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1. Scope

The present téhnical note is summarizing 1 recommendations mad®y a group of three
experts entrusted to givéheir opinion on the steps to follown order to bring the
demonstration of thefficiency and robustness of the MELISSA PiBtart complete loop.
These steps will constitutde reference for the integration strateyy ke followed by the
MELISSA Pilot Plant in itsendeavur to demonstrate that the ME3$A concept is efficient
for its purpose of life suppostystem.

The consultancy study waarciedout on a one year period, from MagO0¢ until June 2009

The experts are :
* Mark Kliss, Ph.D, Chie of Bioengineering Branch (SCBNASA Ames Researc
Center
* Pr Alexander Tkhomirov, Institute of BioPhysics, Krasnoyarsk Ra
* Dr Christian Guizard, Directe, Laboratoire de Synthése et Fonctionnalisation
Céramiques, UMR 3080 CNRS/SAI-GOBAIN, SaintGobain C.R.E.E

2. Rationale for the consultancy study
The logic followed for tis consiltancy study was the following.

As a first version of thesecuence of steps needed to bring the fidimonstratio of the
integrated MELISSA Pilot Rintloop had been drafted by ESA and MELISSA partners, it
was submitted to the expertss an input to the consultancy. Thistf veision is recalled in
appendix 1.

Then several meetings weecrganized in order to answer the expegtgetions about the
different compartments arteir possible interconnections. The miesiof he three meetings
are also appended for imfoationin Appendix 2.

As a conclusion, the expeqgovided their own remarks and reconmdation: on the existing
integration strategy for tHdELISSA Pilot Plant, each of them in th&elds of expertise.
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3. Experts report

3.1. Objectives of the definition of an Integration Strategy for the MELiSSA Pilot
Plant

Studies of closed regenerative life support syspeavide the technology to guarantee
autonomy of the crew during long duration spacesioiss (ie. Moon or Mars base). So fi
after 20 years of activities, MELISSA project hasumulated the scientific and engineer
experience to demonstrate recycling processedaitggiale. For this purpose, the MELIS:
Pilot Plant (MPP), located at the Unisitat Autonoma de Barcelona (UAB), has been cre
in 1995, and considerably enlarged in 2007 and Z6fi€ial opening in June 200!

To reach the level of demonstration expected, pwsse approach has been chosen for
MELISSA Pilot Plant. Startir from the definition of a demonstration scenariosiaing
exercise of the MELISSA compartments has been pwdd. Hardware has been tr
developed accordingly. The various compartmentdt lawé then extensively characteriz
during stand-alone operati@ampaigns. To reach the gas, liquid and solid ladpsure, a:
defined in the demonstration scenario, a progressitegration of these compartments ha
be anticipated. This is the aim of the Integrat&irategy, as proposed by the MELISSA P
Plant.

This Integration Strategy shall be us
* to establish a roadmaand workplan for the coming yeans the MELISSA Pilot
Plant;
* to anticipate any need for proper performance of thegmessive integration of tf
MELISSA loop, e.g.:
o Specific hardware (terface...)
o0 Model, control
o Knowledge
0 Expertise
* To define a dynamic planning as a tool for proper manasn

3.2. Objectives of the present assessment by external experts

A first attempt to define the MPP Integration Stpt ended bythe definition of 1¢
integration work packageS\P<) (see the annexes). The guidelfoe this definition wa to
start from and progressively enrich/consolidateMite iSSA knowledg.

This first draft Integration Strategy has been ecet, internally to the MELISS/
Consortium, thragh different criterie

its feasibility versus timbas been asses;, the dead line being to get the loop integrated!
demonstrated oved years at the latest by 201This first check ld to hardware/knowledc
availability issues.

Its technical feasibilitthas been assessed through static simulation, aiatiagswering th
following questionsdo we have consistent flows, do we have consistardware, what i
the interest of each integration step versus tia full scenari.
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The first objectiveof the present assessment wasather around the table several expe
profiles and expertise to get comprehensive recamdatens onthe MPP integration
strategy.

Recommendations weexpected at multiple leve
* On the demonstration scenario it;
* On the overall MPP work logic (approach, objectiy;
* On detailed steps of the progressive integratiopase..

Recommendations weexpected to be multidisciplina
* On processes;
e On technologies;
* On more fundamental scientific aspg
e On multiple fieldsof expertis

4. Recommendations of M. Kliss

4.1. The demonstration scenario itself

The overall concept of reducing the amount of matabconsumables required for lol
duration manned space missions by developing regeve life support systems with a hi
degree of closure has been widely endorsed by theespammunity, and research &
technology development has been conducted on \sg@aspects of these systems by sj
agencies, universities and institutions during past few decades. The complexity
regenerative life support systems are such, howedheat very few demonstrations at
integrated systems level have been undert

The approach taken by the MELISSA team in develppirpilot scale system representa
of a full scale manned missiis both original and highly promising. Emphasisamhieving
the highest degree of closure in the liquid loap domparison to the gas and solid pf
loops) is well placed and will add substantial nlemowledge toward the development
regenerative stems. Even partial achievement of the statedsg@abducing 100% of th
daily O, needed and 20 % of the daily diet of 1 person; kengp100% of the Ci produced
by 1 person; degradation tdece, inedible higher plant material and other organaste
products via biological processors) would represesignificant advancement in regenera
life support system developmer

4.2. The overall MPP work logic (objectives and approach)

The stated objective is to demonstrate recovery@oduction of foodwater and oxygen
from wastes based upon duplicating the primary woydion, degradation and producti
functions of an aquatic ecosystem (freshwater lakd)e approach is very logical and follo
a sound engineering strategy. The key functiolehens that comprise such an ecosys
were separated into five compartments, and a ddtdihowledge base (hydrodynar
characterization, stoichiometry studies, static ahghamic modellin¢, etc.) for each

This document ionfidential property of the MELISSA partners artthls not be used, duplicated, modified Page :
transmitted without their authorization
Memorandum of Understanding 19071/05/NL 7/84



. _ UnB
M e l s s ﬂ M ELISSA PI Iot Plant Universitat Autonoma
‘ ) deBarcelona

Document Identification : Type Chrono Issue
MPP integration strategy : 2008 reamerdations TN 87.1.2 0 Page :8/84

compartment has been largely acquired. This krige base has allowed the MELIS!
team to derive key complex transfer functions (refeship between inputs and outpt
associated with each individual compartment. Sgibsetly, these compartments are be
integrated at the pilot plant scale in ordedemonstrate longerm, stable performance on 1
ground prior to application to space missi

4.3. The detailed steps of the progressive integration proposed

In reviewing the Work Packages developed for irg#gn, it was understood that t
proposed sequer was primarily focused on obtaining the neceststydata and knowled:
required prior to final assembly and integrated rafjen, and was not intended as
optimized assembly sequence. Changes to variaupaaents or subsystems may be r
based upn knowledge obtained during the progressive imtidgn sequence. It was al
assumed that the duration identified for each \WRaikkage was adequate unless specifit
mentioned by one of the consulta

4.3.1. WP1.

Demonstration of the O2/CO2 control | between compartments ClVa and CV is a log
starting point in gas loop closure because it ceawdon the knowledge of the BIOR/
experiment and represents the same closure i&nee the exchange rates of gas for anit
are different than what is eeded for flow rates in bioreactors, it represeas early
opportunity to address hydrodynamic issues as we€lharacterization of undesirable ¢
phase compounds that should not be exchanged be@i®a and CV should be conduct
at this stage.

4,3.2. WP2.

Validation of the control loop between CIll and GHlan important early step for subseqt
liquid loop closure. Demonstrating that organionpounds/VFAs are prevented frc
entering CIIl from CIlI is viewed as even more cdli for eventual liquid loc closure,
however, since failure in Clll is catastrophic be tentire system. Since one must expect
some VFAs may nev-theless enter CIll, early testing should inclt
detection/measurement instrumentation and mitiggtrevention protocols. Aitional time
may be required to determine how best to transiienal from Cll into CIll. Operations
knowledge from this workpackage should help reéirenicity protection procedures that v
be required more broadly latt

4.3.3. WP3.
This work packagerovides additional knowledge of liquid and gas toaonlaws betweel
Clll and ClIVa, and should be fairly straightforwagas this has been performed at a sm
scale already. One issue to consider during WP3odstration is that if carbonate is ad«
in the liquid phase to CllI, it will likely becomiae dominant pH control for CVla. If this
not desirable, additional time may be requirechia workpackage to address pH con

4.3.4. WP4,
This work package is a combination of WP1 and ieid porion of WP2 and WP3, ar
should also be fairly straightforward. This maythe first opportunity to characterize t
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different processing rates/dynamics of these thomepartments, and will serve as a key
phase for the liquid loop. If time perm one may wish to consider closing the gas loop f
ClVa back to Clll as an additional test during thisase

4.3.5. WP5.

Closure of the gas loop between CIVb and CV shailtnlv for measurement of actual (
production during WP5. A gas metering system fO2 and O2 will likely be require
between CIVb and CV, and VOC removal/scrubbing bdiy may also be required.
addition, any potential gas toxicity issues from Batk to CIVb should be considered dur
WP5.

4.3.6. WPé6.

This appears to represent thrst major test of the gas loop and controls assatiavith
Clll, Clva, CIVb, and CV compartments. Successfelnbnstration of the oxygen lo
closure is viewed as one of the most importantnot the most important neterm
milestones. When determini the limit behaviourof the system, characterization of -
types and amounts of gaseous contaminants prodhycee: various compartments will like
be important for overall lorterm stability. An additional study on degradatmfrthe solid
material (by the fibrelegradation/wet oxidation system) removed from CI€&/b and CV
may also be useful at this point. This may alsa lgeod time to provide an initial assessn
if sufficient nitrogen can be produced by CIII the CIV compartment

4.3.7. WP7.

In this workpackage solid waste (inedible and peshalso edible biomass) from CIVb w
be introduced into CI. During discussions it wasntioned that initial integrated tests of
MELISSA pilot plant will not utilize wastes from &b or CV. Sincethe feed into Cl plays
key role in the stability of the whole system, thagh characterization of similarities and
any significant differences in composition of thaste being introduced into CI during t
workpackage would be very valual

4.3.8. WPs 8,9 & 10.

Along with WP7, these workpackages involve validgtiCl and CIV (a & b) working
together for the first time, a key loop test. Dgrithese validation tests, VFAS present in
gas phase should be characterized and a deciside ifthey shold be utilized or removed
At this point, data from the CI control loop shoaldo give a good indication of the dynar
stability of this loop. These data may help gudisions (and subsequent workpack
efforts) on the relative priority of aching initial system stability (reliability) vs. indl
system closure (mass balance). If the models #ovdsting Rhodospirillum Rubrum a
Spirulina platensis assume complete separatioiguils from solids, data should be taket
support a sensitiwtanalysis of the initial assumption

4.3.9. Other WPs
Although the sequence and logic for validationha tiquid control loop for C— CIV (WPs
11-14), and subsequent validation and demonstratiomatimum gas, liquid and full
integrated system closur®VPs 1!-18) seems to be very appropriate and reasonabige
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probably premature to provide much comment on thesekpackages at this timi
Knowledge and experience gained during executiomarkpackages-10 will likely require
additional attention omodification to the control of specific compartmemind interaction
between compartments, and may also require chaaggecific subsystem hardware as w
Accordingly, these final integration workpackageaymeed to be modified or have n
workpaclages introduced. Revisiting initial control lawsasiptions and revising contr
loop parameters based upon the data obtained \eillphrticularly important durin
workpackages 13,14 & 15.

4.4. Multidisciplinary Recommendations on:
4.4.1. More fundamental scientific aspects

The MELISSA team has done a very thorough job ehidying the key scientific challeng
associated with the project. Perhaps the mostfisignt challenges to lor-term stability of
the MELISSA pilot plant will be minimizing toxicifpoiscning via trace elements

undesirable contaminants (including materialsgassing), managing the accumulation
recalcitrant organic compounds, and addressingatioemulation and depletion of spec
minerals. Few research teams have had the ojnity to address these issues in

comprehensive manner possible with the MELiISSAtpid@ant, and it is anticipated tr
improved contaminant detection and characterizatiechniques, instrumentation, a
remediation methods may be developed. Thesances would be of significant benefit
the field of regenerative life support and assecianvironmental arei

The control of the microbial consortium in the MBSA pilot plant, specifically the need
maintain axenicity in CIl and CIVa, represe an additional challenge. This approact
necessary to provide consistent and predictdbehaviourin these compartments, L
sequential processing systems are heavily depengent each processor maintaining
desired functionality. As biologicalrocesses are by nature subject to genetic evolt
restarts or reseeding of these compartments rbecome necessaryAccordingly, procedure
to address the need for sterility of all componastsociated with these compartments, as
as protocols folong term axenic culturing will likely need to ldeveloped. Both of the:
fundamental scientific challenges contribute toifseies of stability/reliability and very lot
term drift in highly closed systen

4.4.2. Processes/ Technologies
The knowledge baser independent operation of the three bioconversiompartments (C
anaerobic thermophilic bioreactor, Cll Rhodospinil Rubrum photobioreactor, and C
Nitrosomonas and Nitrobacter fix-bed bioreactor), the two production compartment¥#C
Spirulina platensis culturing and CIVb higher plant cutlig)i and crew compartment h
been established to a rather high level by the MSIA team. Characterization and st
modelling is sufficiently developed that more complex dynaimodelling and predictive
control for several compartments is well underwayonc-term compatibility betwee
processes, particularly dynamic interactions, resdhe control challenge for closed Ic
operation of the interconnected compartments. Pphaposed approach of regeng
simulation and modellings an iterative process such that initial massnbalaand stead
state/dynamic models will be refined based upon agperimental data is excellent. CI
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documentation of all key initial assumptions regagdcontrol logic, nd frequent revisitin
of these assumptions during s-up of continuous operations has proven extremehghaal
for other closed loop life support research eft

One processor that has not been discussed mudloded in the work package intation

strategy is the fibrelegradation unit. This processor must degradefibrous solid waste
residue (~30%) that is not processed by the Cleniquefactioncompartment. In order 1

compliment the mesophilic degradation of wastesCin the fibre degradation unit/we

oxidation system must produce primarily CO2 insteddVFAs. This should be fairl

straightforward to accomplish, but during initigdavation the material being introduced i

the fibredegradation unit will not originate from MELSA compartments (CIVb, CV, etc.
As mentioned in WP7, thorough characterization whilarities and/or any significar

differences in composition of the initial waste serals (biomass not grown in MELISSA a

animal wastes) vs. those ultimately gered by the integrated MELISSA pilot ple

compartments should be conduct
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5. Recommendations of A. Tikhomirov
5.1. SCENARIOS

5.1.1. WP 1.
On the first stage the gas closure of the C— CV is suggested for an evaluation. From
point of terminology, it would be ltter to use the term ‘gas loop’ instead of ‘closuiidnis
scenario should be considered as a preliminary ®heugh oxygen and carbon dioxi
exchange between the CIVa and CV is marked in «Hexbge»; however, it is supposed
give only a part of oxygenecessary to rats (another part will be deliveredhfthe CIVDb).
Therefore, in case the full supply of oxygen tcsriat planned then most likely, the part
oxygen should be taken from the atmosphere or tineber of rats should be less than it
been planned for the experiment. Taking into consitienathat, it would be expedient
insert some addition in WP 1 scheme or mentiondalitianal oxygen supply from outsid

5.1.2. WP 2,
The connection of L phase of the -Clll is supposed which also will ve a general test
character. Here it is incomprehensible from thedalgpoint of view what initial componen
will be assigned in the CII, as tICI, supplying by these components, has not beenemed
and is not working. From the scheme for the WIt is obvious, that L, probably, will k
taken from the store. Besides, in the issue ‘CaidtrContent Part b) the VFA are
mentioned. That means that they will be produceth&Cl (?). Or byanothe way? In case
they will be produced in th€l, that means it has already been working. If not, then Wivad
of products they are, and how they have been pedfarhi: aspectlemand to be cleared up.
From here, logically the question arises, what waly the work of the CIII be provide
which depends oguantity and quality of the L flow from the CII. the issue ‘S«+point’, it
has been indicated that the successful criterithefwork performed, the NO2 and Nt
concentrations in the CIII will be considered. Rably that will be the concentrations
corresponding to a steady state (?’ close to them? It is illefined, in case the L phase v
be formed taking into consideration the inclusidrhoman liquid and solid wastes. Wh
including them then in the issue ‘Foll-up’ the potentiality of amde nitrogen forms shoul
be reserved.

5.1.3. WP 3.
The connection of lu G phases for the CIlll and ClVa is considered. Isupposed th:
definite values of gases (02, NO3 or NO2) will lohiaved due to manipulation of the CI
light, CO2 addition ClVa. Probably, the main purpas this scenario is to test the CI
operation.

5.1.4. WP 4,

This scenario may be considered as the propagatio’/P 1, when the contribution
‘Connection L phase CIGIII-ClVa’ is added. However, here as well as in W, we cannot
speak about ‘Closure G phase C-CV’, as the steady-state of the eatsystem has not be
achieved yet. In the issue ‘Knowledge’, the ‘OutpbtWP1+WP2+WP3' is indicated. It
not exactly since in WP 4, according to the sch&&@hase CIV-CIII' is missing which
was present in WP3. The problem regarding inswfficisipply of rats by oxygen, firs
appeared in WP1, has remained unset
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5.1.5. WP5.

For the first time the estimation of the CIVb wasksupposed, which, meanwhile, one shc
consider as a testing one. The important peculiaftthis stage lies in the ab:«ce of the
interruption of the anew connected CIVb work utiié last WP 18. It is advisable not ol
from the point of the further formation of matternover processes but for saving time

efforts, which will be wasted in the case of theadk of ths compartment’s work. In the iss
‘Setpoint’, the concentrations of, and CQ in the CV gas phase are mentioned. It ma
understood as the potentiality to supply the CVoationg to these gases in a -scale
volume, which is impossible, as this sly should be implemented at the expense of botl
CIVb and the CIN, which is not connected in this scenario. The saimmtion has alreac
been considered when discussing WP1. Thereforesifuation should also be specified. |
important to take into consideration that the ratgtroflora can reach the higherants via
gas flow and may interact with them. This interactmay differ in comparison with that

the human microflora. This problem should be papmkcgal attention to during tf
investigations.

5.1.6. WP 6.

Here the tasks that have separately been implted in WP 1, WP 3 and patrtially in WF
are intergraded on a higher level. The tasks sedli®ady allow preliminary estimation

closure of matter turnover including vegetative andnal objects. In the issuWP title’ the
‘Closure G phase CIVIEV' has not been mentioned though it is indicated onstifeeme o
WP6, and the CIVb is mentioned in the item ‘Quattntrol’ and other items. It is early
speak about the preliminary calculations for a gdmse management between

compartments meanindl ghe compartments as the Cl and CIl have not lweemected up t
the entire system.

5.1.7. WP7.
The characteristic property of this scenario cdasgis the beginning of a new work cycle
the S inclusion in the closing process. The Cl and Cdyplions seeis to be well grounded :
in the CI the primary processing of S is carriet] and the CIVb is one of the basic suppl
of S in the form of a vegetative biomass. Besidesthe first time the attempt of at le:
partial connection of the Cl to a maxchange has been made. In the scheme, the ou
flow L is representing the CI input terminal. Itd#fficult to understand how it is developil
and what it is containindn the final version of the scenario, that asplousd be made cles

5.1.8. WP 8.
This scenario practically appears to be the contionand development of WP 7. Here
‘Connection G phase CGIHVb' has been added. The gas loop between these
compartments has not been closed and only the ffianv the CI to the CIVb is estimatec
The return flow is thrown in atmosphere. Thereby tManipulable inputs’, that first of a
refer to the CIVb are of a highly preliminary chetex. That also applies to the G loop clos
demonstration, which is mentioned Remarks’.
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5.1.9. WP9.

This scenao is characterized by the further developmenthefCl connection and is tightl
associated with WP 8. In contrast to WP 8, the Ifwo S between the Cl and CIVb is ful
closed. The statement that the ClI is fully charamtd, meanwhile, is open to estion, as
here the Cl and CI1 has not been connected, airdritexference on the process of the er
system work has not been investigated

5.1.10. WP 10.

Here the novelty is represented by the CIll additmthe system connection, started for ¢
WP 7 for the several compartments’ group. In theasRemarks’ it is mentioned thi
‘MILESTONE’ is the Solid loop closure demonstratioit, is significant that thi:
demonstration is only testing as the flow rate podsibly its composition may substally
have changed after the launch of the entire sy$®m 18). Therefol, this phrase should be
worded more preciselyAt the creation of an interaction of the compartteegroup starting
from WP 7, all L flows are present but look liketifizially crested outside the syste
(incoming) and thrown out (outgoing). It would bdvisable to explain the way the L floy
have been developed outside the system for Cl, @Wa, CIVb. That explanation woul
give the possibility to understand better the arness of the works conducted in Wk
WP10.

5.1.11. WP11.

Here logically the work on CI connection to systbas been continued. In the given c:
that means the connection@d and CIVb for L, S and G phases. The proces€ohnection
S phase CIVIEI is investigated during the WP-PW10, and ‘Connection G phase-
CIVb’ during the WP8 PW10, therefore in the issue ‘Knowledge’ it woulel tmore logica
to mention not only W®, but the WP7-WP10 as well. The novelty appears to be
beginning of the L stepwise introduction into thatersystem mass exchange due
‘Connection L phase GCGII'. In ‘Remarks’ it is said‘Can be performed after WP8, ol
depending if opportunitysitaken to have ClVa biomass sent to Cl as wéllt presumes tF
potentiality of an alternative flows’ way. Howevdhat is not depicted in the scheme
WP11. It might be indicated by a dotted line as,example, in the scheme to WP6. It is v
important to decide the ClVa biomass fate as it igliimle on 95% by a human, and
introduction into intersystem mass exchange woeld bery significant new achieveme

5.1.12. WP12.
This scenario is a logical continuation of WP11rdHm addition to the op for L the Clll is
connected, however the L outflow is not closed langer. Therefore, this scenario is actu:
devoted to the estimation of this compartment watkthe L introduction in it and tt
nitrification analysis according to the outgoingws. The comment to thRemarks’ are the
same as that of to WP11.
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5.1.13. WP13,

To develop WP12 according to L the (a is added to the loop. However, the loop for
ClVa is not closed on outgoing flows. Therefore, thisrario is practically devoted to t
adjustment of the CI¥work taking into consideration an incoming flow amting to L. Tha
process has been tedtin WP4 but then the CI input into the flows ha$ been considere
In the given scenario, that aspect is taken intmaat, and therefore the rate characteri:
and composition of the L flow incoming the Ca is closer to the real values of theire
system’s work. In the result of this scenario’s kydour of five compartments (except C
are involved in a general loop of mass exchangeghdat is not complete for G, S,

5.1.14. WP14,
Being connected in the previous scenario thea is partially clsed on a gas loop with tl
Clll taking into consideration the ClI and CIl inflace that was missing in the pr
implemented similar closure of WP3. However, thktsegre is not complete in view
potentiality of outcome of the part of gas flowsrr theCIVa and CIll (for analysis an
corrections?).

5.1.15. WP15.

The novelty of the given scenario is the creatiba gas loop between the (— ClVa and the
CV - CIVb. The significance of this scenario consiststhe first place, of all compartmel
participation inthe system’s operation; in the second place, tbged gas loop is created
the abovementioned ClIVa, CIVb, CV compartmentsnigkinto consideration the effect of

system compartments (in contrast to WP6 when then@ICIl were not connected). te it is

necessary once more to pay attention to possilfithe rats’ microflora influence on high
plants that has been mentioned in WP5. Providéd/ib that aspect is of a pure scient
interest and may be analyzed, then on the fingkestaf th system’s development such as

WP15 appears to be, one should take into considertite results of those researches of \
and, when it is necessary, to exclude that micrafleith the help of airflows purification (%
In ‘Rationale’, it has been vitten about ‘Combination of L phase and G phase Idosure’.
Strictly speaking, it is impossible to agree wilfatt statement on the stage of this scer
implementation. One can speak only about a clossdapp for the ClVa and CV and CI\
whereas foL even partial closure has not been achie

5.1.16. WP16.

The novelty of this scenario consists in the follogy

1) At the expense of introduction of a ‘feedbacktlee ClVa— Cl, the closed loop for L he
been created, connecting for gas th«CII-Clll- CIVa. However, in the WP title’ it is
written ‘Connection L phase -CII-CllI-Clva ‘, as in the WP13 45, where the comple
closure are missing but only the successive commecbf these compartments for L ph.
are present without ‘feedback’ of thdVa —CI. To underline the presence of a closed loc
would be advisable to writ€€losure L phase loop -ClI-Clll- ClIvVa’ in the ‘WP title’;

2) The testing ‘Connection L phase C-CV’ has been implemented to estimate the effe:
this flow on the CV. Takingnto consideration these new connections the operaif the
prior executed (WP10) ‘Connection S phase (-Cl, CIVa-Cl'will and also earlier fulfillec
(WP14) ‘Connection G phase CI\— CIII' will be tested. Taking into consideration g
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remarks in ‘khowledge’ instead of ‘Output WP 16 (?) it would ddvisable to include thos
abovementioned WP.

5.1.17. WP17.

This scenario is concluding the development of dbmpartments’ connection to create
final variant of mass exchange processes of thgeeaysten In addition to the WP1
scenario with the closed gas loop the connectiah@CIVa- CV-CIVb (like in WP15) ha:
been added. However, unlike all previous WP theuwie for gas is provided containing
system compartments. Against those connectithe ‘Connection S phase CI-ClI, ClVa-
Cl, CII-ClI; Connection G phase CI\— CIII' (prior evaluated in WP 14 and 16) are ot
again estimated and corrected. However, only WRID\WWP15 are mentioned in the ist
‘Knowledge’. Most likely it would be logicallso to indicate WP 14 and WP16, which d
might be useful for the WP17 analysis. In the sohemlated to WP17 the wordil
corresponding to ‘Closure G phase -CIVb and CV-CIVa' are missing. Since CV |
connected in this scenario, why is CIVb O2 prodan missing in ‘Sepoint’?

5.1.18. WP18.
Assembled on the base of the W-WP17 researches’ system should be put in the ¢
state operation, and then to work in a stationaginne during 24 months. It has been
explained what 1 month + 9 months to reacl steadystate is meaning. W 1+9? From the
WP18 scheme it is obvious that the part of L arfb®s will irreversibly withdrawn throug!
CV from the system. Besides, (that has not beewshio the scheme) the human wastes
be introduced in the systeddow will these flows be balanced? In what way whiat affect
the expected closure coefficients for G, S, L?tIpdssible to increase the closure for
making use of the part of the vegetative biomasghi® rats feedinc
5.2. LOGIC OF WORK
The work logc accepted may be evaluated according to the goesee of the scenari
testing from the point of time and n-hour economy.
Considering that the technological breaks betwhenmplementation of separate WP are
foreseen, and they will be reali: one after it is possible to carry out the time sasft the
work with different system’s compartments. For thegk, the time data of different Ml
compartments integration in the frames of sepafs#eimplementation is used. WP18 is
included in thes calculations as in the frames of this scenatiMBP compartments shou
be integrated. The number of breaks in work ofedéht compartments has also been te
into consideration. The data obtained are repreddntthe table

Table. The time spémn integration of separate compartments of v

Compartment WP in the frame o| The number of Total time| The time of
which the work of ¢ interruptions in| costs spent oncontinuous
separate work in  the| the compartment
compartment will b¢/ compartment compartment | operation at
performed work at its| integration in| integration in
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integration tol MPP, months | months
MPP
Cl 7-17 0 78 78
Cll 2;4;10-17 2 80 60
Cll 2-4;6;12-17 2 78 45
Clva 1;3-4;6;9-10;1317 4 84 41
CIVb 5-17 0 93 93
CV 1;4-6;15-17 2 63 63

From the given table it is seen, that CIVb will work in a continuous lor-term functioning
longer than other compartments. The ClVa is thd hang-duration working compartmer
however, its continuous work will be about a hdlftatal operation me. The CIl occupie
the third position with 75% of continuous operatiime. On the fourth place according
this parameter the CI and the CIII can be pladeoligh the CI is working all operation tir
in a continuous regime whereas the CIII only 5&f total time. The CV is situated on the |
place with its part of continuous work about 50%atél time

The data analysis of this table may be useful whensidering the important role
efficiency of the scenarios realization in termstiafe and ran-hour during integration ¢
every system compartment. Let us analyze theseatatavo examples. The CIVb may
mentioned in this regard. This compartment withhbigplants appears to be one of the r
labour€onsuming and responsive to a-up and @mands much time for its imbedding in
operation for testing. It would be logical to accdpe succession of the scenarios launc
when the operation of the CIVb will actually not beerrupted starting from WP5. Th
according to the table data tlICIVb will longer other compartments be operatedai
continuous regime from scenario to a scenarioithqtite justified. The CV may be taken
another example. The analysis has shown the lieastcosts for this compartment. That €
can be justifiedas the interruption in its work and its launchingoperation are not labc-
consuming and do not demand long time for -up. Besides one can suppose that the dc
interruption of this compartment functioning alsdl wause difficulties as this impartment
technically is not complex and relatively fast gams in a working regime. From tl
examples given one can conclude that, on the whbke, consecutive sequence of
scenarios realization, their duration and the comty level of the compitments functioning
has been chosen quite logical.

5.3. SOME DETAILED STEPS FOR PROGRESSION.

In the final scenarios description it would be eettot to only indicate the experimente
simulated S, L, G flows when the compartments apé in operation but 1 give a
determination what is entering them on differeagst of the scenarios development. At
compartments’ launching, the gas flows will entex CIVb from outside for a long time. F
example, the plants productivity will strongly degeonO2 cancentration that will affect th
rates and values of connected to it the L and @sfleia which the manipulation is bei
carried out until gas closure. What sourceCO2 inflow will be used in the CIVb: fror
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atmosphere? From cylinders? How will its centration be chosen? It is necessan
coordinate its inputs into the system from outgiide example, the human exometabolit
and outputs from the system (animal solid wasties), ¢o determine the closure levels for
L, G, expected for the system

5.3.1. PROCESSES.
In the scenarios, the possibility of direct gasuwiation between the ClVa and the CIVb |
not been foreseen. Is it possible to reserve tbesnpiality for more flexible regulation 02
andCOz2 in the system? It would be necessary to fordseedntrol of possible gas polluta
of construction materials. It would be advisabldrtdude that aspect in the final scenal
description.

5.3.2. TECHNOLOGIES.
It has not been marked whether e will be differences in processing technologiegdible
and inedible biomass of higher plants and theiusion in matter turnover. That is connec
to the question whether the consumption by a Mittwenan of a vegetative edible biom:
will be simulated in the system; and how it will be considerethe matter turnover proce:
Do the ClIlI technologies not include a gas ph

5.3.3. QUALITATIVE ASPECTS OF DEVELOPMENT OF CLOSURE PROCESSES FOR G, L, S.
It is a pity it is impossible to give the quantiie estimation of dynamic changes of clos
coefficients for the parameters investigated adltve rates and their interaction characte
not given. However, one can qualitatively examioevtihe closure processes for G, L, S
formed in the processf the system development. The construction of nexshange star
from the formation of G, L, S flows in WP1. Howeyantil WP5 the compartments inclusi
in mass exchange processes has episodic characteth@ compartments are periodice
connected ad disconnected. Starting from WP5 the CIVb is tamdy present in mas
exchange processes. Starting from WP7 the constnucdf closure loops for
(WP7,9,10,16), G (WP8,14,15), L (WP11,12,13,16j3®arried out. Firstly, the closure foi
is plannedo be implemented, then for G and at the end ottitge system developm- for
L. The process of gas closure may increase (urBlL%), then lessen and again increase t
end of the system development; that does not restdichnical difficultie and is carried out
to solve some technological tasks. At the same timaeclosure for S, which is planned to
implemented in the frames of WP10, remain fixedatTinay be logically justified in case t
manipulation with its closedness is connectecsignificant technical inconveniences. 1
longest in terms of time appears to be the full#ivhof the closure for L, which is suppos
to be finished to the end of the system developr(\&ift17).

5.4. CONCLUSION

The given analysis has shown that the sce variants suggested allow the developmer
different compartments in detail for their furthetegration in MPP. The time scheduled
this work seems to be sufficient to thoroughly restie the compartments operation ant
make necessary correctioatstheir inclusion in mass exchange processesfimd2 months
of WP18 are the reserve time for the system adgustrfor a stationary regime. The rest
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months meant for the demonstration of the MPP ajoeravill allow exhaustive estimation

the gability of the system operatio

It is clear that during the preparation works usfmen consequence are possible demal
to produce necessary changes that is quite admeissioler implementation of this great ¢

complex task.

The fulfillment of thework program designated will give hi-grade scientific and practic
material on the construction principles of mattenover processes in LSS. The data obta
will be a unique technological basis for creatidnadvanced for planetary bases bey
Biosphere and for practical terrestrial applicatiofmi-of-theway region-mountains,

deserts, Artic Zone, Antarctica, etc
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6. Recommendations of C. Guizard

As the MPP Integration Strategy is less advancedgas phase than on liquid pha
recommendations wererientedon how to reach a well defined gas phase manage

strategy.

MEL|SSA

Gas (and vapor) management in the
MELISSA advanced loop concept

Hurdles and Challenges
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N

The MELISSA advanced loop concept ~ M€Lissa

R
Compartment |:
Waste Liquefaction

Non Edible Parts
of Higher Plants

Compartment V:
Crew

Compartment IV:
Food, Water & 0; Production

/ﬁ /,—\
(Companmen! m: Compartment Ii:>
Nitrification Karhon Transformation

Minerals _\\_/
NH,*

e

16/07/2008 Christian Guizard 2

Main objective: implementation of a fully
connected gas distribution network

——> methodology

16/07/2008 Christian Guizard 1
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: Sle,
Basic data to be collected on gas and MegLEsA

vapors implemented in the  MELISSA loop

Produced and e Supplied gases
consumed gases - N,
and vapors — He

— 02

- CO,

— H,O (vapor)
- VOC

Gas and vapor composition in each compartment
— Upper and lower limits
— Partial pressure, temperature, RH

16/07/2008 Christian Guizard 4
Sle,
i i MEL|SSA
Basic steps for gas management in a LS
compartment
Compartment
X

» Gas and vapor
composition
» Pressure
»> Temperature

i » Separation
» Adsorption
» Elimination

» Destruction
>...

» Manually
> Automation

16/07/2008 Christian Guizard 5
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Sle,
- - - MEL[SSA
Fluctuation due to interacting compartments ~
Compartment Compartment Comp;:tlment

16/07/2008

!
@

Christian Guizard 6

Process integration

Compartment
X-1

Compartment Compartment

X+1

16/07/2008

. Processing

Central monitoring unit

Christian Guizard 7
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Sle,
MEL|SSA
- [
Gas and vapor separatlon
» Porous membrane separation » Electro-pumping
Q, P —> V=@ —_— O F
Feed | L—— > ___ Retentat
Membrane OE N/ I
er}e:: Pp E|EC‘II’OUES"_'_F" J?:'E" - _r i _aﬂ: _
i Membrane elecholyte%? —
. ) Air g
o E(‘é » Solution diffusion
d o :pm e critical sized fluctuation
sieving lrar’:;pon diffusion condensation diffusion \ T /
LN
16/07/2008 Christian Guizard Zone of activation 8
Sle,
MEL|SSA

Adsorption/ Complexation

* Pressure swing adsorption » Facilitated transport using

) selective complexants
Gas desorption

Uliramicroporous Zedlite skeleton

channel

Gas adsorption

16/07/2008 Christian Guizard 9
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N

Pollutants elimination in the gas  phase

MEL|SSA
S

"ICharbon actif. zéclite

16/07/2008 Christian Guizard

Captation

e

Transformation/élimination

10
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7. Conclusion and perspectives

The output of thigonsultanc study has been very valuable to the NERA project, mainly

for the liquid and gas loopg the system.

The recommendationgrovided by the experts will be the basis of thentiruation of the
work in the MELISSA PilofPlan in order to update the integration stggtend tart defining
the first work packages to lplemened on the MPP compartments ahdir interfaces.
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Appendix 1 — Draft version of the MPP integration strategy
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DRAFT version

MELISSA Pilot Plant

Integration Workpackages

Version: 2.0
Prepared: 04/07/2008

.

Departament d'Enginyeria Quimica
Escola Técnica Superior d’Enginyeria
Universitat Autonoma de Barcelona
Tel.: 93.581.10.18 Fax: 93.581.20.13
08193 Bellaterra Spain
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WP n_umber 1. WP title Closure G phase CIVaGV
duration 4 months
Hardware | CIVa refurbished and validat X
CV delivered and validat X
Ar. Platensis harvesting syst TBD
Interface G phase CClvVa(CV G phas¢ TBD
purification?
inputs Software | Control laws implemented in MPP PL N TBD
Cpts connected to the MPP supervision syst| TBD
level 2 control preliminary architectt
Knowledge| Control law ClVa (C X
Kla ClVa TBD
Control law G/CO, X
Sizing validatiol X
Constraint animal
Manipulable ClVa light, ClVa dilution ratepH CIVe
inputs
Set-point concentrations in @and CQin CV gas phas
content Culture Ar.Platensis culture on nitrate
conditions
Follow-up 0O,, CO,, CV gas phase composition, ClVa ligt
phase composition (SO4, PO4, C, N)
Quiality contro axeny ClVa and CV
Duration 1 month preparation + rhonth continuous operatic
+2 month additional study
1-Demonstration oBiorat G/CO, control law (with pH control and n
Objectives/ | equilibrium of respiratory coefficier
outputs 2-Validation of AP harvesting syst¢
3- management of contaminants of CV gas p
Demonstration of the O2/CO2 control law on new end
Rationale Communication impa
Good training for the new MPP te
Remarks Purification of CV G phase to be foreseen, therooalrol as we

NOTA : the highlighting inyellow identifies the points to be confirmeiscussed with the

experts
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WP n_umber 2. WP title Connection L phase CITHII
duration 7 months
Hardware | ClIl validated , operational steady state X
Cll validatec X
Rubrum harvesting syste X
Additional interface to remove potentialsidual| TBD
VFA in Cll outpu
inputs Software | Control laws implemented in MPP PL TBD
Cpts connected to the MPP supervision sys| TBD
level 2 control preliminary architectt
Knowledge| Part a: control law CllI (N), Kla ClI TBD
Part b: Control law CIlI(N, Kla CllI, control law| TBD
Cll (C, N)
Constraint Cll dilution rate and CII light
Manipulable Clll dilution rate (hydraulic residence time CIQ2
inputs input (TBC)
Set-point NO2 and NO3 concentrations CllI
Content
Part a Culture Segers&Verstraete ClI
conditions
Follow-up pH CIIl, pO2 CIll, NH4+, NO2, NO3 CIll, VFA
NH4+ CII liquid phase, SO4, PO4 Cll and (
Quiality contro axeny
Duration 1 month preparation + 3 months continuous oper
Constraint C sources (VA composition and concentration) (
liquid input
Manipulable Cll light, CIl dilution rate, CIllI dilution rate
inputs (hydraulic residence time in CIlI), O2 input (TE
Set-point NH4 and VFA concentrations Cll, NO2 and N
Content concentrations CllI
Part b Culture Segers&Verstraete modified (various VFA sourc
conditions Cll
Follow-up Cll: VFA, NH4+ |, SO4, PO4
Clll: pH, pO2, NH4+, NO2, NO3, S04, P(
Quiality contro axeny
Duration 3 months continuous operation
Objectives/ | Control lawvalidated CIII(N) , Cll (C, N)
outputs
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e the closure of the liquid pha

After CIVa, CllI is the most advanced (kn-how, knowledge). *' step in

Remarks
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WP number | 3. WP title Connection L phase CHCIVa
duration 3 months Connection G phase CI-CllI
Hardware | ClII validated, operational steady state X
ClVa refurbishe, validated X
Interface L phase C-ClVa X
Interface G phase CI\~ CIII TBD
Spiru harvest. syste TBD
Software | Control laws implemented in MPP PLCs TBD
inputs Cpts connected to the MPP supervision sys

level 2 control preliminary architectt
Knowledge| Preferably performed afte’WP 2a, howeve| TBD
feasible if control law CIll, Kla CIllI, control la
ClVa (including O2/CO2 dynamicquilibrium in
the produced gas phase jointly with pH control)
Kla ClVa known and validate

Constraint ClllI dilution rate

Manipulable ClVa light, CO2 addition ClVa

inputs
Set-point ClVa 02 production, CIIINO3 or NO2 , dependin
on control law design] output
content Culture Winogradsky ClII
conditions
Follow-up Clll: pH, pO2, NH4+, NO2, NO3, S04, PO4, (

CO2 gas phase
ClvVa: pO2, NO3, SO4, PO4
Quiality contro axeny

Duration 1 month preparation + 2 months continuous oper:
Control lawsvalidated: CIIIN+ dynamic gas phase C,0 and C-C,N

Objectives/ . ,

outputs +gas/liquid dynami

Rationale Continuation of the study of the liquid phase cle
Opportunity to initiate additional study of gas paalosur

Remarks Equilibrium G-L phases ClIl — ClVa to be studied

Validation of O2 toxicity in case of excess fronMalto CllI
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WP number | 4. WP title Closure G phase ClvaVv
duration 13 months Connection L phase CTHII-ClVa
Hardware | Cll validatec X
Clll validated, operational steady state X
ClVa refurbishe, validated X
CV validated X
Interface L phase C-ClVa
inputs Intc_erface G phase C-ClvVa TBD
Spiru Harvest. Syste TBD
Rubrum harvest. syste X
Software | Control laws implemented in MPP PL TBD
Cpts conected to the MPP supervision syste
level 2 control preliminary architectt
Knowledge| Output of WP +WP2+WP3
Constraint animal
Manipulable dilution rate, light, Cll, dilution rate CIlI (hydwulic
inputs residence time ClII), ClVa light
Set-point 02/CO2 CcV
Culture Segers&Verstraete ClI
conditions
Follow-up Cll: NH4+, VFA, SO4, PO4
content Clll: pH, pO2 , NH4+, NO2, NO3, SO4, P
Clva: pO2, NO3, SO4, PO4 , 02, Ct
CV: 02, CO2, contaminants gas ph
Quiality contro axeny (ClII,ClVa), CV
Duration 2 month preparation + 12 months continu
operation/study.
(Validation of two control 1 loops (CI-N and ClVa-
C+N) on CllI synthetic medi2 6 month:
Determination of limit behavior® 6 month)
Objectives/ | Control loops validted: CIII(N) and ClVa (C+N)
outputs
Logic step after WP1, 2 and 3, progressive closréhe liquid loop,
Rationale including the dynamic brought by the animals onghe phas
Validation of the results obtained in the pastnew generation hardwe
Performance with or without Spiru harves
R This scenario for L phase connection has been pee in the pas
emarks L P
however with “manually “connected compartm
FIRST MILESTONE for L phase connection demonstr
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NOTA : the highlighting inyellow identifies the points to be confirmeiscussed with the

experts
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WP number| 5. WP | Closure G phase CIVb-CV
duration 5 months title
Hardware | CIVb validated, operational steady state X
CV validated X
Interface G phase CI\-CV TBD
inputs Software | Control laws implemented in MPP PL X

Cpts connected to the PP supervision system, leve
control preliminary architectu

Knowledge| Controllaw CIVb
Preliminary sizing validation ( O2 productic

TBD

Constraint animal

Manipulable | CIVb light, composition and residence time of Cl\duid

inputs phase , CIVb light

Set-point concentrations in @and CQin CV gas phas

Culture Hoagland for CIVb

conditions

content — . .

Follow-up CIVb gas phase composition (including hormones
possible) , @ CO,, CV gas phase composition, Cl liquid
phase composition (TBD)

Quiality control | CV
microbiological control CIVb (HPC surfaces, liquphase
roots),

Duration 1 month preparation + 4 month study

Objectives/ | Validated controlaw CIVb (light, gas phase, NH4+/NO3 rat

outputs

Rationale | Need to progress on Cb knowledge and know-how

Remarks Necessity of preliminary calculations for gas phasmmagement between t

compartments

NOTA : the highlighting inyellow identifies the points to be confirmeiscussed with the

experts
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WP number | 6. Connection L phase CHCIVa
duration 10 months | WP title Connections G phagalVva-Clll
Closure G phase ClvaVv
Hardware | ClIl validated, operational steady state X

ClVa refurbishe, validated

CIVDb validated, operational steady state
CV validated

Interface G phase C\-CV

Interface G phase CI-CV

Interfece L phase CllI-ClvVa

put Interface G phase CI\~ CIII
Spiru harvest. syste
Software | Control laws implemented in MPP PL X
Cpts connected to the MPP supervision sys
level 2 control preliminary architectt
Knowledge| Output of WI1+WP3+WP5
Preliminay sizing validation (02, CO2)
Constraint animal
Manipulable ClllI dilution rate, O2 in CllI
inputs CIVDb liquid phase composition and residence
ClVa light, CIVb light
pH ClVa
Set-point concentrations in @and CQin CV gas phas
Culture Winogradsky ClII
conditions Hoagland CIVb
Follow-up Clll: pH, pO2 , NH4+, NO2, NO3, S04, PO4,!
CO2 gas phase ClII
content Clva: liquid phase composition (SO4, PO4, C,

pO2, NO3, SO4, PO4

CIVb: CIVb gas phase composition (includi
hormones if possible)

CV: O, CO, CV gas phase

O, CO, CV gas phase composition, CI liquid
phase composition (TBD)

Quiality contro Axeny: CII, CllI, ClVa

CVv

microbiological control CIVb (HPC surfaces, ligt
phase, roots),

Duration 1 month preparation and then

6 months

3 months

Objectives/ IValidation of two control 1 loops (CI-N and ClVa C+N) on CIlI
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outputs synthetic medi

2- Determination of limit behavio

Gaining expertise on process operation, especially gas phas
management

Rationale Continuation othe study on gas loop closure

To avoid loosing O2 in CIII output gas phase, mdation of ClIl gas
phase could be forese

Remarks Necessity of preliminary calculations for gas phasmagement betwe:
the compartmen

FIRST MILESTONE For gas loop clure demonstration

NOTA : the highlighting inyellow identifies the points to be confirmeiscussed with the
experts

~.
~.
~.
~.

alternative

This document ionfidential property of the MELISSA partners artthls not be used, duplicated, modified Page :
transmitted without their authorization
Memorandum of Understanding 19071/05/NL 42/84




urB

MEl ssn MELiSSA Pilot Pla“t Universitat Autonoma

‘ ) deBarcelona
Document Identification : Type Chrono Issue
MPP integration strategy : 2008 reamerdations TN 87.1.2 0 Page : 43/84

This document ionfidential property of the MELISSA partners artthls not be used, duplicated, modified Page :

transmitted without their authorization
Memorandum of Understanding 19071/05/NL

43/84




MELSSA

: _ UnB
MELiSSA Pilot Plant o sunon

‘ ) de Barcelona
Document Identification : Type Chrono Issue
MPP integration strategy : 2008 reamerdations TN 87.1.2 0 Page : 44 /84
WP n_umber 7. WP title Connection S phasel\th-Cl
duration 7 months
Hardware | ClI fully characterize X
CIVDb validated, operational steady s X
InterfaceS phase CIVb-CI
TBD
inputs Software | Control laws implemented in MPP PL TBD
Cpts connected to the MPP supervision sys
level 2 control preliminary architectt
Knowledge| Control 1 loop CI (C+N TBD
Control law CIVb or output WF
Constraint Plants metabolism/composition
Manipulable Cl residence time
inputs CIVD light
CIVb liquid solution composition and residence t
Set-point CI [VFA] L output
content Cultqrg Hoagland CIVb
conditions
Follow-up Cl: L input composition, L output compositioiG
composition
CIVDb: composition of plants, G phase composi
Quiality contro microbiological control CIVb (HPC surfaces, ligt
phase, roots),
Duration 1 month + 6 months study
Objectives/ | Knowledge on CI outpu
outputs Further validation of CI control 1 loi
Rati Initiate study of solid phase in MELISSA with MEL$& crops cultivate:
ationale . "
in controlled conditior
Remarks D_epending_ on the availability of HPCs (1, 2 or tBg amount of plant
might be differer
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WP number | 8. WP title Connection S phasel\th-Cl
duration 7 months Connection G phase @b
Hardware | ClI fully characterize X
CIVDb validated, operational steady s X
InterfaceS phase CIVb-CI
Interface G phase CI\-ClI TBD
TBD
inputs Software | Cortrol laws implemented in MPP PLCs TBD
Cpts connected to the MPP supervision sys
level 2 control preliminary architectt
Knowledge| Output WP - TBD
Preliminary sizing validation on gas phase andds
phas
Constraint Plants metabolism/composition
Manipulable Cl residence time
inputs CIVDb light
CIVb liquid solution composition and residence t
Set-point CI [VFA] L output
Culture Hoagland CIVb
content "
conditions
Follow-up Cl: L input composition, L output compositioiG
composition
CIVDb: composition of plants, G phase composi
Quiality contro microbiological control CIVb (HPC surfaces, ligt
phase, roots),
Duration 1 month + 6 months study
N Knowledge on ClI outpu
(?l?gslfttéves, Further vglidation of Cl control 1 loi .
New stepn the study of gas phase and solid p
: Logic continuation of WP 7 to gain knowledge andWk-how on gas
Rationale
phase managems
Depending on the availability of HPCs (1, 2 or tB)e amount of plant
Remarks might be differer
SECOND Milestone foG loop closure demonstration
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WP number | 9. Connection S phase CI-Cl and Clva
duration 4 months | WP title - ClI '
Connection G phase @4#Vb
Hardware | Cl fully characterize X
CIVb validated, ope¢ational steady state X
ClVa in operational steady st
InterfaceS phase CIVb-CI TBD
Interface G phase CI\-ClI TBD
inputs Spiru.Harvesting system
Software | Control laws implemented in MPP PL TBD
Cpts connected to the MPP supervision sys
level 2 control geliminary architecture
Knowledge| Output WP ! TBD
Preliminary sizing validation on Solid phi
Constraint Plants and algae metabolisiompositiol
Manipulable Cl residence time
inputs ClVa light and dilution rate, pH
CIVb light
Set-point CI [VFA] L output
Culture Zarrouk for ClVa
content conditions Hoagland CIVb
Follow-up Cl: L input composition, L output compositioiG
composition
ClVa:liquid phase composition, biomass compos
CIVb: composition of plants, G phase compos
Quiality aontrol microbiological control CIVb (HPC surfaces, liqt
phase, roots), axeny ClVa
Duration 1 month + 3 months study

Knowledge on CI outpu
Objectives/ | Further validation of ClI control 1 loi

outputs New step in the study of gas phase and solid | (composition of the
gas phase versus waste composi
Rationale Logic continuation of WP 8 to gain knowledge andWk-how on C
Depending on the availability of HPCs (1, 2 or tB)e amount of plant
R might be differer
emarks

It is mandatory to maksome preliminary sizing validation to define
guantities of plants/ algae to be u
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WP number | 10. Connection S phase CI-CI, Clva —
duEten 6 months | WP title Cland QII-CI
Connection G phase @4#Vb
Hardware | Cl fully characterize X
Cll in operational steady st: X
CIVDb validated, operational steady s
ClVa in operational steady st TBD
Interface S phase CI\-CI TBD
Interface G phase CI\-ClI
inputs Spiru.Harvesting system
R. Rubrum harvesting stem
Software | Control laws implemented in MPP PL TBD
Cpts connected to the MPP supervision sys
level 2 control preliminary architectt
Knowledge| Output WP ! TBD
Preliminary sizing validation on Solid phi
Constraint Plants and algae metabolisompositiol
Manipulable Cl residence time
inputs CllI dilution rate and light
ClVa light and dilution rate, pH
CIVb light, composition and residence time of lid
solution
Set-point CI [VFA] L output
Culture Segers and Verstraete ClI
conditions Zarrouk for ClVa
content Hoagland CIVb
Follow-up Cl: L input composition, L output composition,
composition, S composition
CllI : liquid phase composition, biomass compos
ClVa: liquid phase composition, biomass compos
CIVb: compositon of plants, G phase composil
Quiality contro microbiological control CIVb (HPC surfaces, ligt
phase, roots), axeny CIl and ClVa
Duration 1 month + 5 months studyfBC, why 5 here and 3 |
WP9)
Knowledge on CI outpu
Objectives/ | Furthe validation of ClI control 1 loc
outputs New step in the study of gas phase and solid p{asaposition of the
gas phase versus waste composi
Rationale Logic continuation of WP 9 to gain knowledge andwk-how on C
Depending on the availabilityf HPCs (1, 2 or 3), the amount of pla
Remarks might be differer
It is mandatory to make some preliminary sizingdation to define th
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steady state

guantities of plants/ algae to be used and to awidhat CI can reach

MILESTONE on Solid loop closure deonstration
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WP number | 11. Connection L phase GHI
duration 9 months | WP title Connect@on S phasel\th-Cl
Connection G phase @4#Vb
Hardware | Cl fully characterize X
Cll operational steady ge X
CIVDb validated, operational steady s
Interface L phase ClIlI (if any)
InterfaceS phase CIVb-CI TBD
Interface G phase CI\-ClI
R.Rubrum harvesting syst TBD
inputs Software | Control laws implemented in MPP PL TBD
Cpts connected to the MPP supenn system
level 2 control preliminary architectt
Knowledge| Output WP ! TBD
Control law CII
Full characterization of Cl and CI L out]
Preliminary sizing validation on gas phase andds
phas
Constraint Plants metabolism/composition
Cll liquid input composition
Manipulable Cl residence time (as a consequence CII dilutite)
inputs Cll light (and agitation?)
CIVDb liquid solution composition and residence tj
CIVb light
Set-point Cl : total VFA concentration L output (howe\
difficult to have onkline)or CIl biomass productio
Culture Hoagland CIVb
S conditions
Follow-up Cl: L input composition, L output compositioiG
composition
Cll: L output composition (including VFA), bioma
composition
CIVb: composition of plants, G pea compositio
Quiality contro microbiological control CIVb (HPC surfaces, ligt
phase, roots), Cll axeny
Duration 1 to 2 months + 7 months study
1- Add. validation of Control 1 loop ClI(C+I-> 1 month
Objectives/ | 2- Determination of CIlI linrt behaviors> 6 month
outputs New step in the study of L phase connec
Further validation of Cll control la
Rationale Necessity to progress on study of the liquid lotgsure (the last step
the connection from CI L phase to the rest of tpés!
Remarks D_epending_ on the availability of HPCs (1, 2 or Bk amount of plant
might be differer
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Can be performed with or without R. Rubrum harvessyster
Can be performed after WPS8, or 9 depending if ojppaty is taken tc
have ClVa biomass sent to Cl as|.
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WP number | 12. Connection L phase GHI-CIII
duration 4 months | WP title Connect@on S phasel\th-Cl
Connection G phase @4#Vb
Hardware | Cl fully characterize X
Cll operational steady st X
Clll operational steady st
CIVb validated, operational steady s
Interface L phase (-CllI (if any)
InterfaceS phase CIVb-CI TBD
inputs Interface G phase CI\-ClI
R.Rubrum harvesting syst TBD
Software | Control laws implemented in MPP PL TBD
Cpts coinected to the MPP supervision systi
level 2 control preliminary architectt
Knowledge| Output WP 11 and W¥
Full characterization of Cl and CI L ouf]
Constraint Plants metabolism/composition
Cll liquid input composition
Manipulable Cl residence time (as a consequence CIll and
inputs dilution rate)
Cll light (and agitation?)
Clll : O2 input (TBC)
CIVDb liquid solution composition and residence tji
CIVb light
Set-point Clll [NO3] output
Culture Hoagland CIVb
content "
conditions
Follow-up Cl: L input composition, L output compositioiG
composition
Cll: L output composition (including VFA, NH4+
S04, PO4), biomass composition
Clll: pH, pO2 , NH4+, NO2, NO3, S04, P
CIVb: composition of plants, G phase compos
Quiality contro microbiological control CIVb (HPC surfaces, ligt
phase, roots), Cll and ClIl axeny
Duration 1 month + 3 months study
1- Add. validation of Control 1 loop ClI(C+I-> 1 month
Objectives/ | 2- Determination of CIl limit behavio> 6 month
outputs New step irthe study of L phase connect
Further validation of Cll and CIII control le
Rationale Necessity to progress on study of the liquid lotgsuare (the last step
the connection from CI L phase to the rest of thés!
Remarks D(_epending on the availility of HPCs (1, 2 or 3), the amount of plal
might be differer
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Can be performed with or without R. Rubrum harvessyster
Can be performed after WPS8, or 9 depending if ojppaty is taken tc
have ClVa biomass sentto Cl as v
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WP number | 13. Connection L phase GHI-CIII-ClVa
duration 4 months | WP title Connect@on S phasel\th-Cl
Connection G phase @4#Vb
Hardware | Cl fully characterize X
Cll operational steady st X

Clll operational stady state
ClVa operational steady st
CIVDb validated, operational steady s
Interface L phase CIlI (if any), CII-CllI (if any), | TBD
CllI-ClVa (if any)

inputs InterfaceS phase CIVb-CI
Interface G phase CI\-CI
R.Rubrum harvesting syst TBD
Spiru. Harvesting sysm
Software | Control laws implemented in MPP PL TBD

Cpts connected to the MPP supervision sys
level 2 control preliminary architectt
Knowledge| Output WP 12 and W¥

Constraint Plants metabolism/composition
CllI liquid input composition
Manipulable Cl residence time (as a consequence CIll and
inputs dilution rate)
Cll light (and agitation?)
Clll : O2 input (TBC)
Clva: light
CIVb liquid solution composition and residence tji
CIVb light
Set-point ClVa O2 production
Culture Hoagland CIVb
content "
conditions
Follow-up Cl: L input composition, L output compositioiG
composition
Cll: L output composition (including VFA, NH4+
S04, PO4), biomass composition
Clll: pH, pO2 , NH4+, NO2, NO3, S04, P
ClVa: L output composibn, biomass compositis
CIVb: composition of plants, G phase compos
Quiality contro microbiological control CIVb (HPC surfaces, ligt
phase, roots), ClI, Clll and CIVa axe
Duration 1 month + 3 months study
Objectives/ | Demonstration f L phase connection over 4 cpts
outputs
Rationale Necessity to progress on study of the liquid lotgsuare (the last step

the connection from CI L phase to the rest of thsy; logic step afte
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WP 12

might be differer
Remarks system

CIVb on L phase

Depending on the availability of HPCs (1, z 3), the amount of plan
Can be performed with or without R. Rubrum and &parvesting
Any interest in: having ClVa biomass sent to Clvesl? Connecting

SECONDMILESTONE for L phase connection demonstra
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WP number | 14. Connection L phase GHI-CIII-ClVa
6 months WP title Connection S phasel\th-Cl
duration Connection G phase @#vb and ClVa
- CllI
Hardware | ClI fully characterize X
Cll operatione steady state X

Clll operational steady st

ClVa operational steady st

CIVb validated, operational steady s
Interface L phase ClIlI (if any), CII-CllI (if any), | TBD
CllI-ClVa (if any)
InterfaceS phase CIVb-CI

inputs Interface G phase CI\-Cl and CIVa-ClI|
R.Rubrum harvesting system TBD
Spiru. Harvesting syste
Software | Control laws implemented in MPP PL TBD

Cpts connected to the MPP supervision sys
level 2 control preliminary architectt

Knowledge| Output WP 13 and W¥

Preliminary sizng validation on Gas pha

manageme
Constraint Plants metabolism/composition
Cll liquid input composition
Manipulable Cl residence time (as a consequence CIl and
inputs dilution rate)

Cll light (and agitation?)
Clll : O2 input (TBC)

Clva: light
CIVDb liquid solution composition and residence tji
CIVb light

Set-point CIVa 02 production, CIVb biomass product

Culture Hoagland CIVb

content "

conditions

Follow-up Cl: L input composition, L output compositioiG
composition

Cll: L output conposition (including VFA, NH4+
S04, PO4), biomass composition

Clll: pH, pO2 , NH4+, NO2, NO3, S04, P

ClVa: L output composition, biomass composi
CIVb: composition of plants, G phase compos
Quality contro microbiological control CIVb (HPC «faces, liquid
phase, roots), Cll, Clll and CIVa axe

Duration 1 month + 5 months study

Objectives/ | Further validation of Clll control la
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outputs Progressive demonstration of the loop robus

Several scenarii have been performed to 1 key knowledge on L pha:s
connection, closure of solid loop and gas phaseagement/loop closur
Rationale The scenarii studied previously need to be combpredressively up t
maximal closure as foreseen in the MELISSA Pil@n®IThis WP is the
first one in his logic

Depending on the availability of HPCs (1, 2 or tBe amount of plant
might be differer

Can be performed with or without R. Rubrum and &parvesting
system

Any interest in: having CIVa biomass sent to Clvesl? Connecting
CIVb on L phase

Remarks
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WP number | 15. Connection L phase GHI-CIII-ClVa
6 months Connection S phasel\th-ClI
_ WP title Connection G phase @b and ClVa
duration —Clll
Closure G phase CVi€b
Closure G phase CZiVa
Hardware | ClI fully characterize
Cll operational steady st
Clll operational steady st
ClVa operational steady st
CIVb validated, operational steady s
CV validated, operational steady s
Interface L phase «CIlI (if any), CII-CllI (if any),
CllI-ClVa (if any)
Interface S phase CI\-CI
inputs Interface G phase CI\-CI, ClVa<Clll, CV-ClVa,
CV-CIVb
R.Rubrum harvesting syst:
Spiru. Harvesting syste
Software | Control laws implemented in MPP PL TBD
Cpts connected to the MPP supervisiontem,
level 2 control preliminary architectt
Knowledge| Output WP 14 and W¥
Preliminary sizing validation on Gas ph
manageme
Constraint Animal
Manipulable Cl residence time (as a consequence CIl and
inputs dilution rate)
Cll light (and agitation?)
Clll : O2 input (TBC)
Clva: light
CIVDb light, liquid solution composition and resiaer
time
content Set-point ClVa 02 production, CIVb O2 producti
Culture Hoagland CIVb
conditions
Follow-up Cl: L input composition, L output comption, G
composition
Cll: L output composition (including VFA, NH4+
S04, PO4), biomass composition
Clll: pH, pO2 , NH4+, NO2, NO3, S04, P
ClVa: L output composition, biomass composi
CIVb: composition of plants, G phase compos
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Quiality contro microbiological control CIVb (HPC surfaces, ligt
phase, roots), Cll, Clll and ClVa axe

CV
Duration 1 month + 5 months study
Objectives/ | Further validation of Clll control la
outputs Progressive demonstration of the loop robus
Rationale See WP 1.4
Combination of L phase and G phase loop clc
Depending on the availability of HPCs (1, 2 or tB)e amount of plant
might be differer
Can be performed with or without R. Rubrum and &parvesting
Remarks system

Any interest in: having CIVa bmass sent to Cl as well? Connect
CIVb on L phase
THIRD MILESTONE for G loop closure demonstrat
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WP number | 16. Connection L phase GHI-CIII-ClVa
15 months Connection L phase C\-CV
. WP title Connection S phasel\¢b-CI, ClVa-Cl,
duration ClI-C|
Connection G phase CI\- CIII

Hardware | Cl fully characterize

Cll operational steady st

Clll operational steady st

ClVa operational steady st

CIVDb validated, operational steady s

Interface L phase CI-CIlI (if any), CIGIII (if any),
CllI-ClIva (if any), ClVa-ClI (if any), CHICIVDb(if
any;

InterfaceS phase CIVb-CI

put Interface G phase CI\-CIII
R.Rubrum harvesting syst:
Spiru. Harvesting syste
Software | Control laws implemented in MFPLCs TBD
Cpts connected to the MPP supervision sys
level 2 control preliminary architectt
Knowledge| Output WP 1¢
Preliminary sizing validation on Liquid pha
managemel
Constraint Cl liquid output
Manipulable Cl residence timgas a consequence CIl and C
inputs dilution rate)
Cll light (and agitation?)
Clll : O2 input (TBC)
ClVa: light
CIVb light
Set-point ClVa O2 production, CIVb L output
Culture Hoagland CIVb
conditions
content Follow-up Cl: L input composition, L output comption, G

composition, S composition

Cll: L output composition (including VFA, NH4+
S04, PO4), biomass composition

Clll: pH, pO2 , NH4+, NO2, NO3, S04, P

ClVa: L output composition, biomass composi
CIVb: composition of plants, G phase compositiol
output composition

Quiality contro microbiological control CIVb (HPC surfaces, ligt
phase, roots), ClI, Clll and CIVa axe

CV
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Duration 1 month + 14 months study
. Further validation of C control lawperformances when increasiL loop
Objectives/ I
outputs R .
Progressive demonstration of the loop robus
Rationale New step in liquid loop closu
Remarks D_ependlng_ on the availability of HPCs (1, 2 or tBg amount of plant
might be differer
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WP number | 17. Connection L phase &CTlI-CllI-ClVa-
10 months CIVb
Connection S phase CI-CI, ClVa-Cl,
duration WP title ClI-ClI '
Connection G phase CI\- ClII
Closure G phase CVi€b
Closure G phase CZiVa
Hardware | Cl fully characterize
Cll operational steady state
Clll operational steady st
ClVa operational steady st
CIVDb validated, operational steady s
Interface L phase «CIl (if any), CII-CIII (if any),
CllI-ClVa (if any), CIII-CIVb (if any)
Interface S phase CI\-CI
: Interface G phase CIVb-CI, CIV&lIll, CV-ClVa,
nputs CV-CIVb
R.Rubrum harvesting syst:
Spiru. Harvesting syste
Software | Control laws implemented in MPP PL TBD
Cpts connected to the MPP supervision sys
level 2 control preliminary architectt
Knowledge| Outptt WP 15 and WP10
Preliminary sizing validation on Liquid pha
manageme
Constraint TBC
Manipulable Cl residence time (as a consequence CIl and
inputs dilution rate)
Cll light (and agitation?)
Clll : O2 input (TBC)
Clva: light
CIVb light CO2 input
Set-point ClVa 02 production, CIVb biomass product
content Culture
conditions
Follow-up Cl: L input composition, L output composition,
composition, S composition
Cll: L output composition (including VFA, NH4+
S04, PO4), biomass composition
Clll: pH, pO2 , NH4+, NO2, NO3, S04, P
ClVa: L output composition, biomass composition
phase composition
CIVb: composition of plants, G phase compositior
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output composition

Quiality contro microbiological control CIVb (HPC surfaces, ligt
phase, roots), CllI, Clll and ClVa axe

Duration 1 month + 9 months study

Further validation of C control lawperformances when increasing L Ic

Any interest ending CIVb L output back to |

Objectives/
outputs ERSRE
Further validation of CIVb control lg
. See WP 14
RETEE Combination of L phse and S phase loop closure
Depending on the availability of HPCs (1, 2 or tB)e amount of plant
Remarks might be differer
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WP number | 18. : MELISSA loop demonstratic
. WP title
duration 34 months

Hardware | All compartments and interfaces operational an
stead-state

Software | Control laws implemented in MPP PL TBD
Cpts connected to the MPP supervision sys

Inputs level 2 control preliminary architeure
Knowledge| Output of all WP
Preliminary sizing validation on all phas
manageme
Constraint animal
Manipulable CIl residence time (as a consequence CIl and
inputs dilution rate)
Cll light (and agitation?)
Clll : O2 input (TBC)
ClVa : light
CIVb light
Set-point CV O2 input
Culture
conditions
Follow-up Cl: L input composition, L output composition,
content composition, S composition

Cll: L output composition (including VFA, NH4+
S04, PO4), biomass composition

Clll: pH, pO2 , NH4+, NO2, NO3, SO4, P(

ClVa: L output composition, biomass composition
phase composition

CIVDb: composition of plants, G phase compositiot
output composition

CV: G phase

Quiality contro microbiological control CIVb (HPC surfaces, ligt
phase, rots), Cll, Clll and ClVa axeny, C

Duration 1 month + 9 months to reach steadate + 24 montr
continuous operation

Objectives/ | Full demonstratio
outputs
Rationale Combination of L phase, G phase and S phase |ospie
Should be performewith the three HPCs

Any interest ending CIVb L output back to |

Remarks
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Logic of the integration approach, main guideli

we start where we have the max knowledge on coisisak
we use as much as possible CIVb biomass id CI

we progressively enhance our control knowle

we deal with the availability of hardwz

Rk:

additional knowledge on CI may introduce some ckanm the WP (depending on t
composition of the gas phase.

additional investigation in sizing simuion may introduce drastic changes

For CIVb liquid output, we have considered only digeiid stream; however, maybe \
could separate the liquid nutrient solution frone #vapotranspirated water (foreseen tc
used (partly or totally)for preparation cnimal “potable”water; then should we envisage
feedback ClI with the rest of the available wa

From the preliminary information we have on sizifegg. calculations performed with
BELISSIMA), we know that most probably, CI liquidiput will have t be diluted before
being further processed by CThis may introduce some changes in the WPs sce

The potential integration of complementary techgme (e.g. Fiber degradation unit) ¢
introduce major changes as w

Sizing for gas phase managent is clearly an issue as today we still miss bagmrmation,
like buffer capacities, strategy of storage (e.gn@oreach a given composition for each
stream, so that they can be mixed and used foebaépacity, ...
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Appendix 2 — Minute s of the meetings held with the experts
Kick-Off meeting (28/05/2008), Progress Meeting (16/07/2008)alRimeeting (05/06/200

Date : 28-May-08
Meeting place : ESAESTEC, room Ef 10:

SUBJECT : Kick Off Meeting Consultancy Study for the MPP integration strategy

Attendees :
Company | ESA MELISSA Pilot Plant | Consultants
Names C. LASSEUR (CL) | F. GODIA (FG) Alexander Tikhomirov (AT)

B. LAMAZE (BL) A. FOSSEN (AF) Elena Tikhomirova,
Mark Kliss (MK)
Christian Guizard (CG)

Distribution list : the attendees and the followinglisted person:

Company | UAB MELISSA Pilot Plant
Names Enrique Peiro

Main conclusions :

Approval by all attendees :

Company | ESA ESA Consultant | Consultant Consultant | MPP
Name C. LASSEUR B. LAMAZE| M KLISS A. TIKHOMIROV, C. GUIZARD F. GODIA

A. FOSSEN
Visa
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Item Acti | Resp Date
on #
Agenda:
1. Signature of the Non Disclosure Agreem:
2. Tour de table
3. Objectives of the study. Final deliverat
4. The MELISSA project: a general overvi
5. The MELISSA Pilot Plant: current status and fut

Purpose of the meeting: KOM of the consultancy study for tt

perspectives
Integration strategy for the MELISSA Pilot PI

Contractual aspects and practical details concgithe
Consultants

definition of the integrations strategy for the M
Discussion:

1. NDA signed by all consultar

12% The objectives of the study were reviewed, withcsjue

Done

mention of the meetgs to be performed: follc-up in July,
Montreal, during COSPAR, final meeting in Parisppto the
MYM, by 19-1108. The date for the meeting in Montreal v
be fixed in accordance to the schedule of Cospagrpam. ChL
will make a proposal in this rpect. The main deliverable fror
the study is the report on the integration stratéggyividual
reports from each consultant will be prepared, \aithft in
October 15th, and merging the conclusions by Nowsrb in
Paris. This merged document, with “rmmendations for
MELISSA Pilot Plant Integration Strategy” will begsented it
the ALS WS in Barcelona, in June 2009, by one e
Consultants.

Done

Done

Taking into account their prior review of the doemh“Basis
for the MPP Integration Strategy”, athe previous
presentations, the consultants prod some initial remarks:

=
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MK. System failure analysis: identification
circumstances in the operation of the reactorithasise
of occur would affect severely the operation of st
of the loop, alsan terms of procesBy anticipating
them, install the measures to prevent tt

MK. Need for a systematic activity in terms
maintenance and calibration of instrumente

AT. Degree of closure. It is interesting alwayshow
how the closure of theystem is approached (for
example with mass balance for each integration) <
To be shown in a specific WP of integrat

CG. Gas phasmanagement is todgpoorly adressed in
the document (strategy, loop, specific separe
needs..)

Following to thesenitial points, a more detailed discussion \
initiated on various step®f the integration proposed in t
mentioned document. This discussion was considezeg helpful
to understand the logic of the complete study, arehdy providec
a number of adtional remarksAfter the discussion, the followin
conclusions were reached:

the document on the basis for the integration esgne
will be completed by ESA and UAB by providing t
overall rationale for the integratic

also, the most important crite considered when
proposing each one of the integration steps wi
described

it is also important to define in each WP what the
main aspects to analyze and to record properigrder
to have them completely characteri

the complete gas loop ine MPP should be defined in
order to progress in the different -phase interactions
among compartments. It is also important to detfre
expected conditions expected in terms of VOC, i
gases, humidity, partial pressure of main compoL
etc.

the last points will provide a better basis for
Consultants to prepare their specific recommendsa
on the integration strate

it will also be important to review the general ¢-line
of the integration activity, and define two aspe@se,
identify if thetimeschedul of the WPs offers some
time gapdor the performance of WP preparatory ta

«Q

(e.g. rampdp of compartments... Two, identify

1

ESA/U

21/6/08
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specific milestones along the integration proce AB
enabling to followup and report the progressive Consul | 15/7/08
achievementsithe integration pat tants
ESA ?
FG ?

Actions:

meeting in Montreal
in Montreal

consultancy contracts

Enclosed information:

2. list of mails of all the attendees to the mee

1. ESA and UAB will provide the additional informatiam the
rationale used for the proposed integration stepiree week

2. The Consultants will prepare their individual inplcomment:
on the integration stratego be presented in the second

3. ChL will propose and coordinate the date for thet meeeting

4. FG will prepare and sent to AT and ChG the proptmahe

1. presentations from ESA a UAB regarding points 4 and 5
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Meeting place :Palais des Congrés, Montreal, Canac

Date : 16-July-08

SUBJECT : Second MeetincConsultancy Study for the MPP integration strateq

Attendees :
Company | ESA MELISSA Pilot Plant | Consultants
Names C.LASSEUR (CL) | F. GODIA (FG) Alexander Tikhomirov (AT)

Elena Tikhomirova,
Mark Kliss (MK)
Christian Guizard (CG)

Distribution list : the attendees and the following Isted person

Company
Names

UAB

MELISSA Pilot Plant
Enrique Peiro
Arnaud Fossen

Main conclusions :Progress of the Consultancy study for the MPP matean strategQ

Approval by all attendees :

Company | ESA Consultant | Consultant Consultant | MPP
Name C. LASSEUR M KLISS A. TIKHOMIROV C. GUIZARD F. GODIA
Visa
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Item Acti | Resp Date
on #
Agenda:

1. Introduction.

2. Feedback from the Consultants in respect to the pres,
meeting discasion and the document circulated on “M
Integration Workpackage

Purpose of the meeting: Progress Meeting of the consultancy st
for the definition of the integration strategy tbe MPF

Discussion:

C. Guizard provided an analysis of the main-vapour fluxes in the
MPP, also taking into account the presence of VBE.pointed ou
the need to establish a methodology to reach ttaé ifategration of th
gas phase. First, Collection of basic data: produaed consume
gases and vapors, suppliedsgs, and interaction between the

groups, gas and vapor composition in each compattifugpper anc
lower limits, partial pressure, humidity, temperaju Second, mas
balance in each compartment. For each compartmentshoulc
measure gas-vapor comygas, P, T, and then at the outlet we shc
define what is the required processing of the gs&paration
adsorption, elimination, etc. We also will needi&dine the monitoring
(manual or automated). Third, interaction betweemgartments, an
analyss of the need of buffer tanks in the ifface. Also, consider at
this point the external gases added to a compattraed their
interaction vith the rest of the gases. Fourth, consider a ak
monitoring unit. The presentation provided by C.iZard i< enclosed
to these minutes.

It is also important to consider the type of tedbgies to be used i
the processing part of the gas phase flow betwemsnpartments
porous membrane separation, electro dumping, soludiffusion,
adsorption-complexation, etc.

Another important aspect is the elimination of ptahts in the ga
phase, that could be solid particles or gas paitgi

Compartment IV is basic for gas management, andhduld be
considered to start from these compartm
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It can be conidered in parallel the work to complete the infotimia
on the complete process and the analysis of afgpetegration step

At this moment of the discussion, M. Kliss broug point that it i
important to decide if the study considers in orde the main gases
(CO2, 02), and the rest of pollutants apart. Tlaa be taken as
starting point. There was a general agreement isnafiproach. Stric
control on the elimination of Ethylene was stressathough som:
other compounds could be pres (hormones, etc,) but probably lgss
important (M. Kliss will consult R. Wheeler on thigoint) . A.
Tikhomirov added that it is also important to calesi potentia
emissions from the construction materials, likelespplastic, type ¢
stainless steel (are important in the liquid loop). F Godia commer
that the presence of particles in the gas phase moaybe a bic
problem, since the gas phase is sterilized bfitin

The realization of a given integration step willpdad also on th
knowledge o the data from the compartments and
definition/implementation of the interface techrmbs

M. Kliss reported his progress on the analysis astep 10. Wast
preparation, providing the input tc-1 is an important element. Urirne
should also be caimdered. In principle we will use NH4 in thelil. In
parallel, a study on the degradaticf urea is done. M. Kliss made the
point that artificial urea is not the same as humand that the
degradation of urea would also provide a numbesiaé producs. M
Kliss has a number of questions on the dynamicsweest
compartments. Gas metering, O2, CO2, and also waper

A. Tikhomirov provided written comments to the pospd integratiol
strategy, that are enclosed to these minutes. Atiqueis raiseon the
basis of the integration approach, in the sensé tiia complete
integration of the loop should be considered frowa Ibeginning.. Th
answer to the question, as provided by ESA and UaBhat before
going into the final integration scenario, umber of intermediat
partial steps should be tested. However, it is tokar that the
conditions tested in one specific test may vary mwitke final closure
scenario will be done. In the wording, it was agdrdékat the tern
closure should not be used en working in one particular ste
Alternatively, use liquid/gas transfer, etc, bubstire only comes
WP18.

1%
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It was agreed that the integration steps may beggth during the
realization of the work.

It was agreed that step CAGV is strong in the issue of gas

separatiorpurification, as the step -gas loop is good for elimination
of VOC.

When preparing the final document, a comprehengduction
section should be written, where the logics of ititegration work is
presented, showing the me® progress in the knowledge building
the different steps, in order to reach finally timegration of the
complete loop.

Next steps:

C. Guizard will propose an analysis of the gas pluasthe

integration taking compartmen-1V as the center of it.

- M Kliss will complete his analys

- A. Tikhomirov will do a second analy.

- Questions and comments should be posed by mahdéogroug
interaction, and in order to prepare a documerntwioalld be
understand by the people outside of MELI¢

- Feed-baclat the end of September, considering a telep

meeting

Enclosed information:

1. presentation from C. Guize
2. considerations from A. Tikhomirt
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Meeting place : MPP

Date : 05-June-2009

SUBJECT : FINAL Meeting Consultancy Study for the MPP integration strateqy

Attendees :

Company | ESA
Names

C. LASSEUR (CL)
B.LAMAZE (BL)

MELISSA Pilot Plant
F. GODIA (FG)
E.PEIRO (EP)
A.FOSSEN (AF)

Consultants

Alexander Tikhomirov (AT)
Elena Tikhomirova,

Mark Kliss (MK)

Distribution list : the attendees and the following listed perso

Names

Company | UAB

MELISSA Pilot Plant

Main conclusions :conclusiol of the Consultancy study for the MPP integratioatsigy

Approval by all attendees :

Company | ESA ESA Consultant | Consultant MPP MPP MPP

Name C. B. M KLISS A. F.GODIA | E.PEIRQ A.FOSSEN
LASSEUR | LAMAZE TIKHOMIROV

Visa
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Item Acti | Res | Date
on#| p
Agenda:

3. Introduction.

4. Final feedback from the Consultants in respect to the pres
meeting discussion and tdocument circulated on “MPP
Integration Workpackage

Purpose of the meeting: Final Meeting of the consultancy study for t
definition of the integration strategy for the VM

Discussion:

1- Work Packages from the Integration strategy were eviewed ole
by one, taking into considerations the comments praded by the
experts

WP1

Gas phase composition was raised as a criticak isguMK: how to
trace, monitor , control, eliminate undesirablerloals’

CL clarified that the knowledge gained in the fri of the BIORAT
study on this aspect is rather limited, as the ewxpmnt was of shol
duration; HEPA filters were used to avoid microbgital
contamination.

Ep emphasized the possibility to use a specific amaprobe on top ¢
more standard commercialhvailable sensol

The strategy agreed for this WP is the removalooit@minants, in orde
to focus on hydrodynamics aspects of O2/CO2 exawmngdvantag
shall be taken from the performance of this WP dtlect data on ga
phase composition (e.g. ugksampling ceramics..

FG stressed the various steps of the WP.: installatf CV in its room
characterization of gas flows from to ClVa, defimit of 3 gas loop
(internal to CV, internal to ClVa, exchange loopdntaminants removi
most probablyn each internal gas loop, using technologies ssdeftbm
a bibliographic review.

WP2

It was emphasized that residual VFAs from CI (iceavoid was-out of
Cll) will be present in Clll. Clll should howeverebmaintained it
autotrophy regime. A proper characterization ofl ®lbmass should b
obtained thanks to the analysis of biomasslected from CIll
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backwashing phases.

This WP shall take into account as an input, tht@ dsailable and to k
collected on the VFA concentration at Cl outputl §Hall then be fe
with a synthetic media mimicking, as close as gmesiCl compositior

A direct connection of CI to Cll is today considegedtoo risky for ClI
operation

WP3
No specific remarks

WP4
Process dynamics was emphasized. The need of Rumutarvesting
was stressed

WP5

Experts are considering as critical the issue bhke 02/(02
buffering/separation. Dynamics of the process avesicdered mor
cirtical than with ClVa. Gas flows measurement midte an issue
depending on the flow range. Measurement technedogiiall be studie
It was recommended to perform a simulation caith SHERPA or
control aspects.

WP6
Due to the numerous dynamics aspects of this W&imalation with
Sherpa on control aspects was recomme

WP7

The supply origins shall be clarified. It was reecoended to perform th
WP with a mixture of plants. T availability of Higher Plant Chambe
was raised as a critical issue.

WP 8, 9 and 10

The strategy for these three workpackages wassstiteas depending «
Cl gas phase composition, today not know with appabte accurac
The loss of water during haisting phases was emphasized as poten
critical.

Depending on the availability of one or several HPi€was considere
more appropriate to use a mix of plants for thegesWMK stressed tt
impact of the knowledge gained along the perforreaok thevarious
WPs on the definition of demonstration objectivese.g(
reliability/stability of the loop versus loop clagimass balanct

Other WPs
It was considered by the experts as very diffi@antl not accurate 1
assess in detail the following WPs, aeir definition/performance i
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strongly dependent on knowledge acquired duringipos WPs (i.e 1t
10).

2- additional overall recommendations

To keep the MPP Integration Strategy as a usefuP Mfanagemer
document, it was decided to:
- maintain an updad overall document and an associated plar
under Microsoft Proje
- create additional individual documents, for each, @&tining in
more details the steps of the WP, and corresportdsiglan
- defining/anticipating as much as possible the neéinterfaces
(hardware, software, knowledc
In terms of hardware, some interfaces were stressectritical: R
Rubrum harvesting, A. Platensis harvesting, adakiioHigher Plant:
Chambers. Their unavailability could jeopardize geeformance of th
WPs.The time needed for the integration should be taknaccount ir
the overall integration plannir
Knowledge needs should be even more anticipatedijresto acquire
knowledge is usually higher than hardware procurdrime

For the overall integrain strategy document, it was stron
recommended, for each WP:
- toidentify clearly, the external suppl
- toidentify more accurately ancillary equipment. Waste
Preparation Unit...)
- -to use a more accurate wording,. closure, partial closure,
connection...

Experts recommended that communication about thé Mfegratior
status shall not be driven by conferences but byomautputs
preliminary identified.

Their last recommendation was to organize the MR&yration strateg
assessment on a regulasis, e.g. every 2 yee

Next steps:

- Issue the final report of the consultancy s
- Update the overall MPP integration strategy and@ated
planning according to the recommendat
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