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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 
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Study Goals 

Task 2 focused on: 

 detailed definition of the materials used for spacecraft and upper stages had been 
carried out 

 an assessment of the re-entry frequency expected over the coming decades will be 
performed. 

 

Task 3 focused on the definition of the modelling requirements for both the 
aerothermodynamic evaluation and the climate models 

 

Task 4 focused on: 

• a detailed re-entry and product analysis (and the associated sensitivity) on a select 
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 

 

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

For both R/Bs and S/Cs a re-entry rate is predictable 

The driving characteristics (mass, inclination, mission type) 

for both R/Bs and S/Cs are available 

 

 All the data required for the definition of a global re-entry 

scenario are available 

Goal / Hypotesis: understand to future re-entry scenario 

through past data, available from TASinI database 
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Task 2: Identification of critical materials & critical reactions 

• Goal / Hypotesis: understand to future re-entry scenario through past 

data, available from TASinI database 

• Identification of material compostion of S/Cs and R/Bs 

• Understandig of TADAP modelling vs reality 
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Identification of the altitude ranges in which spacecraft typically demise 

Identification of the altitude ranges in which a release of anthropogenic 

substances is most critical 
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Task 2: Identification of typical altitude ranges of spacecraft demise  
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Task 3: Re-entry / Atmospheric analyses armonization 

To understand how atmospheric analyses work  
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Task 3: Re-entry / Atmospheric analyses armonization 
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Task 3: Re-entry / Atmospheric analyses harmonisation 

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

To understand how re-entry analyses work: TADAP  

TADAP has been applied to TASinI 

internal activities, and also in the 
context of ESA study as: 

Design for Demise  
Demisability for Optical Payloads 
Atmospheric Re-entry 
Assessment 
e.Deorbit - phase B1 
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 S/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 critical 

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 

case, which is called representative layer. 
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 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. 
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S/C COMPONENT TADAP COMPOUND 

BTM BTT 

GPS 

BXD SMU 

SBT 

FOAMO 

BXU 

ICE-A 

ICE-CON 

ICM 

MDFE 

SESI 

TGU 

TGU DC/DC 

FDV 

FDV 

LF 

LV 

PIP 

PT 

FSS FSS 

GYRO GYRO1 

HEAT PIPES HTPP 

MGM MGM 

MGT MTQ X/Y/Z I + MTQ X/Y/Z O 

PCDU PCDU 

DSHA PDHT 

TANK PTANK 
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  Structural elements (example) 

 

 

 

 

 

 

 

Components (example) 
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ELEMENT  

TYPE 

TADAP  

NAME 

TADAP  

SHAPE 

MASS 

[kg] 
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 

  FSS11 CYL 0.0354 Titanium 

  FSS12 CYL 0.4466 Al 7075 

  FSS13 CYL 0.0417 Polyolefin 

Fine Sun Sensor FSS14 CYL 0.0032 Polyurethane 

  FSS15 CYL 0.0354 Glass 

  FSS16 CYL 0.0542 Epoxy 

  FSS17 CYL 0.0096 Silicon 

ARA at CSID 2018 
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 UNCONTROLLED BASELINE 
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Task 4: TADAP results 

 SENTINEL-1 fragmentation tree. Every blue dot 

represents the end-of-life time for a given debris at 

a certain altitude. 

 

 Major fragmentation occurs for an altitude range 

of 90-70 km. 

 

 Since current TADAP version does not take into 

account mechanical fragmentations, S/As 

separation from main S/C is triggered at 110 km, 

shortly after simulation’s start (SCARAB heritage). 

 

 Since current TADAP version does not take into 

account mechanical fragmentations, CSAR 

separation from main S/C is triggered at 75 km 

(SCARAB heritage). 
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Task 4: TADAP results 

GLASS, CFRP & RESINS 

HARD DEMISABLE EASY DEMISABLE 

POLYMERS 
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 UNCONTROLLED SIMULATION - INCREASED CONVECTIVE HEAT FLUX CASE (BY 20%) 

UNCONTROLLED BASELINE CASE                   

ABLATED MASS  [kg] 

+20% CONVECTIVE HEAT FLUX SENSITIVITY 

CASE ABLATED MASS [kg] 

1614.57 1751.62 

A comparison between ablated mass trends for the two analyses shows a greater 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 
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Task 4: By-Products modelling 

 By-products 

 

Soot formation 
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Task 4: By-Products results 
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Task 4: By-Products results 
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By combining & rescaling the data 
from released substances and data 
from re-entry statistics, 3 different 
scenarios are developed for Task 5 

and 6 analyses: 

  Short terms scenario (2 months – 
current re-entry rate) 

 Long terms scenario(12 months – 
current re-entry rate)  

 Long terms scenario(12 months –

re-entry rate including mega 
constellations)  
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Task 4: Scenarios definition 
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Task 5: Examples  

NB: the impact of particle on 

atmospheric is taken into 

account 
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Task 5: Examples  
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First time 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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Conclusions & Way forward 


