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. European Algae Biomass Association

Target

Its main target is to
act as a catalyst for
fostering synergies
among scientists,
industrialists and
decision makers in
order to promote the
development of
research, technology
and industry

Objective

Promote mutual interchange and

cooperation in the field of algae

biomass production and use, including Established in
biofuels uses and all other utilizations Florence in June 2009

EUROPEAN ALGAE

FORGOT YOUR PASSWORD?
E - B BIOMASS ASSOCIATION Username Password

MMMMMM S GOVERNING BODIES WORKING GROUPS EVENTS PRESS LEGISLATION LINKS CONTACTS Search for... Q

Website: https://www.eaba-association.org/en

Aim

It aims at creating, developing
and maintaining solidarity and
links between its Members and

at defending their interests at E@%OA

European and international level
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D EABA Members

Agreen

mryﬂday ilgae

Algreen B.V.

\YV
BiOLiFE

— SCIENCE —

BDI-BioLife Science GmbH

GICON

GICON-GroBmann Ingenieur Consult GmbH

L4

LafargeHolcim

LafargeHolcim

Industrial

0.0.9)

SPIREAT

Algaria Srl

ROCKET ~ »
PRODUCTION CLUSTER :r’

Metal Production, UAB

PLASTICA ALFA

Plastica Alfa S.p.A.

@

Nnaturis pharma

Naturis Pharma Srl

. —
Biomasa Peninsular
Biomasa Peninsular S.A.

Q0

SuSeWi Ltd.

®.0
EVDVBA
=
EUROPEAN ALGAE
BIOMASS ASSOCIATION



() Ben-Gurion University
{ of the Negev

Ben-Gurion University of the Negev

UNIVERSITA
DEGLI STUDI

FIRENZE

T OF
ICULTURE, FOOO
ENVIRONMENT AND FORESTRY

Institute of Microbiology of the Czech Academy of Sciences

KU Leuven

UNIVERSIDAD DE ALMERIA

University Of Almeria

UNIVERSITA
DEGLI STUDI
DI PADOVA

University of Padua

EABA Members Scientific

(#)RE-CORD

RE-CORD - Renewable Energy Consortium for Research and Demonstration

— Fraunhofer
IGB

Fraunhofer - IGB

CNR “* ISE
Notorc e - S
G t*a Sty F

CNR-ISE - National Research Council - Institute of Ecosystem Study

ZSAMS

SAMS - The Scottish A iation for Marine S

% UNIVERSITY o
1Y GREENWICH

University of Greenwich

i vision on technology

VITO - Flemish Institute for Technological Research

BANCO ESPANOL DE ALGAS
mannabiotachn

ologyorg

UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA

Spanish Bank of Algae - University of Las Palmas de Gran Canaria

rd

lrrzia—~

inventeurs du monde numérique

INRIA - BIOCORE French National Institute for Computer Science and Aplied
Mathematics

N JACOBS
UNIVERSITY

Jacobs University Bremen gGmbH

3
Swansea Umvers:ty

Prifysgol Abertawe

CSAR - Centre for Sustainable Aquatic Research - Swansea University

CRIAcq - University of Naples "Federico II"

WAGENINGEN

UNIVERSITY & RESEARCH

®.0
EVDVBA
)
EUROPEAN ALGAE
BIOMASS ASSOCIATION



Tt

ITC - Instituto Tecnol6gico de Canarias

CNOLOGICO

CEA - Commission for Atomic Energy and Alternative Energies

RADIUS

@THOMAS MORE

Radius Thomas More

448 ciimar

IMAR - Interdisciplinary Centre of Marine and Environmental Research -

University of Porto

NORD

University

Nord University

'.»"‘“ﬁp Environmental
\\_.» Research
7

Institute

Envi ; h Institute - University College Cork

EABA Members Scientific

UNIVERSITY OF
¥ CAMBRIDGE

University of C i -D 1t of Plant

-
ALFRED-WEGENER-INSTITUT

& HELMHOLTZ-ZENTRUM FUR POLAR
UND MEERESFORSCHUNG

Alfred-Weg Institut, Helmholtz-Zentrum fiir Polar- und Meeresforschung
< DEGLI STUDI
= =}
A =
=4 Z
S E
z z

University of Milan - Bicocca - DISAT

SKIT

Karlsruhe Institute of Technology

KIT - IHM Karlsruhe Institute of Technology

NORCE Norwegian Research Centre AS

/

L7} CeBiTec

(enter for Biotechnology

CeBiTec - Center for Biotechnology - Bielefeld University

L)

UNIVERSITE DE NANTES

University of Nantes - Laboratory of Process Engineering, Environment and
Agrifood - GEPEA

POLITECNICO
MILANO 1863

Politecnico di Milano

UNIVERSITY
OF TURKU

University of Turku

Lucerne University of
Applied Sciences and Arts

HOCHSCHULE
LUZERN

Lucerne University of Applied Science and Art

Univerza v Ljubljani

Biotebniska fakulteta

University of Ljubljana - Biotechnical Faculty

m innovation
for life

®.0
EMBA
)
EUROPEAN ALGAE
BIOMASS ASSOCIATION



NIBIO

NORWEGIAN INSTITUTE OF
BIOECONOMY RESEARCH

NIBIO - Norwegian Institute of Bioeconomy Research

" @"_!\

corlbolgoe

Stichting CaribAlgae

Université
Bretagne Sud

Université Bretagne Sud - Marine Biology and Biotechnology Laboratory - LBCM

British
Phycological
Society

Understanding and using algae

British Phycological Society

EABA Members Scientific

INSTITUTO
SUPERIOR B
AGRONOMIA

Hine
Patriam
Sustinet

ISA - Instituto Superior de Agronomia - University of Lisbon
aSiD4,
A O

J
s
>
)

IBVF - Institute of Plant Biochemistry and Photosynthesis - University of Sevilla &
csiC

APESA

APESA

NIVz-

Norwegian Institute for Water Research

Norwegian Institute for Water Research (NIVA)

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Group of Environmental Engineering

robiclogy

and Mic:

GEMMA-UPC - Universitat Politecnica de Catalunya - BarcelonaTech

Institute of Biology Bucharest of Romanian Academy - University of Agronomic
Sciences and Veterinary Medicine of Bucharest.

®.0
EVDVBA
)
EUROPEAN ALGAE
BIOMASS ASSOCIATION



. EABA Members Observer

DG

Benelux

DLG Benelux B.V.

Qualitas Health
\ L4
P CONTEC
GLOBAL
FOUNDATION

Uplifting Standard of Life...
Contec Global Foundation

Al Karal

EurAAG

Y

MADE - Micro Algae Development Energy India

AstaMAZ

Amazing Rstaxanthin

AstaMAZ NZ Limited

0 JUNE

June Pharmaceutical Ltd.

MCBIOQTECH

MC Biotech Sdn. Bhd.

sbr
-.:,

SAALBIO Refinaries (Pty) Ltd.

'Y '
.r' SOPHIE'S
&

BIONUTRIENTS

Sophie's BioNutrients

®.0
EVDVBA
)
EUROPEAN ALGAE
BIOMASS ASSOCIATION



) EABA Members Individual

Dr. Mosch, Alexandra

Dr. Thomsen, Claudia
MSc. Laake, Morten

Dr. Tozsér, Béla Ferenc
Mr. Griffa, Cesare

MSc. Markl, Katharina

Dr. Kossalbayev, Bekzhan

Dr. Benemann, John

Dr. Tzovenis, Ioannis

Dr. Lukianov, Viacheslav

MSc. Meinerz, Lisandra 1.

Dr. Martinez, Herminia Rodriguez
Dr. Sakuragi, Yumiko

@0
ELVBA
-
EUROPEAN ALGAE
BIOMASS ASSOCIATION



Influence the future of the sector with
and contributions

Opportunities to participate on
and EABA policy initiatives

Access to disseminate,
scientific, industrial and commercial
news

through the EABA of relevant
news and advances by your organization

Access to EABA’s

Inputs and participation in the
development of well

to develop
joint projects, proposals,...

Opportunity to participate in

Obtaining to on
developments via member alerts and
newsletter

and
events, and those promoted by affiliated
partners

Europe has a long tradition in algae knowledge development and innovation with

D0
European companies in the forefront of practical applications of algae for novel foods E@ BA
and feeds, biofuels and chemicals, specialty bioproducts and environmental services.
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. European Algae Biomass Association

Webinars & Conferences 2021

+ INFO & REGISTRATION: WWW.ALGAEWORKSHOPS.ORG | WWW.EABA-ASSOCIATION.ORG | WWW.WHAT-ARE-ALGAE.CON

TECHNICAL WEBINARS

Maxi webinar:

all about EABA workshops
2019 and webinars 2020
APRIL7

Production technologies
for algae, including
harvesting

MAY 7

The use of algae biomass
in cosmetic products
JUNE

Novel proteins and
applications from
algae biomass
JUNE 17

Algae for aquafeeds
JULY 22

Biorefineries for
algae biomass
SEPTEMBER 23

High value products
from microalgae
OCTOBER 14

FLASH WEBINARS

Algae for cooking -
Cooking algae not
a mystery anymore
APRIL 15

Open calls for

EC Programmes
including Green Deal
MAY 25

Toxic algae blooms:

from environment problem
to biotech potential

JULY 8

Em.B‘A EUROPEAN ALGAE
- BIOMASS ASSOCIATION

CONFERENCES

Young Algaeneers
Symposium 2021
MAY 10, 11,12

Seaweed Valorization
in Europe Conference:

learning from Asia
JULY 1, 2

European Chlorella
Conference 2021
SEPTEMBER 14, 15

Algae Europe 2021
DECEMBER 7,8, 9
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EUROPEAN ALGAE

somssassoewron— IVl@axXiwebinar: all about EABA WOTkShOpS 2019
and webinars 2020

1 29 8

Hours Minutes Seconds

a unique event

https://algaeworkshops.org

Why?

This webinar aims to follow-up the 2019 Workshops and Technical webinars ~ The European Algae Biomass Association (EABA) aims to promote a strong

in 2020. The webinar will provide a global overview and details about the link between science, technology and business in the algae biomass
algae biomass sector either about specific algae as Haematococcus, sector. Both microalgae and seaweed will be presented.
Nannochloropsis, Arthrospira (spirulina), and products from algae as Itis very relevant to bring together the main stakeholders for knowledge ﬂO @
phycocyanin, fucoxanthin and biostimulants or algae antivirals. The Maxi exchange and collaboration and to learn from others. E A B A
Webinar will bring a global vision about the algae biomass sector. We provide specific content with a unique opportunity for training and
learning in a networking environment. EUROPEAN ALGAE

BIOMASS ASSOCIATION



Overview of waste-related
(wastewater) algae production

EUROPEAN ALGAE
BIOMASS ASSOCIATION



. Key P | a ye I'S » Overview of wastewater algae production

2 EXAMPLES

algae from wastewater

e Aqualia (ponds in Spain)

e Clearas (PBRs in USA)
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South Davis Sewer District, USA (2018)

Largest indoor PBR in the world, volume 1.600 m?

www.clearaswater.com

== I

=~ = SOUTH DAVIS SEWER DISTRICT
= = = e Join-us as-part of -thesofficial ABO:Biomass : f

0717 Utah Algae Technology:Tour! l

VEMBER 157~ 1PMT0°6 M f‘

Waste water cleaning with tubular glass PBR* reduced ®
10x more phosphate and 3x more nitrate than conventional systems. Em B°A

EUROPEAN-ALGAE

*) Demonstration PBR in Spokane, Washington in 2014 with 531 glass tubes, 381 glass bends, and 675 couplings from SCHOTT BIOMASS ASSOCIATION



. Key Playe I'S * nutrient recycling routes

2 EXAMPLES

wastewater algae reviews

® Nutrient recovery from wastewater streams
® Microalgae and wastewater treatment

® Microalgae brewery wastewater treatment
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Renewable and Sustainable Energy Reviews
Volume 19, March 2013, Pages 360-369

Nutrient recovery from wastewater streams by
microalgae: Status and prospects

Ting Cai !, Stephen Y. Park 1, Yebo Li & =

There is a wide range of evidences
about the use of microalgae for
inorganic nutrient recovery from
wastewater with different
cultivation systems.

https://doi.org/10.1016/j.rser.2012.11.030

Abstract

Disposal of wastewater often results in high nutrient loading into aquatic
environments, which may lead to favorable conditions for undesirable
phytoplankton blooms. Microalgae are efficient in removing nitrogen, phosphorus,
and toxic metals from wastewater under controlled environments. If key nutrients
in the wastewater stream can be used to grow microalgae for biofuel production, the
nutrients can be removed, thus significantly reducing the risk of harmful
phytoplankton overgrowth. This review paper summarizes the major nutrient
components of different wastewater streams, the mechanisms of algal nutrient
uptake, nutrient removal performance of various species of microalgae when
cultured in wastewater, and current microalgae production systems. Finally, new
algae cultivation technologies applicable for biofuel production and nutrient
recovery in polluted water bodies are discussed.

Contents

2.1. Municipal wastewater....................

2.2.  Agricultural wastewater. . .................
2.3. Industrial wastewater ....................
24. Anaerobic digestion effluent ...............

3. Nutrient removal and lipid production by microalgae.
3.1. Mechanisms of nutrient removal. ...........
311, Carbon ...

312, Nitrogen........................

3.1.3. Phosphorus.......................

3.14. Other nutrients....................

5. Conclusions

Although the ability of microalgae to assimilate excess nut
ents from the environment has been thoroughly studied, due
the complex characteristics of wastewater, the tests of growi
algae in wastewater are mostly at laboratory scale. Pilot-sc:
algae cultivation continues to face many issues including co
tamination, inconsistent wastewater components, and unstat
biomass production. The major challenge associated with cultt
ing algae in nutrient-rich, natural water bodies comes from t
design of the cultivation system. Further research is needed
identify algae species and optimize operating parameters for lif
production that can be used to prevent eutrophication of wat
bodies.

3.2, Species variation of nutrient removal. . ... ... it e e

3.2.1.  Chlorophytes (green algae) ..........
3.22. Cyanobacteria (blue-green algae).....

3.3, Environmental factors . .. ...t e e e
34, Lipid PrOQUCHION. . . oo v ettt et ettt e e

4, Microalgae cultivation systems. ...................

4.1.  Suspended CUITUIR SYSTRITIS . . . . vt vttt ettt ettt ettt et et et e

41.1. Opensystems.....................
412. Closed systems....................
413. Hybrid systems....................

42, Algae ImmobiliZation. . . . ... e

4.3. Innovative submersible aquatic algae cultivation

* Corresponding author. Tel.: +1 330 263 3855.
E-mail address: 1i.851@osu.edu (Y. Li).
1 Both authors contributed equally to this work.

1364-0321/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.rser.2012.11.030
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REVIEW

Microalgae and wastewater treatment

N. Abdel-Raouf ?, A.A. Al-Homaidan ™*, I.B.M. Ibraheem "¢

& Botany and Mierobiology Department, Faculty of Science, Medical Studies and Sciences Sections, King Saud University, 4.4. Secondary treatment of SEWAZE . . .. oo oot vt
Rivadh, Saudi Arabia 4.5.  Tertiary treatment of SEWAZE. . . . .. . ...t
b Botany and Microbiology Department, Faculty of Science, P.O. Box 2455, King Saud University, Rivadh, Saudi Arabia 4.6.  Disinfection of wastewater . ............. ... ... ... . ... ......
¢ Botany Department, Faculty of Science, Beni-Suef University, Beni-Suef 62511, Egypt 4.7.  Aquatic systems for wastewater treatment . .....................

Received 18 March 2012; revised 21 April 2012; accepted 21 April 2012

Available online 3 May 2012
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N. Abdel-Raouf et al.

Contents

PN AL

1. Introduction . ... ... ...
2. Composition of typical wastewater . . . ... ... ...t
3. Microbiological composition of sewage . . . . ... ... ...
4 Sewage (reatment ProCesses . . . . ..o v vttt
4.1. Conventional sewage treatment technology. ... ..................
4.2.  Preliminary treatment of sewage ... ........ ... ...,
4.3.  Primary treatment of sewage. . ... ...... ... ...

Microalgae for wastewater treatment. . . ... ... ... ... .. ... ...
Removal of coliform bacteria. . . ... ... .
Reduction of both chemical and biochemical oxygen demand . . . ... ... ...
Removal of Nandfor P. .. ... o .
9. Factors affecting algal growth and nutrient removal. . ... ...............
10.  Heavy metals removal from wastewater. . . .. ............ . ..........

KEYWORDS Abstract Organic and inorganic substances which were released into the environment as a result of 1. Algae as a monitor of water quality . ........................ .. ...
Microalgae; domestic, agricultural and industrial water activities lead to organic and inorganic pollution. The 12 Alternative culture and treatment systems
Wastewater treatment normal primary and secondary treatment processes of these wastewaters have been introduced in 12.1, Hypercppcentrated cultures ...

a growing number of places, in order to eliminate the easily settled materials and to oxidize the 12.2. IntlmOI?ﬂlZEd cell system..........ovinii

organic material present in wastewater. The final result is a clear, apparently clean effluent which gi ]]?lllfgﬁlsi ;lilléltlgisio.rééc-tc-);s """"""""""""

is discharged into natural water bodies. This secondary effluent is, however, loaded with inorganic 125, Stabilization ponds . . . .

nitrogen and phosphorus and causes eutrophication and more long-term problems because of 12.5.1.  Types of waste stabilization ponds

refractory organics and heavy metals that are discharged. Microalgae culture offers an interesting 126, Algal MAls . . oo oo et

step for wastewater treatments, because they provide a tertiary biotreatment coupled with the
production of potentially valuable biomass, which can be used for several purposes. Microalgae cul-
tures offer an elegant solution to tertiary and quandary treatments due to the ability of microalgae
to use inorganic nitrogen and phosphorus for their growth. And also, for their capacity to remove
heavy metals, as well as some toxic organic compounds, therefore, it does not lead to secondary
pollution. In the current review we will highlight on the role of micro-algae in the treatment of

13.  Utilization of harvested algae biomass in biogas production
14.  Conclusion
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wastewater.

14. Conclusion
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* Algae can be used in wastewater treatment for a range of
purposes, including;
1. reduction of BOD,
2. removal of N and/or P,
3. inhibition of coliforms,
4. removal of heavy metals

Microalgae culture offers an
elegant solution for wastewater
tertiary treatment due to the ability . 1. wih concentration of N and P in most wastewaters
to removal of inorganic nitrogen mtient soumess fon aloal Diomace peoduction. This s
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Microalgae Brewery Wastewater Treatment:
Potentials, Benefits and the Challenges

David Kwame Amenorfenyo 12(), Xianghu Huang 2*, Yulei Zhang 1>, Qitao Zeng 12,

Ning Zhang 12, Jiajia Ren *? and Qiang Huang

1 Department of Aquaculture, Fishery College, Guangdong Ocean University, Zhanjiang 524088, China;

davidamenorfenyo@yahoo.com (D.K.A.); yuleizhang88@163.com (Y.Z.); zeng364@163.com (Q.Z.);
zning496@163.com (N.Z.); rjj12138@163.com (J.R.)
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*  Correspondence: hxh166@126.com

Received: 1 April 2019; Accepted: 24 May 2019; Published: 30 May 2019

Abstract: Concerns about environmental safety have led to strict regulations on the discharge of
final brewery effluents into water bodies. Brewery wastewater contains huge amounts of organic

compounds that can cause environmental pollution. The microalgae wastewater treatment method is
an emerging environmentally friendly biotechnological process. Microalgae grow well in nutrient-rich
wastewater by absorbing organic nutrients and converting them into useful biomass. The harvested
biomass can be used as animal feed, biofertilizer, and an alternative energy source for biodiesel

production. This review discusses conventional and current brewery wastewater treatment methods,
and the application and potential of microalgae in brewery wastewater treatment. The study also
discusses the benefits as well as challenges associated with microalgae brewery and other industrial
wastewater treatments.

Keywords: brewery industry; wastewater; microalgae; environmental protection

7. Conclusions

As the brewery industry continues to expand, the amount of wastewater it produces will continue
to increase and thus its negative impact on the environment. In order to safeguard the environment,
biological methods such as aerobic and anaerobic treatments are mostly used due to their capability to
remove high organic loads and COD. However, these methods are associated with high capital and
operating costs. Moreover, these methods are only applied as pre-treatment options and the water
may require further treatment.

In this review, MBR, activated carbon and MFC methods have shown some promising results
that have great potential for brewery wastewater treatment. However, high energy consumption and
maintenance cost may be an inhibitory factor. Membrane filtration is being used for industrial brewery
effluent and other industrial wastewater treatment. The technology is also being applied in drinking
water and wastewater reuse. This technology has undergone speedy improvement in terms of quality
and costs in recent times and could be used as a polishing step after microalgae treatment. Activated
carbon-based treatment methods are less expensive, efficient in organic pollutant removal and can be a
suitable treatment option for the brewery industry but, it may be faced with environmental and health
concerns due to the use of carbon/coal for the treatment of effluent on a large scale.

This study has shown some promising outcome from microalgae treatment methods. Microalgae
treatment has high potential in brewery wastewater treatment. The technology is reliable, eco-friendly,
and cost effective. Moreover, it is effective in removing ammonia and phosphorus from brewery
effluents. Microalgae wastewater treatment has numerous benefits that have been outlined in this
article. However, this technology requires the integration of other treatment methods in order to
improve upon the final effluent for the protection of the environment. Currently, there are not many
works about these integration options. This requires urgent investigation of other treatment methods
with microalgae-based treatment methods, especially regarding color and odor removal from brewery
effluent for its possible reuse. Further scientific research should be focused on finding more microalgae
strains that are robust enough to adapt to stress and other growth inhibitors to effectively treat brewery
and other industrial wastewaters for total protection of the environment.

Microalgae brewery wastewater treatment

is effective in removing amoia and

phosphorus but requires the integration .

of other treatment methods in order to E QB A
improve the final effluent. -
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. Key P | aye I'S  current states of development and potential markets

EXAMPLES

EU SABANA Project

slides kindly provided by Prof. Gabriel Acien
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= Wastewater treatment

This project is funded by
the European Union

Conventional technology is not sustainable

Conventional processes uses huge amounts of energy and resources to dissipate
to the environment C, N and P contained into wastewater

WWW.eu-sabana.eu

ENERGY O, NH*, NO;" PO, E@%QA
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B8 \vastewater treatment @5

This project is funded by
the European Union

New technologies are necessary

New technologies are requested to allow:

» To reduce the energy consumption of conventional systems www.eu-sabana.eu

« To recover the nutrients contained into wastewater

* To minimize the emissions of CO, and other GHG

« To accomplish the more restrictive regulations in N-P release

« To be installed in small cities at low cost thus allowing to treat 100% of WW
* Robust and don’t requiring expert supervision

CHALLENGES
AHEAD
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Lo . SSABANA
Contribution of microalgae &=,

This project is funded by
the European Union

Using microalgae wastewater treatment is transformed into a productive
process instead consuming resources

www.eu-sabana.eu

CO, NOx.. 0, N,

ENERGY 0, NH*, NO; PO,

Microalgae based treatment allows to recover nutrients on wastewater contained at E mO °A
the same time that saving GHG emissions and avoiding eutrophication problems = B
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Thank you
for your
attention!

Vitor Verdelho E mo o A EABA - European Algae Biomass Assaciation www.eaba-association.org
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