The ALG-AD Project: creating value from waste nutrients by integrating algal and anaerobic digestion technology
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The ALG-AD project Rationale: The European Nitrate Directive

The EU wants to reduce water pollution caused by nitrates used in agriculture and sets out
steps for EU countries to take

Monitoring of water bodies with

Designation of nitrate
regard to nitrate concentrations

Establishing codes of good agricultural practices and
vulnerable zones
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measures to prevent and reduce water pollution from nitrates

{ Keeping track of progress
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The ALG-AD Project: the circular economy concept

ALG-AD combines algal and AD technology to reduce excess
nutrients in liquid digestate

ALG-AD converts nutrients to create algal biomass for sustainable
animal feeds

ALG-AD Three 4 tonne pilot facilities to implement and test the technology in
real life conditions
CIRCULAR ECONOMY

11 partners from North West Europe (NWE) including the UK, France,
Belgium and Germany

The biomass produced has been used to conduct piglet and fish feeding
trials

Information collated has enabled the development of Decision Support
Tools




DIGESTATE TREATMENT FOR MICROALGAE CULTIVATION

Digestate
» Dark Colour
» High dry weight — Particles

> N & P concentration -> to be tailored to

microalgal needs
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Valorising nutrient-rich digestate: Dilution, settlement and membrane
filtration processing for optimisation as a waste-based media for
microalgal cultivation
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‘water eutrophication (Guilayn et al, 2019). Consequently, Nitrate

Anaerchic digestion (AT is commonly used in Europe for the
treatment af food and farm waste. The AD process is a hiclogical
»- bacterial and archaeal

vert carbon-rich organic waste into biogases, primarily methane
and carbon dioxide (Doble and Kumar, 2005) Another by-
product of the AD process is & nutrient-rich digestate (NRD). NRD
is rich in carbon. ritmgen (N}, phasphorus (P) and other macra
and micronutrients (Papedimitriou et al 2008; Tambone et al,
2017). NRD is primarily used as organic fertiliser and is directly
applied onto farmland {Fuchs and Drasg, 2013). However, the use
of digestate as a soil fertiliser increases the risk of nutrient ninoff
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Vulnerable Zones (NVZs) have been designated under the Euro-
pean Nitrate Directive 91676/CEE that limits the annual load of
nitrogen applied onto farmland. NVEs are on the increase across
Narth West Europe, resulting in the accumulation of appraxi-
mately 10 million tons of excess digestate (Fuchs and Drosg, 2013).
farmiand
as using solid digestate for energy production or conversion into
added-value products (char or adtivated cabon) (Monlau et al,
2015, however valorisation of digestate has been underexplared
value from
this excess NRD. The present study focused on mechanical and bio-
marketabil-
ity. The partial processing of digestate was investigated first, by
establishing methods for the separation of liquid and solid frac-
tions of digestate using simple low-cost techniques. This appmach
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Membrane filtration was efficient at separating liquid and
solid fractions of NRD and at recovering nearly 95% of
both Nand P




ALG-AD CULTIVATION PILOTS

Innolab, Ghent

A
" Langage AD, Plymouth ‘ Cooperl, Lamballe

I

2T photobioreactor
Consortium of Chlorella sp. and Desmodesmus sp.
5% of filtered digestate (origin: plant and food waste)

5T photobioreactor 2T photobioreactor
Chlorella sp. and Scenedesmus sp. Auriantochitrium mangrovei
2.5% of micro-filtered digestate (origin: kitchen waste) 80% of centrifuged digestate (origin: pig manure)




ALG-AD CULTIVATION PILOTS — Biomass production

2.5% digestate (80 mg/L NH4*) 2.5% digestate (70 mg/L NH4*) 2.5% digestate (50 mg/L NH4*)
7 days of cultivation 2 days of cultivation 7 days of cultivation =
%, T‘a ) Bioresource Technology
10 g/L glucose in mixo phase 20 g/L glucose, 2 g/L yeast extract, 2 No external nutrients — —
g/L peptone Tk i ittt Do e R T e
14 g/L final biomass 1.7 g/L final biomass s il mec o
4 g/L final biomass
20 mg/L/day N uptake 20 mg/L/day N uptake

35 mg/L/day N uptake

25 kg of concentrated
biomass (10g/L) produced by
pilots



BIOMASS PROCESSING - Hydrolysis

Specific hydrolysis process : enzymatic cocktails
tailored to the different types of biomass

Breaking down of proteins and other molecules into
peptides and amino acids and other metabolites of
interest for feed trials

Cheaper than extraction methods

Better incorporation into feed formulation and
better absorption by animals




ANIMAL FEED TRIALS

Seabass Trials

» Auranthiochytrium mangrovei used

to replace 15% of a standard feed for Seabass
Juvenile and larvae

» Obijective : Increase DHA supply and DHA/EPA

s _ _ _ i ALG-AD FEED
ratio with microalgae biomass inclusion

Tilapia Trials

» Scenedesmus obliquus used
to replace 10% of a standard feed for Tilapia juveniles

» Obijective : decrease reliance on fish meal proteins by replacing
them with SO as a high source of proteins




SEABASS TRIAL MAIN RESULTS
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Days of experimental rearing

Comparable growth of the fish

DHA increased in liver and in muscle -> added value for
aquaculture sector




TILAPIA TRIAL MAIN RESULTS

Higher microbial diversity -> better fish health and

immunity
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TILAPIA TRIAL MAIN RESULTS
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DECISION SUPPORT TOOL

CO

Inform and guide technology developers, businesses, policy makers and researchers.

Interrec H ol K. The tools can provide supporting

TETE . N —————— information that is unique to your

— location and circumstances. They
are flexible and adaptive to enable

ALG-AD you to explore various process
DECISION SUPPORT TOOLS jimssun scenarios.

/l. -~ :

o e BE=  Release in the next few months

Learn More J :'

Exploring the potential of algal cultivation technologies.




PUBLICLY AVAILABLE OUTPUTS AND DELIVERABLES

\ Introduction

the increass of global industrialisation, a consi
le amaunt of waste iz being genaratad. Conse
Y. it is necessary to find solutions to treat this
% order to limit anthrepogenic impact on na
Reystems and environments. Wasts can be
3 produce biogas that is reused for enerzy
ithis is the anasrobic digestion process

Wnalogy widely used for the treatment of
Brganic waste. The anaerobic digestion
gical process auring which organic mat
s converted by bacterial and archaeal
Yoperating to form a stable and seif re
Yetion pracess tha transforms the
, Yo biogases primarily composed of
W carban dioxide (CO2) (Doble and
n 2 tank called di
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and its compos

on the type of was
the quantity of waste treated and the operating tem
perature of the digester. Anaerobic digestion

divided into six stages (Jeyaseslan, 1997): hydro!

Best Practice documents

of complex organic biopolymers
fermentation of amino acids and sugars: anaerobic
oxidation of volatile fatty acids and alcohols; anasro-
bic oxidation of intermediary products such as vols-
ile fatty acids; conversion of hydrogen to methane;
conversion of acetate to methane. Commonly the AD
process is divided into hydrolysis, acidogenosis, acs-
togenosis and methanogenosis stages. This process
results in the production of biogas convertsd into
electricity by a £o-generator or directly used by injec
tion after purification. The AD process also results in
the production of a nutrient rich liquid digestate with

a high dry mattar contant (Figura 1}

Decision support tool

Digestate is often sxzremely rich in carben, nitrogen,
phosphorus and other macro and micronutrients
(Papadimitriou et al. 2008: Tambone et al.. 2017). All
of these components are key fa growth
nd development of microsigse, which are aqustic
photosynthetic microorganisms. When grown on
wastewater or liquid digestate as a medium subs
trate, microalgae present a significant potential for
the bisremediation (.g. nitrogen and phosphorus
uptake] of the mentioned waste (Fathi et of, 2013;
Judd et al., 2015: Luo et al., 2017)

Scientific publications

Webinars recordings
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