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LunA-10 consortium of industry, arranged by (initial) services

These groupings change across the program based on proposed technical areas/products

Market Analysis and Power: Mining & ISRU:

Cislunar Logistics: )" O @9 SS IPE AR @ /-\E

BI-UE ORIGIN HONEYBEE ROBOTICS

CISLUNAR
r I R = r~ L N INDUSTRIES
AEROST PALCE FIBERTEK,mc.* oy HELIOS
L )| X

Communications, Position, Navigation, and Timing: Transit and Mobility: Construction & Robotics:

¢« crescenT y 4
NORTHROP
GITAI

GRUMMAN o
KON ;

@REDWIRE p SF’-\EE[I! &

These companies are here today to answer your questions
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What direction is DARPA exploring?

Push from individual self-service to commercial multi-service

Push from government as a sole sponsor to commercial as a customer

For a given service or unit: what are the inputs/outputs/limitations?

What DARPA-hard technical challenges must be surmounted to create a sustainable
lunar economy by 2035?
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A fast and furious summary of over 25,000 person-hours of labor




DARPA IR0 Origin: lander, power, comms and ISRU

Three complementary, multi-service
commercial systems:

1. Lander node as payload host and Infrastructure
Platform

2. Laser-enabled Wireless power framework
3. ISRU for Construction, Mining and Energy

~ & /
‘S , Redwire or Crescent
‘\& Comms / PNT
| | N Satellite
L)
Nokia or Crescent Blue Origin or Blue Origin
Local area comms _Fil:!ert_ek _ Dirﬁolflr'meriglh Honeybee
Optical comms 0MMS  1ower and
backhaul
e - ™
Blue Origin ((.__————'— TR solar arrays Redwire or
Power bea m relay Blue Origin or Fibertek
over horizon Fibertek Backhaul comms
(RF and/or optical)

Honeybee

Tower Nokia or Crescent

RF comms

S f Blue Origin

‘\\ Local area comms s ISRU Plant

-\ ) [ [ ] o
Blue Origin Regolith
MK1Cargo Lander GOX
n Transportation, /_'
power, comms

&) A o m A
[ L

Nokia or Crescent
Local area comms

Kkk-‘% Sierra Space
cen

MNokia or Cres Fuel Cells

Helios
ISRU Plant Robotic ICON | Metals

N Landing pads
Rover ap —_  _, Cislunar —

Foundry Rails

ICON or GITAI
Construction rover

Features Capability

Solar Array

>10 kWe

Mast

20 m mast on ~10 m lander
(total 30 m above surface)

3GPP Telecom Service

25 Mbps bps up to =10 km range,
max range ~100 km

Regen Fuel Cell Augmentation Kit

1.5 MWh, 7.8 kW, over 192 hrs

Laser Power Transmitter

~1kW, delivered to 10+ km,

Silicon Extraction Experiment

Demonstrate production of silicon from
regolith

Heat Rejection Augmentation Kit

Firefly

Added Radiator area for payload power

Aggregate cargo
to L1

| — "R
Blue Origin

MK Cargo Lander
transportation

Surface Network 3GPP Antennas

Blue Moon Mark 2
Crew Lander

”’%
_

ICON
Landing pads

SpaceX
landers

ment

Northrop Grumman

Railroad

Distribution Statement A. Approved for public release: distribution is unlimited

Silicon
Extraction
Demonstration

Laser Power Beam Director

LAMPS
Solar Array
and Mast

Regen Fuel Cell

(inside) Power & Comms

Infrastructure Payload
Added |
Radiators -kl

Blue Moon
Mk1Lander




i) CisLunar Industries: metal extraction and recycling on the Moon

Building infrastructure and enabling sustainable mining
operations: |

« Inputs: ISRU metals (Al, Fe), scrap, slag, alloying elements

« OQutputs: Ingots, beams, sheet metal, extruded wire and other
metal-based products needed for the lunar economy
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Scalable, commercially commoditized unit for: crescent

« Surface area networking (SAN),
- Space traffic management (STM), '

« Direct-to-Earth comms, crescent

« Position Navigation and Timing (PNT),
Add-ons for night survivability

Provides external power and heat
throughout lunar night(s).

Hybrid PNT 3GPP Powered  \
Two-Way Solution Surface PNT \
Ranging \
Solutions < il
/
® ’
/
< - -7
'y y
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Scalable, modularized unit for surface power and ®
connectivity to mobile users:

« Power beaming across the lunar surface S

: &
« High-speed surface optical back-bone = &
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Firefly Space: a cislunar aggregation hub for propellant and spacecraft

Design of a lunar harbor for in-space logistics
« Cost modelling based on propellant demand and price

LunA-10 Focus
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Estimated Hub Revenue, Propellant
Earth-source propellant price = 52000/kg at LEO

Lunar-source propellant is attractive
when Earth-source propellant can be
transported to LEO at $2,000/kg.
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Estimated Hub Revenue, Propellant
Earth-source propellant price = $30/kg at LEO

.

Lunar-source propell P
when Earth-source propellant can be
ransported to LEO at $30/kg.

MAXIMIZE PAYLOAD TO ORBIT et revenbe, Eamthsouren oramellant et revente. omarsource sromelant
M]NIMIZE LAUNCH EVENTS —Net revenue, Earth-source propellant —NMNet revenue, Lunar-source propellant
FREEDOM FROM THE TYRANNY OF LAUNCH
SCALABLE Start froma Deck multiple Interconnect common resources Pool resources to offer a saleable market for Rapidly respond to
DISTRIBUTION Unit Spacecraft sibling craft (e.g., power, data, propellant) freight and harbor services changes in the market
Seeding New
Destinations
. é Responsive
@ Deployments
Firefly’s ‘Elytra’ is under study . . ., ' ' ' . Disaggregate
for aggregation requirements on-demand
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Robotic labor charged in $/hour will:

« Enable the construction of lunar infrastructure including ISRU,
power equipment, and transportation networks

« Provide maintenance as components fail or reach end-of-life
« Controllable from earth with no astronaut necessary

Regolith requirement

~30 t /day Wg

Large scale plant

Linear extension MVP

Dedicated
v | GV equipment

RaaS On middle phase between MVP and scaled factory, ISRU
equipment is scaled by connecting multiple MVP size factory

~100 kg /day 1 I

year

Modular inchworm arms integrated Lander ,.-q’q\ J)

with rovers for mobility
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Y Helios: ISRU plant to produce LOX propellant at scale

Regolith Inlet

Scalable process for Solid Oxide Electrolysis :
to extract oxygen from regolith onvr |

Products include: 1A
« Gaseous 02 |

Grapple fixtures for ’_.-l 1

« Liquid O2 (LOX) propellant robotcmantenance | |
« De-oxygenated regolith for further metal refinement & Reactor [~
processing |

Hot De-Oxygenated Regolith

Beneficiated
regolith

: Customers:
Metal separation
: Gaseous Human
and casting X
oxygen Habitat
Fuel Cell
Customers:
Landing pad Oxygen

AND/OR

Civil infrastructure
Human Habitat

production plant

t

Oxygen
flow zone

Hoppers Interconnector R RS
Communication Cathode Regolith
Electrolyte -

Customers:
Rockets
Landers

Cermet
casting

Oxygen
liguefaction
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Honeybee Robotics: a networked tower for power, comms, and PNT

LUNARSABER is a utility tower

for services including navigation, .
. . - . Services on Masthead: @ crescent
sensing, and power distribution ¢) 7
] ] GITAI
- Lightweight, deployable tower Comms/PNT Terminals SIERRA
capable of hosting elevated
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payloads _j’}g M L
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D HE
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Pad Production vs Power on Surface and Time

Laser VMX to pave roads and landing pads

« Resource-efficient inputs of raw regolith
requires minimal materials launched to
surface

« Current production time estimate is ~1
month for a 10m diameter landing pad with
10 kW surface power supplied

PC5=2m

PC1000 = 200m

On Surface (W)

e crescent
_r
\ BRI
[ L

SPACE >
> 4
BLUE (QABEN
1én 1Kon 5

ICON's Project Olympus for NASA and
commercial lunar projects 14

Distribution Statement A. Approved for public release: distribution is unlimited



DARPA Northrop Grumman: a lunar railway network for efficient crossmass

Multi-purpose railway for lunar mobility

Concept designs of rail equipment to include:

« Construction materials and track foundation design

« Railcars for cargo transportation

» Vehicles for construction and maintenance operations

Lunar Rail Network Study:
Design Reference Plan 1

Lunar Rail Network Study:
Design Reference Plan 2

Cost per Mass Transport [USD ($) / (kg-km)]

Rover
Vehicles

Sleepers
-
S

Cast Rail

Payload
Towers

y Rail Track
e et

e

1.0E+03
Increased
1.0E+02 Lunar Investment Need
asgr Phase 3 Lunar Rail
1.0E+01 Lunar Truck Increase in
on foad Phase'4 Lunar Rail Capacity or
Initial Ballpark Speed
1.0E+00 oF Rover-Type Next Gen
Lunar Vehicles LunagRoyver Phase 5 Lunar Rail
1.0E-01
o) Beyond Phase 5 Lunar
Initial Ballpark qf L Edistorial)
1.0E-02 Lunar Rail
Networks
LOE03 @ Cableway (Asmara-Massawa)
1.0E-04 Ballpark of Terrestrial
) Mass Transport @ US Route 70 S Freight
(Rail/Road) Flatbed o Rail 2
1.0E-05
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

Rover Transportation
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© Lunar Rail Transportation
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Constellation of cislunar orbiters to provide:
« Communications

« PNT

* RF Survey

« SAR/MTI

« Microwave space-based solar power beaming

— ] =
SPACEX <) Lunar Relay Gateway
o
Comms and PNT - Translunar Relay Trunk
Comms & BNT Earth

Relay Segment
Comms & PNT Lunar Orbiting Segment

/  Network in a Box

&?y) NIB

Vavh'

HELIOS
crescent
~ 4 MUST

~

- -

All surface assets and functions benefit from orbital-based services.

7 Orbital Radar is the Swiss Army Knife in
')\ the Frontier of Lunar Surface Operations

Precision Surveying
Asset P&N Support
Mining Operations

Landing Suitability
Surface Traffi by
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Oxygen ISRU plant with three main functions:
1. Oxygen Extraction from Regolith
2. Fuel Cell Energy Storage for STN
3. Chemical Conversion for Recycling and Storage

Regolith is delivered to th
Recycled || Resolith s celiveredto the Regolith
Carbon e |

>

Regolith simulant actively
undergoing carbothermal

AN

Distribution Statement A. Approved for public release: distribution is unlimited

D)

Lunar Night

Electricity

I

R . s e
Artist concept of a carbothermal oxygen production plant
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SpaceX: a streamlined service for transit and mobility

Starship as both an earth-to-moon launch vehicle
and a lunar surface hub

« Super-heavy, reusable transportation vehicle with
integrated comms, power, and nighttime battery services

« 3" party payloads deployable from height of Starship

« Surface hub can provide propellant and fluid transfer
services

Designed for reuse and
re-launch from lunar
surface
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LunA-10 consortium of industry, arranged by (initial) services

These groupings change across the program based on proposed technical areas/products

Market Analysis and Power: Mining & ISRU:
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These companies are here today to answer your questions
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Emerging topics that require further technical development
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DPI-\ New concept of Re-ISRU: Recyclable ISRU

Man-made equipment on the Moon may grow by an order of magnitude in next 10 years
The definition of “in-situ” resources also includes defunct manmade equipment

How do we use that to reduce mass required from Earth?

Cost of Manufactured Metal on the Lunar Surface - ISRU vs. Import

$1,000,000 :>
ISRU cost/kg at solar hardware cost:

/,
00, . — - - $1,000,000/kW (Baseline) .
e — = $100,000/kW 100.000 a0
\\ ®ce A, - = = $10,000/kW »100, ﬁ
\\____. 2 1 1 W YY) YYY $2,000/ KW (Terrestrial) E ©)
~ TN — e — e — — $10,000 8
£ [1] Casting (radiators, billets); [2] Extrusion (Lunar rail,
= wire, L-channel); [3] Fabricated products (tower truss)
©
Q
E Lander Inchworm/Rover Crusher Cislunar/ISRU
5
5
c
(3°]
=
$1,000,000 $100,000  $10,000 $1,000 $100 $10 51
Transport Cost to the Moon (S/kg)
Enabled by metal recycling and : ‘ Sl e €l
robotic disassembly and foundry ingest T LN SEE
21
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Mobile lunar systems demand wireless power Tx/Rx: technically feasible

PSR exploration: Cabled power

solutions are limited.

commercial solution

Wireless power ($/kWh) a viable near-term

Regulated Power to User (kW)
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+ 1.9 kW radiated heat

« Mass: 223 kg, ncdudng
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e

e
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1::{2) A commercial cislunar harbor: E-M logistics and spacecraft retirement

Estimated Total Revenues and Expenses by Year, Hub Services and Operations

Lunar spacecraft retirement at a cislunar hub
Aggregation of shared resources, including

o Slow growth in demand! = —
- . P -
s Remain in Tranche 0 longer. ~ —
s
propellant, communications, & solar power _
s0
Tranche 0 Tranche 0 Tranche 1 Tranche 1 Tranche 2
. LEO GEO EML1 LLO —Total Expenses —Total Revenues Profit
EML1 is a dV *high-ground” for the Earth-Moon
DRM 5 system with lower averaged transport costs. Estimated Total Revenues and Expenses by Year, Hub Services and Operations
Earth Return $16
C} Networked Compute . 2
Low Density & Data Sarvicas - Faster growth in demand! P
avevard Comms Integration ® $12 -
Graveyar s10 Move through Tranches faster. ==
. Mobility 8
. - -
6 -
1 _ DRM 1 Deen § ® s //
High Density Symmetric GEO Mobility C} Tug eep Space i -
Optical Link to Starlink . Responsive Services Staging &b _—
. Services ') . O Tranche 0 Tranche 1 Tranche 1 Tranche 2 Tranche 3
High Density RF and/or DRM 3 DRM 2 —Total Expenses —Total Revenues Profit
Optical Link to Earth GEO Transfers Lunar Salvage
O D Estimated Total Revenues and Expenses by Year, Hub Services and Operations
Comms & Data Fuel s16
Backhaul Depot » @ s Rapid growth in demand!
DRM 4 p - $12
LLO Transfers i Get to Tranche 3 early.
' — Y ¥ i ~ # e
o—P=¢ o — o i@ s
Customer. Hosted =} 54 //
Berths Equipment g.\,{\‘ 52 P
ssassc @ | Demand @ s0
ntegration Tranche 0 Tranche 1 Tranche 2 Tranche 3 Tranche 3
—Total Expenses —Total Revenues Profit
STARLINK
3 Party Relay HALO ORBIT
Elytra Relay

=

Symmetric Optical Lin

Aggregate

Optical
deconfl
termi

terminals must be physically
5 of kilometers. Optical transmission
can be co-located.
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1Y Robotics as a Service (RaaS) to bootstrap lunar infrastructure

Inchworm robots coupled with mobile rovers will
provide tele-operated robotic labor
Charged based on hourly rate
Customizable to a user’s construction needs
Ideal for building, maintenance, and component replacement
Modular and scalable to most lunar construction applications

Assembly on Lander | Approx. time: 12 hours |

Example object
* Hose

> - Radiator
g - Concentrator

« Solar panel
* Electrical
* Propellent lines

=

Lander

ISRU

Connector
Time: 12 hours
Solar panel

i R
=
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

Grapple Fixture Offload Assembly on Ground

‘ Approx. time: 18 hours

b Lander Lander [}

Time: 6 hours Time: 12 hours

Lander

b
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Foundational Networked towers for Multi-service consolidation

Services on « Centralized service node with expanded line of

Masthead e. sight across rugged lunar terrain.

« (Can service or be integrated with almost any g7 8 _
current or future lunar service: power, storage, . —_— ]
data, comms, PNT, light, thermal, and more. TY LIRS, 4°kmse’“‘°ed‘afete§-§_ |

« “In one launch” setup paradigm. ' &7 e e

.........
===»{ Beaming Users
(on atatime)

Solar Solar Bl Lunarsaber Power Station
Arrays Arrays

(>100V) (>100V) [ users
W Future State Microgrid

—p User Power

-~ * 80mM heightZs

A 50 km service diameter
=5 \

4
Internal Power

Future State

Augmented
Storage Augmented
Generation

Local DC ¥
power : Microgrid Y Microgrid DC
Baseincluding controller users

Local DC users PALLTY &_ZSV Lo
Connections

(28V/>100V) andlocal | % High Voltage
; y converter and

Storage

Services
at Base

transmission
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Thermal as a Service:
Provide heat rejection/generation and change future lunar design paradigms

. Direct to Earth _ o

Thermal management is a need for . C’"“‘((‘T:* I

all users on lunar surface " Lokt \ \s\

- Several key ISRU processes run at ,\ g
high temps (>1000C) - SNl

« Lunar night challenges to maintain " \\\
survivable temps (14+ earth days) R

« High % of thermal mass required B <£3>
on-launch N -

]

ISRU Plants

Sintering Robots

a1
Thermal Battery /

Surface Fission Power ~ Capacitor (optional)

Day 3.5 Day 7.0

A thermal utility service is needed to
accommodate the Moon’s extreme thermal
environment

Day 10.5

ure, T (K]
5.0e+01 200 300 il 500 &00 700 B0e+02

Figure: Example of a simulation-set run in CFD, 14 Earth days, 800 K Input
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Lunar Rail Network:
Provide crossmass capability for development of regional hubs

Cargo transportation to enable 2 R oY 02t v e [
expansion of a lunar base Venicles % castRail o Qg Flatbed RET e
Infrastructure design based on material Excavator  Assembler / Rail Track | waenouse [~
properties of regolith and anticipated user S / / 15,000 ka T
requirements (LunA-10 partners) Pover

Substation Tanks Hmmmﬂ

Construcél:l:llg‘mh:ﬁltntenance Rail Route Infrastructure Rail Station Infrastructure Integrated Rail Vehicles

— Satellites ——— Payloads

Solar _
Tower

Current solution for crossmass: Rovers
» Limited heavy material-handling capabilities
» Limited infrastructure for storage of volatiles
» Limited travel distances with onboard power

Equipment e Regollth

Train

d e Products
Construction Rovers

Note: Habitats, storage facilities, depots & other facilities not extensively shown
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DPI-\ One example set of teaming arrangements (changed every 2 weeks)

Team 1: How would G/7A7 assemble and maintain a Sierra Team 2: Is there demand from a SpaceX spacecraft to join a
Space and Helios oxygen plant with robotic labor? Firefly orbital aggregation hub?
‘/ﬂ/ \ . - D ”-! 3 - >
4 | - o ® o *—®
el - 141 | )
o ve : & R . 13
| . e . S S
J[ ¥ % = o > P = o " o ™ . ®
Lunar Colony \ B e / CARTH LED - EMLT Lo Moo
Team 3: How would a /oneybee solar Team 4: Do Cis/.unar's metal products Team 5: How
power tower be designed and integrated and /CON s sintered regolith have can a Blue Origin =" g r smiss
with Fbertek power beaming and Crescent || sufficient material properties to construct lander be
comms systems at the tower’s height? a Northrop Grumman lunar rail network? integrated with
. - Redwire SSA f:md
Provided i pads — Fab House PNT from orbit &
b athed Semea || Crescent surface e
S e comms? e
Additive manufactu;igg / gantry é:ggiors / B
P o el e
1 Fomsicr 444 /
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Not a fully inclusive list (not even close)

Please attend LunA-10 breakthrough sessions to learn more
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Appendix — White Space Charts
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VGlY  CisLunar Industries
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VGY  CisLunar Industries

ALUMINUM PRODUCTS
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GITAI (2 of 2)

Question 4 “White space chart of financial aspect’

In order to keep providing Raa$S, The formula “Cost < Revenue” should hold.
This formula can transform to the following formula.

D+R+T*" M <N*L*O*P
White chart

The number of
D - Development cost taS!‘ rOb(}'tS-Can Revenue>Cost
R = Running cost = Maintenance cost + Energy cost ;:Iii:'*tge" life N*L*O>(D+R+T*M)/P
T = Transportation cost[USD/kg]
M = Total Mass Current Robot
N = Number of services per year /
L = Life time
O = Operating ratio “Cost = Revenue” line
P = Price per service

Cost > O«— Astronaut

* Price is per-service payment which consists of initial fee and Revenue I

time charge fee Customer xxx USD Price(P)
demand price

In order to keep providing Raa$S in lunar commercial market, the price should fit to customer demand price.
If the price doesn’t meet the customer demand price, we can take two types of strategy as shown on the next

page.
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ICON (2 of 2)

Pad Production vs Power on Surface and Time
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WY Northrop Grumman

Cross-Mass Mobility: Trip Momentum Cost Efficiency
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Sierra Space

Oxygen Consumption or Production Rate (kg/year)
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Kg Rocket Dry Mass/Specific Impulse Per Year of Oxygen Production (Kg-s/m-Year)

Assumptions:

Second Y axis is Rocket Dry Mass /
Delta V-Year achievable assuming
Mass ratio of 0.5248 (Same as SLS)
ISP of 465
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