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The whole paradigm of designing and then building a larger and larger rocket to satisfy DeltaV 

and payload mass requirement is wrong. It needs to be abandoned. Since 2008, I have been also 

describing the criticality of using reusable first and second stages (Opening up Space: 

https://www.baltimoresun.com/opinion/op-ed/bs-ed-space-transportation-20120624-story.html)   

and (Around Space Show 112 Reusable Space Access Ajay Kothari: 

https://www.youtube.com/watch?v=kugCydFy0z8&ab_channel=ASEI-NCC) which is taking 

root now through SpaceX, RocketLab, Blue Origin and others including now China, This 

reusability brings other large positive, which is being able to tailor the mission for the DeltaV 

and size requirements with three degrees of freedom available i.e. number of flights, number of 

upper stages refueled or just docked together – all using approximately the same rockets. When 

the sizes become too big, such as USS Enterprise, we will cross that bridge when we come to it 

in another century. For the foreseeable future, for next several decades, we need to change the 

paradigm.   

 

Building a railroad line that connected the United States coast-to-coast was advocated in 1832 

when Dr. Hartwell Carver published an article in the New York Courier & Enquirer advocating 

building a transcontinental railroad from Lake Michigan to Oregon. In 1847 he submitted to the 

U.S. Congress a "Proposal for a Charter to Build a Railroad from Lake Michigan to the Pacific 

Ocean", seeking a congressional charter to support his idea. The First Transcontinental Railroad 

was soon built in 1863-69 in three sections, somewhat south of Carver’s proposal, from Omaha, 

NE to Oakland, CA. Exactly one hundred years later and almost in same length of time, we built 

the pathway to Moon with Apollo! Now, coincidently exactly fifty years later, the time now has 

come for us to build this railroad for Moon, Mars and space access. It can be done. It is ready to 

be executed. 

 

This method was described earlier here. Principally it calls for launch of one of the commercially 

available reusable first stage rocket systems, the expendable upper stage to reach LEO first, 

remain in orbit for a few days, append that with another launch, the second upper stage docks 

with the first in orbit, do this multiple times if needed, get to the Moon and use the tanks for 

habitats there. The question answered here is can we possibly get to a large enough propellant 

fraction to land on Moon or Mars?  This particular work identifies a spectrum of possibilities, 

from Moon to Mars, from payload of 2500 lbs to 114,000 lbs on Lunar surface, using the same 

virtual railroad.  

 

Falcon Heavy has flown successfully now four out of four times, with two side cores coming 

back to land at KSC.  Soyuz has docked with ISS using fast-track – within two orbits - without 

using human intervention. The method proposed earlier for Moon viz. refueling or mating the 

upper stages (US) in orbit which would be 5-10 times cheaper than SLS, starts to build the 

virtual railroad. Moon DeltaV requires 3-4 flights; Mars would require 5-6. Additional flights 

would very much fit the definition of this “railroad” or “roadway” as extensions thereof. Once 

we have perfected the Moon transport solution, technologies for slightly longer stay in orbit, 

additional mating and much longer transport time for Mars would be developed.  

 

  

https://www.baltimoresun.com/opinion/op-ed/bs-ed-space-transportation-20120624-story.html
https://www.baltimoresun.com/opinion/op-ed/bs-ed-space-transportation-20120624-story.html
https://www.youtube.com/watch?v=kugCydFy0z8
https://www.youtube.com/watch?v=kugCydFy0z8&ab_channel=ASEI-NCC
http://www.thespacereview.com/article/3374/1


Delta V Subway Diagram (in m/s) 

 

The DeltaV’s given below are for different sections.  
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Where: 

DeltaV = Vexhaust * Ln (M0/Mf) 

Vexhaust = Flow velocity at nozzle exit  

M0 = Initial mass 

Mf = Final mass  
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Railroad – Propellant Fractions Required 
 

These DeltaV’s though need to be converted into Propellant Fraction required which was done using 

SpaceSIDE © code of Astrox. They are of course different for different engines used for the upper stage 

and/or the fuel used in them. The models for these engines are built in SpaceSIDE and confirmed with the 

ISPs (Specific Impulse in ses) ascertained.  

 

 
 

While RP (Rocket Propellant) is the densest (805 kg/m3) of the three fuels considered, its ISP 

with LOX (Liquid Oxygen) is lowest. While LH2 (Liquid Hydrogen) is the least dense (68 

kg/m3), its ISP is the highest. However, long term storage of LH2 for Mars flights or for 

TransEarthInjection from Moon or Mars back to Earth is problematic. Methane seems to be a 

good compromise at density of 423 kg/m3 and higher ISP than RP/LOX. Additionally INSITU 

synthesis of CH4 (Methane) on Mars is possible though at later times. For all these reasons, 

Methane is the fuel chosen for most of the analysis done here. Methane which is a softcryo can 

be kept cold as needed by putting “tank inside tank” as Starship intends to do. It is not a show-

stopper. 

 
 

Falcon 9 Upper Stage Designed in SpaceSIDE

To facilitate the computations, Falcon 9 Upper 

Stage was designed in SpaceSIDE, flown and 

weighed with and without the fairings.

Semitransparent and Mesh Views

Falcon 9 Stage 2 with Fairing and Payload Falcon 9 Stage 2 without Payload (and fairing). Only Nosecap is needed



 
 

 

  

SpaceX Falcon Heavy – Docking Option

Payload Capacity to 28.5 deg LEO for Side Boosters 

doing RTLS and Core expended = 54,400 kg
Payload

• Stage 2 of Flight 1 (with 20 t payload, 34.4 t propellant and 4.5 t dry weight) 

is in parking orbit

• It is partially empty of fuel now with total weight of ~ 58.9 t (54.4+4.5)

• It is docked with ~54.4 t propellant (payload weight which is not included 

any more) at a time with each subsequent Falcon Heavy flight

• Trans Lunar Injection requires 3260 m/s =~ 10,700 f/s DeltaV or PF of ~.61 

for RP1/LOX engine

• TWO additional flights with three upper stages docked in LEO would 

produce PF= 0.81 which is enough for TLI plus LLO (DeltaV = 680 m/s = 

2230 f/s) plus Moon landing (DeltaV=1730 m/s=5676 f/s)

• 6 (or 4) tanks are then used as habitats (if one of the US is kept in LLO) 

Three Flights of Falcon Heavy (F9H) w RP/LOX US

Prop Fraction (PF) Required 0.810

Upper Stage RP/LOX

tonnes Actual Prop

Payload Capacity 54.4 20 34.4000

Dry Weight 4.5 # Mated

# flights 3 3

Gross in LEO Propellant PF

Refueled 167.7 143.2 0.8539

Partial Mated 176.7 143.2 0.8104

Mated 176.7 143.2 0.8104

SpaceX Falcon Heavy – Refueling Option

Payload Capacity to 28.5 deg LEO for Side Boosters 

doing RTLS and Core expended = 54,400 kg
Payload

• Stage 2 of Flight 1 (with 27 t payload, 27.4 t propellant and 4.5 t dry weight) 

is in parking orbit

• It is partially empty of fuel now with total weight of ~ 58.9 t (54.4+4.5)

• It is refilled at ~54.4 t propellant (payload weight which is not included any 

more) at a time with each subsequent Falcon Heavy flight

• Trans Lunar Injection requires 3260 m/s =~ 10,700 f/s DeltaV or PF of ~.61 

for RP1/LOX engine

• TWO additional flights with two upper stages refueling the first one in LEO 

would produce PF= 0.81 which is enough for TLI plus LLO (DeltaV = 680 

m/s = 2230 f/s) plus Moon landing (DeltaV=1730 m/s=5676 f/s)

• ONLY 2 tanks are then used as habitats  

Three Flights of Falcon Heavy (F9H) w RP/LOX US

Prop Fraction (PF) Required 0.810

Upper Stage RP/LOX

tonnes Actual Prop

Payload Capacity 54.4 27 27.4000

Dry Weight 4.5 # Mated

# flights 3 1

Gross in LEO Propellant PF

Refueled 167.7 136.2 0.8122

Partial Mated 167.7 136.2 0.8122

Mated 176.7 136.2 0.7708



Essentials of the Proposal 

 

The essential strategy is this as shown below, with the caveat that there would be enough 

flexibility exercised at any point to accommodate better ideas and exorcise the failed ones. Use 

of Falcon vehicle of SpaceX is also used as an option. New Glenn of Blue Origin and XSP of 

Boeing/DARPA would also be worthy competitors: 

1. Do a proof of concept first using the currently existing Falcon 9 with RP/LOX upper 

stage with 2500 lb payload and 4 tanks landing on Moon (cost $2-300 Million, less than a 

year) 

2. If and when Raptor (LOX/Methane) engine is available, replace the upper stage with it 

3. Continue to do soft-cryo refueling tests in orbit (NASA) 

4. Develop smaller versions of BE-4 (of Blue Origin) or SSME (Space Shuttle Main 

Engine) for vacuum (NASA) 

5. Take ~15,000 lb payload and 2 tanks or ~7500 lbs payload and 4 tanks to Moon surface 

or do both (cost ~$3-400 million for either) 

6. Move now on to Falcon Heavy or New Glenn. With multiple flights (4), we should be 

able to take ~75,000 to ~90,000 to Lunar surface (cost ~$600 million, in 2-3 years) 

7. While Lunar reach is in full swing, do the same procedure as above to do 

TransMarsInjection albeit with ~18,000 payload (within 3-4 years).  

8. Continue to expand the railroad by going to up to 6 flights and increase in payload to 

Moon and Mars (cost ~$800 million and $1 billion, in 4-5 years).  

9. Continue to look at going to other planets and/or planetary satellites using the same 

method 

Railroad to Moon - Many Exits 

 



  

0.810 0.810

Upper Stage RP/LOX Upper Stage RP/LOX

tonnes Actual Prop tonnes Actual Prop

Payload Capacity 22.8 1.14 21.6600 Payload Capacity 22.8 5 17.8000

Dry Weight 4.5 # Mated Dry Weight 4.5 # Mated

# flights 2 2 # flights 2 1

Gross in LEO Propellant PF Gross in LEO Propellant PF

Refueled 50.1 44.46 0.8874 Refueled 50.1 40.6 0.8104

Partial Mated 54.6 44.46 0.8143 Partial Mated 50.1 40.6 0.8104

Mated 54.6 44.46 0.8143 Mated 54.6 40.6 0.7436

0.779 0.779

Upper Stage CH4/LOX Upper Stage CH4/LOX

tonnes Actual Prop tonnes Actual Prop

Payload Capacity 22.8 3.42 19.3800 Payload Capacity 22.8 6.55 16.2500

Dry Weight 4.5 # Mated Dry Weight 4.5 # Mated

# flights 2 2 # flights 2 1

Gross in LEO Propellant PF Gross in LEO Propellant PF

Refueled 50.1 42.18 0.8419 Refueled 50.1 39.05 0.7794

Partial Mated 54.6 42.18 0.7725 Partial Mated 50.1 39.05 0.7794

Mated 54.6 42.18 0.7725 Mated 54.6 39.05 0.7152

0.779 0.779

Upper Stage CH4/LOX Upper Stage CH4/LOX

tonnes Actual Prop tonnes Actual Prop

Payload Capacity 54.4 35.36 19.0400 Payload Capacity 54.4 40.8 13.6000

Dry Weight 4.5 # Mated Dry Weight 4.5 # Mated

# flights 4 4 # flights 4 2

Gross in LEO Propellant PF Gross in LEO Propellant PF

Refueled 222.1 182.24 0.8205 Refueled 222.1 176.8 0.7960

Partial Mated 235.6 182.24 0.7735 Partial Mated 226.6 176.8 0.7802

Mated 235.6 182.24 0.7735 Mated 235.6 176.8 0.7504

0.779 0.712

Upper Stage CH4/LOX Upper Stage LH2/LOX

tonnes Actual Prop tonnes Actual Prop

Payload Capacity 54.4 51.68 2.7200 Payload Capacity 51.66 51.66 0.0000

Dry Weight 4.5 # Mated Dry Weight 4.5 # Mated

# flights 5 3 # flights 4 2

Gross in LEO Propellant PF Gross in LEO Propellant PF

Refueled 276.5 220.32 0.7968 Refueled 211.14 154.98 0.7340

Partial Mated 285.5 220.32 0.7717 Partial Mated 215.64 154.98 0.7187

Mated 294.5 220.32 0.7481 Mated 224.64 154.98 0.6899

Step 1: Prop Fraction (PF) Required Prop Fraction (PF) Required

Prop Fraction (PF) Required Prop Fraction (PF) Required

Step 5: Falcon Heavy (F9H) w Methane/LOX US Step 6: Falcon Heavy (F9H) w Methane/LOX US

Step 7: Falcon Heavy (F9H) w Methane/LOX US Step 8: Falcon Heavy (F9H) with LH2/LOX US  

Proof of Concept with Falcon 9

Methane/LOX Upper Stage

Falcon Heavy with Methane/LOX Upper Stage

Large Payloads

Step 1: Falcon-9 w RP/LOX US Step 2: Falcon-9 w RP/LOX US

Step 3: Falcon-9 w Methane/LOX US Step 4: Falcon-9 w Methane/LOX US

Prop Fraction (PF) Required Prop Fraction (PF) Required

Prop Fraction (PF) Required Prop Fraction (PF) Required



Railroad to Moon – Proof of Concept – Steps 1 & 2 - RP/LOX Upper Stage 

 

1. This would be done first. 

2. This can begin tomorrow. We can place 5-11 thousand lb payload on the Moon in less 

than one year. 

3. First use Falcon 9 with RP/LOX Upper Stage (US) that has the potential to put 22.8 t in 

LEO – but have payload of only 1.14 t which would allow additional 21.66 t of propellant 

in the initial US in orbit 

4. One subsequent flight (1-5 days later) will have no payload and hence 22.8 t of extra 

propellant  

5. TLI+Intercept+landing on Moon requires 18606 ft/sec of DeltaV which translates to 

Propellant Fraction for RP/LOX of ~0.81 (previous table) 

6. Thus we will be able to take 1.14 t payload plus 4 tanks to Moon surface for proof of 

concept for mating in orbit, reigniting the engines and landing 

7. Later, if and when NASA has developed soft-cryo (LOX) refueling technology in orbit, 

we can also just refuel the initial US and take only that to the Moon in which case the 

payload increases to 5 t. Thus we will be able to take 5 t payload plus 2 tanks to Moon 

surface for proof of concept for refueling in orbit, reigniting the engines and landing. 

However this would not be attempted first. 

 

Railroad to Moon – Proof of Concept – Steps 3 & 4 - CH4/LOX US 

 

1. Methane/LOX has 12-15 secs higher ISP than RP/LOX. So if the Methane engine (e.g. 

BE-4) becomes available, the US can be powered by a smaller version of it instead.  

2. First use Falcon 9 with Methane/LOX Upper Stage that has the potential to put 22.8 t in 

LEO – but have payload of only 3.42 t which would allow additional 19.38 t of propellant 

in the initial US in orbit 

3. One subsequent flight (1-5 days later) will have no payload and hence 22.8 t of propellant 

extra 

4. TLI+Intercept+landing on Moon requires 18606 ft/sec of DeltaV which translates to 

Propellant Fraction for Methane/LOX of ~0.779 

5. Thus we will be able to take 3.42 t payload plus 4 tanks to Moon surface for proof of 

concept for mating in orbit, reigniting the engines and landing 

6. Later, if and when NASA has developed soft-cryo (Methane and LOX) refueling 

technology in orbit, we can also just refuel the initial US and take only that to the Moon 

in which case the payload increases to 6.55 t. Thus we will be able to take 6.55 t payload 

plus 2 tanks to Moon surface for proof of concept for refueling in orbit, reigniting the 

engines and landing. However this would not be attempted soon. 

  

Railroad to Moon – First Sojourn - Steps 5 & 6  

 

With Falcon Heavy as booster, we have a large variation in multiple permutations available with 

three degrees of freedom viz. payload size, number of flights and the number mated in orbit. This 

allows us to reach different possible solutions depending on need and cost. Methane/LOX for US 

is used for all the options below as it is more efficient than RP/LOX and is also more storable 

than LH2/LOX. It should be reiterated here that the refueling options shown below are a function 

of NASA developing that in-orbit technology for soft-cryo fuels and later for hard-cryo fuel such 

as LH2.  

 



Railroad to Moon – Step 7 & 8 - The Optimum Solution for Cost per Pound to Lunar 

Surface 

 

Five flights of Falcon Heavy with 3 US being refueled and 2 discarded, allows us to take almost 

51.68 t (~114, 000 lbs) to the Moon surface. Two of the three US are taken to land on the surface 

with one continuing in LLO (Low Lunar Orbit), which can be used for coming back to Earth if 

made reentry capable. If and when the LH2/LOX becomes available, we can also take almost the 

same payload to Lunar surface with four flights of Falcon Heavy instead of the five needed for 

Methane option for the upper stage. 

 

This option is available today, without the need for Starship or SLS. Accounting for 5 flights of 

Falcon Heavy at the quoted rate of $93 million each, we can deliver 51.68 t payload plus 4 tanks 

(habitats) at Lunar surface. This is ~$3500 per pound to Moon. Granted there will be other costs 

related to payload and incidentals, so even if we were to double it, it is considerably cheaper than 

SLS. And it can be started right away. Even going to Mars can be initiated in a few years using 

the same “railroad”. 

 

 
 

The next question is: Can this solution, or its derivative, be extended to further expand the 

railroad to Mars – even if it may mean reduction in payload? The answer seems to be yes and 

appears very promising by being the cheapest option and also being on the path of the “Railroad 

to Moon and Mars”. 

 



Railroad to Mars – Sixpack to Mars 

 

Extending the same “Railroad” idea, 6 flights of Falcon Heavy (hence the phrase “Sixpack for 

Mars”) with 3 US being refueled and 3 discarded, allows us to take almost 16.32 t (~36,000 lbs) 

to Mars surface. Two of the three US are taken to land on the surface with one continuing in 

LMO (Low Mars Orbit), which can be used for coming back to Earth.  

What Can New Glenn of Blue Origin Do?

New Glenn Upper Stage Built in SpaceSIDE

• New Glenn upper stage was built in SpaceSIDE © of Astrox

• No weights –Dry, GTOW or Subsystems – are available from Blue Origin for the 

Upper Stage (or the Booster stage)

• Only Payloads to LEO (45 t) and GTO are available

• Based on these, an attempt was made to replicate the payload numbers using 

SpaceSIDE’s component based subsystem equations to build the Upper Stage

• BE-3U rocket was also designed in SpaceSIDE for the Expander Cycle used which 

yielded ISP of 463.5 sec

• LH2 density of 68 kg/m3 and LOX of 1153 kg/m3 was used

• The US was flown from staging to 250 km altitude at 51.6 deg inclination (New 

Glenn PUG says >200 km altitude) for LEO

New Glenn Upper Stage



 
 

 
  

New Glenn Upper Stage Built in SpaceSIDE

From New 

Glenn Payload 

User’s Guide

BE-3U built in 

SpaceSIDE

SpaceSIDE Simulated US

Railroad to Moon – with New Glenn

3 flights 3 mated – smaller payload

With New Glenn as booster, we have multiple permutations available with three 

degrees of freedom viz. payload size, number of flights and the number mated in 

orbit. This allows us to reach different possible solutions depending on need and 

cost. BE-3U (with LH2/LOX) for US is used for all the options below

5 flights 3 mated – Much larger payload

New Glenn with LH2/LOX US to Moon Surface New Glenn with LH2/LOX US to Moon Surface 

Prop Fraction (PF) Required 0.714 Prop Fraction (PF) Required 0.714

Upper Stage LH2/LOX Upper Stage LH2/LOX

tonnes Actual Prop tonnes Actual Prop

Payload 

Capacity 45 16 29.0000

Payload 

Capacity 45 42 3.0000

Dry Weight 10.5 # Mated Dry Weight 10.5 # Mated

# flights 3 3 # flights 5 3

Gross in LEO

Propellan

t PF

Gross in 

LEO Propellant PF

Refueled 145.5 119 0.8179 Refueled 235.5 183 0.7771

Partial Mated 166.5 119 0.7147 Partial Mated 256.5 183 0.7135

Mated 166.5 119 0.7147 Mated 277.5 183 0.6595



 
 

Falcon Heavy (F9H) w Methane/LOX US 

Prop Fraction (PF) Required 0.922 

  Upper 
Stage 

CH4/LOX   

  tonnes Actual Prop 

Payload Capacity 54.4 16.32 38.0800 

Dry Weight 4.5   # Mated 

# flights 6   3 

        

  Gross in 
LEO 

Propellant PF 

Refueled 330.9 310.08 0.9371 

Partial Mated 339.9 310.08 0.9123 

Mated 353.4 310.08 0.8774 

 

Smaller payload with smaller number of flights: 

4 flights of Falcon Heavy with 2 US being refueled and 2 discarded, allows us to take almost 

8.16 t (~18,000 lbs) to Mars surface. 1 of the 2 US is taken to land on the surface with one 

continuing in LMO, which can be used for coming back to Earth. 

 
Falcon Heavy (F9H) w Methane/LOX US 

Prop Fraction (PF) Required 0.922 

  Upper 
Stage 

CH4/LOX   

  tonnes Actual Prop 

Payload Capacity 54.4 8.16 46.2400 

Dry Weight 4.5   # Mated 

# flights 4   2 

        

  Gross 
in LEO 

Propellant PF 

Refueled 222.1 209.44 0.9430 

Partial Mated 226.6 209.44 0.9243 

Mated 235.6 209.44 0.8890 

 

 

Railroad to Mars – with LH2 US 

 

Other possibilities/permutations 

 

What About Railroad to Mars? 

Sixpack to Mars with Falcon Heavy

Extending the same “Railroad” idea, 6 flights of Falcon Heavy with 3 US being 

refueled and 3 discarded, allows us to take almost 16.32 t (~36,000 lbs) to Mars 

surface. 2 of the 3 US are taken to land on the surface with one continuing in LMO, 

which can be used for coming back to Earth. 

Falcon Heavy (F9H) w Methane US PF Reqd

Upper Stage CH4/LOX

tonnes Actual Prop

Payload 54.4 16.32 38.0800

Dry Weight 4.5 # Mated

# flights 6 3

Gross in LEO Propellant PF

Refueled 330.9 310.08 0.9371

Partial Mated 339.9 310.08 0.9123 0.922

Mated 353.4 310.08 0.8774



On the other hand, if cooling LH2 during the trip to Mars can be efficiently attained without 

much boiloff (possibly using solar electric refrigeration), then the payload is substantially 

increased to 54,000 lb to Mars surface. Again 3 US are discarded after refueling the other 3 in 

orbit. These 3 are ignited for TransMartianInjection (TMI), intercepted and landed. Deep throttle 

engine will be needed for intercept and landing or only one of the 3 will be lit. Again, one may 

remain in orbit for coming back to Earth.  

 
Falcon Heavy (F9H) with LH2/LOX US   

Prop Fraction (PF) Required 0.878 

  Upper Stage LH2/LOX   

  tonnes Actual Prop 

Payload 
Capacity 

49.2 24.6 24.6000 

Dry Weight 4.5   # Mated 

# flights 6   3 

        

  Gross in 
LEO 

Propellant PF 

Refueled 299.7 270.6 0.9029 

Partial Mated 308.7 270.6 0.8766 

Mated 322.2 270.6 0.8399 

 

Empty Propellant Tanks as “Homes” on Moon (cartoon picture to scale) 

 

 
 

  



Lunar Colony 

 

All tanks will be covered with Lunar soil (as shown) – Courtesy ESA 

 

 
 

 

Bigelow Habitat 

 

Bigelow habitats can be placed inside the tanks – Courtesy Bigelow Aerospace 

 

 
  



The Railroad to Everywhere in Solar System 

 

• Coincidently, exactly one century after building the First Transcontinental Railroad in 6 

years, we built Saturn V as the railroad to the Moon in almost the same time. Coincidently 

again, now exactly half a century later, it is time to build another railroad to Moon, Mars and 

other planets/satellites. It can also be done in almost the same time span.  

•  “Railroad” to Moon and Mars is indeed possible if we can cleverly take advantage of 

reusability of the first stage(s) as proposed here 

• Upper stage docking (using docking collar or adapter) has been done since 1966. Berthing 

type of docking has been done numerous times at ISS with the Canadarm. Refueling has been 

done by Soyuz to ISS. We will need to perfect them though.  

• The second stages are also effectively reused as their tanks become homes (we may not have 

any use for the engines though). So we can attain the reusability of the upper stage without 

having to increase its dry weight if they were completely reusable. (Reusable second stage 

increases the first stage weight by almost a factor of 2.1 also). Thus we can have the best of 

both worlds with this concept. 

• The initial tests for proof of concept can be done in one year with Falcon 9 as is. We can 

place ~2500 lbs on Lunar surface. Later we could move to Methane US as such rockets 

become available such as smaller versions of Raptor for SpaceX BFR upper stage and Blue 

Origin’s BE-4. The recent announcement of water-ice on Moon gives a strong incentive to 

industry to prospect for it. 

• Falcon Heavy and New Glenn will avail us almost a continuous spectrum of permutations of 

payload, number of flights and number of US mated (even up to payload of 114,000 lbs to 

Moon). This is the Railroad. 

• There is really no exigent need for BFR or SLS for cargo - though they can be used for 

human transportation when available. Falcon 9, Falcon Heavy, New Glenn, and any other 

reusable first stage systems that may be developed can be used starting now for cargo 

transportation using this method, with several smoothly varying permutations at out finger 

tips, depending on the need at the time. 

• SLS Block 2 can place 95-130 t in LEO at the cost of $1.5-2.5 billion par flight as estimated. 

Using this method, the optimum solution shown above can place 285 t in LEO at the cost of 

~$6-800 Million. This makes it about 7.23 times cheaper per pound to LEO, taking the 

average of the above numbers..   

• Since in-orbit (LEO) stay is anywhere from a few days to ~2 weeks, propellant loss that was 

a problem for the concept of “fuel depot”, is not an issue. 

• This is also a gradual way that allows us more freedom, baby steps and still large payloads, 

even larger than SLS. 

• This means that WHILE we are building Lunar colonies, we can at the same time be sending 

spacecraft to Mars. We do not have to wait for either BFR or SLS before heading to Mars. It 

can be done at the cost of ~$1 Billion for Mars. 

• It does not have to be a one-or-the-other type solution (Moon or Mars) 

• The same method, once enough confidence is attained in logistics, can be extended to many 

other destinations within the Solar System – manned or unmanned 

• Lastly: This is somewhat of a revolutionary idea. The negatives are that it introduces 

additional maneuvers than if we went with SLS and BFR but they are manageable as 

described above. The advantage is that vulnerability that comes with huge rockets such as 

SLS and BFR is reduced, and the development of them is not crucial to start our sojourns.  

• A virtual Trans-planetary Railroad/Highway thus can be built by America for humankind.  

 


