Processing (30 End-products (21
Companies Praviding
technology /services for Production / cultivation of algae
algae production
Industry associations 11
R&D organisations 43
NGO's 15

Private persons 4

[ Educational organisations 20

Other 14

Figure 2 Organisation’s role/relevance in the algae industry

For the stakeholder interviews, in total 19 stakeholders were interviewed from seven different EU
Member States. Seven stakeholders originate from France, six stakeholders originate from the
Netherlands, and the others from Italy, Spain, Portugal, Ireland, or Greece. The stakeholders are active
in all parts of the European algae value chain. Suppliers, producers, end-users as well as authorities,
business organisations, and universities were interviewed for this stakeholder consultation. Some of
the stakeholders are part of large organisations, where others are active in smaller businesses. In terms
of their focus on micro- or macroalgae, the stakeholders were evenly spread.

2.3, Webinar on Novel Foods regulation for algae and algae-based products

As part of the stakeholder consultation, three webinars were organised where multiple stakeholders
with different views were invited to participate. The first webinar took place on the 22" of June 2021.
The topic of this webinar was “Novel Foods regulation for algae and algae-based products.”

The objective of this webinar was, among others, to share information on relevant topics to the industry
and engage stakeholders by providing room for discussion in the webinar. Above all, the webinar was
held to gather input from different stakeholders within the sector to use as input for the impact
assessment
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The webinar was organized with expert presentations followed by break-out sessions with participants
(see the agenda in figure 3 below). The webinar started with an opening by DG MARE and an
introduction to the objectives by Deloitte. The webinar ended with a Q&A session.

09.30-09.35 Opening - Introduction by the Commission Maris Stulgis — DG MARE
09.35-09.45 Introduction to the study objectives Gurvinder Arora — Deloitte
09.45-10.00 Session 1: Novel Foods regulation for algae Takis Daskaleros — DG SANTE
10.00 -10.30 Breakout 1: Challenges for Novel Foods regulation

15-minute Break

Session 2: JRC’s report on algae in the context of Novel

10.45-11.00
Foods

Rita Aradjo — Joint Research Centre

11.00-11.45 Breakout 2: Building the Novel Foods catalogue
11.45-12.00 Q&A

12.00 End of the webinar

Figure 3 Agenda webinar on Novel Foods regulation for algae and algae-based products

In the first webinar, ~90 people participated from all over Europe. Participants originated from all parts
of the value chain, from algae producers to processors to business organisations.

The first session was presented by DG SANTE. An overview of the Novel Foods regulation and its
authorisation process was presented. Also, a short introduction to the Novel food catalogue was given.
The topic of the first breakout was “challenges for Novel Foods regulation. The challenges that were
discussed were the high cost of the Novel Foods approval process and the lengthy duration it takes to
get a new species allowed on the market. Consensus between the participants to the webinar existed
about the importance of regulations for food safety throughout the EU.

The second session was presented by the Joint Research Centre (JRC) and titled “JRC’s document on
algae in the context of Novel Foods”. In the session, participants were informed about the work the
JRC is doing in the algae domain, including identifying algae that are currently listed in the Novel Food
Catalogue'®® and algae species that may have a history of consumption in the EU before 15 May 1997
and could therefore be potentially added to the Novel Food Catalogue. In the second breakout,
participants indicated which species they would like to see added to the Novel Foods catalogue and if
this is not possible, to be authorised as Novel Foods.

2.4.  Webinar on Support the functioning of the EU algae markets

The second webinar took place on the 28" of June. The topic of this webinar was “Support the
functioning of the EU algae markets”

168 |_atest report on Algae as food and food supplements in Europe available at:
https://publications.jrc.ec.europa.eu/repository/handle/JRC125913.
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The objective of this webinar was, as well as the first one, to share information on relevant topics,
engage stakeholders by providing room for discussion, and gather input from different stakeholders
within the sector to use as input for the impact assessment. The focus of this webinar, in particular, was
on the business side of the algae sector.

The webinar consisted from an expert presentation of the topic, followed by a breakout session where
participants were given the opportunity to discuss the topic at hand. The webinar started with an
opening by DG MARE and an introduction to the objectives by Deloitte. The webinar ended with a
Q&A session (see the agenda in Figure 4 below).

14.00 - 14.05 Opening - Introduction by the Commission Maris Stulgis — DG MARE

14.05 - 14.15 Introduction to the study objectives Gurvinder Arora — Deloitte

lean-Paul Cadoret — EABA /

14.15 - 14.40 Session 1: EABA's view on the EU algae market ALGAMA

Breakout 1: Current challenges in consumer acceptance

14.40-15.10 and possible solutions
5-minute Break
15.15 — 15.40 Session 2: An entrepreneur view of the European algae 1030 Navalho — Necton
market R
Breakout 2: Discussion on what entrepreneurs in the
15.40 - 16.15 p

European algae sector need

16.15-16.30 Q&A

16.30 End of the webinar

Figure 4 Agenda webinar on Support the functioning of the EU algae markets

In the second webinar, ~100 people participated from all over Europe. Participants originated, as well
as in the first webinar, from all parts of the value chain.

The first session was presented by the European Algae Biomass Association (EABA). EABA presented
their view on the EU algae market — starting with an overview of the European micro-and macroalgae
market, among others, the number of companies, total turnover, total biomass production, direct jobs,
and research groups. This was followed by an insight into EABA’s work. The topic of the first breakout
was challenges and solutions in consumer acceptance of algae and algae-based products. Some of the
challenges that were discussed: the taste, high price, and smell. Some of the solutions that were
discussed: targeted communication, a hero product that can be used to show how great algae are, and
administration support.

The second session was presented by Jodo Navalho — President of Necton. The session was titled “An
entrepreneur view of the European algae market”. In the session, Mr. Navalho gave an insight into the
state of affairs of his company. He then gave an overview of what he believed to be the bottlenecks in
the sector. In the second breakout, participants indicated what entrepreneurs in the European algae
sector need to succeed and grow their business. Some of the input gathered: clear and simple
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administrative procedures for facilities and products, reduction of the regulatory burden, subsidising
the Novel Foods application process, and novel technologies to reduce production costs.

2.5. Webinar on Algae in Europe — Data collection and market information initiatives

The third webinar took place on the 8" of July. The objective of this webinar was, as well as the first
two webinars, to share information on relevant topics, engage stakeholders by providing room for
discussion, and gather input from different stakeholders within the sector to use as input for the impact
assessment. The focus of this webinar, in particular, was on data collection of algae and algae-based
products.

The webinar consisted of two parts. Each part included one session, where one or two expert(s)
presented their topic, followed by a breakout where participants were given the opportunity to discuss
the topic at hand. The webinar started with an opening by DG MARE and an introduction to the
objectives by Deloitte. The webinar ended with a Q&A session (See the webinar agenda in Figure 5
below).

14.00 - 14.05 Opening - Introduction by the Commission Maris Stulgis — DG MARE
14.05-14.15 Introduction to the study objectives Gurvinder Arora — Deloitte
14.15 - 14.40 ?,T;s:n 1: European statistical data collection on aquatic Eﬁgigfaﬂm& Alois Hoenig —
14.40-15.10 Breakout 1: Role of the sector in data collection

5-minute Break

Session 2: Key challenges in data collection for algae and

15.15-15.40 algae-based products

Rita Araujo — JRC

Breakout 2: Benefit of high-quality data towards algae

15.40 - 16.15
sector

16.15-16.30 Q&A

16.30 End of the webinar

Figure 5 Agenda webinar on Algae in Europe — Data collection and market information initiatives

In the third webinar, ~60 people participated from all over Europe. Participants originated, as well as
in the first two webinars, from all parts of the value chain.

The first session was presented by Eurostat and titled “European statistical data collection on aquatic
plants”. An overview of data which is collected throughout the years was given within three topics:
catches & landings, aquaculture production, and trade data. The topic of the first breakout was the
potential role of the European algae sector in data collection. Potential roles that were discussed were:
reporting on reliable data and conduct research on consumer preference and perceptions of algae.
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The second session was presented by JRC. The session was titled “Key challenges in data collection
for algae and algae-based products™®®. In the session, JRC gave an overview of the data which they
collected over time and touched upon some of the key challenges in the process of data gathering. In
the second breakout, participants indicated what the benefits could be of high-quality data towards the
European algae sector. Some of the input gathered: Better data could provide higher income,
diversification of activities and products, it could create a deeper understanding of the real value and
impact of this sector, and it could provide better information to potential investors.

2.6. Validation webinars of the environmental impact screening and the economic and
social impact

As part of environmental impact screening and the economic and social impact, two validation
webinars were organised. In these webinars, multiple stakeholders with different views were invited to
participate. The first webinar took place on the 22" and the second webinar on the 24" of September
2021. Both webinars had a duration of 1.5 hours and in each, approximately 40 people participated.
The objective of the webinars was to collect input from the participants on the performed environmental
impact screening and the economic and social impact.

The webinar consisted of two parts. The first part included an introduction to the initiative, and to the
impact screening and was followed up by a breakout session where participants could choose to discuss
the microalgae or macroalgae-related measures. The webinars ended with final remarks.

14.00-14.05 Opening and welcome Gurvinder Arora — Deloitte

14.05-14.10 Introduction to the initiative by the Commission Maris Stulgis — DG MARE

Presentation to introduce the economic and social
14.10-14.20 . Deloitte
impact assessment

14.20-15.25 Breakout: economic and social impact assessment Macro- and microalgae groups
15.25-15.30 Final remarks

15.30 End of the webinar

Figure 6 Agenda validation webinar

In the breakouts, the participants were presented with a selection of the proposed policy measures. Per
measure, the different impacts were presented. For the environmental impact screening, these were the
impacts of the thirteen indicators. For the economic and social impact, this was the qualitatively
economic and social impact and the impact on the growth of the revenue and employment of the sector.

169 Some more insights on the status, challenges and future developments of algae production data can be found at
https://knowledge4policy.ec.europa.eu/publication/report-community-practice-workshop-algae-production-europe-status-challenges-
future_en.
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Input gathered during the webinars demonstrated that the methodology in general and impact of specific
proposed measures is sometimes confusing. In particular:

1.

2.
3.

Participants indicated that several measures are not clear and should be formulated more
specifically.

Specific impacts assigned to measures are not reliable if measures are not clear.

Estimation of the quantitative impact per each measure does not make much sense, as each measure
wouldn’t develop in isolation but in a complex and interlinked environment
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3. ANNEX 3: STAKEHOLDER CONSULTATION RESULTS

3.1. Main stakeholder feedback

3.1.1. General responses regarding the algae sector

Respondents indicated the policy areas that should, according to them, be prioritized within the
sustainable growth of the EU algae sector in the future. Of the ten available options to select, the area
which was rated the highest — with a 4,6 — was potential contribution of algae towards
environmental sustainability. Access to space and water was rated the lowest, on average 3,6, by
the respondents. In the interviews, several stakeholders mentioned that the increasing of consumer
awareness and acceptance is one of the most important developments in the EU algae sector in the near
future. Additionally, several of the interviewees mentioned that consumer awareness is one of the
challenges their respective organisations face nowadays. This is in line with the high rating, of a 4,4,
of this area of prioritisation in the PC. Only one stakeholder, a Portuguese microalgae producer,
mentioned that currently awareness is growing faster than production. Several interviewees mentioned
access to funding/financing as a game-changer to benefit the development of the sector — which is in
line with the rating of a 4,4 of ‘availability of funding’ in the PC.

4,6 a4
X 4,4 43 43
4,2 42 41
3,7
36

Potential Improve Availability Improve EU Regulation for Simplification of  Ensure fair Integration of  Ensure skilled  Access to space
contribution of awareness and of funding algae industry’s the algae sector administrative market the algae workforce and water
algaetowards  acceptance of competitiveness procedures competition sector in the and training
environmental the consumers local economy
sustainability about algae
products

Figure 7. Areas that should be prioritized in the EU algae sector

Thereafter, the respondents indicated the application of algae perceived as the most promising for the
growth of the sector. Respondents could indicate multiple applications. 74 out of 108 respondents
indicated that algae as human food and food ingredients are for them the most promising potential.
50 out of 108 participants indicated that animal/fish feed and ingredients are most promising.
Bioremediation as promising potential was indicated by 44 respondents. Also, eight respondents
indicated that for them the most promising potential was something not listed in the options, namely
nutraceuticals, bio- or biobased materials, biofuels, bioplastic, and/or bioenergy. The interviewees
agreed on food and feed presenting the most promising potential for algae use.
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3.1.2. Responses on the five objectives and potential regulatory measures

For each objective that respondents indicated as being important several potential measures were
presented to them as part of a subsequent set of consultation questions. Participants then indicated, on
a scale from 1 to 5 (1 = not important, 5 = very important) the perceived importance of each of the
measures associated with the objectives. In figure 8 the average rating of respondents’ answers to this
question is shown.

14 4,4
43
4,0 4,0
Ensuring sustainable Closing knowledge, Increasing social Supporting the Improving governance
development of the research, technological awareness and functioning of the market framework
EU algae sector and innovation gaps acceptance of algae

production, products
and applications

Figure 8. Importance of the objectives to unlock the EU algae sector’s potential

The responses gathered per objective are provided below along with the responses on regulatory
measures. The participants rated (on a 1 to 5 scale) all presented measures and were given the
opportunity to propose additional measures. The participants indicated the measures that would
generate the highest economic social and environmental impact, per objective and could choose
multiple measures per objective. The output resulting from these questions is also displayed per
objective. The summary of the responses also distinguishes micro-and macroalgae affiliated
respondents. Input from respondents who are affiliated with both micro- as well as macroalgae is spread
evenly between micro-and macroalgae output — 50% for each.

3.1.3. Obijective 1. Improving governance framework
For objective 1, five potential measures were proposed to the participants. These were:

e Guidelines for sustainable production of algae, and sustainable harvesting of seaweed

e Guidance on large scale cultivation of algae in multi-use settings (e.g. combination with
windfarms, include in local Maritime Spatial Planning, etc.)

e Standardisation of algae product specifications (built on existing standards and standards under
development)

e Recommendations for harmonised licensing of seaweed farms

¢ Recommendations for labelling of sustainable, safe, and/or organic algae products
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Standardisation of specifications for algae production methods was perceived as being the most
important to the microalgae sector with a rating of 4,4. By the macroalgae sector, recommendations for

labelling of sustainable, safe, and/or organic algae products are seen as most important, with a rating
of 4,5.

Additional measures mentioned by participants were reviewed and one topic recurred several times;
seven of the 35 respondents that indicated the need of additional measures suggest that there should be
equal conditions and opportunities for algae products from the EU and imported ones. Therefore, the
following measure was added: implement a mechanism to ensure a fair market.

a4
% 43
I I I | |

Standardisation of Recommendations for Recommendations for Guidelines for Guidance on large scale
specifications for algae labelling of sustainable, harmonised licensing sustainable cultivation cultivation of algae in
products and production safe and/or organic of seaweed farms and production of algae multi-use settings (e.g.

methods (built on existing algae products combination with
standards and standards windfarms, include in
under development)

local Maritime Spatial
Planning, etc)

Figure 9. Importance of proposed measures for improving the governance framework (microalgae)

I I I4'3 | 4‘1

Recommendations for Guidelines for Guidance on large scale Standardisation of Recommendations for
labelling of sustainable, sustainable cultivation cultivation of algae in specifications for algae harmonised licensing
safe and/or organic and production of algae multi-use settings (e.g. products and production of seaweed farms
algae products combination with methods (built on existing

windfarms, include in standards and standards
local Maritime Spatial under development)
Planning, etc)

Figure 10. Importance of proposed measures for improving the governance framework (macroalgae)

Then, participants indicated which topics, in their opinion, should be managed at the EU level. The list
of proposed topics include:
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e Safety standards (e.g. level of heavy metals or arsenic in seaweed)
e Status of algae products (organic/inorganic)

e The ecological footprint from algae production

e Bioremediation by algae

e Any others

The number of times participants picked one of the topics, is displayed in figure 11. As can be seen,
participants picked the topic of safety standards the most — 61 times (over 56% of the participants
picked this topic). Fourteen participants suggested additional topics that should be governed at the EU

level.
61
39 39
25
I 14
Safety standards (e.g. Status of algae products  The ecological footprint  Bioremediation by algae Other
level of heavy metals (organic/inorganic) from algae production

or arsenic in seaweed)

Figure 11. Topics that respondents consider to best be governed at EU level

Furthermore, the participants identified the proposed measures that would potentially have the highest
impact. 66 out of 108 (=61%) participants indicated this objective (improving governance framework)
as an important objective and therefore provided further elaboration on the potential impact of the
measures. Most of the microalgae affiliated respondents (36) indicated that standardisation of
specifications for algae products and production methods would have the highest impact (see figure 12

63





below). Most of the macroalgae affiliated respondents perceived guidelines for sustainable cultivation
and production of algae as the measure with the highest impact (see figure 13 below).

Standardisation of specifications for algae products and production methods

(built on existing standards and standards under development) 36

Guidelines for sustainable cultivation and production of algae 23

Recommendations for labelling of sustainable, safe and/or organic algae products i |

Guidance on large scale cultivation of algae in multi-use settings (e.g. combination with windfarms,

include in local Maritime Spatial Planning, etc) 15

Recommendations for harmonised licensing of seaweed farms 7

Highest impact
Figure 12. Highest impact from proposed governance framework changes (microalgae)

Guidelines for sustainable cultivation and production of algae 17

Standardisation of specifications for algae products and production methods

(built on existing standards and standards under development) 16

Recommendations for labelling of sustainable, safe and/or organic algae products 14

Recommendations for harmonised licensing of seaweed farms 11

Guidance on large scale cultivation of algae in multi-use settings (e.g. combination with windfarms,

include in local Maritime Spatial Planning, etc) 2

Highest impact

Figure 13. Highest impact from proposed governance framework changes (macroalgae)

In the interviews, a recurring theme was that algae are classified differently in several Member States.
In some Member States (micro)algae belong to the group of aquaculture and related activities whereas
in some Member States algae is added to agriculture and related activities. This classification creates
unclarity as the regulations needed for algae may not align fully with other aquaculture and agriculture
activities. The interviewed stakeholders indicate that harmonising industry standards throughout the
EU would be beneficial for the sector, including a separate classification for algae and algae-related
activities. This corresponds to the high rating of the standardisation measures as visualised in figures
10, 12, and 14.

3.1.4. Objective 2. Supporting the functioning of the market

For the second objective, eight different measures were proposed to the participants. These measures
were:

e Introduce well-targeted and easy accessible financial support that will accelerate the
development of the EU's blue bioeconomy and algae sector
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e Support the development of market-based instruments to monetize bioremediation and other
ecosystem services based on algae production

e Develop European standards for safety and environmental sustainability to use throughout the
EU algae sector

¢ Increased government procurement of algae-based products

e Support/assist the industry to bring new algae species to the market under the Novel Food
Regulation

e Increase in demand by raising awareness on the benefits of seaweed

e Support technological developments

e An EU innovation prize for the macroalgae and microalgae industry

On average, the participants affiliated with microalgae rated the measures about the introduction of
well-targeted and easy accessible financial support and to support the industry to bring new algae
species to the market under the Novel Foods Regulation the highest — both with a scoring of 4,5 (see
Figure 14 below). The participants affiliated with macroalgae rated the measures about support
technological development and support the industry to bring new algae species to the market under the
Novel Foods Regulation the highest — both with a scoring of 4,4 (see Figure 15 below).

19 respondents mentioned that overly restrictive regulations on EU level and unclear and/or lacking
legislation on a national level is the most striking barrier that prevents the EU algae sector from
sustainable growth. Also, numerous respondents, 16 in total, believe the lack of awareness — and
therefore ignorance of the potential of algae and low market acceptance — is the most striking barrier
preventing the EU algae sector from sustainable growth.

45
4,5 44 1A 41 a0
2 3.8 3,6
Introduce well- Support/assist the  Develop European Support Increase demand by Support the Introduce an EU Increased
targeted and easy industry to bring  standards for safety technological raising awareness development of  innovation prize for government
accessible financial new algae species  and environmental developments on the benefits of market-based the macroalgaeand  procurement of
support that will to the market sustainability to use seaweed instruments to microalgae industry algae-based products
accelerate the under the Novel throughout the EU monetize
development of Food Regulation algae sector bioremediation and
the EU’s blue other ecosystem

bioeconomy and services based on
algae sector algae production

Figure 14. Importance of proposed measures for supporting the functioning of the markets (microalgae)
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tech nologlml industry tobring  standards for safety  raising awareness  targeted and easy  innovation prize for  development of government
developments new algae species  and environmental  on the benefits of  accessible financial the macroalgae and market-based procurement of

to the market sustainability to use seaweed support that will  microalgae industry instrumentsto  algae-based products
under the Novel  throughout the EU accelerate the monetize
Food Regulation algae sector development of bioremediation and
the EU’s blue other ecosystem
bioeconomy and services based on
algae sector algae production

Figure 15. Importance of proposed measures for supporting the functioning of the market (macroalgae)

76 out of 108 (70%) respondents indicated supporting the functioning of the market as an important
objective and therefore provided further elaboration on the potential impact of the measures. 32 of the
microalgae affiliated participants indicated that they thought that the introduction of well-targeted and
easy accessible financial support would have the highest impact. Most of the macroalgae affiliated
respondents (17) indicated that the measure to develop European standards for safety and
environmental sustainability would have the highest impact (see Figures 16 and 17 below).

Introduce well-targeted and easy accessible financial _ 1
support that will accelerate the development of the EU’s blue bioeconomy and algae sector
Develop Furopean standards for safety and environmental _ 27
sustainability to use throughout the EU algae sector
e B e e I
species to the market under the Novel Food Regulation
Support technological developments _ 22

Increase demand by raising awareness on the benefits of seaweed _ 16

Support the development of market-based instruments _ 13
1o monetize bioremediation and other ecosystem services based on algae production

Increased government procurement of algae-based products _ 10

Introduce an EU innovation prize for the macroalgae and microalgae industry - 4
Highest impact

Figure 16.Highest impact from Supporting the functioning of the market (microalgae)
D e oo o oo I
sustainability to use throughout the EU algae sector
e e EUre i e e ey, I
support that will accelerate the development of the EU’s blue bioeconomy and algae sector
Support/assist the industry to bring new algae _ 1
species to the market under the Novel Food Regulation
Support the development of market-based instruments _ s
to monetize bioremediation and other ecosystem services based on algae production
Increase demand by raising awareness on the benefits of seaweed _ 8
Increased government procurement of algae-based products _ 6
Support technological developments _ 6

Introduce an EU innovation prize for the macroalgae and microalgae industry 1
Highest impact

Figure 17. Highest impact from Supporting the functioning of the market (macroalgae)
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The Novel Foods process and associated costs were a much-discussed topic in the interviews. Several
of the interviewees mentioned that, for the rather small companies they represent, it is impossible to
bear the costs and the risks of going through the Novel Foods process. Therefore, these stakeholders
suggested that the EU should support them in obtaining Novel Food authorizations. This finding
corresponds to the high rating of the measure ‘support/assist the industry to bring new algae species to
the market under the Novel Food Regulation’ visualised in figures 15 to 18. Also, the high rating of the
measure ‘increase demand by raising awareness on the benefits of seaweed’ visualised in figures 15 to
17 corresponds well to the findings from the interviews.

3.1.5. Objective 3. Ensuring sustainable development of the EU algae sector

For the objective of ensuring sustainable development of the EU algae sector, the PC proposed the
participants six different measures. These were:

e Create an EU wide sector organisation/network

e Create and maintain a web-based one-stop-shop for EU algae stakeholders for knowledge, good
practices sharing, mapping of funding, algae project results, etc

e Create and maintain an assistance mechanism for EU algae stakeholders

e Identify and assess specific needs and availability of investment funding for innovation,
technology, infrastructure, knowledge and skills development

e Mapping and keeping an up-to-date EU funding sources overview for EU algae sector

e Support to start-ups in the algae sector in accessing the value chain, including contacts with
others companies, knowledge institutes and/or regulators

The measures were rated, on average, from a 3,7 to a 4,4. The measure with the highest rating, for the
microalgae (scoring of 4,4) and macroalgae (scoring of 4,2) industry respectively, is to identify and
assess specific needs and availability of investment funding for the sector and to give support to start-
ups in the algae sector (see Figures 18 and 19 below).

14 14 42 o
: 3,8 3,8

Identify and assess specific  Support to start-ups in the Mapping and keeping an up- Create and maintain aweb- Create an EU wide sector Create and maintain an

needs and availability of algae sector in accessing  to-date EU funding sources based one-stop-shop for EU organisation/network assistance mechanism
investment funding for the value chain, including overview for EU algae sector  algae stakeholders for for EU algae stakeholders
innovation, technology, contacts with others knowledge, good practices

infrastructure, knowledge companies, knowledge sharing, mapping of funding,
and skills development  institutes and/or regulators algae project results, etc

Figure 18. Proposed measures to ensure sustainable development of the EU algae sector (microalgae)
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companies, knowledge infrastructure, knowledge sharing, mapping of funding,
institutes and/or regulators  and skills development algae project results, etc

Figure 19. Proposed measures to ensure sustainable development of the EU algae sector (macroalgae)

92 out of 108 (=85%) participants indicated the sustainable development of the EU algae sector as an
important objective and therefore provided further elaboration on the potential impact of the measures.
38 microalgae-related respondents identified the measure about the needs and availability of investment
funding as having the potential highest impact. 18 macroalgae-related participants identified the
measure about the needs and availability of investment funding as having the potential highest impact.
Not many participants think of creating an EU-wide sector organisation/network as something which
can create potentially high impact. This measure received also the lowest average rating.

Identify and assess specific needs and availability of investment funding for innovation,

technology, infrastructure, knowledge and skills development 38

Support to start-ups in the algae sector in accessing the value chain, including contacts

with other companies, knowledge institutes and/or regulators 37

Create and maintain a web-based one-stop-shop for EU algae stakeholders for knowledge,

good practices sharing, mapping of funding, algae project results, etc. 28

Mapping and keeping an up-to-date EU funding sources overview for EU algae sector 25
Create an EU wide sector organisation/network 17
Create and maintain an assistance mechanism for EU algae stakeholders 17
Highest impact

Figure 20. Highest impact from Ensuring sustainable development of the EU algae sector (microalgae)

Identify and assess specific needs and availability of investment funding for innovation,

technology, infrastructure, knowledge and skills development 18

Create and maintain a web-based one-stop-shop for EU algae stakeholders for knowledge,

good practices sharing, mapping of funding, algae project results, etc. 16
Mapping and keeping an up-to-date EU funding sources overview for EU algae sector 16
Support to start-ups in the algae sector in accessing the value chain, including contacts
with other companies, knowledge institutes and/or regulators 16
Create and maintain an assistance mechanism for EU algae stakeholders 12
Create an EU wide sector organisation/network 9
Highest impact

Figure 21. Highest impact from ensuring sustainable development of the EU algae sector (macroalgae)
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3.1.6. Obijective 4. Increasing social awareness and acceptance
For this objective, participants were given the possibility to rate seven different measures. These were:

e EU wide communication campaign(s) of benefits on human health of algae food products

e EU wide communication campaign on environmental, social and commercial benefits of algae
products

e Support and promote eco-labelling of sustainable, safe and/or organic algae products

e Publication of guidance for stakeholder consultations

¢ Inclusion of algae production into maritime spatial planning processes

e Support Member States and their Nutrition Centres to provide attractive information on algae

e Support the algae sector at European and global conferences such as UN Climate Change
Conference (COP26) and World Economic Forum

The measures were on average rated from a 3,8 for the lowest score to at 4,5 for the highest. The
measure with the highest rating, from microalgae-related respondents, is about setting up an EU-wide
communication campaign to highlight the benefits on human health of algae-based products. For
macroalgae-related respondents, the measure to create EU-wide communication campaigns on the
environmental, social, and commercial benefits of algae products received the highest rating. The
measure of which the participants thought as being the least important is about the publication of
guidance for stakeholders on awareness and acceptance of algae, for microalgae-related respondents.
For macroalgae-related respondents, this was the measure to support Member States and their nutrition
centres to provide attractive information on algae (see Figures 22 to 25 below).

Out of the respondents that believe additional measures should be incorporated for this objective (17),
six mentioned they believe that training courses on algae, especially education in school for younger
generations should be incorporated. This observation is assimilated in refining the policy options of the
objective on closing knowledge, research, technological and innovation gaps.

4,5 44 a7
4,0 4,0 3,9 38
EU wide communication EU wide communication Support the algae sector  Inclusion of algae Support and promote Support Member Publication of guidance
campaign(s) of benefits campaign on at European and global production into eco-labelling of States and their for stakeholders on
on human health of environmental, social conferences such as UN maritime spatial sustainable, safe and/or  Nutrition Centres to awareness and
algae food products  and commercial benefits Climate Change planning processes  organic algae products provide attractive acceptance of algae
of algae products  Conference (COP26) and information on algae

World Economic Forum

Figure 22. Proposed measures to increase social awareness and acceptance (microalgae)
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Figure 23. Proposed measures to increase social awareness and acceptance (macroalgae)

81 out of 108 (75%) participants indicated increasing social awareness and acceptance as an important
objective and therefore provided further elaboration on the potential impact of the measures. Both the
measures about the EU-wide communication campaign of benefits on human health and environmental,
social, and commercial benefits of algae products were perceived as having the highest potential impact
by the micro-and macroalgae-related respondents.

EU wide communication campaign on environmental, social and commercial benefits of algae products _ 35
EU wide communication campaign(s) of benefits on human health of algae food products _ 34

Support and promote eco-labelling of sustainable, safe and/or organic algae products _ 24

Support Member States and their Nutrition Centres to provide attractive information on algae _ 15

Support the algae sector at European and global conferences such as UN Climate Change Conference _ 14
(COP26) and World Economic Forum

Publication of guidance for stakeholders on awareness and acceptance of algae _ 12

Inclusion of algae production into maritime spatial planning processes _ 11

Highest impact
Figure 24. Highest impact from Increasing social awareness and acceptance (microalgae)

EU wide communication campaign on environmental, social and commercial benefits of algae products _ 18
EU wide communication campaign(s) of benefits on human health of algae food products _ 16
Support and promote eco-labelling of sustainable, safe and/or organic algae products _ 14
Inclusion of algae production into maritime spatial planning processes _ 12

Publication of guidance for stakeholders on awareness and acceptance of algae _ 9

Support the algae sector at Furopean and global conferences such as UN Climate Change Conference - 5
{COP26) and World Economic Forum

Support Member States and their Nutrition Centres to provide attractive information on algae - 4

Highest impact
Figure 25. Highest impact from Increasing social awareness and acceptance (macroalgae)

As mentioned before, several interviewees mentioned that it is important to increase social awareness
and acceptance of algae throughout the EU. Although many agree on the importance of social
awareness, not all agree on the execution of it. Three out of the six interviewees who talked about this

subject believe that the sector itself should undertake action to improve awareness and acceptance of
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algae. The other three interviewees think that the EU should support marketing to improve societal
awareness and acceptance. Interviewees agree, however, on the point that campaigns should focus on
classifying algae as a healthy product.

3.1.7. Objective 5. Closing knowledge, research and innovation gaps

For the objective around closing the knowledge, research and innovation gaps, nine measures were
proposed in the PC. These were:

e Developing improved algae cultivation systems (integrated multi-trophic aquaculture, offshore
cultivation) or methods (e.g. cellular mariculture) contributing to fighting the current technical
constraints in the production systems and consequently upscaling production volumes

e Developing improved algae processing systems (biorefineries), processing algae into multiple
products and for multiple applications

e Establishing a monitoring framework, targets and methodologies for (1) quantifying ecosystem
services (e.g. carbon sequestration, blue carbon credits, nutrients uptake), (2) carrying
capacities of EU waters for seaweed aquaculture and marine permaculture and (3) impacts of
cultivation, restoration and harvesting on marine ecosystems

e Research to strengthen the potential nutritional benefits of algae

e Research to deliver new innovative algae-based products

e Targeted support to industry helping to move from research/demonstration stage to the market

e To support higher education programs in the area of blue biotechnology and innovative
solutions for algae cultivation

e Fund doctoral theses in the area of innovative solutions, knowledge, data or good practices on
the blue bioeconomy and algae

Participants rated these measures, on average, from a 3,7 to a 4,6 as shown in figures 26 and 27. The
measure about support to move from research/demonstration stage to the market, for microalgae-related
respondents, and the measure about developing algae processing systems, for macroalgae-related
respondents, received the highest ratings — a 4,6 and 4,4 respectively.

36 out of 64 (=56%) participants who answered the question about what specific actions could help to
improve the collaboration among academia, research, and industry, indicated that networking events
and hubs for ideas exchange could help improve collaboration. Therefore the measure “initiate network
events, to connect stakeholders, and hubs to exchange ideas between industry and academia” was added
to the policy measures for this objective.

93 out of 108 (=86%) participants indicated closing the knowledge, research, and innovation gaps as
an important objective and therefore provided further elaboration on the potential impacts of the
measures. Most of the microalgae-related participants thought that the measure about research to
deliver new innovative algae-based products would generate the highest impact. Of the macroalgae-
related participants, the measure of developing improved algae cultivation systems or methods,
contributing to fighting the current technological constraints in the production systems and
consequently upscaling production volumes is perceived as the one with the highest potential impact.
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None of the participants indicated that research on safe and secure algae production methods in closed

systems would have the highest impact.

Targeted support to industry helping to move from research/demonstration stage to the market
Research to deliver new innovative algae-based products

Developing improved algae processing systems (biorefineries), processing algae into multiple products and for multiple applications

Developing improved algae cultivation systems (integrated multi-trophic aquaculture, offshore cultivation) or methods
(e.g. cellular mariculture) contributing to fighting the current technical constraints in the production systems and
consequently upscaling production volumes

Research to strengthen the potential nutritional benefits of algae
Fund doctoral theses in the area of innovative solutions, knowledge, data or good practices on the blue bioeconomy and algae

To support higher education programs in the area of blue biotechnology and innovative solutions for algae cultivation

Establishing a monitoring framework, targets and methodologies for (1) quantifying ecosystem services
(e.g. carbon sequestration, blue carbon credits, nutrients uptake), (2) carrying capacities of EU waters for seaweed
aquaculture and marine permaculture and (3) impacts of cultivation, restoration and harvesting on marine ecosystems

Research on safe and secure algae production methods in closed systems (eg. by using animal based biofertilizers)

4,6

44

43
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Figure 26. Proposed measures for closing knowledge, research and innovation gaps (microalgae)

Developing improved algae cultivation systems (integrated multi-trophic aquaculture, offshore cultivation) or methods
(e.g. cellular mariculture) contributing to fighting the current technical constraints in the production systems and
consequently upscaling production volumes

Research to deliver new innovative algae-based products

Targeted support to industry helping to move from research/demonstration stage to the market

Establishing a monitoring framework, targets and methodologies for (1) quantifying ecosystem services

(e.g. carbon sequestration, blue carbon credits, nutrients uptake), (2) carrying capacities of EU waters for seaweed

aquaculture and marine permaculture and (3) impacts of cultivation, restoration and harvesting on marine ecosystems

Developing improved algae processing systems (biorefineries), processing algae into multiple products and for multiple applications
Fund doctoral theses in the area of innovative solutions, knowledge, data or good practices on the blue bioeconomy and algae
Research to strengthen the potential nutritional benefits of algae

To support higher education programs in the area of blue biotechnology and innovative solutions for algae cultivation

Research on safe and secure algae production methods in closed systems (eg. by using animal based biofertilizers)

44
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Figure 27. Proposed measures for closing knowledge, research and innovation gaps (macroalgae)
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Research to deliver new innovative algae-based products 41
Developing improved algae cultivation systems (integrated multi-trophic aquaculture, offshore cultivation) or methods
(e.g. cellular mariculture) contributing to fighting the current technical constraints in the production systems and 33

consequently upscaling production volumes

Targeted support to industry helping to move from research/demonstration stage to the market 30
Developing improved algae processing systems (biorefineries), processing algae into multiple products and for multiple applications 27

Research to strengthen the potential nutritional benefits of algae 14

Establishing a monitoring framework, targets and methodologies for (1) quantifying ecosystem services
(e.g. carbon sequestration, blue carbon credits, nutrients uptake), (2) carrying capacities of EU waters for seaweed 11
aquaculture and marine permaculture and (3) impacts of cultivation, restoration and harvesting on marine ecosystems

Fund doctoral theses in the area of innovative solutions, knowledge, data or good practices on the blue bioeconomy and algae 11
To support higher education programs in the area of blue biotechnology and innovative solutions for algae cultivation 5

Research on safe and secure algae production methods in closed systems (eg. by using animal based biofertilizers) 0

Highest impact

Figure 28. Highest impact from closing the knowledge, research and innovation gaps (microalgae)

Developing improved algae cultivation systems (integrated multi-trophic aquaculture, offshore cultivation) or methods
(e.g. cellular mariculture) contributing to fighting the current technical constraints in the production systems and 19
consequently upscaling production volumes

Developing improved algae processing systems (biorefineries), processing algae into multiple products and for multiple applications 16

Research to deliver new innovative algae-based products 14

Establishing a monitoring framework, targets and methodologies for (1) quantifying ecosystem services
(e.g. carbon sequestration, blue carbon credits, nutrients uptake), (2) carrying capacities of EU waters for seaweed 13
aquaculture and marine permaculture and (3) impacts of cultivation, restoration and harvesting on marine ecosystems

Targeted support to industry helping to move from research/demonstration stage to the market 11
Research to strengthen the potential nutritional benefits of algae 6
To support higher education programs in the area of blue biotechnology and innovative solutions for algae cultivation 5
Fund doctoral theses in the area of innovative solutions, knowledge, data or good practices on the blue bioeconomy and algae 3

Research on safe and secure algae production methods in closed systems (eg. by using animal based biofertilizers) 0

Highest impact
Figure 29. Highest impact from closing the knowledge, research and innovation gaps (macroalgae)

One of the recurring themes in the interviews was that there should be going more funds to research
into the application of algae, the production of algae, domestication of foreign species, and nutritional
benefits of algae. Although the measure ‘Research to strengthen the potential nutritional benefit of
algae’ was not perceived as creating the highest impact by a lot of respondents to the PC — 14 in
microalgae and 6 in macroalgae, the measures about developing improved cultivation systems and
processing systems and the measure ‘Research to deliver new innovative algae-based products’ were
perceived as generating the highest impact by a lot of respondents to the PC.
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4. ANNEX 4: OVERVIEW OF EU LEGAL REFERENCES PERTAINING TO ALGAE

Legislation /

Initiative Objective Relevance to algae

A. Overarching Legal Frameworks

Treaty on the This Treaty organizes the functioning of the Specifies that the European Union:

Functioning of Union and determines the areas of, delimitation 1. has exclusive competence in the
the European of, and arrangements for exercising its conservation of marine biological
Union (TFEU) competence. resources under the common

fisheries policy;
2. and shares competence with
Member States on agriculture and
fisheries (including aquaculture,
common fisheries market
organization), thereby covering
the various types of algae
production, excluding the
conservation of marine biological
resources, in the principal areas
of:
- Common safety concerns in
public health matters;
- Consumer protection;
- Environment (TFEU, Article
191).17°
Common The CFP ensures that fishing and aquaculture Under the CFP, Member States share
Fisheries Policy ~ activities are environmentally sustainable in the competence in the area of
long-term, and are managed in a way that is aquaculture and fisheries, including
consistent with the objectives of achieving the cultivation and wild harvesting of
economic, social and employment benefits, and algae. In line with the CFP, the EU
of contributing to the availability of food delivered strategic guidelines for a
supplies. more sustainable and competitive EU
aquaculture, which aims to boost the
development and competitiveness of
the  aquaculture  sector.  The
guidelines include plans and
guidance for the use of aquatic plants
in aquaculture.

B. Algae for food and feed

10Article 191 on the Environment states that Union policy on the environment shall contribute to pursuit of the following
objectives:

- preserving, protecting and improving quality of the environment.

- Protecting human health.

- Prudent and rational utilisation of natural resources.

- Promoting measures at international level to deal with regional or worldwide environmental problems and in particular combating
climate change.

- Union policy shall aim a t high level protection — precautionary principle — preventive action should be taken and environmental
damage should as a priority be rectified at source and that the polluter should pay.

- Harmonisation measures answering environmental protection requirements shall include a safeguard clause allowing Member
States to take provisional measures.
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Food safety
regulation

Novel food
Regulation
(NFR) /
Regulation (EU)
2015/2283

Novel Food
Catalogue (NFC)

Food safety regulation sets out basic principles
to protect safe human nutrition and consumer
interests. Within the EU, food regulation
envelops specific regulations under the
following topics:
¢ Rules on food hygiene which set standards to
be met for the premises, transport conditions,
waste, water supply, personal hygiene of
workers and heat treatment processes
¢ Rules on safe food packaging including those
on plastic, cellulose and recycled plastic
packaging where relevant
¢ Rules on food labelling.
¢ Rules on contaminants in foods which set the
maximum levels of metal toxins and
contaminants allowed in food
¢ Rules on nutritional and health claims which
any claim made on a food label in the EU is
clear, accurate and substantiated, enabling
consumers to make informed and meaningful
choices
The NFR requires a pre-market authorisation
before novel foods (foods for which a history of
consumption before 15 May 1997 cannot be
documented) can be placed on the EU market.
Business operators wanting to place a food on
the EU must assess and determine its novel food
status of their foods. In case of doubt they shall
consult with the Member State on which they
first intend to place the food on the market.
Applications for the authorization of novel foods
must be submitted to the European Commission
and authorisation is granted by the Commission
on the basis of a positive safety assessment of
the novel food by the European Food Safety
Authority .
The NFC is a non-legally binding data base
reflecting the views of Member States on the
novel food status of foods that have been
considered and discussed over the years. This
list is non-exhaustive, and serves as orientation
whether a product will need authorisation under
the Novel Food Regulation. A food item listed
in the NFC may have one of the following
statuses: novel, not novel, not novel in food
supplements or subject to an ongoing novel food
status consultation. If a product is not included,
it should not necessarily be considered as novel
but as an item whose status was either not
previously discussed or to which a consultation
request has not been launched yet (Araujo and
Peteiro, 2021)*2,
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Algae harvested or cultivated for
human consumption must comply
with the specifications set out under
the food safety regulation. Algae are
exempted to take regard of rules on
food labelling unless algae are sold
unprocessed.

The regulation is applicable to all
foods classified as ‘novel food’,
which applies to a variety of micro-
and macroalgae produced for food or
food supplements (Araujo and
Peteiro, 2021) for which a history of
consumption before 15 May 1997
cannot or has not been documented
New algae substances are required to

request authorisation under the
regulation before entering the
market.

Any algae species categorised as
novel need to be authorized in
correspondence with the Novel Food
Regulation. If an algae is listed in the
NFC as being not novel or not novel
in Food Supplements, it can be
placed on the market for the
corresponding application (either as
food or in Food Supplements).
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EU
Recommendation

2018/464

Requlation (EC)
No 1924/2006

Reqgulation (EU)
No 68/2013 /
Reqgulation (EC)
No 1831/2003

Under the EU recommendation, concentrations
of arsenic, cadmium, iodine, lead and mercury
in seaweeds and halophytes are monitored to
establish maximum levels for food/food
supplements in which no harmful effects for
human health are indicated.

This regulation, also known as the claims
regulation, sets out the framework for using
nutrition and health claims in the EU. The claims
regulation requires that only permitted nutrition
and health claims may be used on the EU
market, which are listed in the Annex of the
Claim regulation and are in conformity with the
conditions of use accompanying them and
concerning health claims. Member States carry
the responsibility to enforce food law and
monitor and verify that relevant EU
requirements are fulfilled by food business
operators.

In the EU, products used for animal nutrition are
classified either as feed materials or feed
additives. Feed materials do not require a pre-
market authorisation, but do need to comply
with requlation on feed hygiene, rules on the
marketing of feed, undesirable substances in
feed (under Directive 2002/32/EC) and rules on
feed additives. Feed additives are products used
in animal nutrition with the purpose of
improving the quality of feed and the quality of
food from animal origin, or to improve the
animals’ performance and health, e.g. providing
enhanced digestibility of the feed materials.
Feed additives may not enter the EU market
unless authorization is given following a
scientific evaluation showing that the additive
has no harmful effects on human and animal
health and on the environment. Therefore, feed
additives regulation provides rules on the
supervision and labelling of feed additives to
ensure good practices and effective functioning
of the internal market.

To set the maximum allowed levels
of iodine, heavy metals and other
contaminants in seaweed, halophytes
and products based on algae, Member
States in cooperation with food and
feed business operators are asked to
monitor the presence of these
substances over the years 2018, 2019
and 2020.1"

Algae may be used in food products
due to their high nutritional profile,
and should therefore conform to the
claims regulation regarding vitamins,
minerals and fatty acids (there are no
authorised health claims regarding
amino acids) if any reference is made
to nutritional and health claims of
algae use in a product.

Algae are used as fish and animal
feed and in feed additives in
aquaculture, agriculture and for pets
due to their nutritional profile (amino
acids, vitamins, minerals and
essential fatty acids). The cultivation
or harvesting of algae for animal feed
does not need pre-market
authorisation, but do need to comply
with  specified regulations. The
Commission shares competence with
Member States in this regard.
Regulation (EU) No 68/2013, the
Catalogue on feed materials, lists the
various types of algae and good
practice principles on the use of
chemical impurities and processing
aids.

171 -For mercury in seaweed already an MRL is set under the pesticides legislation (Reg. (EC) No 396/2005) (with possibility of revision).
-For cadmium in food supplements, which contain dried seaweed, in regulation (EC) No 1881/2006 a maximum level is set (with

possibility of revision).
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Regulation
1832/2021 (QJ

L385, 29/10/2021)

Directive
2001/83/EC
/ Requlation (EC)

No 726/2004

Regulation on
the Registration,

Evaluation
Authorisation
and Restriction
of Chemicals
(REACH)

Establishes a good nomenclature to meet, at one
and the same time, the requirements of the
Common Customs Tariff, the external trade
statistics of the Union, and other Union policies
concerning the importation or exportation of
good.

C. Algae for non-food uses

The directive gives the provisions laid down by
law, regulation or administrative action relating
to medicinal products for human use, including
use of specific substances, labelling and
advertising for different types of medicine. In
the EU, medicinal products may be authorised
by a centralised procedure, run by the EU
Medicine Agency or through a mutual
recognition procedure with the medicinal
product authorised in a single Member State at
first and then starting a process of recognition
of that authorisation in other Member States.
Clinical trials are regulated by EU legislation
under Regulation (EU) No 536/2014.

REACH is the main regulation regarding
legislation for chemicals in the EU. It provides a
comprehensive set of rules applicable to
chemical substances and compounds, and places
the responsibility of managing the associated
risks onto the industry. Under the regulation,
any company manufacturing or importing one
ton or more of a substance needs to register with
the European Chemicals Agency (REACH,

Algae-products that are imported
from countries (outside the EU) fall
under specific trade tariffs.

- Under the regulation, seaweeds
and other algae, fresh, chilled,
frozen or dried, whether or not
ground, fall under HS'"? heading
1212 of the nomenclature and
have 0% MFN!7 tariff.

- Seaweeds and other algae
products prepared or preserved
by processes such as cooking,
roasting, seasoning or adding
sugar fall under Chapter 20 —
classified as preparations of
other parts of plants, and various
MFN tariff may apply to algae-
related products.

Algae are used within the field of
pharmaceuticals, given their wide
range of bioactive compounds
(Dmytryk et al., 2017). Therefore,
algae use in medicinal products are
regulated through the specified
directive and regulation, and need to
be authorised for use.

Algae can be used as sources of fine
chemicals, botanical extracts and
active  substances in  several
applications (e.g. astaxanthin, phyco-
cyanin, fucoxanthin and numerous
speciality high-value applications in
pharmaceutics, medicine and
cosmetics), wherefore their use may
fall under the REACH regulation.

172 Harmonized System (HS): standardized numerical classification of trade products. The system is used to assess which duties and
tariffs apply to specific types of products when imported (EC HS).
173 The Most Favoured Nation (MFN): principle under the WTO specifies that under the WTO agreements, countries cannot normally
discriminate between their trading partners. Grant someone a special favour (such as a lower customs duty rate for one of their products)
and you have to do the same for all other WTO members (WTO).
174 In relation, there is Directive 1223/2009/EC, which gives the provisions related to cosmetics regulation, setting rules for the substances

and mixtures intended for cosmetic use, to ensure that cosmetic products shall be safe for human health.
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Fertilising
Products
Regulation /
Regulation (EU)

2019/1009

Directive
2018/2001

Marine Spatial

Planning
Directive

Organic
Regulation /
Regulation (EU)

2018/848'7

Avrticle 6). Substances manufactured or imported
for the purposes of research and development do
not need to be registered for 5 years. On the
contrary, substances that pose high risks cannot
be used until an authorisation is issued and the
applicants are asked to analyse the feasibility of
substitution (REACH, article 55).

Harmonises the requirements for EU fertilising
products produced from primary or secondary
raw materials, opening up new possibilities for
production and marketing on the single market.
The regulation sets harmonised limits for a
range of contaminants, such as cadmium
contained in  phosphate fertilisers. The
regulation provides provisions only for EU
fertilising products, and allows Member States
to maintain national legislations to regulate
fertilising products marketed on national
markets.

This directive gives the provisions related to the
use of energy from renewable sources. It set
binding targets on the share of renewable energy
in energy consumption and in the transport
sector.

Algae cultivation and multi-use of space

Application of an ecosystem-based integrated
approach to spatial planning of the maritime
environment, ensuring the sustainable economic
development and ecological protection of
maritime and coastal areas.

The Organic Regulation (repealing and
replacing  Council Regulation (EC) No
834/2007 and applicable since January 1% 2021)
provides the basis for the sustainable
development of organic production and its
positive effects on the environment, while
ensuring the effective functioning of the internal
market in organic products and fair competition,

EU fertilising products may only
contain materials that comply with
the Component Material Categories
(CMC). There are various CMCs
covering algae: CMC1, CMC2,
CMC3, CMC4, CMC5.Y® Therefore,
algae, algae parts or algae extracts
may be used in fertilising products if
they comply with the requirements of
the respective CMCs, and the
resulting fertilising product complies
with all relevant provisions.

Algae can be used as sources for the
production of biogas for transport
and advanced biofuels.

The use of maritime space for
multiple purposes, including algae
cultivation,  requires  integrated
planning of space usage by
potentially competing activities.

Algae producers aiming to obtain the
‘organic’ label need to comply with
production  rules  specified in
Regulation (EU) 2018/848. Within
the rules, a distinction is made
between the  collection and
cultivation of algae. The Organic
Regulation signifies that harvesting

175 . CMC 1: all algal extracts ; REACH registration of such extracts is mandatory. Extracts originating from waste are excluded
- CMC 2: algae, algae parts and algal extracts having undergone no other processing than cutting, grinding, milling, sieving, sifting,
centrifugation, pressing, drying, frost treatment, freeze-drying or extraction with water or supercritical CO2 extraction. Blue-green algae

are excluded.

- CMC 3: compost generated by the aerobic composition of algae or algae parts (waste or non-waste). Algae materials shall be
unprocessed or processed only by manual, mechanical or gravitational means, by dissolution in water, by flotation, by extraction with
water, by steam distillation or by heating solely to remove water, or which are extracted from air by any means.
- CMC 4: digestate generated by the anaerobic digestion of algae or algae parts grown for the production of biogas. Blue-green algae are

excluded.

- CMC 5: digestate generated by the anaerobic digestion of algae or algae parts (waste or non-waste). Algae materials shall be
unprocessed or processed only by manual, mechanical or gravitational means, by dissolution in water, by flotation, by extraction with
water, by steam distillation or by heating solely to remove water, or which are extracted from air by any means.

176 Regulation (EC) 710/2009: lays down rules for the implementation of organic regulation (organic aguaculture and seaweed

production).
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Regulation (EC)

No 1893/2006

thereby helping farmers to achieve a fair
income, ensuring consumer  confidence,
protecting consumer interest and encouraging
short distribution channels and local production.
Those objectives should be achieved through
compliance with general and specific principles
and general and detailed production rules
applicable to organic production

The regulation establishes the statistical
classification of economic activities to reflect
the technological development and structural
changes of the EU economy to inform and
contribute more comparable and relevant
economic data to establish better economic
governance at both Community and national
level. The different economic activities are
categorised under NACE codes.

of wild algae should not significantly
affect the natural stability of the
ecosystem in the collection area.

Algae  cultivation  shall  use
sustainable practices throughout the
supply chain to ensure the

maintenance of a wide gene pool and
no use of fertilizers in open
cultivation processes.!’” Algae can be
harvested wild and cultivated in
accordance with those provisions,
and can be labelled organic when
respecting such rules.

Algae cultivation can occur in
different  practices, macroalgae
cultivation  (in  open  marine
environment or closed systems), and
microalgae  and  cyanobacteria
cultivation in closed systems. These
different practices fall under various
NACE codes, which specifies the
licensing requirement under which

the producers are required to
operate. 1’

1772.2. Production rules for algae

2.2.1. The collection of wild algae and parts thereof is considered as organic production provided that:

(a) the growing areas are suitable from a health point of view and are of high ecological status as defined by Directive 2000/60/EC, or
are of equivalent quality to:

— the production zones classed as A and B in Regulation (EC) No 854/2004 of the European Parliament and of the Council (1), until 13
December 2019, or

— the corresponding classification areas set out in the implementing acts adopted by the Commission in accordance with Article 18(8)
of Regulation (EU) 2017/625, from 14 December 2019;

(b) the collection does not affect significantly the stability of the natural ecosystem or the maintenance of the species in the collection
area

2.2.2. The cultivation of algae shall take place in areas with environmental and health characteristics at least equivalent to those outlined
in point 2.2.1(a) in order to be considered organic.

In addition the following n rules shall apply:

(a) sustainable practices shall be used in all stages of production, from the collection of juvenile algae to harvesting;

(b) to ensure that a wide gene-pool is maintained, the collection of juvenile algae in the wild shall take place on a regular basis so as to
maintain and increase the diversity of indoor culture stock;

(c) fertilisers shall not be used, except in indoor facilities, and only if they have been authorised pursuant to Article 24 for use in organic

production for this purpose
178

Activity NACE NACEdivision  NACE group NACE class
section

Seaweed cultivation at sea A 03 03.2 (Fishing and 03.21 (Marine aquaculture)
aquaculture)

Seaweed cultivation in ponds A 03 03.2 (Fishing and 03.22 (Freshwater
aquaculture) aquaculture).

Microalgae cultivation with salt water A 03 03.2 (Fishing and 03.21 (Marine aquaculture)

(in in open raceways of aquaculture)

photobioreactors)

Microalgae cultivation with freshwater A 03 03.2 (Fishing and 03.22 (Freshwater aquaculture)

(in open raceways of photobioreactors) aquaculture)
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Habitats
Directive

Marine Strategy
Framework
Directive

Water
Framework
Directive 17°

Environmental

D. Conservation and preservation of the marine environment

Promote biodiversity by protecting natural
habitats and species, contributing to the
sustainable development of ecosystems at the
EU level.

Achieve Good Environmental Status of the
EU’s marine (open) waters (by 2020) and to
protect the resource base upon which marine-
related economic and social activities depend.

Achieve good environmental status for all
ground and surface waters (rivers, lochs,
transitional waters, coastal waters and
groundwater) in the EU.

Establish and harmonise procedures for the

Safeguard natural habitat types,
including various algae species that
are present in coastal and halophytic
habitats. In particular seas and tidal
areas with reefs. The development of
aquaculture, and thus algae, should
be compatible with the
environmental protection stipulated
in this Directive.

The cultivation and harvesting of
algae should not affect in a negative
impact on the biodiversity and
intertidal ecosystems and sea-floor
integrity, should not contribute to
the introduction of invasive species,
and should not contribute to
eutrophication in marine waters.
Aguaculture, including algae,
development should not negatively
affect the biodiversity of
macrophytes and phytobenthos or
increase eutrophication in ground
and surface waters.

When regarded as having a

Impact environmental impact assessment (EIA) of significant impact, algae related
Assessment private and public projects, which are likely to  project, both in marine ecosystems
Regulation / have significant effects on the environment and on-land), are subject to an EIA.
Directive 2011/92 (principles, minimum requirements, assessment  All new algae farms producing over
EU and content). 20tonnes a year, and wishing to
amendment acquire an ‘organic’ label are also
2014/52/EU subject to an EIA.
Waste The Directive sets out basic waste management  Algae related materials may be
Framework principles to manage waste’s impact on human  categorised as “’waste’’ or ‘’non-
Directive health and the environment and comply with waste”’. The status of algae related
re-use and recycling objectives. It explains materials does not fall under the EU,
basic concepts and definitions of waste, but is determined the Member States
recycling and recovery. along with the implementation of
Processing and preserving fresh C 10 10.2 10.20 (Processing and
seaweed and preserving of fish, crustaceans

microalgae/cyanobacteria

and molluscs).

Retailer or wholesaler buying seaweed G
or microalgae biomass to manufacture

products

46 (wholesale)
or 47 (retail)

46.3 (wholesale)
47.2 (retail)

46.38 (wholesale)
47.29 (retail)

Importing algae products from 39 G

countries?

Depends on the
product

Depends on  the
product

Depends on the product

178 Collectively, the HB, MSFD, WFD specify that the collective pressure of human activity, including algae cultivation or harvesting,
does not compromise the good environmental status (GES) or capacity of marine ecosystems to respond to change.
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Invasive Alien

Species
Regulation

/ Regulation on
alien and locally

absent species in
aquaculture

List of Invasive
Alien Species of
Union Concern

Certification of
carbon removals

The Invasive Alien Species Regulation sets
measures on the prevention and management of
the introduction and spread of non-indigenous
and invasive alien species into the environment.
Related is the Regulation on alien and locally
absent species in aquaculture, which establishes
a framework governing aquaculture practices in
relation to alien and locally absent species to
asses and minimise the possible impact of these
and any associated non-target species on
aquatic habitats — contributing to sustainable
development of the sector.

Core of the Alien Species Regulation is the List
of Invasive Alien Species of Union Concern,
which includes species that are subject to
restrictions and measures (on keeping,
importing, selling, breeding and growing) set
out in the Regulation. Member States are
required to take action on pathways of
unintentional introduction, to take measures for
early detection and rapid eradication of these
species, and to manage species that are already
widely spread in their territory. Member States
can also propose additional species for
inclusion in the Union List.

E. Algae-related policy initiatives

This initiative is in the pipeline and proposes EU
rules on certifying carbon removals. It will
develop the necessary rules to monitor, report
and verify the authenticity of these removals.

The aim is to expand sustainable carbon
removals and encourage the use of innovative
solutions to capture, recycle and store CO2 by
farmers, foresters and industries. This
represents a necessary and significant step
towards integrating carbon removals into EU
climate policies.

(Feedback period from 7" February 2022 — 2™
May 2022)
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provisions in the Waste Framework
Directive. Therefore, algal material
considered “’waste’’ in one Member
State might be considered as ‘’by-
product’’ in another.

The cultivation of algae species in
open marine environments may result
in the introduction of alien species,
which can become invasive species.
Examples show that introduction of
algae species can have a negative
impact on coastal ecosystems.
Therefore, algae cultivation sites
should consider potentially invasive
species in the production process, as
they may have negative impacts on
native species and ecosystems overall
(Barbier et al., 2019).

Currently, the Union List does not
include any marine species. National
lists of invasive alien species of
Member States do include several
seaweed (macro algae) species,
which need to be followed by algae
producers. Furthermore,
harmonisation between EU Member
States on alien invasive species
would help manage/monitor/prevent
impacts due to the open-nature of
marine environments.

Algae cultivation carries the
potential for carbon removal from
marine ecosystems, and therefore the
development of the algae industry
can contribute to the goal to capture,
recycle and store CO2.

Currently, the European
Commission is conducting several
studies (one of these is an Algae and
Climate Study) to assess the
potential of algae to contribute to
carbon uptake, removal and
sequestration to quantify algae’s
ability to contribute to EU objectives
under the European Green Deal.
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Nature
restoration
targets (impact
assessment
approved by
regulatory
scrutiny board)

Sustainable
Carbon Cycles -
carbon farming
(communication
adopted)

A New Approach

for a Sustainable
Blue Economy

The initiative proposes legally binding EU
nature restoration targets to reverse biodiversity
loss and restore degraded ecosystems (i.e. with
high importance for biodiversity), in particular
those areas with most potential to remove and
store carbon and to prevent and reduce the
impact of natural disasters. Legislative
proposals towards restoration targets should
include ecosystem-, habitat- and species
specific targets, and restoration should
contribute to biodiversity as well as to climate
change mitigation and adaptation, and stressing
the importance of ensuring non-deterioration of
restoration ecosystems.

To achieve carbon objectives set on an
international and EU level, sustainable and
climate-resilient carbon cycles must be
established through three key actions:

1.Reduce the reliance on carbon: switch to
circular economy and renewable energy.
2.Recycle carbon from waste streams, from
sustainable sources of biomass or directly from
the atmosphere.

3.Upscale carbon removal solutions that capture
CO2 from the atmosphere and store it for the
long term, either in ecosystems through nature
protection and carbon farming solutions or in
other storage forms through industrial solutions
while ensuring no negative impact on
biodiversity or ecosystem deterioration

Proposes carbon farming as a business model
for healthier ecosystems, in which farming will
be a green business model that rewards land
managers for taking up improved land
management practices resulting in increased
carbon sequestration, dead organic

This communication takes a systematic view
that integrates ocean policy into our Europe’s
new economic policy. Our ocean, and the ‘blue
economy’ it supports, is indispensable to
achieving the transformation set out in the
European Green Deal. Therefore, the
communication sets out a detailed and realistic
agenda for the blue economy to play a major
role in achieving EGD objectives, and aims to
connect the green and blue policies, while
extending the approach beyond EU borders into
international ocean governance.
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Algae cultivation has the potential to
contribute to goals set under the
nature restoration targets, as it can
support various ecosystem services
when  managed  appropriately:
absorption of excess nutrients and
organic matter, improvement of
water quality, CO2 uptake.

As specified under the initiative
Certification of carbon removals,
algae have the potential to contribute
to nutrient removal and CO2 uptake
in their production cycle. In addition,
algae cultivation is perceived as a
viable alternative to traditional
fishing and aquaculture, and is
highlighted as a blue farming
alternative. Therefore, algae
cultivation can help the transition
into new forms of low trophic food
systems (EU Sustainable
Aquaculture Guidelines).

- New algae-based food and feed
products in the EU market — a
major opportunity for the
development of a sustainable
food sector.

- Algae-based food can alleviate
environmental pressures exerted
by agriculture, aquaculture, and
fisheries.

- Algae production at sea removes
excess carbon, nitrogen and
phosphorus from water.

- Commission will also explore the
potential of cell-based seafood as
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Strategic
guidelines for a

more sustainable

and competitive
EU aquaculture

These guidelines form the main pillar of
strategic coordination of aquaculture policy in
the EU. In line with the European Green Deal
and Farm to Fork Strategy, the guidelines offer
a common vision for EU Member States and all
relevant stakeholders to contribute to an
aquaculture sector that is: 1) competitive and
resilient; 2) ensures the supply chain of
nutritious and healthy food; 3) reduces the EU
dependency on seafood imports; 4) creates
economic opportunities and jobs; 5) becomes a

global reference for sustainability.
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an innovative and sustainable
alternative.

The aquaculture guidelines refer to
the algae sector in multiple ways:

Refers to the EU Algae Initiative
to address the challenges and
opportunities of algae farming
and propose concrete action.
Refers to Farm to Fork Strategy:
the Commission will ‘set out
well-targeted support for the
algae industry, as algae should
become an important source of
alternative protein for a
sustainable food system.

Algae as an alternative protein
for sustainable feed systems.
Promoting other aquaculture
systems with lower
environmental impact, such as:
IMTA and lower trophic species
(e.g. algae farming).
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5. Annex 5: Expected impacts of a strong and sustainable EU Algae sector

In a keynote speech at European Maritime day, 20 May, 2021, Commissioner Sinkevi¢ius announced
that a new algae initiative to be launched in 2022 will “unlock the potential of the EU algae sector,
which provides cheap, nutrient-rich proteins from the oceans and can be grown in combination with
other activities, such as offshore wind.”*®°  This official recognition and support of the EU algae
sector as a regenerative industry spearheading the European Green Deal builds on a growing collection
of evidence that algae can generate multiple positive benefits for people, nature and the economy. This
chapter hence first presents in more details the types of impacts that would be generated from a strong
and sustainable EU algae sector if its potential was to be unlocked in the next decade, based on the
current best available knowledge.

A strong and sustainable EU Algae sector is expected to generate multiple positive impacts on nature,
people and the economy in the next 5 to 10 years if its potential is to be unlocked. The overview of
potential impacts presented below builds on latest scientific knowledge to date.

5.1.  Potential environmental impacts.

Given the characteristics of algae cultivation and its versatility of use cases, algae is a powerful ally to
address simultaneously multiple environmental challenges, ranging from climate change, marine
biodiversity loss and eutrophication, overfishing, coastal habitats degradation, plastic pollution or soil
erosion. This sub-heading evaluates potential environmental impacts of algae production and algae
products.

5.1.1. Environmental impacts of algae production.

Macroalgae (seaweed) production

Current macroalgae production in the EU predominantly takes place by harvesting of wild stocks. The
sustainability of this practice is under debate and increasingly subject to strict management plans.
Agquaculture production of seaweed is presently ongoing in 13 EU countries and is still at an early stage
of development8! but growing. In the future, the development of sustainable seaweed aquaculture is
seen as the preferred pathway to scale up the EU production. Macroalgae cultivation is expected to
occur in near-shore or offshore locations using line systems or alternative production systems.
Cultivation may be combined with wind turbine parks in multi-use systems'®? or integrated with other
types of aquaculture incl. cultivation of fish in so-called Integrated Multi Trophic Aquaculture (IMTA)
systems (see Figure 30. below).

180 European Commission. “Commissioner Sinkevi¢ius Keynote Speech at European Maritime Day, 20 May, 2021, Den Helder,
Netherlands — European Commission.”

181 Current Status of the Algae Production Industry in Europe: An Emerging Sector of the Blue Bioeconomy. Aratjo Rita, Vazquez
Calderon Fatima, Sanchez Lopez Javier, Azevedo Isabel Costa, Bruhn Annette, Fluch Silvia, Garcia Tasende Manuel, Ghaderiardakani
Fatemeh, IImjarv Tanel, Laurans Martial, Mac Monagail Micheal, Mangini Silvio, Peteiro César, Rebours Céline, Stefansson Tryggvi,
Ullmann Jorg., 2021. Frontiers in Marine Science, 7.

182Mussel and Seaweed Cultivation in Offshore Wind Farms: An Opinion Survey. Michler-Cieluch, Tanja, and Silvia Kodeih., 2008.
Coastal Management, vol. 36, no. 4, pp. 392-411.
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Figure 30. Main Seaweed aquaculture and microalgae production methods

Sustainable scale-up of the EU macroalgae production would have multiple benefits on the
environment. Indeed, unlike for equivalent land-based food or materials, seaweed production generally
does not require any freshwater, fertiliser or other external inputs. There is also no need to repurpose
or clear land — a necessary practice for terrestrial crops which often results in the disruption and
displacement of biodiversity or, in the worst cases, its complete loss (for example through
deforestation). In addition, seaweed plays a central role in providing critical ecosystem services. It
forms an integral part of a complex ocean food web and offers habitat, nursery grounds and shelter for
different ocean species, contributing to restoring marine biodiversity. Seaweed supplies oxygen to and
increases the pH of the water it grows in, and so reduces both the hypoxia that occurs with
eutrophication, and ocean acidification — a problem that is becoming ever more acute with current
global warming trajectory. Seaweed also dissipates wave energy and prevents coastal erosion. Besides,
seaweed absorbs a range of inorganic nutrients from the ocean, including nitrogen and phosphorus,
often found in excess in coastal areas due to agriculture run-offs. Lastly, seaweed is expected to have
a beneficial carbon footprint, where emissions due to production are likely to be at least offset by
sequestration of carbon from the sinking of detached seaweed fragments to the bottom of the ocean,
creating a carbon sink.

In spite of all these proven environmental benefits, some impacts of seaweed farming (including
negative ones) still need to be further evaluated by rigorous scientific studies in collaboration with the
industry and policy makers to prevent any unintended effects while scaling up the production. This
includes for instance a better quantification of the fluxes between carbon sequestered and carbon
emitted by production processes; a better assessment and mitigation plans of potential risks associated
with large scale seaweed farming in terms of nutrients uptake or impact on seabed and local
biodiversity; or the analysis of the net impact of seaweed onshore farming (in land-based tanks) given
the high energy consumption and land-use. Below are given 3 macroalgae use-cases to have a more
complete picture of macroalgae processing into the products
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Use-case 1: Macroalgae being used for food

With a more developed macroalgae industry, it is suggested that protein from fish might be replaced to
some extend by macroalgae protein. This will translate in a reduction of pressure on fish and may
support the fish stock recovery. If macroalgae products are used to replace terrestrial crops for
consumption, like soy, it will also reduce the pressure on terrestrial areas and thus have a positive
environmental impact.'® Whereas the savings in carbon emissions from replacing animal-based
proteins with seaweed have been proven, it gets more complicated with other vegetables, like soy or
palm oil. Here, life cycle analysis for each product will give insight into the net carbon balance, taking
into consideration the currently high fuel consumption for macroalgae cultivation. However it needs to
be ensured that an increased consumption of algae would not adversely affect the health of EU
consumers, possibly related to the presence of high concentrations of contaminants (in particular heavy
metals) in algae.

Use-case 2: Macroalgae being used for animal feed

It has been widely criticised, that with a declining fish stock available in our oceans, wild fish is being
caught only to be transformed to fishmeal and fed to farmed fish. Another source of feed for these
farms is soybeans which also have a high carbon footprint whose production is sometimes driving to
deforestation. Yet, the first results of studies show that it is possible to replace soy- or fish protein in
animal feed with macroalgae depending on the protein content, the fatty acids, and the aminoacidic
profile.1® Similar to use-case 4, if macroalgae replaces terrestrial crops for animal feed it has the same
positive impact on the environment by a possible increase in terrestrial biodiversity, reduction of
pressure on terrestrial land. Comparisons of LCA for each product need to be made to determine the
net carbon balance of each product and thus its impact on the environment.

Various studies confirm that the addition of macroalgae to ruminants' diets can reduce CH4 emissions,
with a reported reduction of over 80%.8 While some studies show a negative impact on animal health,
product quality, and residues®, some other evidence demonstrates that animal health and product
quality is not compromised at the minimum effective feed inclusion levels of certain seaweeds'®’, thus
further research and in vivo studies are required to strengthen the evidence base of the effectiveness of
using seaweed as feedstuffs to reduce enteric emissions.

Use-case 3: Macroalgae being used for bioremediation

183 Environmental impacts of protein-production from farmed seaweed: comparison of possible scenarios in Norway. Koesling Matthias,
Pvadsheim Nina P, Halfdanarson Jon, Emblemsvag Jan, Rebours Celine. 2021. Journal of Cleaner Production volume 307.

184 Strategic considerations for establishing a large-scale seaweed industry based on fish feed application: a Norwegian case study
Emblemsvag, J., Kvadsheim, N.P., Halfdanarson, J. 2020. Appl Phycol 32.

185 Red seaweed (Asparagopsis taxiformis) supplementation reduces enteric methane by over 80 percent in beef steers. Roque BM,
Venegas M, Kinley RD, de Nys R, Duarte TL. 2021. PLOS ONE 16(3)

186 Safety and Transfer Study: Transfer of Bromoform Present in Asparagopsis taxiformis to Milk and Urine of Lactating Dairy Cows.
Muizelaar W, Groot M, van Duinkerken G, Peters R, Dijkstra J. 2021. Foods 10(3).

187 Benefits and risks of including the bromoform containing seaweed Asparagopsis in feed for the reduction of methane production from
ruminants. Glasson, C.R.K., Kinley, R.D., de Nyys, R et al. (2022). Algal Research (64) 102673.
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This use-case reiterates the generic impacts of cultivation that were already stated above, the capacity
to take up nitrogen and phosphorus and to capture CO.. It is still important to focus on these “generic
impacts” here once again, since according to the online public consultation of this document, the
bioremediation quality of macroalgae was the third important use for them. This shows the growing
awareness about the importance of circularity in our economy and the regeneration of our
ecosystems.*®® The nutrient uptake (N,P), can play a role in a circular economy approach*®, by closing
the gap between ocean and land industries with using feeding on the nutrients from the wastewater and
growing consumable goods.

Microalgae (and cyanobacteria) production

In the EU, PhotoBioReactors (PBRs) are the most common type of system used for microalgae
production (71%) while open ponds and fermenters represent 19% and 10% of the total production
units respectively'®. For Spirulina the predominant technology used is open ponds (sometimes placed
in a greenhouse). Thus, in the future use-cases for the EU, the closed systems including PBRs as well
as fermenters are most likely to remain dominant (>70%) since most development can be expected
there. Some growth may occur of open systems (e.g. for Spirulina) or hybrid systems combining PBR
or fermentation technology to produce inoculum coupled to a photoautotrophic system (open or closed)
for the grow-out phase of production. Important to acknowledge, that PBRs don’t require much space
for biomass production, which reduces the overall pressure on land and sea space. Overall, the energy
consumption in PBR's is a point for consideration in the environmental assessment. In the microalgae
sector considerable attention is aimed at energy-saving technologies and strategies, as well as scale up
and cost reduction of photoautotrophic production systems. Furthermore, we can expect an expansion
of commercial heterotrophic algae production seeing the technical advantages and the potential for
scale up while reducing production costs and the expected environmental benefits. Microalgae
production can also have other environmental benefits if using agricultural by-products or agro-
industrial effluents as a source of nutrients, helping valorising waste and recycling nutrients from other
bio-industries (e.g., dairy industry, brewery effluents, sugar cane, etc.). In addition, the closed systems
allow a clear monitoring of the CO2 consumption. In the future, the issue will be scrutinized and will
impact LCA as well as services costs calculation. Below are given 3 microalgae use-cases to have a
more complete picture of microalgae processing into the products.

Use-case 4: Microalgae being used in food and food ingredients

According to Araujo et al. food supplements and nutraceuticals (24%), cosmetics (24%), and feed
(19%) are the main current application areas of microalgae biomass. The use of microalgae and
Spirulina in food and as food ingredients is a major application area. This refers particularly to the use
of whole algae biomass (e.g. Spirulina, Chlorella) as a food supplement / nutraceutical. Furthermore,
other species are produced and used for their content of valuable, functional food components including

188 Habitat value of bivalve shellfish and seaweed aquaculture for fish and invertebrates: Pathways, synthesis and next steps. Theuerkauf,
SJ, Barrett, LT, Alleway, HK, Costa-Pierce, BA, St. Gelais, A, Jones, RC. 2021. Aquac 14.
189 Opportunities and limitations for the introduction of circular economy principles in EU aquaculture based on the requlatory framework.
Regueiro, L, Newton, R, Soula, M, et al. 2021. J ind Ecol.
190 Current Status of the Algae Production Industry in Europe: An Emerging Sector of the Blue Bioeconomy. Aradjo, R., Vazquez
Calderon, F., Sanchez Loépez, J., et al. (2021). Front. Mar. Sci., 27.
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Dunaliella (beta-carotene), Haematococcus (astaxanthin), Nannochloropsis (omega fatty acid EPA).
Algae may be produced via fermentation or photoautotrophically. Developments are ongoing to expand
the use of microalgae in human food as a source of proteins and oils. It is expected that the use of
microalgae as a source of food ingredients will grow considerably in the coming decades (data from
OPC this study). In the EU, any novel microalgae species or product needs to undergo a pre-market
authorisation through the Novel Food regulation before it can be placed in the food market. The use of
microalgae in human food as an alternative source of omega oils and proteins may reduce the amount
of fish used for human consumption and reduce the terrestrial area in use e.qg., for production of edible
oils including palm oil 1°+192193 The achieved reduction of carbon emissions by using algae products
instead of conventional products is dependent on the production process and on the actual products that
are replaced. At the current stage of development microalgae products may or may not have lower
environmental impacts than conventional products, unless we can make more efficient systems, reduce
energy use, and increase productivity!®*. Seeing the current stage of fermentative production, we can
expect that fermentative production of food ingredients will strongly increase in the future.

Use-case 5: Microalgae being used in feed and feed ingredients

Today a range of microalgae species are used as an ingredient in aquaculture feeds and animal feed*®®.
The application of microalgae as a functional ingredient in aquafeeds is considered a potential growth
area. This refers in particular to algae as an alternative source of omega oils EPA and DHA as an
alternative for fish oils or krill oil and for bioactive components that enhance the immune system of
cultivated fish'®®. Microalgae are used as a component in formulations for larvae and juvenile feeds.
Besides aquafeed, potential microalgae applications in the feed industry are considered for pets, horses,
poultry, pigs and other animals.

Microalgae have a suitable amino acid profile for this application area and good digestibility as well as
an interesting lipid profile including long chain omega fatty acids. Currently limitations exist regarding
the present production scale and costs'®’. Another interesting application area is the use of algae as an
ingredient in pet food. Sustainability of algae products in feed must be documented. For example a
study comparing algal meal with soybean meal showed that large-scale soy meal production was
significantly lower, mainly as a result of the energy-intensive algae cultivation stages. A sensitivity
analysis showed that the resource footprint of algal meal production could be comparable with soy

191 Food commodities from microalgae. Current Opinion in Biotechnology. Draaisma et al, 2013. Volume 24, Issue 2, April 2013, Pages
169-177.

192 Commercial application of microalgae other than as biofuels: a brief review. J.J. Milledge. Rev Environ Sci Bio-Technol, 10 (2011),
pp. 31-41

198 Micro-algae as a source of protein. E. Becker. 2007. Biotechnol Adv, 25, pp. 207-210

194 Comments from validation webinar #4 this project.

195 The role of microalgae in the bioeconomy. F. Gabriel Acien Fernandez, et al, 2021. New Biotechnology 61 (2021) 99-107.

196 agnificient - Algae project

197Food and feed products from micro-algae: Market opportunities and challenges for the EU. Vigani, M., Parisi, C., Rodriguez-Cerezo,
E., Barbosa, M. J., Sijtsma, L., and Ploeg, M. 2015. Food Sci. Tech. 42, 81-92.
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meal when, overall, the areal biomass productivity increases, electricity production is based on
renewable sources and the energy consumption of the cultivation is reduced%,

Use-case 6: Microalgae being used in non-food applications

Today a major non-food application area of microalgae extracts is in the area of cosmetics. The
cosmetic industry is applying microalgae for skincare and regeneration products, anti-aging, and
protection from UV radiation®®®.

Several other non-food applications have been suggested for microalgae and/or are under
development®®. A major emerging application of microalgae is for use as biofertiliser or plant
biostimulants to enhance the productivity of agriculture and horticulture crops and reduce the use of
synthetic fertilisers?®?, Other emerging applications include microalgae based bio-materials, waste
water treatment and CO- biofixation and the production of bioenergy. The potential application of oil-
enriched microalgae for biofuels has been researched extensively. However stand-alone biofuel
production is to date not feasible due to an unfavourable energy balance and high production costs.
Yet, for certain biofuels e.g. kerosene for aviation, algae represent a better bio-based solution than other
traditional biomass feedstocks in terms of energy balance and GHG savings, as long as certain
conditions for their cultivation, such as high process optimisation, nutrient recycling and use of
renewable energy to meet input demand, are met?°2. An option to improve this could also be to develop
algae biorefineries producing multiple products next to biofuels®®,

Application of microalgae systems for bioremediation has been developed e.g. for the removal of
nutrients from municipal wastewater (effluent polishing). Recently, the project AlgaeLinkages was
conducted in Mexico aimed at the purification of effluent from greenhouses coupled to the use of the
produced microalgae biomass in poultry feed?®,

Overall, we can conclude that a proper assessment of environmental impacts requires the performance
of Life Cycle Assessment (LCA) studies using appropriate (1ISO) methodology comparing specific
applications / reference products with input from real data gathered with standardised metrics obtained
at least pilot scale production level or full-size plant level®®.

198 Environmental sustainability analysis of a protein-rich livestock feed ingredient in The Netherlands: Microalgae production versus
soybean import. Sue EllenTaelma, Steven De Meester, WimVan Dijk Vamilsond Silva, Jo Dewulf. 2015. Resources, Conservation and
Recycling, Volume 101, Pages 61-72.

199 The role of microalgae in the bioeconomy. F. Gabriel Acien Fernandez, et al, 2021. New Biotechnology 61, 99-107.

200 The promising future of microalgae: current status,challenges, and optimization of a sustainable and renewable industry for biofuels,
feed, and other products. Khan, M.1., Shin, J.H. & Kim, J.D. 2018.. Microbial Cell Factories, 17: 36.

201Microalgae: New Source of Plant Biostimulants. Colla, G., Rouphael, Y. (2020). Agronomy, 10(9), 1240;

202 Are algae ready to take off? GHG emission savings of algae-to-kerosene production. Prussi et al., 2021. Applied Energy (304), 15.
203 The role of microalgae in the bioeconomy. F. Gabriel Acien Fernandez, et al, 2021. New Biotechnology 61 (2021) 99-107.

204 stimulating the circular economy for food production in central Mexico: integration of greenhouse cultivation, land-based aquaculture
and microalgae production systems. Sijtsma, L.; Boedijn, A.; Kals, J.; Muizelaar, W.; Appelman, W. 2020, Wageningen Food &
Biobased research.
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5.1.2. Environmental impacts of algae products.

Algae products can generate multiple environmental benefits, especially when they are providing
substitutes to conventional products associated with a high ecological footprint, as long as they are
produced sustainably and with a minimised carbon footprint. This applies to the current main
applications of algae: food and food supplements, animal feed, cosmetics or fertilising products; as
well as to emerging applications e.g., bio-packaging.

Algae as food and food supplements
Developments are under way to expand the use of microalgae in human food as a source of proteins
and oils. The use of microalgae in human food as an alternative source of omega oils and proteins could
drastically reduce the amount of fish used for fish aquaculture and human consumption and reduce the
terrestrial area in use e.g. for production of edible oils including palm 0il?%. Besides, macroalgae is
increasingly becoming popular as a food product, providing alternative (local) vegetables or being used
in vegetarian or vegan meat alternative (e.g. seaweed-based burgers, fake tuna, etc.).

The reduction in carbon emissions achieved by using algae products instead of conventional food
products will of course depend on the production process and on the actual products to be replaced. For
meat or fish species under overfishing pressures, the benefit is quite clear; for vegetables, detailed
LCAs will need to be conducted (e.g. to assess the origin and cultivation methods ).

Algae as animal feed

Algae is historically implemented in the aquaculture industry as the indispensable feed for aquatic
larvae. The major research and development in microalgae rearing was intended to provide feed to
these shrimp and fish larvae. More recently, the use of micro and macroalgae has been investigated to
reduce the environmental footprint of finfish aquaculture, where one of the major ecological impacts
comes from the fish meal and the fish oil industry to feed the farmed fishes. Fish meal is also often
prepared from soybeans, which in many cases is imported and associated with deforestation. Fish oil
(and some of the fish meal) is currently mostly coming from forage fisheries, increasingly challenged
on the sustainable management of the stocks being fished. First results of studies show that it is possible
to replace soy or fish protein in animal feed with micro-macroalgae depending on the protein content,
the fatty acids, and the aminoacidic profile®. The application of microalgae as a functional ingredient
in aquafeed is also part of this strategy. This refers in particular to algae as an alternative source of long
chain polyunsaturated fatty acids like EPA and DHA to replace fish oils or krill oil, and for bioactive
components that enhance the immune system of farmed fish or as probiotics®.

In addition to aquafeed, micro- and macroalgae are increasingly used in animal feed as raw material
and in feed additive mixes to improve gut health, stimulate the immune system of pets, horses, poultry,
pigs, cows and other animals. More recently, various studies confirm that the addition of macroalgae

206F00d commaodities from microalgae. Draaisma et al., 2013. Current Opinion in Biotechnology, VVolume 24, Issue 2, pp. 169-177.;
Commercial application of microalgae other than as biofuels: a brief reviewJ.J. Milledge., 2011. Rev Environ Sci Bio-Technol, 10, pp.
31-41. ;Microalgae as a source of protein” E. Becker., 2007. Biotechnol Adyv, 25, pp. 207-210
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to ruminants' diets can reduce methane emissions, with a reported reduction of over 80%2%. Impact on
animal health, product quality and residues, however need to be furthered researched.

Algae as fertilising products

Seaweed has been used in the EU to fertilise land for centuries. A whole new generation of fertilising
products exists out of algae and support the development of organic agriculture and the transition out
of chemical fertilisers. There are companies?® in the EU that are selling these products since 30 years.
Green microalgae and certain seaweed species are for instance be used as biostimulants to enhance soil
fertility and plant growth. Research on the use of cyanobacteria as a plant biostimulant and soil
conditioner has also proven the potential of these organisms for sustainable agriculture and several
European companies are ahead on this field.

Algae as cosmetics

In adapting themselves to new environments, macro and microalgae produce a wide variety of
secondary (biologically active) metabolites which cannot be found in other organisms. Several of them
have been studied for their antiaging effects on skin, including antiphotoaging, antifree radical activity,
moisturisation, and collagen biosynthesis. In fact, algae are rich sources of biologically active
metabolites such as polysaccharides, carotenoids, phlorotannins present in green, red, brown algae, or
in microalgae, and represent attractive source to fight against the skin aging process. They have the
potential to decrease oxidative stress and increase skin cellular longevity in human skin, the examples
are numerous?®°.

Innovative applications

Other emerging applications for microalgae include microalgae-based biomaterials, waste water
treatment and CO- biofixation, and the production of bioenergy. Bioremediation services, especially
uptake of nitrogen and phosphates in areas affected by eutrophication, is also a promising use case for
seaweed, and was therefore ranked third in importance as a use case during the Online Public
Consultation. A whole new range of material applications out of seaweed are being explored by a
growing number of innovative start-ups and could generate substantial environmental benefits. Proof
of concepts and demonstration products are now widely available for seaweed based bio packaging,
either edible or home compostable, and could contribute to reducing plastic leakage into the ocean and
reduce the packaging CO2 footprint. In the same spirit, several start-ups are developing seaweed-based
textiles and yarn to reduce the micro plastics leakage associated with synthetic garments.

5.2.  Potential social impacts

A strong and sustainable EU algae sector is expected to have a strong positive social impact, in terms
of job creation, quality of jobs and health benefits.

207Red Seaweed (Asparagopsis Taxiformis) Supplementation Reduces Enteric Methane by over 80 Percent in Beef Steers. Roque,
Breanna M., et al., 2021. PLOS ONE, vol. 16, no. 3.

208 E.g9. Goémar

209 Marine algae as attractive source to skin care, Free Radical Research. Jean-Yves Berthon, Rachida Nachat-Kappes, Mathieu Bey,
Jean-Paul Cadoret, Isabelle Renimel & Edith Filaire., 2017., 51:6, 555-567.
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5.2.1. Job creation.

According to the latest data available, the algae industry in the EU-27 employs 5,380 people, with the
entreprises involved in algae-related services (including technology providers, R&D entreprises,
consultancy entreprises, and traders/exporters) being the largest contributors to this employment?°,
The first social benefit of the EU algae initiative will be mechanical: the growth of the EU algae
production and the development of new product applications will create new jobs all along the value
chain. Numerous jobs requiring a multitude of skillsets will need to be created, from technical experts
in hatchery, production or harvesting, to manufacturing jobs in processing and supply chains.
Development of the algae sector will also create job opportunities in sales and in technology companies.

5.2.2. Quality of jobs

The algae industry in the EU predominantly generates full time jobs (81%) rather than seasonal (19%)
while in terms of gender, the sector is quite balanced: male employees dominate (62%) over female
employees (38%)°°.With the right level of ambition, the EU algae sector can aspire to not only create
employment opportunities, but actually foster high quality jobs, that give back to employees and their
local communities. This aspiration might manifest through the creation of jobs for young people
struggling in the job market, the ongoing upskilling of employees, and investments in the local
community. The localisation of jobs created is also important for the EU context, where a considerable
share of the employment opportunity is likely to manifest in coastal and rural areas, often facing higher
levels of unemployment. Seaweed farming can also become a part time job for existing ocean users
like oysters or mussel farmers, or fishers, and help them generate additional income streams making
them less exposed to unexpected shocks (e.g., oyster disease, oil price increase, etc.). When integrated
into the agricultural system in a circular manner, microalgae production also represents an alternative
of new value chains for agricultural farmers to obtain low-volume and high added-value products.?*

Strengthening the supply chain for the EU algae industry could in itself deliver further social benefits.
Today, a significant share of algae used in the EU is imported, leaving the supply chain vulnerable to
unexpected shocks — the COVID crisis has demonstrated how significant this can be for many different
industries. As the EU domestic sector grows however, distances within the seaweed value chain will
shorten and supply sources will diversify, making the supply chain more resilient. This trend will better
protect downstream players in the seaweed value chain and ancillary industries from volatility in the
global algae market and could therefore enhance job security.

5.3. Health benefits.

Algae have multiple health benefits through food and pharmaceuticals applications.

210An overview of the algae industry in Europe. Producers, production systems, species and socio-economic data. Vazquez Calderon et
al., 2022. JRC Technical Report (forthcoming).
211 Algae and their potential for a future bioeconomy, landless food production, and the socio-economic impact of an algae industry.
Ullmann, J. and Grimm. D. (2021). Organic Agriculture volume 11, pages 261-267 (2021).
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5.3.1. Food

Nutrient-dense and low in fat, algae are often portrayed as healthy and low-calorie food. Spirulina, has
already entered the category of superfoods in the early 90s, when the World Health Organization
designated it as the "best food of the future” to fight malnutrition worldwide. Most seaweed species are
characterised by elevated levels of dietary fibres and minerals, and low lipid levels. Seaweed are also
characterised by their antioxidant activities and their content of polyphenolic compounds. In addition
to their nutritional benefits, edible seaweed species found on the coasts of the EU are used for enhancing
the flavours of a variety of products. Development of consumption of algae food products in the EU
will therefore contribute to healthier dietary habits as regards calory, nutrients and fibre intake, and can
eventually help in limiting non-communicable diseases like diabetes, often associated with unhealthy
diets. However, due to the possible presence of high concentrations of contaminants (in particular heavy
metals), which are known to cause serious adverse health effects it needs to be ensured that the health
risks of algae consumption are not higher than the benefits. In any case consumption advice would be
needed to limit the consumption of the algae species, which contain the highest concentrations of
contaminants.

5.3.2. Pharmaceuticals

Macroalgae are increasingly being explored as sources of bioactive compounds for pharmaceutical
applications. There is growing research leveraging neuroprotective effects of certain algae compounds,
useful in the treatment of neuro-degenerative diseases such as Alzheimer’s and Parkinson’s. Other
compounds displayed anti-ulcer and anti-viral properties. Anti-cancer or anti-inflammatory and
immunomodulatory activities are also being actively researched.

5.4.  Potential economic impacts

According to the latest data available, the algae industry in the EU-27 a total turnover (2016-2020
average) of EUR 1,211 million®® (i.e. <0.01% of EU economy’s total Gross Domestic Product). A
thriving EU Algae sector will without doubt have a positive impact on the EU economy, with a
contribution to EU GDP that could amount to several billion euros in the next decade. Most importantly
the EU algae sector could become the success story that embodies the ambition of the European Green
Deal to reinvent the EU economy with more sustainable, climate friendly and resilient industries.
Recent international crisis like the Covid-19 pandemic or the war in Ukraine have demonstrated that
globalized value chains can be put at risk, resulting in shortages of raw materials or food, or massive
increase in commodity prices. The development of the EU Algae industry will bring solutions and
resilience to the EU economy by diversifying production of vital raw materials within EU borders,
increasing EU self-sufficiency of raw materials and high added-value products and limiting the need
for imports.

Besides, even though the EU algae industry is still small compared to Asia competition, there is in the
EU a solid basis of academic networks, industry knowledge, and innovative start-ups that can develop
an edge in terms of algae technologies (precision farming, bio-refinery and extraction of high value
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compounds, digital platforms, etc.), that could eventually lead to export opportunities for the EU algae
companies.
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practical applications, SUSTAIN-
AQUA’ (National Recovery and
Resilience Plan 2021 - 2026), we
are evaluating the potential of

using extruded food based on
more sustainable protein sources
as an alternative food for farmed
bluefin tuna (Thunnus thynnus).

[ AQUACULTURE |

In cooperation with Cromaris
d.d., a company that produces
and processes high-quality Med-
iterranean fish, we are evaluating

the potential of more sustainable
feed formulations with a reduced
proportion of fish meal and oil,
and with the addition of circu-
lar protein sources for farmed
meagre (Argyrosomus regius) as a
native first-class white fish.

In the future, we will continue to
search for more sustainable forms
of protein—especially animal-pro-
teins such as fisheries and aquacul-
ture by-products—in our attempt
to develop sustainable feeds and
feeding protocols that support the
principles of the circular economy.
We hope that our work will have
a positive impact on both the fish
and the final consumers.

Ivana Lepen Plei¢, PhD
Laboratory for aquaculture
Institute of Oceanography
and Fisheries

Croatia, Split 21000

Setaliste Ivana Mestrovica 63
Tel.: +385 21 408 009
http://www.izor.hr

Pioneering the future of sustainable food with carbon-neutral microalgae

Nutrients in new packaging

Microalgae combine high levels of nutrients with environmental benefits and may come to play an important role in feeding a

growing population.

he world faces intensifying
T challenges in food security

and environmental sus-
tainability as the global popula-
tion is projected to soar to nearly
10 billion by 2050, necessitating
an extraordinary 60% increase
in food production to meet the
nutritional needs of all. Yet, con-
ventional agricultural practices
are already contributing signifi-
cantly to environmental issues,
including soil degradation and
greenhouse gas emissions. Cur-
rently, agriculture is responsible

26

for around 21% of global green-
house gases and significant
reductions in soil organic car-
bon. Microalgae cultivation has
emerged as a promising alter-
native to traditional farming
practices, offering an incredible
nutritional profile and substan-
tial carbon-capturing abilities.

Algae for a healthier,
more sustainable future

Microalgae, with their rich nutri-
tional benefits, are especially

well-suited to address dietary
needs in a sustainable manner.
Certain strains of microalgae
contain over 60% protein with
a protein yield up to 20 times
higher per acre than soybeans;
these organisms offer a nutrient-
dense, environmentally friendly
option for global food systems.
However, despite their prom-
ise, microalgae are not found
currently in many marketable
products. Several reasons are
behind this fact. Many microal-
gae are grown in open ponds so

their composition and quality
is unstable. Other microalgae
are cultivated in closed system
giving more stable quality but
also a higher price. Therefore,
microalgae products are often
considered niche, expensive,
and inaccessible to mainstream
consumers. Another drawback
has been sensorial properties of
microalgae that are often in dark
colours and harbour a strong
and unpleasant taste. From
the customer’s viewpoint, the
variability in composition and
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An Icelandic company is collaborating with Matis, a research laboratory, to improve the nutritional qualities and enhance the sensorial
properties of products based on Spirulina that the company grows.

undesirable sensory qualities
of algae-based food ingredients
(smell and taste), coupled with
contamination risks, are major
concerns. The food industry,
renowned for its commitment
to biosafety and reliability, finds
itself challenged by the poten-
tial liabilities inherent in tra-
ditional algae cultivation. Pro-
cessing of proteins and other
ingredients from microalgae are
also challenging as their strong
cell walls often demand harsh
extraction techniques.

Europe currently imports the
majority of its algal biomass, pro-
ducing just 0.6% of the world’s
algae supply. To integrate micro-
algae into Europe’s protein plan

and meet diverse market needs,
substantial scale-up initiatives
are required, if microalgae are
to be a part of European sus-
tainability goals such as the
European Green Deal and the
Bioeconomy Strategy.

Vaxa Technologies

One of those initiatives comes
from the Icelandic company, Vaxa
Technologies. The company’s
journey began with a vision to
bridge the gap between technol-
ogy and sustainable food pro-
duction. By 2018, it had already
achieved a production milestone
of 0.5 tons, establishing its first
facility in collaboration with ON
Power (Orka Nattirunnar) to

harness green electricity, natural
CO,, and water. ON Power runs a
geothermal powerplant close to
Reykjavik and produces and sells
electricity in a responsible and
environmentally friendly manner.

Vaxa has pioneered a break-
through microalgae cultiva-
tion technology, addressing the
challenges of production costs,
sustainability, and ensuring con-
sistent, high-quality nutritional
value in their algae products. The
company operates their algae
production facility in Iceland,
in the zero-waste zone uniquely
integrated with ON Power’s geo-
thermal power plant. Their pio-
neering approach and technology,
backed by 49 patents, leverage

the natural by-products of the
Hellisheidi Geothermal Power
Station. They utilize geothermal
waste streams, specifically, cap-
tured natural CO,, as a key feed
for their microalgae, transforming
this waste and clean energy into
sustainable food products. This
unique concept uses 100% clean
electricity to support LED-lighting
and downstream processing, cold
and hot wastewater streams for
thermal management, and natu-
ral CO, for biofixation—all directly
from the power plant. This synergy
provides all essential resources
for efficient and sustainable
algae growth, underlining Vaxa's

commitment to  innovative,
environmentally responsible
food production.
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One of the microalgae that is
promising as an alternative
protein source is Arthrospira
platensis (Spirulina). Spirulina
is a cyanobacteria that is well-
known for its high content of
phycocyanin (CPC), a phyco-
biliprotein that presents many
interesting  properties.  The
phycobiliproteins are deep-col-
oured and water-soluble pro-
teins that can be found in most
cyanobacteria and microalgae.

Vaxa's nutrient-rich Spirulina
biomass features a consistent
composition providing high-
quality proteins (essential amino
acids 10.2 g/100 g), active B12 (1.8
mcg/100 g), and bioavailable
iron (30 mg/100 g), thus offering
three-dimensional  nutritional
parity to beef. Every replacement
of 1 kg of beef by Vaxa Spirulina
saves ~300 m? of land, ~1,000 m3
of fresh water, and ~100 kg CO.e.

The Vaxa Spirulina also con-
tains 12 vitamins (including E
& K), essential minerals (cal-
cium, magnesium, potassium,
phosphorus, and zinc), and
antioxidants/carotenoids (beta-
carotene, lutein, zeaxanthin). To
tackle the challenges associated
with algae-based food ingre-
dients, Vaxa Technologies has
developed an innovative solu-
tion. This breakthrough stands
as the first and only certified car-
bon-negative algae-based food
ingredient manufacturing pro-
cess. Their innovative approach
ensures the delivery of superior
nutritional values, while making
ingredients with indiscernible
smell or taste in the end prod-
uct. The high nutritional quality
means that only a minimal inclu-
sion rate is required to obtain
tangible nutritional and func-
tional benefits, which encour-
ages widespread adoption for
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the first time of algae-based food
ingredients.

Pioneering sustainable
food solutions
through innovation

Matis is a leading food research
and innovation institute in Iceland
with broad know-how in product
development, quality assessment,
consumer studies, environmental
and sustainability assessment. The
institute has pilot plant facilities
including centrifuges, filtration
units (ultra, micro and osmosis)
and driers for development and
production of high value ingre-
dients from biomass. Matis is a
national reference lab running
microbiological and chemical
analysis laboratories as well as
sensory analysis. Vaxa and Matis
have worked on several research
projects in relation to utilisation of
Spirulina with the aim to increase

The sustainable future of turbot larvae production

even further the nutritional, bioac-
tive and functional properties of
products as well as their sensorial
properties. These include use of
enzymes and other processes with
good results. As an example, the
use of enzymes has made it pos-
sible to increase the antioxidant
properties of Spirulina products,
and has a positive effect on their
sensorial attributes. Vaxa, Matis
and the Danish Technological
Institute (DTI) along with Icelan-
dic and Danish food producers
have joined forces in projects such
as Iceblue and Ultra-Bi2 funded
by Eurostars where the aim is to
bring products to the market with
exceptional nutritional properties.
Microalgae promises to be at the
forefront as an accessible, nutri-
tious, and cost-effective alterna-
tives to traditional food sources.

Margrét Geirsdottir, Matis,
mg@matis.is

Harnessing organic copepods

The aquaculture industry has witnessed a paradigm shift towards sustainable practices in recent years, driven by the need to
address environmental concerns and the growing demand for high-quality seafood. One of the most promising developments
in this sector is the organic production of fish larvae, particularly the European turbot (Scophthalmus maximus), a highly valued
flatfish species. The research project ORACLE-FISH explores the innovative use of the organic copepod Apocyclops royi as live
feed for turbot larvae, highlighting its potential to enhance growth, survival rates, and overall health in aquaculture settings.

Understanding turbot
larvae and their
nutritional needs

Turbot larvae are particularly
sensitive during their early devel-
opmental stages, requiring spe-
cific nutritional inputs to ensure
optimal growth and survival. As
carnivorous fish, turbot larvae
rely heavily on live feed, which
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provides essential nutrients,
including fatty acids, proteins, and
vitamins. Traditionally, rotifers
and Artemia have been the main-
stay of live feeds in aquaculture;
however, these organisms often
fall short in meeting the specific
nutritional needs of turbot larvae.

The transition from yolk sac to exog-
enous feeding is a critical period in

the life cycle of fish larvae. During
this phase, the larvae must quickly
adapt to external food sources,
and their ability to thrive is closely
linked to the quality and nutri-
tional composition of the live feed
provided. Consequently, there is a
pressing need to explore alterna-
tive live feed options that can better
support the growth and health of
turbot larvae.

The role of copepods in
larval nutrition

Copepods are small crusta-
ceans that occupy a pivotal role
in aquatic food webs. They are
known for their high nutritional
value, particularly in terms of
essential fatty acids, such as
omega-3 and omega-6, which
are crucial for the development

of fish larvae. Among the vari-
ous copepod species, Apocyclops
royi has emerged as a particu-
larly promising candidate for use
in aquaculture.

Apocyclops royi is a brackish
water copepod that possesses
several advantageous traits for
larval fish nutrition. Its small
size, high reproductive rate,
density tolerance and ability to
thrive in various environmental
conditions make it an ideal live
feed organism. Furthermore,
the nutritional profile of A. royi
contains a balanced compo-
sition of proteins, lipids, and
essential fatty acids, which are
vital for the growth and develop-
ment of turbot and other marine
fish larvae.

Organic production of
turbot larvae

Organic aquaculture in the
European Union is increasing
and in 2020 accounted for 6,4%
of the total EU aquaculture pro-
duction. Nevertheless, the main
driver of increased organic pro-
duction is the production of
organic blue mussels whereas
the production of organic finfish
is stagnant. Organic finfish pro-
duction is limited by technical
difficulties in producing under
the organic scheme, hence the
availability of especially juve-
niles. If one wants to produce an
organic fish EU regulations state
that: “All organic fish must be fed
with feed approved for organic
farming from hatch to harvest”
Hence, we need to be able to
feed with fish with organic food
from the start. This is currently
not an option, for most marine
fish larvae, since we simply
do not have an appropriate
organic live feed alternative for
the first feeding of fish larvae.

This presents a unique oppor-
tunity for the incorporation of
new organic live feed concepts,
that could potentially increase
organic larvae and juvenile pro-
duction. In the project ORACLE-
FISH a new production system
and feeding concept has been
developed to produce organic
copepods. The organic copepod
concept has been developed and
tested on turbot larvae from first
feeding until weaning to pel-
leted feed, in close collaboration
with Aquamind and the Danish
National Aquarium (Den Bld
Planet). By utilising organic A.
royi, aquaculture producers can
ensure that their fish larvae are
not only receiving high-quality
nutrition but are also raised in
an environmentally responsible
manner. The organic produc-
tion of turbot larvae using A.
royi as live feed aligns with the
principles of sustainability, pro-
moting biodiversity, and reduc-
ing the ecological footprint of
aquaculture operations.

Preliminary results from fish
trials have shown that turbot
larvae fed with organic cope-
pods perform equally well in
terms of survival as larvae fed
with rotifers and Artemia. Fur-
ther investigations will reveal
if turbot larvae using the cope-
pod Apocyclops royi as live feed
harness a significant. improve-
ment in growth rate and general
health. As the demand for sus-
tainably sourced seafood con-
tinues to rise, the integration of
organic live feeds like A. royi will
play a crucial role in shaping the
future of aquaculture.

In conclusion, the exploration
of innovative feeding strate-
gies, such as the use of organic
copepods, not only supports the
health and growth of fish larvae

[ AQUACULTURE |

“n ‘s

4

oy ?

e _’”- =
& | & |
&

g

.

iy

Researchers at Denmark’s Roskilde University are experimenting
with copepods as a feed for turbot larvae (pictured). The copepods
are a better source of nutrition than conventional live feeds.

but also aligns with the broader
goals of sustainability and envi-
ronmental stewardship in aqua-
culture. As research in this area
continues to evolve, it is impera-
tive that aquaculture practition-
ers remain informed and ready

to adapt to new developments
in the field.

Per Meyer Jepsen, Department
of Science and Environment,
Roskilde University, Denmark
pmjepsen@ruc.dk

The project ORACLE-FISH

(J. no. 34009-22-2029) is part
of the Organic RDD 8
programme, which is
coordinated by the International
Centre for Research in Organic

Food Systems (ICROFS). It

has received grants from the
Green Growth and Development
programme (GUDP) under

the Danish Ministry of Food,
Agriculture and Fisheries.
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Algae management in EU Member States - Czechia



The Czech Republic supports the development of new methods of freshwater and marine aquaculture, especially those with low environmental impact, such as algae production. Algae cultivation is a promising new option for the introduction of new complex technologies, but there are currently no commercial algae farms operating in the Czech Republic. 



The Fisheries Programme 2021-2027 has included the possibility to support algae in the Innovation activity and is awaiting the first projects in this area. Further efforts will be made, if producers are interested, to include eligible costs in the programme so that applicants can acquire the technology with the support of the Programme. 



In 2025 will be announced a public tender for a contractor for the purpose of processing an analysis that will include a description of the state of play and possibilities of cultivation and use of specific algae products. This analysis will also include an economic study that will assess the applicability of algae and specify potential or existing barriers. It should be noted, however, that microalgae are more suitable for the Czech Republic, as their cultivation is very demanding in terms of control of water parameters and the climatic conditions in the Czech Republic are not favourable as in the southern EU countries. 



We have not yet establish a national algae contact point.
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