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ABSTRACT

Recently, in the space market, there has been a rapid reduction of the launch price. The major reason
is that a few commercial companies, especially SpaceX, began to enter into the space market about ten
years ago, which has changed the space market from monopolization to competition, and accelerated
the adoption of commercial efficiency in the technology and management. Also, the successful landing
and recovery of a first stage in 2016 by SpaceX proved to be a prelude to opening a new era of reusable
launch vehicles, and SpaceX declared the groundbreaking launch price through using the reusable
launch vehicle. This study calculates the total launch cost required to put a certain satellite into the
LEO, compares the launch cost in three cases with different payload weights, and reviews the impacts
of the payload on the cost effectiveness of a reusable vehicle. The total launch cost is divided into 6
subsections cost, namely development cost, production cost, refurbishment cost, operation cost,
fixed-cost of factory and launch site, and insurance cost. The cost estimation relationships used in the
calculation are taken from the commonly proven cost models such as TRANSCOST.
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Nomenclature

MY : engineering Man-Year cost
M : inert mass of vehicle or payload
N, : maximum number of reusability
N, : number of production vehicle
N, : number of flight
fi : technical status factor
fs : cost effectiveness factor
fs : team experience factor
fs : Man-Year correction factor
Sub Index;

D : payload

d : development

m : production

e : expendable vehicle

re : reusable vehicle

fu  : first unit of production

op : operation

fm  : fixed cost of factory

fl : fixed cost of launch site

b : reference vehicle
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Table 1. Launch price of major countries [4].

Nation Launch Payload Launch
Vehicle (kg) Price($/kg)
Atlas V 18,800 8,100
USA
Falcon 9 22,800 2,700
EU Ariane 6 21,700 5,300
Russia Proton-M 23,000 2,800
Japan H2B 16,500 6,800
China LM 7 13,600 5,100
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Table 2. Assumptions used in the calculations.

Number of Reusability 10
Turn-Around Time (Days) 30
Man Year Rate of USA @2019 (k$) 302
Annual Average Rate of Inflation 2%
Amortization Period (Years) 10
Production Learning Curve Factor 0.87
Refurbishment/Production Cost 3%
Refurbishment Learning Factor 1.15
Operation Cost/Launch Cost 2.5%
Operation Learning Curve Factor 0.9
Factory Fixed-Cost/Annual Production 3%
Fixed-Cost of Site/ Annual Launch Cost 6%

Table 3. Correction factors in the calculations.

f1 fz f3 f8
Development 1.0 0.25 0.7 1.0
Production 1.0 0.5 0.8 1.0
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Fig. 1 Launch Cost per Flight.
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