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List of Symbols and Abbreviations 
 
The Photobioreactor can measure/calculate these parameters: 
 

Symbol Name Description 

Ft  (Dark) Instantaneous 
fluorescence in dark  

Instantaneous F-yield in dark equals F0 
Ft  = F0 (in dark-adapted sample) 

Ft (Light) 

 

 

Instantaneous 
fluorescence in light  

 

Instantaneous F-yield in light that 
results from a dynamic equilibrium of 
plastoquinone reducing and re-oxidizing 
processes and from non-photochemical 
quenching 
Ft  = Fs (in light-adapted sample) 

FM (Dark) Maximum fluorescence in 
dark-adapted state 

Maximum F-yield with QA reduced 
(qP=0) and non-photochemical 
quenching relaxed (NPQ=0) 

FM (Light) Maximum fluorescence in 
light-adapted state 

Maximum F-yield with QA reduced 
(qP=0) and non-photochemical 
quenching active (NPQ� 0) 

FV Maximum  variable 
fluorescence  

FV  = FM - F0 

QY (Dark) 

 

Instantaneous PSII quantum 
yield in dark  

Effective PSII quantum yield  
QY  = FV /   FM (dark-adapted sample) 

QY (Light) Instantaneous PSII quantum 
yield in light 

Effective PSII quantum yield relaxing 
in light 
QY  = FV’ /   FM ’ (light-adapted 
sample) 

OD680 

 

Optical density at 680 nm Optical density representing light 
scattering and chlorophyll absorption 

OD735 

 

Optical density at 735 nm Optical density representing light 
scattering 

pH pH Negative decadal logarithm of hydrogen 
ion concentration in the medium 

[O2] Oxygen concentration Concentration of dissolved oxygen 

[H 2] Hydrogen concentration Concentration of dissolved hydrogen 
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Safety Precautions 
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GENERAL ELECTRICAL SAFETY GUIDELINES:  

�  Routinely check the devices and their wiring. 

�  Replace worn or damaged cords immediately. 

�  Use electrical extension cords wisely and do not overload them. 

�  Place the devices on a flat and firm surface. Keep them away from wet floors 
and counters. 

�  Avoid touching the device, socket outlet or switch if your hands are wet. 

�  Do not perform any alterations to the electrical part of the devices or its 
components. 
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II ..  DDeessccrr iipptt iioonn  aanndd  MM aaiinntteennaannccee  ooff   tthhee  DDeevviiccee  
 

II ..AA..  GGeenneerr aall   DDeessccrr iipptt iioonn  

The Photobioreactor combines a cultivation vessel with the built-in fluorometer and 
densitometer.  It is designed for high-content, precise phototrophic cultivation of algae, 
cyanobacteria and bacteria. 

Light power and spectral composition as well as the temperature and aeration gas 
composition can be set with a high accuracy. In addition, cultivation conditions can be 
dynamically varied according to a user defined protocol. Light, temperature, and gas 
composition can oscillate with various amplitudes and frequencies.  

Culture growth is monitored by the integrated densitometer that measures light 
scattering at 735 nm (OD 735). Chlorophyll content of the culture can also be 
monitored continuously by the differences of optical densities at 735 nm and 680 nm 
(OD 680). The instantaneous physiological state of the culture is measured by the 
Photosystem II quantum yield (Fm’-Ft) / Fm’. 

The Photobioreactor body consists of a cultivation vessel and of a base box containing 
instrument electronics circuitry (Fig.1A). The cultivation vessel is a flat, rectangular 
container with a capacity of 400 ml. Its front and back windows are made of glass 
plates. The bottom part contains a thermal bridge that facilitates heat transfer between 
a Peltier cell in the instrument base and the microbial suspension. The detachable 
vessel top is equipped with two Luer connectors to U-shaped tubing releasing air 
bubbles inside the vessel (Fig.1C). One of the two central Luer connectors is for gas or 
medium exhaust. The other one can serve for sample collection or medium supplement 
(Fig.1C). The two ports accommodate temperature sensor as well as an additional 
connector that can, in diverse configurations, hold various sensors, e.g., pH, O2, H2 

(Fig.1C). 

The vessel is placed adjacent to an array of high-power light emitting diodes that 
generate a highly uniform irradiance flux that can be controlled in the range 0-
2,500 mmol (photons).m-2.s-1 PAR. The irradiance can be dynamically modulated by 
the instrument control unit or by an external computer (Fig.1B).  

Adjacent to the bottom corner of the vessel is a semiconductor light sensor for 
measuring fluorescence emission and suspension optical density by attenuation of light 
that was emitted from the LEDs (Fig.1E).   

The Photobioreactor can also control external modules such as peristaltic pumps and 
solenoids conditioning the composition of the bubbling gas (shown schematically in 
Fig.1F and Fig.2). The solenoid valves can be used to switch off the bubbling during 
optical measurements. Peristaltic pumps can be used in turbidostat and chemostat 
modes.  

The Photobioreactor can be connected to an external computer that can define 
experiment settings: duration of the experiment (typically days), data collection cycle 
(typically minutes), temperature or temperature dynamics, blue irradiance and orange 
irradiance, light/dark cycle or other irradiance dynamics. The external computer can 
also collect the measured data in real time and post them on world-wide-web.   
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Fig.1: (A) The Photobioreactor body consists of a flat vessel holding the suspension and of a 
base box with electronics circuitry.  (B) The block scheme of the instrument involves the 
Control Processor Unit to exchange data and protocol with external computer (PC) and 
auxiliary external modules. The Control Unit governs the measuring as well as the actinic light 
sources, temperature sensor and reads also the photodetector as well as auxiliary sensors.  (C) 
Detail of the vessel (D) Uncorrected optical density spectrum of cyanobacterial suspension. 
The lines and arrows indicate dominant wavelengths of various light sources that are integrated 
in the instrument as well as the detection range of the photodiode.  (E) Detail (rotated top-to-
bottom view) of the fluorometer and densitometer. (F) Symbolic representation of gas flow 
and adjustment modules that are used to stabilize aeration and set CO2 concentration level.       
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      Fig.2: Block scheme of the Photobioreactor, its modules, and remote control. 
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II ..BB..  DDeessccrr iipptt iioonn  ooff   tthhee  CCuull tt iivvaatt iioonn  VVeesssseell   

The standard cultivation vessel has a capacity of 400 ml and weighs about 3 kg. It is 
made from flameproof glass (thickness 3.3 mm), stainless steel (AISI316L), duralumin 
with black eloxal coating, silicone sealing, and Lukopren S6410T glue. 
Each vessel was tested and autoclaved (20 minutes at 120 °C) by the manufacturer 
before distribution. 
 
 
Fig.3: Vessel description: (1) Clips to lock the vessel in a stable position.  (2) Holders 
for easy vessel manipulation. (3) Screws to fasten the top part to the vessel. (4) Gas 
inlets.  (5) Connector for an optional sensor.  (6) Sampling tube.  (7) Gas or medium 
outlet.  (8)  Optional sensor (here O2 detector). 

 
 
 

II ..CC..  CCuull tt iivvaatt iioonn  VVeesssseell   MM aaiinntteennaannccee  

The whole vessel is fully autoclavable, including the detachable top part, connectors, 
sensors, and silicone tubing. However, keep in mind that most materials deteriorate 
after repeated autoclaving. We recommend that you keep autoclaving to a reasonable 
minimum. For most cases, hot water (60 – 70 °C), standard detergent and thorough 
mechanical cleaning are enough to keep the equipment clean and non-contaminated. 
When cleaning the cuvette, it is very important to rinse off any residue of detergent or 
medium and to dry the cuvette with a soft cloth – this will help to prevent the cuvette 
corrosion. The cuvette should not come in contact with strong acids or acidic vapors. 

The O2 sensor and pH sensor may be autoclaved or sterilized up to 140 °C; the CO2 

sensor may be autoclaved or sterilized up to 130 °C.   
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IInnssttaall llaattiioonn    
  

II ..DD..  CChheecckkiinngg  tthhee  PPaacckkaaggee    

�  Check the contents of the package and compare it with the enclosed package 
list.  

�  Make sure that the serial number of the Photobioreactor (Fig.4) is the same as 
the serial number on the label of the power supply (Fig.5).  

 
 

Fig.4: Back panel of the Photobioreactor with the serial number (blue arrow).  
Note: See the service cable warning (red arrow) on the next page. 

 
 
 

Fig.5: Upper part of the power supply with the serial number (blue arrow). 
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II ..EE..  DDeevviiccee  II nnssttaall llaatt iioonn    

To install the device properly, it is necessary to follow the proper sequence of steps as 
described below. 
 
 
  
II ..EE..11  CCoonnnneeccttiinngg  tthhee  PPoowweerr  SSuuppppllyy  ttoo  tthhee  PPhhoottoobbiioorreeaaccttoorr  

�  Make sure that both the Photobioreactor and the power supply are switched off.  

�  Connect the thick power cord of the power supply to the round connector of the 
Photobioreactor (Fig.6).  

 
�
�Fig.6: Connection of the Photobioreactor and the power supply. Inserted is the 

detailed view of the back panel of the Photobioreactor. 
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II ..EE..22  VVeesssseell   AAsssseemmbbllyy  

�  Fill the vessel with medium. 

�  Connect the tubes to the lid.  

�  Screw tightly the lid to the vessel using provided hexagonal key (Fig.7). Make 
sure that the rubber gasket is inserted properly between the lid and the vessel.  

�  If needed, autoclave the assembled vessel. Do not autoclave the sensors. See 
Chapter I.C. of this Manual for vessel maintenance.  

�  Insert the vessel into the Photobioreactor and lock it using the metal clips 
(Fig.8). 

 
                    Fig.7: Screwing the vessel lid to the vessel.  

 
       

  Fig.8: Locking the vessel with clips.  
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II ..EE..33  MMaaggnneettiicc  SSttii rr rreerr  II nnssttaall llaattiioonn  

�  Screw the magnetic stirrer to the Photobioreactor front part as shown on Fig.9 
and Fig.10. Use the four screws provided. 

 
 
                            Fig.9: Magnetic stirrer. 

 
 

                     Fig.10: Fastening the magnetic stirrer to the Photobioreactor.   
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�  Connect the stirrer cable to AUX1 connector on the Photobioreactor rear part 
(Fig.11).  

 
 
                       Fig.11: Cable connection to AUX1.  

 
 

   

 
�  Insert the stirrer into the Photobioreactor cultivation cuvette as shown on 

Fig.12.  

 
 
                   Fig.12: Stirrer position in the cultivation cuvette.  
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�  The stirrer function is controlled manually via the Photobioreactor control 
display as shown on Fig.13.  

�  For stirrer control, go to menu Setting� PWM_Mode. Here the stirrer can be 
turned ON/OFF and its performance can be adjusted in percentage of total 
power (10 % low power, 90 % high power).  

 
 
                         Fig.13: Stirrer control via the PWM_Mode.  
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II ..EE..44  PPeerr iissttaall ttiicc  PPuummpp  II nnssttaall llaattiioonn  

The Peristaltic Pump consists of two main parts – the Peristaltic Pump PP500 and the 
small stabilized power supply. These two parts and the Photobioreactor are connected 
with tubing and wiring.  First install the tubing connection: 

�  Attach provided short tube to the Peristaltic Pump PP500. Insert one end of the 
tube in the holder and wind the tube around the circle frame (Fig.12). Insert the 
second end of the tube into the holder (Fig.13). 

�  Attach provided connecting adapter to the proper connector (#7 in Fig.3) of the 
vessel top part (Fig.14).  

 
    Figs.12, 13: Attaching the short tube to the Peristaltic Pump. 

  
 

 
Fig.14: Attaching the adapter to the connector (viewed from the                           

Photobioreactor’s back). 
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�  Slip one end of the provided silicone tube on the adapter on the vessel top part 
(Fig.15). 

�  Slip the second end of this tube on another provided adapter (Fig.16). 

�  Attach this adapter to the short tube on the Peristaltic Pump (Fig.17). 

 

 
        Fig.15: Slipping the tube on the vessel connector adapter. 
 

 
 

 

 Figs.16, 17: Slipping the tube on the adapter and attaching the tubing to the Peristaltic   
Pump PP500 
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�  Slip a new strip of provided tubing on a small adapter and attach it to the 
second part of the short tube on the Peristaltic Pump (Fig.18). 

�  Place the end-point of this tube into suspension (Fig.19). 

�  See Fig.20 for complete installation of the Peristaltic Pump tubing. 

 

 

    Figs.18, 19: Finishing the installation of the Peristaltic Pump tubing 
 

  
 

  Fig.20: Fully installed Peristaltic Pump tubing. 
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Now install the wiring connection of the Peristaltic Pump: 

�  Connect the Photobioreactor and the Peristaltic Pump using a provided 
communication cable.  

�  Plug one end-point of the cable into the “AUX IN” connector of the Peristaltic 
Pump (Fig.21).  

�  Plug the second end-point of the cable into the “AUX 2” connector at the rear 
part of the Photobioreactor (Fig.22). 

 

          Fig.21: Rear part of the Peristaltic Pump: plug into “AUX IN” connector. 
 

 
 

           Fig.22: Rear part of the Photobioreactor – plug into “AUX 2” connector. 
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�  Connect the Peristaltic Pump and the small stabilized power supply. Plug the 
power cord into the “POWER +24V DC” connector of the Peristaltic Pump 
(Fig.23). 

�  See Fig.24 for complete wiring of the Peristaltic Pump. 

 
Fig.23: Rear part of the Peristaltic Pump - plug into “POWER +24V DC” connector. 

 
 

  Fig.24: Complete Peristaltic Pump wiring (viewed from the back). 
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II ..EE..55  GGaass  LLiinnee  II nnssttaall llaattiioonn  

The bubble humidifier consists of four main parts – pressurized gas source (here air 
pump), bubble humidifier, control valve, and gas dispenser tube. All parts are 
connected with flexible tubing. The control valve and the Photobioreactor are also 
connected with an electric cord. 

�  Tubing:  Connect all parts with flexible tubes as shown in Figs.25 and 26. 

�  Control valve wiring:  Connect the control valve cord to the Aux 1 connector 
of the back panel of the Photobioreactor (Fig.27). 

 

  Fig.25: Gas line arrangement. 

 
 

     Fig.26: Slip-on system.                   Fig.27: Back panel of the Photobioreactor. 
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II ..EE..66  ppHH  aanndd  OO22  EElleeccttrrooddee  II nnssttaall llaattiioonn    
 
 

IMPORTANT  NOTES: 

�  It is strongly recommended not to autoclave pH electrode. The manufacturer states 
that autoclaving deteriorates it rapidly. Use warm water with a detergent or chemical 
disinfectants for its cleaning.  

�  O2 electrode is made of high-quality stainless steel, grade 316, which is autoclavable. 
Yet, we recommend you to keep autoclaving to a reasonable minimum.   

�  Be aware that, although the O2 electrode is made of high-quality stainless steel, a 
very aggressive growth medium can cause its corrosion. Consult your specific 
conditions with the electrode manufacturer.  

 

 
pH Electrode Installation: 

�  Insert the pH electrode into the appropriate vessel connector and secure it 
tightly – see Figs.28 and 29. 

�  Attach the cable labeled “pH” to the electrode (Fig.30). 

�  Attach this cable to the connector at the back panel of the Photobioreactor. See 
the blue arrow in Fig.31. 

 

Fig.28: Positioning the pH electrode.  Fig.29: Securing the pH electrode. 

  
 

Fig.30: Attaching the cable to the   Fig.31: Attaching the cable to the back 
positioned pH electrode.     part of the Photobioreactor. 
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O2 Electrode Installation: 

�  Insert the O2 electrode into the appropriate vessel connector and secure it 
tightly – see Fig.32 and Fig.33. 

�  Attach the cable labeled “O2” to the electrode (Fig.34). 

�  Attach this cable to the connector at the back panel of the Photobioreactor. See 
the blue arrow in Fig.35. 

 
 

  Fig.32: Positioning the O2 electrode  Fig.33: Securing the O2 electrode 

  
 

Fig.34: Attaching the cable to the   Fig.35: Attaching the cable to the back      
positioned O2 electrode.     part of the Photobioreactor. 
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II ..EE..77  ppHH  aanndd  OO22  EElleeccttrrooddee  CCaall iibbrraattiioonn  

pH Electrode Calibration:  

�  In the Operation Menu*, go to Setting �  Calibration �  Calibration pH.  

�  Plunge the electrode in pre-mixed pH calibration solution pH = 7 (Fig.36). 

�  Read the signal value (Fig.37) and confirm this value by pressing the “S” key. 

�  Repeat the same procedure with pH calibration solution pH = 10. 

�  Calibration accuracy may be verified by plunging the electrode to the pre-
mixed solution of known pH (pH value in between 7 and 10). 

 
 

                Fig.36: Calibrating pH electrode in pre-mixed solution pH = 7  

 
   

                                  Fig.37: Reading the signal value for pH = 7   

 
 

     

 
* For more information see Chapter III of this Manual. 
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O2 Electrode Calibration: 

Minimum polarization time required for proper electrode functioning is 1 hour.  

It is very important to make the temperature sensitivity compensation/calibration of the 
electrode as the O2 electrode signal is quite sensitive to working temperature.   

 

If planning to run an experiment under constant temperature, the calibration 
procedure is as follows: 

�  Fill the Photobioreactor cuvette with media. It is recommended to use the same 
media as in the planned experiment (because of possible salinity dependence). 

�  Set the temperature regulation for desired temperature (the same as the 
temperature of the planned experiment) and wait for temperature stabilization. 

�  Bubble the media with fresh air to get 20.9 % dissolved O2 (dO2) calibration 
point. For 25ºC the O2 signal should be around 700 (higher with higher 
temperature). This step takes approximately 15-30 minutes (depending on the 
bubbling rate and optional stirring). 

�  To get zero point for the electrode calibration, bubble the cuvette with 100 % 
N2 to bubble out all oxygen. At this point, you should read the signal around 15. 
If you do not have a N2 tank, use value 15 for zero calibration point. (Another 
possibility how to get rid of measurable oxygen is to use Sodium dithionite. 
However, the manufacturer cannot recommend such a procedure.) 

�  Now you have two points of the calibration curve for particular temperature 
and media composition. As there is linear relation of the Clark type electrode 
signal to dO2 concentration, you can easily estimate actual concentration by the 
following equation: 

O2 percentage = 0.209 * (O2_signal - O2_0) / (O2_21 - O2_0), 

Where O2_percentage is actually dissolved O2 concentration in percent; 
O2_signal is actually measured signal in the Photobioreactor; O2_0 is zero 
calibration point (ca 15); and O2_21 is “ambient air” point calibration. 

 

If planning to run an experiment in variable temperature profile, you will need to 
repeat the first three steps for several temperatures from the profile. Depending on the 
temperature range, you will need to calibrate on minimum point, maximum point and 
at least on one more point between minimum and maximum. From these 
measurements you can make the calibration curve and compensate for variable 
temperature sensitivity. This sensitivity compensation curve differs from one electrode 
to another and cannot be therefore provided by the manufacturer. 
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II ..EE..88  AAddddii ttiioonnaall   LLiigghhtt  SSoouurrccee  II nnssttaall llaattiioonn  

The Photobioreactor can be supplemented with an additional Light Source that helps to 
accommodate specific needs of different organisms. The installation of the Light 
Source requires a cross-point screwdriver.  

Attaching the Light Source Holders: 

�  Unscrew eight screws (M2.5) from the front part of the Photobioreactor. They 
are marked with red arrows in Fig.36.  Important Note:  Do not remove the 
screw that is marked with a yellow circle in the figure!  

�  Using the new longer M2.5 screws, attach the left and right holders to the 
Photobioreactor front part – see Fig.37. Important Note:  Always use the new 
(longer) screws that are provided in your Additional Light Source Kit. 

�  Be aware that the slots for pivot joints must point upward. See the proper 
position of the holders in Fig.38. 
 

               Fig.36:      Fig.37:     

       
      Fig.38: 
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Positioning the Light Source: 

�  Position the Light Source by inserting its pivot joints into the respective slots in 
the holders – see Fig.39. 

�  Fig.40 shows the proper position of the additional Light Source. 

�  The Light Source can be locked by two screws. Their position is marked with 
red arrows in Fig.41.  

 
 
    Fig.39:     Fig.40: 

        
 

                                         Fig.41: 
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II ..EE..99  PPhhoottoobbiioorreeaaccttoorr  aanndd  CCoommppuutteerr  CCoonnnneeccttiioonn  

Use the serial cord to connect the Photobioreactor to the computer (Fig.42).  
 

 

         Fig.42: Back panel of the Photobioreactor. 
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II II ..  OOppeerr aatt iioonn  
�  Plug the power cord into an electrical outlet. 

�  Switch on the power supply (Fig.43). 

�  Switch on the Photobioreactor (Fig.44). 

�  Plug the air pump into an electrical outlet to start bubbling. 

�  Plug and switch on all the optional sensors (pH, O2, peristaltic pump) 

 
 

                     Fig.43: Power supply back panel.                  

 
 

                                Fig.44: Photobioreactor front panel. 
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II II ..AA..  PPhhoottoobbiioorr eeaaccttoorr   FFrr oonntt  PPaanneell   EExxppllaannaatt iioonn  

The device is controlled via the front panel of the Photobioreactor (Fig.45). 
 
 

Fig.45: Front panel of the Photobioreactor 

 
 
 

�  The left display shows the temperature reading or error messages (if 
applicable). 

�  The LED indicator “READY” lights up when the desired temperature is 
reached. 

�  The LED indicator “HEAT” lights up when the Peltier cell is operating as a 
heater. 

�  The LED indicator “COOL” lights up when the Peltier cell is cooling. 

�  The LED indicator “OVERLOAD” lights up when the requested temperature 
cannot be reached. 

�  The right display reveals two lines of the menu with the actual selection shown 
in the first line (indicated by the “>” mark). The second line shows the next 
menu option. 

�  The “M”, “S” and “SCROLL” keys serve to move and select in the device 
menu. See more information in the Step-by-Step Operation Scheme in the next 
chapter. 

�  The “MAINS” key switches the device on/off. 

 

 

 

 

ERROR REPORTING:  

Er 5:  Temperature sensor is not connected. 

Er 7:  Temperature sensor defect. 
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II II ..BB..  OOppeerr aatt iioonn  SScchheemmee  

 
The following pages bring the graphical presentation of the operation scheme of 
the Photobioreactor. This scheme is structured into four levels:  

1. Main Menu  

2. Four Sub-Menus (Measure, Lights, Thermoregulation, Setting)  

3. First-level nested structures  

4. Second-level nested structures  

 
 
 
 

II II ..BB..11  EExxppllaannaattiioonn  ooff   CCoonnttrrooll   KKeeyyss  aanndd  UUsseedd  SSyymmbboollss    

 
The Photobioreactor is operated by five keys:  

�  The “MAINS” key switches the device on/off. 

�  The “S”  key allows moving forward to a lower-level menu and it is also used 
as a “Confirm Selection” key. Long pressed “S”  key (= “HS”) is mostly used 
for moving inside the single menus (scrolling).  

�  The “M”  key allows moving back to a higher-level menu. 

�  The two “Scroll”  keys allow moving up and down inside the single menus.  

 

Explanation of symbols and color differentiation used in the scheme:*  

- SET key (short press) 

  - MENU key (short press) 
 
  - UP/DOWN key 
 
  - Hold SET key = SET key (long press) 
 
  - SET key (short press or long press) 
 
  - Hold MENU key = MENU key (long press) 
 
  - MENU key = (short press or long press) 
 

�  Full-line arrows are used for the “S”  key. 

�  Dashed-line arrows are used for the “M”  key.  

�  Dotted-line arrows are used for the “UP/DOWN”  key.  

�  Blue color represents the Main Menu. 

S 

S/HS 

M 

��� �  

HS 

HM  

M/HM  
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�  Yellow color represents the Sub-Menu items. 

�  Green color corresponds to the first-level nested structures.  

�  Pink color corresponds to the second-level nested structures.  

 
 
* The display of the Photobioreactor does not reflect this color differentiation. 
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II II ..BB..22    GGrraapphhiiccaall   PPrreesseennttaattiioonn  ooff   tthhee  OOppeerraattiioonn  SScchheemmee    
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II II ..CC..  DDeettaaii lleedd  EExxppllaannaatt iioonn  ooff   tthhee  PPuullssee  LL iigghhtt  CCoonnttrr ooll   
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II II ..DD..  EExxtteerr nnaall   PPuummppss  CCoonnttrr ooll   

This chapter brings thorough explanation of how to control the Photobioreactor’s 
external pumps. Reading this chapter is particularly recommended to the customers 
who plan to use the Photobioreactor in the turbidostat mode or intelligent chemostat 
mode. 

 

II II ..DD..11  EExxppllaannaattiioonn  ooff   CCoonnttrrooll   KKeeyyss    

(Abbreviated key forms are used in the Scheme II.) 
    

- SET key (short press) 

  - MENU key (short press) 
 
  - UP/DOWN key 
 
  - Hold SET key = SET key (long press) 
 
  - SET key (short press or long press) 
 
  - Hold MENU key = MENU key (long press) 
 
  - MENU key = (short press or long press) 
 
 
 
 

      Fig.46: Peristaltic Pump PP 500 – a rear view with 4 valve connectors. 

 
 

S 

S/HS 

M 

��� �  

HS 

HM  

M/HM  
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II II ..DD..22    EExxppllaannaattiioonn  ooff   tthhee  CCoommmmaannddss  
 

1. Set Pump 
Using the UP/DOWN key, select the pump for which you are going to set the control 
parameters. Be sure that your setting corresponds to the actual number of the pump. 
You may adjust the setting for up to 7 external pumps. 

2. Set Type 
Using the UP/DOWN key, select the type (mode) of the control executed by the 
selected peristaltic pump. You may select either MOTOR, which means control of the 
fluid flowing through the pump. Or, you may select one of the four valves on the 
peristaltic pump.  

Important Note: Valve 1-4 control applies only to the Peristaltic Pump PP500 that 
includes a special valve control module and 4 valve connectors – see Fig.46. 

Important Note: The Photobioreactor valve (12 V, connector AUX1 or AUX2) is not 
compatible with the Peristaltic Pump valve (24 V). 

3. Set Parameter 
Using the UP/DOWN key, select one of the parameters that will be used for the control 
of the chosen external pump. For instance, for the turbidostat mode, opt for OD_680 
and OD_735.  

4. Set Level 
Using the UP/DOWN key, set the level value for the selected parameter – see Scheme 
II. 

5. Set Range 
Using the UP/DOWN key, set (in %) the range of control for the selected parameter. 

 Note: One half of the selected range is above the pre-set level and the second half is 
below the pre-set level. For instance, if the range of control is 5 %, then approximately 
2.5 % will be above the level and approximately 2.5 % will be below the level - see 
Scheme II. 

6. Set Regulation 
Using the UP/DOWN key, select either the Over Control Mode or Below Control 
Mode – see Scheme II. You are advised to choose the Over Control Mode for the 
turbidostat control or for pH 0 – 7 control. For pH > 7, select the Below Control Mode. 

7. Set State 
Confirm all previously selected settings by pressing ON. Cancel your previously 
selected settings by pressing OFF. 

Important Note: All parameters are measured and regulated once in a minute (not 
continuously).  
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II II ..DD..33    OOppeerraattiioonn  SScchheemmeess  
 

Scheme I: Operation scheme for the control of external pumps.  
Red numbers (1 – 7) correspond to the numbers in the description on the previous page. 

 
 

 



 44

Scheme II: Schematic explanation of the Over Control and Below Control Modes 
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II II II ..  SSooff ttwwaarr ee  II nnssttaall llaatt iioonn  aanndd  UUssee  

The computer for the Photobioreactor control is shipped with a pre-installed operating 
system as well as with the Photobioreactor software. Thus, no installation by the user 
is, typically, required.  

If needed, however, it is possible to update the system to a newer version or recover 
the present system using a bootable installation CD that is enclosed in the delivery box.  
As an alternative, it is also possible to download the system from PSI via internet.  See 
Appendix A for details. 

The controlling software consists of two parts:  

·  The core software controls the Photobioreactor and runs in the background 
without direct communication wit the user.  

·  The graphical user interface (GUI) connects locally or remotely to the core and 
facilitates the communication with the user. 
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II II II ..AA..  GGrr aapphhiiccaall   UUsseerr   II nntteerr ffaaccee  ((GGUUII ))  

 
Starting the GUI Locally: 

After the operating system boots up, you can log in with the username “bio-reactor”  
and the password “reactor” .  This will lead you to the GUI that will first open in the 
Devices tab:   

Fig.A:  The Devices tab in an idle mode 

There may be multiple connected Photobioreactors. Selection of the connected devices 
as well as starting the experiments is done from this tab.  Each instrument that is 
connected to a computer port is represented by a sub-tab. These tabs appear/disappear 
as you plug/unplug serial ports (Fig.A, arrow 1).  Each tab represents a particular 
device that is connected and turned on.  The connected Photobioreactors can be idle or 
running an experiment. 

  
Idle Mode: 

Figure A represents a Photobioreactor in an idle mode in which it autonomously 
measures every minute the culture optical density, instantaneous chlorophyll 
fluorescence emission (Ft), temperature T, pH and, if the respective electrodes are 
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present, the concentration of dissolved O2/H2. These are parameters that typically do 
not perturb the culture growth and we call them “non-disturbing”.  When there is no 
experiment running, the software shows the last three hours of the measurements. The 
older data are not recorded in the idle mode. 

The arrow 1 in Fig.A  points to the ports to which multiple Photobioreactors are 
connected.  The arrow 2 shows a short info on a particular Photobioreactor. The user 
may change the name of the particular device for an easier navigation among devices 
and experiments. The arrow 3 points to a panel with the most recent measured 
parameters. The arrow 4 shows the control panel where the user can change the current 
measuring parameters, manually measure QY or start an experiment (see below). The 
arrow 5 in Fig.A points to the controls to change visibility of data series in the graph.  
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II II II ..BB..  SSeetttt iinngg  UUpp  aann  EExxppeerr iimmeenntt  

Setting up of an experiment can be started from the idle mode by pressing the “Start 
experiment” button (arrow 4, Fig.A)  
 

 
Fig.B:  The Protocol window. 

The experimental protocol defines the dynamics of the cultivation conditions and what, 
when and how is measured.  The protocol may be as simple as having fixed cultivation 
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parameters for the entire period of the experiment, or it may involve more elaborate 
settings to simulate, for example, diurnal cycles or fluctuating light/temperature 
environment, combined with complex measuring protocols. The protocol may be 
saved, loaded, or used1 from a previous experiment (arrow 1 in Fig.B).  

Protocol Definition: 

Fig.B illustrates an example of a protocol definition. The protocol defines cycles for 
control parameters, in this example, for the red cultivation light (arrow 3), white light, 
and for the thermoregulation.  

Each cycle can consist of one or more phases that may be different for different control 
parameters (although the total cycle duration, e.g. 24 h, must always be the same for 
all). The arrow 4 in Fig.B points to the definition of the first phase of a cycle for the 
red light.  The definition specifies the phase type (Continuous, Sine and Off for the 
light and thermoregulation phases, QY and Ft for measuring phases) and the phase 
duration (arrow 5).  The protocol is graphically represented in the panel top chart 
(under the arrow 2). 

The first phase of the red light cycle is a sine modulation with a phase offset 0, 
meaning here that the red irradiance starts from a sine minimum towards a maximum 
(Fig.C). The first phase sine period is 7 hours and the duration is exactly half of the 
period, 3 hours and 30 minutes so that at the end of the phase duration the maximum of 
the sine modulation is reached.  The red light modulation in the first phase of the cycle 
goes from 0% at the beginning (time 0) to 6.5% of full irradiance at the end of the 
phase duration (3h 30 min). 

 
Fig.C:  Harmonic period definition.   

During the second phase of the cycle, the red light remains constant at 6.5% for the 
following 8 hours (from 3h 30 min to 11h 30 min).  

                                                 
1 Beware if you use protocol from another Photobioreactor that may be of a different hardware 
configuration. In that case, some parts of the protocol will remain unfilled. 
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The third phase is analogous to the first one, only the phase offset is half of the period, 
so that the light modulation starts at its maximum (6.5%) and declines towards its 
minimum (0%).  

The fourth phase keeps the light at zero intensity for 9 hours.  

The sum of the four phases is 24 hours (3.5h, 8h, 3.5h, 9h), during which the culture is 
exposed to 15 hours of varying red light and to 9 hours of darkness.  

The white light is modulated in a cycle analogous to the red light, only the maximum 
day irradiance is 25.5% of the irradiance full power.  

The thermoregulation cycle holds the temperature constant at 22°C.  By setting the 
thermoregulation to “Off” the Photobioreactor would not control the temperature.  

The protocol also defines the measurement cycle. First in the light phase of the day 
(15h), the Photobioreactor measures every hour all parameters including the maximum 
fluorescence emission during a saturating light flash to determine the effective 
fluorescence quantum yield (QY). In the second, night phase, one measures only the 
“non-disturbing” parameters that do not require the saturating light flash. 

As explained above, the bioreactor performs the cycle for each parameter by executing 
its phases from the protocol top to bottom. After one cycle is completed, the bioreactor 
starts over again, until the experiment duration (arrow 2 in Fig.B) is reached. The 
duration of one cycle equals the sum of its phases (arrow 5 in Fig.B). Here, it is 24 
hours. The cycle duration must be the same for all parameters, i.e., cycles for all 
parameters must always start and end at the same time.  

The protocol can be easily modified by using the green (+) and red (x) buttons at the 
right of each phase.  The green (+) button inserts a new phase following the present 
phase while the red (x) button removes the present phase from the protocol. 
 

Summary of the Control Modes: 

·  Continuous control mode is used to stabilize the parameter level (light intensity 
or temperature) for the entire phase duration. 

·  Off control mode means dark for lights and no control for temperature  

·  Sine control mode means harmonic modulation as defined in Fig.C.  

 

Summary of the Measuring Modes: 

·  Ft, stands for all “non-disturbing” measurements, including steady-state 
fluorescence emission, optical density, temperature, pH, and the dissolved 
O2/H2 when the electrodes are present. 

·  QY, stands for all measured parameters including those requiring saturating 
light flash. The “non-disturbing” measurements are executed in parallel. 

Before starting an experiment, it is practical to record the Experiment info that will 
remain appended to the data. 
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Fig.D:  Experiment info.   
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II II II ..CC..  EExxppeerr iimmeenntt  SSttaarr tt   

After starting the experiment (top left “Start” button in Fig.B), the device will be in the 
experiment mode. The graph in Fig.E shows the last three days of a running 
experiment. You may export the data measured so far in the csv format (usable from 
MS Excel or OpenOffice.org Calc), or stop the experiment (caution: this step is 
irreversible!).  
 

Fig.E:  Experiment record.   
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Recorded Experiments: 
 

Fig.F:  Recorded experiments.   

In the Recorded experiments tab (Fig.F), you may display, delete and export completed 
experiments. In the panel shown by the arrow 1, one can see selected experiments. The 
experiments are represented by their start time, name of the device on which the 
experiment ran and the name from experiment info fields. 
The more detailed information on the used protocol, the full experiment info fields, 
and information about the device used in the experiment are in the tabs shown by the 
arrow 2. 
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Settings: 

 
 

Under the Settings tab, you may set the time of the system. Beware: most of the 
internal components rely on timing. Resetting the time will reset the components used 
for controlling the devices so that any running experiment would be aborted by time 
resetting. Thus, it is advised to reset the time when no experiments are running.  

The "check current bioreactor PC time" button sets the calendar to the current time of 
the connected computer. The "Set Time/Date and reset services" button sets time and 
date from the calendar on the bioreactor computer.  

In the Setting tab, you may also enable or disable the service tunnel. The service tunnel 
enables the PSI support to access the system in case of problems, for firmware upload 
and for diagnostics. None of your data are accessible via this path.  
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USB Drives: 

 
When the GUI is started locally, the USB Drives tab shows USB flash cards connected 
to the system. All drives are automatically mounted to the /usb-drives/usbX directories 
when you insert them in the USB slot. Don't forget to press the “Safely remove” button 
before physical removal of the device. 

 
Remote Access: 
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The graphical user interface is a separate application which communicates with the 
system over network (even when started locally). To access the system remotely, e.g., 
from your office, home or hotel, enter the address of the system in a web browser and 
click on the "bio reactor gui" link. The link points to Java Web Start manifest file. 
Open this file in Java Web Start Launcher to run the GUI. The launcher downloads and 
starts the application which then connects to the system. In this way, you may import 
the recorded experiments directly to your computer, check the progress of an 
experiment, or start new experiments from anywhere around the world. Several clients 
may be connected to the system at the same time if you grant them the access. 
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II VV..  AAppppeennddiixx  AA  ––  II nnssttaall llaatt iioonn  ooff   tthhee  OOppeerr aatt iinngg  SSyysstteemm..  

Insert the installation CD into the computer drive and boot the system. The following 
window will appear on your computer screen. 

 

Next, the installer will ask you to choose between the installation of the latest version 
from internet or the version present on the installation CD. 

 

If the network installation is selected, you will be asked to choose a network interface 
which will be used for the connection. If your system has more than one network card, 
you may identify the correct one by the status indicated next to the card name (e.g., 
“dhcp capable” for the right one or “cable disconnected” for a non-functional one): 
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Optionally, you can set the interface manually: 

 

Finally, the installer checks the connection to the remote PSI repository. 
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VV..  TTeecchhnniiccaall   SSppeeccii ff iiccaatt iioonn  
 
Measured Fluorescence Parameters:  
Fo, Ft, Fm, Fm´, Fv/Fm. Other parameters can be calculated 

Vessel Capacity / Weight:  
400 ml / 3 kg 

Precision Controlled Temperature:  
15 °C - 60 °C 

Temperature Sensor:  
Platinum Pt 1,000 in thermo-well 

Cooling and heating system:  
Two 200 W Peltier elements 

Two Displays:  
System control and actual temperature 

Actinic and Saturating Light:   
Two standard versions: one with blue and red LEDs (450 nm, 630 nm); the other with 
white LEDs. Light intensity is adjustable from 0 to 2,500 µmol(photon)/m2.s. Other 
LED colors available as an option. 

Light Regime:  
Static or dynamic (sinus form)  

OD - Optical Density Measurement:  
Real time measurement of OD by two IR LEDs (735 nm, 680 nm) 

Detector Wavelength Range:  
PIN photodiode with 665 nm - 750 nm bandpass filters 

Controlled Flow and Composition of the Bubbling Air:  
Optional 

Pumps:  
Up to 7 peristaltic pumps (optional) 

Ph Probe:  
Optional 

BIOS:  
Upgradeable firmware 

Communication Port:  
Serial - RS232 

Cultivation Vessel Material:  
Glass, stainless steel, duralumin, silicone sealing 

Size:  
50 x 25 x 35 cm 

Weight:  
15.5 kg 

Electrical:  
90-240 V 
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VVII ..  WWaarr rr aannttyy  CCoonnddii tt iioonnss  

1) Photon Systems Instruments, Ltd. (PSI) warrants all its instruments to be free from 
defects in materials or workmanship for a period of one year from the date of 
invoice/shipment from PSI. Warranty term for the European Union member states 
is two years. 

2) If at any time within this warranty period the instrument does not function as 
warranted, return it and PSI will repair or replace it at no charge. The customer is 
responsible for shipping and insurance charges (for the full product value) to PSI. 
PSI is responsible for shipping and insurance on return of the instrument to the 
customer.    

3) No warranty will apply to any instrument that has been (i) modified, altered, or 
repaired by persons unauthorized by PSI; (ii) subjected to misuse, negligence, or 
accident; (iii) connected, installed, adjusted, or used otherwise than in accordance 
with the instructions supplied by PSI.                                                                                                         

4) The warranty is return-to-base only, and does not include on-site repair charges 
such as labor, travel, or other expenses associated with the repair or installation of 
replacement parts at the customer’s site. 

5) PSI repairs or replaces the faulty instruments as quickly as possible; maximum 
time is one month. 

6) PSI will keep spare parts or their adequate substitutes for a period of at least five 
years. 

7) Returned instruments must be packaged sufficiently so as not to assume any transit 
damage. If damage is caused due to insufficient packaging, the instrument will be 
treated as an out-of-warranty repair and charged as such. 

8) PSI also offers out-of-warranty repairs. These are usually returned to the customer 
on a cash-on-delivery basis.  

9) Wear & Tear Items are excluded from this warranty. The term Wear & Tear 
denotes the damage that naturally and inevitably occurs as a result of normal use or 
aging even when an item is used competently and with care and proper 
maintenance. 
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