Rays of Hope:  Propulsion lasers to get parts up, Microwaves to get energy down and the effect of large-scale deployment on CO2.

by Keith Henson, Co-Founder, L5 Society  

Power satellites are the only currently known, long-term, scalable, possibly economical solution to displacing fossil fuels.  They collect sunlight in geosynchronous orbit (GEO), and transmit microwave energy to the ground to 10-km-diameter receiving antennas, known as rectennas.  The (tilted) GEO orbit is illuminated 99% of the time, eliminating the need for storage.  The rectennas can be sited (in most cases) within a few hundred km of loads, reducing the cost for long distance electrical transmission.

In space, without wind and gravity, the mass per average kW is expected to be around 5 kg, one percent of the mass of a typical solar power installation on Earth.

The problem, ever since they were patented in the late 1960s, is getting the cost to deliver even light power satellite parts to GEO down to where they make economic sense, i.e., cost less than electricity from coal.  There now seems to be a way using propulsion lasers in space to get the transport cost under $100/kg, the peak investment under $60 B and for someone to make a lot of money.  The economic model shows a ten-year return on investment of 500%.

(Fold?)

This is my fourth article for The Oil Drum.  Two of them examined power satellites, but were mostly on proposals to solve the big economic problem, the cost of transporting parts to orbit.  http://www.theoildrum.com/node/5485 http://www.theoildrum.com/node/7898 

There were unsolved problems in the last article such as how to return the launch vehicle to its launching runway.

There has been a lot of attention on the CO2 rising over 400 ppm recently.  Some are advocating political action to halt the rise.  That's not likely to happen because uprooting the world's energy economy would do more damage (kill more people faster) than the climate changes expected due to the high CO2 levels.
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Figure 1

However, something changed in the last few months.  It suddenly looks like a relatively modest cost project could get the entire human race off fossils fuels in 20 years.  That will take the background in this article and some time to get used to the concept.

Power satellites would (obviously) be adopted on a huge scale, if the cost of energy from them undercut fossil fuels.  Coal can be progressively displaced for making electricity if power from space were to be priced at 5 cents per kWh and reduced over the next ten years to 2 cents per kWh.  Synthetic hydrocarbon fuels would cost a dollar a gallon if the cost of power went down to 1 cent per kWh (a longer term prospect).

Economic Analysis of GEO Laser Propulsion

It's not hard to get the cost for 5kg/kW power sats down in this range if the cost of lifting parts to GEO can be reduced to $100/kg or less.  Solar power on earth ties up material in the range of 500 kg/kW(average).  Power plants built in space, where they get full time sunlight and are not subject to wind and gravity, allows a hundred to one materials reduction to 5 kg/kW and an energy payback time of under two months.  However, the cost of transporting even a greatly reduced mass to space is a big problem.  One hundred dollars per kg is a hundred to one cost reduction over the current of around $10,000 per kg paid to put communication satellites in GEO.

A two-orders-of-magnitude reduction in transport cost seems to be possible, but not using chemical energy (other than the first step where a Skylon type vehicle burns hydrogen with air for about 1/4 of the velocity to orbit). 
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Figure 2 Skylon in flight with cutaway of one engine showing the recently tested precoolers that drop ram hot air to -140 in 1/100th of a second.  From Reaction Engines with permission.
Beyond Skylon's air-breathing phase, it takes a 3 GW laser located in GEO to accelerate the vehicle for the last 6 km/s to orbit.  This would use a simple sheet of tubes on the wings to heat hydrogen to 2700 K.  The laser tracks the vehicle along the equator for ~4000 km.  The long acceleration path allows a ten-fold increase in payload compared to a straight-up launch from a ground laser.

The 2700 deg K temperature gives an exhaust velocity of 7500 m/s.  If you understand the rocket equation, the effect on payload of higher exhaust velocity will not surprise you.  The payload fraction to orbit goes up about 5 times.
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Figure 3 Diagram by author.
A 30-ton second stage (carried in Skylon's payload bay) also uses laser-heated hydrogen to transport 20 tons three times per hour to GEO.  The second stages (72 per day) are scrapped at GEO for construction material for the power satellites, making the entire dry weight of the second stage into payload.


[image: image3.wmf] 

 

 

760 s, 11 deg sweep 

over 6950 km. 2500 

m/s velocity gain

 

 

270 MW 

laser source 

after 5 hrs

 

GEO

 

Hohmann 

transfer 

orbit 5 hr

 

320km 

perigee

 

140 s,

 

1630 m/s

 

3670 km 

 


Figure 4 Diagram by author.
Since my last Oil Drum article in June 2011, I wrote a much longer technical article for the peer reviewed Journal of the British Interplanetary Society.  The (not yet published) article analyzed a variant, putting the lasers in GEO rather than shooting the laser beams from the ground to GEO and using bounce mirrors.  This solved several problems.  First, we get the Skylon back to its runway by going into orbit and coming down one or more orbits later.  We no longer have the PR problem of incinerating birds and bats flying through the beam.  

Finally, we avoid the hard problem of sending a high power laser beam up through the murky atmosphere and expecting it to stay focused to a few meter spot after a trip out to GEO and back down to LEO.  This method also avoids the problem of a cloud moving into the beam path and causing a launch failure.

Lowering the Cost

The big problem with this scheme is powering the first laser in GEO.  The JBIS article described an elaborate multi-step bootstrap model that built a 25,000-ton power satellite in GEO to power the first propulsion laser.  The cost came in just short of $140 B and the financial breakeven took 12 years.

Early in April 2013, the model became obsolete because Steve Nixon (otherwise known in energy circles for advocating Mega-Chimney) made a suggestion that cut the cost model by $80 B and cut the financial breakeven to 8 years.  At $60 B (and 500% ROI in ten years), it may be within the capacity of western finance.  
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Figure 5 Cumulative profit and loss in millions of dollars based on 5 cents per kWh declining to 2 cents per kWh over ten years.  In this model, power satellites are sold to utility companies as they are produced at $3.5 B/GW for 5 cents/kWh and $1.4 B for 2 cents/kWh 
.  Peak investment is ~$60 B.  The spreadsheet is here.

If the western world cannot or will not finance this project, the Chinese can.  It's only twice the cost of the Three Gorges Dam (22 GW).  They asked the Indians to join them in building power satellites last November.  

http://articles.timesofindia.indiatimes.com/2012-11-02/india/34877401_1_space-solar-power-space-collaboration-v-ponraj

Steve's idea was inspired; power the propulsion laser for a few months from a huge (10 km) 12-GW phased-array transmitter on the ground.  Reciprocity states that the path loss will be the same if you swap the transmitter and receiver antennas.  http://en.wikipedia.org/wiki/Antenna_%28radio%29#Reciprocity  The rectenna in space would be much smaller and lighter than a power satellite.  An unclassified NASA study from 1987, NASACR179558 indicates a 6-GW rectenna in space would mass less than 1,000 tons (160 gm/kW) http://www.nss.org/settlement/ssp/library/1987-NASACR179558-RectennaTechnologyProgram.pdf   

Even better, the rectenna, laser, tracking optics and heat sink can all be built and tested in LEO, much cheaper to access than GEO.  If we don't use robotics, we have man-centuries of experience working in LEO.  Then the propulsion laser can be sent to GEO using electric thrusters powered from the same rectenna that powers the laser.  

A first pass estimate of the mass (rectenna, laser, optics, heat sink) came in at 8,000 tons, most of it in the heat sink for the laser plus 2000 tons of reaction mass.  That is about 20 times the mass of the ISS.  Moving it to GEO takes 21 hours of thrust (exhaust velocity of 20 km/s) for the delta V to get it there.  The high exhaust velocity reduces the reaction mass fraction to 20%.  Powered when in view of the ground station for ten percent of the time, it could make the trip in ~10 days.  

This method for powering the 3 GW propulsion laser from the ground using microwaves would be used for months to a year depending on how many laser type Skylons were available.  After they bring up the factory and a power satellite to replace the power from the ground, the $12 B transmitter would be torn out and rebuilt as a rectenna.  (A shorter time of use than the cofferdams used to dewater the foundations for dams.)

Using a propulsion laser beam from GEO to equatorial LEO does require choreographing.  The operators (actually computers) need to shut the beam off for a few milliseconds while a satellite in a lower orbit passes through the beam path.  This should not appreciably affect the vehicle acceleration because of the thermal averaging of the hydrogen heater.


The 3 GW laser is sized to bring up 500,000 tons of parts per year, enough for 100 GW of power satellites, probably 20 at 5 GW each.

Is this proposal a realistic way to solve the energy problem and cap the rise in CO2?  At the 100 GW-per-year production level analyzed here, certainly not, it's far too small.

However, a project making large profits and with demand for 20 times that much new power per year (two TW) can grow and grow fast.  
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Figure 7, author

If 10% of the lift capacity is diverted into more propulsion lasers, the production of power satellites can double every year and that will get the human race off fossil fuels and stop the rise in CO2.  In the simple model used to generate Figure 7, the CO2 levels off by 22 years from the start.  

At 2 TW per year, the cargo to space would be around 10 million tons per year.  At some point, the environmental impact of that much traffic into space may force the use of asteroids or lunar material (even though the exhaust only makes water).

Continuing production of power satellites beyond immediate human needs would provide the energy needed to capture and sequester CO2 to any level desired, especially if large amounts of synthetic fuel were already being made using cheap energy and CO2 from the atmosphere.
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Figure 6.  In this unsophisticated model, the increase of Co2 is calculated as 0.5 ppm/quarter times (15 TW-installed power sat TW) / 15 TW.  Peak installation rate is 2 TW/year.  CO2 increase stops when 15 TW of SBSP has been emplaced.  The decline is based on active removal of CO2 by power in excess of 15 TW.
Technology Readiness

Is such a project realistic given the current state of engineering?  I think it is.  For example, the James Webb telescope mirror is big enough and accurate enough for the propulsion laser.  A 4-meter mirror (LAMP) was completed in 1989 and the technology was pushed into the 10-11 meter class. 

Using lasers in space is well understood because the engineering was worked out from 1984 to 1993 as part of the Strategic Defense Initiative (SDI), known in the mainstream media, as "Star Wars."  http://www.bibliotecapleyades.net/ciencia/ciencia_laser01.htm
In regard to the other critical piece of technology, the Skylon rocket plane, Reaction Engines received a two-year grant from the UK government totaling 60 million pounds in late June 2013 to build a full-scale SABRE engine prototype.  http://www.sen.com/news/uk-pledges-fresh-support-for-revolutionary-space-engine.html 

Military and Policy Issues

Unfortunately, I have an unsolved problem with this proposal as well.  It's not a technical, but a political problem.  Propulsion lasers are also weapons, game-changing weapons.  From GEO one of them can see and attack somewhat less than half the world.  Would the US accept China having one?  Would China accept the US having one?  Is joint control possible, perhaps including India, China, the US, Australia, Japan and Russia?  Can technical limits such as a laser wavelength that doesn't penetrate to the ground be built into the design?  Could the mechanical design prevent them from being pointed off the equatorial acceleration path?

A vast amount of detail has accumulated over the last year and a half.  If readers want to volunteer to comb through and nitpick spreadsheets and the assumptions that went into them, the project could use you.  If you find things to correct, my email is hkeithhenson@gmail.com   I could also use a contact to keep the US government informed if someone knows how to do that.










� Power is priced at 200 per kW (for the rectenna) plus a charge for the power satellite of 1400/kW to 3500/kW ($1.4 B to 3.5 B) divided by 80,000.  Thus, $1600/80,000 is 2 cents per kWh and  $3700/80,000 is 4.6 cents per kWh.  The factor of 80,000 is consistent with 6.8% discount and 20 years used in the US Energy Department's levelized cost analysis of new power sources.
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		Cumulative # of ver 1 Skylons		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		3		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		Cumulative # of ver 1 Skylons

		Multiplier tonnes to LEO/GEO per flight		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		15		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		Multiplier tonnes to GEO per flight

		Flights per day ver 1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0		0.0		0.5		1.5		3.0		3.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		Flights per day ver 1

		Flights per quarter ver 1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		45		135		270		270		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		Flights per quarter ver 1

		Skylon production/quarter ver 2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		4		5		6		7		8		9		9		10		10		10		10		10		12		14		16		18		20		24		28		32		38		44		52		62		74		88		104		124		148		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		Skylon production/quarter ver 2

		Scrapped ver 2 Skylons		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		4		5		6		7		8		9		9		10		10		10		10		10		12		14		16		18		20		24		28		32		38		44		52		62		74		88		104		124		148		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		176		Scrapped ver 2 Skylons

		Cumulative # of Ver 2 Skylons		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		5		10		16		23		31		40		49		59		69		79		89		99		111		125		140		154		169		187		208		232		261		296		338		390		454		532		626		738		872		1032		1190		1346		1498		1646		1790		1928		2060		2184		2298		2400		2488		2560		2612		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		2640		Cumulative # of Ver 2 Skylons

		Flights per day ver 2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		3		5		8		12		16		20		25		30		35		40		45		50		56		63		70		77		85		94		104		116		131		148		169		195		227		266		313		369		436		516		595		673		749		823		895		964		1030		1092		1149		1200		1244		1280		1306		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		1320		Flights per day ver 2

		Flights per quarter ver 2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		45		225		450		720		1035		1395		1800		2205		2655		3105		3555		4005		4455		4995		5625		6300		6930		7605		8415		9360		10440		11745		13320		15210		17550		20430		23940		28170		33210		39240		46440		53550		60570		67410		74070		80550		86760		92700		98280		103410		108000		111960		115200		117540		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		118800		Flights per quarter ver 2

		Cumulative flights		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		45		180		495		990		1440		2160		3195		4590		6390		8595		11250		14355		17910		21915		26370		31365		36990		43290		50220		57825		66240		75600		86040		97785		111105		126315		143865		164295		188235		216405		249615		288855		335295		388845		449415		516825		590895		671445		758205		850905		949185		1052595		1160595		1272555		1387755		1505295		1624095		1742895		1861695		1980495		2099295		2218095		2336895		2455695		2574495		2693295		2812095		2930895		3049695		3168495		3287295		3406095		3524895		3643695		3762495		3881295		4000095		4118895		4237695		4356495		4475295		4594095		4712895		4831695		4950495		5069295		5188095		5306895		5425695		5544495		5663295		5782095		5900895		6019695		6138495		6257295		6376095		6494895		6613695		6732495		6851295		6970095		7088895		7207695		7326495		7445295		7564095		7682895		7801695		7920495		8039295		8158095		8276895		8395695		8514495		8633295		8752095		8870895		8989695		9108495		9227295		9346095		9464895		9583695		9702495		9821295		9940095		10058895		10177695		10296495		10415295		10534095		10652895		10771695		10890495		11009295		11128095		11246895		11365695		11484495		11603295		11722095		11840895		11959695		12078495		12197295		12316095		12434895		12553695		12672495		12791295		12910095		13028895		13147695		Cumulative flights

		Tons to :LEO/GEO per quarter		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		675		2025		4050		4725		9000		14400		20700		27900		36000		44100		53100		62100		71100		80100		89100		99900		112500		126000		138600		152100		168300		187200		208800		234900		266400		304200		351000		408600		478800		563400		664200		784800		928800		1071000		1211400		1348200		1481400		1611000		1735200		1854000		1965600		2068200		2160000		2239200		2304000		2350800		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		2376000		Tons to GEO per quarter

		Cumulative tonnes to LEO/GEO		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		675		2,700		6,750		11,475		20,475		34,875		55,575		83,475		119,475		163,575		216,675		278,775		349,875		429,975		519,075		618,975		731,475		857,475		996,075		1,148,175		1,316,475		1,503,675		1,712,475		1,947,375		2,213,775		2,517,975		2,868,975		3,277,575		3,756,375		4,319,775		4,983,975		5,768,775		6,697,575		7,768,575		8,979,975		10,328,175		11,809,575		13,420,575		15,155,775		17,009,775		18,975,375		21,043,575		23,203,575		25,442,775		27,746,775		30,097,575		32,473,575		34,849,575		37,225,575		39,601,575		41,977,575		44,353,575		46,729,575		49,105,575		51,481,575		53,857,575		56,233,575		58,609,575		60,985,575		63,361,575		65,737,575		68,113,575		70,489,575		72,865,575		75,241,575		77,617,575		79,993,575		82,369,575		84,745,575		87,121,575		89,497,575		91,873,575		94,249,575		96,625,575		99,001,575		101,377,575		103,753,575		106,129,575		108,505,575		110,881,575		113,257,575		115,633,575		118,009,575		120,385,575		122,761,575		125,137,575		127,513,575		129,889,575		132,265,575		134,641,575		137,017,575		139,393,575		141,769,575		144,145,575		146,521,575		148,897,575		151,273,575		153,649,575		156,025,575		158,401,575		160,777,575		163,153,575		165,529,575		167,905,575		170,281,575		172,657,575		175,033,575		177,409,575		179,785,575		182,161,575		184,537,575		186,913,575		189,289,575		191,665,575		194,041,575		196,417,575		198,793,575		201,169,575		203,545,575		205,921,575		208,297,575		210,673,575		213,049,575		215,425,575		217,801,575		220,177,575		222,553,575		224,929,575		227,305,575		229,681,575		232,057,575		234,433,575		236,809,575		239,185,575		241,561,575		243,937,575		246,313,575		248,689,575		251,065,575		253,441,575		255,817,575		258,193,575		260,569,575		262,945,575		Cumulative tonnes to GEO

		Skylon purchase cost M		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		900		1,600		1,000		1,250		1,500		1,750		2,000		2,250		2,250		2,500		2,500		2,500		2,500		2,500		3,000		3,500		4,000		4,500		5,000		6,000		7,000		8,000		9,500		11,000		13,000		15,500		18,500		22,000		26,000		31,000		37,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		44,000		Skylon purchase cost M

		Runway, LNG terminal, ship terminal, ship 500 M		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		100		100		100		100		100																																																																																																																																																																																																																																																																																																Runway, LNG terminal, ship termainal, ship 500 M

		Hangers 150 at 1/3 M per		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		15		15		15		15		15		15		15		15		15		15																																																																																																																																																																																																																																																																														Hangers 150 at 1/3 M per

		Hydrogen plant $2 B at 200 M/quarter		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		200		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100																																																																																																																																																																																																																																																										Hydrogen plant $2 B at 200 M/quarter

		Hydrogen consumption/quarter tons		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		3,420		10,260		23,940		37,620		34,200		54,720		78,660		106,020		136,800		167,580		201,780		235,980		270,180		304,380		338,580		379,620		427,500		478,800		526,680		577,980		639,540		711,360		793,440		892,620		1,012,320		1,155,960		1,333,800		1,552,680		1,819,440		2,140,920		2,523,960		2,982,240		3,529,440		4,069,800		4,603,320		5,123,160		5,629,320		6,121,800		6,593,760		7,045,200		7,469,280		7,859,160		8,208,000		8,508,960		8,755,200		8,933,040		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		9,028,800		Hydrogen consumption/quarter tons

		LNG consumption at 2.3 x hydrogen tons		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		7,866		23,598		55,062		86,526		78,660		125,856		180,918		243,846		314,640		385,434		464,094		542,754		621,414		700,074		778,734		873,126		983,250		1,101,240		1,211,364		1,329,354		1,470,942		1,636,128		1,824,912		2,053,026		2,328,336		2,658,708		3,067,740		3,571,164		4,184,712		4,924,116		5,805,108		6,859,152		8,117,712		9,360,540		10,587,636		11,783,268		12,947,436		14,080,140		15,165,648		16,203,960		17,179,344		18,076,068		18,878,400		19,570,608		20,136,960		20,545,992		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		20,766,240		LNG consumption at 2.3 x hydrogen tons

		LNG cost at $500/ton		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		4		12		28		43		39		63		90		122		157		193		232		271		311		350		389		437		492		551		606		665		735		818		912		1,027		1,164		1,329		1,534		1,786		2,092		2,462		2,903		3,430		4,059		4,680		5,294		5,892		6,474		7,040		7,583		8,102		8,590		9,038		9,439		9,785		10,068		10,273		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		10,383		LNG cost at $500/ton

		Skylon service per flight $100,000		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		5		14		32		50		45		72		104		140		180		221		266		311		356		401		446		500		563		630		693		761		842		936		1,044		1,175		1,332		1,521		1,755		2,043		2,394		2,817		3,321		3,924		4,644		5,355		6,057		6,741		7,407		8,055		8,676		9,270		9,828		10,341		10,800		11,196		11,520		11,754		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		11,880		Skylon service per flight $100,000

		Laser cost at $ 1 M/ton ($1000/kg)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		675		2,025		4,050		4,725		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		Laser cost at $ 1 M/ton

		Laser MW at 3.33 tons per MW		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		202.7		608.1		1216.2		1418.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		Laser MW at 20 tons per MW

		Cumulative laser MW		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		202.7		810.8		2027.0		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		Cumulative laser MW

		Ground transmitter-12 GW for 1/4 at .05/kWh																																												3000		3000		3000		3000		1440

		Jigs 12500 tons and habitat 2500 tons, carryover		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		-15,000		9,000		-600		4,700		2,300		15,700		21,400		18,800		8,500		14,900		13,600		4,000		13,500		16,500		14,500		5,100		16,600		23,400		3,800		7,200		13,700		23,600		17,900		24,600		1,500		3,400		14,900		17,600		24,700		21,400		20,700		7,800		18,900		14,200		4,900		24,400		8,900		15,000		2,100		0		16,300		4,000		17,100		5,000		18,100		6,000		19,100		7,000		20,100		8,000		21,100		9,000		22,100		10,000		23,100		11,000		24,100		12,000		100		13,000		1,100		14,000		2,100		15,000		3,100		16,000		4,100		17,000		5,100		18,000		6,100		19,000		7,100		20,000		8,100		21,000		9,100		22,000		10,100		23,000		11,100		24,000		12,100		0		13,100		1,000		14,100		2,000		15,100		3,000		16,100		4,000		17,100		5,000		18,100		6,000		19,100		7,000		20,100		8,000		21,100		9,000		22,100		10,000		23,100		11,000		24,100		12,000		100		13,000		1,100		14,000		2,100		15,000		3,100		16,000		4,100		17,000		5,100		18,000		6,100		19,000		7,100		20,000		8,100		21,000		9,100		22,000		10,100		23,000		11,100		24,000		12,100		0		13,100		1,000		14,100		2,000		15,100				Jigs 12500 tons and habitat 2500 tons

		Available for power sat construction		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		675		2,025		4,050		4,725		9,000		-600		29,700		27,300		40,700		46,400		68,800		83,500		89,900		88,600		104,000		113,500		116,500		139,500		155,100		166,600		173,400		203,800		232,200		238,700		273,600		317,900		374,600		426,500		503,400		564,900		667,600		799,700		946,400		1,095,700		1,232,800		1,368,900		1,489,200		1,629,900		1,749,400		1,858,900		1,990,000		2,077,100		2,175,000		2,241,300		2,304,000		2,367,100		2,380,000		2,393,100		2,381,000		2,394,100		2,382,000		2,395,100		2,383,000		2,396,100		2,384,000		2,397,100		2,385,000		2,398,100		2,386,000		2,399,100		2,387,000		2,400,100		2,388,000		2,376,100		2,389,000		2,377,100		2,390,000		2,378,100		2,391,000		2,379,100		2,392,000		2,380,100		2,393,000		2,381,100		2,394,000		2,382,100		2,395,000		2,383,100		2,396,000		2,384,100		2,397,000		2,385,100		2,398,000		2,386,100		2,399,000		2,387,100		2,400,000		2,388,100		2,376,000		2,389,100		2,377,000		2,390,100		2,378,000		2,391,100		2,379,000		2,392,100		2,380,000		2,393,100		2,381,000		2,394,100		2,382,000		2,395,100		2,383,000		2,396,100		2,384,000		2,397,100		2,385,000		2,398,100		2,386,000		2,399,100		2,387,000		2,400,100		2,388,000		2,376,100		2,389,000		2,377,100		2,390,000		2,378,100		2,391,000		2,379,100		2,392,000		2,380,100		2,393,000		2,381,100		2,394,000		2,382,100		2,395,000		2,383,100		2,396,000		2,384,100		2,397,000		2,385,100		2,398,000		2,386,100		2,399,000		2,387,100		2,400,000		2,388,100		2,376,000		2,389,100		2,377,000		2,390,100		2,378,000		2,379,000		Available for power sat construction

		Number power 5 GW sats built per quarter		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		2		3		3		3		4		4		4		5		6		6		6		8		9		9		10		12		14		17		20		22		26		31		37		43		49		54		59		65		69		74		79		83		87		89		92		94		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		96		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		96		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		96		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		95		96		95		95		95		95		95		95		95		Number power 5 GW sats built per quarter

		Cumulative # of power sats																																																								1		2		3		4		6		9		12		15		19		23		27		32		38		44		50		58		67		76		86		98		112		129		149		171		197		228		265		308		357		411		470		535		604		678		757		840		927		1016		1108		1202		1297		1392		1487		1582		1677		1772		1867		1962		2057		2152		2247		2342		2437		2532		2627		2723		2818		2913		3008		3103		3198		3293		3388		3483		3578		3673		3768		3863		3958		4053		4148		4243		4338		4433		4528		4623		4718		4813		4908		5003		5099		5194		5289		5384		5479		5574		5669		5764		5859		5954		6049		6144		6239		6334		6429		6524		6619		6714		6809		6904		6999		7094		7189		7284		7379		7475		7570		7665		7760		7855		7950		8045		8140		8235		8330		8425		8520		8615		8710		8805		8900		8995		9090		9185		9280		9375		9470		9565		9660		9755		9851		9946		10041		10136		10231		10326		10421		10516		Cumulative # of power sats

		Power sat sales price per GW																																																								3500		3500		3400		3300		3200		3100		3000		2900		2800		2700		2600		2500		2400		2300		2200		2100		2000		1900		1800		1700		1600		1500		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400

		Income from power sats at price per GW		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		17500		17500		17000		16500		32000		46500		45000		43500		56000		54000		52000		62500		72000		69000		66000		84000		90000		85500		90000		102000		112000		127500		140000		154000		182000		217000		259000		301000		343000		378000		413000		455000		483000		518000		553000		581000		609000		623000		644000		658000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		672000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		672000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		672000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		665000		672000		665000		665000		665000		665000		665000		665000		665000		Income from power sats at $1.4 B per GW

		Parts cost at $800 M/ GW		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		4000		4000		4000		4000		8000		12000		12000		12000		16000		16000		16000		20000		24000		24000		24000		32000		36000		36000		40000		48000		56000		68000		80000		88000		104000		124000		148000		172000		196000		216000		236000		260000		276000		296000		316000		332000		348000		356000		368000		376000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		384000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		384000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		384000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		380000		384000		380000		380000		380000		380000		380000		380000		380000		Parts cost at $800 M/ GW

		Gross profit		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		13500		13500		13000		12500		24000		34500		33000		31500		40000		38000		36000		42500		48000		45000		42000		52000		54000		49500		50000		54000		56000		59500		60000		66000		78000		93000		111000		129000		147000		162000		177000		195000		207000		222000		237000		249000		261000		267000		276000		282000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		288000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		288000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		288000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		285000		288000		285000		285000		285000		285000		285000		285000		285000		Gross profit

		Expenses		50		310		320		340		380		460		500		550		600		650		700		800		800		1,000		1,000		1,200		1,300		1,650		1,650		1,650		1,850		5,398		7,565		10,324		10,433		4,389		2,750		2,559		2,876		3,202		3,278		3,598		3,182		3,266		3,351		3,435		4,036		4,654		5,281		5,899		6,525		7,577		8,754		9,956		11,701		13,496		15,850		18,789		22,329		26,486		31,279		37,224		44,354				54,035		55,351		56,633		57,881		59,095		60,259		61,372		62,418		63,379		64,239		64,981		65,588		66,027		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		66,263		Expenses

		Quarterly PL (millions)		-50		-313		-328		-353		-398		-484		-532		-590		-648		-708		-768		-879		-891		-1,104		-1,119		-1,336		-1,455		-1,827		-1,852		-1,876		-2,103		-5,705		-7,969		-10,862		-11,127		-5,194		-3,609		14,144		13,988		13,315		12,882		28,285		43,453		42,098		40,731		53,389		51,052		48,679		58,810		67,989		64,665		60,886		78,001		83,126		77,188		80,171		90,097		97,441		109,680		118,288		127,751		150,090		178,295		265,247		253,909		295,218		329,675		364,269		406,011		433,907		468,947		504,158		532,548		561,121		575,875		597,814		612,974		621,369		623,009		624,650		626,290		627,931		629,571		631,212		632,852		634,493		636,133		637,774		639,414		641,055		642,695		644,336		652,988		647,639		649,280		650,921		652,561		654,202		655,842		657,483		659,123		660,764		662,404		664,045		665,685		667,326		668,966		670,607		672,247		673,888		675,528		677,169		678,809		680,450		682,091		683,731		685,372		694,023		688,675		690,316		691,956		693,597		695,237		696,878		698,518		700,159		701,799		703,440		705,080		706,721		708,361		710,002		711,642		713,283		714,924		716,564		718,205		719,845		721,486		723,126		724,767		726,407		735,059		729,711		731,351		732,992		734,632		736,273		737,913		739,554		741,194		742,835		744,476		746,116		747,757		749,397		751,038		752,678		754,319		755,959		757,600		759,240		760,881		762,521		764,162		765,802		767,443		776,095		770,746		772,387		774,028		775,668		777,309		778,949		780,590		Quarterly PL (millions)

		Cumulative PL (millions)		-$50		-$360		-$680		-$1,020		-$1,400		-$1,860		-$2,360		-$2,910		-$3,510		-$4,160		-$4,860		-$5,660		-$6,460		-$7,460		-$8,460		-$9,660		-$10,960		-$12,610		-$14,260		-$15,910		-$17,760		-$23,158		-$30,724		-$41,048		-$51,481		-$55,870		-$58,620		-$47,679		-$37,055		-$27,257		-$18,036		$2,367		$33,685		$63,419		$91,568		$128,133		$162,097		$193,443		$230,662		$272,764		$311,239		$345,662		$388,908		$432,951		$470,750		$507,254		$545,404		$582,615		$619,786		$653,300		$688,021		$728,797		$777,444		$888,444		$963,408		$1,055,057		$1,160,425		$1,279,544		$1,415,449		$1,562,190		$1,722,818		$1,897,401		$2,083,022		$2,279,782		$2,481,801		$2,692,213		$2,908,186		$3,126,922		$3,345,659		$3,564,396		$3,783,133		$4,001,870		$4,220,607		$4,439,344		$4,658,081		$4,876,817		$5,095,554		$5,314,291		$5,533,028		$5,751,765		$5,970,502		$6,189,239		$6,410,976		$6,629,713		$6,848,449		$7,067,186		$7,285,923		$7,504,660		$7,723,397		$7,942,134		$8,160,871		$8,379,608		$8,598,344		$8,817,081		$9,035,818		$9,254,555		$9,473,292		$9,692,029		$9,910,766		$10,129,503		$10,348,239		$10,566,976		$10,785,713		$11,004,450		$11,223,187		$11,441,924		$11,660,661		$11,882,398		$12,101,135		$12,319,871		$12,538,608		$12,757,345		$12,976,082		$13,194,819		$13,413,556		$13,632,293		$13,851,030		$14,069,766		$14,288,503		$14,507,240		$14,725,977		$14,944,714		$15,163,451		$15,382,188		$15,600,925		$15,819,661		$16,038,398		$16,257,135		$16,475,872		$16,694,609		$16,913,346		$17,132,083		$17,353,820		$17,572,557		$17,791,293		$18,010,030		$18,228,767		$18,447,504		$18,666,241		$18,884,978		$19,103,715		$19,322,452		$19,541,188		$19,759,925		$19,978,662		$20,197,399		$20,416,136		$20,634,873		$20,853,610		$21,072,347		$21,291,083		$21,509,820		$21,728,557		$21,947,294		$22,166,031		$22,384,768		$22,603,505		$22,825,242		$23,043,979		$23,262,715		$23,481,452		$23,700,189		$23,918,926		$24,137,663		$24,356,400		Cumulative PL (millions)
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				NPV		$164,729.95
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		Flights per quarter ver 2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		45		225		450		720		1035		1395		1800		2205		2655		3105		3555		4005		4455		4905		5355		5760		6030		6255		6435		6570		6660		6705		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		6750		Flights per quarter ver 2

		Cumulative flights		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		45		180		495		990		1440		2160		3195		4590		6390		8595		11250		14355		17910		21915		26370		31275		36630		42390		48420		54675		61110		67680		74340		81045		87795		94545		101295		108045		114795		121545		128295		135045		141795		148545		155295		162045		168795		175545		182295		189045		195795		202545		209295		216045		222795		229545		236295		243045		249795		256545		263295		270045		276795		283545		290295		297045		303795		310545		317295		324045		330795		337545		344295		351045		357795		364545		371295		378045		384795		391545		398295		405045		411795		418545		425295		432045		438795		445545		452295		459045		465795		472545		479295		486045		492795		499545		506295		513045		519795		526545		533295		540045		546795		553545		560295		567045		573795		580545		587295		594045		600795		607545		614295		621045		627795		634545		641295		648045		654795		661545		668295		675045		681795		688545		695295		702045		708795		715545		722295		729045		735795		742545		749295		756045		762795		769545		776295		783045		789795		796545		803295		810045		816795		823545		830295		837045		843795		850545		857295		864045		870795		877545		884295		891045		Cumulative flights

		Tons to :LEO/GEO per quarter		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		675		2025		4050		4725		9000		14400		20700		27900		36000		44100		53100		62100		71100		80100		89100		98100		107100		115200		120600		125100		128700		131400		133200		134100		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		135000		Tons to GEO per quarter

		Cumulative tonnes to LEO/GEO		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		675		2,700		6,750		11,475		20,475		34,875		55,575		83,475		119,475		163,575		216,675		278,775		349,875		429,975		519,075		617,175		724,275		839,475		960,075		1,085,175		1,213,875		1,345,275		1,478,475		1,612,575		1,747,575		1,882,575		2,017,575		2,152,575		2,287,575		2,422,575		2,557,575		2,692,575		2,827,575		2,962,575		3,097,575		3,232,575		3,367,575		3,502,575		3,637,575		3,772,575		3,907,575		4,042,575		4,177,575		4,312,575		4,447,575		4,582,575		4,717,575		4,852,575		4,987,575		5,122,575		5,257,575		5,392,575		5,527,575		5,662,575		5,797,575		5,932,575		6,067,575		6,202,575		6,337,575		6,472,575		6,607,575		6,742,575		6,877,575		7,012,575		7,147,575		7,282,575		7,417,575		7,552,575		7,687,575		7,822,575		7,957,575		8,092,575		8,227,575		8,362,575		8,497,575		8,632,575		8,767,575		8,902,575		9,037,575		9,172,575		9,307,575		9,442,575		9,577,575		9,712,575		9,847,575		9,982,575		10,117,575		10,252,575		10,387,575		10,522,575		10,657,575		10,792,575		10,927,575		11,062,575		11,197,575		11,332,575		11,467,575		11,602,575		11,737,575		11,872,575		12,007,575		12,142,575		12,277,575		12,412,575		12,547,575		12,682,575		12,817,575		12,952,575		13,087,575		13,222,575		13,357,575		13,492,575		13,627,575		13,762,575		13,897,575		14,032,575		14,167,575		14,302,575		14,437,575		14,572,575		14,707,575		14,842,575		14,977,575		15,112,575		15,247,575		15,382,575		15,517,575		15,652,575		15,787,575		15,922,575		16,057,575		16,192,575		16,327,575		16,462,575		16,597,575		16,732,575		16,867,575		17,002,575		17,137,575		17,272,575		17,407,575		17,542,575		17,677,575		17,812,575		Cumulative tonnes to GEO

		Skylon purchase cost M		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		900		1,600		1,000		1,250		1,500		1,750		2,000		2,250		2,250		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		2,500		Skylon purchase cost M

		Runway, LNG terminal, ship termainal, ship 500 M		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		100		100		100		100		100																																																																																																																																																																																																																																																																																																Runway, LNG terminal, ship termainal, ship 500 M

		Hangers 150 at 1/3 M per		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		15		15		15		15		15		15		15		15		15		15																																																																																																																																																																																																																																																																														Hangers 150 at 1/3 M per

		Hydrogen plant $2 B at 200 M/quarter		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		200		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100																																																																																																																																																																																																																																																										Hydrogen plant $2 B at 200 M/quarter

		Hydrogen consumption/quarter tons		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		3,420		10,260		23,940		37,620		34,200		54,720		78,660		106,020		136,800		167,580		201,780		235,980		270,180		304,380		338,580		372,780		406,980		437,760		458,280		475,380		489,060		499,320		506,160		509,580		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		513,000		Hydrogen consumption/quarter tons

		LNG consumption at 2.3 x hydrogen tons		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		7,866		23,598		55,062		86,526		78,660		125,856		180,918		243,846		314,640		385,434		464,094		542,754		621,414		700,074		778,734		857,394		936,054		1,006,848		1,054,044		1,093,374		1,124,838		1,148,436		1,164,168		1,172,034		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		1,179,900		LNG consumption at 2.3 x hydrogen tons

		LNG cost at $500/ton		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		4		12		28		43		39		63		90		122		157		193		232		271		311		350		389		429		468		503		527		547		562		574		582		586		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		590		LNG cost at $500/ton

		Skylon service per flight $100,000		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		5		14		32		50		45		72		104		140		180		221		266		311		356		401		446		491		536		576		603		626		644		657		666		671		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		675		Skylon service per flight $100,000

		Laser cost at $ 1 M/ton ($1000/kg)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		675		2,025		4,050		4,725		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		Laser cost at $ 1 M/ton

		Laser MW at 3.33 tons per MW		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		202.7		608.1		1216.2		1418.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		Laser MW at 20 tons per MW

		Cumulative laser MW		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		202.7		810.8		2027.0		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		3445.9		Cumulative laser MW

		Ground transmitter-12 GW for 1/4 at .05/kWh																																												3000		3000		3000		3000		1440

		Jigs 12500 tons and habitat 2500 tons, carryover		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		-15,000		9,000		-600		4,700		2,300		15,700		21,400		18,800		8,500		14,900		13,600		4,000		11,700		11,100		1,900		6,700		2,000		10,400		8,400		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500		18,600		17,500		3,600		2,500		13,600		12,500		23,600		22,500		8,600		7,500				Jigs 12500 tons and habitat 2500 tons

		Available for power sat construction		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		675		2,025		4,050		4,725		9,000		-600		29,700		27,300		40,700		46,400		68,800		83,500		89,900		88,600		104,000		111,700		111,100		126,900		131,700		127,000		135,400		133,400		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		142,500		153,600		152,500		138,600		137,500		148,600		147,500		158,600		157,500		143,600		153,600		Available for power sat construction

		Number power 5 GW sats built per quarter		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		2		3		3		3		4		4		4		5		5		5		5		5		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		5		6		6		5		5		5		5		6		6		5		6		Number power 5 GW sats built per quarter

		Cumulative # of power sats																																																								1		2		3		4		6		9		12		15		19		23		27		32		37		42		47		52		57		62		68		74		79		84		89		94		100		106		111		116		122		128		133		138		143		148		154		160		165		170		176		182		187		192		197		202		208		214		219		224		230		236		241		246		251		256		262		268		273		278		284		290		295		300		305		310		316		322		327		332		338		344		349		354		359		364		370		376		381		386		392		398		403		408		413		418		424		430		435		440		446		452		457		462		467		472		478		484		489		494		500		506		511		516		521		526		532		538		543		548		554		560		565		570		575		580		586		592		597		602		608		614		619		624		629		634		640		646		651		656		662		668		673		678		683		688		694		700		705		711		Cumulative # of power sats

		Power sat sales price per GW																																																								3500		3500		3400		3300		3200		3100		3000		2900		2800		2700		2600		2500		2400		2300		2200		2100		2000		1900		1800		1700		1600		1500		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400		1400

		Income from power sats at price per GW		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		17500		17500		17000		16500		32000		46500		45000		43500		56000		54000		52000		62500		60000		57500		55000		52500		50000		47500		54000		51000		40000		37500		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		35000		42000		42000		35000		35000		35000		35000		42000		42000		35000		42000		Income from power sats at $1.4 B per GW

		Parts cost at $800 M/ GW		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		4000		4000		4000		4000		8000		12000		12000		12000		16000		16000		16000		20000		20000		20000		20000		20000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		20000		24000		24000		20000		20000		20000		20000		24000		24000		20000		24000		Parts cost at $800 M/ GW

		Gross profit		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		13500		13500		13000		12500		24000		34500		33000		31500		40000		38000		36000		42500		40000		37500		35000		32500		30000		27500		30000		27000		20000		17500		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		15000		18000		18000		15000		15000		15000		15000		18000		18000		15000		18000		Gross profit

		Expenses		50		310		320		340		380		460		500		550		600		650		700		800		800		1,000		1,000		1,200		1,300		1,650		1,650		1,650		1,850		5,398		7,565		10,324		10,433		4,389		2,750		2,559		2,876		3,202		3,278		3,598		3,182		3,266		3,351		3,435		3,519		3,604		3,679		3,730		3,772		3,706		3,731		3,748		3,757		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		3,765		Expenses

		Quarterly PL (millions)		-50		-313		-328		-353		-398		-484		-532		-590		-648		-708		-768		-879		-891		-1,104		-1,119		-1,336		-1,455		-1,827		-1,852		-1,876		-2,103		-5,705		-7,969		-10,862		-11,127		-5,194		-3,609		14,144		13,988		13,315		12,882		28,285		43,453		42,098		40,731		53,389		51,571		49,738		60,429		58,160		55,880		53,690		51,390		49,080		46,759		53,438		50,623		39,771		37,383		34,977		35,061		42,157		42,264		35,359		35,443		42,539		42,646		35,741		35,826		35,910		35,994		43,090		43,196		36,292		36,376		43,472		43,578		36,674		36,758		36,842		36,927		44,022		44,129		37,224		37,309		44,404		44,511		37,606		37,691		37,775		37,859		44,955		45,062		38,157		38,241		45,337		45,444		38,539		38,623		38,708		38,792		45,887		45,994		39,090		39,174		46,269		46,376		39,472		39,556		39,640		39,725		46,820		46,927		40,022		40,107		47,202		47,309		40,404		40,489		40,573		40,657		47,753		47,859		40,955		41,039		48,135		48,241		41,337		41,421		41,506		41,590		48,685		48,792		41,888		41,972		49,067		49,174		42,270		42,354		42,438		42,522		49,618		49,725		42,820		42,904		50,000		50,107		43,202		43,287		43,371		43,455		50,551		50,657		43,753		43,837		50,933		51,039		44,135		44,219		44,303		44,388		51,483		51,590		44,685		44,770		51,865		51,972		45,068		45,152		45,236		45,320		52,416		52,523		45,618		52,714		Quarterly PL (millions)

		Cumulative PL (millions)		-$50		-$360		-$680		-$1,020		-$1,400		-$1,860		-$2,360		-$2,910		-$3,510		-$4,160		-$4,860		-$5,660		-$6,460		-$7,460		-$8,460		-$9,660		-$10,960		-$12,610		-$14,260		-$15,910		-$17,760		-$23,158		-$30,724		-$41,048		-$51,481		-$55,870		-$58,620		-$47,679		-$37,055		-$27,257		-$18,036		$2,367		$33,685		$63,419		$91,568		$128,133		$162,614		$195,011		$233,831		$270,101		$303,829		$335,123		$363,892		$390,144		$413,887		$440,122		$463,357		$479,592		$493,327		$504,562		$515,797		$530,033		$544,268		$555,503		$566,738		$580,973		$595,208		$606,443		$617,678		$628,913		$640,148		$654,383		$668,618		$679,853		$691,088		$705,323		$719,558		$730,793		$742,028		$753,263		$764,498		$778,734		$792,969		$804,204		$815,439		$829,674		$843,909		$855,144		$866,379		$877,614		$888,849		$903,084		$917,319		$928,554		$939,789		$954,024		$968,259		$979,494		$990,729		$1,001,964		$1,013,199		$1,027,435		$1,041,670		$1,052,905		$1,064,140		$1,078,375		$1,092,610		$1,103,845		$1,115,080		$1,126,315		$1,137,550		$1,151,785		$1,166,020		$1,177,255		$1,188,490		$1,202,725		$1,216,960		$1,228,195		$1,239,430		$1,250,665		$1,261,900		$1,276,136		$1,290,371		$1,301,606		$1,312,841		$1,327,076		$1,341,311		$1,352,546		$1,363,781		$1,375,016		$1,386,251		$1,400,486		$1,414,721		$1,425,956		$1,437,191		$1,451,426		$1,465,661		$1,476,896		$1,488,131		$1,499,366		$1,510,601		$1,524,837		$1,539,072		$1,550,307		$1,561,542		$1,575,777		$1,590,012		$1,601,247		$1,612,482		$1,623,717		$1,634,952		$1,649,187		$1,663,422		$1,674,657		$1,685,892		$1,700,127		$1,714,362		$1,725,597		$1,736,832		$1,748,067		$1,759,302		$1,773,538		$1,787,773		$1,799,008		$1,810,243		$1,824,478		$1,838,713		$1,849,948		$1,861,183		$1,872,418		$1,883,653		$1,897,888		$1,912,123		$1,923,358		$1,937,593		Cumulative PL (millions)

		Interest (millions)		-$2		-$3		-$8		-$13		-$18		-$24		-$32		-$40		-$48		-$58		-$68		-$79		-$91		-$104		-$119		-$136		-$155		-$177		-$202		-$226		-$253		-$307		-$404		-$538		-$694		-$805		-$859		-$797		-$636		-$482		-$340		-$118		$135		$364		$581		$824		$1,090		$1,341		$1,608		$1,890		$2,152		$2,396		$2,621		$2,828		$3,015		$3,203		$3,388		$3,536		$3,648		$3,742		$3,826		$3,922		$4,029		$4,124		$4,208		$4,304		$4,411		$4,506		$4,590		$4,675		$4,759		$4,854		$4,961		$5,057		$5,141		$5,237		$5,343		$5,439		$5,523		$5,607		$5,692		$5,787		$5,894		$5,989		$6,074		$6,169		$6,276		$6,371		$6,456		$6,540		$6,624		$6,720		$6,827		$6,922		$7,006		$7,102		$7,209		$7,304		$7,388		$7,473		$7,557		$7,652		$7,759		$7,855		$7,939		$8,034		$8,141		$8,237		$8,321		$8,405		$8,489		$8,585		$8,692		$8,787		$8,872		$8,967		$9,074		$9,169		$9,254		$9,338		$9,422		$9,518		$9,624		$9,720		$9,804		$9,900		$10,006		$10,102		$10,186		$10,270		$10,355		$10,450		$10,557		$10,653		$10,737		$10,832		$10,939		$11,035		$11,119		$11,203		$11,287		$11,383		$11,490		$11,585		$11,669		$11,765		$11,872		$11,967		$12,051		$12,136		$12,220		$12,316		$12,422		$12,518		$12,602		$12,698		$12,804		$12,900		$12,984		$13,068		$13,153		$13,248		$13,355		$13,450		$13,535		$13,630		$13,737		$13,832		$13,917		$14,001		$14,085		$14,181		$14,288		$14,383		$14,479		Interest (millions)

		cum interest		-$2		-$5		-$13		-$26		-$44		-$69		-$100		-$140		-$188		-$245		-$313		-$392		-$483		-$587		-$707		-$843		-$997		-$1,174		-$1,376		-$1,602		-$1,854		-$2,161		-$2,565		-$3,104		-$3,798		-$4,603		-$5,461		-$6,259		-$6,894		-$7,376		-$7,716		-$7,834		-$7,698		-$7,334		-$6,753		-$5,929		-$4,839		-$3,498		-$1,890		$0		$2,152		$4,548		$7,170		$9,997		$13,012		$16,215		$19,603		$23,139		$26,788		$30,530		$34,356		$38,278		$42,306		$46,431		$50,639		$54,943		$59,354		$63,860		$68,450		$73,125		$77,884		$82,738		$87,700		$92,756		$97,897		$103,134		$108,477		$113,916		$119,439		$125,047		$130,738		$136,525		$142,419		$148,409		$154,482		$160,651		$166,927		$173,299		$179,754		$186,294		$192,919		$199,638		$206,465		$213,387		$220,393		$227,495		$234,704		$242,008		$249,396		$256,869		$264,425		$272,078		$279,837		$287,692		$295,631		$303,665		$311,806		$320,043		$328,364		$336,769		$345,259		$353,844		$362,535		$371,323		$380,194		$389,161		$398,235		$407,404		$416,658		$425,996		$435,418		$444,936		$454,560		$464,280		$474,084		$483,984		$493,990		$504,092		$514,278		$524,549		$534,904		$545,354		$555,911		$566,563		$577,300		$588,133		$599,072		$610,106		$621,225		$632,428		$643,716		$655,099		$666,588		$678,173		$689,843		$701,608		$713,479		$725,447		$737,498		$749,634		$761,854		$774,169		$786,592		$799,109		$811,712		$824,409		$837,213		$850,113		$863,097		$876,166		$889,318		$902,567		$915,921		$929,372		$942,907		$956,537		$970,274		$984,106		$998,023		$1,012,024		$1,026,109		$1,040,290		$1,054,578		$1,068,961		$1,083,439

																		1000000

		Quarter		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24.0		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		Quarter

						0-10000 tons, 15 t/flight to LEO						0		15				20

						10001 up 20 tons per flight to GEO						10000		20

						3201-23200 tons 9 t/flight

						23201-39300 14.4 t/fight

						39301 up 18 t/flight
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