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Presenter Notes
Presentation Notes
Outstanding products and services are created by following program and project management processes.  Throughout my career I have participated in over 50 advanced military stealth aircraft and various space vehicles.  We use a process by which:
A mission(s) is created
Requirements are generated to ensure successful mission needs are met
Concepts are generated that meet the requirements
Filtering criteria are generated to down select a preferred concept to pursue and is defined as the baseline concept
A risk management assessment of the development of the concepts is generated and the appropriate technology development plan created
A risk mitigation plan is developed to reduce the probability of the risk manifesting or reducing the severity of the risk to the overall program
The program plan and risk mitigation plan are then executed to a successful conclusion or during development one of the alternative concepts is reassessed as being a better solution and becomes the new baseline

I am here today to suggest that the requirements that have been used for the ISEC open studies need to be updated for tethered assess to space concepts to provide the undisputed solution for settling space and providing the means of an affordable timely large scale human permanent presence in space

mailto:Steven.griggs@spacerailway.com


Outline

• Realities of Humans as Space Fairing Society
• Current Space Elevator Requirements & Design 
• Assessing current efforts with today’s rockets
• Suggested requirements for elevator community
• Seek new innovative concepts to meet requirements
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We will review the realities of massive human settlement in space and what the cost and timeline is using current solutions

We will rationally develop a new set of requirements to drastically reduce cost and make the settlement possible in under 15 years

We will highlight the inadequacy of rockets to provide a cost effective and timely solution

We will also suggest that the only real solution is a tethered assess to space systems that is designed built and deployed based on requirements far beyond current space elevator pursuits.



Space Faring Society Realities
Major Off-World and Down-Earth Transport Needs - Millions of kg (Mkg)

Off-World 
(Mkg)

Down-Earth 
(Mkg)

# Rockets 
Equivalent

Falcon Heavy

Rocket Cost
$ Billions

Time to 
Complete

(1 launch/wk)

Time to 
Complete

(5 launch/wk)
Moon Village 500 29,762 2,024 572 years 114 years
SpaceX Colony Mars 1,000 59,524 4,048 1144 years 228 years
Space Solar Power 5,000 187,000 11,594 3596 years 719 years
L-5 O’Neill Colony 10,500 392,700 24,304 7551 years 1510 years
Sun-Earth L-1 Sun Shade 20,000 748,000 46,376 14384 years 2876 years
Space Tourism TBD TBD TBD
GEO Manufacturing TBD TBD TBD
Asteroid 3554 Amun Mining 
Products

30,000,000 Unknown 
Vehicle

Other Asteroids and Space 
Products Returning to Earth

XXX,000,000 Unknown 
Vehicle

Current Total Marketspace 
Needs

37,000 X30,000,000 1,383,900 $85,758 26,613 years 5,322 years

Need something with higher payload capacity, reduced cycle times and low cost
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When assessing the projected personnel and cargo mass required for the five basic space settlement mission (first five on the list) that have been discussed for decades along with five missions of interest in more recent history we find that there are billions of kilograms requiring off-world delivery.  We also find that there can be trillions of kilograms of wealth that would be desired to return to earth (ex. asteroid mining) with no apparent safe way to return that much wealth through a reentry vehicle approach.
Falcon 9 Heavy was selected as the most current affordable solution to lifting mass off-world.  SpaceX Starship Heavy may one day be a more affordable solution but as of today it has not been a proven design with well documented lift capability and definitely not enough experience to determine what the recurring cost will be.  Hopefully that will be matured over the next several years.
Not taking into account rocket launch windows for various solar systems destinations and just assuming that so many launches can occur every week (the numbers used are very generous) then we can easily calculate that the rocket solutions for settling space will take hundreds to thousands of years and cost trillions of dollars.

There needs to be a much higher payload capability and much high launches per week to make human space settlement a reality.  There also needs to be a wealth bring back solution



14 Largest Heavy Lift Rockets

Ascending
Limited payload
Limited volume
Get there fast
Variable cost model
Reliable or catastrophic failure

Descending: Generally, one way, but
Very Limited payload
Very Limited volume
Get there fast
Reliable or catastrophic failure
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The rocket solution for heavy lift bound by rocket physics of a expendables based propulsion system and maximum exhaust gas temperatures.  Whatever goals SpaceX Starship Heavy can achieve will be it maximum for rocket propulsion for the foreseeable future.  Currently there appears to be reliability issues with using a large number of rocket in unison.



Current Space Elevator Approach:
Open Study Space Elevators

Previous Space Elevator Comparison with Rockets
Rockets First Space Elevator Future Space Elevator

Vibrations Multiple “g’s” Negligible Negligible

Launch Capacity LEO: 20 tons
GEO:5 tons

Moon, Mars: ??

13-14 tons Hundreds of Tons

Annual Capacity ---- 1500 Tons 30,000 tons/elevator
Envelop Restrictions Meters on a side none none

Cost LEO: $2k-$10k
GEO:$20k-$40k
Moon, Mars: ??

Operating: $100/lb Operating: $20/lb

Safety Issues Propellants, re-entry, 
launch environment

Ribbon breakage, 
climber malfunction

---

Presenter Notes
Presentation Notes
Space elevators have also been explored and should some promise with the resent invention of graphene sheet super materials that have high tensile strength to density rations far beyond steel and Kevlar.

However, the open studies facilitated by ISEC (International Space Elevator Consortium) have been using the same requirements for over 20 years.  There is some suggestions of providing higher payloads but all designs are still with the payloads identified over 20 years ago.  These payload may have been appropriate back then but current rocket performance exceeds their capability.



Settlement & Economy Mission 
Needs

• Higher payload capacity, 
• Reduced cycle times 
• Low cost
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Lower payloads and design solutions that use high power lasers of microwaves result in underperforming payloads with very high fixed sot and very high variable cost.  A high power laser usually operates for seconds.  This solution would require a continuous wave laser operating for 5 days straight.  This has never been attempted and the various power, cooling, optics, and elevator receivers do not appear to have pursued plausible designs.

However, a tether space access solution appears to be the only viable technical solution for large scale permanent human space assess.  The tethered space access solution has to be relevant for people to take it seriously and pursue its development.  That means creating the mission requirements, developing the relevant technologies and building and deploying the system.



Product Development Mantra:
Equal to or better than legacy
Ascending
• Payload
• Volume
• Speed
• Desired Altitude or Alternative Location
• Cost
• Reliability/finality
Descending
• Recoverability
• Down-Earth capability (payload/volume)
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From product development perspective where should a tethered solution focus?

The mantra has always been equal to or better than legacy.  Legacy from our perspective is both rockets and current approaches to space elevators.

Our primary focus should be on payload, cargo volume, and increased launches per day. 



Current Design Requirements vs Rockets
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Orbital Destination

Payload Capability of 14 Largest Heavy-Lift Rockets

Ariane 5 Space Shuttle
Ariane 6 Falcon 9
Energia Falcon Heavy
Long March 9 SLS Block 1
N1 SLS Block 2
Current Elev Suggested Elev

Falcon 9

Falcon 9 Heavy

Long March 9

LEO: Low Earth Orbit
GTO: Geostationary Transfer Orbit
TLI: Trans Lunar Injection
MTO: Mars Transfer Orbit

Current Elevator

New Elevator Min Payload
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Based on the 14 heavy lift rockets an available data combined with the current space elevator capability we see that the current space elevators are very underwhelming.  We also see that rockets quoting large payload (usually LEO based) have only 30% of that quoted payload capability if the destination is Mars or somewhere else in eth solar system.

Space elevators do not have similar performance degradation.  However, to be relevant the payload requirement and design solutions should be built on as minimum 60 tons versus the current 14 tons.  In addition, if SpaceX Starship Heavy is very successful they will probably be able to send 80 tons to Mars.  For space elevators to ensure dominance then I would suggest a minimum of 100 ton payload.  This over 700% higher than current space elevator capacity.



What About Volume
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We also need to recognize the need for volume.  Space elevators do not have aerodynamic and controllability concerns of rockets.  There should be consideration for a minimum volume requirement for a space elevator.   A natural starting point is 1600 m3.  However, since volume should not be a major limitation for a space elevator it is recommended that studies be conducted as to the cargo and personnel mixes that travel to Mars may entail.



Space Faring Society Possibilities
Major Off-World and Down-Earth Transport Needs - Millions of kg (Mkg) 100 mt Elevator

Off-World 
(Mkg)

Down-Earth 
(Mkg)

# Rockets
Falcon 
Heavy

Rocket Cost
$ Billions

Time to 
Complete

(1 L/wk)

Time to 
Complete

(5 L/wk)

Time to 
Complete
(1 L/day)

Time to 
Complete
(5 L/day)

Moon Village 500 29,762 2,024 572 years 114 years 13.7 years 2.74 years
SpaceX Colony Mars 1,000 59,524 4,048 1144 years 228 years 27.4 years 5.48 years
Space Solar Power 5,000 187,000 11,594 3596 years 719 years 137 years 27.4 years
L-5 O’Neill Colony 10,500 392,700 24,304 7551 years 1510 years 287.7 years 57.54 years
Sun-Earth L-1 Sun Shade 20,000 748,000 46,376 14384 years 2876 years 548 years 109.6 years
Space Tourism TBD TBD TBD
GEO Manufacturing TBD TBD TBD
Asteroid 3554 Amun Mining 
Products

30,000,000 Unknown 
Vehicle

Other Asteroids and Space 
Products Returning to Earth

XXX,000,000 Unknown 
Vehicle

Current Total Marketspace 
Needs

37,000 X30,000,000 1,383,900 $85,758 26,613 years 5,322 years 1013.7 years 202.74 years

Data suggests at least 100 mt payload with five launches a day
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Using the 100 ton space elevator and reasonable but larger number of launches per day we can see that tethered based systems can complete mission in a drastically reduce amount of time.  Most missions can be completed in under 10 years and more large scale settlements in under 50 versus the hundreds to thousand of years for a rocket based solution.

In addition, space elevators can also be used to bring back the wealth of the solar system since there are not the weight limits of reentry vehicles.



Tonnage vs Launch Cycles
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Traditional Mars Launch Windows 
are Two Months Every Two Years

Presenter Notes
Presentation Notes
We also need to recognize the need for volume.  Space elevators do not have aerodynamic and controllability concerns of rockets.  There should be consideration for a minimum volume requirement for a space elevator.   A natural starting point is 1600 m3.  However, since volume should not be a major limitation for a space elevator it is recommended that studies be conducted as to the cargo and personnel mixes that travel to Mars may entail.



Tonnage vs Launch Cycles
Multi-Mission Capability Suggests Beyond 100 MT Vehicles are Needed
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Suggested Trade Space for Multi-Mission Space 
Elevator to Manage Traditional Mars Launch Windows

Presenter Notes
Presentation Notes
We also need to recognize the need for volume.  Space elevators do not have aerodynamic and controllability concerns of rockets.  There should be consideration for a minimum volume requirement for a space elevator.   A natural starting point is 1600 m3.  However, since volume should not be a major limitation for a space elevator it is recommended that studies be conducted as to the cargo and personnel mixes that travel to Mars may entail.



Different Cost Structure
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Cost also has to be assessed.

Rockets, once developed, are a variable cost business model.  Tethered access to space systems require a high fixed cost tether that once deployed will require a little maintenance.  To be considered a low cost alternative the total mission cost has to be the focus verses a single launch cost.  The high fixed cost must be offset by a much lower variable cost when compared to rocket solutions.  High energy  lasers are not a low variable cost solution.  Alterative power sources have to be considered an developed for a tethered assess to space concept to be affordable.

One thing to mention is that low cost is a requirement and will drive a preferred concept we may find that the fact the tethered based system drastically reduce mission completion timelines so quickly that higher cost may be acceptable.



Current Open Design Parameters
Current Space Elevator Design Criteria

First Space Elevator Current Assessment
Theme • Unmatched Efficiency • Total system solution and cost for obtaining GEO & 

beyond.  Dead weight impact on lift capability.  
Elevator Type • Mechanically gripping tether • Wear and tear on tether

• Requires continual adjustment for variable 
thickness tether

Launch Capacity • 14-ton payload
• 20-ton vehicle Including cargo
• 7 vehicles on tether between Earth & GEO

• Far below current Falcon Heavy (29 tons) and 
Starship Super Heavy (XXX tons)

Speed • 150 km/hr near Earth
• 300 km/hr further out

• 120 hrs to reach GEO

Tether • Graphene based • Tensile strength to density ration is in the ballpark
• Material characterization of this type of application 

Power Source • Solar panels hanging down from elevator • Solar panel weight impact to payload
• Solar panel impacting tether

• Ground based lasers hitting targets on elevator • Total system continuous wave on target for 5+ days
• Seven independent laser systems
• Laser impact of tether due to tether movement—7 

vehicles practicality?
Timeframe • 2038 cargo only 

• 2053 people & cargo capable
• Delays human space settlement by 30 years

Presenter Notes
Presentation Notes
A review of the current space elevator open design requirements and design solutions should that it underperforms and probably cost more that rocket based solutions making it irrelevant.



Challenge to Space Elevator Community

• Are you using the right requirements to remain relevant
• Is your design approach the right one 
• What design solutions would you pursue based on suggested 

requirements
• What new technologies are missing 
• Does your technology suite have alternative uses
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I challenge the space elevator community to reassess the requirements that you are using for the open design space elevator concepts.

My experience also leads me to believe that when requires change as much as I have recommended that the design concepts and preferred technologies will probably also change.

With this much change what would you pursue, what technology is missing, and does that technology have alternative uses.



Feasible but Challenging

Space Railway Corporation’s preferred concept and 
technology development pursuits meet or exceed 
the new requirements identified in this briefing
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Space Railway tether access to space preferred concept and technology develop pursuits meet of exceed the new requirements identified in this briefing.

We are currently assessing what we will patent and what we will not.  I hope that once our funding is captured and patent activities are underway that I will be able to share more about what we are doing at the next ISDC.

Thank you.



Contact Info

Steven Griggs, PhD, MBA, MA

President Space Railway Corp
steven.griggs@spacerailway.com
405-338-8511

President First Place Business Solutions
griggs@firstplacebusiness.com
405-338-8511
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