o ®-Facio ry

S

Harvesting of the Fragile Alga Dunaliella salina by
Membrane Filtration with Permeate Recovery for
Microalgae Cultivation

Joana Monte?, Marta Sa?, Celina Parreira®, Rui Motab, Joana Galante®, Pedro Nascimento®,
Filipe Semido®,Claudia F. Galinha?, Vanessa J. Pereira?, Diana Fonseca®,
Luis CostaP, Vitor Verdelho®, Fons Jacobs¢, Carla Brazinha?, Jodo G. Crespo?

3BET, Instituto de Biologia Experimental e Tecnoldgica, Apartado 12, 2781-901 Oeiras, Portugal
bA4F — Algae for future, Campus do Lumiar, Estrada do Paco do Lumiar, Edif. E, 1649-038 Lisboa, Portugal
‘Evodos, Weegbree 21, 4941 VT, Raamsdonksveer, the Netherlands ,Q

17/18 October - Brussels - AlgaeBiorefineries for Europe




'- %‘FOC‘@ ry

ONE FINE DAY IN THE LAE..
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Harvesting of Dunaliella salina Keeping Cell Integrity

* Pre-concentration of biomass by membrane processing prior to
centrifugation
o Reduce overall energy and capital costs

o Maximise volumetric fluxes while maintaining cell integrity at maximised values of
concentration factors
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Low-shear centrifuge <

Membrane units (Spiral Plate Technology, Evodos) v b

17/18 October - Brussels - AlgaeBiorefineries for Europe




| rg@‘FOCTOr'\/

Harvesting of Dunaliella salina by Membrane Filtration

* Harvesting of Dunaliella salina in low carotenogenic state (“green”): operation
under controlled transmembrane pressure

Restriction Pg:zu:e
Valve g

I I Membrane
module

Membrane Characteristics
Péessure<> Membrane area (m?) 24
auge
Number of fibers 832
Backfush .
— . C2 | Pump Material Polyethersulfone
eed Tan .
R & . Permeate Tank MWCO 150 kDa; 0.1 pm
ecirculation
Pump

No pre-filter
Flexible impeller pump

Parameters monitored: permeate flux; feed and permeate pressures;
optical microscope observation; cell integrity measured by % cell

viability (Muse® Cell Analyser) A
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Harvesting of Dunaliella salina by Membrane Filtration

*  Optimized conditions (from the single batch experiments): ultrafiltration system operated

with a v . 0w Of 0.6 M/s; transmembrane pressure of 0.25 bar; backflush each 20 minutes

40 - 20
b 12.5%
= (5.44h)
) ¥ A 4 =i
%:o ‘g 101 .9 . ‘
5 W.““ Mharasay | 2 A
A £ - # 1st Harvesting
* “ 2nd Harvesting
& A 3rd Harvesting
0 ; e ‘ | 0 T T ‘
1 5 9 13 17 1 5 9 13 17
CF, concentration factor CF, concentration factor
Cf yeran = 16.4 (or 94% permeate recovery)
— 2
'lv average ~ 22 L/(m h) /
Cell integrity loss = 13%
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Harvesting of Dunaliella salina by Membrane Filtration

* Harvesting of Dunaliella salina in carotenogenic phase (“orange” ): operation
under controlled permeate flux

Pressure

Gauge
CD Membrane
module
Membrane characteristics
—| Membrane area (m2) 0.48
C) Number of fibers 520
Material Polysulfone
Pump u MWCO (kDa) 100, 500
Feed Tank  (_)— Permonte
Pump Tank

No feed restriction valve

Parameters monitored: permeate flux; feed and permeate pressures;
optical microscope observation; cell integrity measured by % cell

viability (Muse® Cell Analyser) A
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Harvesting of Dunaliella salina by Membrane Filtration

* Consecutive batches (3) - with single batch optimized operating conditions

*  Optimized conditions - MWCO 100 kDa; v

of 0.35 m/s; J = 10 L/m2.h and

cross-flow

backflush cycles of 9 min permeation + 1 min relaxation

20
@ 1st Harvesting

™ 2nd Harvesting

A 3rd Harvesting
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CF, concentration factor
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% Loss of integrity
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9 17 25 33
CF, concentration factor

Cf = 36.7 (or 97% permeate recovery)

overall —

J =10 L/(mZ.h)

Vv average

Cell integrity loss = 6.9% b
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Harvesting of Dunaliella salina by Membrane Filtration
Followed by Evodos Centrifugation

Energy consumption (membrane unit) = 0.87 kWh/m3

Energy consumption (centrifuge) = 2.5 kWh/m3

Reduction of the OPEX + CAPEX of 52% and reduction of energy
consumption of 45% when applying a two-step approach with pre-
concentration (by ultrafiltration), when comparing with a stand-alone

harvesting by centrifugation

J. Monte, M. S3, C.F. Galinha, L. Costa, H. Hoekstra, C. Brazinha, J.G.Crespo,

Harvesting of Dunaliella salina by membrane filtration at pilot scale, [
Sep. Purif. Technol. 190 (2018) 252-260. doi:10.1016/J.SEPPUR.2017.08.019.
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Monitoring of Dunaliella salina by
2D Fluorescence Spectroscopy
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Higly sensitive

Non-invasive and non-destructive

An optical fibre can be used in situ and online
Detects the presence of natural fluorophores in

nature:
*  Proteins ()
*  Humic compounds (ll)
*  Pigments (lll)

EEM = excitation/emission matrix

(excitation wavelength, emission wavelength,

intensity of emission) @
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Monitoring of Dunaliella salina by
2D Fluorescence Spectroscopy

Several interferences in complex biological media prevents direct spectra interpretation.
Interactions between molecular species are valuable information if properly extracted!

Cell number p—
Cell integrity
Glycerol

Principal Component Analysis (PCA)

I

Projection to Latent Structures (PLS)

a;X;+b x,+c x3+d X, +...=y,
a) X, b, X+ x3+d, X, +... =y,

l

find correlations to predict cellular growth and
other key performance parameters

" M. S3, J. Monte, C. Brazinha, C.F. Galinha, J.G. Crespo,

2D Fluorescence spectroscopy for monitoring Dunaliella salina concentration  ~

and integrity during membrane harvesting, 4
u Algal Res. 24 (2017) 325-332. do0i:10.1016/j.algal.2017.04.013.
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Harvesting of “green” Dunaliella salina DF17:
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Harvesting of “orange” Dunaliella salina DF40:
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Dunaliella salina Culture Medium Recycling
after Membrane Harvesting

* Permeate treatment for culture medium recycling
o From a consecutive batch harvesting experiment processing 40 L of microalgae culture

*  With subsequent treatment using advanced oxidation techniques
o UV+H,0,
o Ozone + H,0,

300

(%)
o

262 mg/L “=-UV+H202
—*=0zono+H202

——=0zono+H202

-#-UV+H202
200 -

137 mg/L

100 - \\_

91 mg/L

N
w

Glycerol content (mg/L)

Nitrites&Nitrates (mg/L)
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Dunaliella salina Culture Medlum Recycllng
after Membrane Harvesting

Medium C (control) Permeate without treatment

Permeate + UV + H202 Permeate + O3 + H202

Culture medium recycling was tested in lab conditions, in bubble columns, under constant 300 umol.m?2.s1.
Semi-continuous regime, in orange (carotenogenic) growth stage.

Using 03+H202 did not allow correct control of the nitrogen concentration (culture is greenish), which is key
for carotenogenesis.
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Dunaliella salina Culture Medium Recycling
after Membrane Harvesting

Overall Cultures' Growth
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0 2 4 6 8 10 12 14 16 18
Cultivation day
Medium C Cx+c Permeate without treatment Cx+c Permeate + UV + H202 Cx+c Permeate + O3 + H202 Cx+c
=4=Medium C ~-Permeate without treatment =d—=Permeate + UV + H202 ====Permeate + 03 + H202

The untreated permeate and permeate treated with UV+H202 provided better results than the control

Maximum volumetric productivity of carotenoids (mg Car/L/d)

Permeate without treatment 6.93 +0.48 /
Permeate + UV + H202 5.98+0.41
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Dunaliella salina Culture Medium Recycling
after Membrane Harvesting

Qualitative Bacterial Load

Very high
High
* In spite of the presence of bacteria, Medium
Dunaliella growth and carotenogenesis Low |
were possible in all cultures. Quite
. Very low |
successful in 2 cases!
1st cycle 2nd cycle | 3rd cycle
B Medium C i Permeate without treatment
B Permeate + UV + H202 B Permeate + 03 + H202

Preliminary results, so more improvements will come:
* Mineral composition of the 4 culture media at the end of the 3" cycle still pending

e Culture medium optimization is ongoing and directly influences efficiency of the

treatment + recycling strategy ﬁ
y
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arvesting of the Fragile Alga
Dunaliella salina

evIiDTS

DYNAMIC SETTLERS

Development of a prototype Evodos50 (automated) dynamic settler

iC
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Evodos Dynamic Settlers

¢ Algae harvesting (small and fragile micro algae)
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Evodos Technology

* Path of a particle in rotating fluid cylinder

1. Rotating water 2. Spiral plates 3.90, 135 0or 180 4. Plate pack
cylinder, cross- limit path of SPT vanes hinged detail. Max.
ecti particle. to main shaft. swimming




Evodos Technology

“Evodos redefines separation by accelerating nature’s laws through the process of
Thin Layer Laminar Settling, using spiral plate technology®.”

17/18 October - Brussels - AlgaeBiorefineries for Europe




Evodos Technology

Small particles will settle on the spiral plates due to the g-forces in combination with the small travel
distance (distance between the plates, 7 mm.)

Discharge cycle to separate the paste
from the spiral plates
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Evodos 10 harvesting results (initial tests, pilot machine)

liters/hour |Intact cells harvested |dry weight content
Evodos 10 250 Yes, >95% 20-30%
Evodos 10 300 Yes, >95% 20-30%

Max. capacity 350 liters/hour
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Evodos 50 development

Automated machine developed for capacities up to 4000 liters/ hour
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Evodos set-up for harvesting

Evodos50 harvest
Dunaliella intact algae(!) in

paste of 40% solids(!) and high
beta-carotene to above 10%

AFDW (!). »
Stacked disc centrifuge

harvest of the same culture

broken Dunaliella in paste of
12% solids and beta-carotene
of below 8%.

Evodos 50:

- 4000 litre/hour

- 95% separation efficiency
->20 hours/day
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Evodos 50 test results
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Evodos 50 test results

Best results achieved

Test overview
Feed 0,1 — 1 gram /litre

13-Dec_ |Evodos 50A 25 4200 4000 4 2,5 44 1,8 95 INTACT
14-Dec  |Evodos 50A 26 3000 3000 3 2 37,7 2,18 93 INTACT
15-Dec_ |Evodos 50A 1 2000 2000 2 1,25 24 1,76 95 INTACT

Total batch, 120.000 litre, Average energy consumption 1,10 kWh / 1000 litre input

Future steps:

Harvesting whole year round to check the performance in different seasons and check the quality of
the paste/ components in the biorefinery step.
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