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INTRODUCTION 

Due to the evolution in the compartment IV studies, new hardware is in preparation. 
The characteristics of the biomass of compartment II, a photosynthetic micro-organism, 
makes it a perfect candidate to reuse the hardware currently used for compartment IV. What 
is more the software of compartment TV now in use, will be modified to allow its 
implementation for compartment II. For all this it has been decided to adapt the old 
compartment IV hardware to be used for the studies to be done for compartment II. This 
technical note proposes modifications to be done in order to adapt the existing hardware for 
the new requirements. It is also described the initial experikents that can be done in the 
future, taking as a starting point the information already available and following the same 
trends as in compartment IV. 

EVALUATION OF THE MODIFICATIONS REQUIRED FOR 
COMPARTMENT II HARDWARE 

Due to the characteristics ofthe new bacteria metabolism, working conditions will be 
different. Considering that the first experiments will be done in photoheterotropic conditions, 
the following culture conditions can be expected : 

-Temperature : 30 “C 

-pH : 6.8 
-Radiant light available (4xJ) : l-250 W/m2 
-Agitation : Aeration with inert gas. 
-Dilution rate : up to 0.15 h“. 
-pH=6.9 

To allow the process to be computer controlled, it is necessary to have a 
measurement of the majority of those physical working conditions, as well as other 
measurements that will allow to follow the metabolic behaviour of the cells. According 
to this the measurement of the following variables is advisable : 

Temperature 

PH 
Dissolved oxygen 
Gas flow 
Liquid flow 
Biomass concentration on the bioreactor. 
CO* concentration on the gas line. 
Carbon source on the culture media. 
Nitrogen source on the culture media. 

For the measurements on the liquid phase of the culture a sampling system able to 
supply filtered media is necessary. During operation of the bioreactor some off-line 
analysis will have to be done, therefore a sampling port, with capability to maintain the 
axenic conditions of the bioreactor is required. Besides the measures, it can be expected 
that there will appear some operational problems afyecting either those measurements or 
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culture behaviour, like biomass attachment to the bioreactor walls or biomass sensors. 
Those problems will have to be evaluated in real working conditions. 

Process variables should be computer controlled and the values of the measured 
and manipulated variables have to be stored for post-experiment analysis. 

Most of those systems are already available in the old hardware. In the following 
paragraphs the different systems will be discussed and the proposed improvements or 
alternatives presented as needed. 

-Temperature, pH, liquid dissolved oxygen. 

The present system uses conventional temperature and pH probes. Those 
measurement systems appear at present time, enough reliable to be used in the future. , 

Therefore it is proposed to keep the same systems with just minor investments in 
maintenance tasks. 

Control of the pH is done by injection of CO2 on the gas line. This system was 
adequate for the Spirulina cultures due to the relationship among the carbonates 
consumed by the bacteria and the pH. For the new cultures it would be preferred to 
change this pH control system for a conventional acid/base addition system. The control 
can be implemented on the actual controllers, in a similar way it has been implemented 
on the fixed bed nitrifjring bioreactor, and will require only the additional use of two 
peristaltic pumps (for example the Ismatec ones that are currently used for input and 
output liquid flow). 

Although this bacteria can consume oxygen, in the near titure experiments will 
be done in anoxygenic conditions. The presently used probe can be used as a security 
measurement device to ascertain that there is no net input of oxygen in the system or that 
the initial culture media has been degassed. However the probe is not sensitive enough to 
detect small amounts of oxygen (ex. 0.5 ppm) that can result from small leaks in the 
system. The sensor will not detect either the case where there is an input of oxygen that 
is being nearly completely consumed by the bacteria ; that results also in a oxygen 
concentration too low to be measured. The use of an inert gas (He, Ar) at a slight 
overpressure can avoid oxygen leaks into the bioreactor. This gas will also be used for 
agitation pourposes. Input culture media will have to be de-oxygenated and maintained 
in an inert gas atmosphere. Oxygen can also diffise into the culture medium during its 
transfer from the bottle to the bioreactor if certain tubes are used (silicone tubing). 
Therefore the use of gas tight tubes is recommended. 

-Light measurement at the centre of the bioreactol 

In the actual set up there is a combination of a commercial sensor and a custom 
made amplifier, together with a light ball collector also built on purpose. In the next 
phase the bioreactor will operate with a correlation among the incident light on the 
bioreactor wall and the power supplied to the lamps. This correlation will be tested 
before the beginning of the bioreactor operation in the new conditions. Therefore there 
is no need of this light sensor for the control purposes. Therefore the light sensor can be 
removed from the set up or maintained in it as a security device to detect a failure in the 
illumination system. 
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-Liquid flow measurement. Pumping systems. 

At this time there is no direct measurement of the liquid flow in the bioreactor. 
Pumping of liquids in and out of the bioreactor is done by means of peristaltic pumps. 
This pumps are calibrated at the beginning of the experiment. However as time passes 
tubing lines are deformed and the pressure drop up on the sterility filters increases. That 
forces at daily manual measurements of the flow. Moreover when the new flows are 
substantially different from the previous ones, calibration coefficients have often to be 
modified. In case of a leak on the liquid line, the flow changes, but there is no possibility 
for the computer control to enforce security measures up on this fact, because the change 
of flow is not noticed. Consequences can be catastrophic for the cultures specially on the 
occasions ( for example : at night, weekends,...) when the operators are not present to 
take appropriate actions. For this reasons it is highly desirable to improve the liquid 
handling system. 

From the different types of pumps available, two alternatives have been selected. 
Diaphragm metering pumps and gear pumps have been preliminary selected. 

Diaphragm metering pumps pulse a flexible membrane to displace liquid with 
each stroke. They have the advantage of their high reliability on the liquid volumes 
dispensed making them ideal for high accuracy applications. This pumps are factory 
calibrated for each stroke and the number of strokes can be regulated either by an 
external pulse regulator or a 4-20 mA current signal. As a candidate of this type a 
Prominent gamma/4/G/4a 1601 is proposed (Appendix 1 ). This pump can supply up to 
0.9 l/h. Pulsation on the line is minimised by using a small displacement per stroke (0.16 
ml/stroke) at high frequency (120 strokes/min) with an accuracy better than 2%. It has 
an analogic control (either O-20 mA or 4-20 mA) and the possibility to switch on an 
alarm relay in case of fault. A teflon coated pumping head assures its resistance to any 
type of corrosion. 

An alternative of this type of pumps can be the diaphragm dosing pump Alldos 
M205 Etron M (205-0.8/EO5) With similar characteristics to the other manufacturer 
this one has a stroke of 0.14 cm‘: and can reach 1 l/h at SO Hz and has a O(4)-20 mA 
current signal control (Appendix I ), The precision of the liquid delivery pump can make 
the necessity of a liquid flow meterin: T system prescindible. As a drawback it can be 
mentioned that those type of pumps require to change the membrane heads with some 
frequency. The periodical replacement of the membrane can be as often as every two 
months. 

Gear pumps operate via a two or three rotating gears, the spaces between the 
gear teeth carry the fluid from the inlet to the outlet. When they are magnetically 
coupled, shaft seals are eliminated, avoiding leaks and contamination and allowing 
autoclaving of the head prior to its use. They are of low maintenance requiring only 
occasional replacement of the head. Pump heads are usually purchased independently of 
the motor drive. As a candidate the Ismatech compact drives and a pressure loaded style 
pump head (Appendix 2) is proposed. It is pulse less and can supply a flow in the range 
of 0.06-6 l/h. It has an analogue input signal (O-20 mA or 4-20 mA) for speed control. 
Speed regulation is linear between SO-5000 rpm. It must be mentioned that at low rpm 
the pump head can be blocked. The teflon coated head can be autoclaved and requires 
barely no maintenance. As a drawback it can be required to implement a liquid flow 
measuring system to continuously monitor it and, as the pumps can operate against high 
pressures, a pressure measuring system and a relieve valve are advisable. This will avoid 
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the case were a block on the liquid line (for example due to sterility filter clogging) can 
result in an increase of the pressure and can cause the tubes to explode. Also the high 
shear produced will probably have an adverse effect on the biomass in the output of the 
bioreactor, which is of no major problem as that biomass will not have to be recirculated. 

Between those two types, the diaphragm pump will require more maintenance 
than the gear pump. It provides a small pulsating flow but will be more precise than the 
gear pump. The gear pump will require very low maintenance but its cost will be higher. 
Proper operation in the long run working continuously is a matter to be tested. Under 
such circumstances gear pumps would be proposed as the most adequate candidate. 

In a continuous culture one of the most important variables to control or to 
monitor is the liquid flow. Up to now the computer system relies on the proper 
calibration of pumps, and the operator has to manually check-it. The incapacity of the 
control system to detect any deviation from the expected flow can result in a number of 
problems that should be avoided. To correct such a situation it is proposed to install a 
liquid flow meter on the input and/or output of the bioreactor. 

Different technologies are available for liquid mass flow meters/controllers. Of 
those the ones based on the thermal fluid conductivity or the ones based on magnetic 
effects look appropriate for this task. 

Flow meters based on thermal conductivity properties of the measured fluid. It 
increases the fluid temperature 1 degree with a heater and measures the decrease in 
temperature at some distance, what depends on the characteristics of the fluid and on its 
flow rate. The measured quantity is the mass of the liquid and its volume is readily 
calculated through its density. As a candidate of this type of pumps the ones 
manufactured by the Dutch company Bronkhorst are proposed. They offer and adequate 
range of flows ( for example 0,020-l kg/h) with an accuracy of 0.5% and a precision of 
0.1% of full scale. The flow meters can be sterilised and do not contain any moving parts 
or elastomer seals. They can supply a signal of O-S Vdc or O(4)-20 mA, making them 
suitable to be connected to the actual system. They can be supplied with internal teflon 
covering to prevent any kind of corrosion. More details can be found on appendix 3. 

Flow meters based on magnetic forces rely on the effects that the measured liquid 
has on an oscillating system, by means of the coriolis force, while the measured mass 
passes orbits of different velocities. This resultin g force creates a phase shift between 
two sinusoidal signals from the sensor. This shift is proportional to the measured flow. 
The system is affected by the temperature ; this one is also measured and therefore is 
available for other purposes. The accuracy of this systems is about +/-0.2-0.5% of the 
range with a repeatability better than 0.1%. As a candidate the Rheonik RHMOO7 
(Appendix 3) has a measuring range of 0.12-2.4 I/h. Each RHM sensor is factory 
calibrated together with a RHE unit that calculates the flow from the sinusoidal signals of 
the sensor, and compensates for temperature. Both items are factory calibrated as a unit. 
The RHE unit has 2 analogic outputs O(4)-20 mA and supplies mass flow and 
temperature. Additionally, and as an option, it can also supply the density and volume of 
the liquid flow. 

A simple alternative that has to be mentioned to monitor the liquid flow is to 
measure the decrease of the weight of the input bottle. It is easy to implement a system 
were the weight of the bottle is continuously monitored by the controllers. In this case 
the decrease in weight can be converted to the liquid flow rate in an easy way by means 
of the density of the liquid. This system is the cheaper to implement but it needs several 
samples to be accurate and it is not capable to detect flow changes in the input flow, for 
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example due to a leak, unless the weight of the output bottle is also measured. As a 
candidate the manufacturer Ayats supplies a balance for 60 kg that can measure small 
increments of weight down to O.Olkg. It is equipped with analogic outputs O(4)-20 mA 
from were the controllers can get the weight and calculate the flow. 

However the direct, reliable and fast method to measure the flow is the liquid 
mass flow flow meter, of which the one based on thermal conductivity is the selected 
alternative. 

- Biomass concentration on tbe bioreactor. 

The biomass measurement system that is currently used consists in a probe that 
measures the absorbance of the liquid in the bioreactor and relates this to the dry weight 
of the bacteria through a calibration plot. It is proposed to continue with the same system 
with a recalibration of the sensor for the new bacteria and a previous substitution of the 
actual filter (746 nm wavelength) for another one less prone to be affected by pigment 
concentration modifications (710-720 nm wavelength). 

- CO2 concentration on tbe gas line. Gas flow and Pressure. 

The CO;? concentration on the gas line is not presently measured. However there 
is a measurement device available among the equipment transferred from ESTEC. This 
device, a Maihak IFC/GFC IR detector (O-20% vol.) is currently not working properly. 
It is proposed, as a first approximation to repair this CO* measurement device. This will 
allow to measure the production CO;! fi-om acetic acid or its consumption when using 
other carbon sources. This way the carbon balance can be followed and deviations used 
to calculate its loss or accumulation by non accounted effects. 

On the other hand to be able to use the measurements on the gas line were the 
device is located it should have a known and preferably constant gas flow and pressure. 
Therefore this gas line should be modified accordingly Presently there are in use MKS 
mass flow meters/controllers which can be maintained in the modified system. 

- Carbon source on the culture media. 

This is one of the measurements that is not presently existing and that would be 
very interesting to have for the future control system. It is expected that this 
compartment will consume volatile fatty acids. Measurement of those sources of carbon 
can be done, either in the input or the output flows, by a system based on gas 
chromatography. Its consumption is one of the key targets of the culture and therefore 
the control system should be able to measure them and take appropriate action. 

The system of choice for this measurements would be a gas chromatographic 
system with an automatic samplin g system, There are very few companies supplying an 
automated system for the samplin g and measuring of the liquid phase due to the 
complexities of the discrete sample handling system and the calibration steps required for 
it. 

The Swiss company Biospectra has several of this systems already working in 
several european companies/universities (Appendix 4). It basically consists of a 
Hamilton module able to take samples from a filtered sample line, add internal standards 

and introduce the mixture of them in the gas chromatograph. A PC (industrial model) 
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handles the sampling system, washing cycles and the periodic calibration of the 
chromatograph. It also determines the component for each peak, calculates the area and 
finally determines the concentration of each component. Frequency analysis is of between 
2-12 samples/hour depending on the substances in the eftluent. Precision of the measured 
components is evaluated in less than 2% of error. It can be used for any of the volatile 
fatty acids expected including acetic acid, and can measure up to 10 compounds in the 
same sample. Theoretically it can monitor more than one bioreactor. The system is 
customer specific so the manufacturer can supply any required connection accessories 
like analogic or digital interfaces for data transmission. According to the manufacturer 
either a RS-232 line or a 4-20 mA output signal can be Provided. A s it is intended to 
analyze several compounds at the same time, the use of a RS-232 line is the preferred 
choice. This signal can be read by the GPS to be able to use the results of the analysis. In I 

parallel the industrial PC can make available the results as an excel worksheet file which 
can be used as a security system. Therefore the GPS software will have to be modified to 
incorporate this data. 

The equipment prepared by Biospectra is based on a Hewlett Packard HP5890 
gas chromatograph, conveniently modified to adapt the on-line sample handling and 
analysis. From preliminary enquires, and from the economical point of view it seems 
preferable to purchase the GC directly from Hewlett Packard and make it adapted for 
on-line analysis by biospectra. 

Additionally it should be mentioned that as an alternative to GC analysis, specific 
on-line analysers for some compounds that could be expected, such as acetic acid, were 
not found available from various companies. 

Therefore the proposal is to acquire and HP SS90 GC in Spain and to request the 
upgrade of this to Biospectra to implement the measurement/sampling system. 

Figure I:Schematic drawing of IIIP online GC :llt;ll>‘scr connection. A: Airlift. BXP5890 GC 
with injection valve. C: Filtered culture media line. D: Hmilton snnqhg system. E: Custom industrial 
PC. F: 4-20 nlA connection. G: P-100 conlrollcr. H: RS422 line. I :System station. J : ARCNET 
network. K : GPS. L : RS-232 line. 
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- Nitrogen source on the culture media. 

Although the bacteria that is going to be used in this compartment can consume 
several sources of nitrogen, it shows the highest aflinity for the ammonium. This is the 
reason that in the near future the main experiments are going to be done with this 
nitrogen source. Measurement of this nitrogen source to allow the proper assesment of 
its consumption by the control system is the desired goal. Of the different technologies 
available to have a continuous measure of this variable two of them have been selected. 
One based on potentiometric characteristics of the liquid and the other on the indophenol 
blue method. 

The potentiometric system relies on the use of an ammonium permeable 
membrane which allows to separate the ammonium fi-om the main flow, which is 
thereafter measured by a potentiometric probe. The system is periodically calibrated 
(from 30 minutes to any time) using two samples of known ammonium concentration. As 
a candidate it is proposed the EASI-Technol. Ammonium analyser Mod. 255 (Appendix 
5). This one can measure ranges from 0. l- 1000 ppm of ammonium. It has analogic 
outputs of O-5 V or 4-20 mA. It measures continuously and there is a response time 
delay of 10 min with an accuracy of about 3% of the measurement. The limit of 
detection is of 0.1 ppm and it requires the use of two standards and one reagent and a 
minimum flow of 0.6 I/h sample. Reagent supply, approximately 1 month. 

The spectrophotometric reaction relies on the fact that at pH 12.6 ammonium 
ions react with hypochlorite ions and salicylate ions in the presence of nitropruside 
sodium, to produce a green dye (indophenol complex). As a candidate it is proposed the 
Dr-Lange AMTAX (Appendix 5) ammonium analyser. In this one the reaction takes 
place at 50 “C. The measurement is continuous and has a O(4)-20 mA analogic output. 
Calibration is performed periodically usin g samples of zero ammonium concentration and 
a sample with known concentration (for example 5 mg/l). Measurement is done 
according to the dual beam , dual filter method. The delay response time is of 12 minutes 
and measurement accuracy is about +/-2% of maximum value. It requires the use of two 
reagent solutions, two standards and a minimum flow of 0.5 I/h ultrafiltered sample. 
Reagent supply, approximately 2 1 days. 

Of the two systems the potentiometric one has the advantage of its lower use of 
reagents and its independence of the filtration of the sample. The spectrophotometric one 
has a higher requirements for reagents and is sensitive to the turbidity of the sample (due 

to the optical measurement) and therefore the sample has to be free of any suspended 
particles and ultrafiltration is recommended. However the spectrophotometric system is 
already in use at the laboratory. It is fully automated and the connections to the 
controllers have already been solved. It has been tested and up to now it does not present 
a major problem. Moreover having two systems of the same kind will simplify the 
reagents supply. In this conditions the spectrophotometric measurement system supplied 
by Dr. Lange AMTAX is the proposed method. 

-Automation hardware and software modifications of the bioreactor 

Once the new sensors will be incorporated and the unnecessary ones removed, 
the controllers wiring and its software will have to be modified. For the same reasons the 
Industar software will have to be updated together with the GPS groups. The GPS 
modification itself, which will be taken into account as a separate package, will consist 
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mainly in the incorporation of the new ADERSA software subroutines for the control of 
this compartment in place of the actual software. 

The modifications to be done in the control loops will be as follows : 

-Loop 1 : Alarms and Storage of LOCs. 
Alarms and LOC memory storage positions will have to be 

updated to incorporate the new variables. The measurement of CO* 
concentration can be maintained in this loop. Its value can be used by the 
GPS to close the mass balance and ascertain-if the metabolism is following 
the expected traits or if a deviation occurs. 

-Loop 2 : Pressure. 
This loop will be maintained However it will have to be updated 

for the new pressure measuring/controlling system, in order to maintain 
constant the pressure in the output of the bioreactor. The pressure 
measuring unit will be maintained and only the gas tubes set up will be 
modified. 

If the volatile fatty acids measuring system is finally incorporated, 
this loop can read the values of the fatty acid concentration. The values of 
the fatty acid concentration will depend on its input concentration but also 
on the values of the flow rate and light availability. Therefore if control of 
the VFA is desired, its concentration will be modified acting mainly on the 
light and flow rate variables (for example if VFA is too high the GPS can 
either increase the light supply or decrease the flow rate). This task is 
currently in charge of the GPS which can optimise the values of those 
variables to obtain the desired output. 

-Loop 3 : NO;-converted to NH,‘. 
This loop will have to be reconverted to measure the ammonium 
concentration using the new ammonium measuring system, instead of the 
actual nitrate measuring system 

-Loop 4 : pH 
This loop will be maintained. However instead of regulating the pH 
the COz, it will be modified it so as to use an acid/base addition 
similar manner as it has been done with the Nitr*osonmms bioreactor. 

-Loop 5 : Light. 

with 
in a 

As the new bacteria to culture in this bioreactor is also photosynthetic, 
this loop will be maintained to set the light intensity via the lamps power. 
However, instead of using the light measured by the internal sensor to 
regulate the light intensity, it will be set up so as to maintain a light 
intensity accordin, (r to a calibration table relating the controlling action to 
the lamps with a desired F,,. 

-Loop 6 : Temperature. 
This loop will not be modified 
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-Loop 7 : Biomass concentration. 
In this loop the calibration of the biomass concentration according to the 
measured medium absorbance will have to be modified. After the proper 
modification of the light filter. Its action on the input pump is currently 
commanded from the GPS which sets the desired input liquid flow. This 
way of work will not be moditied. However the loop can also read an 
analogic input with the measure of the liquid flow, which the GPS can use 
to verify that the desired liquid flow has been attained. 

-Loop 8 : Bioreactor liquid level. 
In a first approximation this loop will not be modified. 

The result of the modifications on this loops will require to modify the 
names and variable ranges of the old variables (v.g. the NH4+), or 
incorporation of new ones (v.g. the VFA variable) in the INDUSTAR 
database. Also the corresponding modifications on the display screens and 
GPS groups will be required. 

Estimation of the refurbishment cost. 

In order to evaluate the cost of the refurbishment of the bioreactor, the suppliers 
have been requested to give an approximate cost of the equipment to supply. The prices 
supplied are stated below. However final cost will only be given one month before the 
purchase. As the cost is not the tinal one, the given values have been rounded upwards. 
The cost is given in millions of spanish peseta units. 

ITEM COST (milions pesetas) 
Liquid flow meters + pumps 0.8 
Ammonium analyser 2.6 
On-line VFA gas chromatograph 5.5 

TOTAL AMOUNT 8.9 
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PROPOSAL OF EXPERIMENTS FOR COMPARTMENT II USING THE 
PREVIOUS COMPARTMENT IV BIOREACTOR 

Once the new bioreactor will be ready, experimental studies for the 
photoheterotrophic compartment will be continued. As a general scheme two main lines 
of work can be followed. 

On the one hand, from previous experimental data (Albiol 1994 ; Viprey 1994), 
and first stoichiometric analysis (Phoughon 1995) three factors have already been shown 
to have an important influence on the biomass composition. As found for the Spiruhza 

cultures, the effect of biomass composition on the loop -behaviour is very important. 
Therefore one important line of work is to continue to evaluate the effect of this and 
other factors on biomass composition, to allow for a better quantification of the effects. 

On the other hand the light transmission model, developed previously for the 
Spirulina bioreactor , and used by the control system will be adapted for the its use by 
the new control system. This work has already been started in Tn 23.4 and will require 
tirther light and growth measurements on the actual bioreactor to be used. Afterwards 
the effects of other culture conditions on biomass composition can also be incorporated 
into the model. 

Both lines of work have a first common requirement, that is a proper 
determination of illumination conditions and available light inside the bioreactor. 
Therefore the first experiments will have to define and measure the input light (Fo) and 
light availability for this bacteria and possibly include one culture as a reference. This 
results will further be combined with other determinations, like the ones in TN 23.4 to 
have a definitive model describing the light availability for this bacteria in this bioreactor. 

With this data, the effect of light limitation on biomass composition and carbon 
and nitrogen consumption, together with the effect of light variation on the kinetic 
behaviour of the biomass, can be reached. This can be done in a series of experiments, 
similar to the ones already done at the high dilution rate cultures for the Spirulina 
bioreactor. To speed up the collection of data, parallel experiments can be done in roux 
flascs and other more conventional bioreactors. 

Once completely defined the light effects on the IL ruhl*rml cultures, experiments 
under carbon source limitation and under nitrogen source limitation are the logical 
continuation line of work. 

With all this data, the stoichiometric model, already started at TN 23.3, can be 
advanced enough so as to be able to develop either a simulator similar to Photosim but 
for compartment II, as well as a control system taking into account, besides the light 
effects, also the effect of carbon and nitrogen sources on biomass behaviour and 
composition. 

All this data will allow a fin-ther improvement of the complete loop simulator, 
allowing a more accurate evaluation of its behaviour and of the conditions needed for its 
operation and improvement if necessary. 

Of this general line of work, the first experiments can possibly be started on the 
next contract phase. Taking into account that the development and construction of the 
new 5@w/i/ln bioreactor will take about 8 months, one has to consider that during this 
time the old bioreactor will still be used for the LY/umli~~tr cultures. That leaves only four 
months for the implementation of the modifications and its test. The equipment can be 
ordered previously so that as soon as the bioreactor can be used for the K.tuh~~m 

cultures, the mounting and testing of equipment can be done. After that, the remaining 
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time of phase 2, can be used for the first experiments on the light availability in the 
bioreactor and first effects of light intensity on the R.~~r~hrw~~ behaviour. 

Mounting and testing the new instruments can be expected to take around one 
month, and for each experiment around two weeks, depending on the dilution rate used. 
This leaves the amount of experiments that could be done in this last part of this phase 
between two and four. Assuming one week is taken for the illumination definition tests, 
like for example a light availability measure by a chemical method, some continuous 
cultures can be started at one tlow rate (for example 0.035 h-‘, will allow to compare the 
data with previous S’irdina results in the same bioreactor) and two or three illumination 
conditions tested. After that flow rate can be changed and new tests performed, the 
number of them depending on the time remaining. The results of those previous 
experiments will indicate if higher dilution rates can be tested in this bioreactor. The t 

obtained results will further indicate the values for those variables like flow rates and 
illumination conditions to be tested in titure experiments. 
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APENDIX 1 

Diaphragm Metering Pumps 
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