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Abstract. Since human launched the first man-made earth satellite, we have made more and more 
great achievements in this field. Accompanied with the rapid development, however, there are left 
multitudes of debris in the space. And the growth of space debris has a strong impact on the normal 
human space activities. We establish the Ophiuchus cost efficiency model to evaluate the cost of 
removing such space debris. From it, we can obtain the degenerate function of the spacecraft and 
establish the cost of the spacecraft based on the Bertrand model. We can get the regression equation 
of the laser instruments, space tongs and other cost respectively. And we predict the total cost which 
follows the linear relationship in next few years by the regression equation of the cost and set up the 
Ophiuchus cost efficiency model. Then, we establish the optimal profits model to choose the mixed 
use of exclusive use of the spacecraft with space tongs and the exclusive use of the spacecraft with 
laser. And, we can get the conclusion that every 5.6167 years the costs of sending spaceship will be 
lower half or the cost of sending spaceship towards space will lower 11.61% every year.  

Introduction 

Space debris is non-functional man-made objects located in earth orbit, including its pieces and parts. 
The U.S. space surveillance network monitors that the number of space debris in nearly a decade, 
especially in nearly five years, is increasing quickly, which means that the harm of the amount of 
space debris to space security has become very serious, especially in the low earth orbit. If their 
quantity reaches saturation, the probable collision of debris and satellite will increase, and it is more 
possible to produce a chain reaction due to collision, making orbital resources become ruins [1].  

At present, there are lots of cleaning methods of space debris, which can be classified into three. 
 Passive cleaning method. 
 Active cleaning method. 
 Hybrid cleaning method. 
Amongst them, some research is still in design stage, a certain distance away from the actual 

application. With the development of technology, it will have great application value in the future.  
We get a linear relationship between the total costs of the budget. We use the cost regression 

equation, carrying through budget for the coming years’ costs, and build Ophiuchus cost efficiency 
model. 

The Cost of Spacecraft 

From 2011 to 2015, Russia is the only supplier of NASA, and NASA technical advantages make 
Russia a natural monopolist in the world market of spaceships. Similar to a monopoly, it is reasonable 
for us to assume that Russian contains the makers of the characteristic of the price. The most 
important is to achieve maximum profit. We assume that as long as the marginal cost (MC) is not 
more than marginal revenue (MR), the country will be willing to produce. Normally, the MC-curve is 
a u-shaped one which is relatively stable or slightly downward sloping at the beginning, and 
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continues to increase after the growth in numbers [2]. This is mainly because resources will be used 
more effectively with the increase of the number.  

Fig. 1 shows a typical demand-supply relationship of a monopoly market. In the figure, ATC is 
Average Total Cost. Due to its pricing power, the demand curve which is equal to price is higher than 
the cost curve. The model reaches its equilibrium when MC is equal to MR at point H, with an ATC 
of B, and a selling price of A, which is $ 60 million. According to this model, in the first five years, 
Russia through sending American astronauts can earn profit which is equivalent to the area of the 
rectangle ABFG [3]. But the benefits won't last forever. With the passage of time, more and more 
countries have the ability to provide foreign spacecraft for foreign countries, and all of them are 
willing to make such trading profits. 

 
Fig. 1 Market with single seller 

After 2015 the market can be called as oligopolistic competition, because more commercial 
companies and countries are able to provide shuttle for American astronauts. Traditionally, there are 
several theories which can describe such a market, including but not limited to Stackelberg theory, 
Cournot theory and Bertrand theory. We are now trying to find out the effect of competition on the 
price. Therefore, as to this problem, we select the Bertrand model [4]. 

In Bertrand model, the supplier offering lowest price wins the whole market, leading to fierce 
competition between oligopolists, driving prices down until to the marginal cost. Since the space 
shuttle is usually produced at a small number, we can roughly estimate the marginal cost, and then 
calculate the future cost of sending aircraft and laser. 

The Moore's law for computer indicates that the computers’ performance will double every 18 
months. We find that it is possible to develop a similar law for space shuttles. We take launch data of 
three Chinese shuttles, Shenzhou 5, Shenzhou 6 and Shenzhou 7, as shown in Table 1 (in billion 
Yuan). 

Table 1 Cost per Astronaut of Shenzhou Spaceships 

 Shenzhou 5 Shenzhou 6 Shenzhou 7 

Number of Astronauts 1 2 3 

Year Launched 2003 2005 2008 

Cost of Launching 0.6 0.9 1 

Cost per Astronaut 0.6 0.45 0.33 

By computing these data, we finally get the result of the space shuttle, namely, rising period p is 
equal to 5.6167 years. This means that every 5.6167 years, the cost of launching the space shuttle will 
be half of the price as it used to be five years earlier. In other words, the cost of launching the space 
shuttle will be cut by 11.61% a year. 

We apply the data 11.61% to the price for the year 2015, we can easily get the cost for the year 
2016 to 2020, as shown in Table 2 (in million dollars). 

2



 

Table 2 Estimated Cost of Transportation from 2015 to 2020 

Year Cost per Astronaut Cost per Pound of Cargo 

2015 60 0.0075 

2016 53.034 0.00662925 

2017 46.87675 0.005859594 

2018 41.43436 0.005179295 

2019 36.62383 0.004577979 

2020 32.37181 0.004046476 

We use the regression of sine function and polynomial function, getting the following two 
functions as Eq. 1 and Eq. 2. 

1244.625-)0.934632887963xsin(0.15704466.46172f(x)                                                     (1) 

47714.2452821428.352x-41.135714f(x) 2  x                                                                     (2) 

The MSE for the sinusoidal regression is 1466.63685 while the MSE for the polynomial one is 
only 169.770809, which is far smaller than that of the sinusoidal one. Thus we choose the polynomial 
one as our regressed function. 

In conclusion, the cost function for year 2016 to 2020 can be illustrated as followed Eq. 3 in which 
n represents the year. 

48.245282.35214.41))2000(0075.060(0.8839C 25-n  nnyxx                                   (3) 

Other Cost 

For small pieces, we take use of the laser carried on spacecraft to dispose small pieces directly. For 
larger pieces in high orbit, we make pieces fall to the earth's surface. For the larger pieces in low orbit, 
we choose to use mechanical tongs to grab, and then loose them in the earth's surface, making them 
hypergolic, in order to achieve the aim of disposing pieces. The specific distribution of pieces is 
shown in Table 3. Therefore, the cost of spending on aircraft, in addition to the cost of the aircraft 
itself, also includes the cost of the laser, tongs, and space craft maintenance costs [5]. 

Table 3 the Specific Distribution of Pieces 

Height（km） 10um 100um 1mm 1cm 10m 1m 

300 3.736E+02 1.217E+01 1.891E-02 6.070E-07 6.230E-08 3.620E-08 

350 4.666E+02 1.582E+01 2.977E-02 1.450E-06 1.510E-07 8.050E-08 

400 5.466E+02 1.899E+01 3.966E-02 2.580E-06 2.510E-07 1.200E-07 

450 6.720E+02 2.121E+01 5.176E-02 4.840E-06 3.680E-07 2.060E-07 

500 7.521E+02 2.443E+01 6.437E-02 6.870E-06 6.930E-07 4.280E-07 

600 9.525E+02 3.634E+01 8.033E-02 8.030E-06 1.240E-06 5.910E-07 

700 1.228E+03 5.394E+01 1.033E-01 1.410E-05 1.620E-06 5.290E-07 

800 1.476E+03 7.029E+01 1.098E-01 3.660E-05 3.040E-06 1.330E-06 

900 1.720E+03 1.006E+02 6.390E-02 9.500E-05 2.810E-06 7.580E-07 

1000 2.046E+03 1.094E+02 1.712E-01 3.600E-05 3.280E-06 1.270E-06 

Variables in the model include the cost of the laser aC , the cost of tongs cC  and maintenance cost 

mC , it can show as Eq. 4. 
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mca CC  CC'                                                                                                                          (4) 

The Cost of the Laser 

We assume that the cost of laser broken unit pieces is X , and remains the same, so aC  is a linear 

equation as Eq. 5. 

XKa 1C                                                                                                                                      (5) 

The Cost of Tongs 

We assume that the cost of each tong is cC  , and remains the same, so cC  is a linear equation as Eq. 6. 

YKc 2C                                                                                                                                      (6) 

Maintenance Cost 

Maintenance cost associates with the service time of international spacecraft, and also relates to the 
frequency of flights. The longer the work time is, and the more frequent the flights are, the higher 
maintenance costs will be. 

By examining the budget of the NASA spacecraft from 2011 to 2015, we can easily get the 
maintenance cost of spacecraft as shown in Table 4 (the number beside the year represents its value in 
the functions later). 

Table 4 the Budget of the NASA Spacecraft 

Year Budget (million dollars) 

2011(1) 2779.8 

2012(2) 2983.6 

2013(3) 3129.4 

2014(4) 3221.9 

2015(5) 3182.8 

Thus, the annual cost from 2011 to 2015 can be shown as the following Eq. 7. 

mCYKXK  21
'C                                                                                                                  (7) 
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