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1. Scope 
This document describes the modifications performed on the HPC1 based on some of the recommendations 

made at the end of the previous contract COO6 and following the batch culture campaign of the current 

COO9. 

2. Reference and applicable documents 

2.1 Applicable documents 

 

AD1 COO9: HPC1 characterization phase in the MELiSSA Pilot Plant 

AD2 MPP-QA-07-0001 MPP Quality Manual 

AD3  MPP-QA-07-0003 MPP rules for good lab practices 

AD4  MPP-UM-11-4000 HPC1 User Manual 

AD5  MPP-PID-10-4101 PID of HPC1 

2.2 Reference documents 

 

RD1  TN-96.1 "Results of chamber reassembly at UAB" 

RD2 TN 96.12: Cultivation as-run procedures, Test results and final Test report 

RD3 TN 96.13 HPC1: conclusions and perspectives 

RD4  TN 101.3: Test report for the characterization of lettuce batch cultures in HPC1 

RD5 TN 96.11: Functional Testing with Schneider Controller – As-run procedures, Test results and final 

Test report 

 

3. Acronyms/Definitions 
 

MELiSSA Micro Ecological Life Support System Alternative 

MPP-CCL MELiSSA Pilot Plant – Claude Chipaux Laboratory 

HPC Higher Plant Chamber 

COO Call-Off-Order (internal ESA acronym) 

UoG University of Güelph, Ontario 
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4. Proposed modifications 

4.1 Short description 

 

Following the completion of COO6, and the batch cultures of COO9, a series of issues was identified by the 

MPP personnel and the visiting scientist from Guelph (Dr R. Côté).  These issues can be categorized in two 

groups: 1) those that affect the function and/or performance of the chamber and 2) those that are more 

related to maintenance and safety.   

 

Within each group, these could also be classified in relation to the time they need to be addressed: 

1. to be modified or performed prior to the beginning of the staggered experiment 

2. to be modified or performed later since they should not impact the proposed staggered experiments 

3. to be considered in the design of future chambers and reported in TN101.6 

 

This document describes the items that were modified prior to the staggered culture experiment as described 

in the COO9, and modifications performed later, as they did not impact the proposed experiments. 

4.2 HPC1 modifications 

4.2.1 Addition of Metering pumps for injection of nutrient  

In the original HPC1 design, the concentrate nutrient solutions A and B are stored in 4-litre reservoirs placed 

above the main hydroponic tank and gravity fed to the tank by the opening action of two solenoids valves, 

one per line (ASCO red hat valves, catalogue number 8262G220, MPP tags SV_4108_01/02).  These valves 

are controlled by the HMI in response to the EC reading and the demand set point.  Two issues were 

identified with this method of injection.  First, the valves started to leak after an extended length of time.  

The volume leaked could not be estimated, therefore adding an unknown quantity of solution to the 

hydroponic loop. Second, the exact flow rates for the solution going through these valves were difficult to 

evaluate accurately.  This inaccuracy comes from the fact that the flow rate of a gravity fed line depends on 

the height of the solution column.  Furthermore, when very short pulses were used, the electronic and 

mechanical lag times of the system contributed to the inaccuracy of the measurement. The precise 

measurement of the flow rate is necessary to be able to convert the duration of the injection pulses to volume 

injected and then to quantity of nutrient added.  It is also important to keep the volume of injection of both 

solutions identical to avoid ionic imbalance in the hydroponic solution. 

 

In order to correct the above issues, the system was modified by adding two metering pumps (one per 

solution line, ProMinent gamma G/4b, Appendix 1, 2) which will control the volume of injection for 

nutrient solutions A and B.  The metering pumps can be calibrated to deliver a very precise volume of 

injection and by their inherent design, decrease the chance of leakage of solution in the tank.  It was decided 

to keep the original solenoid valves in place as an added level of control for leakage and to synchronize their 

opening actions with the injection pulses of the metering pumps. This design permits an accurate delivery of 

solution and when coupled with the additional valve will decrease the chance of leakage and avoid 

contamination during maintenance. 
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4.2.2 Pneumatic valves (Leaking Acid and Base Valves)  

The valves for acid and base (ASCO red hat valves, catalogue number 8262G220, MPP tags 

SV_4107_01/02) have been replaced a couple of times in the past year since they have the tendency to leak 

and therefore inject unknown quantities of solution into the hydroponic system.  They also pose some 

problems for the evaluation of the quantity injected into the system since they are not very reliable and 

difficult to calibrate.  Because of this inaccuracy, the lab staff cannot rely on the time that the valve is 

opened and the flow rate to evaluate the quantity of nutrient injected, and have therefore developed an 

alternative method i.e. marks on the side of the solution reservoirs, that is not only cumbersome to apply but 

also only approximate.  The method of injection should be more reliable and particularly not leak, in order to 

obtain accurate measurement of injected solutions.  The problem with the acid and base injection is therefore 

very similar to the one presented in section 4.2.1, and therefore could also be resolved by adding two 

metering pumps.  However, because of the high cost of such pumps and the possibility that the high 

concentration of the solution (particularly for the base) affected its mechanism, it was decided to postpone 

the decision to convert the acid/base component with a system similar to the one propose in section 4.2.1.  

Leakages were mostly observed for the acid and base injection, which can be explained by the corrosive 

nature of these solutions.  Therefore for the injection of acid and base, two pressure operated membrane-

valves will be installed (Appendix 3).  The membrane valves will avoid further leakage.  The accuracy is 

less than for the metering pumps, but it was decided that for the moment the accuracy of the acid and base 

measurement where not as critical as for the concentrated nutrient solutions.   

4.2.3 Seedlings nursery 

The germination of lettuce seedlings for their introduction into HPC1 has been variable from one week to 

another in the past, and based on the picture archive appeared etiolated, probably due to insufficient light 

levels.  In order to produce more uniform seedlings, it was suggested to look at an alternative method of 

controlling the environment conditions during the germination stage.  In the case of the staggered 

experiment, it would not be possible to start seedlings inside HPC1, therefore an alternative has to be found 

to provide appropriate level and quality of light, as well as the warmth and moisture required during this 

critical stage of growth.  The method of germination has been modified and details can be found in MMP-

OP-11-4101 Germination procedure.  This method includes the use of a seedling nursery as described in 

section 5.3 below 

4.2.4 Addition of a bolt stopper at each door hinge 

The bolts of the HPC1 door hinges have tendency to slide out. An L-shaped stopper was designed and 

installed to prevent further sliding of the bolt that could end up with the door falling off of the chamber and 

on to the operator, being an important threat to personal safety. 

4.2.5 Change to CO2 injection algorithm 

The algorithm for controlling the CO2 injection into the chamber resulted in over injection and required two 

to four hours to stabilise.  It was requested that Sherpa Eng. modify the algorithm to better reflect the time it 

takes for the chamber to disperse the injected CO2.  In addition, the maximum injection rate has been set to 

500 mL/min (former value was 1000 mL/min, fixed injection rate) to increase the accuracy of the injection. 

4.2.6 Gas Analyser system 

Some minor modifications to the gas injection control panel have been made in order to accommodate an 

updated calibration procedure for the CAI gas analyser (Model 601). These include the addition of a particle 
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filter and of an additional port for integrating a new bypass mode into the gas analyser operation.  

Modifications have been included in the latest update of the PID and user manual AD4 

4.2.7 Air baffles for upper louvers (Uneven air flow in HPC)  

The uneven growth observed on the batch cultures of lettuces was partially explained by an uneven air flow 

within the HPC chamber.  This was confirmed by some velocity measurements performed by R. Moyano in 

May 2010 (see appendix 8) indicating higher velocity in the centre of the chamber (RD4, section 11.2).  In 

order to improve air flow patterns, the two centre vents were replaced with custom made perforated plates 

(see fig.1).  Velocity measurements and visual observations indicated that the air flow was much more 

uniform throughout the chamber after this modification (see Appendix 9).  This was also confirmed by the 

last batch culture of lettuce where dry weight distribution was more uniform over the whole growing area 

(RD4). 

 

 
Figure 1: Upper perforated plates restricting air flow 

 

 

After close examination of the HPC chamber and experimental design, it was noticed that three factors may 

have contributed to the uneven distribution of air flow during the batch cultures of lettuce:   

1) the order in which the perforated panels were placed at the bottom of the chamber (see fig.2),  

2) the obstruction of the normal air flow between each tray caused by the presence of plastic sheets used to 

decrease the proliferation of algae on the rockwool medium (see fig.3), and  

3) the adjustment of the upper air louvers.   

In order to verify this hypothesis, a series of tests were designed to measure: 

 

1. the impact of the lower baffle panels configuration on the air flow pattern 

2. the impact of the plastic sheets placed over the whole surface of the chamber on the air flow 

pattern, 

3. the impact of the perforated panels place over or behind the upper central louvers (see fig.1) on 

the air flow pattern 

 

Figure 2: Configuration of bottom perforated plates 

currently used in the HPC (4 larges, 3 smalls, 2 mediums) 
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In order to identify the role that plays each component involved in the control of air flow in the chamber, an 

experiment was designed to evaluate the impact of different louver and baffle configurations, as well as that 

of the utilisation of anti-algae plastic film on the chamber air flow pattern. A test protocol for Velocity 

Measurement (MPP-TN-10-4102) was designed based on the previous mapping protocols developed by 

NTE and UAB and performed on HPC1 (NTE-HPC_HVAC-OF-001_2).  The mapping was performed on 

two baffle configurations (MPP and original configuration engineered by Angstrom) using the louver 

configuration already in place (called MPP configuration).  Tests were performed without plastic film and 

then repeated with plastic film only on the pair MPP-baffle configuration with MPP-louver configuration. 

From these measurements the following was concluded: 

 

a. Plastic film affects the normal air flow pattern in the chamber and in the future precautions 

should be taken to avoid any obstruction of the space between trays either with the anti-algae 

film or any other component of the experimental design. 

b. The configuration of the lower baffles had a lesser impact than the one of the louvers.  The 

Angstrom configuration seems to provide a more even distribution of air.   

c. The louvers seem to be the major controlling component of air flow for the upper part of the 

chamber and have a lesser impact at the level of the trays.  Their adjustment in order to obtain an 

even flow across the chamber will therefore be more important when growing tall plant species.  

 

4.2.8 Evaluation of Air lock and curtains seals 

The functional test carried out on the air lock purge sequence failed (see RD5, section 3).  This test to work 

properly would require for the air lock to be pressurized.  The HPC1 and its air lock cannot be pressurised 

due to the presence of a permeable internal door and pressure compensation bags.  The chamber was not 

Figure 3: Overlapping of plastic between trays Figure 4: UoG SS tray covers and trays 
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designed to withstand any pressure gradient between the interior and the exterior of the system.  Therefore, 

no test involving pressure valve as a controlled point could work without modifying the actual design of the 

chamber, i.e. replacing the curtains.  Under those circumstances, a proper flush of the air lock space is not 

possible.   

 

Instead of a purge, a series of measurement for CO2 loss and diffusion rates were performed in order to 

characterize the perturbation on CO2 concentration induced by the opening of the air lock doors.  These tests 

estimated the quantity of CO2 lost and could be used to mathematically correct the gas exchange and carbon 

balance data.  This correction will improve the accuracy of the measurement, particularly during the 

staggered cultures since the door may need to be opened on a more frequent basis. The results of these tests 

will be reported in TN101.5.   

 

The same test could also be applied to the O2 gas.  This required the installation of an O2 input line with 

pressure regulator and manual valve (not performed). A protocol has been developed to evaluate the loss and 

diffusion rate of CO2 and O2 gases for the HPC1 (MPP-TN-10-4103).  

4.2.9 Access to airlock compartment 

The position of the airlock gloves is 140 cm from the ground, and the base of the airlock window is 165 cm 

from the ground. These dimensions make it very difficult for some MPP staff to work with the chamber 

gloveboxes.  In order to improve accessibility and ease of work, two large polypropylene platforms of 16 cm 

in height were bought and placed below each air lock. 

4.2.10 Software update 

Some of the changes described above, such as the addition of metering pumps, required modification or 

addition to the data acquisition and control system.  These are defined in sections 5.9 below. 

4.2.11 Hydroponic Collecting Tray (Maintenance) 

The large white polypropylene collection gully at the end of each growing tray is heavy, difficult to 

manipulate, difficult to clean and often leaks at the middle junction.  Furthermore, the gully is in the way of 

the bottom baffles when there is a need to remove/ remountthem.  It is therefore recommended to replace it 

with a 316 stainless steel tray that will be attached either on the wall of the chamber or on the supporting 

structure of the wheels track.  Originally this should not have been a problem since the tray was not intended 

to be displaced and the baffles were expected to be removed only on rare occasion.  However, changes in 

cleaning procedures, mapping experiments, characterisations, repairs of leaks and instruments have all 

increased the requirement for entering the chamber and removing the baffles, making the presence of this 

tray problematic. In order to improve the ease of operation and maintenance, a new light SS tray has been 

designed. Schematic drawings are provided in section 5.10 below. 
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5. Implemented Modifications 

5.1 Addition of Metering pumps for injection of nutrient 

5.1.1 Metering pumps 

In order to correct the issues presented in section 4.2.1, the system was modified by adding two metering 

pumps (one per solution line) which will control the volume of injection for nutrient solutions A and B.  The 

metering pumps can be calibrated to deliver a very precise volume of injection and by their inherent design, 

decrease the chance of leakage of solution in the tank.   

 

The UAB laboratory had available two metering pumps that were not in use.  These were installed on 

26.01.11 for the injection of nutrient solutions A and B (see Figure 5).  Specifications can be found in 

Appendix 1.  Calibration and maintenance procedures are included in AD4 

5.1.2 Solenoid valves 

The solenoids used for the injection of nutrients have never shown sign of leakage in the past, they were 

therefore kept for added control on the injection and decrease the chance of contamination during pumps 

maintenance.  The opening of these valves needed to be synchronized with the injection pulses of the 

metering pumps, which required minor modifications to the software control system. This design permits an 

accurate delivery of solution and when coupled with the additional valve will decrease the chance of leakage 

and avoid contamination during maintenance. 

5.1.3 Support shelf 

The installation of these pumps required the installation of a supporting shelf in order to place the pumps in 

the right position in relation to the feeding reservoir according to the manufacture’s specifications.   

 

  
Metering pump Solenoid valves 

Figure 5: Metering pumps and solenoids valves used for nutrient solutions injection 

5.1.4 Software modifications 

In order to properly operate these pump the control system had to be updated: 
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 Modify the control software to synchronise the operation of the pump with the opening of its 

associated valve, this was done in using the same signal pulse 

 Add a user input field to the HMI so the user can enter the real flow rate as measurement using the 

procedure describe in MPP-User-Manual 

 Since the flow rate of both pumps may not be exactly the same, the controller includes this 

discrepancy into the calculation of injection time for both pumps.  For example, if a pump flow rate 

is half the flow rate of the other pump, the injection time for this pump should be double in order to 

inject the same volume.  Sherpa Eng. has implemented this change by using one pump as a reference 

and correction the time of injection of the other pump based on the ratio between the flow rates of 

both pumps. (Note: in normal operation the difference between the two pumps should be less than 

10%, if the difference is higher, then it is time to perform a manual calibration and adjustment of the 

pump speed.) 

 Sherpa Eng. implemented a control that stops the injection of both solution if one of the low flow 

alarms is triggered, in order to avoid injecting one solution and not the other which may create an ion 

imbalance in the hydroponic solution 

 Sherpa Eng. added a new tags representing the values converted from “injection time” (sec) to 

“volume injected” (ml) using the “user input” value for flow rates. 

 

5.2 Leaking Acid and Base Valves 

5.2.1 Pressure operated membrane-valves 

The valves for acid and base injection have been replaced more than once in the past year due to their 

tendency to leak and therefore transfer unknown quantities of solution into the hydroponic system.  The 

decision was to replace the conventional solenoid valves with pneumatically operated membrane-valves  

(performed by the company CIFA – see the documented interventions in Appendix 10: CIFA’s report on 

maintenance interventions in the MPP).  These have a more reliable mechanism to prevent leakage due to 

the high pressure applied to the membrane. Furthermore, the solution never comes in contact with the metal 

components of the valve therefore preventing corrosion and potential leakage.  The installation of these 

valves required a compressed air pipeline.  They are also larger than solenoids and require more space.  The 

procedure to measure the flow rate can be found in AD4.  Specifications for the valves can be found in 

Appendix 3: Specification of pressure operated membrane-valves.  Figure 6 shows the electro-pneumatic 

block to activate the two valves, and the two valves installed at the same position as the old solenoid valves. 
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Pressure regulators Pneumatic membrane valve 

Figure 6: Pressure operated membrane valves 

5.2.2 Software modifications 

In order to properly operate these valves the control system had to be updated: 

 add a user input field to the HMI so the user can enter the real flow rate as measurement using the 

procedure describe in AD5 

 Sherpa Eng. added a new tag representing the values converted from “injection time” (sec) to 

“volume injected” (ml) using the “user input” value for flow rates. 

 

 

5.3  Seedlings Nursery 

5.3.1 Nursery components and assembly 

In order to provide the seedlings with the appropriate growing condition and to obtain a more uniform 

seedling population between crops, a small nursery was constructed using the following components (see 

Figure 7 and  Appendix 4: Specifications for nursery components): 

 

 Lamp 105 W Agrolite 

 Metal reflector Basic Liso 

 Programmable timer 

 Heated grow tray with domes “Hivernadero Grande” 50 x 30 x 15 with heating mat set to 24ºC  

 Metal grid for rockwool cubes 

 Metal support for light reflector 

 



 

MELiSSA Pilot Plant 

 

 

Document Identification : 

Improvements and modifications to HPC1  

Type Number Issue  

TN 101.1 (0) Page : 14 / 68 
 

This document is confidential property of the MELiSSA partners and shall not be used,  

duplicated, modified or transmitted without their authorization 

Memorandum of Understanding ESTEC  4000100293/10/NL/PA 
 

  
Lamp Reflector 

  
Nursery tray Trays and light set-up 

Figure 7: Nursery components and assembly 

 

5.3.2 Nursery assembly 

The light metal reflectors are firmly attached to the metal support bar which is itself attached to adjustable 

clamps.  The clamps permit the adjustment of the light level by raising or lowering the light support bar 

(Figure 7).  Light is adjusted to a height that delivers between 200 and 250 µmol.m
-2

s
-1

 PAR at seed level 

(i.e. top of rockwool cubes). The bottom heated trays are connected to a standard power source and will 

maintain temperature to a minimum of 24°C (24 hours per day).  The heat will generate a moist and warm 

atmosphere if water is present in the growing tray. The lamps are connected to a programmable timer set for 

a day/night cycle of 16/8 hrs (could be different depending on the experimental design, but should be 

synchronised with the HPC photoperiod). 
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5.3.3 Nursery verification of proper assembly 

The light level should be monitored at the beginning of each experiment to ensure that the light level is 

within acceptable limit, otherwise the height of the reflectors should be adjusted until an acceptable level is 

reached.  Caution:  the light should never be closer than 15 cm from the dome, if at that distance the light 

level cannot be reached, new lamps should be purchased or replaced with higher wattage.   

 

A thermometer should be placed in the nursery tray and temperature should be verified each time that the 

nursery is being checked for watering. Temperature should never go above 30 degrees C or below 24 

degrees C.  If temperature is below 24, the heated mat is damaged and the tray needs to be replaced.  If 

temperature is above 30 degree, the light source could be too closed to the dome or the mat overheating.  

Temperature should be checked at the beginning of each experiment, particularly after long period of 

storage.  Caution:  always check temperature after a 24 hour period before using if the nursery has been 

stored for a long time. 

5.3.4 Location of nursery 

If the nursery is kept closed, its location is less critical as long as there is no drastic change in temperature or 

light level.  However, if the trays are used without their domes or the domes are opened frequently, it is 

preferable that the nursery be located in a clean location away from doors, sinks, and areas of high traffic.  

For certain plants, photoperiod is very important, so even if you control the photoperiod above the tray, if 

there is a strong source of light nearby during the dark period of your set photoperiod, the plant could be 

affected by this external source and will result in unexpected growth and development.  In this case, the tray 

should be moved away from the source or shaded from it. 

5.3.5 Storage of nursery components 

If the nursery is not going to be used for an extended period of time, the tray and dome should be cleaned 

and disinfected with hypochlorite.  The lamps should be removed and placed in their original boxes or an 

alternative method to prevent them from breaking.  All components should be wrapped with some plastic to 

prevent accumulation of dust and stored in a clean place. 

5.3.6 Spare parts 

The laboratory should keep in storage at least two spare lamps. It is also recommended to keep one nursery 

tray and one programmable timer. 

 

5.4 Addition of bolt stoppers at each door hinge 

The bolt of each door hinge had the tendency to slide vertically out of their nominal position.  An L-shaped 

stopper was installed for each of the 4 door hinges. (See Figure 8) 
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Figure 8: Bolt stopper at HPC1 door hinge 

 

5.5 Changes to CO2 injection algorithm 

Sherpa Eng. has improved the CO2 injection algorithm to avoid over injecting CO2 in the chamber (see 

Section 6.2.5). 

 

5.6 Gas Analyser system 

The calibration procedure of the gas analyser (CAI instruments Model 601) has been modified in order to be 

conform to the manufacturer recommendations.  The new calibration procedure is described in AD4. 

Three modifications were made (see Figure 9):  

 Add a bypass line to the gas system to permit allow disconnection of the gas analyser from the 

chamber when gas analysis is not required.  It is highly recommended that this bypass configuration 

is used while performing cleaning, repairs or any other operations in the chamber that do not require 

the monitoring of gases in order to avoid damage to the equipment. 

 The updated calibration procedure recommended keeping the analyser ON at all times. This was 

decided after discussion with other users and the CAI technical support.  This analyser needs at least 

24 hours to reach a steady state after being turning on, so the previous calibration protocol did not 

permit to reach steady state during calibration since the equipment was constantly being turned OFF. 

 A particle filter was added to the inlet gas line to protect the analyser. 
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Figure 9: Gas Analyser System 

 

5.7 Air baffles for upper louvers (Uneven air flow in HPC)  

 

The results of the tests performed to improve the airflow distribution inside the chamber are shown in 

Appendix 5: Air baffles for upper louvers experimental results 

The main conclusions of these tests were: 

 

 Although the impact of the bottom baffle (perforated plates) distribution was minimal, the original 

Angstrom configuration was kept as it provided a slightly more homogeneous distribution at plant 

level. 

 It was decided to discontinue overlapping of the plastic sheets used to cover the trays during the 

tests, as this causes a restriction to the airflow and increases strongly the air velocity, especially at 

plant level. 

 Additional perforated steel plates were added in the back of two of the upper louvers ( the second 

and third louvers of module B) in order to improve the homogeneity of the air velocity distribution 

(see Figure 10), that showed a very high peak between trays 10 and 15 at the plants level. 
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Figure 10: perforated steel plates installed at the back of some of the upper louvers in the HPC 

5.8 Access to airlock compartment 

The utilisation of the airlock glove boxes was difficult for shorter personnel.  The usage of a small ladder 

presented some problems with their instability and the restricted area that could be used.  The addition of 

two non-slippery pallets “Maestro Alligrip” in high density polyethylene (PEhd) of 800 x 1200 x 158 mm 

from Manutan (Manutan, S.L., 6-8 Edif. Conata 11 2ª pta 4°, 08970 Sant Joan Despi, Barcelona) permits an 

easier access to the airlock and its large surface makes manipulation safe and comfortable (Figure 11). 

 

  
Figure 11: Access platform to HPC1 airlocks 
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5.9 Software update 

 

Sherpa Eng. documented interventions are included in Appendix 6: Sherpa Engineering report on 

maintenance interventions in the MPP, and the corresponding NTE actions on HMI and control hardware 

are shown in  

Appendix 7: NTE report on maintenance interventions in the MPP. 

5.10 Hydroponic Collecting Tray (Maintenance) 

New tray has been designed but the latest modification to the design has not been delivered as of September 

2011 (see Figure 12) and so it was not implemented before the staggered experiment. 

 

Figure 12: Stainless Steel Hydroponic Collector Tray 

 

6. Conclusions 
 

As described in the previous sections of this document, the following hardware and software improvements 

have been implemented in the HPC1: 

 

- Addition of metering pumps for nutrient injections; update of software accordingly 
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- Installation of new pneumatically actuated membrane valves for acid and base addition; 

update of software accordingly 

- Installation of a new seedling nursery 

- Addition of a bolt stopper on the door hinges 

- Change of CO2 injection algorithm 

- Improvement of the gas analyser system 

- Changes in the configuration of baffles and louvers for air flow distribution 

- Improvement of access to airlock glove boxes 

 

The global chronology of detailed interventions (performed by the companies CIFA, SHERPA and NTE) is 

shown in Appendix 11. 

 

Other modifications were postponed as the hardware was not ready or the design had not been completely 

defined at the time of starting the staggered culture: 

 

- New hydroponic solution collector tray 

- Improvements in the fitting of the blower or blower replacement 

- Alternative liquid flowmeter 

- Alternative air flow meter 

- Alternative condensate pump 

- Alternative air distribution grids 

 

 

MELISSA-TN-101-1_Improvements%20and%20modifications%20to%20HPC1_V07.docx#Appendix 11: Global summary of maintenance interventions in the HPC1
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7. Comments 
 

Results of improvements and modifications to HPC1 

 

Comments 

 

General comments 

 

The unique comment we have on TN 101.1 is about the recording of the date the HPC modifications were 

performed. 

Some of them can be identified in the maintenance reports attached in annex (e.g. solenoid valves in CIFA 

report), for others it is less clear (e.g. installation of the metering pumps). 

For the sake of clarity, it would be useful to have only one maintenance report for HPC, to see clearly, 

chronologically, all the interventions on HPC. It seems that you have 1 excel file for NTE/SHERPA and 

another one for CIFA (some actions have the same numbers), is it correct? Can you please clarify these 

points? 

 

- The date of installation of the metering pumps has been précised (Section 5.1.1, page 11) 

- The global summary of interventions (chronologically) has been added as Appendix 11 (page 65), 

compiling the three maintenance reports of the different subs, and it is referred to in section 6. Conclusions 

(page 20). 
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8. Appendices 

Appendix 1: Specifications of nutrient metering pumps 
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Appendix 2: Specification of metering pump support shelf 
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Appendix 3: Specification of pressure operated membrane-valves 
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Appendix 4: Specifications for nursery components 

 

 

Get growing with Grostart 

It's easy to grow your own. All you need is the right equipment, a little knowledge and of course 

time... nature can be relied upon to do the rest. 

 

The Sankey Grostart Propagator is the first step in eating your own vegetables or growing your own 

plants. There's nothing like seeing a fully grown plant that you've nurtered from seed take pride of 

place in your garden or allotment.  

 

The Grostart Propagator is part of Sankey's extensive range of heated and unheated propagators.  

Like all of Sankey's products, it has been designed to be used over and over again. In line with 

Sankey's ethical ethos, the Grostart Propagator is made with recycled materials wherever possible. 
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Appendix 5: Air baffles for upper louvers experimental results  

 

1. VELOCITY MAPPING OF BAFFLE PANELS CONFIGURATIONS 

 

In order to verify the impact of both baffles and louvers configurations into the air distribution, 

MPP decided to perform some tests to compare the results. There are three different baffle panels 

holes size to distribute the air, the L = large size, the M= medium size and the S = small size .The 

velocity mapping test used the Accu-track system ( data acquisition system) to measure the air 

velocity, the humidity and the temperature inside the HPC1 chamber. The disposition of the 

probes in the tray is shown in the following drawing (Fig 1.1). The test was performed using the 

plexi-glass louvers (“RM plexi”) configuration. 

 

 
Fig 1.1 

 

 1.1.- ANGSTROM CONFIGURATION:  

 

The ANGSTROM original configuration followed the next sequence of baffle panels 

distribution , starting in the airlock A: L-M-S-S-S-M-L-L-L 

 

Results: To have a better vision of the air distribution, the graph is divided in two, high 

probes  configuration results (Fig 1.2), and low probes configuration results (Fig 1.3). 
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Fig 1.2 

 
Fig 1.3 
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1.2.- MPP CONFIGURATION:  

 

 The MPP configuration follow the next sequence of baffle panels distribution , starting in the

 airlock A: L-S-M-L-S-L-M-S-L 

 

Results: To have a better vision of the air distribution the graph is divided in two, high probes 

 configuration (Fig 1.4), and low probes configuration (Fig 1.5). 

 

 

 
 

Fig 1.4 
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Fig 1.5 

 

1.3.- CONCLUSIONS: 

 

The impact of the different baffle configuration is not so strong on the dynamics of the 

airflow inside  the HPC1 chamber. Both high probes disposition test (near louvers height) 

provide very similar results of air flow at the  high level, but there are slight differences 

in the lower probes disposition (probes above the trays) test results.  

 

The Angstrom configuration is a little bit more efficient, and have a more homogenous 

distribution of the air flow in the lower position. It is decided to select the Angstrom 

configuration attending the results. 
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2.- VELOCITY MAPPING TO VERIFY THE PLASTIC SHEETS IMPACT 

 
In order to verify the impact of the plastic sheet disposition (used to cover the trays in order 

to decrease the proliferation of algae) into the air distribution, MPP decided to perform some 

test to compare the results. This test was performed using the same probes disposition and the 

same Accu-track system used in the previous test. 

The test was performed using the plexi-glass louvers configuration, and the MPP baffle 

configuration.  

 

2.1.- TEST WITHOUT PLASTIC SHEETS: 

 The test was performed without any plastic sheet. The space between the trays is free and the

   airflow pass through the space going directly to the HPC1 bottom part. 

Results: To have a better vision of the air distribution, the graph is divided in two, results of 

high configuration of probes   (Fig 2.1), and results of low configuration of probes (Fig 2.2). 

 

 

 
Fig 2.1 
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Fig 2.2 

  

2.2- TEST USING PLASTIC SHEETS: 

The test was performed using the nominal MPP disposition of the plastic sheets. The MPP 

plastic sheets disposition covers almost completely the supposed free space that is necessary 

between the  trays. Using this plastic disposition, the air is forced to both ends of the HPC1. 

 

Results: To have a better vision of the air distribution the graph is divide in two, high 

configuration of probes (Fig 2.3), and low configuration of probes (Fig 2.4). 
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Fig 2.3. 

 
Fig 2.4. 
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2.3.- CONCLUSIONS: 

 

The plastic disposition directly affects the distribution of air flow inside HPC1 ; comparing 

the results it is very obvious that the free space between the trays it is necessary to have a 

suction flow between every tray junction, if these spaces are blocked by the plastic sheet, the 

dynamics of air flow inside the chamber changes completely, and the air flow average 

increases very much. The air flow at the low level of the plants increases to almost double 

using the plastic sheet covering the free space. 

 

3.- VELOCITY MAPPING TO VERIFY LOUVERS CONFIGURATION 

 
In order to verify the impact of the different louver configurations into the air distribution, 

MPP decided to perform some tests to compare the results. The baffle configuration selected 

for the test was the original one provide by Angstrom , and the test was performed without 

plastic sheets on the trays. This test was performed using the same probes disposition and the 

same Accu-track system used in the previous tests. 

 

3.1.- TEST USING ORIGINAL ANGSTROM LOUVERS CONFIGURATION: 

 

The test was done mounting the original white louvers  supplied by Angstrom Engineering 

trying to reproduce the same configuration that arrived to MPP. 

Results: To have a better vision of the air distribution, the graph is divided in two, high 

configuration of probes (Fig 3.1), and low configuration of probes (Fig 3.2). 
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Fig 3.1 

 

 

 

 

 
Fig 3.2 

 

3.2.- TEST USING PLASTIC SHEETS WITH HOLES SIMULATING THE PLEXI-GLASS 

LOUVERS CONFIGURATION INTO THE GRIDS 5 AND 6: 

 

To solve momentarily the big flow into the grids 5 and 6, MPP manufactured Plexi-glass 

perforated louvers to reduce the flow. This provisional louvers were not used in this test, but 

in order to verify the efficiency of the change, analogue plastic sheet louvers like the Plexi-

glass louvers were manufactured for the test, and mounted in the back of the original grid, 

inside the plenum. 

Results: To have a better vision of the air distribution the graph is divide in two, high probes 

configuration (Fig 3.3), and low probes configuration (Fig 3.4). 
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Fig 3.3 

 
Fig 3.4 
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3.3.- TEST USING THE NEW METAL LOUVERS MOUNTED INTO THE ORIGINAL 

GRID CONFIGURATION  INTO THE GRIDS 5 AND 6: 

 

After the verification of efficiency of the provisional plastic perforate louvers, MPP decided 

to  make a rigid metal perforated louver to be installed in the back of the original Angstrom 

grids. 

 

Results: To have a better vision of the air distribution the graph is divide in two, high probes 

 results fig 3.5, and low probes results fig 3.6. 

 

 
Fig 3.5 
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Fig 3.6 

 

 

3.4.- CONCLUSIONS: 
 

The original Angstrom configuration using only the white grid,demonstrated a very high 

laminar air flow between trays 10 and 15 that could have contributed to the yellow colour of 

the plants in these trays, that appeared in the previous grow test. The new louvers, plastic and 

metal, produced the effect inside the plenum of providing a better distribution of the air in all 

the grids, also in the plenum. This better distribution of the air flow through the grids had a 

very good impact on the dynamics of air flow movement inside the HPC1 growing area.  
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Appendix 6: Sherpa Engineering report on maintenance interventions in the MPP 
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Appendix 7: NTE’s report on maintenance interventions in the MPP  
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Appendix 8: Velocity measurement on MAY 2010 Angstrom original grids 
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Appendix 9: Velocity measurement on JUN 2010 new provisional grids in the E and F position 
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Appendix 10: CIFA’s report on maintenance interventions in the MPP  
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Appendix 11: Global summary of maintenance interventions in the HPC1 
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13 24-01-11 HPC1 NTE C

calibration factor of the Nutrient solution & problem concerning the variable 

“CL4108_SolB_OP_Time”. The nutrient solution A/B addition have a new variables to fill the 

flow factor necessary to the internal PLC volume calculations. The variable 

CL4108_SolB_OP_time had a adress problem, now the adress is correct.

closed

14 26-01-11 HPC1 NTE C

problem on the time defined by the operator (CL4108_SolB_OP_Time), the variable was 

impossible to verify by the HMI. NTE included the variable in the comunication data base to 

allow the verification of the values in the HMI.

closed

15 02-02-11 HPC1 CIFA C Door fittings closed

16 03-03-11 HPC1 CIFA P Solenoid valves for stock closed

17 09/03/2011 HPC1 SHERPA C

When the condensate pump is running a timer starts. If the LSL_4010_01 is not set after 6min 

05s a pulse is send to reset the pump GP_4010_01

JUSTIFICATION:

As the LSL_4010_02 is not working well, a safety is implemented to stop the pump after 6 

minutes and 5 seconds

closed

18 23-03-11 HPC1 CIFA C Reparir pump closed

19 25-03-11 HPC1 CIFA P Install emergeny stop closed

20 14-04-11 HPC1 CIFA P Supports closed

21 14-04-11 HPC1 CIFA P Install gas collector closed

22 20/06/2011 HPC1 SHERPA C

The valve is locked if LSL signal is triggered. The calculation of the injected solution doesn't 

increased.

JUSTIFICATION:

It was decided previously not to stop the pH injection (ACID and BASE) in case of LSL signal.

This decision was taken due to the position of the LSL (middle of the vessel).

The problem is:

 the controller continues to open the valve thus the calculation of the solution injected 

continues to increase.

closed

23 20/06/2011 HPC1 SHERPA C

Solution A and B can only be injected together. It means that the EC injection is stop if one of 

the LSL signal is triggered.

JUSTIFICATION:

The injection of solution A was not stopped when LSL of solution B was empty and vice versa.

closed

24 25/07/2011 HPC1 SHERPA C

The integrator block is reset when the value reaches 1000000, then the calculated value is 

added to the total value. At the same time (same PLC cycle) the Integrator block is reset. It 

prevents to reach very high number at the integrator block output.

JUSTIFICATION:

The calculation of the CO2 injection stops when the calculated value reaches a too high 

number. For information, this block calculates the volume injected in ml/min then the value is 

converted in Litre. That why the output value of the integrator block could increase a lot.

closed

25 28-07-11 HPC1 NTE

another intervention was executed in CIVb-HPC1 compartment on 27-28/07/2011.

The following tags were added to the HPC1 Group of the Historical Assign:

- CL4107_Base_Injection

- CL4107_Acid_Injection

- CL4107_Base_Calibration

- CL4107_Acid_Calibration

- CL4108_SolA_Injection

- CL4108_SolB_Injection

- CL4108_SolA_calibration

- CL4108_SolB_calibration

- CL4113_CO2_injected_in_mol

-CL4110_Condensate_TotalVolume (400250)

-CL4108_SOLA_OP_TIME (400231)

-CL4108_SOLB_OP_TIME (400390)

closed

26 29/07/2011 HPC1 C

Re-create the old tags named :

CL4107_Base_Opening_Time (PLC @:400186)

CL4107_Acid_Opening_Time (PLC @:40018_)

JUSTIFICATION:

UAB (Richard Cote) wants to have the value which permits to calculate the injection in ml of 

the acid and base solution.

closed
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27 02/08/2011 HPC1 SHERPA C

Safety for Door C open reconnected (ZZ_4101_01). If open, it prevents to inject CO2

Thresholds changed

    FT_4106_01_LIM_LL    3 L/mn (previously 6)

    FT_4106_01_LIM_L      8 L/mn (No change)

    FT_4106_01_LIM_H      20 L/mn (previously 15)

    FT_4106_01_LIM_HH    25 L/mn (previously 17)

Offsets adjustment

    pH offset changed from 0.8 to 0.92

    EC offset changed from 0.26 to 0.30

JUSTIFICATION:

Door safety sensor is repaired ,  threshold changes (ask by RC) and offset reconsideration after 

new  calibration test.

closed

28 08-09-11 HPC1 CIFA P Identifiers for trays closed

29 30-09-11 HPC1 CIFA C EPDM connections caps closed

(1) corrective : C - in case of repair/modification after a reported incidence or non conformance ; preventive : P - in case of anticipation of some tasks as per the maintenance plan 

or as per requested by MPP


