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1. Introduction 

The Artemis I, which is the first mission from the Artemis program, will be launched in 2020. 
It will be a flight without crew aim to test the Space Launch System (SLS) and Orion 
spacecraft together. In addition, the SLS will launch thirteen small satellites that will gather 
information on the moon.  

Everybody knows that a mission of those characteristics and magnitude comes at a really 
high cost. This situation combined with the fact that the budget available to develop these 
missions is low makes mandatory to improve the way of work and to achieve cost-saving.  

This project, related to the Artemis I, is mainly focused on how to reduce costs either in this 
mission or future ones. It has been analyzed the different modules needed (Space Launch 
System, Orion spacecraft and satellites) and investigated innovations and technologies 
which could lead with a trade-off between effectiveness and cost-savings. Therefore, the 
main ideas explained in this document are related to a reusable SLS and standardization of 
the satellites. These characteristics will be affected not only in the design but also in the 
financial, risk, logistic part and so on.  

 

2. Project Dimensions 

2.1. Team coordination 

First of all, it is important to have a vision of the departments that have developed our Artemis 
I mission proposal. The role of each component will be explained in order to show its 
objectives and functionalities. There is a description of each of the teams that have been 
working on the mission, however, some other departments have been added. These added 
departments were found as interesting and necessary for the mission deployment.  



 

 
Figure 1. Team coordination organizational Chart. 

Artemis I have three main blocks: Administration, Manufacturing and Research and Development: 

 

ADMINISTRATION 

 Procurement & Quality  
To develop the mission the coordination of all the teams is a need. For instance, the 
engineering department needs a close relationship with procurement, to specify what 
is needed to get through this project and have the materials and tools with the right 
quality at the right time. Each one of the satellites has unique specifications and to 
build them, one key part of the Supply Chain is this department. That is the reason 
why it is added along with the Quality approach too. 

 Culture and Education  
To have a better overview of the complete Artemis missions and what each 
department has done at any time of the lifetime of the mission a Kanban has been 
done. Kanban is a useful tool to see what the aim of each department is and what is 
their added value to the mission future. 
In addition to this, a Culture and Education plan has been done. This is the first 
mission so it must be a prediction of how this one will affect the next steps of the 
Science and of course the next Artemis missions. 

 Law & Finances  
Law and finances team have done the budget of the Artemis I mission from 2017 to 
2020 (is the year when the mission will be launched). For this reason, have been done 
operations and estimations and to be more specific the cost has been divided into 
two parts: 

o Direct costs: different projects inside Block 1 (SLS, Orion, and CubeSats). 

o Indirect costs: Logistics, infrastructure, RRHH. 

 

 



 

 

 Risks 
The deployment and decision making of a mission should be based on many options 
and finally taking into account the benefits and risks of each alternative choose the 
best one. Therefore, there is a team in charge of the risks that could impact on the 
different three projects and Artemis I mission in general. For this reason, a Risk Matrix 
has been done, where it been assigned from level 1 (very important) to 3 (not 
important) the importance of the factors and the steps to follow up for each of them. 

 Human Resources  
It is necessary that in each enterprise, project, mission, etc... There are people in 
charge of the business sector, organization (team coordination), relationships 
(scientific community, companies contact) and economic growth. They have to see 
the talent, labor, manpower of the teams and also the employees themselves. They 
manage for instance the compliance with labor law and employment standards, very 
important to have good work and relationship with the three key points of the mission: 
SLS, Orion, and CubeSats. 

 

MANUFACTURING 

 Logistics  
Logistics have collected all the necessary and useful information, documents, and 
required operations for each one of the projects (SLS, Orion, and CubeSats). To have 
a better vision of all the Artemis I vision they have used a special scheme called: Work 
Breakdown Structure (WBS). It is a scheme where the logistics team has developed 
each one of the projects arriving at five levels of specifications. Like this, in only one 
look you have a global overview of the mission. 

 Environmental Impact  
The environmental impact department is the one focused on specific matters that 
can affect the environment regarding this project. Even though every department 
needs to keep in mind environmental facts when designing, testing, producing and so 
on, the environmental department focus on the following specific topics: emissions, 
water quality and unplanned events that can happen unexpectedly. 

 Engineering  
Engineering is in charge of making the continuous improvement of the design. The 
engineering team is continuously looking for new ideas in order to make the design 
more efficient, environmentally friendly and reduce costs. The main objective is not 
to waste propulsion systems when launching using them only once but to change the 
design so it can be reused for future launches. The three main devices (SLS, Orion, 
and CubeSats) are designed and tested by the engineering team. All the requirements 
of the space industry are fulfilled with these tests. 

RESEARCH AND DEVELOPMENT 

 Innovation  
The innovation team is focused on looking for new solutions to implement in the 
future Artemis missions. This team is especially supported by the other functions in 
order to develop their ideas. The innovation team takes into account the 
environmental impact, the costs and the efficiency in their proposals. 



 

 Analysis of extracted data 
The team in charge of the analysis of extracted data has a very important part of 
this mission. All the data obtained from the mission and its development are 
considered essential for future missions.  
 

2.2 Logistics 

The purpose of logistics is to organize the different work packages that shall be carried in 
order to accomplish the mission. The whole Artemis I project can be subdivided into three 
main projects: SLS, Orion, and CubeSats. 

 

 
Figure 2.  Work Breakdown Structure proposed by the Logistic department 

 

As can be seen in figure 2, Artemis I mission has been divided into four main parts: Ground 
segment, SLS, Orion, and CubeSats. The ground segment even when absolutely necessary is 
quite independent with the other three. 

The SLS, Orion, and Cubesats shall be joint in the Final Assembly so they are related one with 
the other. 

SLS is divided into two parts, the launch base, which shall be adequate for a rocket as big as 
SLS. It has never been manufactured a rocket like this; and the Block 1, the rocket itself in 



 

the version B1. Block 1 design has been divided into Structure, Engine, and Reusable Parts. 
Being this one the added value of our innovation proposal. Orion is divided into two main 
parts, the crew module, and the service module. Finally, Cubesats were defined, it can be 
divided into two parts: the specific measure module which is related to the specific objective 
of each payload and the standard configuration, which can be shared for all of them as they 
have similar operation requirements. 
 

2.3 Engineering 

This part is one of the key points of the Artemis I. The mission is the first of many, so it is the 
reference for the project, and it is very important to have a successful beginning. For this 
reason, the different elements of the system, that is going to be launch, have been analyzed 
(SLS, Orion, and CubeSats).  

The Space Launch System (SLS) is the rocket that will be responsible for launching all the 
necessary material and personnel to space. An element of those characteristics is quite 
expensive and difficult to develop. Taking into account the investment needed for this kind 
of project and the fact that more than one mission is going to be carried out, a modification 
in the first stage of the SLS has been done in order to convert it into a reusable rocket. The 
main objective of such modification to make the SLS reusable is not only to reduce the cost 
in future missions but also to save time in developing such missions. 

The proposed amendments to the SLS are:  

 Additional tanks for reserving fuel for descent 

 Additional thrusters that control orientation and speed during descent 

 Extendable landing gears legs 

 Reusable separation rings 

 Pneumatic pushing system, both to allow a controlled separation of the stages and 
ensure the reusability of the first stage for the next missions 

The operation would be as follows: as the rocket makes its journey to orbit, the first stage of 
the SLS would be detached thanks to the reusable separation rings and the pneumatic 
pushing system. The detached system would be controlled by the added thrusters to orient 
the element and control the speed during the descent, using the fuel from the extra tanks 
placed. Finally, the extendable gears would allow the landing of the stage in the site 
programmed for it. 

 

 

 



 

 
Image 1. Design of the reusable SLS proposal 

 

The Orion spaceship is the ship that will be in charge of transporting the astronauts from 
Earth to the lunar orbit, where it will be coupled with the Gateway space station. Currently, 
the Orion has an X-wing configuration of 7 m long solar wings. Each of them is made of 3 
solar panels, which provide 120 W for computers, experiments, and other hardware. The Solar 
Array orientation is controlled by the two-axis Solar Array Drive Mechanism (SADM). The 
proposal to improve the Orion spaceship is to study the increase of the number of solar 
panels in the wings in order to provide the system with more power. 

The last element to be analyzed is the CubeSats. The Space Launch System will also deploy 
thirteen CubeSats to perform experiments and technology demonstrations. The new 
proposal for the 1U (10 cm) CubeSats consists of a common base configuration for all of 
them, and an additional specific module containing the measurement subsystem that is the 
one specific and customized for each of the thirteen satellites. 

The shared module consists of a standard base configuration containing the basic 
subsystems for the satellites’ operation:  thermal control subsystem, attitude determination 
and control subsystem, communications subsystem, command and data handling 
subsystem and electric power subsystem.  

 



 

 

Image 2. Arrangement of the standard base module and a detailed list of components  

 

Basing the architecture of the CubeSats on a standard configuration common to all of them 
generates two main benefits. First, it allows commonality and interchangeability between the 
different parts and this leads to overall cost reduction of their design, manufacturing and 
testing processes. Secondly, it is possible to include additional functionality that is the 
integration of inter-satellite link technology between the 13 CubeSats in order to improve 
their Artificial Intelligence applied to the measurements they have to perform. Measurements 
from each satellite can be optimized according to the integrated data collected by the whole 
constellation. 

These inter-satellite links are established at very high frequencies (optical) so that the 
CubeSats can communicate with each other. Each CubeSat would communicate with the 
nearest one and form a mesh-shaped network in which the information makes different 
consecutive jumps between satellites to reach the final receiver. 

The specific module of each satellite is added to this base configuration and it contains the 
specific data collection equipment according to the assigned CubeSat mission. The specific 
measurement subsystem, therefore, contains the required sensors to carry out the following 
scientific missions, each of them corresponding to one of the CubeSats: 

1. Seek exposed water 

2. Encounter near-Earth asteroids 

3. Deep space radiation on living organisms 

4. Moon Surface spectroscopy and thermography 

5. Seek for lunar water ice 

6. Dynamic solar particles and magnetic fields 



 

7. Lunar polar hydrogen mapping 

8. The radiation environment in Earth plasmasphere 

9. Lander probe for the lunar radiation environment 

10. Image and monitor the Orion ICPS 

11. Viability of water electrolysis propulsion 

12. Long-distance communications demo 

13. Low-thrust trajectory control demo 

 

2.4 Innovation 

Objective 

It has been observed that the main problems they deal with in missions like Artemis, and 
specifically with phase 1, are focusing on the fight against time due to the proposed short 
term, and the large budget needed to carry out the mission. The fact about having little time 
to plan mission trips like Artemis, NASA's tight budget and technological limitations to carry 
out the mission with the conditions that arise, are the problems that have been observed. 
However, it has been identified that the origin/cause of most inconveniences may be due to 
the fact that the Rocket is not reusable. During the launch, most of the pieces take off from 
the rocket and discard in space and end up generating huge unnecessary costs for future 
missions 

Proposal 

The proposed solution focuses on using an already tested design (to not add delays) of a 
rocket that can be reusable (reducing costs). Thus, it is considered that the Space Launch 
System (SLS) should get closer to what Space X Falcon is, and thus be reused in the next 
Artemis missions, greatly reducing the costs of future Artemis missions. Taking into account 
the purpose of the mission, the use of lighter materials to reduce load weight and cost of the 
rocket, provided they do not compromise its performance, its durability, resistance and to not 
jeopardize the speed and safety of the rocket 

The use of technology that gives the station autonomy and intelligence could also facilitate 
the management tasks once the trip has been completed. 

Among the SpaceX models studied are: 

 Falcon 1: Partially reusable model. It has an approximate payload of 670 kg at low 
Earth orbit and approximately 430 kg at geosynchronous transfer orbit. \\ 

 Falcon 9: Reusable design. It has an approximate payload of 22,800 kg at low Earth 
orbit and approximately 8,300 kg at geosynchronous transfer orbit.Falcon Heavy: The 
Falcon Heavy is a variant of the Falcon 9 launcher and consists of a reinforced Falcon 
9 rocket core, with two other Falcon 9 cores as additional accelerator rockets. It has 
an approximate payload of 63,800 kg at low Earth orbit and approximately 26,700 kg 
at geosynchronous transfer orbit. 

 

 



 

 
Image 3: Falcon Heavy comparison with other rockets  

 

It should be noted that for the Artemis 1 mission to be successful it is necessary to carry a 
70 Tm load.  It is essential to mention that today any of the SpaceX Falcon 1, Falcon 9 or 
Falcon Heavy rockets meet this requirement. However, in 2017 the new SpaceX Big Rocket 
Falcon prototype was announced with an expected load capacity of 250 Tm, suggesting that 
the SpaceX company already has the necessary technology to further expand the rocket's 
load capacity. 

 

Proposal’s goal 

Given that the Artemis 1 mission is scheduled for launch in 2020, the deadlines for making 
modifications are virtually null, taking into account the legal and security restrictions of a 
space mission. 

The proposal is based on the use of reusable prototypes and this proposal involves 
establishing a commercial and collaborative relationship between NASA and SpaceX (the 
company used by this team to make a comparison). Although NASA has already shown its 
conviction in keeping ORION as the main launch proposal, the Innovation team considered 
this an interesting option to reduce the costs of a future mission. 

 

 

 

 

 

 

 

 



 

 
 

2.5 Environment 

For the last decades, scientists are proving more and more all the problems caused by not 
taking into account the environmental effects that anything may have, for example, the 
correlation between climate change and the emissions of CO2. This is why on Artemis I all 
possible environmental effects will be taken into account.  

WATER QUALITY 

There are several stages of the Program when the risk of water contamination must be 
analyzed. 

Reentry of the reusable stage. Jettisoned or reentered hardware will corrode and thus 
contribute various metal ions to the environment. Toxic concentrations of metal ions are not 
expected to be produced. 

Spillage of residual propellant in partial solution with seawater during the spent booster 
haul out operations. Some seawater may mix with or dissolve the unburnt propellant. Also, 
small quantities of fuels and lubricants may also be spilled. These oils and hydrocarbons 
are essentially immiscible with water and they may float on the surface. 

UNPLANNED EVENTS 

Unplanned events with possible undesirable environmental consequences can occur during 
construction, manufacture, test and operation actions. 



 

The significant consequence of a transportation mishap would be the release of the 
propellant of fluid to the environment in a location that is not controlled. The release of 
MMH or nitrogen tetroxide would create a toxic hazard through evaporation into the 
atmosphere. The spill of solid propellant ingredients can be easily controlled and 
decontaminated. 

Unplanned events during engine testing require consideration of fires, explosions and the 
inadvertent release of toxic materials. 

AIR EMISSIONS 

The environmental effects in the lower atmosphere (troposphere) are concerned principally 
with toxic substances released into the air. In the stratosphere, the major concern is with 
the ozone layer. In the ionosphere, changes in electron concentration are of interest. 

 Troposphere 
A ground cloud will be formed during launching, it consists of exhaust products from 
the solid rocket motor, liquid propulsion engines, steam from launch platform cooling 
and acoustic dumping water injection. Three environmental concerns are associated 
with the ground cloud: toxic substance, acidic rain, and inadvertent weather 
modification. 

 Stratosphere 
Solid Rocket Booster releases water, hydrogen chloride, chlorine, and aluminum oxide 
particles into the stratosphere and produces some nitric oxide in the hot plume. Only 
chlorine compounds do affect the ozone layer. 

 Ionosphere 
Exhaust products from the engines can react with ambient electrons and ions, thus 
reducing the concentration of these particles. This change has the potential for 
affecting forms of radio communication which interact with the ionosphere, such as 
short-wave broadcasting. This effect is very localized and temporary. Also, during 
Orion re-entry, some of the heated atmospheres will be converted to nitric oxide, which 
ionizes in ultraviolet sunlight 

 Moon 
The gravity in the Moon is very low and the atmosphere is inexistent. These two facts 
ensure that the exhaust gases produced in operations around the Moon will not 
pollute it. 
 

Then a matrix has been made in order to identify the critical factors:  

 
Table 3. Environment impact assay (EIA) proposed for the mission 



 

2.6 Risks 

Every single project involves risks, much more if it is such a complex one as a space mission, 
as the one here studied.  Therefore, in the following lines, an analysis of the main risks for 
the mission Artemis I will be outlined, trying to measure its impact and providing possible 
mitigations for them, as well as their impact on the budget. 

The nature of cited threats to the success of the mission is highly wide-ranging, going from 
delays in internal deliveries to problems that would end in the cancelation of the mission. 
Due to their complexity and variety, risks will be classified according to their impact on the 
future of the mission according to the following criterion: 

· Level 1: it if occurs, the mission will have to be canceled. 
· Level 2: this risk would impact one or two products. 
· Level 3: changes in features or timing. 

As it can be seen, the most dangerous risks to be faced would be those in Level 1, since their 
existence means the cancellation of the mission, so they must be avoided at all costs. The 
second more important risks are those of Level 2, having an impact few products, putting the 
risk in the security or integrity of the main vehicle. Finally, Level 3 ones are the softest and 
the easiest to solve, since they just compromise specific tests designed to be carried out 
during the mission or modify features or the timing of it. 

The main risks that have been found during the analysis of this mission are from very 
different nature, as stated before, and delays in internal deliveries, possible failures in 
revolutionary implementations such as the AI, dangers of FOD that can crash with the vehicle 
or possible postponements due to political changes will be analyzed. All these factors may 
compromise the future of the mission, reaching up to its cancellation if not dealt correctly, 
but also affect the safety of the vehicle or the development of important tests thought to be 
done in this period, so it is very important to take this into account and act accordingly. 

Once all of this has been stated, one is in a position to understand the risks outlined in the 
next Table, in which the main threatens of the mission are described, being categorized 
according to the previously explained levels, with proposed mitigation, and their estimated 
impact on the budget. 

 

LEVEL RISK MITIGATION BUDGET 

 

1 

Delays in components 
deliveries or safety issues in 
them, which could affect to 
the departure date, missing 
the available window and 
making the project to search 
for a different one after the 
year 2024 where there would 
be a political change in the 
white house in EEUU that 
could switch the objective or 
even cancel it. 

Early construction of the most 
critical components that could 
affect more to the departure date 
or even duplicity of the most 
critical ones (constructing them 
inside the Nasa or 
subcontracting). As a secondary 
mitigation prevision of the 
weather (EEUU is knowing for 
the sudden tornadoes) and 
studies of different ways and 
dates to delivery 

Thousands of 
millions of dollars 
(case where we 
duplicate the most 
critical 
components) or 
millions of dollars 
under the case we 
construct them 
ahead of schedule 
(extra work hours 
and storage) 



 

1 
Not accurate fuel sizing 
prediction 

Assure fuel criteria in the design 
stage 

$50,000 

2 
Space debris could damage 
systems during the approach 
of the rocket. 

Visual inspections and analysis 
of orbits trying to avoid those 
with the highest risk of collision 
with space debris. 

2000 $ (monthly 
salary of a trainee in 
NASA) 

2 
The collision of satellites of 
the constellation with the 
Moon. 

Deep analysis of timing and 
proper orbits to release the 
CubeSats in. 

4000 $ 

2 

Political changes in the EEUU 
government (November 3, 
2020) that could lead to 
reductions in budget cuts to 
the mission. 

Negotiation with the actual 
government for long-term 
contracts that ensure the 
viability of the missions. 

4000 $ 

2 
Solar panels deployment 
failure. 

Redundancy in all the systems. 
x2 the cost of the 
systems. 

2 

Birds or debris collisions 
during departure that could 
affect to the communications 
between the spacecraft and 
the base 

The duplicity of a 
communication system that 
could be brought out to work 
once the spacecraft is in orbit, 
and I general replaces and 
material for reparation the most 
critical system that could go 
down during the launch and that 
have components outside of the 
ship (birds debris heat...) 

Calculate the money 
that would 
represent the space 
and weight of those 
materials and 
gadgets 

2 Landing system failure 

Proper design and cooperation 
withthe  engineering team. 
Testing of landing systems in 
simulated environments with 
maximum possible similarity as 
of Moon. 

$1M 

2 Program launch delay 

Coordination with the other 
teams. Launch can be halted for 
various reasons. In any case, no 
take-off takes place without 
identifying the root cause. 
Depending upon the anomaly 
level,the  launch may or may not 
be called-off. Continuous 
monitoring is required during the 
whole pre-launch phase. 

 

$1M 



 

3 
Missing annual budget for 
construction of some parts or 
for the research etc. 

Work with the EEUU government 
and with different friendly 
countries of the EEUU for 
possible requirements of budget 
(trading with contracts for those 
countries to construct parts of 
the spacecraft or secondary 
elements required to the 
construction of the spacecraft 

Money required for 
meeting trips, etc. 

3 

The AI  implementation could 
be not accurate, since it has to 
be trained properly with data 
in order to give a remarkable 
performance, and the exposed 
idea is to use it in order to 
decide which tests will be 
done after the initial ones. 

Develop a very detailed set of 
tests before the mission,  and 
use the AI just as a tool that will 
help the team, not decide the 
test itself. 

0 $ 

3 
Losing the moon race to 
competitors like INDIA and 
China. 

This is huge risk and requires a 
strategic viewpoint from NASA 
and the US government. Any 
delays due to funds have to be 
avoided at every cost, however, 
that is only possible if NASA 
takes the US govt. in confidence 
that the necessity to be the first 
one is relevant. 

Participating with India in their 
recent Moon mission 
Chandrayaan 2 and upcoming 
ones, and collaborating with 
them for exchange of knowledge 
and resources would generate 
certain dependencies. With time, 
the dependencies of competitors 
on NASA has to be increased. 

Hence, this is not about 
competition only. It is about 
smart collaboration. 

$5M and a lot of 
humility 

Table 4. Risk matrix proposed for the mission 

 

2.7 Finance (based on NASA coins) 

Financial Year 2017 2018 2019 2020 Total 

Spacecraft (Orion) 
 
1.160.000,00 

 
1.013.384,39 

 
1.028.203,39 

 975.329,74  4.176.917,52 

Crew Module (CM)  294.667,00  273.333,00  268.000,00  264.000,00  1.100.000,00 

Service Module 
(SM) 

 278.000,00  263.667,00  260.000,00  249.333,00  1.051.000,00 



 

Launch Abort 
System 

 167.000,00  145.217,39  174.260,87  148.121,74  634.600,00 

Spacecraft Adapter  93.000,00  77.500,00  73.809,52  78.275,00  322.584,52 

Guidance & 
Navigation 

 315.000,00  246.667,00  245.133,00  228.600,00  1.035.400,00 

Instrumentation & 
Spacecraft Support 

 12.333,00  7.000,00  7.000,00  7.000,00  33.333,00 

CubeSats (x13)  216,67  218,83  221,02  223,23  879,75 

Structural 
Subsystem 

 19,50  19,70  19,89  20,09  79,18 

Attitude, 
Determination & 
Control Subsystem 

 13,00  13,13  13,26  13,39  52,79 

Propulsion 
Subsystem 

 15,17  15,32  15,47  15,63  61,58 

Electric Power 
Subsystem 

 13,00  13,13  13,26  13,39  52,79 

Thermal Control 
Subsystem 

 10,83  10,94  11,05  11,16  43,99 

Data Processing 
Subsystem 
(includes AI)  

 32,50  32,83  33,15  33,48  131,96 

Command & Data 
Handling 
Subsystem 

 19,50  19,70  19,89  20,09  79,18 

Specific Mission 
Measurement 
Subsystem 

 30,33  30,64  30,94  31,25  123,17 

General 
Communication 
Subsystem 

 45,50  45,96  46,41  46,88  184,75 

Intersatellite Link 
Subsystem 

 17,33  17,51  17,68  17,86  70,38 

Launch Vehicle 
(SLS Block 1) 

 
1.433.334,00 

 
1.291.867,00 

 
1.389.066,00 

 
1.510.333,00 

 5.624.600,00 

Reusable Structure 
System 

 501.666,90  452.153,45  486.173,10  528.616,55  1.968.610,00 

Reusable First + 
Separation Stage  

 372.666,84  335.885,42  361.157,16  392.686,58  1.462.396,00 

Second Stage (not 
reusable) 

 200.666,76  180.861,38  194.469,24  211.446,62  787.444,00 

Guidance System  215.000,10  193.780,05  208.359,90  226.549,95  843.690,00 



 

Payload System 
(not reusable) 

 143.333,40  129.186,70  138.906,60  151.033,30  562.460,00 

Support, 
Development & 
Operations 

 
3.300.467,00 

 
3.160.533,00 

 
3.021.867,00 

 
2.852.800,00 

 
12.335.667,00 

Mission Support 
 
1.187.000,00 

 
1.065.000,00 

 
1.079.000,00 

 
1.006.000,00 

 4.337.000,00 

Mission Operations  723.000,00  664.000,00  678.000,00  681.000,00  2.746.000,00 

Supporting 
Development 

 589.000,00  592.000,00  587.000,00  595.000,00  2.363.000,00 

Program 
Development 
Studies 

 426.000,00  485.000,00  432.000,00  444.000,00  1.787.000,00 

Other Costs  375.467,00  131.033,00  245.867,00  126.800,00  879.167,00 

Direct Costs 
 
5.894.017,67 

 
5.466.003,22 

 
5.439.357,42 

 
5.338.685,97 

 
22.138.064,28 

Facilities, Salaries & 
Overheads 

 
1.066.199,00 

 
1.106.564,00 

 
1.037.231,10 

 
1.055.112,30 

 4.265.106,40 

Infrastructure  204.333,00  272.133,00  187.133,00  193.400,00  856.999,00 

Administration  1.000,00  1.010,00  1.020,10  1.030,30  4.060,40 

Salaries  15.000,00  17.200,00  16.900,00  14.200,00  63.300,00 

Logistics  232.000,00  245.000,00  268.000,00  251.000,00  996.000,00 

Risk-related funds  117.466,00  114.267,00  105.000,00  112.667,00  449.400,00 

          Prevention 
Plans 

 23.493,20  22.853,40  21.000,00  22.533,40  89.880,00 

          Mitigation 
Plans 

 29.366,50  28.566,75  26.250,00  28.166,75  112.350,00 

          Occurred 
Risks 

 64.606,30  62.846,85  57.750,00  61.966,85  247.170,00 

Culture & Education  66.667,00  24.867,00  36.000,00  41.400,00  168.934,00 

Marketing  88,00  104,00  118,00  140,00  450,00 

Environmental 
Solutions 

 45,00  50,00  60,00  75,00  230,00 

Regulation  9.467,00  6.533,00  6.400,00  7.533,00  29.933,00 

R+D+i  302.667,00  311.133,00  311.600,00  321.000,00  1.246.400,00 

Indirect Costs 
 
2.132.398,00 

 
2.213.128,00 

 
2.074.462,20 

 
2.110.224,60 

 8.530.212,80 

Total Artemis 1 
 
8.026.415,67 

 
7.679.131,22 

 
7.513.819,62 

 
7.448.910,57 

 
30.668.277,08 

Table 5. Proposed budget for the mission 



 

 

In the Law & Finances Department, a budget has been created considering the main elements 
that are part of the Artemis 1 project within the Artemis program. These elements are the 
Orion Spaceship, the Space Launch System (SLS), the CubeSats and other costs related to 
the Support, Development, and Operations valued as direct costs for this mission. 
Furthermore, it has also been taken into consideration other indirect costs related to other 
non-explicit but necessary activities to make the project feasible and foster it. These 
activities are highly linked to the tasks of other departments such as Manufacturing 
(Logistics), Culture & Education, Environmental issues or Risks; being as coherent as 
possible with the organizational chart proposed by the Coordination Department and 
including some additional items which have impact on the budget, such as possible 
prevention plans to reduce the probability of some risks or defining a marketing strategy. 

All costs for Artemis 1 program are based on NASA's official budget for FY2018 & FY2019 
(NASA, 2019). This official budget has been adapted to the needs of the team so realistic 
estimations and extrapolations for FY2017 & FY 2020 have been made. In addition, the 
recently approved extra $1,6 billion to NASA’s $21 billion 2020 budget to return astronauts 
to the moon in 2024 has been considered (CBS News, 2019).  

To elaborate the budget, NASA´s previous missions to the moon (Apollo program) have also 
been kept in mind. Thus, Apollo budgetary data (Drier, 2019) has allowed it to compare not 
just the total program costs, but also figures as the yearly funding, the dedicated funds for 
every project within the Apollo program or the followed financial strategy at that time.  

Consequently, putting together the NASA budgetary constraints for FY from 2017 to 2020 
(NASA, 2019) and nature of the funds deducted from the figures of Apollo program (Drier, 
2019), a better understanding of current human spaceflight commitments could be 
obtained.  

On the other hand, supporting the idea of the Innovation Department, an economic analysis 
has been made to assess the idea of developing a reusable System Launch Vehicle similar 
to the Falcon Heavy instead of the non-reusable one which initially NASA thought of.  

The result of the analysis was that the development of the Falcon Heavy cost around 86 
times less than the standard non-reusable SLS and it has already performed several launches 
successfully (Berger, 2018). Nevertheless, with a maximum payload of only 64 tonnes, Falcon 
Heavy cannot carry the whole payload intended for Artemis 1 mission. Finally, the conclusion, 
agreed by both the Innovation and Law & Finances Department, was using the current SLS 
development proposed by the NASA but including on it reusable components for the rocket 
such as the Structure and the Propulsion System, what resulted in a saving of approximately 
40% the cost of the next SLS in future Artemis missions. 

Regarding the thirteen different CubeSats thought to perform experiments and technology 
demonstrations in the first Artemis mission, an estimation of an average mission dedicated 
to CubeSat unit of size 1U (10x10x10 cm) has been used for the development of this part of 
the budget. It has been used for an approximate average cost of $100.000 (66.667 NASA 
coins) per CubeSat plus the costs of the new proposed subsystems (Intersatellite 
Communications and IA modules). Moreover, a breakdown of the CubeSat subsystems has 
been done taking into account the critical and specific mission subsystems, as well as the 
new needed subsystems for the establishment of inter-satellite links and the onboard 
Artificial Intelligence (AI) processing. 



 

The Orion spaceship budget has been broken down in accordance with the prototype 
schematics of the different modules and systems the Orion spaceship is composed of 
delivered by the Engineer Department such as the Crew and the Service Module, along with 
the Launch Abort System and the SLS Spacecraft Adapter. 

Although it is not directly specified in the budget, drones, and robots, thought to make the 
first Moon contact to analyse and ensure the environment where humans will later walk on, 
are included in the Research, Development and Innovation (R+D+i) section budget since 
Artemis 1 mission is going to be an uncrewed flight test, similar to a proof of concept to 
demonstrate the capability to send crew spaceship to lunar orbit. Understanding uncrewed 
as neither humans nor drones nor robots going inside the first launch in 2020. 

In conclusion, from the year 2017 to the year 2020, when the mission is expected to be 
executed, the budget is distributed homogeneously during these four years. The average 
budget for each year has been estimated to be around 8 billions of NASA coins ($12 billions), 
which is a quantity that more or less matches with the request NASA budget for these years, 
although additional budget might be needed for Support, Development and Operations costs, 
which comprises the majority of the critical activities for the development of the critical new 
elements, if an acceleration of processes is needed to reach the 2020 deadline.  

Obviously, the results presented in the budget report are estimations considering what would 
have cost Apollo mission today along with the knowledge of each department on how the 
technology has evolved since them making some designs and developments quicker, lighter 
and cheaper. In addition, inconceivable new technologies, communication systems and 
software advances have appeared completely changing the space industry as it was fifty 
years ago.  

All these facts lead to a clear conclusion: the cost of returning to the Moon must be less 
expensive than fifty years ago no matter which technologies or missions want to be done 
there. The proposed budget shows this evidence. Artemis 1 mission will cost only 16% of 
what total Apollo mission been estimated that it will cost today. Assuming that the complete 
Artemis program will be composed of seven different missions and supposing that the first 
five missions will cost the same whereas the last three will reduce drastically its costs since 
its explorations nature, then it is expected that Artemis will cost 90% of Apollo (without 
considering the savings of reusable launchers). 

According to the expenses, since the Artemis program started, a different investment trend 
is being followed. Due to the Apollo space race, several high peaks of investment were done 
during the key years (1963-1969), whereas the Artemis program is expending a constant 
amount of NASA budget since its beginning: around 7,5 NASA Coins per year since 2012. 

A comparison between Artemis 1 estimated budget during 2017 to 2020 with NASA budget 
for those years and considering the NASA coin conversion as well as the recently approved 
extra $1,6 billion is presented as follows: 

 
 

2017 2018 2019 2020 Total 

NASA budget  13.005.333,33  13.824.000,00  14.333.333,33  16.146.000,00  57.308.666,66 

Artemis 1 budget  8.026.415,67  7.679.131,22  7.513.819,62  7.448.910,57  30.668.277,08 

Difference  4.978.917,66  6.144.868,78  6.819.513,71  8.697.089,43  26.640.389,58 

Table 6: Artemis 1 budget estimation and NASA available budget 2017-2020 comparison 



 

Here it can be observed the fact that the Artemis 1 mission would not need the whole year 
budget-saving up to 26 billion NASA Coins ($40 billion). The excess could be saved for the 
Artemis 1 mission as a financial buffer in case of more risks appears or if the acceleration of 
some processes is needed. Another possible option would be saving it for next Artemis 
missions or even for other NASA projects. 

 

2.8 Mision KANBAN and Culture & Education 

Since Artemis I is the first mission of the whole program, it is important to define the 
process of developing this mission, then, this methodology might be implemented for the 
upcoming Artemis missions. In order to have a good vision of the whole mission 
considering all the departments, Kanban is created to represent what each department has 
done, is doing and must do. 

Kanban is a visual system for managing work as it moves through a process. Kanban 
visualizes both the process (the workflow) and the actual work passing through that 
process. The goal of Kanban is to identify potential bottlenecks in the process and fix them 
so work can flow through it cost-effectively at optimal speed or throughput. 

In the next figure, Kanban is represented, showing the process that each department has 
followed to fulfill the tasks. 

 
Table 7. Kanban for Artemis I project 
 

Regarding Education, it is necessary to create a methodology that will be implemented in 
future missions.  In this case, the education system has been split into five fields: 

 New Technologies: To teach about how to create and develop new technologies to 
be applied for future missions. 

 Medicine and life: It is fundamental to investigate the possibility of emerging 
diseases due to lunar and space effects. 



 

 Foods and crops: The development of new food and new ways to create and 
cultivate it must be essential to fulfill the mission. 

 New jobs and tasks: Training of new professionals specialized in the lunar and 
space field. 

 Emotional intelligence: Necessity of teaching how people must live together and 
cooperate in order to create a new environment. 

 
 

Image 4: Scheme of the draft principles of Artemis 1 education plan 
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Los planes de misión ARTEMIS diseñados por los estudiantes de la FUE son el resultado de una iniciativa 
educativa mucho más amplia y con un gran reto fijado: Conseguir desarrollar una acción educativa capaz de 
encajar diferentes conocimientos científico-técnicos y sociales en torno a la colonización lunar como primera 
parada camino a Marte. Somos conscientes que, para tratar este tema de manera rigurosa, se requiere un alto 
nivel de especialización. Partiendo de esta premisa, con los planes de misión presentados aquí, los estudiantes 
comparten estas ideas con la ilusión de poder servir de inspiración a los partícipes reales del programa ARTEMIS 
(expertos, equipos, empresas etc.) Sabemos que queda trabajo por hacer... Si desde una visión de experto puede 
ayudarnos a alcanzar nuestro objetivo final, por favor, no dude en contarnos su opinión en 
academicteam@gaianext.com  

Puede contribuir a expandir este conocimiento liberado bajo licencia “Creative Commons Attribution” 
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