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Executive summary

This document is a summary report on the seasonal variation in biochemical composition of
algal biomass cultivated using nutrient-rich digestate (NRD). This document is part of the IN-
TERREG North-West Europe funded ALG-AD project “Creating value from waste nutrients by
integrating algal and anaerobic digestion technology".

In this report, information is presented regarding the characterisation of pre-treated digestate,
as well as characterisation of the algal biomass produced over different seasons, specifically in
winter 2019 and summer 2020. The document draws on analysis conducted on the pre-treated
digestate and algal biomass cultivated using this digestate at three pilot sites in Devon (UK),
Brittany (FR) and Flanders (BE). At Devon (UK), the pilot was located at the Langage dairy farm
and algal biomass was cultivated using digestate provided by the farm’s anaerobic digestion
plant. At Brittany (FR), the pilot was located at Cooperl Arc Atlantique, and the digestate used
resulted from the anaerobic digestion of pig manure. At Flanders (BE), the pilot was located at
Innolab (Oostkamp) and used the digestate provided by the anaerobic digestion plant of AM-
Power.
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INTRODUCTION

Anaerobic digestion of waste

Anaerobic digestion (AD) is the preferred solution
to reduce the amount of animal and vegetable food
waste produced across the EU. In the EU, around 88
million tonne of food waste is produced each year
and this figure is predicted to increase to 120 mil-
lion tonnes by 2022 (European Commission, 2021).
Across North West Europe (NEW) there are currently
around 2000 AD facilities, ranging in size from those
processing 4,000 tons of waste each year up to 70,000
tons. They also produce a similar tonnage (volume) of
nutrient rich digestate (NRD). While most NRD is re-
turned to the land as a biofertiliser, there are areas
within NWE which are subject to restrictions in the
amount released in order to prevent run-off, eutro-
phication and pollution. The issue facing the region
is what to do with the excess NRD. These restrictions
are implemented through the European Nitrate Direc-
tive 91/676/EEC and the creation of Nitrate Vulnerable
Zones (NVZs), many of which lie within the NWE area.
NVZ legislation, however, is a barrier to the develo-
ping AD industry, and storage of NRD is becoming an
acute issue with associated environmental and pollu-
tion risk and costs associated with disposal. As AD ex-
pands, therefore, there is an urgent need to find solu-
tions to deal with excess production of NRD, and this
challenge is most acute in the highly populated, in-
tensively farmed NWE. EU environmental policy prio-
ritises the transition to a ‘circular economy’ to boost
competitiveness, growth and jobs through turning
waste into resources, using materials in an efficient
way and stimulating innovation in recycling.

The ALG-AD project (INTERREG-NWE funded - www.
nweurope.eu/projects/ALG-AD) provides an eco-in-
novative solution combining algal technology with AD
technology. Through the integration of the two tech-
nologies, the project seeks to overcome barriers to the
development of AD practices and continued growth
in the sector by helping to reduce nutrient pollution
and at the same time create new sustainable pro-
ducts. ALG-AD project developed a sustainable circu-
lar economy platform to use of these waste nutrients
to grow algal biomass which will in turn be used for
the generation of protein, oil and peptides which can
then be used in feed products. Further details on the
ALG-AD project and the pre-processing of digestate

for microalgal cultivation can be reviewed in the NRD
pre-processing best practice guidelines (Fernandes
et al., 2019).

Scope of the seasonal variation report

Microalgae present a significant potential for the
remediation of liquid digestate (Chong et al., 2022;
Fuentes-Grinewald et al., 2021; Seelam et al., 2022)
due to their phosphorus and nitrogen high uptake
rate during growth. Consequently, a nutrient rich di-
gestate appears as an ideal and cost efficient subs-
trate for the cultivation of microalgae. However, it is
necessary to know the exact nutrient composition of
digestate, which in too high amount can be toxic to
the algae (Ayre et al., 2017; Stiles et al., 2018; Uggetti
etal., 2014). In addition, it is also crucial to use an op-
timised digestate (N:P ratio in particular) at an ade-
quate concentration to insure an efficient growth of
algae in culture. The ALG-AD project focuses on op-
timising liquid digestate using a range of treatments
prior its utilisation as a feedstock for microalgae
cultivation. Further details on the digestate pre-pro-
cessing step and characterisation can be reviewed in
the NRD pre-processing best practice guidelines (Fer-
nandes et al., 2019).

In order to be able to use the microalgae biomass
grown on digestate for different bio-based applica-
tions such as feed for animals, key considerations
are the reliability of the culture(s) and the quality and
consistency of the biomass produced throughout
the seasons. Specifically for the application as an
animal feed, it is recommended to have a similar
biochemical composition of the biomass throughout
the year. This allows a consistent production of feed
ingredients or pellets for animals such as pig, poultry
or fish.

This document aims to describe the characteristics
of the pre-treated nutrient-rich digestate used at the
three pilot algal cultivation facilities in Devon (UK),
Brittany (FR) and Flanders (BE), as well as the detailed
biochemical analysis of biomass grown at different
time points of the ALG-AD project. Recommenda-
tions are then presented, summarising the limita-
tions and benefits of year-long cultivation, and po-
tential and/or alternative bio-based applications on
the basis of the seasonal variability of the biomass.



2. DIGESTATE CHARACTERISATION
AND MICROALGAL CULTIVATION
USING DIGESTATE

Langage AD, Devon (UK)

The digestate was sourced, pre-treated, characterised
(Table 1) and stored under refrigerated conditions for
use as required to cultivate the algal cultures. Further
details of the digestate composition from Langage
AD can be found in Fernandes et al. 2020 (Fernandes
et al., 2020) (attached as annexe). The digestate was
not characterised from a seasonal variation perspec-
tive, instead, the digestate from the Langage AD plant
was sourced in large quantities at the beginning of
the project, processed (filtered) and stored in a 4°C
fridge. The digestate was then used as required for
algal cultivation in photobioreactors (PBR’s). The algal
biomass was cultured and harvested in two different
seasons; the biochemical composition of the algal
biomass is discussed below from a seasonal variation
perspective. Several suggestions regarding the diges-
tate pre-treatment, transportation, storage and use
of digestate for microalgal cultivation can be found in
the best practice documents attached as annexes and
in Fernandes et al. 2020 and Fuentes-Grinewald et al
2021 (Fernandes et al., 2020; Fuentes-Grinewald et
al., 2021).

Table 1: Characterisation of digestate (sampled on ’
Dec 2020) from Langage AD.

Compund (Unit)

Langage AD Data

DRY ORGANIC 15.75

MATTER (%)

ACETIC ACID (MG/ <34

KG)

PROPIONIC ACID <16

(MG/KG)

ISOBUTYRIC ACID <9

(MG/KG)

BUTYRIC ACID (MG/ | <7

KG)

ISOVALERIC ACID <11

(MG/KG)

VALERIC ACID (MG/ | <12

KG)

CAPROIC ACID (MG/ | <24

KG)

PH 9.12

CONDUCTIVITY (MS/ | 28.89

(@)

ELEMENTAL B 0.800; As 0.059; Ca 7.75; Cd

ANALYSIS (MG/L) < 0.005; Co 0.036; Cr <0.025;
Cu < 0.050; Fe 6.80; Hg <
0.005; K2090; Mg 1.60;
Mn < 0.050;
Mo 0.043; Na 1960; Ni 0.140;
P 33.7;
Pb < 0.050; S 26.6; Se < 0.005;
Si 7.60;
Sn <0.050; Zn 0.136 and Cl
2980

AMMONIACAL 3.36

NITROGEN (G N/KG)

TOTAL NITROGEN 3.40

(KG/1000KG FM)

PHOSPHATE (MG/L) | 95

SALINITY (G/KG) 7.25




UGhent-Innolab outsourced AD digestate
analysis, Flanders (BE)

The liquid fraction of digestate (after on-site proces-
sing) was provided for cultivation at different time
points, July 2018, December 2019 and February 2020.
These liquid samples were paper-filtered, analysed
(Table 2) and stored at room temperature conditions
for use as required to cultivate the algal cultures.
The digestate composition was found to be having
a seasonal effect, however, the fluctuations within
macro-nutrient characteristics were less pronounced.
Thus, this aspect is not reported from a seasonal va-
riation perspective. The paper filtered liquid fraction
of digestate was then used for algal cultivation in PBR’s
both at lab-scale and pilot scale. The algal biomass
was cultured and harvested at different seasons; the
biochemical composition results of the algal biomass
are discussed from a seasonal variation perspective.
For targeted compounds such as lipids and DHA, bio-
chemical analyses were performed for most of the
produced cultures and different sampling during the
culture.

Table 2 Characterisation of digestate (sampled on >
Dec 2019) from UGhent-Innolab, Flanders (BE)

Compund (Unit)

Digestate Origin

UGent-Innolab outsourced
AD DATA

Organic biological waste
(industrial food waste and
source segregated food waste)

DRY MATTER (%) 1.64
DRY ORGANIC 19.84
MATTER (% DM)

ACETIC ACID (MG/ <34
KG)

PROPIONIC ACID <16
(MG/KG)

ISOBUTYRIC ACID <9
(MG/KG)

BUTYRIC ACID (MG/ | <7
KG)

ISOVALERIC ACID <N
(MG/KG)

VALERIC ACID (MG/ | <12
KG)

CAPROIC ACID (MG/ | <24
KG)

PH 8.51
CONDUCTIVITY (MS/ | 36.92
C™m)

ELEMENTAL B 2.52; As <0.05; Ca 52.5; Cd <

ANALYSIS (MG/L)

0.005; Co 0.132; Cr <0.025; Cu
< 0.050; Fe 3.59; Hg < 0.005;

K 3330; Mg 2.68; Mn 0.036;
Mo 0.060; Na 3640; Ni 0.272;
P 165;

Pb < 0.050; S 36.2; Se < 0.005;
Si 19.0;

Sn < 0.050; Zn 0.545 and Cl
3380

AMMONIACAL 3.06
NITROGEN (G N/KG)
TOTAL NITROGEN 3.15

(KG/1000KG FM)




COOPERL sourced digestate analysis,
Brittany (FR) (sampled on Dec 2020)

The digestate used at the pilot site was provided by
Cooperl Arc Atlantique (France) and was the result of
the anaerobic digestion of pig manure. For microalgal
cultivation, the digestate was treated using ultra-fil-
tration at a pore size of 300 kDa. The composition of
the raw digestate can be found in Table 3. The filte-
red digestate was stored in a 4°C fridge. We used two
batches of digestate; one for the cultures from July
2020 till September 2020 and another one from Sep-
tember 2020 till January 2021. Nevertheless, we consi-
dered these 2 batches were insufficient to address the
question of digestate seasonal influence on cultures.
Indeed, no obvious difference could be observed
between cultures produced with these 2 batches (see
results below). The algal biomass was cultured and
harvested from July 2020 till January 2021 and ana-
lysed for protein, lipid and fatty acid contents allowing
a discussion on biomass seasonal variations. We assu-
med that culture variability batch to batch likely pre-
vail over digestate composition variability.

Table 3 Characterisation of digestate from COO- >
PERL, Brittany (FR)

Compund (Unit)

Digestate Origin

UGent-Innolab outsourced
AD DATA

Organic biological waste
(industrial food waste and
source segregated food waste)

DRY MATTER (%) 0.56
DRY ORGANIC 28.36
MATTER (% DM)

ACETIC ACID (MG/ <35
KG)

PROPIONIC ACID <16
(MG/KG)

ISOBUTYRIC ACID <9
(MG/KG)

BUTYRIC ACID (MG/ | <7
KG)

ISOVALERIC ACID <11
(MG/KG)

VALERIC ACID (MG/ | <12
KG)

CAPROIC ACID (MG/ | <24
KG)

PH 8.21
CONDUCTIVITY (MS/ | 17.92
[@\Y)]

ELEMENTAL B 0.51; As <0.05; Ca 47.5; Cd <

ANALYSIS (MG/L)

0.005; Co 0.018; Cr <0.025; Cu
< 0.050; Fe 2.16; Hg < 0.005;

K 1600; Mg 8.7; Mn 0.050;

Mo 0.012; Na 690; Ni 0.072; P
34.4,

Pb < 0.050; S 22.8; Se < 0.005;
Si 27.4;

Sn < 0.050; Zn 0.250 and Cl
875

AMMONIACAL 1.93
NITROGEN (G N/KG)
TOTAL NITROGEN 1.98
(KG/1000KG FM)
PHOSPHATE (MG/L) | 103
SALINITY (G/KG) 2.96




Langage AD, Devon (UK) - Algal biomass
analysis

Biomass was grown, harvested, and concentrated at
Langage AD, according to the procedures outlined in
the algal cultivation and downstream processing best
practice guidelines, available on the ALG-AD website.
The biomass cultivated at Langage was characterised
at two specific time points to assess for seasonal va-
riation - during the winter (January 2020) and summer
(June 2020).

Proteins and carbohydrates

The Scenedesmus sp. biomass grown on digestate
(~2.5%) at different seasons (winter (Jan_20) and sum-
mer (Jul_20) have a similar biochemical composition in
terms of proteins and carbohydrates content (Figure
1). A key finding is that the protein content in biomass
grown on digestate at different seasons has an ave-
rage of 20% higher content than the Scenedesmus

CHARACTERISATION OF ALGAL BIOMASS

biomass grown on standard commercial media (e.g.
Cell-hi F2P™, Varicon Aqua). Similar results were obser-
ved for the green microalgae Chlorella vulgaris grown
under the same treatment (digestate) and control
conditions (Cell-hi F2P™), these results were recently
published and can be found in Fuentes-Griinewald et
al., 2021. 2021 (Fuentes-Griunewald et al., 2021). It can
be argued that this increment in protein content could
be due to the easy assimilation of nitrogen in the form
of ammonium (found in digestate) rather than nitrate
(found in commercial media) by photosynthetic orga-
nisms (Fuentes-Grinewald et al., 2021). This easy assi-
milation means less energy spent during the proteins
construction, consequently a higher content can be
expected if a simple nitrogen source such as ammo-
nium is used. The carbohydrate content was found to
be similar between treatments (digestate) and control
(Cell-hi F2P™) conditions. These promising results al-
low us to predict a stable, reliable and quality biomass
produced throughout the year when digestate is used
for autotrophic cultivation.
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Figure 1 Influence of seasonal variations on the recovery of total proteins and total carbohydrates from

Scenedesmus sp. biomass grown on digestate (~2.5%) at different seasons (winter (Jan_20) and summer
(Jul_20). The X-axis represents Scenedesmus sp. biomass and time series (in months), where SQ_Jan
20_Cont = Scenedesmus sp. biomass grown in January 2020 using commercial medium (Cell-hi F2P™,
Varicon Aqua) referred here as control; SQ_Jan 20_Dig = Scenedesmus sp. biomass grown in January
2020 on digestate (~2.5%) and SQ_Jul 20_Dig = Scenedesmus sp. biomass grown in July 2020 on digestate
(~2.5%). The Y-axis represents concentration of total proteins and carbohydrates in % dry weight



Pigments

In the case of pigment composition of the Scenedesmus biomass grown on digestate and in commercial
media, results showed a similar trend as the protein content, having a higher and similar pigment
concentration (chlorophylls and carotenoids) among the seasons for the biomass grown on digestate
compared to the biomass grown on commercial media (Figure 2).
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Fatty acids

The total fatty acids content showed a similar trend to
therestof macromolecules(proteinsand carbohydrates
mainly). Briefly, higher concentration was achieved in
biomass grown on digestate during the winter season
(SQ_Jan_20_Dig) compared to the control (SQ_Jan_20_
Cont). In terms of seasonality, there is a notable
difference with a higher content of fatty acids in winter
time compared to summer ( Figure 3). This could be
explained by the climatic conditions found in summer,
with higher solar radiation and pleasant temperatures
in Southern England (Devon), the cells need less energy
reserve, using mainly carbohydrates energy for the
different metabolic requirements.

4 Figure 2: Influence of seasonal variations

on the recovery of total carotenoids,
chlorophyll a and chlorophyll b from
Scenedesmus sp. biomass grown on
digestate (~2.5%) at different seasons
(winter (Jan_20) and summer (Jul_20).
The X-axis represents Scenedesmus sp.
biomass and time series (in months),
where SQ_Jan 20_Cont = Scenedesmus
sp. biomass grown in January 2020 using
commercial medium (Cell-hi F2P™, Varicon
Aqua) referred here as control; SQ_Jan
20_Dig = Scenedesmus sp. biomass grown
in January 2020 on digestate (~2.5%) and
SQ_Jul 20_Dig = Scenedesmus sp. biomass
grown in July 2020 on digestate (~2.5%).
The Y-axis represents concentration of total
carotenoids, chlorophyll a and chlorophyll
b in % dry weight.

Regardingindividual fatty acid profiles, asit can be
seen in Figure 4, a relatively high concentration
of Linolenic acid (C18:3n6) was found in
Scenedesmus biomass. Similar to the trend found
in most of the macromolecules content in this
biomass, Linolenic acid content was higher in the
biomass grown on digestate than the biomass
grown on commercial media, and also a quite
similar content was found between the seasons.
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Figure 3 Influence of seasonal variations on
the recovery of total (FAs), saturated (SFA),
monounsaturated (MUFA) and polyunsaturated
fatty acids (PUFA) from Scenedesmus sp. biomass
grown on digestate (~2.5%) at different seasons
(winter (Jan_20) and summer (Jul_20). The X-axis
represents Scenedesmus sp. biomass and time
series (in months), where SQ_Jan 20 _Cont =
Scenedesmus sp. biomass grown in January 2020
using commercial medium (Cell-hi F2P™, Varicon
Aqua) referred here as control; SQ_Jan 20_Dig =
Scenedesmus sp. biomass grown in January 2020 on
digestate (~2.5%) and SQ_Jul 20_Dig = Scenedesmus
sp. biomass grown in July 2020 on digestate (~2.5%).
The Y-axis represents concentration of total (FAs),
saturated (SFA), monounsaturated (MUFA) and
polyunsaturated fatty acids (PUFA) in % dry weight.
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Figure 4 Influence of seasonal variations on
the recovery of total (a), high (b), medium (c)
and low concentration (d) fatty acids from
Scenedesmus sp. biomass grown on digestate
(~2.5%) at different seasons (winter (Jan_20)
and summer (Jul_20). For figure 4a, the X-axis
represents Scenedesmus sp. biomass and time
series (in months), where SQ_Jan 20_Cont =
Scenedesmus sp. biomass grown in January 2020
using commercial medium (Cell-hi F2P™, Varicon
Aqua) referred here as control; SQ_Jan 20_Dig
= Scenedesmus sp. biomass grown in January
2020 on digestate (~2.5%) and SQ_Jul 20_Dig =
Scenedesmus sp. biomass grown in July 2020
on digestate (~2.5%). For figure 4b, c and d, the
X-axis represents fatty acids recovered from
Scenedesmus sp.

biomass grown on control and digestate medium
at different seasons (winter (Jan_20) and summer
(Jul_20). The Y-axis represents concentration
of total (a), high (b), medium (c) and low
concentration (d) fatty acids in % dry weight.



Elemental composition

In the elemental composition of Scenedesmus biomass
grown on digestate, again similar results were found in
summer and winter. In this case, the biomass grown on
the commercial medium shows a relatively high carbon
content compared to biomass grown on digestate.
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Figure 5 Influence of seasonal variations on the recovery of total C and total N contents from Scenedesmus
sp. biomass grown on digestate (~2.5%) at different seasons (winter (Jan_20) and summer (Jul_20). The X-axis
represents Scenedesmus sp. biomass and time series (in months), where SQ_Jan 20_Cont = Scenedesmus sp.
biomass grown in January 2020 using commercial medium (Cell-hi F2P™, Varicon Aqua) referred here as control;
SQ_Jan 20_Dig = Scenedesmus sp. biomass grown in January 2020 on digestate (~2.5%) and SQ_Jul 20_Dig =
Scenedesmus sp. biomass grown in July 2020 on digestate (~2.5%). The Y-axis represents concentration of total C
and total N contents in % dry weight.




UGhent-Innolab, Flanders (BE) - Algal
biomass analysis

Two different reactor configurations were used within
UGent-Innolab site to compare lab-scale and pilot scale
performances of microalgae growth. The December
(winter) studies were performed in alab-scale PBR (Labfors
5 Lux LED stirred tank reactor, Infors AG, Bottmingen,
Switzerland) with working volume of 3 L under controlled
lighting (sinusoidal light with a maximum intensity of 100
pgmol/m2.s and light/dark photoperiod of 16:8 h) and
temperature conditions (18 - 23 °C) with paper-filtered
liquid fraction of digestate (PFD) as a nutrient source. A
mixed consortium of digestate-acclimatized Chlorella
vulgaris and Desmodesmus sp. was cultivated in diluted
PFD under non-axenic conditions. The volumetric loading
of digestate was 10% v/v PFD (N: 230 mg/L) and additional
phosphorus (K2HPO4 solution) was added to balance
the N/P ratio and to maintain exponential growth. mum
and maximum of 19 °C and 35 °C. A control experiment
was also carried out with modified-WC medium (Guillard
& Lorenzen, 1972) composed of (mg/L) 36.76 CaCl2,
8.71 K2HPO4, 36.97 MgS04-7H20, 12.60 NaHCO3,
85.01 NaNO3, 4.36 Na2-EDTA, 3.15 FeCI3-:6H20, 0.010
CuS04-5H20, 0.18 MnCl2:4H20, 0.022 ZnS0O4-7H20, 0.010
CoCI2:6H20, 0.006 Na2Mo04:2H20 and 1.00 H3BO3
without additional vitamins. This modified-WC medium

Proteins and carbohydrates

The August 2020 batch had a lower protein and higher
carbohydrate content than the December 2019 batch,
even though both were grown on digestate. It is very
likely that the duration of the batch, rather than the
season, was responsible for the difference in composition
observed, as the August batch was run for over a week
on low N concentrations, a condition that likely triggered
carbohydrate accumulation, while the December batch
was harvested in the early stages of stationary phase.
Interestingly, when comparing both the December
batches, the control run had a lower protein content than
the digestate one, which could be attributed to the easier
uptake of ammonium compared to nitrate, as already
discussed on page 8.

was added in intermittent doses to maintain
exponential growth, reaching a total nitrogen
concentration of 60 mg/L. The harvest
of these lab-scale trials was done during
December 2019 with Desmodesmus sp.
being the dominant culture (approximately
90%) in digestate experiments and Chlorella
vulgaris (approximately 70%) in the control
experiments.

The August 2020 cultivation was performed
in a pilot-scale PBR (LGem horizontal reactor
of 550 L). The nitrogen loading was adjusted
to 2.5% v/v (N: 80 mg/L) coming solely from
digestate. The average temperature in the
greenhouse during cultivation was 26 °C,
with minimum and maximum of 19 °C and
35°C.
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The fatty acids composed of SFA, PUFA and MUFAs pre-
sented a slightly different trend in the performed lab- and
pilot-scale experiments. This can be possibly explained
by the different composition of the harvested biomass,
as both the batches cultivated on digestate had Desmo-
desmus sp. as the dominant culture (approximately 90%)
while Chlorella vulgaris was dominant (approximately
70%) in the control experiment. Different species may
have different accumulation patterns for storage mole-
cules, which can be the reason behind the higher lipid
content in the Dec 19_Cont sample
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Figure 9 Fatty acids profile of the microalgae biomass produced from different batches: (i) Dec 19_Cont was grown
in a lab-scale continuously stirred PBR of 3 L under sinusoidal light with a maximum intensity of 100 yumol/m2.s
and light/dark photoperiod of 16:8 h and controlled temperature conditions (18 - 23°C) in modified-WC medium;
(ii) Dec 19_Dig was grown at the same conditions as (i) but with 10% (v/v) paper-filtered liquid fraction of digestate
as a nutrient source; (iii) Aug 20_Dig was grown in a pilot-scale tubular PBR of 550L with 2.5% (v/v) paper-filtered
liquid fraction of digestate as a nutrient source and an average temperature in the greenhouse during cultivation

of 26°C

During the control experiments in NO3- dominant
modified-WC medium, Palmitic acid (C16:0), Oleic acid
(C18:1n-9cis), Linolenic acid (C18:3n-3) alpha and Li-
nolelaidic acid (C18:2n) were present in the highest
levels within the biomass dominated by Chlorella and
Desmodesmus cultures. These values were much hi-
gher than that observed in the digestate grown bio-
masses at lab- and pilot-scale. However, within diges-
tate-grown samples, the fatty acid composition was
observed to be correlated to the scale of operation
with Linolenic acid alpha being much higher under lab-

scale conditions and Palmitic acid independent of
the scale of operation. For medium concentrated fat-
ty acids, similar levels were observed among all the
biomasses specifically Stearic acid (C18:0), Lauric acid
(C12:0), Palmitoleic acid (C16:1) with exception of Hep-
tadeconic acid (C17:0) which is much higher in the
control experiment. On the other hand, a dependence
of the seasonality, scale of operation and, source and
speciation of N was observed for the remainder of the
fatty acid composition but these were present in low
to negligible levels.



Elemental Composition

The elemental composition of the biomass ex-
pressed in terms of carbon content followed a simi-
lar pattern as the carbohydrates plus lipids content.
However, the total N contents found were similar
across the different conditions, while the protein
content was different. As a common practice, the
elemental %N, when multiplied by 6.25, provides an
estimate of the protein content (direct relation).

70

However, the observation in this study indicates that
there was no such direct correlation established
between the protein content and % N values. Such a
calculation could generate an unreliable value, as it
is not specific for microalgae and has been shown to
vary depending on the species, culture composition,
amino acid profiling and cultivation conditions.
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Figure 10 Total C and total N contents of the microalgae biomass produced from different batches:
(i) Dec 19_Cont was grown in a lab-scale continuously stirred PBR of 3 L under sinusoidal light with a
maximum intensity of 100 pmol/m2.s and light/dark photoperiod of 16:8 h and controlled temperature
conditions (18 - 23°C) in modified-WC medium; (ii) Dec 19_Dig was grown at the same conditions as (i)
but with 10% (v/v) paper-filtered liquid fraction of digestate as a nutrient source; (iii) Aug 20_Dig was
grown in a pilot-scale tubular PBR of 550L with 2.5% (v/v) paper-filtered liquid fraction of digestate as a
nutrient source and an average temperature in the greenhouse during cultivation of 26°C




COOPERL, Brittany (FR) - Algal biomass analysis

Pilot scale culture and sampling

The digestate used to grow A. mangrovei was the
result of the anaerobic digestion of pig manure at
the pilot site (Cooperl, Lamballe). Prior microalgal
cultivation, the digestate was treated using ultra-
filtration at a pore size of 300 kDa. The composition
of the raw digestate can be found above. Two 800 L
poly(methylmethacrylate) (PMMA )made cylinders
were used to produce large amount of biomass in non-
axenic conditions. Water (for process and for cleaning)
was supplied by a pump and delivered at top of the
cylinders through a rotating nozzle. Agitation and
02 supply in each cylinder were provided by airflow
bubbling from the bottom of the cylinder, at a rate of
0.4 volume of air per volume of culture per minute
(Air-lift system). -

Cell counts and protein contents
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The medium for the batch culture was composed of
industrial scale glucose syrup (final concentration : 24
g/L), sterilised YEP medium (final concentrations : 2
g/L Tryptone; 2 g/L Yeast Extrac), digestate previously
filtrated as described above (final concentrations
2,5 %), and sea salt (final concentration 15 g/L). The
two 800 L cylinders were filled with 500 L of the pilot
scale medium and inoculated with 8L axenic cultures.
Temperature of the culture was regulated between
28 and 30°C while pH was maintained above 4.5 by
regular addition of 10N NaOH solution. Samples for
the cell counts and biochemical analysis were regularly
collected during culture growth for 17 batches and
results are presented below.
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Figure 11 A Cell concentration in cell.mL-1 (A) obtained during cultivation of
Auranthiochytrium mangrovei with 2.5% digestate at Cooperl from June 2020 till
January 2021
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Figure 11 B Protein content in g.L-1 (B) obtained during cultivation of Auranthiochytrium
mangrovei with 2.5% digestate at Cooperl from June 2020 till January 2021

Overall, cell concentration (cell.L-1) and protein content (g.L-1) increased with the duration of culture.
The percentage of protein per DW is 57% on average.
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Figure 12 Cell: Seasonalvariation of protein content after 20-24 hours of cultivation of Auranthiochytrium
mangrovei with 2.5% digestat at Cooperl from June 2020 till January 2021.

When compared at one sampling time (20-24h), seasonal pattern. The highest values in January
the protein content varied from 1.2 g/L to 4.0 2021 can be attributed to improved cultivation
g/L. However, these variations from batch to practices (temperature regulation, better inocu-
batch cannot be associated clearly to the . lum etc.). .



Lipid and docosahexaneonic acid (DHA) contents
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Figure 13 Total fatty acids (TFA) content (A) and percentage of DHA (% TFA) (B) obtained
during cultivation of Auranthiochytrium mangrovei with 2.5% digestate at Cooperl from June
2020 till January 2021.

As for the protein content, total fatty acid the culture and according to batches (see
content increased with duration of culture below for detailed fatty acid profiles). The mean
while the percentage of DHA (targeted valuable percentage of total fatty acid per DW is 6%.

compound) remained fairly stagnant during .



Total lipids vs cell concentration x S5C
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Figure 14 Relationships between total lipids and concentration (cell.L-1) x SSC (side scatter
value) obtained flow cytometry and between total lipid content (ug/L) and protein content
(g/L) of Auranthiochytrium mangrovei cultivated with 2.5% digestate at Cooperl from June
2020 till January 2021.

We observed a very interesting relationship
between total fatty acid expressed in pg/L and
the cell concentration multiplied by the side
scatter (cell complexity) both measured flow
cytometry during culture monitoring. Cell
concentration x SSC provided a good estimate
of the lipid production by the culture.

This proxy was measured by flow cytometry in
few minutes on live without any preparation.
It may help to better master the batch-to-
batch variability (see below) of lipid production
we observed during the course of biomass
production for feed trials.



Fatty acids
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Figure15Seasonalvariationoftotallipid contentafter20-24 hoursofcultivation of Auranthiochytrium
mangrovei with 2.5% digestate at Cooperl from June 2020 till January 2021.

When compared at one sampling time (20-
24h), lipid content varied from 0.1 g/L to 0.6
g/L. There is no clear seasonal pattern for
lipid content as highest values were obtained
in summer and in winter. We may further
improve cultivation practices by monitoring in

real time by flow cytometry the cell concentration
x SSC proxy. For example, lipid synthesis rely
on supplied sugar to the culture, such real time
proxy may allow adjusting sugar supply during
the course of the culture.

Seasonal variation of FA profiles at 24h of culture from June 2020 till January 2021
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Figure 16 Seasonal variation of fatty acid profiles of Auranthiochytrium mangrovei after 20-24 hours of
cultivation with 2.5% digestate at Cooperl from June 2020 till January 2021.
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Figure 17 Calculated mean from June 2020 till January 2021 of the fatty acid profile of Auranthiochytrium
mangrovei after 20-24 hours of cultivation with 2.5% digestate at Cooperl

The fatty acid profile is dominated by three varied between 35% to 58% with no obvious
fatty acids; 22:6n-3, 16:0 and 22:5n-6. The seasonal pattern. The DHA average production is
targeted compound (22:6n-3 also called DHA) 0.112 g/L/24h.




In case of the Langage AD, Devon (UK) pilot, as only
two batches of digestate were used during this period
of Scenedesmus sp. biomass production, we can not
draw any conclusion regarding seasonal variation on
digestate quality. Compared to commercial medium,
cultivating Scenedesmus sp. on digestate (~2.5%)
improved the overall biochemical composition, such
as the total protein (from 52% to 72%), fatty acids
(only in winter, from 7.36% to 8.83% ) and pigments
(carotenoids from 0.13% to 0.45% and chlorophylls
from 1.86% to 2.55%). Recovery of carbohydrates
showed negligible variations. In contrast, fatty acids
recovery in summer season (SQ_jan_20_Dig) was
decreased slightly. The increase in protein content
is due to the easy assmiliation of nitrogen form
(@ammonium in case of digestate as opposed to nitrate
in the commercial medium). The results presented
here highlights the potential of Scenedesmus sp.
in bioremediation of excess nutrients in digestate
(@mmonium form) and producing microalgae biomass
with improved macromolecular composition for
animal feed and other bio-based applications -
validating the circular economy concept. Furthermore,
in terms of biochemical composition of Scenedesmus
sp. biomass grown on digestate (~2.5%) at different
seasons (winter (Jan_20) and summer (Jul_20), no
significant variation was noted with respect to recovery
of proteins, carbohydrates, key individual fatty acids
and pigments. As expected, in case of total fatty acid
content, recovery was higher in winter compared
to summer as cells need less energy reserve during
summer, using mainly carbohydrates energy for the
different metabolic requirements. Overall, we found
no significant influence of seasonal variations on
the quality of Scenedesmus sp. biomass recovered.
Ensuring validation of such circular economy
concept from a seasonal variation perspective will
allow sustainable supply of nutrient-rich biomass
throughout the year for the animal feed purposes.

In case of the UGhent-Innolab, Flanders (BE) pilot,
working with a consortium of Desmodesmus sp. and
Chlorella vulgaris, it seems that the change of growing
conditions (i.e., medium used and seasonal variance)
mainly affected the ratio of Desmodesmus to Chlorella
cells.Thisinturnaltersthe cellular composition, with an
enhanced effect on the lipid content and composition.
The other differences found could be mainly related
to starch accumulation due to N depletion rather than
the seasonal changes. Therefore, if an algal facility
decides to use a consortium to increase the robustness
of their operation over long-term, as done at the
UGhent-Innolab pilot facility, the produced biomass
is bound to suffer from composition fluctuations due
to population shift induced by medium or weather
changes. Such facilities should opt for a versatile end-
applications that are not significantly affected by these
compositional changes.

In case of the Cooperl, Brittany (FR) pilot, the
Auranthiochytrium mangrovei biomass was cultured
and harvested from July 2020 till January 2021 and
analysed for protein, lipid, fatty acid and elemental
composition. As only two batches of digestate were
used during this period of biomass production, we
can not draw any conclusion regarding seasonal
variation on digestate quality. Indeed, individual batch
variability of protein and lipid contents (from 1.2 g/L
to 4.0 g/L for proteins and from 1.2 g/L to 4.0 g/L
for lipids) likely masked potential seasonal variation
of biomass composition and production yield. The
overall increase of protein content through the year
most likely reflect improvement in managing culture
conditions (Silkina A. et al., 2020). Nevertheless, the
fatty acid profiles were fairly stable from batch to
batch. Furthermore the targeted compound (22:6n-3,
DHA) for animal feed averaged at 40% of total fatty
acid, even tending to increase toward the end of batch
production period.
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