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AR A
Study Goals

The scope of the Study is the investigation of the potential impacts on the atmosphere and on climate,
caused by gases and particles released during the re-entry of spacecrafts and rocket upper stages

“®.Task 2 focused on:

= defailed definifion of the materials used for spacecraft and upper stages had been

carried out Phase 1 Phase 2

= an assessment of the re-entry frequency expected over the coming decades will be Tk 2
as|

performed . Collect material data about S/Cs and R/Bs Task §

Collect data about reactions N
Collect data about re-entry frequencies S A B
“®.Task 3 focused on the definiion of the modeling requirements for both the
: H H Task 3
aerothermodynamic evaluation and the climate models - s Task &
re-entry / by-products / atmospheric Long terms atmospheric analyses
analyses
“®.Task 4 focused on:
+ a detailed re-entry and product analysis (and the associated sensitivity) on a select e
study case > Re-entry analyses on study case
By-product analyses on study case
Definition of a global re-entry scenario, using the data related to the study case and
the sensitivity, as well as the re-entry frequency assessment
) Task 4
Global re-entry scenarios definition —
- . . (generated mass and re-entry frequencies)
®..The generated data will be used as an input for the second phase of the study (Task 5 and 6),
focussed on the short-term and long-term assessment of the atmospheric impact of spacecraft
demise.
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AR A

Atmospheric Re-entry Assessment

Task 2: S/Cs & R/Bs data survey -

Goal / Hypotesis: understand to future re-entry scenario e

through past data, available from TASinl database Z w0
AVAILABLE )
SOURCES *

Data from this source
will nk d in ARA

o
ucs WMO- N2YO Mc.Dowell Pl B . B s R B T T R T . S . R 4
Database OSCAR Database Database On-orbityears

3000
2800
EZDW
A . : g
“@.For both R/Bs and S/Cs a re-entry rate is predictable é*m
1400
“®.The driving characteristics (mass, inclination, mission type) ;-
. 2 1000
for both R/Bs and S/Cs are available o
400
- All the data required for the definition of a global re-entry R s - - . . e
. o & = L S8 N e n.\‘ »'3 ‘."b f“ A."5 R, P, f‘" :.".’ T
scenario are available omorbiyears
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Task 2: Identification of critical materials & critical reactions ... ...

* Godl / HVPOteSIS: unders!cmd to future re-en"v scenario 1hrouqh DGSf Mass in DML are provided accordingto the followingtable, average valueswere assumed = DML used
data, available from TASinl database to derive % of composition 2 All masses were rescaled to match the component mass.
- Identification of material compostion of S/Cs and R/Bs Status Explanation min average | max
. i i i wo lgto<ig 0.0001 0.0005 0.001
Understandig of TADAP modelling vs reality i T Ty 00— 60—t 5 o1
W2 10gto<100 g 0.01 0.05 0.1
Identification of critical reactions m 10k0 gtto ::1 tg 01-1 055 110
i _ gto = 9
Assuming ad —hoc mass balance from SoW W5 10 ke o <100 kg 0 =5 100

identify the main metals and their proportions.

Silicone
» metal oxides decompose the ozone at room temperature. e N SfC-ceramicpoymer
The activity of the catalyst depends on the nature of the metal oxide and in increasing order

of activity it can be classified as:

M“"SZ "_Acrylate palymer

MnQ:> NiO > Cos0.>> Fe.0s:> Ag.0 > Cr.0:> Ce0.>> V.0s> MgO > CuO > MoOs

AlO: TiO. photochemical activity against the O:[RD67].
main by-products to be considered :

Ales, Ti02, NiO ) FeZOS_, Cran, COsOa, AgzO ) CuO

Fluorinated
polymers

> Organics: base (polymers, paints, fibers, etc.) itrogenous
PTFE can be decomposed in air above 500 2C forming CO2 , HF , H20, etc. potymers
but in pyrolytic conditions, in sub-stoichiometric conditions a wide range of halocarbons can
be formed [RD68], i.e. C2F2, C2F4, CF4, CH3F, C2F6, which can have a catalytic effect on
ozone depletion.

23/10/2018 © 2017 Thales Alenia Space 77
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Task 2: Identification of typical altitude ranges of spacecraft demise ...

Mass Class 1 (0-500 kg) demise typical altitude ranges
»~  TADAP analyses
= Simulations about specific items (D40OP Task 1)
Identification of the altitude ranges in which a release of anthropogenic G et Ai;\'g”;?:;::sbm SOTSISISERLOIP papads (eDRITsERR)
substances is most critical =~  CarbonSat uncontrolled re-entry analysis (D4OP Task 2)
~~  BeppoSAX uncontrolled re-entry analysis (BeppoSAX re-entry analysis)
*~  GOCE uncontrolled re-entry analysis
~~ TERRASAR-X uncontrolled re-entry analysis
o »~ DRAMA analyses
~~  E-deorbit Chaser controlled re-entry analysis (e-deorbit Phase B1)
~~ E-deorbit Chaser uncontrolled-like re-entry analysis (e-deorbit Phase B1)
~~  E-deorbit Chaser uncontrolled re-entry analysis (e-deorbit Phase B1)
~~ DRAMA Test Satellite (DRAMA Final Report)
=~  SAM analysis
-~ DRAMA Test Satellite analysis with SAM
»~ DAS analysis
~ TERRASAR-X uncontrolled re-entry analysis

Identification of the altitude ranges in which spacecraft typically demise

110

1w l

Mass Class 2 (1500-2500 kg) demise typical altitude ranges
*~ TADAP analyses

*~  S-1A uncontrolled re-entry analysis (ARA Proposal)
*~ SCARAB analyses

>~ S-1A uncontrolled re-entry analysis

»~  S$-1C/D uncontrolled re-entry analysis

[T e — — — = I p— p—— ga—

Altitude [km]
=3 £
|
NNRNNNAT AN W
]
]
1 .
RURRRNFRRRRRRNNE  JNERRRANY
]
]
]
R
LOwW

Y
I
CLIMATE IMPACT CRITICALITY

' meoum !

W o ] ] =

Mass Class 3 (>2500 kg) demise typical altitude ranges
*~ SCARAB analysis
*~ ATV controlled re-entry analysis

k N "l
0}" f cp" Cf \‘ﬁ@ f *~ E-deorbit ENVISAT controlled re-entry analysis (e-deorbit Phase B1)

=1
HIGH

»~  E-deorbit ENVISAT uncontrolled-like re-entry analysis (e-deorbit Phase B1)

ef’ {g *~  ORSAT analysis

*~ Terra Satellite analysis
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Task 3: Re-eniry / Atmospheric analyses armonization

To understand how atmospheric analyses work

* Common data format
- NetCDF (Network Common Data
Format)

* Specific emission data
- Trajectories (location and altitude)
- Coordinates in LAT & LON
- Pressure aItihude in [hPa]
- Time (not necessary)
- Emission data as flux [kg m= s]
- Available data of the substances - '
derived from WP4000 will be used in
WP5100 & 5200.
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Task 3: Re-entry / Atmospheric analyses armonization

* Output quantities
- Output quantities, contents, frequencies, statistical values
(instantaneous data, average w.r.t. time of data, etc.) can be
flexibly changed.
-NO, NO,, NO, O, loss of O, and production of O,

« Simulation conditions (day/season)
- different circulation pattern and/or chemical activity in the upper
atmosphere
- a specific date when a satellite re-entry was implemented in
the past
- seasonal classification (summer/winter)

23/10/2018 © 2017 Thales Alenia Space

t CSID 2018

N-005

THALES ALENIA SPACE OPEN

Simulation set-up
ECHAMS (general circulation model) resolution

Atmospheric Re-entry

Time step 212 min

Calculation term 1 month (Feb.01.2011-Mar.01.2011)
Emission type - NO, column—emission source
Emission data format - NetCDF ‘NO_flux (lat, lon, alt, time=1Y
Chemical interaction - Included by MECCA Model

NO emission: 90°'W, O'N

AN
‘Iso top)
alt E25 km (mid)
: &
lon
) )
.(I fl- ThalesAlenia
DLR ™ o~ SPACE

Assessment

- T42/L90 (2.8"2.8 deg, up to 1.0 Pa)



Task 3: Re-entry / Atmospheric analyses harmonisation

To understand how re-eniry analyses work: TADAP

H . “@. Initial orbit
TADAP hOS been Opp“ed TO TASInl = Possibility of set up different Trajectory Earth Fixed initial data
internal activities, and also in the
. = Possibility of simulating all the §/C as compound of simple shapes
con’rexf OT ESA STUdy gS. = Possibility of simulating a progressive fragmentation
=Design for Demise .
=Demisability for Optical Payloads
*Atmospheric Re-entry
Assessment
»e.Deorbit - phase B1

“@..Fragmentatlion

“®. Aero-thermal model
= Randomly fumbling heating model - 3DoF model
= When more items are simulated, the aerodynamics is computed
by a representative envelope, which is automatically defined in
each step of the simulation
= Implementation of simplified shielding between the objects (the
mutual shielding is updated according to fragmentation process)
= |mplementation of thermal conductivity between the objects
“@. Geometrical
= Adoption of simplified primitives to model complex objects
= Shapes, dmensions and position close as-much-as-possible to the
real objects

- No reason to allocate efforts for exstended “glue code” developments.

23/10/2018 © 2017 Thales Alenia Space
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Atmospheric Re-entry Assessment

“®. Conneclions
= Multiple connections are generally modelled
* The weakest connections can be modelled with a glue layer (e.g.
mirrors on their mounts)
“&. Materials
»  Adoption of the most representative material for each shape

= Metallike modelling for heating and ablation

“®. Masses
= The masses of single objects are close as-much-as-possible to the
real objects.

* Mass baolance (i.e. total masses amost equal ot platform and
payload level).

=  Adoption on "thermic/dummy” masses to obtain the above-
mentioned balance (i.e.: all the items that are not modelled in
detail, and included in large aluminium masses to obtain the
correct mass)

“®. Granularity
*  Granularity decided by User: current imit ca 250 item per model

ThalesAlenia

2 Thales / Laonardo company Space
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Task 4: TADAP modelling

“®.. §/C items are modelled in TADAP as:

+ a compound of items of the same physical
dimensions and same dispositions (overlapped
items) but made of different materials;

« each TADAP item represents the mass value of a
specific material, according to mass budget;

« each TADAP layer of the same S/C crifical
component has a physical connection to all the
other ones but a thermal connection between
internal layers is not implemented because of the
high time and cost of computation process.
Thermal connection is implemented between one
layer of different elements, generally the metallic POHT Model
case, which is called representative layer. 1

g-@8- 0.0

“®&. Generally a number between 5 and 10 of different
materials (and thus 5-10 layers) are modelled for each
S/C component to represent at least the most critical

materials for atmospheric impact. PORT LAYER T PoHT e 2 S PorT Lhvers PO e s
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Task 4: TADAP modelling

TGV  MOF TGL
POHT -XLYT | ¥ ‘t g PLM X LYY
(POHT PL) ' / m: | PmsvivT /

L / csmou /oM

[‘/// ’f“ / /' / )C;'

g, /
/, /

/< 1/’/H».U

/ / CAPS

-%‘

RN
DMD

SVM X LYT
BTAPLM)

S-1-X, +Y, +X panels lay-out
(+X panel rotated 90°)

23/10/2018

Ref.: ARA at CSID 2018

Template : 83230347-DOC-TAS-EN-005

Atmospheric Re-entry Assessment

AVS - Avionics 'S
BTA- Battey
CAPS ~ C-Sar Antenna Power Supply
FDV ~Fill & Drain Vave
FVV ~Fill & Vent Vave
GPS Lagrange Recew er
GYRO - Redundant Three axes sensor
LT - Propeliant Tank
LV - Latching Vav e
MGM - Magnetometer
MGT - Magneto Torquer
PCU ~ Power cortrol unt
PDHT - Payload Data Handling & Transmission
PPDU ~ Power Protection & Distribution Unt
PT ~ Pressure Transducer
PT - Pressure Transducer
RCT - Thrusters
RWA - Reaction Wheels assembly
SADA- Solar Array Drive Assy
SAR - Syrthetc Apeture Radar
SAS - Sun sensor
SAW — Solar Array Wing
SIE —- SAR Internal Electronics
- Spacecralt Managemert Unit
STT - Star Tracker
TT&C ~ Telemetry Tracking & Cortrol

© 2017 Thales Alenia Space

§/C COMPONENT TADAP COMPOUND
BTM BTT
GPS
SMU BXD
SBT

FOAMO
ICE-A
ICE-CON
ICM
MDFE Bxu
SES|
TGU
TGU DC/DC
FDV
LF
LV FDV
PIP
PT
FSS FSS
GYRO GYRO1
HEAT PIPES HTPP
MGM MGM
MGT MTQ X/Y/Z 1+ MTQ X/Y/Z O
PCDU PCDU
DSHA PDHT
TANK PTANK
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“®. Structural elements (example)

Task 4: TADAP modelling

ELEMENT TADAP TADAP MASS
TYPE NAME SHAPE [ka]l MATERIAL
Structural Panel SVMAP BOX 17.6765 Honeycomb
CB Cone ICONE CYL 22.3140 Honeycomb
Structural Panel INTPL BOX 17.6765 Honeycomb
Structural Panel PLMSY BOX 32.3459 Honeycomb
Structural Panel PLMSX BOX 32.3459 Honeycomb
Structural Panel SVMSY BOX 15.6793 Honeycomb
Structural Panel SVMSX BOX 15.6793 Honeycomb
Structural Panel ZPANE BOX 17.6765 Honeycomb
Structural Panel SVMXP BOX 14.5077 Honeycomb
Structural Panel SVMYP BOX 14.5077 Honeycomb
Structural Panel SVMYM BOX 14.5077 Honeycomb
Structural Panel SVMXM BOX 14.5077 Honeycomb
Structural Panel PLMXP BOX 29.3073 Honeycomb
Structural Panel PLMYP BOX 29.3073 Honeycomb
Structural Panel PLMXM BOX 29.3073 Honeycomb
Structural Panel PLMYM BOX 29.3073 Honeycomb
“®.Components (example)
FSS11 CYL 0.0354 Titanium
FSS12 CYL 0.4466 Al 7075
FSS13 CYL 0.0417 Polyolefin
Fine Sun Sensor FSs14 CYyL 0.0032 Polyurethane
FSS15 CYL 0.0354 Glass
FSS16 CcyL 0.0542
FSS17 CYL 0.0096

23/10/2018

Ref.: ARA at CSID 2018

Template : 83230347-DOC-TA

© 2017 Thales Alenia Space

THALES ALENIA SPACE OPEN

L (|

AR A

Atmospheric Re-entry Assessment

)
ThalesAlenia

« s ompos 9P (ACE



Task 4: TADAP results N ;

Atmospheric Re-entry Assessment

“®.. UNCONTROLLED BASELINE 8. SENTINEL-1 fragmentation free. Every blue dot
represents the end-of-life time for a given debris at
a certain altitude.

120

| “®. Major fragmentation occurs for an altitude range
of 90-70 km.

80 -

“®. Since current TADAP version does not take into
account  mechanical  fragmentations,  S/As
separation from main S/C is friggered at 110 km,
shortly after simulation’s start (SCARAB heritage).

60 -

Altitude [km]

40 -

° “®.. Since current TADAP version does not take into
account  mechanical fragmentations, CSAR

o Yo e i e - separatfion from main S/C is triggered at 75 km
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 .
Time [s] (SCARAB heritage).
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Ablated mass [kg]

Ablated mass [kg]

¥

AR A
Task 4: TADAP results

60 T T T T
1.2 T T T T T T T
85 =
EASY DEMISABLE
sop Miscellaneous E 1 HARD DEMISABLE B
Mainly Ext Struct. E
a0 E E- 0.8
* E 3
E
ES E B os
251 3 g
20 3
04 -
£ Mairly /A E
10 3
021 4
5 3
0 IWan I I ! . L) Lol I | L |
110 105 100 95 90 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 0 - - - - - L L L L L L L L L
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i 1 3
—— Nitrogenaus polymers 'g
Ry ] < 51 i
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0.5 4 2 4
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Re-entry altitude [km]
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110 105 100 95 90 45 40 35 30 25 20 15 10 5 0

Re-entry altitude [km]
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Task 4: TADAP resulis

AR A

Atmospheric Re-entry Assessment

“®. UNCONTROLLED SIMULATION - INCREASED CONVECTIVE HEAT FLUX CASE (BY 20%)

UNCONTROLLED BASELINE CASE
ABLATED MASS [kg]

+20% CONVECTIVE HEAT FLUX SENSITIVITY
CASE ABLATED MASS [kg]

Bﬂl:' T T T T |AARRAREN | RARRRARARS RARAR AL RS AR R 80 T T T T T T T T
755 —— Hard demisable metals 755 ——Hard demisable metals
0 13 Easy demisable metals 70t Easy demisable metals
o5 1 Generic polymers Generic polymers
£ —— Nitregenous polymers 55? —— Nitrogenous polymers
80 - —— Flugrinated palymers 60 —Fluorinated polymers
55 F —Glass 55 ——Glass E
B0 ——CFRP & resins E Bso ——CFRP & resins
=7F ¢ = cl
B . g5 o
o E
Ed40- E Ed0f
~— Graphite ] —— Graphite
850 E E
= 35F —Li K % E —Li
EE —NH3 E Z30k —NHB i
25E Pb E 25— Pb E
0} —si 205 —s -
E E MoS2
15 - Mos2 E 15¢
E —— Ceramic polymer E —— Ceramic polymer 1
E 10° ]
w0} — Rorylate polymer oF —— Acrylate polymer -
50 _A Dummy Masses E E m Dummy Masses E
L‘&\I L M-‘A‘_‘M@_‘;lllllll\‘\\\\l‘l\l\ él’"" x ~ - - - o R P.Z

0
110 105 100 95 90 8 80 75 70 65 60 55 50 45 40 35 30

Re-entry altitude [km]

25 20 15 10 § 1]

. T EPETY Vi
70 65 60 55 50 45 40 35 30 25 20 15 10 5 ]
Re-entry altitude [km]

0 = ;
110 105 100 95 90 @5 80 75

A comparison between ablated mass trends for the two analyses shows a greafter amount of ablated mass of easy demisable metals and dummy
masses for the sensitivity case. Ablation occurs for the sensitivity case with an anticipated altitude gap of about 5 km.
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Task 4: By-Products modelling
o General Approach
| mass mass
mo fraction loss
PHD(Z} T (ﬂl [W1 (.ﬁml
Am A By-Product Model = W) Am,
—_— D ;T> Estimation { 3w, I Am,
Az A min G(P,T;n) : : :
P - - -
TSRF(Z) LHN LWN L&mw

Psp : Standard atmosperic pressure
Tsre : Surface temperature

Am . aplation gradient
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Task 4: By-Products modelling

“&. By-products

MinGibbs[e]

CalcXGibbs|e]

Output: AG, n;

23/10/2018
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Element Base Definition (AA7075 Alloy) INASA

Remove
i-species

Matianal Aarcnautics and

Space Admristration
y TECHNION

elements = Sort[{"AL", "CU", "IN", "HG", "CR", "0, "N"}];
o e e

asubst = AllSubstList [NASAdb [ (AL, 6]], elements];

{gas, cnd, ion} = Phases [NASAdb, asubst, True];
Gases: [AL, ALN, ALD, ALODZ, ALY, ALFO, AL202, AL203, Cr, CrN, CrO, CrO2, CrOd, Cu, Cu0, Cu2,

Mg, MEN, MED, ME2, N, NO, NOZ, NO3, N2, W20, N203, N204, N20S, N3, O, 02, 03, Zn, Cr, Cud, Cul, NOZ,

NOO, N202, N202, N20, N20, NZO3, N2D3, N204, N204, N2OS, N3, N4, K4, W4, Os, 03, Dlc, O4, IND]
Condensed: [AL(cr), AL(L], ALN (cr), ALN[L), AL203 (a), ALZO3 (L), Cricr-a), Cricr-b), Cr(L), Cri(cr),

CraNjcr), Or203(1'), Cra0i (1), Cr203(1), Cr203 (1), Cr203(L), Culcr|, Cull), Cud(cr), Cu20(cr),

Cu0 (L), Mg (), Mg L) , MgALZDA (cr) , MGAL20A (L) , Mg (cr) , MEO (L) , Ng3K2 (cr), In(cr), Zn L], ZaD, Zn0
Temici (ML=, AL-, ALO=, ALO-, ALOZ-, ALZ0=, AL20Z=, Cr=, Cr-, Cr3-, Cus, Cu-, Mg=, Ne, N-y B+,

NO2-, HO3-, N2+, W2, NI+, @4, O-, D2+, D2-, Zn+, CrO3-, NO-, NOZ+, NOZ+, HD2-, NOD+, NOO-,

NO3+, NO3-, N2-, 20w, NZO-, N20+, N203+, N203-, N3, N3-, N4, 03+, O3=, 03Cs, O3C=, D4+, 08

141 chemical species

2a7875 = Join (gas, cnd];

Cu— 0. BDRI569536188975966
NO - B.BBB1633592321623629
N2 - @,7949531302445612
02 - 8.11042148546396896
Zn - @.002836381235715734
AL{cr) — 8.
AL203 (a) - 8.846349315929857874
Cricr-a) =8,
Cr203(I) - 8.2080877182215120635%4
Cufcr) = 8.
Mgicr) = B.
MgAL204 (cr) - @.80356278401496685066
Injcr) = 8. J

6 chemicals
+ air

© 2017 Thales Alenia Space
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..Soot formation

Combustion ——= soot
Generic EF,
Polymer
Pyrolysis ——= HC — soot
Wp Wy EF,
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Task 4: By-Products resulis

EASILY DEMISABLE METALS

AL,O3 mass (kg)

Zn mass (kg)

Easily Demisable Materials, Aluminium oxide (Al,0s)

1800 T T T T T T T Ve 3
Baseling —e—
1600 - = b23-1 —e— |
1400 b23-2 —e— |
b233 —=—
1200 - b23-4 g
1000
800
600
4{x) -
200
1 1 1 1 1 1 Il
00 100 200 300 400 500 600 700 800 900 1000
altitude (km)
Easily Demisable Materials, Zn
70 '
m -
m -
40 -
0 b
20 -
10+
0 L 1 1 1 1 1
00 100 200 300 400 500 600 700 800 900 1000

altitude (km)
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MgAl>04 mass (kg)

NO mass (kg)

Easily Demisable Materials, Magnesium aluminate (Mg,Al,04)

100 200 200 400 500 600 700 800 9.0 1000
altitude (km)

Easily Demisable Materials, Nitrogen monoxide (NO)

T T
Baseline —e—
b23-1 —e— -
b23-2 —o—
b23-3 —— 1

100 200 300 400 500 €00 700 800 900 1000
altitude (km)

© 2017 Thales Alenia Space

THALES ALENIA SPACE OPEN

by-product mass (kg)

Atmospheric Re-entry Assessment

Soort
soot (Basdline)
2 " " Z T T T T T
18} 1
16 1
14 1
12F
1+
o8
06
o4 r Gen. Pdym —eo—
o2} Nitro. Fdym i
O 1 1 1 1 1 1
20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 1100
altitude (k)
! ThalesAlenia
FEOERALY DF LAUSANKE DLR  oms/tssmmn ~ SPCCE



- N
AY
Task 4: By-Products results

CONCLUSIONS

 The most stable by-products chemicals can be
evaluated with the thermodynamic properties of
the original compounds (equilibrium state)

e Knowing the ablated mass a assuming super-
stoichiometric conditions, the mass of produced

by-products can be avaluated along the re-entry
trajectory.

 Polymers and batteries by-products can be
chemically active against O, decomposition.
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Task 4: Scenarios definition

“®.By combining & rescaling the data
from released substances and data
from re-entry statistics, 3 different
scenarios are developed for Task 5
and é analyses:

= Short terms scenario (2 months —
current re-entry rate)

= Long ferms scenario(12 months —
current re-entry rate)

= Long ferms scenario(12 months —
re-entry rate including mega
constellations)
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Task 5: Examples

Changes of NO, and ozone distributions

NO,

at 80 Pa (50 km)
01 Dec.2011 06:00:00

| re-entry point 4
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03 Dec 2011 06 OO OO

lat
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Input data example: NO emission [kg] from 2M_Event_1

Total NO Emission: 83.4 [kg]

NB: the impact of particle on
atmospheric is taken into
account
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Task 5: Examples

AR A

Atmospheric Re-entry Assessment

Changes in transport pattern of NO, by season
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Conclusions & Way forward

“@.First fime the issue of impact of destructive re-entry is assessed

“®.ARA study represents an high challenge, since 4 very different disciplines have to interact each other:
space activity statistic, re-entry analyses , by-product analysis, atmospheric analyses — pushing up the
analyses capability (e.g. Relevant occasion to push-up the capability of re-entry low-fidelity codes)

“®.At the present moment, the second phase of the Study is ongoing, so not specific conclusions on the
impact on atmosphere can be already derived.

“®.Creation of knowledge-net and team-net for any potential future activity as multidisciplinary as ARA
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