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Discussion Today
• The future dreams and visions of so many 

around the world are expecting massive 
movement of cargo to support 
development.  Mr. Musk, Mr. Bezos, Dr. 
Glaser, Dr. O’Neill, and the NSS

• Strengths of both approaches
• Dual Space Access applied to Space Solar 

Power
• Summary
• Questions 



Strategy - Dual Space 
Access Architecture
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Rocket Strengths: (1) Operational today with future 
growth,  (2) rockets reach multiple orbits, and (3) rapid 
movement through the radiation belts

Space Elevator Strengths: As permanent 
infrastructure they lead to daily, routine, 
environmentally friendly, and inexpensive departures 
towards mission destinations

Combination of delivery approaches: Will greatly 
enhance the missions of the future.  Maturing customer 
demand for huge masses to support important missions 
will make the value of space elevators obvious.  

Dual Space Access: Minimizing 
the Rocket Equation Limitations

Image by Amelia Stanton
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Discussion Today
• The future dreams and visions of so many around the world 

are expecting massive movement of cargo to support 
development.  Mr. Musk, Mr. Bezos, Dr. Glaser, Dr. O’Neill, 
and the NSS

• Strengths of both approaches
• Dual Space Access applied to Space Solar Power
• Summary
• Questions 

Strategic Approach
Rockets to initiate Dreams of Many; while, Space 
Elevators move massive cargo as the Green Road 
to Space enabling these Dreams and Visions. 



Accelerate American Space 
Leadership, Starting with Visions

• Millions of people living and 
working in space – Mr. Bezos 
(build the road to space) 

• Making Humanity 
Multiplanetary – Mr. Musk

• First woman and next man on 
the Moon - NASA 

• Living and working in thriving 
communities beyond Earth –
NSS  

• Stop Global Warming – Dr. John 
Mankins

New Space Elevator Vision:
Space Elevators are the Green Road to 

Space while they enable humanity's 
most important missions by moving 

massive tonnage to GEO and beyond.
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Part III 

Critical Challenges 

 

 
 



SpaceX Systems 
Approach to Mars
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National Space
Society Vision

• NSS Vision: “People living and working in thriving 
communities beyond the Earth, and the use of the vast 
resources of space for the dramatic betterment of 
humanity.” 

• NSS Mission: “to promote social, economic, technological, 
and political change in order to expand civilization beyond 
Earth, to settle space and to use the resulting resources to 
build a hopeful and prosperous future for humanity.”

As the NSS merged from the National Space Institute
and the L-5 Society, the vision is historic.
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https://space.nss.org/nss-statement-of-philosophy/
https://space.nss.org/nss-statement-of-philosophy/


O’Neill’s Vision
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High-Frontier, Human Colonies in Space
Gerard K. O’Neill book in 1976 – Rotating Cylinders

His paper finally appeared in the September 1974 issue of Physics Today. In it, he argued that building space 
colonies would solve several important problems: It is important to realize the enormous power of the space-
colonization technique. If we begin to use it soon enough, and if we employ it wisely, at least five of the most 
serious problems now facing the world can be solved without recourse to repression: 
1. bringing every human being up to a living standard now enjoyed only by the most fortunate; 
2. protecting the biosphere from damage caused by transportation and industrial pollution; 
3. finding high quality living space for a world population that is doubling every 35 years;
4. finding clean, practical energy sources; 
5. preventing overload of Earth's heat balance.

10,500,000 tonnes to L-5, 
for several million people

Images by NASA and Rick Guidice

https://en.wikipedia.org/wiki/Physics_Today


Mars Colony

• I think there are really two fundamental paths. History is going to 
bifurcate along two directions. One path is we stay on Earth forever, 
and then there will be some eventual extinction event. I do not 
have an immediate doomsday prophecy, but eventually, history 
suggests, there will be some doomsday event. The alternative is to 
become a space-faring civilization and a multi-planetary species…* 

• Mr. Musk stated that he needs 1,000,000 Metric Tons of support for 
his Colony.**  

*Musk, Elon, "Making Humans a 
multi-Planetary Species," New 
Space, Vol 5, No 2. 
**Musk, Elon., Quotation from 
CBS's Sunday Morning Show, 21 
July 2019. 
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Lunar Village
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Estimate:
500,000 tonnes
To surface



Glaser’s Vision 
Space Solar Power

• “Space solar power can 
solve our energy and 
greenhouse gas emissions 
problems. Not just help, not 
just take a step in the right 
direction, but solve.”

• Promise: Eliminate 100’s 
(1,000’s?) of Coal Burning 
Plants by providing 12% of 
2060 Earth’s population.

• “I need 5,000,000 tonnes.”*

 

 

Part III 

Critical Challenges 

 

 
 

Mankins, John, The Case for Space Solar Power, 
Virginia Edition Publishing Co. Dec 2013.
*Private conversation with Dr. Peter Swan Oct 2019
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Each Alpha Mark IIA is 9,800 tonnes (to GEO)
For output of 2 Gwatt continuous



Key Question

I heard Dr O’Neal once say that our population in 
space could exceed that of Earth’s. Do you believe 
that is possible?
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What do you envision for Earth’s 
future in space?

SpaceX Images from web

Image by NASA 
and Rick Guidice



Growth of 
Delivery Missions

• Traditional Geosynchronous Orbit Missions
• More and better traditional Satellites as access becomes easier and 

cheaper
– Weather, communications, governmental missions
– There are over 400 active GEO satellites (October 2018)
– As the cost and simplicity of operations goes way down, this number will 

escalate.

• Revolutionary Geosynchronous Orbit Missions
• New missions will be supported

– Refueling and repair of ailing satellites
– Construction of new systems larger than a single payload

• In a tether climber or rocket fairings

– New enterprises not even thought of during the first three decades of this 
century.  
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Growth of 
Delivery Missions

• Revolutionary Geosynchronous Orbit Missions
• There will be huge growth when people realize the opportunities

– Space Solar Power transmitting electrical power to Earth at low prices

• Lunar and Interplanetary Missions
– Reference missions: Equipment and facilities to Moon Village and Mars Colony

• Robotic missions to anywhere in the solar system
• Missions to Lagrange-point colonies
• Robotic missions beyond the solar system

167/24/2021



Customer 
Demand Pull
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International Space Elevator Consortium               ISEC Position Paper # 2021-1 
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Table 1.1:  Explanation of Demand Pull from Customers [Swan 2014] 

 

In addition to a general summary, two missions stand out currently as 
needing Space Elevator's as their only realizable solution.  They are Space 
Solar Power and Colonies off planet.  These first few customer demands 
have been highlighted as they are current "big visions," each with large 
needs for delivery to space.  

Table 1.2, Tonnage to Deliver 

Vision Tonnage Required (tonnes to destination) 
Space Solar Power   5,000,000 tonnes to GEO [Mankins 2019] 
Mars Colony   1,000,000 tonnes to Mars surface [Musk 2019] 
L-5 Colony 11,000,000 tonnes to Earth Moon L-5 [O'Neill 1974] 
 

2.3.1 Essential Support to Greening of the Earth - An Example, Space Solar 
Power: We all understand what that term means in today's pandemic world. I 
do not want to do anything but thank the "front line" participants of our war 
on COVID-19. But I see the space elevator players of today as especially 
critical at this time. We have an opportunity to make a difference while two 
forcing functions are in play:   

1. Humanity is moving off-planet 
2. The Space Elevator community has recognized that it can avoid the 

rocket equation AND assist in the "greening" of our planet.  

International Space Elevator Consortium               ISEC Position Paper # 2020-2  
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support	 the	 satisfaction	 of	 system	 level	 requirements	 in	 preparation	 of	 design	
activities.	
	
In	2014,	the	International	Academy	of	Astronautics	published	a	study	report	entitled,	
"Space	 Elevators:	 An	 Assessment	 of	 the	 Technological	 Feasibility	 and	 the	 Way	
Forward."17		The	next	chart	shows	the	diversity	and	demands	from	future	missions,	as	
seen	by	those	47	academicians.		This	six-year	old	listing	has	some	intriguing	missions	
and	their	demands	for	Space	Elevator	delivery	of	cargo	to	various	destinations.		It	is	a	
starting	 point	 for	 discussions	 about	 loading.	 	 The	 numbers	 show	 the	movement	 of	
metric	tonnes	per	year	for	each	projected	mission.	
	

Table	3.1,	Projected	Demand	(metric	tonnes	per	year)	

 
	
3.1.2	Demand	for	Logistics	Support:	 The	demand	for	logistics	support	had	not	
been	separated	from	human	deployment	to	the	Moon	and	Mars.		This	single	approach	
(rockets	only)	in	launch	support	drives	the	reliability	of	every	vehicle	to	human	
rating.		When	discussing	humans	to	space	(to	the	ISS,	to	the	Moon,	to	Mars	or	a	free	
floating	colony)	the	reader	must	recognize	the	need	for	tremendous	amount	of	
support	cargo	delivered	to	their	destinations.		The	concept	of	a	Moon	Village	is	
remarkable	and	it	is	encouraging	that	people	are	working	towards	that.		An	important	
question	that	must	be	answered	early	in	the	planning	process	is	how	much	do	we	
have	to	bring	from	Earth	to	house,	feed,	oxygenate,	and	entertain	humans.		One	
question	still	to	be	addressed	is	what	are	the	demands	to	support	people	on	the	Moon	
and	Mars.		If	done	by	rockets,	the	inefficiencies	would	dominate	the	numbers.		When	
Apollo	went	to	the	Moon,	they	landed	the	lunar	lander	(and	ascent	vehicle)	on	the	
surface	as	only	0.5%	of	total	mass	of	the	Saturn	V	on	the	pad	at	liftoff.		Today,	modern	
																																																								
17	Swan,	P.,	Raitt,	Swan,	Penny,	Knapman.	International	Academy	of	Astronautics	Study	Report,	Space	Elevators:	
An	Assessment	of	the	Technological	Feasibility	and	the	Way	Forward,	Virginia	Edition	Publishing	Company,	
Science	Deck	(2013)	ISBN-13:	978-2917761311	
	

	

 
Demand in Metric Tons      
 2031 2035 2040 2045 
     
Space Solar Power 40,000 70,000 100,000 130,000 
Nuclear Materials Disposal 12,000 18,000 24,000 30,000 
Asteroid Mining 1,000 2,000 3,000 5,000 
Interplanetary Flights 100 200 300 350 
Innovative Missions to GEO 347 365 389 400 
Colonization of Solar System 50 200 1,000 5,000 
Marketing & Advertising 15 30 50 100 
Sun Shades at L-1 5,000 10,000 5,000 3,000 
Current GEO satellites + LEOs 347 365 389 400 
Total Metric Tons per Year 58,859 101,160 134,128 174,250 

Table 13-V. Projected Demand [MT/yr] 

	

IAA Report 2013



Reference Missions:
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• Space Solar Power – 5,000,000 tonnes to 
GEO for 12% of Global Electrical need***

• Moon Village – 500,000 MT* - European 
“togetherness” towards a Moon Village 
suggests a massive support effort required.

• SpaceX Colony – 1,000,000 MT** – Mr. 
Musk has stated that he needs that amount 
of mission support on Mars.  

• L-5 O’Neill Colony – 10,500,000 tonnes

*   Estimate in Study Report “Space Elevators are the
Transportation Story of the 21st Century
** Elon Musk, 21 July 2019, CBS Sunday Morning Interview
***Mankins, John, conversation with P. Swan 



Pete’s Vision of Galactic
Harbours 

A Green Road to Space

Three Galactic Harbours – Two Space Elevators each 
Initially: 7 Climbers a week/SE – 14 MT each tether 

climber payload        x2 x3 = 30,660 Tonnes/yr
Growing to: 7 Climbers a week/SE – 79 MT each tether 

climber payload        x2 x3 = 173,010 Tonnes/yr

7/24/2021 19

GEO	
100,000	km	

Galactic	Harbour		
Pacific	

Galactic	Harbour		
Atlantic	

Galactic	Harbour		
Indian	Ocean	

Massive tonnage raised by electricity to GEO and beyond, 
daily, routinely, inexpensively, safely, and in an Earth Friendly 

manner.
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Discussion Today
• The future dreams and visions of so many around the world 

are expecting massive movement of cargo to support 
development.  Mr. Musk, Mr. Bezos, Dr. Glaser, Dr. O’Neill, 
and the NSS

• Strengths of both approaches
• Dual Space Access applied to Space Solar Power
• Summary
• Questions 

Strategic Approach
Rockets to initiate Dreams of Many; while, Space 
Elevators move massive cargo as the Green Road 
to Space enabling these Dreams and Visions. 
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• Revolutionarily inexpensive to GEO [$100/kg to GEO]
• Commercial development similar to bridge building
• Routine [daily launches]
• Safe [no chemical explosions from propulsion]
• Permanent infrastructure  24/7/365/50 yrs. [bridge similarities]
• Massive loads with daily launches per elevator
• No shake-rattle-roll during launch
• “Big Green Machine” Little impact on global environment
• No consumption of fossil fuel.
• Does not leave space debris in orbit  

Characteristics

Beats the Gravity Well in an
environmentally friendly manner



Special Strengths
for Mars 

The unique characteristics of Space Elevators with a rapidly 
moving Apex Anchor (7.76 km/sec) enable remarkable 
opportunities for off-planet missions. This combination of three 
major strengths will ensure constant support to missions beyond 
Geosynchronous altitude. Strengths:  

– Rapid Transit 
61 days 

– Release daily
365 opportunities each year

– Massive tonnes
170,000 tonnes per year to GEO and Beyond

7/24/2021 23

be accomplished every day of the year.  Several, during the 26 month repeating 
cycle, are close to 61 days flight time while some are over a year.  This is all due 
to the changing orbital dance between the two planets.  However, there is NO 26 
month long waiting for opportunities to launch towards Mars. Departures can 
occur each day of the year across the 26 month restriction of the Hohmann launch 
window. No one cares if the hammer you deliver takes 400 days to get there, so 
long as you ordered it 400 days ago. Indeed, the fast transit times will probably be 
saved for high priority items that need to get there soonest. Logisticians 
supporting the Mars colony can set up a train schedule with releases from 
multiple space elevators towards Mars - as needed.   

 
• Massive Cargo Movement: The Initial Operational Capability is planned for 14 

tonnes of cargo released each day from each space elevator, or 5,110 tonnes per 
year.  After the first space elevator is completed, there should  be competition to 
construct several around the equator.  As such, the estimate is that within five 
years, there will be six x 5,110 or 30,000 kg/year capability.  This will grow as  
tether strength is upgraded and competition develops for space elevator 
enterprises.  This most recent ISEC 
report projects a capability of 
roughly 170,000 tonnes per year by 
the middle of this century.  One must 
compare that to the 2018 delivery of 
mass of somewhere short of 1,000 
tonnes to all orbits for all customers.    

 
Figure 2, Newly Recognized Strengths 

 
 
1.3 Appropriate Space Access 
Architecture for Mars: 
 
The year 2020 seems to be unique in many ways - including isolation across the globe; 
however, the space arena has come together and started to focus on movement off planet.  
NASA's push for female boots on the Moon by 2024, the Chinese rover on the far side of 
the Moon, UAE's spacecraft bound for Mars, and the push for a colony on both the Moon 
(Moon Village) and Mars (SpaceX), all reflect the amazing transition towards "beyond 
GEO."  However, this reach for the stars will be extremely difficult in the arenas of 
energy and design complexity if it only uses a rocket architecture.  The basic rocket 
equation has been controlled.  However, it still consumes mass to achieve orbit.  
Historically, we have been very successful - at great cost to liftoff mass and complexity 
of mission.  As the Human race has decided to go off-planet, the limitations of the rocket 
equation for delivery of mass to mission destinations must be lifted.  Future space 
architectures must develop a more permanent infrastructure using the strengths of 
reusable rockets and space elevators.  Racing through the Van Allen Belts using rockets 
for humans is a necessary characteristic of this new architecture while the movement of 
massive amounts of equipment and cargo should be the missions for space elevators. 

Interplanetary	Mission	Support	

	
Fast	Transit	to	Mars	
(as	low	as	61	days)	

Massive	
Movement	of	

Cargo	

	
Daily	Release		
Towards	Mars	

	



• 18-month	study	at	www.isec.org (pdf	free)
– Electricity	from	the	Sun's	energy	raises	cargo	

from	the	ocean's	surface	to	GEO
– Massive	cargo	delivered	to	GEO	and	beyond	

enables	Earth-friendly	missions	such	as	
Space	Solar	Power

• A	robust	permanent	transportation	
infrastructure

– Moving	more	cargo	in	a	year	(25,000	tonnes)	
to	GEO	and	beyond	(at	Initial	Operational	
Capability)	than	humanity	has	placed	in	orbit	
since	1957	(22,000	tonnes)

• Enables	Space	Solar	Power	requires	-- To	
supply	12%	of	the	global	electrical	demand	in	
2060	while	stopping	global	warming

247/24/2021

Space Elevators are the 
Green Road to Space

http://www.isec.org/


Vision of Galactic Harbours –
A Green Road to Space

Three Galactic Harbours 
– 7 climbers a week/elevator 
– 14 tonnes each, x2 x3

= 25,200 tonnes/yr
– expanding to 80 tonnes each 

= 144,000 tonnes/yr

25

GEO	
100,000	km	

Galactic	Harbour		
Pacific	

Galactic	Harbour		
Atlantic	

Galactic	Harbour		
Indian	Ocean	

	 	 	 	 	 	 	

	

	
	

	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 		

Massive tonnage raised by 
electricity to GEO and 
beyond, daily, routinely, 
inexpensively, and safely

Annual payload (tonnes)
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Why Space Elevators? 
Because we Must!

• Fulfills the Dreams of Many
• Raises Massive Cargo using Solar 

Energy
– Green Road to Space
– Permanent Infrastructure for GEO & 

Beyond
– Daily, Routine, Safe, and Inexpensive
– Early Operations: 30,000 tonnes per year

• Space Elevators are a Simple Elegant 
Solution to the Rocket Equation.  - They 
avoid it!
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Rocket Equation
an Example

Bottom Line:  You consume your pad 
mass to gain velocity

7/24/2021
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Tsiolkovsky rocket equation
The Tsiolkovsky rocket equation, classical rocket equation, or ideal rocket equation is a
mathematical equation that describes the motion of vehicles that follow the basic principle of a rocket: a
device that can apply acceleration to itself using thrust by expelling part of its mass with high velocity can
thereby move due to the conservation of momentum.

The equation relates the delta-v (the maximum change of velocity of the rocket if no other external forces
act) to the effective exhaust velocity and the initial and final mass of a rocket, or other reaction engine.

For any such maneuver (or journey involving a sequence of such maneuvers):

where:

 is delta-v – the maximum change of velocity of the vehicle (with no external
forces acting).

 is the initial total mass, including propellant, also known as wet mass.
 is the final total mass without propellant, also known as dry mass.

 is the effective exhaust velocity, where:

 is the specific impulse in dimension of time.
 is standard gravity.

 is the natural logarithm function.

History
Derivation

Most popular derivation
Other derivations

Impulse-based
Acceleration-based

Special relativity

Terms of the equation
Delta-v
Mass fraction
Effective exhaust velocity

Applicability
Examples
Stages
Common misconceptions
See also
References
External links

A chart that shows a rocket's mass
ratios plotted against its final velocity
calculated using Tsiolkovsky's rocket
equation.

Contents

History

More detailsThe Apollo 11 Saturn V rocket launch vehicle lifts-off with astronauts Neil A. Armstrong, Michael Collins and Edwin E. Aldrin, Jr., at 9:32 a.m. EDT July 16, 1969, from Kennedy Space Center's Launch Complex Pad 39A.

Public Domain view terms

File: Apollo 11 Launch - GPN-2000-000630.jpg
Created: 16 July 1969

About this interface | Discussion | Help

NASA - Great Images in NASA Description

Permission details

This file is in the public domain in the United States because it was solely created by NASA. NASA copyright policy states that "NASA material is not protected by copyright unless noted".
(See Template:PD-USGov, NASA copyright policy page or JPL Image Use Policy.) Warnings: Use of NASA logos, insignia and emblems is restricted per U.S. law 14 CFR 1221. The
NASA website hosts a large number of images from the Soviet/Russian space agency, and other non-American space agencies. These are not necessarily in the public domain.View more
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Conundrum 
of Rockets
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Space	Elevators	answer	the	Conundrum	of	Rockets	
	
The	conundrum	of	rockets	is	the	simple	realization	that	the	delivery	of	mass	to	its	
destination	is	an	insignificant	percentage	of	the	mass	on	the	launch	pad.		The	glaring	
example	is	the	delivery	of	a	half	percent	of	the	launch	pad	mass	to	the	surface	of	the	
moon	 for	 Apollo	 11.	 	 It	 is	 up	 to	 2%	 for	 delivery	 to	 Geosynchronous	 Orbit	 and	
woefully	small	for	delivery	to	Mars'	orbit,	much	less	Mars'	surface.		The	question	is	
why	would	you	employ	a	methodology	for	delivery	that	only	delivers	less	than	one	
percent	 to	 your	 desired	 location	 (lets	 say	 the	 future	 Gateway	 around	 the	Moon).		
The	Space	Elevator	solves	that	conundrum	by	delivering	70%	of	the	mass	at	 liftoff	
(the	 other	 30%	 is	 the	 tether	 climber	 and	 will	 be	 reused	 repeatedly)	 to	 GEO	 and	
beyond	by	leveraging	electricity.			

Delivery statistics to GEO would be up from 2% of rocket pad mass to
70% by Space Elevators per event – also delivered in an Earth Friendly Manner



Percentage to Orbit 
by Rockets
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Mission Launch	Vehicle
Total	Mass	
at	Pad	(kg)

Mass	at	
LEO	
Orbit

%	to	
LEO	
Orbit

Mass	
at	GTO	
Orbit

%	to	
GTO	
Orbit Comment

STS	-	
Columbia

Space	Transportation	
System 2,041,000 80,700 0.040 2270 0.1

Columbia	is	payload	of	STS	note;	$1.6	B	/	launch	-	
for	GTO,	ComSat	in	Shuttle	bay

Spacecraft StarShip 5,000,000 100,000 0.020 21000 0.4 Needs	refueling	to	leave	LEO,	for	GEO	no	refuel
NEW	Glenn 1,323,529 45,000 0.034 13000 1

Apollo Saturn	V 3,233,256 140000 0.043 41000 1.3 Tli	vs.	GEO
Saturn	V 3,233,256 0.005 To	lunar	surface
Saturn	V 3,233,256 0.002 Returned	to	Earth's	ocean
CZ-5-522 630,000 20,000 0.032 11000 1.7
Atlas	V 590,000 18,500 0.031 8700 1.5

Spacecraft Ariane	5 737,000 20,000 0.027 10000 1.4
Soyuz 310,000 7,000 0.023
Soyus	2-1b	Fregat 308,000 8,500 0.028 3000 1
StarShip 4,000,000 100000 0.025 21000 0.5 Starship	to	GEO,	no	refueling
Falcon	Heavy 1,420,788 63800 0.045 26700 1.9

ave 0.032 1.5

Remember, the rocket equation does NOT have factors for 
cost nor reusability.  The reuse of rocket segments is 
remarkable and lowers cost and increases Efficiency…. But it 
does not deliver more mass to orbit as percentages.



Additional 
Information
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Mission
Launch 
Vehicle

Total 
Mass at 
Pad (kg)

Mass at 
LEO Orbit 
(kg)

% to LEO 
Orbit

Mass at 
GTO Orbit

% to GTO 
Orbit Comment

Mars Missions
Hope	to	Mars	2020 HIIA 350,000 1,350 0.400 fuel	optimum
Mars	2020 Atlas	V-541 531,000 1,025 0.200 fuel	optimum
Voyager	1 Tital 632,970 1,820 0.300 to	Jupiter	then	out	of	solar	system

Launch Vehicle
Mass on 
Pad (kg) Mass Delivery %

Apollo Saturn V 3,233,256 Lunar lander = 15,103 0.5
ocean landing = 5,557 0.17

Chang'e 5 870,000 8,200 towards Moon 0.94
3,800 Lunar landing 0.4

Atlas V 590,000 to GEO = 8,700 1.4
Falcon Heavy 1,420,788 to GEO = 26,700 1.9

Starship 4,000,000 to GEO = 21000 0.5
New Glenn 1,323,529 to GEO = 13,000 1

Pete’s Assumptions
Rockets provide:

4% of launch pad mass to LEO
2% to GEO and beyond
1/2 % to Lunar Surface 



Massive Movement

7/24/2021 31

	 	 	 	 	 	 	

	

	
	

	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 		

	

Type of Systems Orbit Mass 
Mass on 

pad 
    Tonnes tonnes 
Space Stations LEO 431 10775 
Earth Orbiting Sat's 2020 LEO, MEO, GEO 3220 80500 
past satellites deorbited LEO, MEO, GEO 1000 25000 
Interplanetary Solar System 100 5000 
Lunar spacecraft to the Moon 94 4700 
Human to LEO LEO 535 13375 
Apollo Capsule to Moon Lunar 336 16800 
Space Shuttle* LEO 16500 412500 

Totals   22,216 568,650 
Note:  Leo is 4% of launch pad mass   
GEO, Interplanetary, Lunar 2% of pad   
*Shuttle	launch	vehicle	reached	orbit	as	an	operational	satellite		

	
Result:	 	 22,216	tonnes	between	1957	and	2020.			

	

Historic Movement (1957 – 2020)

Space Elevator expected
movement of mass
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Discussion Today
• The future dreams and visions of so many around the world 

are expecting massive movement of cargo to support 
development.  Mr. Musk, Mr. Bezos, Dr. Glaser, Dr. O’Neill, 
and the NSS

• Strengths of both approaches
• Dual Space Access applied to Space Solar Power
• Summary
• Questions 

Strategic Approach
Rockets to initiate Dreams of Many; while, Space 
Elevators move massive cargo as the Green Road 
to Space enabling these Dreams and Visions. 



Space Solar Power

“Space solar power can solve 
our energy and greenhouse gas 
emissions problems. Not just 
help, not just take a step in the 
right direction, but solve.”

Eliminate 100’s (1,000’s?) of Coal 
Burning Plants by providing 12% 
of 2060 Earth’s population.

Cost:  Launching 5 million tons 
to GEO

 

 

Part III 

Critical Challenges 

 

 
 

Mankins, John, The Case for Space Solar Power, 
Virginia Edition Publishing Co. Dec 2013.
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Electricity demand 
is rising globally

By 2050, global electricity demand will nearly double from 2,467 GW in 2014 to 4,730 GW by 2050
• Non-OECD countries driving most of this growth, in particular China and India
• Electrification of transportation in the U.S. expected to be a driver of growth domestically

Data source: World Bank Data Portal
Projection source: US Energy Information Administration
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5,000 GW, 
leads to 12% 
supported – SPS
Or 600 GW



Opportunity exists 
for powering U.S. cities

35

SPS-ALPHA Mk-II systems can meet today's typical power requirements for:
• New York City with a trio
• Houston or Los Angeles with a pair
• Chicago or Phoenix with a single system

Table: number of vehicles needed to satisfy demand in each city
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But mass-to-orbit 
is a major barrier

36

For a 2 GW SPS-ALPHA Mk-II system, 9,200 tonnes must be delivered to GEO
• This is 460 launches of a 20-tonne payload to GEO
• Possible in the next decade with launch schedules pursued by SpaceX, Blue 

Origin, and others

Source: John C. Mankins – SPS-ALPHA Mk-II

SPS-ALPHA Mk-II
• 2 GW of continuous power
• 2.45 GHz transmission
• 28.3 km2 ground receiver
• 9,200 tonnes in orbit at 

GEO (36,000 km altitude)
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SSP to meet future global 
electricity demand

37

Projection source: US Energy Information Administration
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Solar Power Satellites

• Dr. Mankin’s Goal is Green (12% global electrical 
demand by 2060 > 3,500,000 tonnes to GEO)

• Blue line is Space Elevator Capability                
Meet 727.8 GW by 2068
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Meeting future global 
electricity demand with SSP

39

2068
728 GW
3.6M tonnes

2056
320 GW
1.6M tonnes

2100
1,842 GW
9.2M tonnes

Projection source: US Energy Information Administration
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SSP Delivery Demands

• In 2060, 600 GW electrical 
energy to surface

• Alpha IIA at 2 GW goes to 300 
satellites, each at 9,200 tonnes 
or      2,760,000 tonnes to GEO

• Starship, 20 tonnes to GEO per 
launch, or 138,000 launches – at 
1,000 per year – 138 years.
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Discussion Today
• The future dreams and visions of so many around the world 

are expecting massive movement of cargo to support 
development.  Mr. Musk, Mr. Bezos, Dr. Glaser, Dr. O’Neill, 
and the NSS

• Strengths of both approaches
• Dual Space Access applied to Space Solar Power
• Summary
• Questions 

Strategic Approach
Rockets to initiate Dreams of Many; while, Space 
Elevators move massive cargo as the Green Road 
to Space enabling these Dreams and Visions. 
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• Space Elevators Fulfill the Dreams of Many
• Space Elevators Raise Massive Cargo using Solar 

Energy
– Green Road to Space (carbon negative in 

construction and operations – provides zero 
emissions for lift-off)

– Permanent Infrastructure for GEO & Beyond
– Daily, Routine, Safe, and Inexpensive
– Early Operations: 30,000 tonnes per year, initially

Simple Elegant Solution 
to the Rocket Equation.  - They avoid it!



Permanent Space 
Infrastructure (2030 +)
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Strategy: Develop Commercial and Government programs advancing 
the new capabilities of reusability and rapid liftoffs.

Approach:  A permanent Dual Space Access 
Architecture relies on Space Elevator traditional 
strengths such as inexpensive, safe, daily, 
routine, with special characteristic of Earth 
friendly, and its ability to avoid the rocket 
equation.  The rockets are complementary and 
cooperative to Space Elevators and move people 
through radiation rapidly.

Result: A permanent dual infrastructure 
expanding  with tremendous growth in jobs 
across the spectrum from manufacture to 
academia.

Rockets to Open up the Moon and Mars with 
Space Elevators to supply and grow the 
colonies.



Rockets to initiate SSP’s prototypes 
with Space Elevators to supply and 

grow the Constellation.

44

Likely and possible for rockets to deploy the first SPS systems.
• Incredibly useful earth-to-orbit systems for deploying new space technologies, 

opening up new activities
• Deliver the initial prototypes to LEO for testing and the initial GEO production 

satellites for operational testing.

Space elevators are needed for high-throughput, massive hardware deployment.
• Consistent, continuous movement of freight to GEO and beyond
• Enable space technology deployment at scale for high impact
• Fills out the constellations by moving massive amounts of cargo

7/24/2021

  
	

We need a commercial launch partner for development of a 
permanent space infrastructure [dual space access strategy] 
	
 
We need a launvh partner to service sequesces 2 & 3 
 
 
Carl Sagan said, “our technology is capable of extrordianary new ventures in space, 
one of which is the space city idea, which Gerard O’Neill has described to you.  That 
is an extremely expensive undertaking, but it seems to me historically to be of the 
greatest significance.  The engineering aspects of it as far as I can tell are perfectly 
well worked out by O’Neill’s study group.  It is practical.” 
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6. An Integrated Roadmap to Realize  
SPS-ALPHA 

An integrated roadmap for the realization of 
SPS-ALPHA has been developed that reflects both 
the market opportunities discussed above and a 
regular progression of the industrial base that will 
be necessary. The integrated roadmap comprises 
five major stages in the development of the SPS-
ALPHA concept. 
• Stage 0. Development of an initial, partial-scale 

SSP-WPT testbed for testing. 
• Stage 1. Development of a ground-based sub-

scale SSP-WPT prototype for validation. 
• Stage 2. Development and demonstration of an 

SPS-ALPHA prototype in LEO. 
• Stage 3. Development and deployment of a 

large, but partial-scale SPS-ALPHA for delivery 
of power to commercial industrial sites.  

• Stage 4. Development and demonstration of a 
partial scale SPS-ALPHA on the lunar surface. 

• And Stage 5 and beyond. Development and 
deployment of operational baseload SPS-
ALPHA platforms and receivers. 

Figure 6-1 illustrates the roadmap. The 
following paragraphs sketch each of these stages 

Stage 0: SPG-WPT Testbed. The initial stage in 
the development of SPS-ALPHA is the design, 
fabrication and implementation of a testbed 
including both solar power generation (SPG) and 
wireless power transmission (WPT). 

 
Figure 6-1. SPS-ALPHA Roadmap 

Stage 1: Ground-based Sub-scale Prototype. In 
parallel with the development of the initial testbed, 
a sub-scale prototype would be developed. Such as 
prototype would comprise multiple component 
modules that would later be incorporated into the 
Stage 2 in-space prototype. 

Stage 2: SPS-ALPHA Prototype in LEO. A 
critical transition from R&D to operational systems 

is the development and deployment of a prototype 
system in low Earth orbit (LEO).11 

Stage 3: Industrial-Focused SPS-ALPHA. 
There are a number of significant, but remote 
industrial markets for energy. For the most part, 
these have been powered until recently by diesel-
fuel generators. However, the carbon footprint of 
such sites has become an increasing issue – 
particularly for investment portfolio managers 
concerned about climate change. 

Stage 4: Partial Scale SPS on the Moon. In 
addition to the development and deployment of SPS 
of increasing scale in Earth orbit, another important 
candidate application for SSP has emerged related 
to Earth’s Moon. 

Stage 5 and Beyond: Operational Baseload 
SPS-ALPHA Platforms & Receivers. Following 
Stage 4 in the roadmap, the production, launch and 
deployment of SPS systems is expected to continue 
to scale up – with the goal of delivering roughly 2 
GW from each SPS platform in or near a position in 
GEO. 
 

8. Summary 
The economics of solar power satellite (SPS) 

concepts in the nearer term (e.g., within the next 
decade) has never been more viable – particularly in 
light of the dramatic reductions in the cost of access 
to space that are occurring. In addition, there is a 
great need for scalable power to support the 
development of space resources – particularly in 
light of changes in global government and 
commercial plans with regard to the Moon and cis-
lunar space. Finally, the availability of affordable 
and abundant space solar power (SSP) for terrestrial 
markets has never been more important to 
advancing global ambitions vis-à-vis reduction of 
climate altering greenhouse gasses. 2018 was the 
50th anniversary of Dr. Peter Glaser's initial 
invention and his first paper in the Journal 
"Science" on the topic of the solar power satellite 
(SPS). We are now at a turning point in progress 
toward the realization of the SPS.  

This paper has also presented a number of 
recent developments in concepts and markets for 
SSP, including the updated SPS-ALPHA “Mark-
III” and a discussion of new markets for SSP on 
Earth and the Moon.  

 
 

SEs 
Here

2036



First Step Soon

• Galactic Harbours are the next 
evolutionary step for Humankind, and we 
can take that first step soon

45

• Dual Space Access 
Architecture is the 
Space Infrastructure                              
Strategy of the future -
a cooperative approach 
leveraging both rockets 
and space elevators.
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The Space Elevator is 
ready to Start 

Engineering Validation!

46

Technology 
Feasibility

Engineering 
Validation 

Design 
Validation  

Mission 
Operations 

Development starts here
Four Stages of Maturity 

1. The ISEC team has been assessing the technology feasibility 
situation since 2008.

2. Recently the team has begun an open dialog with members of 
industry, academia, and others who could be the deliverers of ISEC 
solutions. 

3. Industry (especially) will show how the needed technologies are 
being matured and when they could be dependably available. 

4. These readiness assessments were the Phase One exit criteria.
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Strategy - Dual Space 
Access Architecture
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Rockets to Open up the Moon and Mars with Space 
Elevators to supply and grow the colonies.

Rocket Strengths: (1) Operational today with future 
growth,  2) rockets reach multiple orbits, and 3) rapid 
movement is achievable through the radiation belts.

Space Elevator Strengths: As permanent 
infrastructures they lead to daily, routine, 
environmentally friendly, and inexpensive departures 
towards mission destinations

Combination of delivery approaches: Will greatly 
enhance the missions of the future.  When the customer 
demands for huge masses matures to support critical 
missions the value of Space Elevators will become 
obvious.  



Basic 
Message

Supporting Messages:
• We are ready to initiate a Space Elevator Developmental 

Program.  
• Our strategy is to propose a Dual Space Access Architecture.
• Our visions match yours!  We are building the Green Road to 

Space in response to your vision.
• We escape the conundrum of expecting only 2% of mass to 

reach our destination.    
• The promise of Space Elevators is so remarkable, we can not 

wait.
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“Earth Space Elevators Take massive freight to orbit 
virtually free on the Green Road to Space”



Why Space Elevators? 
Because we Must!

• Fulfills the Dreams of Many
• Raises Massive Cargo using Solar 

Energy
– Green Road to Space
– Permanent Infrastructure for            

GEO & Beyond
– Daily, Routine, Safe, and Inexpensive
– Early Operations: 30,000 tonnes per 

year

• Space Elevators are a Simple 
Elegant Solution to the Rocket 
Equation.  - They avoid it!
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Dual Space Access Architecture
Advanced Rockets & Space Elevators 
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Discussion Today
• The future dreams and visions of so many around the world 

are expecting massive movement of cargo to support 
development.  Mr. Musk, Mr. Bezos, Dr. Glaser, Dr. O’Neill, 
and the NSS

• Strengths of both approaches
• Dual Space Access applied to Space Solar Power
• Summary
• Questions

Strategic Approach
Rockets to initiate Dreams of Many; while, Space 
Elevators move massive cargo as the Green Road 
to Space enabling these Dreams and Visions. 
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A dual space-access 
architecture

52

Likely and possible for rockets to deploy the first SPS systems
• Incredibly useful earth-to-orbit systems for deploying new space technologies, 

opening up new activities
• Will remain the go-to technology for moving humans through the Van Allen 

radiation belt

Space elevators are needed for high-throughput, massive hardware 
deployment.
• Consistent, continuous movement of freight to GEO and beyond

Enable space technology deployment at scale for high impact

Rockets and Space Elevators 
are complementary technologies

for enabling humanity's expansion into space.
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Space Solar Power
Cost and Years to Deliver

• Demand at GEO = 5,000,000 metric tons* 
– Number of Atlas launches = (10 tonnes x20/yr)          25,000 years
– SpaceX Starship = (20 tonnes x500/yr) 500 years

– Cost to GEO ($1,000 /kg)  =  $5,000,000,000,000
• One conclusion from Dr. Mankins' book:  "It is crucial that the systems used for 

space transportation must be transformed in order for space solar power to 
become economically viable."

*J. Mankins, personal conversation with P. Swan, at IAC, Washington.D.C. Oct 2019. 

Table 3.2, Reference Destination - Mars 
Reference Mission Metric Tons to 

Destination 
Comment 

Space Solar Power 5,000,000 Power to 12% of Earth's 
population in an environmentally 
friendly manner. 
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Operating Safely in Debris 
Environment
International Space Elevator Consortium               ISEC Position Paper # 2021-1 
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 o Tracked debris will impact the total LEO segment 
(200 – 2000 km) once every 40 days or multiple 
times a year if no movement actions are taken.  

 o Tracked debris will only impact a single 60 km 
stretch of LEO space elevator, on the average, 
every seven years and every three years in the 
peak regions if no movement actions are taken.   

 
Figure 6.9, Multi-Leg Approach 

 
Architectural Engineering Process: With the realization 
that there is much to do in architectural and engineering 
approaches to space debris mitigation, the following 
concepts have been assessed as first approximations: 
 

1. Architectural and Engineering Design Inputs:  
• Multi-leg design: The multi-leg design is a  

concept where a principal leg is used for day-to-
day operations of tether lift-offs and climbing.  
The other tethers are secondary in that they are 
there for backup in case of potential severance; 
however, they could be used to accomplish other 
missions such as low altitude hotel or scientific instrument placement.  The 
shown concept has six legs joining at the 2,000 kms altitude - above dense 
LEO debris belts.  

• Designing the tether itself to survive small debris hits: The second approach is 
designing the tether to survive small debris (< 10 cm in diameter) "blow 
throughs."  This has been discussed in many papers with the leading contender 
developed by Tethers Unlimited called the Hoyt Tether - a woven design 
spreading the tensile strength across multiple strands to ensure that if one is 
cut, the others share the load.  Other tether designs, such as the use of multiple 
layers of a 2D material such as single crystal graphene, need to be examined 
and tested for the effects of ballistic penetrations of small objects with great 
energy. Curved ribbon one-meter wide with a woven design in the high debris 
threat region is to ensure all the non-tracked small space debris "blows 
through." 

• Include a repair tether climber that mends small holes or rips in tethers. 
Architecture trades show that having a repair tether climber going up and 
down repairing small holes or rips would extend the life of that tether.  The 
current concept would put sensors on the front of each tether climber, 
inspecting as they go.  Then a repair tether climber would be sent to the area 
of concern and patch or weave a "fix" for the tether for that location. 

2. Operational Approaches: 
• Passive Approaches for Debris Mitigation include multi-leg design, varying 

tether design by altitude, and multiple parallel tethers for greater carrying 
capacity. 

To Apex 
Anchor 

2,000 km 

Main Earth 
Port 

 

 

 

  

 

Multi-Leg 

Architecture 
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Two Reports and seven pg summary in “Start Now” work book.
• 2010 "Space Elevator Survivability, Space Debris Mitigation." 
• 2020 "Today's Space Elevator Assured Survivability Approach for 

Space Debris.” 

"Space debris mitigation is an engineering and 
management problem with definable quantities 
such as density of debris and lengths/widths of 
targets." Space Debris is NOT a show stopper!

Three parallel Activities.
• Passive – multi-leg, tether design, 
• Active – move tether, protection, repair climber
• Collaboration – knowledge sharing, active 

involvement in tracking, coordinate with owners,



ISEC Studies
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2021 Design Considerations for the Space Elevator Climber-Tether Interface - in progress 
2021 Space Elevators are the Green Road to Space 
2020 Space Elevators are the Transportation Story of the 21st Century 
2020 Today's Space Elevator Assured Survivability Approach for Space Debris 
2019 Today's Space Elevator, Status as of Fall 2019 
2018 Design Considerations for a Multi-Stage Space Elevator 
2017 Design Considerations for a Software Space Elevator Simulator 
2016 Design Considerations for Space Elevator Apex Anchor and GEO Node 
2015 Design Considerations for a Space Elevator Earth Port 
2014 Space Elevator Architectures and Roadmaps 
2013 Design Considerations for a Space Elevator Tether Climber 
2012 Space Elevator Concept of Operations 
2010 Space Elevator Survivability, Space Debris Mitigation 

 

 Other Study Reports 
  

2019 The Road to the Space Elevator Era - IAA 
IAA = International Academy of Astronautics (https://iaaspace.org) 

2014 Space Elevators: An Assessment of the Technological Feasibility and the Way Forward - 
IAA 

2014 The Space Elevator Construction Concept – Obayashi Corporation 
(https://www.obayashi.co.jp/en/news/detail/the_space_elevator_construction_concept.html) 
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Completed studies on www.isec.org in pdf format are free

http://www.isec.org/

