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Executive Summary

HELIOS TRIAD is a trans-planetary initiative leveraging Seshat’s Composites—proprietary
carbon-negative hemp-based bionanocomposites—to address critical environmental and ex-
ploratory challenges across Earth, Mars, and the Moon. The core objectives are to:

Extract and sequester Mars’ atmospheric CO; (approximately 25 trillion metric
tons), a primary component of its thin atmosphere ( 95%).

Convert captured Martian carbon into aeroponically cultivated hemp within au-
tonomous, radiation-shielded vertical farms, optimized for the Martian environment.

Process this specialized hemp into advanced Seshat’s Composites in-situ on Mars,
minimizing interplanetary payload mass.

Export these high-performance, lightweight composites to the Moon for founda-
tional infrastructure development (habitats, landing pads, transportation
systems) and progressive terraforming efforts.

Concurrently, implement analogous COs capture and hemp cultivation systems on
Earth to mitigate terrestrial greenhouse gas concentrations and produce sus-
tainable materials.

Catalyze a novel Earth-Moon-Mars circular carbon economy based on renewable,
organic material science and in-situ resource utilization (ISRU).

This initiative aims to establish a decentralized, sustainable interplanetary economic and
environmental framework, serving as a foundational model for humanity’s post-fossil-fuel
cwilization and multi-planetary future.
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2.1
1.

Primary Materials: Seshat’s Composites

Core Triforce Components

Hemp-Derived Carbon Nanomaterials — Engineered carbon structures (e.g., nan-
otubes, graphene) produced via controlled pyrolysis and chemical vapor deposition
from hemp biomass. These provide exceptional strength and electrical conductivity.

. Hemp-Seed Oil Based Biopolymers — Formulated as advanced binders and matrix

materials, offering tunable mechanical properties and potential for in-situ curing (e.g.,
UV, electron beam).

Hemp Lignin & Bast Fibers — Processed lignin provides enhanced rigidity, UV
shielding, and thermal stability. Bast fibers contribute tensile strength and impact
resistance.

Key Properties and Advantages:
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Lightweight and Ultra-Durable: Demonstrates high strength-to-weight ratios, po-
tentially exceeding conventional aerospace materials like aluminum and some titanium
alloys.

Inherent Radiation Shielding: The hydrogen-rich organic composition, particu-
larly lignin and specific polymer formulations, offers natural resistance to cosmic and
solar radiation. Further enhancement through nanoparticle incorporation is under in-
vestigation.

Superior Thermal Insulation and Stability: Provides excellent insulation across
a wide range of temperatures experienced in space and on lunar/Martian surfaces.

Manufacturability and Moldability: Adaptable to various manufacturing pro-
cesses, including additive manufacturing (3D printing) with regolith-composite mix-
tures, and compression molding.

Sustainability and Reduced Environmental Impact: Carbon-negative lifecycle
when produced via atmospheric CO, sequestration. Biodegradable options for tempo-
rary structures or recyclable for closed-loop systems.

Performance Parity /Superiority: Engineered to meet or exceed performance bench-
marks of many current aerospace, construction, and military-grade composites in spe-
cific applications.

Phased Strategy

3.1 Phase 1: Martian Industrial Carbon Capture (MICC) & Ini-

tial Resource Utilization

Primary Goal: Initiate large-scale capture of Mars’ atmospheric CO, with a target of
processing up to 95% of the available 25 trillion metric tons over an extended timeframe
(e.g., 50-100 years), while establishing foundational ISRU capabilities.

e Autonomous CO, Harvester Deployment:

— Utilize advanced solid amine sorbents, metal-organic frameworks (MOFSs), and
cryogenic separation techniques for efficient COs capture from the thin Martian
atmosphere.

— Initial deployment fleets powered by scalable nuclear microreactors (e.g., Kilopower-
type) and augmented by thin-film solar arrays designed for Martian dust and
low-light conditions.

e Carbon and Oxygen Generation:

— Implement integrated Sabatier/Fischer-Tropsch reactors and potentially Reverse
Water-Gas Shift (RWGS) systems to convert captured CO, (and any available
Martian water ice) into methane (CHy), oxygen (Og), water (H2O), and solid
carbon.
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— Oxygen will be prioritized for life support, propellant, and industrial processes.
Solid carbon and methane serve as primary feedstocks for hemp cultivation and
composite production.

e Robotic Aeroponic Hemp Cultivation Testbeds:

— Establish initial small-scale, fully enclosed, and radiation-shielded aeroponic ver-
tical farms.

— Genetically engineered hemp strains optimized for rapid growth, high cellulose/lignin
yield, and efficient nutrient uptake in a controlled, COs-rich environment. Focus
on resource recycling and water conservation.

— Al-driven environmental controls will manage nutrient delivery, LED lighting
(tuned for Martian light spectrum and plant photobiology), temperature, and
humidity.

Projected Output (Initial Operational Capability - IOC): Scalable, aiming for
several megatons of processed CO, annually, translating to a significant and growing hemp
biomass output as systems expand. The long-term goal remains 50 gigatons/year of hemp
biomass, contingent on full-scale deployment and operational efficiency.

3.2 Phase 2: Martian Hemp Megafactories & Interplanetary Lo-
gistics

Primary Goal: Scale up hemp cultivation and establish fully autonomous, modular megafac-
tories for on-site production of Seshat’s Composites. Develop efficient interplanetary trans-
portation solutions.

e Autonomous Composite Manufacturing Hubs:
— Implement robotic systems for harvesting, drying, fiber separation (decortication),
pyrolysis, polymerization, and composite molding/additive manufacturing.

— Al-driven quality control, predictive maintenance, and process optimization will
be central to factory operations.

— Modular factory designs allowing for incremental expansion and adaptation to
new composite formulations.

e Interplanetary Export Systems:

— Investigate and develop advanced launch systems from Mars, such as electromag-
netic launch loops, skyhooks, or highly reusable chemical/ion propulsion tugs
optimized for Mars-Moon cargo trajectories.

— Focus on minimizing Earth-launch dependency for the Mars-to-Moon supply chain.

— Establish orbital depots/transfer stations at Mars and Luna for efficient cargo
aggregation and transfer.
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3.3 Phase 3: Lunar Terraforming, Industrialization, and Colo-
nization

Primary Goal: Utilize Martian and Earth-derived Seshat’s Composites to create sustain-

able infrastructure, initiate controlled-environment agriculture, and lay the groundwork for

a long-term human presence and eventual partial terraforming of the Moon.
Infrastructure Development:

e Habitat Construction: Build subsurface habitats within lava tubes or construct
surface domes and structures using 3D-printed composite-regolith blends for enhanced
radiation shielding and thermal stability.

e Essential Facilities: Establish landing pads, roadways, ISRU processing plants (for
lunar ice and regolith), power generation facilities, and greenhouses, all extensively
using Seshat’s Composites.

e Transportation Networks: Develop enclosed, pressurized (or vacuum-sealed) trans-
portation tubes made from composites for intra-lunar transit.

e Mass Driver Installations: Construct electromagnetic mass drivers for exporting
lunar-derived resources (e.g., Helium-3, processed metals) and potentially manufac-
tured goods back to Earth or other cislunar locations.

Atmosphere and Ecosystem Generation (Long-Term Vision):

e Pressurized Aeroponic Domes: Construct large-scale, self-contained domes lined
with multi-layered composites, creating controlled environments for extensive agricul-
ture and initial ecosystem development.

e Oxygen and Nitrogen Sourcing;:

— Oxygen primarily from plant photosynthesis within domes and electrolysis of lunar
water ice.

— Nitrogen sourced from curated cometary/asteroidal impacts (a highly complex
and long-term endeavor) or potentially extracted from lunar regolith in trace
amounts, concentrated over time.

e Water Management: Closed-loop water recycling systems, supplemented by extrac-
tion from permanently shadowed craters and potentially processed cometary ice.

*Note: Full lunar terraforming presents immense challenges due to the Moon’s low gravity
and lack of a magnetosphere, making atmosphere retention difficult. Initial efforts will focus
on paraterraforming (enclosed, habitable environments).*
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3.4 Phase 4: Earth-Moon-Mars Circular Carbon Economy & Global
Impact

Primary Goal: Establish a robust, sustainable, and economically viable interplanetary
trade system centered on carbon-based resources and advanced materials, while simultane-
ously addressing Earth’s climate change challenges.

e Terrestrial CO, Sequestration & Bioproduction:

— Deploy Al-managed, high-density vertical hemp farms and direct air capture
(DAC) facilities on Earth, particularly in regions suitable for renewable energy
integration.

— Focus on transforming captured atmospheric CO, into Seshat’s Composites for
terrestrial applications.

e Sustainable Materials Revolution:

— Systematically replace carbon-intensive materials like concrete, steel, and petroleum-
based plastics with space-derived and Earth-produced hemp composites in con-
struction, manufacturing, transportation, and consumer goods.

— Stimulate global adoption of these sustainable alternatives, creating new indus-
tries and green jobs.

e Interplanetary Trade Network:

— Facilitate the exchange of specialized goods: high-purity Martian composites to
the Moon and Earth; lunar resources (e.g., He-3, rare metals) to Earth; Earth-
manufactured high-tech components to Mars and the Moon.

— Utilize a Web3-based trade layer for transparent, secure, and decentralized man-
agement of resources, contracts, and carbon credits across planets.

e Climate Impact and Reparations:

— Implement real-time, transparent monitoring of global and interplanetary car-
bon cycles, quantifying the net atmospheric CO, reduction achieved by HELIOS
TRIAD.

— Frame Martian COs as a " planetary asset” whose utilization contributes to climate
reparations, with surplus composite materials and carbon credits preferentially
allocated to support sustainable infrastructure development in the Global South.

4 Governance and Framework

e Advocate for revisions and addendums to the Outer Space Treaty (1967) to explic-
itly address sustainable commercial resource extraction, utilization, and benefit-sharing
for space activities, moving beyond its original Cold War context.
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e Establish an Interplanetary Hemp Commission (IHC): An independent, multi-
stakeholder body (including scientific, commercial, and governmental representatives
from participating nations) to oversee ethical guidelines, safety standards, resource
allocation, and dispute resolution related to the interplanetary hemp economy.

e Frame the utilization of Martian atmospheric CO, as a global commons resource,
with its transformation into valuable materials contributing to planetary climate miti-
gation efforts and potentially a form of ”climate reparations” or global benefit-sharing,
especially for nations most impacted by climate change on Earth.

e Allocate a significant portion of surplus composite materials and derived eco-
nomic benefits to support sustainable infrastructure development and climate adap-
tation projects in developing nations (Global South), fostering equitable growth.

e Promote open-source data sharing for scientific findings and general technological ad-
vancements (excluding core proprietary elements of Seshat’s Composites) to accelerate
global innovation in sustainable materials and space colonization.
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5 Technology Matrix

Technology Category

Specific Function & Key Innovations

CO, Capture Systems

Aeroponic/Hydroponic Systems

Biomass Processing

Composite Fabrication

Power Generation

Robotics & Al

Launch & Propulsion Systems

Lunar Terraforming Tech

Life Support Systems

Web3 Trade & Governance Layer

Advanced solid sorbents (amines, MOFs), cryo-
genic liquefaction/separation, direct air/Mars-
atmosphere capture (DAC/DMAC) units.

Al-controlled, closed-loop vertical farms optimized
for hemp; specialized LED lighting, nutrient film
techniques, water recycling.

Automated decortication, pyrolysis for
biochar/carbon nanomaterials, lignin extrac-
tion, oil pressing and refinement.

Additive manufacturing (large-scale 3D printing
with regolith mixtures), automated fiber place-
ment, compression molding, in-situ polymerization

(UV /e-beam curing).

Compact nuclear fission reactors (e.g., Kilopower),
advanced thin-film photovoltaics (for Mars/Moon),
regenerative fuel cells.

Autonomous rovers for deployment/maintenance,
robotic arms for farming/manufacturing, Al for
process optimization, quality control, and system
management.

Reusable methane/oxygen rockets, electromagnetic
launch assists (e.g., launch loops, mass drivers), ad-
vanced ion/plasma propulsion for cargo transport.

Regolith handling/processing for construction,
habitat sealing technologies, atmospheric contain-
ment (domes), water ice extraction and purifica-
tion.

Closed-loop environmental control and life support
systems (ECLSS), water recycling, CO5 scrubbing
(for habitats), oxygen generation from HyO/CO,.

Blockchain for supply chain transparency, smart
contracts for resource allocation/trade, DAOs for
distributed governance elements.
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6 Projected Timeline (Ambitious 100-Year Vision)

Years 1-5 (2030-2035):

— Launch Mars COy Harvester Alpha mission: Small-scale demonstrator.

— Earth-based R&D: Optimize Seshat’s Composites, refine aeroponic hemp strains
for space.

— Secure initial funding rounds and establish core international partnerships.

Years 6-15 (2035-2045):

— First Martian and Earth-based pilot aeroponic hemp farms operational.
— Initial Martian CO4 capture arrays deployed and scaling.

— Small-scale composite module production on Mars demonstrated.

Years 16-25 (2045-2055):
— Regular export of composite modules from Mars to the Moon begins (test ship-
ments).
— Construction of first permanent lunar outpost using Martian composites initiated.

— Earth-based hemp composite industry sees initial market penetration.

Years 26-40 (2055-2070):

— Expansion of lunar cities/settlements built primarily from hemp composites.
— First large-scale pressurized agricultural domes activated on the Moon.

— Significant scaling of Martian CO, capture and hemp megafactories.

Years 41-60 (2070-2090):
— Hemp-based industries on Earth achieve significant scale, replacing conventional
materials.
— Martian atmosphere shows measurable reduction in CO, density due to MICC.

— Interplanetary trade network (Earth-Moon-Mars) becomes increasingly robust.

Years 61-100 (2090-2130):
— Towards a stable, partially self-sustaining lunar biosphere within enclosed sys-
tems.

— Mars terraforming enters advanced stages (atmospheric thickening, surface tem-
perature modification — highly speculative and long-term).

— Helios Triad serves as a foundational model for sustainable interplanetary civi-
lization.
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Funding and Partnerships

Prospective Partners:

Space Agencies: NASA (Artemis, Mars Exploration Program), ESA (Moon Vil-
lage, Terrae Novae), CSA, CNSA, ISRO, JAXA, UAE Space Agency. Emphasis on
international cooperation models like the ISS.

Intergovernmental Organizations: United Nations Framework Convention on Cli-

mate Change (UNFCCC), UN Office for Outer Space Affairs (UNOOSA), UN Indus-
trial Development Organization (UNIDO).

Private Aerospace Companies: SpaceX (Starship), Blue Origin (Blue Moon),
Sierra Space, Rocket Lab, and emerging launch/in-space manufacturing providers.

Venture Capital & Investment Firms: Specialized space technology funds, climate-
tech investors, impact investment groups (e.g., Breakthrough Energy Ventures, regen-
erative agriculture investors).

Research Institutions & Academia: Universities with strong aerospace, materials
science, botany, and Al programs.

Industrial Partners: Companies in agriculture technology, advanced materials, con-
struction, and renewable energy.

Philanthropic Foundations: Organizations focused on climate solutions, sustainable
development, and space exploration.

Innovative Funding Mechanisms:

Blended Finance: Combining public grants (e.g., SBIR, DARPA, DIANA, Horizon
Europe) with private equity and debt.

Carbon Credit Futures & Climate Bonds: Pre-selling verified carbon sequestra-
tion credits generated from Martian and Earth-based CO, capture. Issuing climate
bonds tied to project milestones.

Space Resource Contracts: Advance purchase agreements for future delivery of
Martian composites or lunar resources.

Public-Private Partnerships (PPPs): Structured agreements where public agen-
cies de-risk initial technology development and private companies scale commercial
operations.

Asteroid Mining Consortia: Potential for shared investment in resource extraction
technologies that have dual-use applications.

Decentralized Autonomous Organization (DAQO) / Tokenization: Exploring
Web3 models for community funding, governance participation, and fractional owner-
ship of certain project assets or revenue streams.
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8 Conclusion

HELIOS TRIAD presents a paradigm-shifting approach to interplanetary exploration and
terrestrial sustainability. By reimagining carbon dioxide—currently Earth’s most significant
atmospheric liability—as a primary feedstock for an advanced, renewable material (Seshat’s
Composites), this initiative offers a tangible pathway to:

e Systematically de-carbonize Mars’ atmosphere, potentially rendering it more suitable
for future, broader terraforming efforts or scientific study.

e Establish a foundational industrial base on Mars, centered on in-situ resource utiliza-
tion.

e Enable large-scale, sustainable construction and early-stage terraforming (parater-
raforming) on the Moon, paving the way for permanent human settlement.

e Revolutionize Earth-based industries by providing a high-performance, carbon-negative
alternative to conventional construction and manufacturing materials, directly combat-
ing climate change.

This initiative is not merely about reaching other worlds; it is about creating a synergistic,
circular carbon economy that spans planets, healing our home world while responsibly ex-
panding humanity’s reach into the cosmos. HELIOS TRIAD aims to be the cornerstone of
a truly sustainable, multi-planetary civilization.
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