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Swansea University Algal Cultivation Facilities

Controlled environment lab & greenhouse location
400L Biofence, 600L 2 x Biofences™, 2,000L 1x vertical tube PBR




Driver behind the ALG-AD project:
European Nitrate Directive 91/676/EEC

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 ritrate Establishing codes of good agricultural practices and

regard to nitrate concentrations vulnerable zones measures to prevent and reduce water pollution from nitrates
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NITRATES DIRECTIVE EU-28
REPORTING PERIOD 2012-2015

EU28

GROUND WATER
AVERAGE NITRATE CONCENTRATIONS

+  Ground water >= 50 NO3 mg/ outside NVZ

Nitrate Yulnerable Zones
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Map A. Area designated as Nitrates Vulnerable Zone and groundwater monitoring stations
with average nitrates concentrations above 50mg/L outside NVZ, period 2012-2015"
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orth-West Europe
ALG-AD Creating value from waste nutrients by ALCAD
Integrating algal and anaerobic digestion technology

https://youtu.be/4jzGtjim2QU

e Three investment sites at Ghent,
Brittany and Devon

e QOperation of investments and
recovery of waste nutrients to
produce algal biomass

Circular
Economy

« Developing algal biomass into
commercial products

e Scenario and Decision Tools

« Long term roll out of technology


https://youtu.be/4jzGtjlm2QU
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Animal feed

High value compounds
(lipids, proteins)
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Permeate

Harvesting

Digested liquor

Retentate

Photobioreactor

Legend
MF: Microfiltration Solid material
_ - Clean permeate
% Artificial light Bio-fertilizer
}Jlll Sunlight Compost
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C : Source of carbon (10g/L Glucose/Sodium Acetate/Chewing gum/Dextrose)
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North-West Europe @ Led by Swansea University:

ALG-AD Swansea University 11 partners. UK, France, Bel.lu‘m Germany
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Feed Design Lab

ANAEROBIC DIGESTION




et |

4
C
Q
-
+ |
>
=
O i
l
Q
o] 0)
(q0)
0] 0)
C
(qe]
—
l
>
+
(0p)
S
Q
>
C
-
(¢0)
Q
Vp)
C
(q0)
=
)
_
N
-




Example of data being collected

Growth first trial
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Scenedesmus trial 70 days of
continuous culture. 50L of
pure digestate injected every

week
Parameters Average Unit
GR (average) 0.29 div-1
DT 2.78 days
N uptake (average) 24.81 mg/|/day
P uptake 1.76 mg/l/day
Productivity (average) 21 mg/|/day
Production (average) 0.161 g/L
Max production 0.247 g/L
Total Nitrogen (average) 126.4 mg/L
Max Nitrogen 165 mg/L
Total Phosphate
(average) 7.17 mg/L
Average N:P 17.6




Downstream membrane filtration processing
and metabolite characterisation of blomass

Metabolite characterisation
*ﬁ using analytical tools: GC-MS,

HPLC, LC-MS, FTIR,
spectrophotometry etc

**




Diluting and treating the raw digestate to optimise cultivation of algae

Ammonium Total Nitrogen | Phosphorus P
NH4+ (mg/L) N (mg/L) (mg/L)

Raw Digestate 5172
Micro-filtered 31461224 40521288 50.7+1.84
Ultra-filtered 14331335 18461432 25.76%1.19

RAW NRD MF-NRD UF-NRD NF-NRD



Swansea, preliminary pilot scale mixotrophic expts
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Some of the challenges! ALG-AD

- (CO,, Solenoid and pH
« Heat exchanger
« Contamination

@

Amoeba with Chlorella cells inside

PBR crash after 3 days for Amoeba contamination




French Partners: CNRS & University of Brest
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12 g/L of thraustochytrid biomass: 20% TFA content of which 50% are omega oils




=) :PIOt U1, ungated
France: DSP Results
g
; R1
Storage of floating cells: -80°C -20°C and cold room (2 weeks) ﬁa
S - e
S W
Forward Scatter (FSC-HLog)
8_Plot P03, gated on PO1.R1

10° 10! 10° 10° 10*
Green Fluorescence (GRN-HLog)

Fatty acid composition before and after

50,0 hydrolysis
nterreg Cwmll . m
North _West Europe 14:0 15:0 160 120  2xédnb 20503 22Sn3 22603

A I_‘ l - A D WAVT Hyd @ AP Hyd (surl) = AP Hyd [emulsion)



PhycoPigment:
Innovate UK - CONACYT

UK Research Oct. 2016-March 2019
and Innovation

Newton Fund - PhycoPigment: Novel manufacturing
methods for high value pigments products from

microalgae
Lead Participant: Membranology Limited Membranol ogy "s';-i_éé.‘i"
Adiancad Mambieane Anolications %}
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PhycoPigment
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c.a.llewellyn@swansea.ac.uk

Yiow :Q,bBBSRC Research Council (BBSRC) Projects
Ui Qorsor~ oscience for the future

Metabolite profiling of a robust cyanobacterium for Industrial Biotechnology
PhD Student: Bethan Kultschar

AXenic vs. Xenic Standard vs. UV Stress conditions

* UVA & UVB: Production of sunscreen compounds

Metabolomics Bioactivity

* Analysis of exo- and endo- metabolomes during * Analysis of bioactivity
growth curve

UV visitde [300-800 ) 50001ra of CfMschil extracts from pelier 2

. Antioxidant

* Untargeted metabolomics: GC-MS .. )
* Antimicrobial

e Bulk carbohydrates/proteins

- Anti-inflammatory -~ - -

e Targeted metabolomics: MAAs (HPLC)




S Linking environmental factors to metabolism and
useful metabolites

\\ Environment Products

. Nutrients
Viruses Ir rad Iance
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Ewropean Regironal Deveopment Fund

Developing solutions using algae to reduce waste
and develop new products

www.nweurope.eu/ALGAD

Yy @ALGADProject

Fittps://www.facebook.com/ALGADProject/

c.a.llewellyn@swansea.ac.uk



