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ABSTRACT

In this paper, a lunar utilization scenario is discussed.
The scenario is based on LOX (Liquid OXygen)
production on the lunar surface. LOX made from
Lunar regolith is used as oxidizer or propellant of
space transportation system. There are two features in
this lunar utilization scenario. The first, LOX
produced on the lunar surface is used not only for the
transportation “above” LEO (Low Earth Orbit) but
also used in deorbit maneuver of SSTO (Single Stage
To Orbit) which returns from LEO to the Earth
Surface. The second, the LOX production
infrastructures are interconnected systematically to
enhance the efficiency of the system. The scenario is
evaluated quantitatively from the point of cost. In the
case of the 1GW Solar Power Satellite construction
on the geostationary orbit, 25% reduction of
transportation cost can be expected. The result shows
that this scenario has a possibility to return economic
benefit to the space activity. In other words, there is a
possibility of space activity cost reduction by the
utilization of the lunar surface industry. Sensitivity
analysis as to the assumed parameters is executed at
the same time. The result shows that the scenario can
cope with wide range of situation flexibly.

1. INTRODUCTION

Many lunar exploitation scenarios are proposed on
the literature up to now. Typical scenarios mention
about gradual expansion from “lunar exploration” to
“lunar utilization”. However, the economic return
against the great investment for its realization is not
clear in many cases.
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Two candidates are proposed as “economic
return” from the moon. The first is the use of lunar
*He as energy source in nuclear fusion. D-*He
reaction is known as clean and high efficiency nuclear
fusion. However, hard technological break through is
needed for this process under the current condition
where easier D-T reaction is not realized. The second
candidate is the LOX production on the lunar surface.
LOX made from lunar regolith is used as oxidizer or
propellant of space transportation system. Many of
the literature that mentions about this idea intend to
use the lunar born LOX for the transportation
“above” LEOL.

The effectiveness of the lunar LOX production
depends on the size of LOX demand in the space
transportation. There are four promising space
activities that are expected to grow in the near future.
Those are, “communication satellite”, “space
environment utilization”, “space tours”, and “SPS
(Solar Power Satellite”. Among these, the activities
which requires “above LEO” transportation are GEO
(GEostationary Orbit) communication satellite and
SPS. However, the demand for GEO communication
satellite is expected to be limited. In the case of SPS,
though they needs great deal of transportation
between LEO and GEO, most SPS construction
scenario in the literature assume the usage of electric
propulsion OTV (Orbital Transfer Vehicle) as the
transportation system?. We concluded that there is no
sufficient LOX demand “above” LEO to justify the
great investment for the lunar surface LOX industry.

In the other hand, all space activities are based on
the Earth-LEO transportation. Therefore, huge
amount of Earth-LEO transportation can be expected
in the near future even if it is limited to the four fields
listed above. Many reusable launch system are
proposed for the future inexpensive Earth-LEO
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transportation system. All of them are assumed to
load propellant for the deorbit return maneuver. The
first characteristic of this paper is related to this point.
We propose to supply LOX on LEO to the reusable
launch vehicle for its deorbit maneuver. In the typical
case of SSTO, the mass of LOX for deorbit maneuver
is estimated approximately the same as the payload
mass. This means that the payload ratio of SSTO is
doubled if the LOX for deorbit maneuver is supplied
on LEO.

To use the lunar born LOX in the near earth
transportation, several component systems need to be
prepared. Those are, LOX production system, lunar
surface life support system, transportation system
between LS (Lunar Surface) and LLO (Low Lunar
Orbit) or between LLO and LEO, on orbit
infrastructures such as fuel stations. The second
characteristic of our paper is related to this point. In
our scenario, related infrastructures are
interconnected systematically to enhance the
efficiency of the system. This mechanism is called
“lunar industry interconnected infrastructure
network.”

The sections are composed as follows. In order to
verify the effectiveness of the proposed scenario,
quantitative evaluation is executed for the typical
mission. This case study mission is described in
Section 2. The transportation cost analysis is done in
Section 3 for the former concepts. These former
concepts include “the earth based concept” and
“non-connected simple Ilunar LOX utilization
concept”. In Section 4, detail of the proposed concept
is described and cost analysis is executed.
Additionally, the sensitivity analysis as to the
assumed parameters is executed and the feasibility of
the scenario is confirmed in the wide range of
situation. At last, the paper is conclude in Section 5.

2. MISSION DESCRIPTION
In order to evaluate the effectiveness of the proposed
scenario a mission is selected for the case study. The
selected mission is the continual construction of SPS
on GEO. The specification of the assumed SPS2 is
shown in Table 1. '

Table 1. Specification of SPS

- Power 1GW
Life 15 years
Construction Time 5 years
Total Mass 15,450 ton

The main feature of the proposed scenario is to
reduce the Earth-LEO transportation cost by use of
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lunar LOX. Reusable SSTO is selected as Earth-LEQ
transportation system. The specification of the
assumed SSTO3 is shown in Table 2.

Table 2. Specification of SSTO

Dry Mass 85 ton
Payload Mass (original) 10 ton
LOX Mass for Deorbit 10 ton

Life 100 cycle
Launch Cost 12 M$
Production Cost 1,870 M$

The objective of this mission setting is to compare the
former concepts and the proposed new concepts.
Therefore, the difference of these concepts is focused
on in the analysis. As to the cost analysis, the whole
cost to bring SPS structure to LEO is considered.
However, the cost to bring SPS structure from LEO to
GEOQ, or the cost of SPS structure are not considered.
The reason is that these costs are regarded as the
same in any concepts.

3. FORMER CONCEPTS

Earth Based Concept

The first cost analysis is made for the conventional
“earth based” SPS construction scenario. The concept
of this scepario is shown in Figure 1. The scenario is
called “Scenario 1” here after. SPS parts are launched
to LEO by SSTO. They are transferred from LEO to
GEO by E-OTV (Electric propulsion OTV) whose
propellant is Ar. Assumed values of the parameters in
this scenario are shown in Table 3. The values already
shown in previous tables are omitted.

o G, *1GW, 15450ton
SPS Constru > e o

GEO

Figure 1. Concepts of Scenario 1



Table 3. Assumed values of parameters in Scarario 1

E-OTV
Isp 5,000 sec
Thruster Efficiency 80 %
Dry Mass 297 ton
Orbit Transfer Time 1 year
Refurbishment Ratio 10%
Life 10 years
Production Cost 105 M$
Operation Cost 10 M$/cycle
Number - 2

The cost of shadowed area in Figure 1 is analyzed
and the results is shown in Table 4. The cost for one
SPS unit construction is described. The payload of
SSTO includes SPS parts, E-OTV, and the propellant
of E-OTV. The transportation cost to launch these
payloads is taken into account. The “SSTO related
cost 54,770 M$” is the value to compare the cost with
other scenarios. It must be noted that this value is not
the whole SPS construction cost. It does not include
the SPS parts cost and so on.

Table 4. Cost Analysis Results of Scenario 1

SSTO Payload Mass | 17,840 ton
SSTO Launch 1,784
SSTO Related Cost | 54,770 M$

Simple Utilization of Lunar LOX

The second cost analysis is made for the lunar born
LOX utilization scenario. LOX is mainly used for the
deorbit maneuver oxidizer of SSTO. The components
of lunar LOX supply infrastructure are designed
independently. This “components” include LOX

production  plant, energy supply system,
SPS Construction *1GW, 15450ton
«5years for construction

GEO
& «SPS parts
# *OTV Propellant (Ar)
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transportation system between LS (Lunar Surface)
and LLO or between LLO and LEO. Just putting
together the components is somewhat simple
compared with the following interconnected system.
Therefore, we call this scenario “lunar LOX simple
utilization scenario” or “Scenario 2” here after. The
concept of this scenario is shown in Figure 2. LOX
produced on lunar surface is transported to LLO by
chemical propulsion rocket whose propellant is
LOX/LH,. For the transportation system between
LLO and LEO, E-OTV is used. The propellant of E-
OTV is Ar. Chemical propulsion with LOX/LH, or
electric propulsion with Ar can achieve the best
performance in each category at current status.
Assumed values of the parameters in this scenario are
shown in Table 6. The values already shown in

previous tables are omitted.
Table 6. Assumed values of parameters in Scenario 2
SSTO '
Payload Mass [ 20ton
E-OTV (LEO-GEQ)
Isp 6,000 sec
Orbit Transfer Time 1 year
Dry Mass 297 ton
E-OTV (LEO-GEO)
Isp 6,000 sec
Orbit Transfer Time 1 year
Dry Mass 1810 ton
C-Rocket (LS-LLO)
Isp 445 sec
Mixture Ratio 8
, Structure Ratio 0.85
Life 100 cycle
Dry Mass 85 ton
 Energy Supply -
'LOX Production

Fioure 2. Concent of Scenarin 2,
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Note that the payload mass of SSTO is increassd to
20 ton. LOX for the deorbit maneuver whose mass is
estimated as 10 ton is now supplied on LEO.
Therefore, at launch, SSTO can load 10 ton of
paylaod additionally instead of deorbit propellant that
'was counted in Scenario 1.

The cost of shadowed area in Figure 2 is analyzed
and the results are shown in Table 7. The cost for one
SPS unit construction is described. Besides the SSTO
related cost, transportation cost between LEO and
LLO or LLO and LS is added in this scenario. The
launch cost of these additional transportation systems
is reflected in SSTO related cost. In the resuits, the
cost of lunar LOX plant or its related facilities and
their transportation cost is not counted. The cost of
lunar LOX production infrastructure is discussed
separately.

Table 7. Cost Analysis Results of Scenario 2

SSTO Payload Mass 35,610 ton

SSTO Launch - 1,781

Total Cost 57,120 M$
SSTO Cost 54,670 M$
E-OTV (LEO-LLO) Cost 1,070 M$
C-Rocket (LLO-LS) Cost 1,385 M$

The total cost 57,120 M$ is larger than the cost of
Scenario 1. In other words, Scenario 2 has no cost
merit compared with Scenario 1. Table 7 shows that
SSTO related cost takes most part of the total cost. It
suggests that the reduction of SSTO related cost is the
key of the total cost reduction. SSTO related cost
directly reflects the SSTO payload mass. Reduction
of the SSTO payload mass, or in other words,
reduction of the earth dependency of the system is the
key of total cost reduction. Table 8 shows the detail
of the SSTO payloads. Taking place of earth born
items by lunar born products is expected to contribute
to the total cost reduction.

Table 8. Details of SSTO Payloads in Scenario 2

SPS Parts 59.6%
E-OTV 11.9%
E-OTV Propellant (Ar) 19.7%
C-Rocket 0.2%

C-Rocket Propellant (H2) | 8.6%

This cost analysis assumes the continual construction
of SPS. The facilities such as lunar LOX plants, LEO
or LLO stations are supposed to be used repeatedly
for continual SPS constructions. This is the reason
why we did not take the cost of Iunar LOX plant or its
related facilities and their transportation cost.
However, the estimation of initial investment cost for
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infrastructure is important for the evaluation of the
scenario’s feasibility. Table 9 shows the brief
estimation of the related infrastructure cost. The cost
includes the construction cost and transportation cost
of each facility.

Table 9. LOX Production Related Cost

LOX Production Plant 2,150 M$
Energy Supply System 60,230 M$
Operation Cost 2,790 M3
Fuel Stationon LEQ,LLO | 4,530 M$
Total 69,700 M$

LOX production plant is based on “carbothermal
reduction process with CH,™4, Energy supply system
includes solar energy plant and energy storage system
(Li-<ion battery). Energy supply system, especially
39,240 ton of Li-ion battery takes main part of the
infrastructure construction cost.

&..NEﬂLmiARLQXJNDHSIRY_CQNQEm
Interconnected Infrastructure Concept

In this section, we introduce our new scenario. This
scenario is based on the LOX production on the lunar

- surface and the lunar born LOX is used as propellant

for the transportation system. In this meaning, it is the
same concept as Scenario 2. However, the
components of the scenario are interconnected closely
in this scenario and this interconnection is the
important difference with “just putting together”

“scenario. The objective of the interconnection is to

enhance the efficiency of the system. As is suggested
in the previous section, this is achieved by reducing
the earth dependency. We call this system “lunar
industry interconnected infrastructure network” and
call this scenario “Scenario 3” here after. The concept
of this scenario is shown in Figure 2.

The interconnected infrastructures include not
only lunar surface plant but also transportation system.
The following eight items are considered as elements
of the network.

*Integration of LOX production, ECLSS and
SWGEP

* Electric propulsion OTV with LOX propellant

*Connection of LOX production and energy supply
system

*Hybrid rocket system using lunar resource:

*Pipes and tanks from lunar resource

*Basic structures from lunar resource

*Fuel storage station from used OTV

*Redundant system

Each element is explained briefly in the following.
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SPS Construction

Element Technologies Descit

There are about 20 methods of LOX production
from lunar regolith proposed in literature. Among
those, “carbothermal process with CH,” is
adopted as LOX production process in our
scenario?. The characteristic of this process is
high efficiency and high potential of integration
with other elements of system. In our system, this
LOX production system is integrated with
ECLSS (Environmental Control and Life Support
System) and SWGEP (Solar Wind Gas Extraction
Process). Wastes from ECLSS and solar wind gas
are put into combustion process and yield CO,
and H,0 and so on. Produced CO, and H,0 are
used in carbothermal process make up for CH,.
As a result, about 25% required CH, in LOX
production process is recycled and H,0, N, for
life support are fully supplied from this process.
This recycle process reduces the earth
dependency in this field and leads to total cost
reduction. Additionally, byproducts of this
process, Si and Al are used as solid propellant of
hybrid rocket that is mentioned afterwards.

Electric Propulsion OTV with LOX Propell

In our scenario, use of LOX is propsed as main
propellant of electric propulsion OTV instead of
Ar or Xe. Hall current thruster> is adopted to
cope with the corrosion of thruster by LOX. As to
the electron source, Ar hollow cathode is used.
Decrease of thruster efficiency is inevitable,

Fuel Station

LLO
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| “By-products. *| LOX Production
*Basic Structures ———

. .. " | SWGEP | .
Lunar Sorface .

Figure 3. Concept of Scenario 3

however, the reduction of Ar transported from the
earth contributes to the total cost reduction. Isp of
3000 sec and thruster efficiency of 30% is
assumed as the thruster specification.

C ion of LOX Production & E Suppl
For the production of required LOX, 35.5 MW of
energy is needed. 19.8 MW for reduction process,
11.9 for electrolysis process, and 3.8 MW for
cooling process. Among these three processes,
energy for the reduction process can be supplied
in the form of thermal energy. In the day,
required energy is supplied by solar electric plant
whose area is 38,500m? and mass of 753 ton. For
the night some energy storage system is needed.
As is shown in Table 9, it is unrealistic to
compose whole system by earth products (for
example, Li-ion battery). In our scenario,
“thermal energy storage with melted regolith”6 is
adopted. As our originality, the energy storage
pool is separated to two parts. The first part is the
pool with high temperature (about 2,000K) and
its thermal emergy is directly supplied to
reduction process. Its efficiency is higher than the
indirect case passing through the form of electric
energy. The second part of the storage pool has
low temperature (about 1,400K to 1,700K) and
supply electric energy to the remaining two
process. Total size of this two energy storage pool
is about 30,000m’, that is 100mX 100mX 3m.

Hybrid Rocket ine 1 R
In this scenario, hybrid rocket system7 with lunar
born solid propellant (Si/Al) and LOX is used in
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the ascent phase >fLS-LLO transportation system.
Isp of this system is assumed to be 230 sec.
Hybrid rocket is used until the 70% of ascent Av
is gained. Use of lunar born propellant (Si/Al)
reduces the needs of LH, and contributes to the
reduction of earth dependency. Additionally Si
and Al are supplied as byproducts of LOX
production process and do not require specific
production plant. The remaining 30% of ascent
Av and descent Av is gained by LOX/ LH, liquid
propellant burned in the same chamber. Use of
LOX/ LH, enhances the structure ratio of the
rocket and reduces the solid propellant derived
debris on lunar orbit.

Pipes and Tanks from Lunar Resource

Byprodurt of LOX production includes sufficient
quantity of Fe and Al Pipes and tanks used for
lunar infrastructure can be made by these
resources. Additionally, the simple structure of
SPS can also be supplied from the lunar surface.
Both of these uses contribute to the reduction of
the earth dependency and reduce the SSTO
payloads. In the manufacturing process, high
quality vacuum of lunar surface is also utilized,
vacuum casting and PVD (Physical Vapor
Deposition). Though the utilization of pipes and
tanks from lunar resources drastically reduces the
total cost, it is not directly taken into account in
the following baseline cost analysis. The
effectiveness of this utilization is shown in the
sensitivity analysis as item “earth dependency of
SPS structure”.

Basic Structures from Lunar Resource

In this scenario, we propose four construction
methods of basic structure on lunar surface.
Those are

* plate construction using plate made by PVD

e direct PVD bonding -

* regolith slag vacuum casting

* Thermit reaction construction method.

The first characteristic of these methods is close
interconnection with LOX production. All
methods utilize the byproducts of LOX
production process. The second characteristic is
the utilization of the natural LS resource, high
quality vacuum. The utilization of basic
structures made from lunar resource contributes
to reduce the earth dependency of the lunar base
construction, however it is not directly taken into
account in the following baseline cost analysis.

I[EPC-99-190 1120

Fuel Storage Station from used OTV

In this scenario, at least three fuel storage stations
must be prepared on LEO, GEO and LLO. As is
shown in Table 9, the cost of construction and
transportation of them is quite large if it is based
on the earth products. We propose to use the
“used OTV” as basic structure of fuel storage
station. Lunar produced pipes and tanks can also
be used as the structure of the station. These two
usages contribute to the reduction of earth
. dependency.

Redundant System

As is shown above, this scenario is based on

closely interconnected system. One characteristic

of this kind of system is the “failure propagation”,

One failure in any element influences the other

components of the system, and in the worst case,

one small failure may stop the system,

Redundancy is a good solution for this problem.

However, in this case, the redundant system

based on earth products leads to significant cost

increase. Redundant system that we propose here

is the system based on infinite solar energy and

regolith, and huge amount of byproducts in LOX

production. Those are

thermal energy source from thermit reaction

eredundant energy storage regolith pool

eextra hybrid rockets for emergent escape

*high safety facility construction using lunar born
pipes and tanks

cutilization of used OTV as emergent energy
source or LOX tank on LS.

Cost Analysis Results
Cost Analysis of the proposed “lunar industry
interconnected infrastructure network” scenario
(Scenario 3) is executed. Though eight elements listed
in the previous sub-section contribute the reduction of
the earth dependency of the system and leads to total
cost reduction, not all of them are directly reflected to
the analysis. Firstly, the following four elements are
directly reflected to the cost analysis and contribute to
reduce the transportation cost.
*Integration of LOX production, ECLSS and
SWGEP
*Electric propulsion OTV with LOX propellant
* Connection of LOX production and energy supply
system ,
* Hybrid rocket system using lunar resource
Note that the integration of LOX production and other
systems on LS contributes to reduce resource supply



from the earth and influence the transportation cost.
Secondly, though the following four elements
contribute to the reduction of infrastructure
construction cost, it is not directly reflected to the
cost analysis.
*Pipes and tanks from lunar resource
*Basic structures from lunar resource
*Fuel storage station from used OTV
* Redundant system
Our cost analysis assumes continual construction of
SPS. The cost of facilities used repeatedly for
continual construction is not taken into account in
Scenario 1 and Scenario 2. In the cost analysis of
Scenario 3, the cost related to LOX production plant
is taken into account.
Assumed values of the parameters in Scenario 3
are shown in Table 10. The values already shown in

 previous tables are omitted.
Table 10. Assumed parameters value in Scenario 3
SSTO ‘
Payload Mass 20 ton
Launch Cost 12 M$
E-OTV
Propellant LOX
Isp 3,000 sec
" Thruster efficiency 30 %
C-Rocket (LS-LLO)
Propellant Si-Al/LH,
Isp 230/445 sec
Propellant Switch 70 Y%Av
Lunar LOX Production
LOX Production 550 ton
Energy Supply 490 ton
Necessities from ES 3,150 ton

The cost of shadowed area in Figure 3 is analyzed
and the resuits are shown in Table 11. The cost or one

SPS unit construction is described.

Table 11. Cost Analysis Results of Scenario 3

SSTO Payload Mass 23,870 ton

SSTO Launch 1,193

Total Cost 41,060 M$
SSTO Cost 36,635 M$
E-OTV (LEO-LLO) Cost 605 M$
C-Rocket (LLO-LS) Cost 3,455 M$
LOX Production Cost 365 M$

The total cost 41,060MS$ is 25% less than the cost of
Scenario 1. This means that the cost merit of
utilization of lunar LOX for the space transportation
is verified in Scenario 3. Compared with Scenario 2,
SSTO payload mass is reduced by 33%. This fact
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indicates that the interconnected infrastructure
network acts effectively to reduce the earth
dependency of lunar LOX production industry. In the
other hand, Scenario 3 has the same tendency as
Scenario 2 that SSTO related cost takes most part of
the total cost. It suggest that further cost reduction
should be directed to this point. Reduction in SSTO
payload mass by lowering the earth dependency of
the system will contribute to this objective. It will
achieve further enhancement of the effectiveness of
Scenario 3,

Sensitivity Analysi

The results of the cost analysis in the previous sub-
section are based on the assumed parameter. The
values of several parameters are optimized to lower
the total cost. The parameters of this kind include
*Isp of E-OTV :
* Thruster efficiency of E-OTV
*Propellant switch of C-Rocket
*Mixture ratio of LOX/LH, of C-Rocket
*Isp of LOX/LH, of C-Rocket.
As to the other parameters, they are set to some
assumed value. Sensitivity of the total cost to the
change of these values should be analyzed to know
the characteristic of this scenario. The sensitivity
analysis is also effective to recognize the applicable
range of this scenario.
The parameters selected for the sensitivity
analysis are following seven.
*Orbit tranfer time of E-OTV
*Isp of C-Rocket using Si-Al as propellant
*Earth dependency of LOX production plant
*Lunar Base necessities other than LOX production
*Earth dependency of structure '
*SSTO payload increase by use of lunar LOX
* SPS size (size of GEO demand)
The values of these parameters are changed to some
extent from the default value and the resulting total
cost is compared with the default total cost,
41,060MS. The results are shown in Figure 4, (a) to
(8)- In each figure, the bright column indicates the
default case and the dark column indicates the case of -
parameter value changed.
Orbit Transfer T FE-OTV
Total cost decreases as the orbit transfer time of
E-OTV becomes longer. Extension of the transfer
time enables the reduction of E-OTV power and
this leads to the reduction of its dry mass.
However, the cost reduction rate becomes smaller
" as the transfer time extended. There is little
effects of transfer time extension than the default
value, 2 years.
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Figure 4. Sesitivity Analysis Results

Decrease of Isp of chemical propulsion rocket -

with solid propellant of lunar resource hardly
effects the total cost. Solid propellant is supplied
as the byproduct of lunar LOX production.
Therefore, its increase has nothing to do with the
earth products and hardly cause the increase in
SSTO payloads. This is the reason why this
parameter hardly influences the total cost.
Realization of Si-Al hybrid rocket contains future
technology and uncertainty remains in its
performance. The result indicates the uncertainty
in this solid rocket performance is not critical for
the whole system effectiveness.

Earth Dependency of LOX Production

Earth dependency of LOX production plant
hardly effects the total cost. Mass of the LOX
production related plant is estimated as 4,190 ton.
It is far smaller than the mass of LOX produced,
about 70,000 ton. This is the reason why this
parameter hardly influences the total cost. This
result suggests that the cost merit resulted from
the usage of lunar resource for the construction of
lunar surface industry is not so large at this size
of demand. The results also indicate that the
utilization of lunar born structures is not the
clitical technology for the feasibility of the
scenario.
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In the cost analysis of Scenario 3, the mass of the
facilities on the lunar surface other than LOX
production plant and energy supply system is
treated as zero. This handling is based on the
sufficient margin included in the mass of above
mentioned two elements on the lunar surface.
However, there is uncertainty in this factor and
sensitivity analysis is executed for the case that
the additional mass becomes up to 2,000 ton.
Though the effect of this increase is larger than
the previous two cases, the total cost in case of
additional mass 2,000 ton is still smaller than that
of Scenario 1. Additional mass in lunar base does
not significantly effect the feasibility of the
scenario.

Earth Dependency of SPS Structure

In the default cost analysis, whole structure of
SPS is assumed to be launched from the earth
surface. In Scenario 3, the use of lunar born tanks
or pipes for SPS structure is listed as an element
of the interconnected network. This result shows
the effectiveness of this element. Utilization of
lunar born structure for SPS drastically reduces
the total cost. The result suggests that the
production of SPS structure on lunar surface is
onc of the primary targets of technology
development.

SSTO Payload Increase by use of Lunar LOX

In the default cost analysis, the payload mass of
SSTO is assumed to be doubled by use of lunar
LOX in deorbit maneuver. In other words, the
increase of payload mass by 100%. This ratio is
determined by SSTO design and contains some
uncertainty. The result shows the case of +50% of
this ratio. Total costs of the both cases are lower
than that of Scenario 1.

The effective ness of the lunar LOX production
depends on the size of LOX demand in the space
transportation. The scale of the space
transportation system depends on the mission size.
In the cost analysis, the mission size of
approximately 15,000 ton on GEO is assumed.
Cost merit of using lunar LOX is about 25% in
default. The cost merit increases as the mission
size grows, however, the growth velocity
decelerate as the mission size expand. In the other
hand, the cost merit decreases rapidly as the
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mission size reduces. Mission size of 3,000 ton
on GEO can be treated as boundary of lunar
LOX utilization effectiveness.

2. CONCLUSION

In this paper, a lunar utilization scenario based on
LOX production is proposed. Key characteristics of
this scenario are “use of lunar born LOX in SSTO
deorbit maneuver” and “systematically
interconnected  lunar i 7, The
effectiveness of the scenario is quantitatively
evaluated by analysis of transportation cost in
construction of IGW GEO SPS. The result shows the
25% reduction of transportation cost compared with
the conventional earth based concept. The result of
the sensitivity analysis indicates that the proposed
scenario is applicable to wide range of technology
development uncertainty and space industry scale.
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