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PART I THE MELISSA IOOP CONCEPT

1. GENERAL REMARKS

mebreadboardmgphaseofuellssalsexpectedtoocmroncethe

" preliminary theoretical studies of its individual campartments have
been carried out. 'Ihepresentplnseofthesuldyisperfomed in view
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of identifying the basic technical difficulties to be generated by
thephys1ca1 connection oftheccnpart:nem:s this technical note
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is due to provide a preliminary physical description of the loop.
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The concent of the breadboard takes advantace of
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characterlstlcs of the involved biological actors :

* Their respective metabolisms are simple campared with those of
superior plants. As a consequence, pertinent mathematical models can
be built-up and simulations can be performed more easily, allowing
fundamental characteristics of the subject to be investigated faster
than through real experimentation.

* Their individual cultivation in aqueous medium can be conceived and
realised as a quasi continuous process that can be managed
autanatlcally. For the same reason, the coupling of compartments to
2ach other, in order to close (or nearly) a camplete ecosystem loop,
“can be reasonably envisionned.

* The velocities of their reproduction cycles favourise somewhat fast
experimental checks, likely to speed up 51gmf1<nntly the preliminary
phases of the feaSlbLl.LCy studies. In addition it can shorten the

sﬁximsofthelcngmqeeffectsoftheexposmetospacecaﬂitions
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stability of the cultivations.

2. PRINCIPIES AND OPERATING CONDITIONS OF THE BREADBOARD
One of the aims of Melissa is the transformation of the wastes, 002
and mineral salts, generated by a human-like consumer, into products
consumable by the same consumer. Several campartments are necessary
to close such a loop by ensuring anaercbe digestion, nitrification
and oxygen production.

The compartments are physically installed in the same laboratory,
they are connected to each other through automatic transfer
mechanisms, controlled by a centralised system (1), which ensure the
contimuous operaticn of the loop.
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Before the construction of the breadboard, the proper functionning of
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theca‘stiwturgcaxparmentshasbeenevaluatedmmrnallaboratory
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methods. All (or nearly) feasibility proofs have been experimentally

nreeridad. hacic avmarimental nmrmmocachires havae haon eat 11 and
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measurements done concernmg the conditions of cultivation of the
qnna'lpq and their metaholic characteristics. Then comes the 'nnwh'lm

ofcwplugthecmparlmentstoeachctlm

The breadboard exercise is due to check the pertinence of the Melissa
concept ard the possibility of making it operating as a system.

The present document aims to identify the technical problems created
by the tentative realisation of the Melissa loop under normal
terrestrial enviroment. This means in particular that the breadboard
operation is conceived to be carried out under normal gravity (1g).
Above all, the remark applies to the operations involving fluid
management such as transfers of liquids, filtrations, separations,
buhblmg, stirring, etc..., which are very much simplified by this
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ensured by ;hys:.co—dlenical processes) .

- Also to be considered as out of the scope of Melissa in it first
phase is the atmosphere maintenance for the consumer.

- Conditions prevailing over the operation of the Melissa breadboard
are "normal laboratory conditions". In particular Melissa will take

. benefit from the natural quasi regulation of the temperature around
. the conventional value of 22 C.

3. PHYSICAL DESCRIPTION

As already said, the Melissa breadboaxd loop is constituted by
PP S ., L TS E TS q—.—-&- 2 e mama T alivveeadeaver dea bos
uulya:. AR 1L HIJBLW.L.L, pee—~J \-ﬂ.l. Al W OQliS LAWVULAVLY W WS

progressively connected together
3.1. The consumer campartment.

For practical reasons, in order to limit the importance of extra
principal adbjectives of Melissa, it was established from the very
beginning of the study that the "consumer compartment” would not
exist campletely as such. The dietetical needs of the simplest mammal
are extremely sophisticated campared with the food production
possibilities an "“ecosystem" as much simplified as Melissa is. It was
considered a sufficiently valuable campromise to utilize the animal-
consumer principally as a "waste generator”. As a consequence it will
not be necessarily installed in the Melissa laboratory and its
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Thus, Gue to the particular needs of the “consumer®™ vau.ul aif
significantly from those of the campartments, issa loop
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becors1deredhoweverafterver1f1cat1mlsmdethattheanmalcan

effectively be su;plleu by the oxygen, water ard biamass elaborated
by Melissa.

meammalchosammtherat.melatterposswsesmnyaqualityin

'V’l”' Gf v shviy. It e zv.h-nat ap:d ac lt lﬁ\aa a'lm\is 'hmn. a

conventional reliable laboratory oooperator its physiology is well

nown. Moreover, its dietetic reqi ares manv coamon features with
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the human one.

At the moment there is no available information concerning the
minimm size of a closed cage that would enable the animal to live
safely for long periods, taking account of the room needed by the
equipment for gas, liquid and solid management necessary to its life.

As far as we know, no tentative experiment was in fact performed to
grow a rat under corditions compatible with Melissa, i.e. with 100%
quantitative and qualitative physical and chemical control upon its
_consumption and its rejections. The indications given hereafter
_correspond to standard conditions adopted today in laboratories. In
“that respect, their accuracy could probably be improved after
dedicated studies.
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laboratory estimates. They nnst be considered as indications :
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Dimensions of the cage : 50 cm x 50 cm x 50 cm

Artificial lighting : 12 h daylight/ day, preferably by fluorescent
tubes.

Moisture : 50 TO 60 %
Temperature : 22 C +/- 1 C.

Wentilation : Air renewed about 10 times per hour (which is
“equivalent to 1250 litres/hour = 1/3 litre/s)

3.1.2. Transfer of wastes to the liquefaction campartment

A51twasstatedear11erthean1malsw111befirstlyusedasa"waste

T S - A A8 AN e . AL L NN L

tors* for testing the performance of the following campartment
(liquefaction).

In order to ensure pPemanenic, O \'.T\'.?\Slwumml\_, Lwaill, conditions

oftheliq.xefactimcamartment thepmcessmmntbestrictly

continuous in quantity as the rat is not a "continuous animal® nor in

camposition because of the time variations of the animals metabolisms
depending on a mumber of parameters. However, it will be rendered

NAp—t. s Fey  wma = e ——s S - e

quamoartnmbyprq:annglan;equantltlesofzatwastes This
will average the properties of feces and urine produced over large
penodsoftm(orlaxgenmerofanlmals)alﬂallowccntims

operation during camparable periods.

In a first attempt the wastes will be prepared in a separate and
isolated laboratory.

3.1.3. Equipment needed



renewal ensured from open air.

Water su;ply is provided by grav:.ty fram an acternal raservou.

ine wbuupuux can be measured in volume via a dir
reservoir.
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Food is supplied manually to the rats in calibrated capsules or
pellets., Measurement of quar wantiti i
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Concerning the growing of rats no specific device is required by
Me.hssaaslcngasnosuxiyoftheammalphysinlogyisreqnstedat
the mament. It would go differently should the need of accurate
knowledge on the subject be raised.

32 The photosynthesis campartment (IV)
It is constituted by a bloreactor in which is cultivated Spirulina
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necessary equipment. AstastheﬁrstcmparmartofHahssatobe

mammenmde ] 2de Lo Ammmeretlhad havenmafdrase S cvmmem Amdend Yl mreed red T mmvwra mew o
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model for the others, as far as their sizing is concerned.

3.2.1. Eouirment needed

----- ] e e 8w & S

The values of masses and electrical consumptions given below and in

thefollommparagraﬁ:shavemtbeenmeas\ned 'meyanegivenas
indications.

Mass(kg) Power (W)

__Bioreactor 7 litres ...........

.0
[
o
L 1)

Q02 analyzer s 20 : 200
Scrambling regqulator ......... : 6 :
Scrambling motor .ccccecececcses : 1.6 : 200
Atmosphere canditioning : 1.5 : 200
Anti-foam regulation : 0.5 :
pH control : 0.2 :
Temperature control : 0.5 : 100
Flowmeter : 0.2 :
Electronics : 10 : 200
Pump : 1.3 : 33
Bioculture : 5 :
Light source : 4 : 2000
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This mr‘l—npnl- receives the waste mmrah:ﬂ xr the consumer,
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essent:lally the biological polymers such as cellulose, pruteins,
polysaccharides, etc ...

These wastes include feces and urine and, in a further application,
they could camprise same other products related to mman activities.

It is constituted by a bioreactor in which Clostridium thermocellum
and C. thermosaccharolyticum are cultivated. They produce fatty
acids, ammonia, hydrogen and H2S.

The compartment must be operated at 60 C and thus it must be

~maintained at about 38 C above the laboratory ambiance by the supply
~of external heat.

3.3.1. Equipment needed
Mass(kg) Power(w)

Bioreactor 7 litres : 16 :

Scrambling device : 8 ¢ 200
Atmosphere conditionning : 1.5 : 200
Temperature control : 4 : 1000
Electronics : 10 ¢ 100
TOtAl secceecneconscascnsceensacsscnsancceanscos 39.5 1500

' 3.4. The phototrophic compartment (II)

In this campartment are cultivated Rhodobacter capsulata and
Rhodospirillum rubrum which transform fatty acids into biamass, which
is a source of P.0.U. of high food value.

A third spe01es of bacterium, Thiocapsa roseopersicina, which treats
H2S, is arown in the same hioreactor so that H2 and H2S are
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similtaneocusly su;pressed and P.0.U., NH4, 002 and mineral salts
produced for use in the following campartments.
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Mass(kg) Power(w)

Bioreactor 7 litres : 16 :

Scrambling device : 8 : 200
Atmosphere conditionning : i.5 ¢ 200
Temperature control : 0.5 : 100
Electronics : 10 : 100
Light source : 4 : 2000
Total ..ceeeecscocccersecccscncess cerecse secenssne 40 2600

. The nitrification compartment (III)

" The main function of this campartment is to recycle ammonia cbtained
fram the wastes into nitrates the main N2 source for Spirulina.

The nitrification is realised by two different bacteria, Nitrosamonas
and Nitrabacter. A third bacterium Thidbacillus will camplete the
sulphur cycle by oxydizing into sulphates the sulphides it uses to
grow.

3.5.1. Equipment needed
Mass(kg) Power(w)

Bioreactor : 16 :
Scrambling device : 8 ¢ 200
Atmosphere conditionning : 1.5 : 200
‘Temperature cantrol : 0.5 : 100
Electronics : 10 : 100
Total .ccceeecccccccnsoncorsssnsaans sesescccccnns . 36 600

4 OTHER FUNCTIONS

Other pieces of hardware are needed correspanding to specific
functions, should the realization of a more elaborated version of
Melissa be undertaken :

4.1.The oxygen coantrol loop :

As foreseen, the Melissa breadboard does not cope with the control of
a camplete oxygen loop. In particular it is neither in charge of
maintaining the rat compartment atmosphere camposition into its
naminal range by trapping the 002 produced by the animal breathing
nor it ensures its reinjection into the cultivation media of species
that would use it such as Spirulina.

A possibly simple means of coupling the rat breathing with an oxygen



control loop would consist of maintaining the animal in the same

atmosphere as the photosynthetic bacteria taking care that the volume
available should be such that the 02 ratio is kept to safe values.

002 circulation would have to be forced by bubbling to accelerate its
absorption in water. This circulation canmnot be envisaged with 02
alone but rather with the camplete atmosphere. An extra pump would
then be needed.

4.2.The water control loop :

Water management is treated in a similar mamner as the air : the rat
is supplied from its proper external drink source (fresh water) and,

in a first step, the same policy as adopted for its food prevails.

However, the obtention of pure water from Melissa is normally
possible without too many difficulties through physicochemical
processes.

' Extra hardware needed would then be : filters, pumps, purification
“unit (distillation) and control equipment.

5 TECHNICAL BREAKDOWN

As a preliminary estimate, all campartments have been tentatively
quoted with equal sizes. This arbitrary choice is made provisionally
until the reaction velocities of the individual cultivations are
known with sufficient accuracy. Then the different bioreactors
dimensions can be determined to ensure a coherent flow throughout the
loop.

At first sight, the compartments are then namely constituted with
standardized pieces of hardware. The technical breakdown stands as
follows :

Total Total
. Campartment n I II III Iv mass (kg) power (w)
‘Bioreactor 1 1 1 1 64
Scrambling device 1 1 1 1 ‘ 32 800
Illuminator 1 1 8 4000
Separation/Extraction1 1 1 1
Thermal regulation 1 1 1 1 5.5 1300
Electronics 1 1 1 1 50 500
Total..compartmentS. ccceeeeeeeeeeeccenns eee. 159.5 6600

ItoII = A (volatile fatty acids)
ItoIv =B (002)

IT to IITI = C (NH4+)

II to IV = D (002)

ITI to V = E (biomass)



(NO3-)
(02)

(02)
(biomass)
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Physico~chemical conditions of operation (cultivating medium
canposition, temperature, pH) and all other parameters of the
cultures such as growing rates are related in the previous issues of
the present study.

The list of measurements performed and parameters controlled has been
preliminarily settled and is regularly updated (4).

Measurements, treatments and transfers

The transfers of any of the substances (gas, liquid or solid) from

one canpartment to another were not considered parts of the

individual compartments and the corresponding hardware elements were
,,,,,, not quoted in the technical breakdown (masses and energy

PART II PRELIMINARY TECHNICAL ANALYSIS OF THE REALISATION



The purpose of the Melissa breadboard and the principles of its

realisation have been described hereabove in Part I.
The present part of the note document underlines same of the main
demdeee el A2 LLE T ded ncw den Lo menmme cvade mann ] S aent vrme delua  mumancede am vl S onee
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of the loop.
1 THE REQUIREMENTS ONTO THE MELISSA BREADBOARD

Saneofthereqairenartsinposedmthed:amcteristmsofﬂe
Melissa breadhoard are likely to generate direct important technical

consequences. They are ST
1.1 The constitution of a loop

Melissa is conceived as a system constituted by the assembly of a set
of campartments initially tested individually. They must then be
comected to each other so as to constitute a loop, even not
‘campletely closed, and this operation generates stringent matching

- conditions taking in consideration the differences of the reaction
velocities and the appearance of new functions that were not
necessary for individual cultivations.
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The ability of maintaining the parameters of a cultivation within
definite ranges is thus a necessity which is rendered particularly
difficult if some of the involved processes are not contimuous in
nature such as separations and transfers, for instance.

1.3 The autamation

The contimious operation of the campartments requires that their
processes are autamatically driven. Considering the control of the
entire Melissa system, such a great mumber of parameters must be
monitored permanently for such long durations that it cannot be done
but autaomatically.

1.4 The long duration of operation
'memtroductlmofarecyclmgelanentinthelifesupportsystanis
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instance and thieg is typically the time basis aftar ch Malisea
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should be designed.

This type of requirement for long lasting operations of the Melissa
loop not only reinforces the need for its autamatic control. It
implies in addition that the cultivations must be protected against
contaminations of any type.

The desired protection can be abtained via a systematic sterilisation
of the cultivations media through physical means (autoclaving for
instance), or chemical ones (via the regulation of the pH’s).



1.5 The eventual applications in space

No spatial mission is scheduled for Melissa in the near future.
Heaonrar it can ha ho]nﬁl‘l that the tachnical difficulties
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ant1c1pated to appear in the realisation of testing expermentatlons
in space enviroment be snmlv identified and mlrrted out in advance.

Among them, microgravity with its particular effects on the behaviour
of fluids and consequent difficulties of their separation, their
filtration, their transportation and their thermal exchanges is one
worrying concern.

The technical limitations of facilities offered an-board the
currently available or foreseable spacecraft (in particular the
limited amount of electrical power available in an orbiting
laboratoryarrlthethe:mlbalameofthelatter) must also be named
here on the waiting list of problems to come.

2 TECHNICAL DIFFICULTIES

If left free under favourable conditions, a cultivation evolves
toxrarde a natiral c'l-m attained when anv one of ite parametere hac

a a R r— SR wiiai s Wiasmms Casi e WA e Qe - —J

reached a limit value. The role of the driving automatisms consists
of preventing the occurence of these saturation phenomena. Technical

pnoblems are dlrectly resulting from that necess1ty

Concerning the cultivations proper, the controlled parameters are
namely :

- The biochemical camposition of the cultivations
- Their pH
- Their temperatures
- The growth rate of the microorganisms
- The characteristics of the light when used
They have been listed per campartment in (4). At first attempt, 16

parameters are to be controlled among 34 which must be measured.

These mmbers are to be reviewed when comnections between
comartments are considered and, later, when the real on of t
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loophasbegun

2.1 The maintenance of the cultivations and the contimity of
operation

In order to regulate the camposition of the cultivations, the
products generated by the reactions must be extracted and removed
regularly fram the reactors. Inversely, the reactor must be
resupplied with consumable products. These periodic operations must
be performed autmatlcally and, if mmle, ca'ttinn:sly. They can
imply separation between any combination of gas, liquids, and solids.

2.1.1 The separation between solids and liquids
It will be adbtained usually by filtration. The choice of the filter

!\.ax'rl‘rg’v l-\narg Mavm'lr\nﬂ a-FO-nv :mlate s‘qﬂi%’ t-l“é I "it'y'




remains, whence the filter is used continuously, to check permanently
and automatically its efficiency.

The criteria of evaluation and the means of their measurement must be
defined in that purpose, as well as the processes to recover the
wanted efficiency, if necessary, by exchange of filter or cleaning.

2.1.2 The separation between fluids

It is a major difficulty if the mixture is nearly hamogenous. Even
after distinguishing between "separation of gases" on one hand and
"separation of liquids" on the other, it is impossible to cover the
subject in general temms.

The differences of the diffusion properties of gases and the
differences of the densities of liquids have led to convenient and
reliable techniques that could be applied via the use of selective
membranes and centrifugation respectively.

The said techniques apply a-fortiori if separation between liquid and

2.3 The transfers

After one of the said separations has been performed it is then
necessary to transfer the separated product to the place of it
utilisation, normally another campartment.

2.3.1 ansfer of fluids

It can well be ensured by pumps and would take benefit from the use
of ballast reservoirs, precisely if the extracted fluid has to be
reinjected into ancther campartment.

2.3.2 Transfer of solids

There is no real problem if the product must (or can) be transferred
~as wet. Such a case would be equivalent to the transfer of a fluid as
" lang as the degree of dilution of the solid particles into the
“bearing liquid allows it.

It goes differently if the solid has to be dried. Then a drying step
must be foreseen and processes for transfer be set up, constituting

potentially a particular unit.

2.3.3 Measurements related to separation and transfer operations

The weighing of the quantities transfered is hardly done continuously
unless it can be replaced by the measurement of a volume in the case
of fluids.

To be performed continuously, chemical analyses of chemical controls
must be done on fluid phases.

2.4 The light

Same of the incaming photons are not used in the photosynthetic

and most of them simply warm the cultures up.
The lighting is then in tight relation with the thermal control of
the cultures and, more generally, with the thermal control of the
laboratory itself, especially if the latter is tentatively conceived
in view of its utilisation in space ambiance.



2.4.1 Light production
Independently from the normal conditions of llgtrtj.ng of the
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laboratory, same of the microorganisms of Melissa require specific
lighting to grow normally : Spirulina and Rhodobacter.

'Ihe light sources differ from each other by thej.r photomc yield

mltofenergytalmfxmtheelectrlcnlpowersance All photons
not involvad in the nhotosvnthesis effect will inewitahlv bhe

transformed into heag-ar"ﬁ‘ ;;;-consequerne—t_:t—le_;wtmic yield must
be optimized. It should at least be measured.

Several physical effects are possible candidates for producing light
: Joule effect in comventional electric lamps, electrical discharge
in gas tubes, solid state diodes, etc...

Their respective merits must be campared concerning many of their
characteristics in both domains of their biological use (spectral
‘adaptation) and their technical properties (Weight, size, electrical
- efficiency, reliability, operating temperature, life time and
maintenance easiness).

2.4.2 Light transmission

Drlvmgtheliwtorstotheneededoxganisms i.e. into the medium
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devices like mirrors or optlcal fibers.

‘vy"u“%l devices able to oL ptimize the interaction between ROUOS anG

agqueous microorganisms are still to be imagined. The long term
drawvbhack of

S S aaw

2.5 Thermal requlation

Melissa is far from being an isothermic system. The campartment of
Clostridia must be maintained at 60 C, for instance, although the
temperatures of other campartments should remain at 22 C.

"'methemalcmtmlofthesystanneedsﬂmedlffemnoesbetwem
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First, tne Conseguences Ol taperature variatidns on the growin

all concerned microorganisms must be known, then, the thermal
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temperature variations depend upon the growth velocities in the
concerned mrfmenl's and fhpv can be in sach dimmr that the

useofthermaladapterscwldrevealnecesaxytoenameﬂnt
exchanges between campartments are quasi-isothermic.

In all cases the thermal breakdown of the system might be assessed in
view of preparing the eventual use in space.
2.6 pH regulation

The regulation of the pH value is performed as for individual
cultivations, it must not be considered as a particular problem.



2.7 Sterilisation and axeny maintenance

As stated in the case of the rat feces (3) autoclaving is a
convenient way of sterilizing a product in a hamogenous manner .
This implies a procedure "in batch" as no simple way exists of
autoclaving on a continous basis. The processes are not different
fram individual cultivations but then the energy, including its
thermal consequences, and the time necessary for the camplete
operation of sterilization must be counted.

Axeny is quite different a prablem as there is no easy way to measure
the axeny of a cultivation and to maintain it actively against a
contamination of unknown origin without sterilising the cultivation
itself.

The protection of the cultivation against contaminants by complete
isolation of the campartments presents in all cases the major
drawback that no warning signal can exist before a contaminating
‘agent is already acting there. One must then accept the risk as not
1 100% avoidable and rather rely on measures to correct the eventual
conseqguences. can be helpful which consists of
resterilizing the contaminated half of a doubled reactor if ane
wishes really a camplete contimuity of operation.

PART ITI CONDITIONING OF THE RAT FECES

1 The role of the consumer compartment during the breadboarding phase
of Melissa



areduetodamrstxatethepossmlhty of couplmg 1tscmpa1tmerrts

to one another, ance they have been tested mmvmuauy, without
dlsturbmg their bdnvmur, while maintaining them in operation for
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long periods (months).
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providing Clostridia with rat feces in a controlled manner

(ﬁ1=nrtl<l-1m and rhemioal i+im Af tha famas hairvy maaenired)
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In a further s'l-m when itg initial purpose has been reached. the
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capacity of the e Melissa system to treat cellulosic wastes will be

Later-on the possibiity of the system to treat the 002 produced by
rats respiration can also be investigated.

However, for practical reasons, it is not intended immediately to try
growing rats in a campletely closed campartment, controlled
autamatically, as it is the case for the microorganisms, the other
actin;meubersofMelissa.Asfarasmhwmistypeof
perfoxmedardstxhavenburecanbecmsﬂemdprenat\neforthe
benefit of the Melissa study at the moment.

2 Growing conditions of the rats. (*)

A certain mmber of conditions apply to the production of rat wastes
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S T m e EE e SETEREESSE=Sg TS = oD et TTEEITa T

breadboard operation :

The rat wastes will not be more or less simulated and generated
through any artificial fabrication process. So they will not take

~ benefit from the regularity of their chemical composition that an
artificial/industrial production would easily provide. They will be
natural feces generated by living rats and thus their chemical
camposition will normally depend upon the physiological condition of
the animals, likely to vary from day to day.
Itlsdsuablettnttheseeventnalvanationsbekepttoammmun
ard, when not campletely inevitable, be identified and recorded.

For this reason, the rats of the Melissa breadboard will be
"dedicated" ones, and normally will not be changed during the
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conditions :

- the ambiant temperature of the cages will be regulated at
22 +/-2¢C

- they will receive constant standardized food and water fram
sources external to Melissa in measured and recorded quantities.

- they will breathe ambiant laboratory air renewed by external
atmospheric supply and the gasses rejected by the effect of their
respiration will be left for normal dilution in the atmosphere and
not be collected.



- They will not normally be fed with the Melissa-produced food
(Spirulina. Rhodobacter etc...). However, the non toxicity of
Spirulina and Rhodobacter/Rhodospirillum produced by Melissa as
biamass will be checked experimentally as well as their tolerance and
their free acceptance by the animals. The latter check could be done
"off-line", possibly on different individuals if judged more
convenient. 'Ihecapac1tyofMe11ssaasa food producer constitutes

Qde TN £ dolae  cmewnlaad - 2ma smmen o amemn e o
itself the subject of a separate study.

The subject is rather camplex and includes, beyond the check of
non-toxicity, of cbvious concern, the study of the lang range effects
of Spirulina/Rhodospirillum ingestion upon the animal metabolism. The
correspanding experimentation must not necessarily be carried out in
line with the present ane (production of wastes). In particular it
might be ernvisaged that the study of the rat as a consumer is
performed with different individuals.

The capacity of Melissa to treat other wastes than rats feces can be
wished. Then it might appear necessary that other products be added
‘to the rat wastes (cellulose for instance) in addition to the

" practically inevitable parts of unconsumed food.

(*) These conditions are staying well within the possibilities of the
CEN/Mol animalry.

3 Corditiomning of the feces.

Several techniques can be envisionned for providing the feces to
Clostridia in a controlled manner. Their respective merits concern :

- the regularity of the process so that the flow rate of
waste delivery to the Clostridia campartment can be
adjusted, maintained and measured.

- the handling easiness and safety
- the obtention and the maintenance of sterilisation

- the easiness of the chemical analyses

3.1 Pulverisation

Feces can be reduced into powder by grinding, either or not after
camplete drying, and homogenization can be reached by means of
mechanical mixing. 'Ihlsoperatlmcnnprobablybem&mdmm
efficient if the operation of mixing were performed in liquid phase
as the chemical analysis, necessary for checking the hamogenity,
implies remmidification.

Should the intention be raised of mixing feces with cellulosic
additives then the pulverisation process would still apply, (use of
chopping grinder recammended to treat paper or straw, if necessary
after experimental test).

Calibrated distribution of pulverized feces to the Clostridia
compartment seems to present difficulties. If one wishes to control
the flow with accuracy, it is quite mandatory that the density of the
product is either maintained constant or permanently measured. This
is difficult if the feces are maintained as a powder.

Due to the adherence of the powder onto the tubing walls it seems
also difficult to maintain a really contimous flow of waste to the
Clostridia reactor.



3.2 Fluidization

Qwetheyhavebemcollectedarﬁpossmlysqaaratedfranurme,the
feces can be fluidized i.e. mixed with such quantity of water that
themx’mrebehavesasallquld. Agltatlmetﬂlrestmgenlty offhe
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mixture and must be maintained permanently until ux:pxqmauulm
delivered to the Clostridia culture.

'mepmcassmclassia:lardneedsmpartlmlardescriptlm.(mecan
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for hamogenization necessitates that the volume of the preparation
exceeds a certain minimm value and the interest of maintaining

AL a i

constantthecmpositimofthepmmctleacbtoprepareinadvame
the total quantity of wastes necessary for a camplete experimental

seguence.

 The distrilbution to the Clostridia campartment can be rendered
"automatic through the simple effect of gravity, possibly regulated by
"means of a peristaltic pump.

Fluidization facilitates sterilization by U.V. and flow control. The
only potential drawback of the process is the addition of water.

3.3 Encapsulation
In spatial applications, which need often a 100 % degree of
autamaticity or nearly it has been a current practice, for supplying
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This has been the solution retained bv ONES to feed the two monkevs
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of the "Rhesus" experiment and also by NASA for same experiments

1mm1v1m animales.

The pellets correspond to a calibrated quantity of matter. They can
be isolated from external 1nf1uenoebyaprotect1ve1rd1vid:al
“envelope soluble in water. This type of corditionning calls for
‘tedmquesctnrentlymusempharmoaztimlnﬂustry The pellets
are easy to handle marually or autamatically. This technology, if
applied to the rat feces, would probably fit most of the technical

requirements of Melissa.
Same drawbacks appear to be underlined, however :

Before starting mamufacturing the pellets many technical difficulties
must have been resolved. A mandatory step is the quantization of
identical weight-calibrated elements, and it seems that a s1gnifimrrt
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its use.

The time duration to perform this side activity is also to be
considered. In addition the necessity of evaluating the possible
chemical effects that the constituents of the encapsulating membrane
could generate upon the action of the following compartment would
also be time and money consuming. It makes finally the "pellet"
solution rather complicated and possibly expensive.

4 Comrents



A mammal life support system is far from being as easily manageable
by autamatisms as can be microorganisms. The introduction of the rat
into Melissa brings in several sources of difficulty.

The chemical camposition of the wastes, which should ideally be kept
constant through the duration of the experiment, is likely to depend
upon envirormental circumstances and to vary fram one individual to
another.

Although in nominal operation Melissa should be able to cope with
normally expectable variations of the camposition of the wastes
generated by the consumer , it is desirable, for the benefit of the
study, that the basic experimentations be carried out with minimm
disturbance. In that respect the preparation of batches of wastes, of
averaged chemical composition, even slightly different from one
another, is the recammended procedure. It is the condition of
accurate measurements.

For practical reasons, it is recommended that the total time duration
" does not last too long so that not too many intermediate operations
of sterilisation of the feces are needed during the batch

In that purpose, fluidization appears to be the most practical
technique from the viewpoint of the preparation of the wastes, their
chemical analysis, their hamogenization, their sterilization, and
their regular distribution to the next campartment (Clostridia).

The requirement for including a drying and pulverisation step in the
sequence of operations of waste preparation seems in no case
mandatory. Feces can be ground directly even as slightly wet matter
and the drying phase appears unnecessary. However a re-watering
operation has to follow, when fluidisation is needed for
transportation and distribution.

The addition of other wastes, such as paper or cellulosic products,
~ will imply the use of a knife equipped grinding machine currently
‘commercially available.

5 Particular technical problems
5.1 Contimuous supply

Any waste production process (technical or physiological) is
generally not continuous at all. The preparation of wastes, to be
processed in a contimiously operating system like Melissa, must
camprise a step of storage either to take account of the corditions
generated by an "in batch" regime or caming from any needed "off
line" treatment, such as milling, in the present case.

The transition between continuous and non—contimous regimes is a
source of specific difficulties. Ioading/unloading activities are
likely to generate mechanical problems the autamatic control of which
can be camplicated.

5.2 Cleaning

Although the requirement can probably not be mandatory at the very
beginning of Melissa history, hardware to be utilised during the
study of ecological systems, as well "on-line" as "off-line", must



leave the possibility of being cleaned. Cleaning can well be
performed as non-conmtimous operation, piece by piece however the
system should preferably be contimously cleanable as a whole, in
view of future utilisation in space.

An on-line-contimuously-operating equipment can be cleaned by water.
The only potential drawback seems to be the change of the dilutions
of the cultivations generated by this addition of water.

This type of operation could be usefully cambined with the eventual
necessity of adjusting the chemical camposition of the next
cultivation medium.

5.3 Sterilisation

To be properly identified and mastered the bioreaction of Clostridia
requests that the other bacteria are destroyed befare the medium is

. .Several methods can be thought of for sterilizing : ultra-violet and
" gamma rays can be used with a contimuous flow, many chemical products
also are commonly employed, as well as autoclaving.

In the present case the sterilisation process must be such that its
efficiency is absolute and camplete as lang as Clostridia have not
been introduced in the reactor and its action must stop as soon as
they have been introduced. The latter requirement eliminates the
chemical solution. The necessity of stopping the sterilisation would
lead to operating difficulties comparable with the sterilisation
itself, it would imply difficult measurements of chemical
concentrations and of total quantities and generate risks of long
tems effects and of consequences on the following campartments.

Autoclaving and irradiation by U.V. or gamma rays do not suffer from
these drawbacks, no long lasting effect is to be feared after use.
They constitute valuable candidate means for sterilisation of the
Melissa breadboard. Among them, autoclaving seems the most efficient
with no risk of shadowing effect as can present the radiations.

6 Flow chart of solid wastes preparation

Many of the operations listed hereafter have not yet been calibrated
in terms of their respective durations and even performances. The
successful sequencing of the said operations supposes that each of
them has been validated by previous proper trials.

6.1 Collection of rat feces

Although it should ideally be conceived as a comtinuous, or nearly
continuous, process, which would facilitate keeping the cultivation
of Clostridia free of oxygen, in reality the solid waste preparation
will follow an "in-batch" seguence.

For the present study the rats are grown conventionally, in standard
cages. Autcmatisation of the physical processes would imply at least
that specific hardware is developed on purpose. Such an option would
be time and money consuming and moreover not evidently in line with
the study cbjectives.

The preparation of solid wastes, including the collection of rat
feces and the introduction of external wastes is then to be performed

partly mamially.
6.2 Transfer into grinder



This is as well an "in-batch" operation. Its periodicity which is
determined by the capacity of the grinder. Normal ordinary use of
existing machines implies marmal loading and unloading.

Like feces collection, loading the grinder carmot easily be
autamatised. Aut:antisatim would lead to study and develope special
hardware and would be also a time consuming activity.

6.3 Grinding of wastes

It is naturally performed autamatically, possibly in a grinder
equipped with marbles, and it can be done either before or after the
sterilisation.

6.4 Sterilisation

This constitutes also an off-line sequence of activities, essentially
not continmuous, with a time constant dictated by the temperature
cycling itself.

It is wished that the sterilisation process and the grinding are

~ carried-out in the same container so that the mmber of transfers is
minimized and so the risks of exposure to open air.

6.5 Filling of the Clostridia compartment feeder

Marmal or partly manual. The following operation, which consist of
regularly feeding the Clostridia culture, is contimuous, but the
present one is not. Unless a dedicated apparatus is conceived and
built, allowing grinding, autoclaving and regular distribution of
grourd feces to be ensured by the same equipment unit.

6.6 Storage

It is naturally a completely passive phase. The precaution to be
imperatively taken concerns the maintenance of anoxy.

7 Remarks

"~ As long as some basic data like the reaction velocity of Clostridia

are not known, is not possible to make proper estimates of same
important physical parameters of the feces conditionning such as the
duration of the sequences of preparation, the degree of grinding, and
the size of the batch in particular.
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