INETI

Instituto Nacional de Engenharia, Tecnologia e Inovacao, I.P.

microalgas

um futuro sustentavel e
mais verde

Fernanda Rosa
Luisa Gouvela
Alberto Reis

A Procura do Inesgotéavel

A procura do inesgotavel 21-Maio-08 cCB



INETI

0 problema

A procura do inesgotavel 21-Maio-08 cCB



INETI

a socledade
em gue vivemos
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a explosao demografica
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tem disparado a procura de energia
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a producao de crude tem aumentado
apesar de proveniente de locais com
elevada instabilidade social e geo-politica

A procura do inesgotavel 21-Maio-08 cCB



INETI
1-2006

&g%e[ il prices 186
ars E;ET arre
Grosh of
oria even e L
(e g d e ]
of [ 1= Adoar
Pennaytvaris AT :ﬁ“;'ij‘:‘: East -1;'4'; '"r.:" phcang linanci
: _—
il oo e Pelegl iy LA T acd LN d (e ST | 4. 4.1
Hirmanr : s " Pozt-wa Sl Ir g LF | ST
2l drage -S-pm o PECONE LN 0 e rresded of bag
o m'-';u " o anpur E it
i

N~

THBEN-EE 18R0-T3  WEE0-ET  1ES0GH  1H0009  1900-1% 150G 1900.3%  1540-45  THLLD 1560 TEA-TS TH80-BD  1E50-50 FO00-DE

M s 2008 1861-1344 US average.
B 5 money of the da 1945-1983 Arabian Light posted at Ras Tanura.
Y Y 1984-2006 Brent dated.

a evolucao dos precos do crude tem
reflectido essa elevada instabilidade
social e geo-politica
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m'““"EE“ _GOASAS CIVFE ATE LA GATA PRETA PERCERE

Com o prego dos combustiveis Torna-se perigoso ir passar
a subir quase diariamente. ., o fim de semana foral

-

WAL EXPRESEONLPT |

uis FAUSTING @

Pade nde se ter dinheira para voltar!

In Publico
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as reservas de
combustivel fossil
Nao sao inesgotaveis
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Proved reserves at end 2006
Thousand million barrels

o
103.5 1172

—

Asia Pacific  North S. & Cent, Africa Europe & Middle East
America America Eurasia
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as reservas de combustivel fossil

Nao sao inesgotavels

[1Reservas por
descobrir?

[0 Reservas descobertas

@ Crude produzido

Trilides de barris de crude
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Mauna Loa Monthly Mean Carbon Dioxide
NOAA ESRL GMD Carbon Cycle
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(...-2008) aumento dos gases de efeito estufa (GEE)

(Kyoto,1998 ) é necessario inverter esta situacao
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METAS

Kyot0,1998

Emissdes CO, (1990) %
Emissbes CO, (2012)

substituicAo combustiveis fosseis por alternativos (transportes)

Directiva 2003/30/EC, Maio de 2003

2 % 2005
5,75 % 2010
10% 2020

Resolucao do Conselho de Ministros n°® 21/2008, PNAC

10% 2010
20% 2020
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urge utilizar

"= fontes de

energia renovaveis
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biodegradavel

seguro
‘ ndo tem S, compostos aromaticos,

menor emissao residuos

exige menores alteracdes tecnoldgicas

e de investimento em infra-estruturas actuais
ciclo completo de C

aumenta o rendimento e a duracao dos motores
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soja, Brasil
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palma, Indonésia
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Oleo de palma
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colza, Reino Unido
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lho,girassol
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Annual Growth
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0 biodiesel

esta na moda
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BIODIESE
il
MY FUEL

‘-./ f?&msssl.

Qur soybean checkoff T T
Effective. Efficent. Farmer-Oaver, For more infarmetion go to www biodiessl o
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-
3% BIODIESEL

PROGRAMA NACIONAL
DE PRODUCAO
E USO DE BIODIESEL
(PNPB)
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Biodiesel

Energia
do Futuro

Carlos Freitas
Mauricio Penteado

A procura do inesgotavel 21-Maio-08 cCB



INETI

WWW.NATIONALGEOGRAPHIC.PT NOVEMBRO 2007

|
.

| MICROFAUNA MARINHA O VALE DA MORTE
~ TONGA  HUBBLE, VISOES DO ESPACO '

&
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A ASAE anda a apreender
dleo de girassol contaminado!
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a producao agricola de dleo
para biodiesel tambéem traz
problemas
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competicao
pelos terrenos agricolas para
culturas alimentares
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aumento da procura
subida de precos

crise do oleo ?
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crise do oleo ?

Rising Costs Felt at the World’s Dinner Tables

FOOD PRICES OIL CONSUMPTION OIL PRICES

Export prices for 60 internationally Most vegetable oil is used for food Farmers in the United States and
traded food commodities have soared. purposes. But turning it into biofuels China have been planting less soy,
Mo category has risen faster than oils represents the fastest-growing causing a shortage that has helped
and fats. demand for oils. raise prices for palm oil, the main

. . ; alternative to soybean oil.
United Nations Food and Agriculture y

Organization food price index World consumption of oils and fats Near-month futures contracts
250 150 miliontons 60centsapound
Qils and fats
200
g & R R R 40
Soybean oil
150 30
Overall 5
e B used to
make

1998 to 2000 = 100 b N

50 1% 2% _ = -J

I 1n5 | 1UE | 07 |

Sources: Bursa Malaysia, Chicago Board of Trade, via CEIC Data; United Nations Food and Agriculture Organization; Oil World
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REVOLTAS

RACIONAMENTOS

Y il
. ? - - -_
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MEXICO, 2008

INDIA, 2008
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In Natlonal Geographic

a agrlcultura mtenswa —> desfloresta(;ao

aumenta a erosao
esgota 0s nutrientes
diminui a biodiversidade
altera o clima
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o futuro do biodiesel

esta nas microalgas !?
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esta nas microalgas !?
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elevadas produtividades

Is algae part of the feedstock answer?

100,000
Algae
10,000
Palm
790 gallons
per f-Tel==T=Ta
i " Sunflower
o I
yea¥r~
50~

Vegetable Oil
Yield

Valcent Products Inc.
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Crop il yield Land area Percent of existing
(L/ha) needed (M ha)®  US cropping area®

172 1540

Soybean 46 394 326

Canola | 15D 223 122

Jatropha 892 140 77

Coconut 2689 B9 54

il palm 5950 45 24

Microalgae " | 36,900 2 1.1
58,700 45 Qs D

* For meeting 50% of all transport fuel needs of the United States.
" 70% oil (by wt) in biomass.
© 30% oil (by wt) in biomass.

Chisti, 2007
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sequestracao CO,
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S

Carbon Dioxide

Trace . e =
Nutrient s o o M i i
Feed Recovered Water Biomass
Secondary
Product
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microalgas

nao sazonalidade

utilizacao de terrenos marginais

eutilizacao de agua impropria para a
agricultura (doce residual, efluentes varios,
agua salgada, agua salobra)

eadaptacao a niveis tecnoldgicos diferentes

ecO-aproveitamento de outros metabolitos

eampliacao de escala facil
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ebaixas densidades celulares
spequena dimensao celular
ecolhelta cara

econtaminavelis em reactores abertos ao ar
livre

*sobreagquecimento (verao)

edeposicao de biomassa nas paredes e
perda de transparéncia nos reactores
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Lipid Contents of Selected Microalgae

Species Maximal lipid
content (% w,/w}

Monalanthus salina 72

Boiryococous braunii 53=-T

Cuiirococcus sp. S0

Scenedesmus obliquus 44

Nannochloris sp. 48

Dunaliella bardawil (= D. salina) 47

Nuvicula pelliculosa 45

Radiosphaera negevensis 43

Biddulphia aurita 4]

Chiorelia vulparis 40

Nitzschia palea 40

Ochromonas dannica 39-71

Chiorella pyrenoidasa 36 (72)

Data from Ratledge (1989)
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Lipid Contents of Selected Microalgae (2)

Species Maximzl lipid
content [ w /w)
Feridmivm cinchon 36
Nevchluris olewbundany 35-54
Qocystis polymorpha as
Chrysochromulina spp. A5-48
Srenedesmus arnis h
Scenedesmus s0p. Zb
Chlorelia minutissime 23
Frymnesism poroum 22=-38
Navicula pelliculosa 2232
Scenedesmus dimorphus 1640
Sratiella sp. 1h=35
Chlorefia spp. 1526
Euplena gracilis 14241
Eorphyridiem cruentum 14 (22)

Dizta ffom Ratladge ( 1985
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Companson of properiies of hiodese] from mecroalzal cil and desel foel and ASTM hiodiese] standard

Properties Biodise] from microalgal oi Diesel foel” ASTM o diese] standard

Densty (kgl) 0.5 0 E-0.9

Viscosty (mumfs, ¢St at 40 °0) 5} 1541 15850

Flash poimt (*C) (] T4 Mm 100

Sobdifving poimt (“C) iz 0o 10 =

Cold filter ploggmg pomt ) i L0(Max =&.T) Summer max & winter max < =15
Acid valoe @mg KOH/g) el Max 05 Max 0.5

Heating valoe (M1kg) 4l did s =

HKC ratio .4 121 =

* The data ahont desel foel were taken from poblished Eeratmre as mdicated in the text

X. Miao, Q. Wu / Bioresource Technology 97 (2006) 841-846
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Accumulation of Storage Lipids Under
Nutrient Limitation.

Lipid { % biomass]

__/ 1 | AESTREY (R, '

0 W 0 W 40 50 A 0
Time (hj

Idealized pattern of lipid accumulstion in an cleaginous
muicrocrmanmm: mrown in batch culture (Fatledme, [DED)

Biomass, lipid and medium
nitrogen (arbitrary unis)
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MICROALGAS:

SELECCAO de PRODUTORAS DE OLEO
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grupo pioneiro em
| & DTde microalgas
em Portugal
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30 anos de
experiéncia em
microalgas
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54 CULTURA, CIENCIA & TECNOLOGIA

)

Ricards Nabais

ricardn naba kel o

B equipa da cienlisies donstinio Ma-
ciomal e Engenharia, Teemologia e T
vagaa (INETT investiga nas algss o que
pele vir & ser oomheeivho comn pestriben
‘aquatice’. Ne wrdade, trata-se de mi-
crvalgas, des guals seeoral dleo vegeial
que podle ser iranafrmiabo om bdeeom-
Dasbived.

HA wmna diferenca fumdaimenial,
comiudo, e relacio ao odiesel oo
T, e s ofrlim A pariiy da soejs e
da pulza (as chamadas oleaginosasy a
trennenslas capachlade de prodngio de
b tha algas, E lado a parthe de unsa
by prenla oo poniko de partida: o n-
quants nas oleaginoes i as se-
mienbes &io ricas em dlea, neste
caso oda a celula ¢ nma Gibrica de
dlea e de ouives substineias com
imferease, Mo b despendiciog., oo
Plica Allserio Rets, gue mbegra & eqai-
pa i IMETIL

O embudn das alges faz-sr nagqoele
institoio lishoais ha 30 anos. Mas 56
recemtemente =2 intensificog o sm

) CIENCIA_

Turbo-algas

caipss die mplieagies 1ea Avea dog som-
lrnadivels allernatives As mileroalgas
a0 panldas em laboralderke o malli-
plicam-se exposenctalmenle se as
comlbptes forem adegquadas. wA efi-
ciincia fotossintética das microal-
fas & muite superior & das plantas
superioress, assegurs Laiza Gou-
veis, g iEmbvim faz parte da squipa

blas as mberoalgas ndo so apenas
amigas dio amblenle por caplanam
il de carlwono, assnckado ao diei-
or eloes s dhe bl Ag fonibes desta
makEria-prima podens ser o mar a
agua doce su aké salobra. «Todos os
dias podemos colher microalgas
Tare exirvair aleg. Nao hi sazonalki-
daden, diz Farnamda Ross, directora

L4

0 citémetrn permite avallar se as ceéfulas tim nlen; @ direita, provetas com mh:rual.g.t:

Portugueses descobrem combustivel alternativo no dleo das microalgas

i Dnfikade de Biomassa do TNETL E
s esti indestigacio om concrelo a
equipa fe uma préselsecdio de oilo
agtirpes desias slgas.

Dapois de mantidas mom meio da
culinra cmm 48 nuolrientes necessa-
rive, as microslgas vae mulliplicar-
=i D resulla uma biomasss gua se
spars da dgas, Chegados A este pon-
L mepesadrio axirate o dles das cdll-
la= O gropo uiilizs nma léemics geval-
menle witlizads na Arves elindea corm
el e diagnistiee: a cllomairia de
Moo, Num cildmelre avalia-
G Em lemipa real, loge a segulr A
amostragem das edulas, agqual é o
sl tear de dlea, oflola a cdlula,
eplica Teresa Lopes da Silva, ouira
Integrante do grupo. As mleeealgas
clesrey Inlersivamen e e e lores
& [azen a foleas e, como gualgaer
oA plania superbor

Ag ideroalgas podem ambém ser
finte die prolelhas, pigmeniog antioe
xiclambes, dculos gordos podi-insatura-
dos, uma pandplin de ingredientes
PR oo alimeniars, Fanmeeio-
lioos & puplememios diclélioos
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Extraccao classica do 6leo das algas

1) Recolha de biomassa algal

® @ P @

4) Centrifugacéao
2) Liofilizacao 3)Extraccéo 5000 RPM; 10 minutos

2 dias ? deE 5) Recolha das fases

8) Pesagem do 6leo 7) Evaporacao do solvente
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) gotas de dleo coradas com
H_Lf-wl;iagﬁﬂc. Vermelho do Nil

|
-

H4C
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Tubos de ensaio — 10 mL
Erlenmeyers — 50 mL
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Colunas de bolhas — 1 L

. . . o

Antonio Luis Campos®
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Mangas — 50 L

Antonio Luis Campos®

A procura do inesgotavel 21-Maio-08 cCB




INETI

Lagoas raceway — 400 L
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Antonio Luis Campos®
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Lagoas raceway — 8000 L
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Antoénio Luis Campos®

Fotobioreactores fechados — 50 L
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Fotobloreactores fechados 50 L

e S

Antonio Luis Campos®
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scale-up sequencial

Fotobioreactores fechados — 50 L

solucoes
tecnologicas
iIntegradas

Antonio Luis Campos®
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Microalgas
Principais Aplicacoes
= Nutricao Animal - Aquacultura
e Nutricdo Humana - Industria
Alimentar, Suplementos Biomoléculas
e Produgcao de compostos de e Carotenoides
qguimica fina — Industria Cosmética .
e Farmacéutica = Acidos gordos
= Producéao Biodiesel = Proteinas
= Tratamento de Efluentes, Remocao = Aminoacidos
de metais pesados; sequestracao e Polissacaridos
de CO, . .
_ 3 = Vitamins
= Agricultura = biofertilizacao, »
condicionadores de solos = Esterois
= Producédo de H2 = Ficobilinas
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Microalgas -
Acidos Gordos POLI-INSATURADOS

DHA, EPA, OMEGA 3 fofn o
ALIMENTOS FUNCIONAIS = ©° @
AQUACULTURA
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Chlorella vulgaris
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Microalgae — caracterizacao
Pigmentos

Chlorofilas

Ficocianina - Spirulina
e 7.1% peso seco
=~15% proteina total
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OVOS DE GALINHAS POEDEIRAS

regido 1 - Dieta com pigmento sintético
regido 2 - Dieta sem pigmento
regiao 3 - Dieta com biomassa de Chlorella vulgaris
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DOURADAS

ol S
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TRUTAS

A, D - CANTAXANTINA B, H-ALGA
E, G- ASTAXANTINA C, F- ALGA (Moida)
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PEIXES ORNAMENTAIS- CARPAS KOI
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EmulsGes com Microalgas

“Maioneses” coloridas com luteina e ficocianina

e e e t_ﬂ
Chlorella vulgaris Chlorella vulgaris Haematococcus pluvialis
carotenogénica

e
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Bolachas com microalgas

2.0% 1.0%

1% M 3% |

Corantes sintéticos Chlorella vulgaris Isochrysis galbana
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Massas alimenticias coloridas
com microalgas

= Sémola de trigo: 70 % (m/m)
= Biomassa microalgal: 0,5 -2,0 % (m/m)
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Geéis com Microalgas

= |solados proteicos de ervilha: 4% (w/w)
= x-Carrageno: 0.15% (w/w)

e Amido milho: 2.5% (w/w)

= Sucrose: 15% (w/w)

= Biomassa de Microalgas: 0.75% (w/w)

Biomassa Microalgas Pigmentos

Batista et al, Gums and Stabilisers Batista et al, Food Sci Technol Int,
fOI’ the FOOd Industry 14, In preSS. In preparation.
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nao ha solucoes
chave na mao
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a previsao de
rendimentos,
produtividades
custos de producao

SO pode ser realizada apos pelo menos
1 ano de ensaios de campo
a escala piloto
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novas
abordagens:

a vertente
heterotrofica

INETI
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Fermentador — 2L Fermentador — 100 L
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solucoes
tecnologicas
iIntegradas

a vertente
heterotrofica

Fermentador — 200 L
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galp energia

INFORMACAO A IMPRENSA

Lisboa, 13 de Marco 2008

Galp Energia, INETI e Algafuel formam consoércio para a producao de
biomassa e biocombustiveis com recurso a microalgas

A Galp Energia assinou hoje uma parceria com o Instituto Nacional de Engenharia, Tecnologia
e Inovacdo (INETI) e a empresa Algafuel, duas entidades de reconhecida experiéncia no
dominio da Investigacdo e Desenvolvimento (I&D), para a constituicdo de um consorcio que
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