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Fig. 1: Growth Phase.
(a) The green vegetative form of
this algae strain is grown under
optimal conditions in a 25 L PBR
up to biomass concentrations of
5 g DM L-1. High chlorophyll a/b
concentrations color the cells
green. (b) The result of a
pigment analysis (HPLC with
DAD) shows chlorophyll a with
the two absorption maxima in
the blue and red spectrum as
the dominant pigment.
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Fig. 2: Stress Phase.
(a)
Due to light stress and
nitrate depletion this algal
strain builds spores, which
change
their
pigment
concentrations and color. (b)
Compared to the green phase
the pigment analysis of the
spores show an increased
content of red carotenoids with
an absorption maxima between
450 nm and 500 nm. The
chorophyll content decreases.
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Table 1: Technical data of our multiLoop PBR
Volume and
Surface to Volume ratio (AV-1)

25 L PBR with 80 m-1
10 L PBR with 120 m-1

Illumination

Dimmable 100 W LED bars (up to 1,000 µE m-2 s-1) or any other light source
including natural sunlight

Sterilization

In situ with heat (121 °C) or chemicals

Aeration vvm

0.04 – 0.08 L L-1 min-1 ( air / CO2 mix)
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Culture flow rate

1.0 – 1.6 km h

Sensors

7 – 9 ports

Material

Borosilicate glass with PTFE gaskets. CE-certification for pressure vessels
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Solution: We present a PBR system that allows phototrophic, mixotrophic
and heterotrophic cultivation of microorganisms under sterile conditions.
With our system we are able to provide pure cultures complying with
strict microbiological quality controls according to ISO standards. We
already have implemented semi continuous production with 2 production
phases (growth and stress phase) which are run in parallel in several PBRs
with working volumes of up to 25 L and biomass concentrations of
10 g L-1. For process monitoring we present a non-invasive optical sensor
to determine changes in pigment composition and the biomass density
through the PBRs glass wall.
Since 2011 this system is in use for commercial production of snow algae
from the strain collection CCCryo for the cosmetics industry.

Table 2: Growth of different green algae and cyanobacteria in multiLoop PBRs with LED irradiation.
Only for Sphaerocystis sp. the production process was optimized.

Algal Strain

CCCryo

Chlorella sp.

297-06

Sphaerocystis sp.
Coelastrella sp.
Chlorella vulgaris

101-99
001b-99
347-10

Chroococcus
thermalis
Desertifilum
tharense

186b-04
187-04

Temp.
°C
2
12
20
20
40
40

Phototrophic /
Mixotrophic
M

PBR
V [L]
25

Productivity
g DM L-1 day-1
0.15

Concentration
g DM L-1
5.2

P
P
P

10
25
25

0.39
0.28
0.33

10.0
2.8
1.9

P
P
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10
10

0.13
0.09

8.1
2.2

V
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0°
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Fig. 3: To define the harvesting point we use the algaes color, measured with a colorsensor developed for this
purpose. Measurement is done through the PBRs outer glass wall. (a) The color sensor can be easily installed on the
outer reactor surface and hence can be used for many reactors. (b) Values of the HSV color space (H: Hue; S:
Saturation; V: Brightness Value) measured during the growth and stress phase. (c) The hue can be correlated directly
with the relation of chlorophyll a/b and the red carotenoids (astaxanthin, canthaxanthin, lutein and beta carotin). A
customer-defined threshold is the criterion for the harvest time.

Quality Control 2
Table 3: Microbiological quality control of our algae products. At the Fraunhofer IZI-BB in Potsdam we have
implemented a production line to obtain pure cultures without any detectable contaminations. We guarantee the
purity of the product and prove it with strict microbiological quality controls according to ISO norm and with a GMP
conform documentation.

Target
Total viable aerobic
count
Staphylococcus
Enterobacteriaceae
Bacillus cereus
Mould fungus 1

Method

Mould fungus 2

Malt extract Boullion

ISO 4833-2:2013

Criterion
< 100 cfu / g

ISO 6888-1:2003
ISO 21528-2:2004
ISO 7932:2004

Malt extract Agar

negativ in 10 g
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Challenge: Microalgal production as a monocultural system is a
challenging effort. Mass production systems for microalgae such as open
ponds and large closed photobioreactor (PBR) plants face the problem
that other microorganisms such as fungi, protozoa and bacteria grow
together with the target microorganism. Even in pilot-scale PBRs it is
challenging to avoid all contaminations. However, for their application in
the pharmaceutical or cosmetic production this drawback should be
overcome. Indeed, the use of cell extracts should comply with strict
microbiological quality controls and its cultivation under sterile conditions
is mandatory.

