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MISSION STATEMENT

“ The proposed concept of the platform shall 
enable scientific operations and local sorties 

for human and robotic exploration. The 
conducted scientific operations shall allow for 
the enhancement of our understanding of the 

evolution of the universe and in particular 
the Solar System. In-Situ Resource 

Utilization (ISRU) shall be integrated in the 
concept as much as possible.”
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WHY D.I.A.N.A?

● Long-term solution for a long-term goal

● Ambitious timeline 

● Innovative design enabling sophisticated 
capabilities for human and robotic 
exploration 
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OUTLINE 

MISSION PROFILE PROJECT ENVELOPE
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LUNAR BASE



OUTLINE 

MISSION PROFILE PROJECT ENVELOPE
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SPEAKER: 
ELENA LÓPEZ-CONTRERAS

GONZÁLEZ 

LUNAR BASE



IMPORTANCE OF THE MOON

● Further in-situ exploration needed to understand the Solar System

● Technology demonstrations for future missions to Mars and beyond

● Technology development to sustain life beyond Earth
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MISSION OBJECTIVES

OBJ-00: Settle a permanently inhabited platform on the lunar surface.
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MISSION OBJECTIVES

OBJ-00: Settle a permanently inhabited platform on the lunar surface.

OBJ-01: Enhance our understanding of the evolution of the universe and

in particular the Solar System.

OBJ-02: The platform shall enable exploration of the local lunar

environment.

OBJ-03: The mission shall demonstrate self-sustainable human presence

on other bodies.
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MISSION OBJECTIVES

OBJ-04: The platform shall become increasingly financially 

self-sustainable.

OBJ-05: The mission shall serve to help verify low-TRL technologies.

OBJ-06: The mission shall engage in international cooperation.

OBJ-07: The mission shall provide the opportunity for public-private +

partnerships.
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MISSION REQUIREMENTS 

MR-00: The mission operations shall start by 2030.

MR-01: The platform shall be operable for a minimum of 15 years.

MR-02: The platform shall sustain a minimum of four astronauts.

MR-03: The platform shall support a radio astronomy facility. 

MR-04: The mission shall enable direct human exploration of the lunar

environment.

MR-05: Autonomous robotics shall supplement lunar surface 

exploration. 20
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MISSION REQUIREMENTS 

MR-06: The platform shall provide landing and launching capabilities.

MR-07: The platform shall achieve TBD self-sustainability using ISRU.

MR-08: The platform shall provide continuous life support.

MR-09: The platform shall integrate measures that promote astronaut

psychology.

MR-10: The platform shall continually increase in financial 
self-sustainability.
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MISSION ANALYSIS & PROPULSION
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PHASE 1 PHASE 2a PHASE 2b

MA - CARGO TRANSPORT
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MA - CARGO TRANSPORT

28

PHASE 1

Earth to LEO

Falcon 9 Heavy 

mPL = 63,800 kg

PHASE 2a

LEO to Lunar Gateway

Bi-Elliptic Transfer - 109 days / mPL = 16,851 kg

PHASE 2b

LEO to Moon Base (Descent to surface)

Bi-Elliptic Transfer - 109 days / mPL = 6,994 kg
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PHASE 1 PHASE 2 PHASE 3

MA - CREW TRANSPORT



MA - CREW TRANSPORT
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PHASE 1

PHASE 2

PHASE 3
Earth to LEO

Falcon Heavy 

mPL = 63,800 kg

LEO to Lunar Gateway

Direct Transfer in 5 
days with modified 

Crew Dragon

mPL = 14,954 kg

Lunar Gateway to Base

Transfer to lower LLO
Descent with Lunar 

Lander

mPL ≃ 9,000 kg
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PHASE 4 PHASE 5

MA - CREW TRANSPORT
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PHASE 4

PHASE 5Base to Lunar Gateway

Ascent with Lunar Lander

mPL ≃ 3,000 kg

Lunar Gateway to Earth

Direct Transfer back to Earth (with 
refuelled capsule)

mPL-LEO = 15,259 kg

MA - CREW TRANSPORT



MA - LAUNCHES REQUIRED

Station

34

Supplies

1/year

Crew - 4 
astronauts Landers Wine cellar

4/Crew 2 
(1 redundant)

1
144 launches

+ 
3-24 launches/year 
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Transport to Lunar Surface 
and start

34

MA - CREW TRANSPORT VEHICLES

CREW DRAGON LUNAR LANDER

Transport to the Lunar 
Gateway and back to Earth

Chemical Propulsion with 
LH2/LOX Thruster

Chemical Propulsion with 
CH4/LOX Thruster

(Refuel LOX on Lunar 
Surface)
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MA - TRANSPORT VEHICLE THRUSTERS

CREW DRAGON/ CARGO 
VEHICLE 

LUNAR LANDER 

RL-10

LH2/LOX
Thrust: 110 kN
Mass: 301 kg

Isp: 465 s

Raptor (modified)

CH4/LOX
Thrust: 90.5 kN
Mass: 300 kg

Isp: 378 s
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MA - D.I.A.N.A. BAT DIAGRAM
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MA - DELTA-V BUDGET



38



39



40



41



OUTLINE 

MISSION PROFILE LUNAR BASE PROJECT ENVELOPE
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SPEAKERS: 
ALMA KUGIC

LEON TEICHRÖB



OVERVIEW OF SUBSYSTEMS
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ARCHITECTURE AND INNER DESIGN
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https://docs.google.com/file/d/1lPACzCty_LfdVez0ME0RpNmwy6uJLTv-/preview
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STRUCTURES
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STRUCTURES

Habitation 33,777

Communication 189

External modules 16,941

ECLSS 6,584

Radiation 47,723

Robotics 63,752

Science 4,391

TCS 8,250

EPS 45,395

Summary 227,003 kg

Station Mass Budget 

in [kg]
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ELECTRICAL POWER SYSTEM 
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ELECTRICAL POWER SYSTEM 

54 kW

D
Daytime
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ELECTRICAL POWER SYSTEM 

30 kW

Night Time
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ELECTRICAL POWER SYSTEM 

ECLSS 32,841

External Modules 
(ISRU) 10,000

Science 7,200

Communications 1,250

Robotics 375

Summary 51,666 W

System Power Consumption Budget in [W]
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Interior remains insensitive 
to external environment

THERMAL CONTROL SYSTEM

TCS must be able to dissipate at least 60 kW of heat

Regolith Insulating
properties

Coldest internal
temperatures 20°C

 Only 2% of needed heat dissipation
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THERMAL CONTROL SYSTEM

Internal environment temperature will 
sustain its uniformity with cold plates in 
each module transporting the heat of the 
equipment

Dual phase water loop connecting 
the cold plates to a central heat 
exchange bus

Secondary dual phase ammonia 
loop connects the heat exchange 
bus to heat pipe radiators

Radiators are covered with 
Optical Solar Reflective tiles so 
that even at their EoL 
conditions, they sustain their 
radiative capacity
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COMMUNICATIONS
Satellites constellation
Comms: Ka-band, optical link, 
X-band

Comms
X-band: 9,3 - 9,8 GHz
Ka-band: 29,1 - 30 GHz
Data rate: 621 Mbps

Earth
GS: ESTRACK
Comms: Ka-band

Radio Telescope
Comms: Optical fiber

Data generation

TTC 1 Mbits

Manned mission support 40 Mbits

Scientific data 580 Mbits

Gateway
Comms: S-band, Ka-band, optical link

Moon-Base
Comms: Ka-band, X-band 
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COMMUNICATIONS
GROUND STATIONS LINK BUDGET

ESTRACK network
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Attitude & Orbit Control System (AOCS)

The lander module attitude and orbit controls are controlled by a system consisting 

of sensors, actuators and software. 

The selected sensors and actuators:

● Star trackers 

● Sun sensors 

● GPS receiver 

● Reaction wheels 

● Thrusters (22 N) 
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ROBOTICS & EVA

Tasks

Science

Lunar Base 
Construction

Human 
Assistance for 
EVAs

Spacesuits
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ROBOTICS & EVA
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RADIATION

● EVA => SPE => about 20 min 
time => HDPE Blankets 
/Pressurized Car/ EVA suit

● Secondary Approaches: 
○ Pharmaceutical
○ Infrastructural Approaches 
○ Mission Scheduling
○ Crew Selection (Gender 

and Age)
○ Monitoring (Active & 

Passive Dosimeter)

● Shielding by Mass: ISRU: Overall Base shielding 
Regolith 200g/cm2

● Safe Haven: Regolith 150g/cm2 and Polyethylene 
30g/cm2 outer surface + Polyethylene Floor 20g/cm2 
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ECLSS

Water 
Recovery 
Systems

Advanced 
Closed Loop 

System

Photobioreactor

End of 2029

Physico-Chemical 
LSS

TRL 9
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ECLSS

Water 
Recovery 
Systems

Advanced 
Closed Loop 

System

Photobioreactor Greenhouse

End of 2029 2030 2035

ISRU
(O2, H2O)

Physico-Chemical 
LSS

TRL 9 TRL 7 TRL 4
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ECLSS

Water 
Recovery 
Systems

Advanced 
Closed Loop 

System

Photobioreactor Greenhouse
MELiSSA 
concept

End of 2029 2030 2035

ISRU
(O2, H2O)

Physico-Chemical 
LSS

2037

TRL 9 TRL 7 TRL 4 TRL 5
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ECLSS

Water 
Recovery 
Systems

Advanced 
Closed Loop 

System

Photobioreactor Greenhouse
MELiSSA 
concept

End of 2029 2030 2035

ISRU
(O2, H2O)

2045

Further 
development 
& expansion

Physico-Chemical 
LSS

2037

TRL 9 TRL 7 TRL 4 TRL 5

Decreasing 
reliance on 

supply

Increasing 
self-sustainability
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HUMAN FACTORS

Key Principles: sustainability, variation, adaptability
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HUMAN 
FACTORS
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HUMAN FACTORS



80

RADIO ASTRONOMY 

Scientific Drivers for Radio Observations

● red-shifted spectral lines
→ research on evolution of the universe

● planetary & solar radio emission
→ learn about magnetic fields, ionospheres, ...
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RADIO ASTRONOMY 

Scientific Drivers for Radio Observations

● red-shifted spectral lines
→ research on evolution of the universe

● planetary & solar radio emission
→ learn about magnetic fields, ionospheres, ...

Scientific Drivers to go to the Moon

● astronomical radio signals are very faint
→ far side of moon = low noise environment

● radio signals have long wavelengths
→  lots of space for large apertures or baselines

Implementation

● Very Long Baseline Interferometry 
→ high resolution, with 500 km baseline 
already better than ALMA on earth

● Phased Array Antennas
→ autonomous deployment by unfolding
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RADIO ASTRONOMY 

Laser Optical Communication
- science data transfer

Laser Time-of-Flight Measurement
- distance between antennas

Very Long Baseline Interferometry 
with Super Computer at Base

easily expandable

modular design

encourages international collaboration



OUTLINE 

MISSION PROFILE PROJECT ENVELOPE
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SPEAKER: 
TIM LUKAS KIRSCH

LUNAR BASE
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RISK MANAGEMENT



86

RISK MANAGEMENT



87

RISK MANAGEMENT



88

RISK MANAGEMENT
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RISK MANAGEMENT
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COST BREAKDOWN ESTIMATION
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COST BREAKDOWN ESTIMATION
Uncertainties introduced

Monte-Carlo-Simulation
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COST BREAKDOWN ESTIMATION

Starting in 2033:

One week on the moon

590M€
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590M€
COST BREAKDOWN ESTIMATION
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590M€
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OUTREACH STRATEGY - PARTNERS
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OUTREACH STRATEGY - SOCIAL MEDIA!
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SUMMARY

A significant step for humankind towards the settlement of celestial 
bodies beyond the Earth
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SUMMARY

A significant step for humankind towards the settlement of celestial 
bodies beyond the Earth

An international effort that extends the boundaries of current 
space technology

A strategic resource outpost to support the Lunar Gateway and 
future endeavours
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SPECIAL THANKS!

To the organizers, lecturers 
and experts, as well as 
everyone involved in this 
workshop for this fabulous 
learning opportunity and for 
all the new knowledge, 
techniques and friendships 
we’ve gained along the way.   



BACKUP SLIDES

111



112

ELECTRICAL POWER SYSTEM 
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PROPULSION - Trade Off - Crew Trajectory
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PROPULSION - Trade Off - Cargo Trajectory
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PROPULSION - Trade Off - Capsule
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PROPULSION - Launcher

Cargo

Crew
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AOCS - Trade Off
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EDL

Cargo

Crew
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ROBOTICS & EVA
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ROBOTICS & EVA
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ROBOTICS & EVA

3D Printing concept: 
Contour Crafting Robot 
+ REG-X
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ROBOTICS & EVA
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ROBOTICS & EVA
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ROBOTICS & EVA



126

ROBOTICS & EVA

Facts
- TRLs
- Science Payload
- Height / reach of ATHLETE 2nd gen: 15,5 m / payload mass: 14,5 t

Assumptions
- Power Systems: RTG, Sec. Batteries, Solar Arrays, Fuel Cells
- Nozzle width of 3D printing extruder: 28 mm
- Extruder velocity: 0,6 m/s
- Velocity of rovers: 1-5 m/s
- Temperatures to be covered
- Assumptions on regolith

Calculations include 30 % margin
- Duration for 3D printing of habitat: ~6 months
- Mass of regolith needed: ~ 800 t
- Mass of regolith excavatable/transportable within 2 yrs for 10 REG-X: 1200 t
- Max. coverable distance for rovers



127

ROBOTICS & EVA
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RADIATION

- Daily Limit: 8,5 mSv/d
- 30-Day Limit: 250 mSv
- Annual Dose: 500 mSv
- Career Limit: 1-4 Sv (Age and Gender 

Specific)
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ECLSS

plasma pyrolysis production PPAPhotobioreactor (PBR)
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ECLSS

● LSS essential and life critical

-> Water Recovery System (WRS) and Advanced Closed Loop System: both TRL 9

● Improving the recycling process regarding resource efficiency with a tested system

-> Greenhouse: TRL 7

● Further development of a concept to close the resource circly even more

-> MELiSSA project: TRL 5 in development but already partly tested
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ECLSS
Greenhouse

● different atmospheric conditions than for 
humans

● higher CO2 partial pressure
● lower O2 partial pressure
● special light and temperature
● special mask needed for humans to in there 

and work on the plants (maintenance?)
● high complexity of the system
● high efficiency

Closed GreenhouseOpen Greenhouse
● the same atmospheric conditions as for 

humans
● psychological advantage of have time 

next to plants (also strawberries maybe 
and greenery/colors)

● not as efficient as the closed concept

● humidity/water vapor->clean water
● food production
● psychological aspect (plants, colors, "zen 

garden")
● CO2 removal
● O2 production
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ECLSS
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RADIO ASTRONOMY 

Phased Array Antennas: computer-controlled antenna array →  can be electronically 
steered to point in different directions without moving the antennas 
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RADIO ASTRONOMY 

Mission Development: 
● starting with 3 - 6 PAA sites, from there every year up to 8 additional sites → gradual 

increase of sensitivity & baseline distances, therefore resolution
● As soon as there’s enough crew capacity, astronomers can join and work from the 

station directly

Possible survey topics for the telescope:
● investigation of the 21cm HI line in a radio noise free environment
● investigation of the red-shifted 21cm HI line for re-ionization period research
● investigation of the solar system planets radio emission
● investigation of the suns radio emission

Performance Estimations for a 500 km Baseline
● 110 - 4 GHz: 43 - 38 mas
● 1.4 GHz: 110 mas
● 200 - 1 MHz: 0.8 arcsec - 115 arcsec

For comparison: human eye has 40 arcsec resolution
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RISK MATRIX
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Cost per System
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OUTREACH STRATEGY - EDUCATION!

Draw the D.I.A.N.A 
moon base!

Science to the 
Moon!

Design a lunar 
module!


