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= LNeS & -
Launch services prices drop sharply

Disruptive new entrant SpaceX offers low price ont  he satellite
launch market.

2021 (Begin of September):
v" Falcon 9 Semi Reusability e 21 launches
Strategy implemented with * 20 reused boosters
the reuse of the 1 st stage * 19 boosters recovered successfully
» 1 failures @ booster recovery
v Recovery on ground or (Starlink L19)
Drone Ship

v Refurbishing of 1 st stage up
to 10 flights for B1051

v' Extension of Semi
Reusability to the half fairing
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«w s on CHNBS & s
Other tests or developments of SRLV (Europe not presented)
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SRLV Cycle

Launch

Véhicle Production |, Refurbishment Recovery

Refurbishment feasible depending of :
v’ recovery success

v level of damage due to recovery

v level of wear of the hardware

Expendable g

v' What is the of cost of :
» Recovery
» Refurbishment
with respect to the cost of new

product 1 'st Stage
Low
Energy
1'ststage (LEO
Recovered SS0)

—

Recovery on

5 o ground or drone ship = IS IT WORTH IT ?

of 1'st Stage

© cnes
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Modelling of Manufacturing, if not sourcing

Product of an element is defined with :
» Standard Cost ( C,4) = unitary Fixed cost + unitary Variable cost
» Production capacity of this element ( Nj,qus )

=) Factory is sized for N,y product.
The total fixed cost of this factory is N qus X Unitary Fixed cost

« ® ENes & s

Npui [ Residual fixed cost (C gee)

to be accounted for
Expendable | Ny = Niaunen the total launch cost

Reusable Npuit < Njaunch

This document and its content is the property of CNES, it can not be reproduced without the CNES consent — all right reserved



»
Economic analysis of a semi reusable launcher (

.-« o CNES + -
Comparison of launch cost : ELV / SRLV Strategy

/ ELV Strateqgy:

For upper part and 1'! Stage
» CT= I\Ilaunch X Cstd + C#built_RFC

SRLV Strateqy: \

For upper part (like ELV)
> CT= I\Ilaunch X C:std + C#bU”t_Upper_Stage—RFC

For 1'st Stage, Introducing :
U = the number of use

Krre = The ratio of recovery and refurbishing cost / Standard cost
T = the recovery success ratio

» CT= |\Ibuilt X C:std + Nreuse X KRRC X C:std + C#built_lrst_Stage_RFC /

SRLV Strateqy is worth with respect to ELV Strateqy if CT SRLV<CTELV:

< SRLV STRATEGY IS WORTH IT IF: Krre < Tr (1-Crixed unitary ! Csta)
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Criteria for cost reduction of SRLV Strategy wrt to ELV on'e'

First case :
» The fixed cost of reused part
are high 50%

KRRC <Tr (1'CFixed_unitary/ Cstd)

 racoverysucesata Kee® % The recovery is difficult 30%
100% 1o

90% —--20%  High constraint for K grc < 15%
80% 30%

70% Second case :

60% — % »The fixed cost of reused part
50% - = 50% are 35%

P ———e% > The recovery is mastered 90%
30%

20% ——T—T—"41=>—T " T—T11 " Low constraint on K gge < 60%
100 11— T+ 1— v T"—T"—T"—T—1 -"*- 8%  => More cost reduction

0%

S accessible
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 90%

% Fixed Cost of reused part . . .. .
This criteria is, at first order,

independent of the launch rage
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¢

Example of cost reduction of SLRV vs ELV Strafégy

« ® ENes & s

Comparison of launch service recurring cost for 12 launches /year

r

.

i

N

leed cost 35%

%alue of the

J

—@ ELV

-14%*

SRLV - one reuse
Production capacity :

=> unchanged

Expendable Value
part of the reusable
part
\ ' Varlable cost
RRC 10%
la \
|
o /)

(*) On average

(—23%*

launch service cost

SRLV - one reuse

Production capacity :

=> optimized

Recovery success rate
assumed 100%
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Sketch for economy for reuse evaluation

Economy of reuse is
complex

Depending of several
parameters which
have to be optimized
simultaneously

( Market )

targetd

P
@ " i ; : :
."% Markets
\ 4

Market scenarios

Market shares

= M-arket primor

Sales

Competitive intensity

spacecraft J

/

Acceptability

Market scenarios >

- Reuse stages

- Dual launches
b )

\
4 Launch system

\

Unit cost of sub-system

Launchers family
ik == Industrial
: [‘\ constraint
: B@%@as
witl d withoutjreuse Limited number
) U of reuse
br?:&ﬁ,:.n Breakdown Refurbispment
K ~ duration
ndardisation
M@?ml TR Reuse reliability
constraints
Industrial org ion N Recovery and
and cost synergies \IL refurbishment cost

Launch costwith expandable launch

I N
Costs i 4 M
/—v&vehlc!e and with reuse launch vehicle /

Exploitation strategy

OptimiA he epr!L tion scheme
Minimize t@the reuse costs

Target of
the average launch cost

‘ Overall ~

Estimation of the

average launch cost

:] Inputs

:] Constraints

- Simulations
[:. Results

e
J
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SRLYV strategy is worth to help targeting low price
market:

v' Criteria is met

v The proportion of cost value of reuse elements must be
maximized

The fixed cost must be minimized
Mastering of recovery is necessary

Reducing the recovery and refurbishment cost

DN N NN

The simplification of the design of the launcher mu st be taken into
account from the beginning in order to decrease the Initial cost
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Substitution Concept
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¢

« ® ENes & s

What is Technological Substitution?

Technological substitution is the customer’s prefer
the other due to the technological advancement avai

Forecasting the temporal evolution of old VS new produ

1000

ence of one product over
lable in the product.

ct sold is achievable.

Ratio Film vs Digital camera sold

4
{

100

v' Example: Film camera was

10

substituted by Digital camera

1994

0.1

2012

1996 1998 2000 4% 2002 2004 2006 2008 2010

0.01
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Substitution success criteria:

v’ Substitution cost : No over cost for the client due t 0 reusability
v" Product cost : reusability decreases launch costs
v Quality: Falcon similar to A5

v Functionalities: reused stage and new stage are full vy interchangeable
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Substitution concept applied to Reusable Launcher

Substitution : World reused stage launches number evolution

10

—e— Ratio : launches with 1st reused stage / new

| --8-- Linear regression

ll T T T T T —

A

A
20162017 2018 2019 2020 2021 20227 _--J023 2024 2025 2026

Launchers with reusability ability:
- Falcon 9

- Launcher One

- Pegasus

0.1 / == Launches status Launchers working on reuse :

- New Glenn
s 1 September 2021 - Electron

- Long March 6A
- Long March 8
- Starship

91 114 102 114 84 Number of launches |‘

i

0.01
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Thank you for your attention !
Any questions?

(Jjean.oswald@cnes.fr)

(thomas.jues@cnes.fr)




