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E D I T O R I A L  N O T E

ABOUT THIS EDITION

This edition exists because the first draft was reviewed — and the review was good.

An independent  strategic  assessment  scored  the  original  Mars  Organic  Industries  plan  a  B+,  with  a  long-term
viability  rating  of  7.5  out  of  10:  a  visionary  concept,  genuinely  well-aligned  with  the  direction  NASA  and
commercial  space  programs  are  already  heading,  but  carrying  several  technical  assumptions  that  needed  to  be
pressure-tested before the plan could be called credible rather than merely inspiring.

This document is that pressure test, absorbed. It keeps everything that made the original plan compelling — a single
foundational crop, dozens of end products, a genuinely closed-loop philosophy — and rebuilds the sequencing, the
risk posture, and several of the underlying technical figures around what current research actually supports. Where a
number in the review didn't hold up under a fresh check, it has been corrected here rather than repeated. Where the
space industry's own timeline shifted since the original plan was drafted, that shift is reflected too.

The result is not a smaller vision. It's a sturdier one.
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EXECUTIVE SUMMARY

Mars Organic Industries (MOI) proposes a closed-loop agricultural and manufacturing ecosystem built around a
single  foundational  crop:  industrial  hemp. Rather  than shipping thousands of  tonnes  of  construction material,
textiles, food, and packaging from Earth, MOI grows them — turning every hectare under cultivation into a source
of food, fiber, medicine, plastics, insulation, biochar, and dozens of other outputs.

The premise is not new to agriculture — hemp has been called a "crop of a thousand uses" on Earth for the same
reasons. What's new is the setting. Mars offers no atmosphere worth mentioning, soil that is actively toxic to plant
life, gravity at just over a third of Earth's, and a radiation environment with no natural shielding. None of that makes
the vision wrong. It makes sequencing everything.

This edition organizes MOI around four commitments the original plan gestured at but didn't fully operationalize:
validate on Earth before building on Mars; shield people and crops before feeding them; budget every liter
of water before promising a harvest; and treat the most advanced materials science — including hemp-
derived composite resins — as a research program to fund, not a product to sell. Food security,  habitat
construction, and technology licensing lead the roadmap. Textiles, plastics, and advanced composites follow once the
colony can afford them.

MOI's honest pitch is  this:  it  is  a long-horizon applied-research and industrial-design program aimed at making
hemp  the  master  input  crop  for  off-world  life  support  and  manufacturing  —  not  a  claim  that  any  of  this  is
imminent. The Mars settlement timeline it depends on is, as of this writing, moving slower than the space industry
hoped a year ago. That is addressed directly in this plan, not around it.

0 2

VISION & MISSION

VISION

An integrated organic manufacturing and food-production ecosystem on Mars, in which a single industrial crop —
hemp — supplies the structural, textile, nutritional, and chemical building blocks a settlement needs to reduce its
dependence on Earth resupply.

MISSION

To produce structural materials, polymers, textiles, food, fuels, and composites in situ, sequenced so that the hardest
problems — radiation, water, toxic soil, and unproven gravity effects — are solved or actively mitigated before the
ecosystem is asked to scale.
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WHY HEMP?

Industrial hemp is one of the few crops on Earth where nearly every part of the plant has a productive downstream
use  — fiber,  hurd,  cellulose,  lignin,  seed  oil,  protein,  starch,  and biomass  all  come off the  same harvest.  That
versatility  is  the  entire  economic  argument  for  MOI:  one  crop,  cultivated  once,  feeding  food,  materials,  and
chemical-feedstock supply chains simultaneously, rather than dedicating separate acreage to separate purposes.

Hemp also happens to be comparatively frugal with water and land relative to alternative fiber crops on Earth —
commonly cited as needing on the order of 70–90% less water than cotton for equivalent fiber output, depending on
the study and growing region. That Earth-based efficiency is a genuine asset, but it is a starting point, not a Mars
specification: every open-field, rain-fed figure in the hemp literature has to be re-derived for a sealed, artificially lit,
aeroponic Martian greenhouse before it means anything operationally. Section 07 addresses that directly.

0 4

WHERE THINGS STAND, MID-2026

A plan like this lives or dies by its assumptions about when humans actually reach Mars — so it's worth being direct
about the current state of that question. Through most of 2025, SpaceX had targeted the November–December
2026 Earth–Mars transfer window for its first uncrewed Starship landing attempts. In February 2026, the company
announced it was deprioritizing Mars by roughly five to seven years to focus engineering resources on its NASA
Artemis lunar lander commitments. The practical effect: the first uncrewed Starship Mars test flights are now more
plausibly expected in the early-to-mid 2030s, with crewed missions — and any realistic start to in-situ agriculture —
following some years after that.

This is not a reason to shelve MOI. If anything, it strengthens the case for the Phase 0 structure below: the highest-
value work available right now doesn't require a rocket at all. Terrestrial validation, cultivar development, closed-
loop systems engineering, and IP filing can all proceed on Earth immediately, on a timeline MOI controls, while the
transportation question resolves on its own schedule.
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THE STRATEGIC ROADMAP

The original plan called for full industrial-scale operations by 2040. That compresses several unsolved engineering
problems into a single decade. This edition restructures the roadmap into five phases, each gated on the previous
phase's evidence rather than the calendar.

PHASE 0 — Earth-Based Validation & IP Foundation 2026 – 2030

Establish a terrestrial Mars-analog greenhouse (candidate sites: Iceland, the Atacama, the Utah desert, or an
Antarctic research station) to test cultivation, lighting, and closed-loop life support under Mars-
representative constraints.

Begin cultivar selection and breeding for drought tolerance, compact growth habit, and reduced water
demand.

Build and test AI-managed greenhouse controls on Earth, where iteration is cheap and failure is
recoverable.

File IP aggressively: cultivation algorithms, regolith remediation methods, closed-loop nutrient recycling,
and Martian-specific cultivars.

PHASE 1 — Survival & Discovery 2035 – 2037

All primary cultivation located underground or regolith-covered from day one — radiation shielding is not
an upgrade, it is a startup condition (see Section 06).

Primary product: food. Hemp protein, seed oil, and basic nutrition — the highest-confidence, mission-
critical output.

Secondary product: growing media. Biochar-and-regolith remediation research begins immediately, before
any large-scale planting is attempted.

Aeroponics as the default irrigation method; a full water balance sheet published before this phase begins,
not after.

Explicitly out of scope: animal agriculture, textiles, biofuel production. Scale: the equivalent of 1–5 acres.

• 

• 

• 

• 

• 

• 

• 

• 

• 
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PHASE 2 — Expansion 2038 – 2042

Hempcrete and insulation panel production begins — construction material and radiation shield in one
product.

Insect-based protein recycling (black soldier fly larvae or mealworms) introduced as the first source of
animal-derived nutrition, fed on hemp processing waste.

Simple textiles: rope, filters, cargo bags, pressure-suit liner fabric.

Scale: the equivalent of 20–50 acres.

PHASE 3 — Maturity 2043 – 2050

Plastics, paper, and full composite-material R&D graduate from lab to limited production.

Poultry introduced only if the resource math is net-positive by that point (see Section 07).

Scale: the equivalent of 100+ acres; full circular-economy operation.

LONG-TERM VISION 2050+

A mature MOI campus supplying food, construction material, and manufactured goods to multiple
settlement operators — a supplier to the Mars economy, not a single self-contained colony.

• 

• 

• 

• 

• 

• 

• 
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CRITICAL RISK MITIGATION PILLARS

Four technical problems determine whether this plan is achievable at all. Each is treated here as a standing strategic
commitment, not a footnote.

Pillar 1 — Radiation Shielding

Mars has no global magnetic field and a paper-thin atmosphere, so surface radiation from galactic cosmic rays is a
genuine constraint on long-duration habitation. Peer-reviewed modeling puts the required regolith cover at roughly
1 to 2.5 meters to bring annual dose within commonly used safety guidelines,  with one widely cited estimate
finding  that  even  1  meter  of  packed  regolith  cuts  primary  cosmic-ray  dose  by  around  41%.  That  is  a
meaningfully smaller and more achievable number than the "3–5 meters" figure floated in the original plan — which
is good news, because it means underground-first cultivation is a genuinely tractable Phase 1 requirement rather
than a Phase 3 aspiration.  MOI's hempcrete line is therefore framed from day one as a radiation-shielding
product for other habitat modules, not only a construction material.

Pillar 2 — Water Budget

"Recycled water" is not a plan; it's a hope. MOI commits to publishing a full water-balance calculation for every
product line before that line is greenlit. Aeroponics is the default irrigation method: research indicates aeroponic
systems use roughly 30–60% less water than hydroponics, and up to 90–95% less than open soil cultivation —
NASA has researched aeroponic growing specifically for spaceflight applications since the 1990s. On the supply side,
the  honest  Mars  water  story  is  subsurface,  not  atmospheric:  Mars's  air  is  too  thin  and  dry  for  meaningful
atmospheric harvesting to be more than a minor backup, but substantial water ice exists in accessible mid-latitude
deposits, and NASA-funded systems (Honeybee Robotics' drilling-and-melt "RedWater" architecture, for one) have
already been demonstrated at a meaningful technology-readiness level in Mars-simulated conditions. That — not
atmospheric capture — is the water strategy MOI should plan around.

Pillar 3 — Gravity Uncertainty

Mars gravity is  about 38% of Earth's (3.71 m/s² versus 9.81 m/s²). As of this writing, no controlled study has
actually grown a crop at that specific gravity level — the relevant experiments haven't been run yet,  in orbit or
otherwise. Plants have been grown successfully in microgravity, which is a hopeful data point, but it isn't a substitute
for a real answer. MOI's response: fund a partial-gravity plant-growth experiment (ISS centrifuge or equivalent) as a
Phase 0 priority, and identify two or three backup crops — duckweed and spirulina are reasonable candidates — in
case hemp's root and lignin development don't hold up under reduced gravity at scale.
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Pillar 4 — Regolith Toxicity

Martian regolith isn't just sterile — it's actively toxic. Perchlorate compounds are ubiquitous across the surface at
concentrations that damage plant chlorophyll and root function, a finding confirmed by multiple landers going back
to Phoenix. Removing perchlorate doesn't fully solve the problem either, since its presence also appears to alter the
availability of metals in the surrounding soil chemistry. This is a live, active research area — including engineered and
naturally  perchlorate-tolerant  microbial  strains  capable  of  breaking  the  compound  down  —  and  MOI  treats
biochar-and-regolith remediation as its first research product, ahead of food production,  rather than an
assumption baked silently into the food-division numbers.
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PRODUCT & REVENUE DIVISIONS

Reordered by confidence, not by ambition. The original plan listed a dozen divisions with equal weight; this edition
sequences them by how likely each is to work, and how soon.

FOOD DIVISION PHASE 1 · HIGHEST CONFIDENCE

Hemp hearts, protein powder, cooking oil, flour, and milk/dairy alternatives. This is the mission-critical output
and  the  first  thing  MOI  produces  at  any  scale  —  food  security  commands  premium  value  in  any  early
settlement regardless of what else is running.

CONSTRUCTION & HABITAT MATERIALS PHASE 2

Hempcrete, insulation panels, compressed fiber panels. Dual-purpose from the outset: every panel produced is
doing double duty as a construction material and a radiation shield for other structures (Pillar 1).

TECHNOLOGY & IP LICENSING ONGOING FROM PHASE 0

Cultivation algorithms, closed-loop nutrient recycling methods, regolith remediation processes, and Martian-
optimized  cultivars,  licensed  to  NASA,  ESA,  and  other  settlement  operators.  This  is  realistically  MOI's
strongest near-term revenue line — Earth-based IP that can generate income for a decade before a single hectare
is planted on Mars.

LIFE-SUPPORT INTEGRATION & CARBON SERVICES PHASE 2+

Oxygen generation and CO2 scrubbing as a byproduct of crop photosynthesis, valued as a life-support service

to habitat operators rather than sold as a standalone commodity.

TEXTILES, PAPER & BIOPLASTICS PHASE 2 – 3

Rope,  filters,  cargo bags,  and pressure-suit  liner  fabric  come first  (Phase  2,  simple  mechanical  processing).
Paper,  packaging,  and  biodegradable  plastics  for  cups,  containers,  and  tooling  follow  once  fiber  supply  is
reliable (Phase 3). None of these compete with food or construction for early resources.
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ADVANCED BIO-RESIN COMPOSITES LONG-TERM R&D — NOT A PHASE 1–2 PRODUCT

The original plan's most ambitious idea — advanced structural composites built from hemp-derived bio-based
resins, sometimes described conceptually as "hempoxies" — stays in this edition, but relabeled honestly. These
systems are a materials-science research hypothesis, not a proven or currently available technology, on
Earth or Mars. They belong in a partnership-funded research track with materials-science labs, running in
parallel with Phases 1–3, with no assumption that they generate revenue before Phase 3 at the earliest. Basic
hempcrete, insulation, and fiber panels — all proven terrestrial techniques — carry the construction division
until the composite research actually produces something field-ready.

BIOFUEL REPOSITIONED

Reframed from a  standalone division into a  waste-to-energy backstop only:  non-edible,  non-fiber  biomass
residue converts to biochar or biogas after materials and food needs are met. In an early colony, every gram of
organic matter is more valuable as food, fiber, or growing medium than as fuel — Earth-shipped or nuclear
power is very likely cheaper than growing fuel for years to come.

ALTERNATIVE PROTEIN & AQUACULTURE INSECTS FIRST, ANIMALS DELAYED

Fish require roughly 2–3 kg of feed per kg of biomass gained; chickens roughly 1.8–2.5 kg. Black soldier fly
larvae, by contrast, typically convert in the range of 1–2 kg of feed (including hemp-processing waste) per kg of
larval biomass, at 30–50%+ protein content, with a shorter cycle and far less water. That makes insects the
sensible Phase 2 protein-recycling system. Fish (tilapia, trout, perch) and poultry move to Phase 3, and only if
the resource math is net-positive at that point — not assumed from the start.

0 8

CIRCULAR ECONOMY

IN
LIGHT · CO2 · WATER · NUTRIENTS

↻
HEMP CULTIVATION LOOP

OUT
FOOD · O2 · FIBER · MATERIALS

Sunlight (supplemented by LED arrays), captured CO2, recycled water, and recovered nutrients go in. Food, oxygen,

fiber, construction material, and fertilizer come out — with organic waste streams recycled back into growing media
or biochar wherever it is practical to do so, rather than assumed away as "zero waste" in the abstract.
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RESEARCH PRIORITIES

Partial-gravity (Mars-equivalent) plant growth trials — currently an open question with no direct experimental
data

Perchlorate bioremediation via microbial consortia and phytoremediation

Closed-loop nutrient recycling and water-balance modeling specific to sealed aeroponic systems

Drought- and low-gravity-optimized hemp cultivars

Bio-based resin systems for advanced composites (long-horizon, partnership-funded)

AI-managed greenhouse operations, validated first in the Phase 0 terrestrial analog facility

• 

• 

• 

• 

• 

• 
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COMPETITIVE POSITIONING

COMPETITOR THEIR ADVANTAGE MOI'S DIFFERENTIATOR

Earth Importers Proven technology, no
development risk

In-situ products avoid the mass penalty of Earth-to-Mars shipping
almost entirely

Alternative Crops
(algae, soy)

Simpler cultivation systems Hemp supplies materials and habitat construction, not food alone

Mineral / ISRU
Extraction

No biological cultivation risk Renewable, lightweight, regenerative rather than a one-time
extraction

Synthetic Biology
Firms

Lab-engineered, highly tunable
materials

Lower energy input; builds on decades of terrestrial agronomy
rather than starting from zero

1 1

REVENUE MODEL & FINANCIAL REALISM

The original plan weighted every revenue stream roughly equally. Ordered by likelihood of near-term return:

REVENUE STREAM LIKELIHOOD RATIONALE

Technology & IP Licensing High Earns from Phase 0 onward — Earth-based, no Mars
dependency

Food Products High Mission-critical; commands premium pricing in any settlement
scenario

Construction Materials Medium Contingent on habitats actually being built at scale

Life-Support Integration Medium Valued as a service (O2/CO2 cycling) rather than a discrete
product

Textiles Low (early) → Medium
(later)

Near-luxury good until colony population and demand justify
scale

Advanced Composites Speculative Unproven technology; treat as R&D spend, not revenue, before
Phase 3

Biofuels Very Low Imported or nuclear power plausibly cheaper for years; organic
matter better used elsewhere
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RISK REGISTER

RISK SEVERITY PRIMARY MITIGATION

Radiation Exposure Critical Underground-first cultivation; 1–2.5 m regolith cover from Phase 1

Water Availability Critical Published water budgets; aeroponics default; subsurface-ice ISRU
as primary supply

Regolith Toxicity Critical Biochar + microbial remediation as first research product, ahead of
food scale-up

Gravity Effects on Growth High Phase 0 centrifuge trials; two to three backup crop candidates
identified

Timeline Compression High Phased, evidence-gated roadmap rather than fixed calendar targets

Transport / Launch Cadence High Phase 0 designed to be launch-independent; revenue does not
require a Mars presence

Power Reliability Medium Solar primary, nuclear backup, as in original plan

Animal Agriculture Resource Load Medium Delayed to Phase 2 (insects) / Phase 3 (fish, poultry), conditional on
net-positive resource math

1 3

CUSTOMERS & PARTNERSHIPS

Mars settlement operators, research stations, and aerospace and habitat-construction companies remain the target
customer base. Given the current pace of the industry, MOI's most valuable near-term relationships are with the
ISRU and life-support research community — national space agencies, university labs, and the settlement-hardware
companies  developing  the  systems  this  plan  will  eventually  need  to  plug  into  —  rather  than  with  any  single
settlement operator, since none exists yet.
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LONG-TERM VISION — 2050 AND BEYOND

A mature Mars Organic Industries campus, decades from now, looks like this: large-scale controlled-environment
hemp  cultivation  feeding  a  full  circular  economy  —  construction  materials  grown  rather  than  mined,  food
manufactured from a crop bred specifically for Martian conditions, textiles and paper produced locally, and an AI-
managed greenhouse-and-factory system that has, by then, absorbed decades of operational data no simulation could
have generated in advance.

None of that replaces the other technologies a real settlement needs — water extraction, atmospheric processing,
mineral refining. MOI's ambition was never to be the whole colony. It's to be the part of the colony that grows.

"Every hectare of hemp is food, medicine, and a home — the same acre,
doing all three."
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A P P E N D I X

TECHNOLOGY READINESS & ASSUMPTIONS

This document is a visionary, long-range strategic concept plan. It is not a claim that human Mars settlement, large-
scale off-world agriculture, or in-situ hemp cultivation are current or near-term demonstrated capabilities — as of
mid-2026, none of them are. Timelines in this plan are aspirational and explicitly contingent on the broader pace of
space-industry progress, which has already shifted once since this plan's original draft. Financial figures throughout
are illustrative for planning discussion, not audited projections. Technical figures on radiation shielding, water use,
regolith chemistry, and cultivation systems reflect the peer-reviewed and agency-published research available as of
this writing; several figures used in earlier drafts of this plan have been revised here to match that research more
closely.  Significant breakthroughs in genetics,  water extraction, or radiation mitigation — or further slippage in
crewed Mars timelines — could shift every date in this plan considerably in either direction.

MARS ORGANIC INDUSTRIES · STRATEGIC PLANNING OFFICE · VISIONARY EDITION 2026
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