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Foram identificadas mais de
30 000 espeéecies de
microalgas até hoje

N

a biotecnologia de 50
espécies é conhecida

N

10-15 especies sao o2,

exploradas e comercializadas
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blooms — crescimento massivo e
descontrolado de microalgas

#’

anoxia — falta de O, e morte nos
ecossistemas aquaticos
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The Sigward Church in ldensen,
located to the west of Hanover, is
a Romanesque church in its
original form, a rarity seldom
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REACCAO FOTOSSINTETICA

ENERGIA SOLAR

CO,+NO;+PO,3+H,0

ENERGIA SOLAR

DIGESTAO METANO
- ANAEROBIA ENERGIA

et FERTILIZANTES

NUTRIENTES:
RESIDUOS QUIMICA FINA

PRODUTOS
QUIMICO S PRODUCAD DE O
SUPLEMENTO

AGUA SALGADA EFLUENTES ! :
TRATADOS PROTEICC

AQUACULTURA
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Spirulina Artesanal em Spirulina Artesanal em P¢6 -

170 €/ Kg



various approaches and pathways to developing
algae-derived biofuels and co-products

ALGAE
: Species
Cyanobacteria Unicellular Multicellular Selection &
Microalgae Macroalgae Biology

Open Terrestrial Closed Terrestrial
Systems Hybrid Systems

Open Offshore Cultivation
Systerns System:

- Harvesting
Systems - Dewiatering
v v :
Phototrophic | Heterotrophic [ _ Separation
| Hydrocarbons | | ... . Consolidated Intermediate
& Alcohols* Lipids | | Carbohydrates Proteins Biomass Constituents
* Biologically produced in-situ by the organism
Biochemical Thermochemical Direct Anasroblc Conversion
Conversion Conversion Synthesis Processes
Renewabl End Use Fuel .. ...
enewable nd Use Fuels




EXPECTATIONS

The theoretical maximum productivity in oil from microalgae (354
m?3 hal year?) is several orders of magnitude higher than the
most productive terrestrial oleaginous culture so far (palm) but
still very remote and unlikely from real values obtained according
with the present state-of-the-art and technical knowledge.

Is algae part of the feedstock answer?

100,000

Algae

10,000

Palm

7901 gallons

per
acre
per .-~
year -~

Rapeseed

Sunflower
100

50F

Vegetable Oil
Yield

Valcent Products Inc.




REALITY OR FICTION?

TO REPLACE ALL TRANSPORTATION FUELS IN EUROPE
* 400 MILLION m3 OIL REQUIRED

* 9.25 MILLION ha SURFACE AREA (ANDALUSIA OR PORTUGAL AREA EQUIVALENT!)
* 400 MILLION TONS OF PROTEINS PRODUCED

(20X THE QUANTITY OF SOY PROTEIN IMPORTED IN EUROPE)

(Wiffels et al, 2010. Microalgal Biotechnology Workshop, Germany)

VERY UNLIKELY |



REALITY

still prohibitive costs?

Current biodiesel feedstocks e.g.
/ rapeseed oil, palm oil, tallow

I

P‘ Current production $5000/t ++

$700- I<
1000/t The cost gap



COST ESTIMATION vs SCALE

Cost estimation for algae production

* At 1 ha scale 2 10 €/Kg

* At 100 ha scale =2 4 €/Kg

* What can be achievable - 0.4 €/Kg ?

Still too expensive for biodiesel alone (or even
other fuel)

(Wiffels et al, 2010, Microalgal Biotechnology Workshop, Germany)

Upper limit for success:
0.2€/Kg? o
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PARADOX

High lipid content

= Low biomass productivity
=Low lipid Productivity
=High production costs

® an unsolved (biological/physiological)

paradox !
No Cost-effectiveness of biodiesel production from
algae

(the way it is...unless...)

fj 09
mees
Il { b



low-cost feedstocks
are used



low-cost production of microalgal biomass
Ideal situation would be the
—>use of wastewater as the nutrient (nitrogen and phosphorus) source,

+

—>together with the addition of free CO,, from flue gases as the carbon source,

—>purified water and profits obtained from the wastewater treatment process
and
—>carbon credits (Reis & Gouveia, 2015)

significant (>50%) cost reductions may be achieved if CO,, nutrients and
water
can be obtained at a low cost (Slade & Bauen)

water demanding and has been criticized (high water footprint) ®
1 L of microalgal biodiesel requires approximately 3000 L of freshwater !!
(Farooq et al.)



Microalgae cultivation for bioenergy production

WHY MICROALGAE-
BASED WWT?

The major economic factor for biofuel
production from microalgae is the feedstock
cost, which accounts for 75-80% of the total

costs Dermibas M F 2009. Biofuels from algae for

sustainable development. Applied Energy, 88(10), 3473-
3480.

WW- The cheapest feedstock ever!

e’



REVIEW ARTICLE

Low Cost Microalgal Production for Biofuels: A Review

Alberto Reis” and Luisa Gouveia

Bioenergy Unit, LNEG- National Laboratory for the Energy and Geology, LP., Lisboa, Portugal

ARTICLEHISTORY

Abstract:

Background: Autotrophic microalgae carry out the photosynthetic conversion from light
into organic compounds. Microalgal cultivation brings environmental advantages,
highlighting the capability of nutrient recycling from wastewater combined with CO2
fixation from flue gases towards a wide range of 3G biofuels and bioproducts.

These micro-organisms have been widely recognized as having huge potential as
feedstock for food and feed industries, as “nutraceutical’” agents (carotenoids, antioxidants,
polyunsaturated fatty acids, single-cell proteins (SCP), phycobiliproteins, polysaccharides,
vitamins, phytosterols, minerals), for the cosmetic industry, bioplastics, agriculture
biofertilizers and recently as an energetic vector towards the production of a wide range of biofuels. Microalgae
exhibit clear advantages when compared with higher plants, such having a higher photosynthetic efficiency,
higher areal biomass productivities, higher CO2 biofixation rates from flue gases emitting plants, higher 02
production rates, non-competition for agricultural areas (marginal lands such as deserts, rocky areas and salt

"~ v 1 P M B 1 1 1

Alberto Reis

LNEG



Low Cost Microalgal Production for Biofuels Current Biotechnology, 2016, Volume 5, No. 4 273
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A FOTOSSINTESE e as MICROALGAS
ja tém contribuido para tratar efluentes

LAGOAS DE ESTABILIZACAO

Sao lagoas constituidas de forma simples onde os esgotos entram em uma
extremidade e saem na oposta. A matéria organica em forma de suspensao
fica no fundo da lagoa , formando um lodo que vai aos poucos sendo
estabilizado . O processo baseia-se nos principios da respiracao e da
fotossintese: as algas existentes no esgoto na presenca de luz , produzem
oxigénio que se liberta através da fotossintese .Esse oxigenio dissolvido &
utilizado pelas bactérias aerdbias (respiracdo) para se alimentarem da
matéria organica em suspensao e dissolvida presente no esgoto. O
resultado é a producéo de sais minerais (nutrientes para as algas) e CO,



AFOTOSSINTESE e as MICROALGAS ja tém contribuido para tratar
efluentes

LAGOAS DE MATURACAO

O sistema pode consistir numa unica lagoa

ou varias lagoas em série (anaerobia,

facultativa, maturacao). Apos o tratamento

o efluente pode ser devolvido as aguas — \ /——»
superficiais ou reutilizado como agua de
irrigacéo se o efluente cumprir os padroes
de efluentes requeridos na legislacao.

_) —_—

\ facultativa / \ maturacao /

anaerobia




HA PRODUCAO COMERCIAL DE MICROALGAS EM LAGOAS SEM AGITACAO
IMPOSTA PELO HOMEM

Producao extensiva de Dunaliella
salina na Australia

Para corantes/pigmentos (B-caroteno-
>pro-vitamina A)




AFOTOSSINTESE e as MICROALGAS ja tém contribuido para tratar
efluentes

A Imposicao de agitacao e
turbuléncia permite
Intensificar o processo

« BORBULHAMENTO
« AGITACAO MECANICA













LNEG, Lisboa,
Portugal

Lagoas raceways- LATSs- 3o
Lagoas de Alta Taxa LNEG



Lagoas raceways- LATs-
Lagoas de Alta Taxa

LNEG, Lisboa,
Portugal




’gqualia All gas
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http://www.all-gas.eu/Pages/default.aspx

Feed additives, aquafeed
biostimulants, biopesticides

. '
‘ [:’"-"-A
20
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.~r

Nitrogen
Phosporus

GSABANA o'
p—N SUSTAINABLE ALGAE BIOREFINERY FOR | (),

http://eu-sabana.eu/ AGRICULTURE AND AQUACULTURE
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W2E-WASTE2ENERGY

Estd demonstrado que dejetos organicos
lamas, lodos, excreta de producao animal, etc

apresentam um potencial significativo para a
geracao de energia



PORQUE TRATAR EFLUENTES COM
MICROALGAS?

1) Utiliza consdércios microalgas-bactérias para depurar

aguas e CO, contido em gases de combustado provenientes
de industrias poluidoras ou em biogds através de
upgrading

2) Produz-se até 80 t/ha-ano de biomassa valiosa que pode

ser digerida anaerobiamente ou processada
termoquimicamente (HTL) em  biocombustiveis,
biometano, combined heat & power (CHP) com producao
simultanea de biofertilizantes/bioestimulantes agricolas,
bio-char (bio-alcatrao) para condicionador de solo e
outras aplicacoes.

3) Reduz o consumo de energia até 0.10 kWh/m3 de agua

tratada versus 0.50 kWh/m?3 de agua tratada em sistemas
de tratamento de agua convencionais

4) Recupera azoto/nitrogenio (50 g/m3) a partir de efluentes

(a producdo de N fertilizante requer 10-15 kWh/m3).



PORQUE TRATAR EFLUENTES COM
MICROALGAS?

5) Minimiza a deplecao de fosforo recuperando-o do
efluente (até 10 g/m3)

6) Minimiza as emissoes de gases de efeito estufa (CO,, NO,,
CH,, etc.) em comparagdo com sistemas convencionais de
tratamento de efluentes

7) Respeita a Legislacao sobre tratamento de efluentes
obtendo-se agua que pode ser reutilizada ou
descarregada ao ar livre (ex. Directiva 91/271/EEC)

8) Produz até 40 t/ha-ano de
biofertilizantes/bioestimulantes agricolas que podem ser
usados na agricultura para melhorar a sua
sustentabilidade.



PORQUE TRATAR EFLUENTES COM

MICROALGAS?

Cost, $/m?

0.25

0.20

0.15

0.10

0.05

0.00

0.22

Conventional

0.17

ALL-GAS WWT

0.15

ALL-GAS WWT +

0.18

ALL-GAS WWT +

WWT BIOFERTILIZERS BIOMETHANE
m Fixed costs 0.138 0.115 0.115 0.139
m Electricity 0.058 0.014 0.014 0.016
® Chemicals 0.007 0.020 0.020 0.017
m Residues disposal 0.015 0.020 0.002 0.00%

Analise comparativa de custos de tratamento de efluentes no ambito do
projeto ALL-GAS em comparacdao com os processos convencionais (inclui-se

diferentes cenariso de utilizacdo dos produtos finais.

Acien F.G. et al 2017. Economics of microalgae production. In: Microalgae based bioproducts: from

feedstock cultivation to end-products. Eds Cristina Gonzalez & Raul Mufioz . Elsevier.




AS MICROALGAS PODEM SER
DIGERIDAS ANAEROBIAMENTE
PARA PRODUCAO DE BIOGAS

v
4

O DIGESTATO da DIGESTAO
ANAEROBIA PODEM SER

CONSUMIDO PARA PRODUCAO DE
MICROALGAS
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Anaerobic Digestion of pre-treated Microalgae Biomass

André Neves, Teresa L. Silva, Alberto Reis, Luis Ramalho, Ana Eusébio, Isabel
Paula Marques*

Unidade de Bioenergia, Laboratorio Nacional de Energia e Geologia (LNEG), Estrada do Paco do Lumiar, Lisboa, Portugal
isabel paula@lneg.pt

Chlorella vulgaris microalgae biomass was cultivated in brewery secondary effluents and used as a
recalcitrant effluent to be valorised energetically by anaerobic digestion process. All previous techniques
applied for cellular disruption — autoclave, freeze/heating, ultrasound, microwave - provided either high
absorption values and release of reducing sugars in the medium or membrane cells damage, compared to the
untreated sample, indicating that the pre-treatment action was effective.

The highest methane production was attained by the autoclave and untreated microalgae assavs (samples

ANAEROBIC
DIGESTION o0
®
o®

LNEG



Microalgas para
tratamento de

efluentes

B

A: Chlorella, B: Scenedesmus obliquus

N-NH3 Kjeldahl N PO4* P-PO4*- P20s5 coD H
(mg NIL) (mgN/L) | (mglL) | (mgP/L)| (mglL) (mg O2/L) P
Legislation (" 10 15 - 10 - 150 6-9
() egislation — Decree-law no. 236/98 (PT)
Efluentes diferentes testados com sucesso: Cumpre a atual
e Urbano/doméstico legislacao:
e Industria lacticinios Diretiva UWWT, DL
« Industria cervejeira Tempos medios de 236/98, outras. ..
. 50 hidraulicn <
e Gado de leite rgtengao hidraulica <3 o0
- dias ! op®
* Suinicultura o®

* Avicultura (aviarios) LNEG
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Beer is the 3rd most popular beverage
after water and tea

LNEG



World Beer Production
Millions of hectoliters

1900

1400

2000 - 2011
Source of Data: Barth-Haas Group

LNEG



Waste and Water in the Brewing Process
O @0

INGREDIENTS
GRAIN YEAST HOPS
BREWING PROCESS
e + @+ & MG ’ A CAUTERING

i

wastewater is one of the most ) E
significant waste products of T 1
brewery operations =

LT e @ | :E
approximately 3 to 10 liters of s e |
waste effluent is generated per e,
liter of beer produced in breweries e | (@) [

o ECOVOLT

Extracts energy from wastewater using biotechnology

Q renewnLEenerey ¢ il
The EcoVolt produces high-quality methane e
which is processed to extract electricity.

@ cLeanwarer ¢ ==

Cleaned water is treated below sewer
limits, avoiding discharge fees.

O veT
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Fhosphoms > DEATMENT [ Phosphanus TREATMENT :?'\
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| N
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/ \ TERTIARY -
/ \ \ _SEWAGE TREATMENT
/ \
/[ : Nitrogen
/ \ ! stripping
/ SECONDARY " !
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EWAGE TREATMEN l","_"""""'""““"“\ :
arit |
Raw sewage Barscteen chamber H Chiorination
from sewers i tank
i"/ To stream

Insoluble
calcium
phosphate
precipitate

inlandfilor FIGURE 2523 An overview of a sewage
applied fo cropland,  treatment plant. Primary, secondary, and
pasture, or rangeland  tertiary treatment facilities are shown.

Microalgae treat successfully brewery
primary and secondary WW

LNEG




Inlet stream (effluent)

Brewery
Compressor effluent
Air input
> -
/r .\ Outlet stream

=%

t -
( Brewery CO, f’

Maximum removal efficiency achieved after biological treatment with Scenedesmus obliquus, grown in brewery wastewater with and without
CO, supplementation.

HRT (d) D{d" Maximum removal efficiency (%)
N-NH3 TKN P oD
No CO; 10% (vjv) CO2 No CO; 10% (vjv) CO; No CO; 10% (vjv) CO; No CO; 10% (vfv) CO;
2.1 048 67 71 65 73 14 6 57 56
35 0.29 87 91 76 89 23 22 74 62
5.3 0.19 91 86 59 85 17 22 66 61
6.5 015 96 81 76 81 26 18 66 58
8.7 0.11 97 91 76 81 9 27 55 56
10.4 0.10 97 93 76 89 13 41 66 50
ole,
The bold values refer to the highest removal efficiency, thus was the chosen HRT and Dilution rate. 09..
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J CHP upgrading
\/ Lodos activados, |,
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_ Lodo ecundarlo MICROALGAS S
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DROP-IN BIOFUEL l : — »
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EXPECTED OUTPUTS

EU-28; Reference load: 496 Million population equivalent (p.e.);

Raw urban wastewater (WW) generation per population 54.75
equivalents (p.e.) per year (m?3)

Kg microalgal biomass to be produced /m3 raw WW 1
Kg SST/m3 raw WW 0.6
Kg Sludge generation (microalgae+TSS)/m3 raw WW 1.6
Kg Sludge generation (microalgae+TSS)/ per population 87.6
equivalents (p.e.) per year

Sludge generation (EU-28)/year 4.3 Mton
Bio-oil production (EU-28)/year 2.82 Mton
Drop-in fuel production (EU-28)/year 1.84 Mton| ———
Drop-in fuel production (EU-28)year 1.89

>1%
share
Gross inland consumption of energy within the EU-28 in 2014 was 1 606 million ton oll ®Q9®
equivalent (Mtoe) (Source: EUROSTAT) ’4;@
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Hydrothermal liquefaction of biomass produced from domestic m
sewage treatment in high-rate ponds =
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ABSTRACT

This study evaluates the application of biomass produced from the treatrment of domestic sewage in
high-rate ponds ( HRPs) as feedstock for the production of bio-oil via hydrothermal liguefaction (HTL).
The effects of reaction time, temperature, and biomass/water ratio on the yield of bio-oil were assessed.
In addition, a balance of carbon and nitmogen among the pmoducts (bio-oil, aqueous phase, solid residue,
and gas) was carried out, in order to evaluate the quality of the bio-oil and possibilines for increasing
value from the byproducts. In a 15-min operation at 300 *C with biomass/water ratio of 1/10 (ww™"), the
bio-oil vield was of 44 4% (Dry Ash Free - daf-basis). Under every condition tested, the solid residue was
the most abundant byproduct, mostly due to the high ash content in the biomass. The minimum nitrogen
recovery in the bio-oil was 57%, obtained in the operation at 275 “C, which is considered the main
disadvantage of the process. The use of biomass directly after its production may result in an excessive
consumption of energy due to the high water content. However, the need for drying is reduced when
compared to other micmalgal-bazed bioenergy production processes, potentally achieving a positive
energy balance in the HTL.

@ 2017 Elsevier Lid. All rights reserved.
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 Biomass : @ H,0

160 mL batch reactor - Gas

L 4

Water and DCM + | Solids and liguids products

i, R

Biphasic-filtered liguid

#

P
f i

I Separation funnel II

Bio-oil + DCM Aqueous phase

Evaporation Evaporation

®
Processes for separation of the HTL products, s ..0
°

LNEG



Yield (%)
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15 min. 30 min. 45 min.

Reaction time

Operating parameters: T:350°C and biomass/water ratio: 1/10

®5ohds ®Bio-ml A Aqueous phase #Gas =Losses X Bio-oil (dal)
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Recuperation of the C in the biomass (%)
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- Balance of C in the biomass among the HTL products.



ECR

ECR= CONSUMED ENERGY / RECOVERED ENERGY
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Fig. Z Energy consumpton ratio for the conditions assessed in the HTL

Reaction time: 15 min, Reaction timme: 15 min,
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HURDLES

ARE BIOFUELS FROM MICROALGAE TRULY GREEN?

NER NET ENERGY RATIO = CONSUMED ENERGY / PRODUCED ENERGY

PROCESS GASOIL BIODIESEL BIODIESEL BIODIESEL BIOETHANOL
SOYA ALGAE ALGAE SUGARCANE
+BIOGAS

“ 0.19 1.64 0.93 0.35 0.12

Batan et al., 2010; Oliveira et al., 2012;
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