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• Based about 80-85% on HLS Starship & Other SpaceX proven tech (cost savings)
• LEO -> Lunar Surface -> LEO Operations with 100% (1200 t) LEO fill up

• Transfer crews in LEO to and from Earth Surface using Crew Dragon and potentially Starliner and/or 
Dream Chaser

• No need for SLS/Orion/Gateway (although it is compliant, so this could be a stand in HLS Starship)

• VLS is highly reusable
• Some non-reuse in F9/CD (F9 second stage and CD trunk)
• 2 4 T Cargo Pods left on moon surface

• Allows for a 47-50 t dry mass vehicle with 10 t crew and cargo
• Can be used as LEO Space Station / Hotel when not on lunar missions (extra revenue)

• Can free fly away from OTV in LEO as well 

• OTV by itself can be used for other mission types, such as large satellite placement into 
GEO (extra revenue)

$150M per person for 1 month of LEO -> Lunar Adventure?
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• Must haves (all needed for the SpaceX HLS Starship concept as well)
• Super Heavy + Expendable Starship can lift 120 t reliability to LEO
• Super Heavy is somewhat reusable
• LEO refueling is at least 95% efficient
• Fuel boil off is less than 5% per month
• ---> about $1B recurring per complete mission (but no SLS/Orion/Gateway needed)

• Cost reducers
• 10x+ Super Heavy reuse (Making that cost less than $15M per mission)
• Some Starship reuse (Making that cost drop to about $5M with 10x reuse)
•  ---> about $300M recurring per complete mission 
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NRHO: Near Rectilinear Halo Orbit

The NRHO is a highly inclined orbit around the moon and is 
considered to be in cislunar space. Cislunar is Latin for "on this 
side of the moon" and generally refers to the volume between 
Earth and the moon. Cislunar space includes LEO, Medium Earth 
Orbit, GEO, as well as other orbits, such as Low Lunar Orbit and 
NRHO, the intended orbit for the Gateway.

The NRHO is a seven-day cycle, taking the Gateway as close as 
approximately 1,600 km (1,000 miles) and as far away as about 
68,260 km (42,415 miles) from the lunar surface. Consequently, 
roughly every seven days, the lunar lander can depart the 
Gateway to travel to the lunar surface. Because the Gateway can 
sit in this halo orbit, almost like it’s held in place by the gravity of 
Earth and the moon, it requires little energy for stationkeeping 
or to maneuver into other cislunar orbits. The orbit is called a 
"halo" orbit because the tracked orbit looks like a halo around 
the moon.

REF: https://blog.maxar.com/space-infrastructure/2019/what-is-cislunar-space-and-a-near-rectilinear-halo-orbit

REF: https://www.nasa.gov/sites/default/files/atoms/files/20191030-nac-heoc-smith-v3_tagged.pdf
Graphic modified to replace Gateway and SLS with Lunar Vestal elements

THUS:
DV From LEO <-> NRHO = 3,650 m/s each way

DV From NRHO <-> Surface = 2,750 m/s each way

LEO

NRHO to LEO
DV=3,650 m/s
total

LEO to LOI : DV=3,200 m/s

To NRHO



Needs lot of detailing, expansion 
and design estimation

<-- We are assuming that same fuel fill as HLS 
Starship as a direct comparison.  But you can 
add up around 150 T to the Lander in LEO as 

well if needed.
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DV Assumptions (you may have 
different ones)

High estimate, potentially 5-10 T 
might be traded to Lander



The SpaceX VacRaptor Engine F = ma ->a = F/m
F = Thrust = 1,810,000 N = 1,810,000 (kg*m/s^2)
a = 1,810,000 (kg*m/s^2) /mass of fueled vehicle (kg)  = X m/s^2

using 1 engine 
or 2 at 50% 

thrust

Single or Double Raptor Engine ops should fall within 3 g limits

Lunar Lander 
masses at different 

mission phases
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So, 4-8 SuperDracos with 2 T hydrazine between them 
can conduct lunar ops under 100 m from the surface.  
Hopefully there will be a small MethLox engine that 

can work to simplify the fuel mix.
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• I could not get over how much unused mass is going from NRHO to the Lunar 
surface and back to NRHO with the current SpaceX HLS Starship proposal

• Thus HLS seems more top heavy than needed (potentially unstable on surface)
• Thus the crew access to the surface seems much higher than needed
• Thus the crew cabin and cargo mass is limited
• Thus HLS Starship can’t be reused without some non-LEO refueling
• Given that the current plan is only LEO refuel, the HLS Starship for HLS Demo-1 will be left 

in a near-NRHO parking orbit and a new one will be used for Demo-2 (not a good reuse 
story)

• I have been trying to imagine a Starship sized LEO->Lunar Surface->LEO story 
• Let’s use a proven F9/CD and then add  manned element for the rest of the mission
• Yes, cutting out the $3-4B per mission of the SLS/Orion/Gateway/HLS plan is needed to 

make a sustainable lunar presence economically possible 
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OTV Dock 
Additional Detail

<- Deployed 9m solar panels

<- Mirror film sunshade
     between panels

<- radiator(s)

LOX feed ->

<- Liquid Methane feed

<- Lunar lander dock

<- Lunar lander dock

<- Fuel transfer thrusters

Astronaut size ref ->

9m supports ->

CD
 si

ze
 re

f -
>

Actively cooled main tanks ->

3 vacRaptors ->

Note: this was older design, so it is 
close but not exactly the same
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Vestal Lunar 
LEO and Lunar 

tourism concept

Sponsored by
WidgetBlender.com

A call for quick reviews and ideas
Non-technical ideas welcome


