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1.Added value of assessing the social-
economic impact of the orbital resource
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2. Goal and scope




e | fe Cycle Assessment and Sustainable Chemistry Group

Université de Bordeaux

160

140

120

s
o
o

Inclination [deg]

80
60
40

20

0
200

Average Flux of debris VS active satellite population in LEO
White circles reprepresent active satellites with size according to their launch masses
(1187 active satellites in 2018 according to UCS database)
Flux of debris computed with MASTER-2009 Model - Time range [2018-2053] - BAU - size (m) [0.01-100]

400 600 800 1000 1200 1400 1600 1800
Altitude [km]

Value of the orbital resource

10/24/2018

ESA Industrial Days 2018

debris flux [#.m'z.yr'w]

%10
5.5

4.5

0.5

2000

U

universite
*BORDEAUX




U

——— | ife Cycle Assessment and Sustainable Chemistry Group Umversité
Université de Bordeaux *BORDEAUX

Average Flux of debris VS active satellite population in LEO
White circles reprepresent active satellites with size according to their launch masses

(1187 active satellites in 2018 according to UCS database) debris flux [#mZyr )
Flux of debris computed with MASTER-2009 Model - Time range [2018-2053] - BAU - size (m) [0.01-100] x10
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Average Flux of debris VS active satellite population in LEO
White circles reprepresent active satellites with size according to their launch masses

(1187 active satellites in 2018 according to UCS database) debris flux [#mZyr )
Flux of debris computed with MASTER-2009 Model - Time range [2018-2053] - BAU - size (m) [0.01-100] x10
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Value of the orbital resource  pEEENE)  The values of actives satellites
The aim is to compute the value that could be depleted if a satellite is impacted by debris

before the end of its mission.
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Goal of the study

Make a valuation of each satellite revenue per year according to:
» its mission
» Its instruments, performances or specificities
> its age
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Goal of the study

Make a valuation of each satellite revenue per year according to:
» its mission
» Its instruments, performances or specificities
> its age

...But what type of value is computed here? Which kind of revenues
can we considered?
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Goal of the study

Make a valuation of each satellite revenue per year according to:
» its mission
» Its instruments, performances or specificities
> its age

...But what type of value is computed here? Which kind of revenues
can we considered?
» The idea is to address the potential loss of value for the society if
a collision occurs
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Goal of the study

Make a valuation of each satellite revenue per year according to:
» its mission
» Its instruments, performances or specificities
> its age

...But what type of value is computed here? Which kind of revenues
can we considered?
» The idea is to address the potential loss of value for the society if
a collision occurs
» Focus on the End-user benefits
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Space—sector structure

a D
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Space-sector Overall society
revenues Benefits
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Scope

a) Geographical perimeter of the valuation

» Low Earth Orbit : 75% of the catalogued population in less than 1% of useful orbital volume

b) Inventory perimeter of the valuation

Repartition of the 1186 LEO satellites according there mission

® Communications
m Earth Observation
25% Earth Science

m Space Observation

Both missions represent
77% of total actives

satellites _
m Space Science

>2% m Technology Demonstration

m Technology Development Source : UCS Database

c) Time perimeter of the valuation

* No future launch hypothesis
* Gives the valuation at the assessment date (reference year: 2018)
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4. Methodology

a. Earth Observation satellites - valuation methodology

b. Communication satellites - valuation methodology
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a. Earth Observation satellites
valuation methodology
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Earth Observation satellites” value

Revenues for End-users allows by Copernicus Program
(Source : Pwc)

o 20000
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10 000 The aim is to extend revenues from

Copernicus program to other Earth
400 observation satellites
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Hypothesis :

* Life Time of satellites : 1,93 times the official life time (based on average additional life time)
e Cutting rule : a satellite that is older than 2 times this estimated life time has negligible outcomes.
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Earth Observation satellites valuation methodology

Repartition of the 1186 LEO’s
satellites according to the dedicated o
mission. ® Communications

25% ® Earth Observation
&“ Earth Science
m Space Observation
v m Space Science
52% m Technology

Demonstration
Source : UCS Database

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

Copernicus : 62 satellites (=10%)

Copernicus’ revenues

WMO OSCAR database :
score per on-board
instrument

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

Copernicus : 62 satellites (=10%)

Copernicus’ revenues

WMO OSCAR database :
score per on-board
instrument

cumulated revenues (2017-2035) of Copernicus
program per mission types (in million euros)

0

Atmosphere land Built Marine & Disasters and  Security
and climate environment ocean geo-hazards

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

Copernicus : 62 satellites (=10%)

Copernicus’ revenues

WMO OSCAR database :
score per on-board
instrument

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

Copernicus : 62 satellites (=10%)

a ’
Copernicus’ revenues Participation of each

—>»  Copernicus satellite to
the mission classes

WMO OSCAR database :
score per on-board
instrument

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

Copernicus : 62 satellites (=10%)

a ’
Copernicus’ revenues Participation of each

—>»  Copernicus satellite to
the mission classes

WMO OSCAR database :
score per on-board —>
instrument

Computing score (S) per
satellite (i)

WMO OSCAR database : 187 satellites (=30%)

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

Copernicus : 62 satellites (=10%)
Copernicus’ revenues

Participation of each

—> Coperni'cu.s satellite to Contribution Percentage (o)
the mission classes par satellite (i) for each of 6

missions (m)
S.
Xim= ‘/ST.
m
WMO OSCAR database :
score per on-board —>
instrument

Computing score (S) per
satellite (i)

WMO OSCAR database : 187 satellites (=30%)

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

Copernicus : 62 satellites (=10%)
Copernicus’ revenues

Participation of each

—>»  Copernicus satellite to Contribution Percentage () computing end-.user.s
the mission classes outcomes per satellite (i) per

par satellite (i) for each of 6
missions (m) year (y)

S; =
Xiym= l/ST-m Riy = Z Xim* Ry
WMO OSCAR database : : m

Computing score (S) per
score per on-board —> P & (S)p

: satellite (i)
instrument

WMO OSCAR database : 187 satellites (=30%)

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

Copernicus : 62 satellites (=10%)
Copernicus’ revenues

Participation of each

—>»  Copernicus satellite to Contribution Percentage () computing end-.user.s
the mission classes outcomes per satellite (i) per

par satellite (i) for each of 6
missions (m) year (y)

S; =
Xiym= l/ST-m Riy = z Xim* Ry
WMO OSCAR database : : m

Computing score (S) per
score per on-board —> P & (S)p

: satellite (i)
instrument

)

WMO OSCAR database : 187 satellites (=30%)

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

e Copernicus : 62 satellites (=10%)
Capernicus revenues Participation of each
—>»  Copernicus satellite to

the mission classes

computing end-users

Contribution Percentage (<) o
outcomes per satellite (i) per

par satellite (i) for each of 6
missions (m) year (y)

S; =
Xiym= l/ST-m Riy = z Xim* Ry
WMO OSCAR database : : m

Computing score (S) per

score per on-board =7 o
satellite (i)

instrument

- . reg scoreWMO COPERNICUS Civil Meteorology alt Mass age
Source Ss df MS Number of obs = 175
F({ &, 1€8) = 23.13
Model 223.993309 6 37.3322182 Prob > F = 0.0000
Residual 271.187723 168 1.61421264 R-squared = 0.4523
Adj R-squared = 0.4328
Total 495.181032 174 2.8458¢68 Root MSE = 1.2705
scoreWMO Coef. Std. Err. t P>ltl [95% Conf. Interwval]
COPERNICUS -.4264765 .21202¢68 =-2.01 0.046 -.8450568 -.00789¢63
J Civil .7658083 -4375507 1.75 0.082 -.0979979 1.629615
Meteorology .8212028 .3687262 2.23 0.027 .093269 1.5459137
WMO OSCAR database : 187 satellites (230%) alt .00378%99 .0007134 5.31 0.000 .0023815 .0051984
- Mass .0006776 .0000827 8.20 0.000 .0005144 .0008408
age -.0603771 -0215625 -2.80 0.006 =.1029455 -.0178086
_cons -1.482057 .4586895 =3.23 0.001 -2.387595 =.5765191

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

e Copernicus : 62 satellites (=10%)
Capernicus revenues Participation of each
—>»  Copernicus satellite to

the mission classes

computing end-users

Contribution Percentage (<) o
outcomes per satellite (i) per

par satellite (i) for each of 6
missions (m) year (y)

S; =
Xiym= l/ST-m Riy = z Xim* Ry
WMO OSCAR database : : m

Computing score (S) per

score per on-board =7 o
satellite (i)

instrument

- . reg scoreWMO COPERNICUS Civil Meteorology alt Mass age
Source Ss df MS Number of obs = 175
F({ &, 1€8) = 23.13
Model 223.993309 6 37.3322182 Prob > F = 0.0000
Residual 271.187723 168 1.61421264 R-squared = 0.4523
Adj R-squared = 0.4328
Total 495.181032 174 2.8458¢68 Root MSE = 1.2705
scoreWMO Coef. Std. Err. t P>ltl [95% Conf. Interwval]
COPERNICUS -.4264765 .21202¢68 =-2.01 0.046 -.8450568 -.00789¢63
J Civil .7658083 -4375507 1.75 0.082 -.0979979 1.629615
Meteorology .8212028 .3687262 2.23 0.027 .093269 1.5459137
WMO OSCAR database : 187 satellites (230%) alt .00378%99 .0007134 5.31 0.000 .0023815 .0051984
- Mass .0006776 .0000827 8.20 0.000 .0005144 .0008408
age -.0603771 -0215625 -2.80 0.006 =.1029455 -.0178086
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Earth observation: 637 satellites

10/24/2018 ESA Industrial Days 2018 13 -



U

| fe Cycle Assessment and Sustainable Chemistry Group Um’versité
Université de Bordeaux “BORDEAUX

Earth Observation satellites valuation methodology “¥§ =

e Copernicus : 62 satellites (=10%)
Capernicus revenues Participation of each
—>»  Copernicus satellite to

the mission classes

computing end-users

Contribution Percentage (<) o
outcomes per satellite (i) per

par satellite (i) for each of 6
missions (m) year (y)

S; =
Xiym= l/ST-m Riy = z Xim* Ry
WMO OSCAR database : : m

Computing score (S) per

score per on-board =7 o
satellite (i)

instrument

- . reg scoreWMO COPERNICUS Civil Meteorology alt Mass age
Source Ss df MS Number of obs = 175
F({ &, 1€8) = 23.13
Model 223.993309 6 37.3322182 Prob > F = 0.0000
Residual 271.187723 168 1.61421264 R-squared = 0.4523
Adj R-squared = 0.4328
Total 495.181032 174 2.8458¢68 Root MSE = 1.2705
scoreWMO Coef. Std. Err. t P>ltl [95% Conf. Interwval]
COPERNICUS -.4264765 .21202¢68 =-2.01 0.046 -.8450568 -.00789¢63
J Civil .7658083 -4375507 1.75 0.082 -.0979979 1.629615
Meteorology .8212028 .3687262 2.23 0.027 .093269 1.5459137
WMO OSCAR database : 187 satellites (230%) alt .00378%99 .0007134 5.31 0.000 .0023815 .0051984
- Mass .0006776 .0000827 8.20 0.000 .0005144 .0008408
age -.0603771 -0215625 -2.80 0.006 =.1029455 -.0178086
_cons -1.482057 .4586895 =3.23 0.001 -2.387595 =.5765191

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

e Copernicus : 62 satellites (=10%)
Capernicus revenues Participation of each
—>»  Copernicus satellite to

the mission classes

computing end-users

Contribution Percentage (<) o
outcomes per satellite (i) per

par satellite (i) for each of 6
missions (m) year (y)

S; =
Xiym= l/ST-m Riy = z Xim* Ry
WMO OSCAR database : : m

Computing score (S) per

score per on-board =7 o
satellite (i)

instrument

- . reg scoreWMO COPERNICUS Civil Meteorology alt Mass age
Source Ss df MS Number of obs = 175
F({ &, 1€8) = 23.13
Model 223.993309 6 37.3322182 Prob > F = 0.0000
Residual 271.187723 168 1.61421264 R-squared = 0.4523
Adj R-squared = 0.4328
Total 495.181032 174 2.8458¢68 Root MSE = 1.2705
scoreWMO Coef. Std. Err. t P>ltl [95% Conf. Interwval]
COPERNICUS -.4264765 .21202¢68 =-2.01 0.046 -.8450568 -.00789¢63
J Civil .7658083 -4375507 1.75 0.082 -.0979979 1.629615
Meteorology .8212028 .3687262 2.23 0.027 .093269 1.5459137
WMO OSCAR database : 187 satellites (230%) alt .0037899 .0007134 5.31 0.000 .0023815 .0051984
- Mass .0006776 .0000827 8.20 0.000 .0005144 .0008408
age -.0603771 -0215625 -2.80 0.006 =.1029455 -.0178086
_cons =1.482057 .4586895 =3.23 0.001 -2.387595 =.5765191

Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

e Copernicus : 62 satellites (=10%)
Capernicus revenues Participation of each
—>»  Copernicus satellite to

the mission classes

computing end-users

Contribution Percentage () o Computing average end-users
outcomes per satellite (i) per

par satellite (i) for each of 6 outcomes per score point (p),
missions (m) year (y) per year (y)

S/ Rm'y
iy = "1 Ri' = O(i-m* Rm R,, =—=
Lm ST,m Y ) Y Dy

T Sm
WMO OSCAR database : . - my
Computing score (S) per
score per on-board —>

: satellite (i)
instrument

- . reg scoreWMO COPERNICUS Civil Meteorology alt Mass age
Source Ss df MS Number of obs = 175
F({ &, 1€8) = 23.13
Model 223.993309 6 37.3322182 Prob > F = 0.0000
Residual 271.187723 168 1.61421264 R-squared = 0.4523
Adj R-squared = 0.4328
Total 495.181032 174 2.8458¢68 Root MSE = 1.2705
scoreWMO Coef. Std. Err. t P>ltl [95% Conf. Interwval]
COPERNICUS -.4264765 .21202¢68 =-2.01 0.046 -.8450568 -.00789¢63
) Civil .7658083 -4375507 1.75 0.082 -.0979979 1.629615
Meteorology .8212028 .3687262 2.23 0.027 .093269 1.5459137
WMO OSCAR database : 187 satellites (230%) alt .0037899 .0007134 5.31 0.000 .0023815 .0051984
- Mass .0006776 .0000827 8.20 0.000 .0005144 .0008408
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Earth observation: 637 satellites
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Earth Observation satellites valuation methodology “¥§ =

Copernicus : 62 satellites (=10%)

a ’
Copernicus’ revenues Participation of each

—> R satellite to Contribution Percentage () olu ol end-.user.s Computing average end-users
the mission classes par satellite (i) for each of 6 outcomes per satelite (i) per outcomes per score point (p),

missions (m) year (y) per year (y)

i Ron;
i = SL/ST. Ry, = Z Cim* Ry Ry = Snux
WMO OSCAR database : : m - m;y
Computing score (S) per
score per on-board —>

: satellite (i)
instrument

Computing each satellite end-
users outcomes

Riy = Rpy -Si B

Sum of actuals values for
WMO OSCAR database : 187 satellites (=30%) each cells (50kmx2°)

Earth observation: 637 satellites
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b. Communication satellites
valuation methodology
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Communication satellites valuation methodology

Communications satellites main firms
(287 communication satellites)

14%
Globalstar

M Iridium Communications, Inc.

B ORBCOMM Inc.

W autres

The aim is to assess benefits for the end-users based on the volume of sales
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Communication satellites valuation methodology

revenues of the 3 mains firms of communication satellites

600
[ ]
L J
500 ~
y = 12,563x - 24895 i et
400 R2=0,9273 e |1 |um : data retained for
analysis
" ==@—= ORBCOMM : data retained
o for analysis
2 ® Orbcomm 2 : data not
2 300 retained for analysis
2 =@ Globalstar : data retained
g for analysis
®  Globalstar : data not
retained for analysis
200 & y=75,0486x 10080 @ Iridium : data not retained
® R2=0,9811 for analysis
100
y =5,4977x - 10,179
R2=0,9072
0
2000 2005 2010 year 2015 2020
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Communication satellites valuation methodology

Launch of “Iridium

”
Next
- LI -~ . r. r . . II-
revenues or the 3 mains rrms of co unication satellites
600
[ ]
L J
500 ~
y = 12,563x - 24895 o )
400 R2=0,9273 —C— Irldlum : data retained for
analysis
" ==@—= ORBCOMM : data retained
o for analysis
2 ® Orbcomm 2 : data not
2 300 retained for analysis
2 =@ Globalstar : data retained
g for analysis
®  Globalstar : data not
retained for analysis
200 & y=75,0486x 10080 @ Iridium : data not retained
® R2=0,9811 for analysis
100
y =5,4977x - 10,179
R? =0,9072
0
2000 2005 2010 year 2015 2020
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Communication satellites valuation methodology

Launch of “Iridium

”
Next
- LI -~ . r. r . . III
revenues ot the 3 maims Trms oT cOo unication satellites
600
[ ]
L J
500 ~
y = 12,563x - 24895 o )
400 R2=0,9273 —C— Irldlum : data retained for
analysis
" ==@—= ORBCOMM : data retained
o for analysis
2 ® Orbcomm 2 : data not
2 300 retained for analysis
2 =@ Globalstar : data retained
g for analysis
®  Globalstar : data not
retained for analysis
200 pe y =5,0486x-10080 @ Iridium : data not retained
® R2=0,9811 for analysis
..... o
w-— e T B P o
................................... y = 5,4977x - 10,179
"""""" R?=0,9072
0
2000 2015 2020
Bankrupt and sale
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Communication satellites valuation methodology

Launch of “Iridium

”
Next
- LI -~ . r. r . . III
revenues ot the 3 maims Trms oT cOo unication satellites
600
[ ]
L J
500 ~
y = 12,563x - 24895 o )
400 RZ=0.9273 =@ |ridium : data retained for
’ analysis
" ==@—= ORBCOMM : data retained
o for analysis
2 ® Orbcomm 2 : data not
2 300 retained for analysis
2 =@ Globalstar : data retained
g for analysis
®  Globalstar : data not
retained for analysis
200 & y=5,0486x 10080 @ Iridium : data not retained
® R2=0,9811 for analysis
- )
°
00 [ e g p—— T
& | /T e O T e
..................................... y = 5,4977x - 10,179
i T g Rz _ 0,9072
0
2000 2020
Bankrupt and sale Globalstar generation 2 launch
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Communication satellites valuation methodology

Launch of “Iridium

Next”
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Iridium revenues/ Globalstar revenues (per kilograme in

orbit)
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Iridium revenues/ Globalstar revenues (per kilograme in

orbit)
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Value allocation hypothesis

* Nano-satellites (<100 kg): similar revenues with Orbcomm’s
satellites (nano-satellites of 45kg constellation)

* Bigger satellites (>100kg): revenues are indexed on Iridium
company revenues. (calibration thanks to Globalstar revenues)

U

universite
“BORDEAUX

Time Hypothesis :

 Lifetime of satellites : 1,64 times the official life
time (based on average additional life time)

 Cutting rule : a satellite that is older than 2 (in
2018) times this estimated life time has negligible
outcomes

Hypothesis to assess the end-users’
benefits

* There is a scale of 1 to 4 for between volume of
revenues generated for exploiting firms and the end-

users benefits (PWC).
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5. results
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Results for Earth Observation satellites

%107 : 21
55 debris flux [#.m™.yr ']

x10™0 Earth Observation satellites, current active population
Cumulative Net Present Value vs Particule flux
Estimated downstream sector, epoch [2018-2035]
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Results for Earth Observation satellites

%107 : 21
55 debris flux [#.m™.yr ']
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Results for Earth Observation satellites
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Results for Earth Observation satellites
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55 debris flux [#.m™.yr ']
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Results for communications satellites

debris flux [#.m'z.yrq]
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Results for communications satellites

debris flux [#.m'z.yrq]
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Results for communications satellites

debris flux [#.m'z.yrq]
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Results for communications satellites

debris flux [#.m'z.yr'1]
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Results for communications satellites

debris flux [#.m'z.yr'1]
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Results

debris flux [#.m’z.yr’1]
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Results

debris flux [#.m’z.yr’1]
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Results

debris flux [#.m’z.yr’1]
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6. Discussion & Take-Home
message
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Discussion

* Completeness of the scope: 77% of active satellites, LEO

e Scientific robustness:
 Reliability of the input data (UCS database)
* Life time estimated
e Extension of WMO score (186 satellites covered - 451 estimated value)
» Share of the end-user benefits in the overall value chain .

First attempt to extend the valuation
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Take-home message

e Economic valuation in compliance with LCA framework is proposed (final social-economic
damage could be addressed)

* Few areas of the LEO region are valuable. However, the latter concentrate the majority of
services for human activities.

* Most of Earth observation European satellites, with high value, are in the most crowded
region of space. (SSO)

. Sc?pe of the previous studies is enlarged : 75% of active satellites of LEO regions are
value.
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Thanks for your attention
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