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the	world	is	changing		
disruptive	changes		
	
shape	the	future		
	
and		
	

create	opportunities	

why	this	presentation	?	
what	is	the	background	?	



none	of	this	existed	20	years	ago	!	

_	world	largest	taxi	company	owns	no	cars	

_	world	largest	accommodation	provider	owns	no	Real	Estate	

_	largest	phone	company	owns	no	telco	infra	

_	world	most	valuable	retailer	has	no	inventory	

_	largest	and	most	popular	media	provider	creates	no	content	

_	world	largest	movie	house	owns	no	cinema	

_	the	most	valuable	photo	company	sells	no	cameras	

_	largest	encyclopedia	is	updated	by	users		
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the	framework	



specific innovations with  
disruptive impact !   
in the microalgae biotech sector	

	
	

	LEDs	 	 	 	Enzymes 	 	 	 	GMO	
	
	 	Membranes 	 	 	Hydrolysis 		

	
	 	 	 	 	Microfarming 			
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the	world	is	changing		
•	the	LED	revolution	brought	low-cost	efficient	and	selective	light	technologies		
+	the	availability	of	low-cost	renewable	energy	sources	available	24	hours	per	day		
=	a	reduction	in	production	costs	for	microalgae	biomass	in	some	specific	unexpected	
locations	such	as	Iceland.		

LIGHT	4	BIOMASS	
	

•	the	new	low-cost	lignocellulosic	enzymes	can	be	used	to	provide	a	new	source	of	
organic	molecules	for	chemicals	as	sugars		
+	yeast	fermentation	technologies	used		
+	heterotrophic	microalgae	knowledge		
=	a	new	low-cost	production	platform	for	lipids,	proteins	and	other	specific	chemicals	

FERMENTATION	4	VALUABLE	BIOMASS	
	

•	the	GMO	stunning	developments	as	CRISPR		
+	availability	of	microalgae	genetic	pool	information	
=	tailor	made	microalgae	cell	factories	for	production	and	biorefinery		

CELL	FACTORIES	4	BIOMASS	
	



the	world	is	changing		
•	advanced	hydrolysis	technologies	with	water,	acids	and	enzymes		
+	microalgae	/	cyanobacteria	biomass	with	high	amino	acid	and	mineral	profile		
=	hydrolyzed	biomass	for	agriculture	as	a	valued	option	for	organic	farming	

BIOMASS	4	PRODUCT	
	

•	cost	effective	membrane	technologies	for	wastewater	treatment			
+	microalgae	harvesting	replacement	of	centrifugation	and	other	technologies			
=	clean	and	efficient	microalgae	harvesting	with	recycling	potential	

MEMBRANES	4	SEPARATION	
	
•	micro-business	as	micro-breweries	generated		
a	trend	that	it	is	possible	to	think	locally	and	act	locally	in	a	cost-effective	way	
+	e-business	with	the	possibility	to	sell	locally	and	directly	to	the	end	user	

=	microalgae	microfarming	mostly	Spirulina	related	business	
MICROFARMING	4	BUSINESS	



LEDs	revolution	and	low-cost	energy	locations			What	?	
low	cost	LED	solutions	(efficient	and	selective	light	sources)	
+	
location	with	water	and	low	cost	electrical	energy	

100%	PAR	
24	h/day	
365	d/year	



www.valoya.com	

www.clearaswater.com	

example:	

with	400.000	LEDs	supplied	by	Reliance	Instruments		

microalgae	in	co-location	



	Impact	?	
•	It	is	possible	to	grow	microalgae	cost-effectively	in	north	Europe		

>	the	limiting	factor	is		
	

not	
	

solar	radiation	
	

but	
	

low	cost		
electrical	energy	
	
and…	
	

expertise	

www.extremetech.com/extreme/
187089-the-secret-world-of-power-
generation-and-the-arrival-of-world-
spanning-super-grids/2	



Enzymes	for	ligno-cellulosic	materials	

For	 chemical	 or	 fuel	 production	 from	
these	 same	 materials,	 industry	 requires	
affordable	 chemical	 or	 enzymatic	
systems	that	can	do	the	job	in	hours	or	in	
days.	 Novozymes	 has	 conducted	
research	 focused	 on	 improving	 the	
performance	 and	 reducing	 the	 cost	 of	
fungal	 cellulases	 for	 the	 conversion	 of	
dilute	 acid	 pre-treated	 cellulosic	
materials	to	fermentable	sugars.		
	
A	 number	 of	 genes	 were	 transferred	
from	 different	 organisms	 creating	 a	
super-cellulase	 producing	 family	 of	
fungus	 capable	 of	 meeting	 industrial	
needs.		

	What	?	
Cellulose	 is	 the	 most	 abundant	 organic	 molecule	 on	 the	 earth,	 and	 a	 renewable	 and	
seemingly	 inexhaustible	 feedstock	 for	 the	 production	 of	 fuels	 and	 chemicals.	 Bacteria	 and	
fungi	have	evolved	complex	enzymatic	systems	enabling	their	growth	on	plant	material	rich	in	
cellulose,	but	these	organisms	typically	require	weeks,	months,	or	even	years	to	decompose	a	
fallen	log	or	a	tilled	corn	stalk.		



	Impact	?	 •	countries	with	forest	residues	as	in	North	of	
Europe	can	become	large	producers	of	sugars…		

Sugar	from	cellulose	
will	be	a	reality	with	
large	scale	production	
in	North	Europe	
	
>	Forest	residues	and	
wastes	will	become	a	
major	source	for	
chemicals	•	



GMO	microalgae	as	cell	factories	for	biorefinery			What	?	
Genetic	engineering		
+	
Cell	factory	potential	in	microalgae	
+		
Maturity	of	microalgae		fermentation	
+	
Biorefinery	development		

Yao	et	al,	2016	ACS	Synthetic	Biology,	5:207–212	

CRISPR in cyanobacteria	



	Impact	?	 •	Microalgae	are	a	platform	for	the	expression	of	
genes	that	enable	the	industrial	production	of	a	
large	range	of	food	and	feed	ingredients	or	
chemicals	for	a	wide	range	of	applications	

www.corbion.com/algae-portfolio	



Yeast	fermentation	technologies	for	microalgae	production		What	?	
March	2017	



Hydrolyzed	microalgae	biomass	for	agriculture	application		What	?	
pre-treated	acid	plus	enzyme	processing	
+	
biomass	with	diversified	amino	acid	profile	and	mineral	content	
+		
market	demand	for	organic	growth	promoters	for	precision	agriculture	

this	is	a	specific	type	of	hydrolysis	NOT	for	fuel		
member	



	Impact	?	 •	a	wide	range	of	agriculture	
applications	for	organic	farming	



Membrane	technologies	for	harvesting	and	recycling		What	?	
20	years	ago	membrane	technologies	were	innovative	and	very	expensive	
>	Wastewater	treatment	
>	Desalination	plants	
	
+	scale	and	the	technological	maturity	>	changed	all	!	

Singapore	



	Impact	?	
	

•	Cost-effective	membrane	technologies	are	available	for	microalgae	harvesting	
	
>	Recycling	can	be	made	in	a	effective	way	with	a	relevant	
contribution	for	sustainability	and	cost	reduction		



member	http://liqoflux.com	

Important	to	have	low-cost	harvesting	and	recycling	of	culture	media		

Microalgae	harvesting	
market	is	growing	but	
still	small…	



Microalgae	microfarming	related	business		What	?	

Microbusiness	fashion	
	
volunteer	work	<	knowledge	
and	experience	growing	
Spirulina	in	Africa	
	
<	independence	
<	unemployment	
	
<	internet	sales	
<	local	market	development	
>	Veggie	trend	

Several	phenomena	created	the	environment	such	as	microbreweries	



Opportunity	
	
=	Market	
	
+	
	
Entrepreneur	
	
Environment	
	
+	
	
Social	
	
Environment	
	
>		
	
a	wide	range	
	
microbusiness	



22	

	Impact	?	
The	microfarming	started	with	Spirulina	but	is	expanding	to	niche	applications	as	
specialty	feeds	for	aquaculture,	for	pets	foods	and	for	racing	animals	
	

•	Sustainable	small	business	generate	differentiated	products	
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average:	
	
400-4.000	m2	
1	Kg	/	m2	/	year	
	
120-150	€/kg	
From	producer		
to	consumer	

Spirulina producers  > 



Spirulina	"La	Spirale	Verte",	the	health	food	
Spirulina	"The	Green	Spiral"	is	produced	in	Corsica	in	Linguizzetta,	rural	town	of	the	eastern	plain,	
on	a	protected	site	pollution	sources.	Grown	in	freshwater	ponds	which	inorganic	salts	are	added,	
Spirulina	is	harvested	by	filtration,	pressed	and	dried	at	low	temperature	to	keep	all	its	nutritional	
qualities.	 Our	 artisanal	 production	 uses	 no	 pesticides	 or	 preservatives	 and	 is	 environmentally	
friendly.	 Production	 processes	 and	 packaging	 Spirulina	 Green	 Spiral	 adhere	 to	 the	 food	 safety	
management	 standards	 (ISO	 22000),	 of	 ENVIROMENTAL	 management	 (ISO	 14001)	 and	 quality	
management	(ISO	9001).	
	
Spirulina	 "La	 Spirale	 Verte."	 Glitter	 100gr	 pack.	 100%	 dry	 spirulina	 flake.	 Packaged	 in	 aluminized	
pouch	sealed	and	resealable	after	opening.	
15	€	the	100	g	pack.	
	
Green	Spiral.	Pierre	Etienne	
LD	Peragnolo,	Bravone	-	20230	LINGUIZZETTA	-	
06	18	58	46	91	-	pep@laspiraleverte.com 		
La	Spirale	Verte.	Pierre	Etienne	
LD	Peragnolo,	Bravone	-	20230	LINGUIZZETTA	–		
06	18	58	46	91	-	pep@laspiraleverte.com	
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Brand	based	for	local	market	/	B2C	
Sun	dried	(=>	less	tast,	less	smell)	
Quality	(and	safety)	
Distribution	(local	market	&	B2C)	



	

	LEDs	 	 	 	Enzymes 	 	 	 	GMO	
	

	 	Membranes 	 	 	Hydrolysis 		
	

	 	 	 	 	Microfarming 			

Impact:	
	
	
	
•	product	related	
•	process	related	

specific innovations with  
disruptive impact !   
in the microalgae biotech sector	



26/29	

The microalgae composition 

Essential vitamins (A, 
B1, B2, B6, B12, C, E, 
nicotinate, biotin, folic 
acid and pantothenic 

acid) 

Polysaccharides 
(starch, glucose, 

sugars) 

PUFAs (ARA, 
EPA, DHA) 

Essential  amino 
acids pattern 

similar to food  

Pigments 
(chlorophyll, 

carotenoids and 
astaxanthin) 

microalgae 

Proteins Carbohydrates 

Lipids Other 
compounds 

50% 

20-30% 

20-30%	

<	5%	

what	else	?	



THE APPLICATIONS FRAMEWORK 

•  Food ingredients 

• Health foods 

Food 

•  Premix feeds  

•  Specialty feeds 

Feed 

• Nutraceuticals 

•  Pharmaceuticals 

Health 

• Cosmeceuticals 

•  Thalassotherapy 

Cosmetics 

•  Biofuels 

• CO2 mitigation 

Fuels 

•  Bio fertilizer 

•  Soil microalgae 

Fertilizers 

• N&P removal 

•  Bioremediation 

Wastewater 

• Bio fibers 

• Chemical industry 

Chemicals 

Current 
applications 

Emerging 
applications 



the	world	is	changing		
disruptive	changes		
	
shape	the	future		
	
and		
	

create	opportunities	



Thank	you	!		 	 	 	 	 	 	 	Vítor	Verdelho	Vieira	–	vvv@a4f.pt	


