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… and not the Moon? 

Mars has 

• Abundant, distributed sources of water (hydrogen and oxygen)  

• Vast quantities of carbon and nitrogen in the atmosphere 

• “Hot spot” volcanic activity that concentrates minerals 

• Atmosphere (7 mb) as a partial shield against solar flares 

• 24 1/2 hour day conducive to Earth plant growth 

… The Moon doesn’t…  

Why a permanent settlement on Mars? 
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Mars HomesteadTM for 24 settlers 
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Mars HomesteadTM for 48 settlers 
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A Partial List of Products! Mars Annual 
Production - 
tonnes!

Water for aquaculture, consumption, making CH4, O2 and 
H2!

500!

Cement (Magnesium oxy-sulfate based)! 195!
Basalt fiber for composite modules, gas  pressure tanks! 80!
Steel for beams, sheet, rebar, pipes! 78!
Methane for furnace fuel and ICEs! 70!
Polyethylene for pipes, sheet and containers! 48!
Polycarbonate for windows! 33!
Polyester resin for composite modules, gas pressure tanks! 28!
Aluminum for electrical wire! 12!
Nitrogen (for fire extinguishing, breathable gas mix)! 5!
Silicon (eventually for photovoltaic cell production)! 2!
TOTAL PRODUCTION! 1100!
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Process! Details! Energy to produce 
water!

Water from hydrated minerals 
at Meridiani!

Separate minerals containing 
5% hydrated water. Heat to 
200°C, Condense out water. 
Heat exchange to preheat 
incoming minerals!

~10 MJ/kg water !
~ the same energy to make 
steel!!

Water ice trucked from polar 
regions +/-50° latitude to 
settlement at Meridiani!

Transport 3000 km in 50 
tonne methane/oxygen ICE 
truck. Heat from -40°C to 20 
°C. !

~3 MJ/kg water !
~ 0.5 MJ/kg to heat water!
~2.5 MJ/kg to transport!

Water from > 3km deep wells 
(Not proven to exist!)!

Make 90 tonne of 3 in diam 
steel well casing. Amortize 
over 10 years. Extract at 1 
ga"min or 3.8kg/min with 1 
kW power pump!

~0.1 MJ/kg water!
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Material! Specific Energy - MJ/kg 
of end material!

Comments!

Methane ! 39.4! 75% electrolysis 
production efficiency!

Hematite to DR iron! 10.0! Midrex Process heat from 
75% efficient CH4 
burning!

DR iron to medium 
carbon steel cast ingot!

2.1! Electric arc furnace!

Alumina powder from 
Plagioclase (Anorthite)!

16   Bayer Process plus!
7.3 for CaO from gypsum!

Requires 3 moles of CaO 
for every mole of Al2O3!

Aluminum wire from 
Plagioclase/Alumina!

99.4! Hall-Heroult; includes   
energy to make carbon 
electrodes!

Aluminum wire from 
spacecraft skin!

5.9! Remelt, cast, roll, draw to 
wire!

Copper from 
chalcopyrite!

17.3! Smelting then electrolytic 
refining of copper!
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Material! Specific Energy - MJ/kg 
of end material!

Comments!

Ethylene! 22.5! Dominated by energy of 
electrolysis of water to 
get H2!

Benzene! 12.1! Ditto!

Polyethylene! 3! Starting with ethylene!

Epoxy! 9.5! Starting with ethylene 
and benzene!

Polycarbonate! 9.5! Starting with ethylene 
and benzene!

Polyester! 7.3! Starting with ethylene 
and benzene!

Basalt! 1.2! Melting at 1450°C with 
CH4/O2 burn then 
drawing/spinning to fiber!

KB(,7H,%I5(+-=%$'%/+'&<,(%J"(27,#1)G%/'1=2(+)G%_70(+)#
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Material! Specific Energy - 
MJ/kg of end 
material!

Comments!

MgO from kieserite! 14.4! Calcining MgSO4 to 2750°C in 
two steps to form firebrick!

MOS cement from 
kieserite!

2.3! Calcining to 1600°C and 
mixing with MgSO4 and water!

CaO from gypsum! 4.0! Calcining CaSO4 at 1500°C!

Water from hydrated 
minerals (eg. gypsum)!

10.2! 200°C heating of mineral mass 
to release 5% water content!

Silicon from silicate 
minerals!

122! MAPS to produce silica (lack thermo data)!
or !
React silica containing silicate minerals 
with C at 1900°C to form impure Si; !
Then react with H2 at 350°C to form 
silane; react silane at 420°C to produce 
electronic grade Si!
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Operation Process Equipment Comments

Iron Refining and Steel 
Processing Wash hematite cooker, heater, stirrer

Fig. 9.5 in Smith Evaporate water recover salts evaporator
Hematite crushing Crusher/grinder & sieve
Hematite Ore charging Double bell hopper
MIDREX iron reduction MIDREX shaft furnace
Dust removal Dust catcher, Cyclone, Precipitator
Unburned Gas recycling 3 stage Scrubber CO2 removal
Gas heating for furnace entry Gas Heater

Desulfurization Stirred ladle with flux added to DR 
Fe

Addition of hot metal, scrap to 
Electric Arc Furnace Ladle and arc melter

Liming of Hot metal in EAF addition of lime flux for steel making
Oxygen blowing To reduce C content to 0.5%
Vacuum Degassing In EAF  Pressure dropped to Mars ambient
Ladle extraction from EAF Ladle furnace
Continuous Casting Continuous cast line blooms, billets, 5-150 mm slabs

Steel parts Manufacture Preheating furnaces for hot working CH4/O2 and Resistance furnaces discontinuous throughput requires 
reheating

Milling multiple hot rollers, mandrels,  and  
(perhaps) hot extrusion equipment

reduction in thickness, increase in 
length, change of shape

Final shaping multiple cold rollers, mandrels, and 
cold drawing equipment

I beams, channels, plates, sheets, 
rebar, wire, pipe

Annealing and quenching Furnace and water quench For final heat treatment of part
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Days for total production equip mass/ Days for total production
Total need 720 400 100  daily production 720 400 100

Material kg          Daily production mass in kg mass ratio        Equipment mass in kg
Indust. Water fr. Hydrated min. 203160 282 508 2032 72 20316 36569 146275
Cement mine-manuf 195000 271 488 1950 77 20854 37538 150150
Hematite mine 156000 217 390 1560 122 35000 35000 72000
Basalt Fiber mine-manuf. 80033 111 200 800 68 7559 13606 54422
Iron/Steel Refine-Manuf. 78000 108 195 780 228 24700 44460 177840
Ethylene synth. 58981 82 147 590 30 2458 4424 17694
Polyethylene synth. - manuf. 46400 64 116 464 60 3867 6960 27840
Polycarbonate to window manuf. 33092 46 83 331 119 5469 9845 39379
Alumina mine-manuf. 30382 42 76 304 79 3334 6000 24002
Copper mine-manuf. 28303 39 71 283 80 3145 5661 22642
Polyester synth-comp. Manuf. 27840 39 70 278 80 3093 5568 22272
Benzene synth. 26569 37 66 266 30 1107 1993 7971
Aluminum refine-manuf. 12391 17 31 124 61 1050 1890 7559
Silica mine-manuf. 5280 7 13 53 28 205 370 1478
Epoxy synth-bond manuf. 5000 7 13 50 84 583 1050 4200
Silicon refine 2000 3 5 20 38 106 190 760
Total 988431 1373 2471 9884 132845 211121 776485
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