MODULE 51 - ADVANCED MARS CURRICULUM - UNDERSTAND, CALCULATE, VERIFY.

Food chain, storage, nutrition and food safety

Conceptual visualization — the food chain links production, storage, nutrition, microbiological safety, water, energy and contingency
reserves.

Connect crops, imported food, processing, stocks and nutrition so a productive greenhouse does

not hide a fragile food system.



Before starting — review agriculture, logistics and sanitation because food security couples biological
production, stored reserves, nutrition and microbiological control. Every important symbol is defined at first use.

Mastery objectives

e measure food security by nutrients, microbiological safety, storage history and recovery
time rather than kilograms alone

e connect crop output, processing equipment, imported reserves and menu design to
limiting nutritional needs

e trace a suspect ingredient or batch without discarding the entire food system

* model crop or processing failure as a timed path to nutritional consequence and recovery

1. Growing plants is not the same as feeding a settlement

A crop produces fresh mass, but a diet has to supply energy, protein, essential fats, vitamins,
minerals and variety. Agricultural yield must be translated into nutritional availability after
losses, processing and storage. A large lettuce crop can improve freshness and morale while

covering only a small fraction of energy demand.

NASA space-crop research, including Advanced Plant Habitat, shows why yield, nutrition and

robustness must be considered together. NASA Science — Advanced Plant Habitat

2. Imported stocks and local production

Early settlements will rely on imported food. Local production reduces dependence but
introduces biological variability. The food system therefore combines stable buffer stocks with
variable fresh production. The reserve has to bridge crop failure, greenhouse outage or logistics

delay without immediately reducing the crew to an inadequate ration.


https://science.nasa.gov/mission/advanced-plant-habitat/

3. Calories, protein and nutritional quality

A ration is evaluated by total energy and by protein, essential fatty acids, vitamins and minerals.
Some crops create lots of fresh mass with few calories; others are energy dense but require
more processing. Crop selection is a portfolio problem involving nutrition, productivity, crew

time and preservation.

Food-chain resilience

Crops, stores, processing, menu constraints, food safety and medical feedback form one operating loop
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Reserve model = crop recovery clock + stored-food days + nutrition constraints, not calories alone.

Food security requires production, processing, storage history, traceability and preparation to work together. Pedagogical synthesis by Delta-
Sierra from the primary sources cited in this course; schematic, not to scale.

4. Food processing

Grinding, cooking, fermenting, drying and pasteurizing alter preservation, digestibility and
safety. Every process consumes energy and equipment. Fermentation can add variety and shelf
life but requires microbial control. Food preparation therefore becomes part of life-support

engineering, not just comfort.



5. Storage and aging

Dry, frozen and sterilized foods age differently. Temperature, oxygen, moisture and radiation
can degrade quality and vitamins. Inventory uses lots, dates and FIFO/FEFO rotation so entire

pallets do not expire together. Shelf-life planning has to match resupply cadence.

6. Microbial safety and allergens

A foodborne event can affect several crew simultaneously. Raw/cooked separation, temperature
control, hygiene, sampling and traceability matter. In a closed habitat, a contamination event

may also involve water, surfaces, waste and the crop microbiome.

7. Emergency reserves

Emergency food must be usable when normal infrastructure is degraded. A reserve that requires
a working oven, large water supply or refrigeration after a power failure is not independent.
Contingencies define a survival ration, its water demand and the reduced activity level

associated with it.

8. Human factors and menu fatigue

Variety influences appetite, morale and actual intake. A theoretically complete but monotonous
diet can lead to under-consumption. Texture, preparation and cultural preferences therefore

have operational value, while the inventory still has to remain manageable.

Deepening: restarting crops after an incident

After contamination or plant disease, the priority is not immediate return to maximum yield.
The team isolates cause, cleans or replaces affected hardware, verifies water and nutrients, then
restarts in stages. Buffer food stocks provide time to recover without accepting questionable

produce. Food-chain resilience is therefore directly linked to reserve duration.



Deepening: packaging as a sanitary barrier

Packaging protects against moisture, oxygen, contamination and mechanical damage, then
becomes a material stream after use. The choice trades shelf life, mass, ease of opening, debris
risk and recyclability. A very light pack that cannot be resealed may increase food loss after

opening. Package size should match group size and actual consumption rate.

Deepening: stock coverage by nutrient, not only meals

Food reserves should not be measured only in number of meals. Critical inventories also track
protein, fats, selected micronutrients and foods suitable for medical situations. Losing crop
production may barely change calories but strongly affect some vitamins. Food dashboards
therefore translate lots into days of nutritional coverage and retain specific margins for difficult-

to-replace nutrients.

9. Worked example: caloric autonomy

Twenty people at 2,600 kcal per day require 52,000 kcal/day. For a thirty-day stock, the correct
reserve is 52,000 x 30 = 1,560,000 kcal. It therefore covers 1,560,000 + 52,000 = 30 days for
the whole group. If local production reliably supplies 35% of calories, stored food supplies only
52,000 x 0.65 = 33,800 kcal/day; the same reserve then lasts 1,560,000 + 33,800 ~ 46.2 days.
The denominator already represents whole-group consumption, so the result must not be

divided by twenty again.

Calculated case study: food stock for 30 people and 45 days

TEACHING ASSUMPTION — Planned average food mass is 0.75 kg per person per day.

The crew has 30 people, stock must cover 45 days and include a 15% reserve.

Let N be the number of people; q daily food mass in kg/person/day; d duration in days; M mass

without reserve in kg; and r the reserve, dimensionless.



M_day = N x g =30 x 0.75 = 22.5 kg/day. M = 22.5 x 45 = 1,012.5 kg. With reserve: M_plan =
1,012.5 x 1.15 = 1,164.375 kg, about 1,164 kg.

The calculation is an average logistics mass, not a nutrition plan. It shows how duration and

reserve turn a modest daily requirement into more than a tonne of stock.

10. Exercise

A greenhouse supplies 25% of calories but 60% of vitamin C. An outage halves crop production
for 40 days. Calculate new caloric coverage and define a reserve strategy that also protects

micronutrients.

11. Reasoned solution

Local calorie coverage falls from 25% to 12.5%, so stored food supplies 87.5% during the
outage. Vitamin risk is a separate problem and may require stable stored foods or supplements.

Calories alone do not prove nutritional resilience.

12. Validation project

Design the food chain for 30 people over 500 days: imported rations, crops, processing, storage,

rotation, nutrition, safety, emergency reserves and a partial greenhouse-loss scenario.

Feeding a Mars settlement means controlling a chain from nutrients
to safe meals

Growing plants is only one part of food security. A settlement also needs imported reserves,
harvest planning, processing, storage, packaging, microbiological control, nutrition monitoring,
waste handling and emergency rationing. A greenhouse can produce impressive biomass while

the overall diet still lacks enough protein, fat, micronutrients or shelf-stable reserve.

The food system should therefore be designed as a portfolio. Imported foods provide initial
reliability and dietary diversity; local crops reduce resupply dependence and can supply fresh

produce; processed ingredients bridge the two. The settlement tracks useful edible stock rather



than total stored mass, because spoiled, contaminated or nutritionally unsuitable material

cannot be counted as operational reserve.

Food also affects human performance. Repetitive menus can reduce intake and morale. Meal
preparation consumes water, energy and crew time. Packaging creates waste but also protects
food. The best system balances nutrition, safety, storage life, crew acceptance, production risk

and the logistics cost of every kilogram imported from Earth.

Ten food-chain principles

1. Start from nutritional requirements, not crop enthusiasm

A crop plan should be tested against energy, protein, essential fats, vitamins, minerals and
dietary variety. Fast-growing leafy vegetables can improve freshness and micronutrients while
contributing relatively little dietary energy. Staple calories and protein sources need their own

production or storage strategy.

Requirements vary with body size, workload, health and mission phase, so planners should use
ranges rather than one fixed calorie value for every person. Inventory should support clinical

and nutritional review without turning ordinary meal planning into medical treatment.

2. Imported reserves and local production serve different reliability roles

Imported food is expensive to transport but highly predictable if packaged and stored correctly.
Local production can reduce dependency but introduces biological uncertainty: germination,
disease, equipment failures, lighting problems and harvest variability. A resilient settlement

overlaps these sources rather than assuming one replaces the other immediately.

The transition toward local production should be measured by demonstrated edible output over
time. Declaring a crop area “capable” is not the same as proving that the entire growing,

harvesting and processing chain can supply the planned diet.

3. Count edible yield after losses

Harvest mass includes inedible fractions, trimming and possible spoilage. Processing can add
further loss. Food accounting therefore distinguishes gross biomass from edible, safe,

nutritionally useful output. This prevents a production dashboard from overstating actual food



security.

Loss data should be tracked by cause. If lettuce losses come from poor humidity control while
grain losses come from milling inefficiency, the corrective actions are different. A single

generic “waste percentage” can hide the real bottleneck.

4. Processing converts harvests into usable foods

Many crops need washing, cutting, milling, cooking, fermentation, drying or other processing
before they become practical ingredients. Processing equipment consumes energy and water
and requires sanitation. A crop that looks efficient in the greenhouse can create an inconvenient

processing burden if the downstream steps are ignored.

Standard recipes and batch records make resource use predictable. They also help trace a
problem if contamination or an allergen incident occurs. The goal is not industrial bureaucracy

but a simple, auditable food-safety chain.

5. Shelf life is a system property

Food durability depends on formulation, packaging, oxygen and moisture barriers, temperature,
radiation environment and handling. A printed expiry date from an Earth supply chain is useful
context but cannot substitute for mission-specific storage validation. Stock rotation should

prioritize items with limited remaining life while preserving emergency reserves.

Long missions also face nutritional degradation in some foods. The inventory should therefore
track not only whether a package remains edible but whether the overall diet still provides

adequate nutritional quality over the intended storage horizon.

6. Cold chain requires energy and monitoring

Refrigerated or frozen foods tie food security to the power and thermal systems. A freezer
failure can convert stored mass into a time-limited salvage problem. Sensors should record
temperature excursions, and contingency procedures should define which foods are used first,

moved to another unit or discarded when safety cannot be assured.

Cold storage should be segmented so one hardware failure does not threaten the entire reserve.
The electrical budget must also include startup currents, defrost cycles and backup operation

during power reconfiguration.



7. Microbiological safety is built through barriers

Clean water, controlled surfaces, separation of raw and ready-to-eat foods, appropriate
temperatures and traceability reduce foodborne risk. On Mars, illness affects a small isolated

population with limited medical support, so preventing contamination is particularly valuable.

The food system should avoid relying on one final test to prove safety. Multiple barriers are
stronger because they prevent, detect and contain problems at different stages. When a batch is
suspect, traceability allows the settlement to isolate that batch rather than discard unrelated

stock.

8. Allergen and dietary information must remain visible

Repackaging and local processing can obscure ingredient identity. Labels and digital inventory
records should preserve allergen information and batch history. This becomes more important

as locally produced ingredients are blended into stored foods.

Dietary accommodations should be planned as part of crew logistics rather than improvised
after arrival. A narrow set of substitute foods can create hidden single points of failure for a

crew member with specific restrictions.

9. Emergency reserve must be protected from routine convenience

A food reserve exists to cover crop failure, transport delay, contamination or other disruptions.
If routine menu shortages consume it continuously, the settlement loses resilience without
noticing. The inventory should separate routine stock, contingency stock and survival reserve

with explicit release rules.

Emergency foods should favor stability and simple preparation. They also need to be
nutritionally coherent enough to support people during the intended contingency period. A box

of high-calorie snacks is not a complete emergency food strategy.

10. Menu quality is an operational factor

Food affects morale, social cohesion and willingness to eat enough during stressful periods.
Variety in texture, flavor and meal ritual can matter during isolation. Local herbs or fresh
produce may have value beyond their caloric contribution because they improve acceptance of

stored staples.



Crew feedback should therefore be recorded alongside nutrition and stock data. A theoretically
optimal menu that people consistently leave uneaten produces less real nutrition than the

spreadsheet predicts.

Calculation laboratory: coverage, reserve and stock usability

Calorie coverage

Days coverage = E food / (N x e person)

E_food is the usable dietary energy in stock, N population and e_person planned energy per
person per day. If a settlement has 2,700,000 kcal of usable food, 30 people and a planning
value of 3,000 kcal/person/day, coverage is 2,700,000 / 90,000 = 30 days. The chosen planning

value must match crew activity and medical guidance rather than being treated as universal.

Useful stock

Stock useful = Stock physical - Stock unfit -
Protected reserve

If 1,000 kg is physically present, 25 kg is quarantined and 150 kg is protected emergency
reserve, routine useful stock is 825 kg. This prevents the operations team from planning

ordinary consumption against stock that should not be touched.

Local production contribution

Local fraction = E local / E _total consumed

If local crops provide 18,000 kcal/day and total crew consumption is 90,000 kcal/day, local
energy contribution is 20%. The same calculation can be repeated for protein or other key

nutrients because calorie independence alone does not prove nutritional independence.



Worked case: 30 people, 45-day contingency stock

Use a planning value of 3,000 kcal per person per day only as an illustrative operations
assumption. Thirty people for 45 days require 30 x 45 x 3,000 = 4,050,000 kcal. If planners add
a 15% contingency margin, target energy becomes 4,657,500 kcal. This number is a stock-

planning quantity, not a dietary prescription.

Suppose 30% of expected daily calories normally come from local production. During a
greenhouse outage, that contribution may vanish. The protected reserve should therefore be
sized for the failure scenario rather than for the normal diet. The settlement can also identify

which nutrients become limiting first and stock concentrated shelf-stable sources accordingly.

Now consider storage losses. If inspection shows that 3% of the physical reserve is unusable,
those calories cannot remain in the coverage calculation. Inventory software should remove
quarantined or condemned batches immediately so the dashboard reflects what the crew can

actually eat.

Recovery scenario: greenhouse output falls by half for sixty days

The first action is to quantify the deficit by nutrient, not simply announce “50% crop loss.” If
fresh vegetables provide micronutrients while most calories come from stored staples, the
operational consequence differs from losing a high-calorie crop. The menu and planting plan

can then be adjusted to the true limiting resources.

Next, protect seed stock and healthy growing zones from the failed area. A contamination event
may require stronger separation than an equipment failure. The food, water and environmental-
control teams coordinate because irrigation water, humidity and microbial control can connect

greenhouse problems to other systems.

Finally, the settlement decides how much protected reserve to release and what production
recovery milestones would allow normal consumption to resume. The decision should be based

on measured harvest recovery, not a calendar promise.



Progressive exercises with solutions

» Exercise 1 - Thirty-day energy stock

» Exercise 2 - Remove unusable stock
» Exercise 3 - Local contribution
» Exercise 4 - Cold-chain outage

Interactive beginner glossary

ration - planned food allocation over time.

shelf life - usable life under stated storage conditions.

cold chain - monitored refrigerated or frozen storage path.

batch - identifiable production or packaging lot.

protected reserve - stock reserved for contingency.

local production fraction - local contribution divided by total requirement.
quarantine - temporary separation of suspect stock.

traceability - documented chain from source to consumption.

Food-system calculation laboratory: reserves are measured in time,
not only kilograms

A stock list becomes operationally meaningful when mass and nutritional content are converted

into days of support under a stated demand.

Energy-equivalent reserve days

D

= E food / E daily

In a teaching scenario, usable stored food contains 450,000
kcal and the settlement-wide modeled demand is 78,000
kcal/day. Reserve = 450,000/78,000 = 5.77 days. The result
should be rounded conservatively because actual intake,

waste, spoilage and medical diets vary.



Limit. Calorie coverage does not prove nutritional adequacy.
Protein, essential fats, micronutrients, texture,
acceptability, allergies and food safety still matter.

Cold-chain electrical energy

E = P average x t

If refrigeration averages 2.5 kW over 24 h, daily electrical
energy is 2.5 x 24 = 60 kWh. A power outage therefore
creates both an energy problem and a food-loss clock. The
useful engineering question is not only “how much food is
stored?” but “how long does it remain safe under each
degraded thermal state?”

» Exercise — reserve days

Nutrition-resilience studio: measure food security by nutrients, time
and failure tolerance

Counting kilograms of food can create false confidence. A settlement can have a large mass
inventory and still lack calories, protein, an essential micronutrient, safe water for preparation,
refrigeration power or dietary options compatible with crew health. Food security therefore

needs several independent balances.

1. Daily energy demand
E day = ¥(N. g x e @)

Read aloud. Daily food energy demand is the sum, over crew groups, of the number of people
in each group times that group’s planning energy requirement. N_g is a count of people and e_g
is energy per person per day, so the result is energy per day. A teaching case with 24 people at

2,500 kcal/day and 6 people at 3,000 kcal/day gives 24x2,500 + 6x3,000 = 78,000 kcal/day.



This is a planning example, not individualized medical nutrition advice. Real requirements

depend on body size, workload, health, adaptation and mission medical guidance.

2. Reserve days must use usable food energy

D energy = E stock,usable / E day

If 2.34 million kcal remain usable after removing expired/damaged inventory and protected
experimental stock, coverage is 2,340,000 / 78,000 = 30 days. A reverse check gives 30 x
78,000 = 2.34 million kcal.

3. Protein can become the limiting balance before calories

D protein = m_protein,usable / m protein,day

If usable stock contains 60 kg of protein and the settlement planning total is 2.4 kg/day, protein
coverage is 25 days. In this example the settlement has 30 calorie-days but only 25 protein-
days. The smaller coverage is operationally more constraining unless local production can close

the gap.

4. Apply edible-yield and processing losses to local harvest

m food,usable = m harvest x f edible x (1 -
f processing loss)

For a 900 kg harvest, edible fraction 0.82 and processing/storage loss 0.10: first 900 x 0.82 =
738 kg edible before processing loss; then 738 x 0.90 = 664.2 kg usable. Reporting the raw 900

kg as food output would overstate the actual contribution by 235.8 kg.

5. Model a cold-chain outage clock

t hold = E backup / P_cold



In a deliberately simplified electrical estimate, 96 kWh of dedicated backup energy supporting
an average 4 kW cold-chain load gives 24 h of ideal electrical coverage. This is not a food-
safety time guarantee: thermal inertia, door opening, ambient conditions and product
temperature determine real safe holding time. The equation merely exposes the power

dependency.

6. Combine independent coverage indicators

D controlling = min(D energy, D protein, D water food,
D critical nutrient, ...)

Read aloud. Controlling coverage is the minimum of the independent coverages that must all
remain adequate. The function min means “choose the smallest value”. If calorie coverage is 30
days, protein 25, preparation-water coverage 40 and one critical fortified nutrient 18, then the

controlling stock horizon is 18 days unless that nutrient has an alternative source.

» Integrated exercise — identify the hidden shortage

Mission decision. A resilient food dashboard separates energy, macronutrients, critical
micronutrients, usable inventory, cold-chain dependency, local production and protected

contingency reserve. One “days of food” number is too coarse for a closed settlement.

First-Man food systems: calories are necessary, but food security is a
chain

A Mars settlement can possess many tonnes of food and still be nutritionally fragile. Food
security depends on usable energy, protein, essential micronutrients, water for preparation, safe
storage, cooking capability, packaging integrity, cold-chain continuity, crop reliability and the
crew’s ability to detect spoilage. A stock ledger that counts kilograms but ignores nutrient

composition and storage conditions can therefore create a false sense of security.

The first systems step is to divide food into functions rather than menu names. Some stocks
provide dense emergency calories; others protect protein intake; others supply nutrients that are

difficult to replace quickly; fresh crops may support diet quality and crew morale but can be



vulnerable to lighting, water and disease failures. A resilient plan deliberately avoids a single
hidden dependency such as “all vitamin-rich food requires the greenhouse” or “all high-protein

meals require one freezer bank.”
Convert stock into days of support without hiding losses

Dtood = Estored fusabte / (N eday)

Starting question
How many crew-days of energy does a stored food inventory
really provide after accounting for the fraction that is
edible, accessible and expected to remain usable?

Read aloud
Read: “food duration equals stored food energy times usable
fraction divided by crew size times daily energy need per
person.”

Symbols, pronunciation and meaning
Ectoreq 1S labelled or measured food energy; fysapble 1S the

fraction expected to remain available after packaging,
spoilage and processing losses; N is crew size; egyy is
planned energy per person per day.

Units
If stored energy and daily energy are both in kilocalories,
kcal divided by (people x kcal/person/day) gives days.

Origin and status of values
Stored energy comes from inventory records. Usable fraction
is a planning assumption that should be informed by shelf-
life, damage and preparation losses. Daily requirement is a
mission nutrition input and can vary by workload.

Why this operation
The numerator converts nominal inventory into energy
expected to reach the crew. The denominator is the
settlement’s daily demand.

Substitution and calculation
Teaching case: 9,000,000 kcal in stock, fysap1e=0.92, 30

people and 2,700 kcal/person/day. Usable energy = 8,280,000
kcal. Daily demand = 81,000 kcal/day. Duration = 102.2 days.
Calculator entry



Enter 9000000x0.92+(30x2700) .

Mental estimate
Nine million reduced by about ten percent is a little over
eight million. Thirty people need roughly eighty thousand
kcal/day, so around one hundred days is reasonable.

Independent check
102.2 days x 81,000 kcal/day = 8.28 million kcal, matching
the usable inventory.

Physical or operational interpretation
The result is an energy-duration metric. It can support
logistics decisions, but it cannot certify nutrition or food
safety.

Plain-English translation
The settlement has about one hundred days of food energy
under these assumptions, not necessarily one hundred days of
complete diet.

Variation / sensitivity
If workload pushes average demand to 3,000 kcal/person/day,
duration falls to about 92 days. If usable fraction falls to
0.80 after a storage failure, it falls much further.

Limit / assumption
The equation treats energy as fungible and does not track
protein, amino acids, micronutrients, allergies, menu
acceptability or preparation water.

What this does not prove
It does not prove that the inventory can support healthy
crews for 102 days. A missing nutrient or widespread
contamination can become limiting much earlier.

Boundary case to test
If one cold-storage zone is lost, recalculate only the
inventory that remains safe. Do not leave failed stock in
Estoreq Merely because it still exists physically.

A food ledger should have several clocks

Track at least four different clocks: total energy days, protein days, days of selected critical
micronutrients, and days of safe ready-to-eat food that requires minimal water and power. The

shortest clock is often the operationally important one. During a power emergency, a settlement



may temporarily have abundant dry calories but insufficient cooking power or water; during a

crop disease event, shelf-stable stocks become the bridge while the greenhouse is sanitised and

replanted.
Inventory Storage Preparation Crew outcome
energy, protein, dry, chilled, frozen, water, power, hygiene, safe, adequate and
micronutrients, shelf protected packaging cooking capacity acceptable diet
life

Cold-chain failure is a race between temperature and decision

When refrigeration is lost, operators need a prewritten response: which products are most
temperature-sensitive, which freezer can accept transferred stock, how much emergency power
is available, what temperatures were actually recorded, and who can declare food safe or
unsafe. “It still feels cold” is not evidence. The event log should preserve time and temperature

so later decisions are based on data rather than memory.

Crop production changes logistics, not the need for reserves

Local crops can reduce imported mass and add fresh food, but they introduce dependencies on
lighting, water chemistry, seed stock, pollination or crop management, disease control,
harvesting labour and processing. A settlement should therefore model crop failure as a normal
contingency. The first local harvest does not justify deleting shelf-stable reserves; reserve
reduction should follow demonstrated yields across multiple cycles and known recovery

procedures.

Practice: find the limiting food resource

A 30-person settlement has 100 days of energy, 72 days of protein, 130 days of vitamin-stable
dry stock and 18 days of ready-to-eat emergency meals. A greenhouse outage is expected to last
40 days and cooking power may be restricted for the first 10 days. The limiting long-duration
nutritional resource is protein at 72 days, while the short emergency-mode constraint is the 18-
day ready-to-eat stock. A good plan therefore protects both horizons rather than quoting only

the 100-day calorie figure.

The limiting nutritional category can fail before total calories, so reserves must be tracked by more than mass. Pedagogical synthesis by
Delta-Sierra from the primary sources cited in this course; schematic, not to scale.



Operational qualification lab: keep nutrition adequate when the
menu still looks abundant

A food system can fail before the pantry looks empty. Calories, protein, micronutrients, safe
storage, preparation capacity and crew acceptance are different constraints. A settlement can
possess many kilograms of food yet still face a nutritional or operational shortage if the
remaining inventory is unbalanced, spoiled, impossible to prepare with the available equipment

or concentrated in a small number of foods that the crew will not reliably consume.

Inventory should be tracked by function, not only by mass

For each food category, record usable quantity, energy, protein, critical micronutrients, shelf-life
state, preparation requirement and dependency on water or power. Locally grown crops add
another layer: projected harvest is not equivalent to food already in stores. A greenhouse crop
can be delayed by disease, lighting loss or pollination failure. The settlement should therefore

separate verified stored food from forecast production.

Food safety is also a systems problem. A refrigeration fault, contamination event or packaging
defect can invalidate multiple meals at once. Traceability should allow the crew to quarantine a

lot without discarding unrelated stock and to reconstruct where ingredients were used.

Nutrient coverage duration

Dcover = Ming(Sk, usable / Tk, daily)

1 — Concrete question
For how many days can the current usable inventory meet
every selected nutritional requirement?
2 — Intuition
Compute how long each critical nutrient lasts, then let the
shortest coverage time set the overall nutritional clock.
3 — Quantities
For each nutrient k, use usable stored amount and total
daily settlement requirement under the chosen ration plan.
4 — Formula
Coverage is the minimum, across nutrients, of usable stock
divided by daily requirement.
5 — Read aloud



“D cover equals the minimum over nutrient k of usable stock
k divided by daily requirement k.”

6 — Symbols
D is duration; Sg, ysaple 1S usable amount of nutrient k;
Mk,daily 1S settlement-wide requirement per day.

7 — Pronunciation

“min sub k” means calculate the ratio for each listed
nutrient and choose the smallest.

8 — Units
grams divided by grams per day gives days; calories divided
by calories per day also gives days.

9 — Convention
Use the same population and ration policy in every
denominator. Do not mix per-person and settlement-wide
values.

10 — Why the minimum
Surplus calories cannot directly replace a missing essential
nutrient; the first limiting requirement sets the coverage
horizon.

11 — Assumptions
The teaching model assumes the selected nutrient targets are
appropriate and that bioavailability and individual medical
needs are handled separately.

12 — Unit check
quantity + (quantity/day)=day.

13 — Numerical case

Energy stock coverage = 120 days.

Protein stock coverage = 83 days.

Micronutrient A coverage = 97 days.

Micronutrient B coverage = 91 days.

min(120, 83, 97, 91).

D cover

D cover = 83 days, limited by protein.

14 — Operations



15

16

17

18

19

20

Do not average 96, 88, 71 and 104. The 71-day nutrient is
the first constraint.

— Algebra check
At day 71 the limiting stock reaches its planned reserve
boundary while the other categories still contain surplus.

— Mental estimate
The smallest listed number is visibly 71, so the result can
be checked without a calculator.

— Interpretation
The settlement has a 71-day nutritional coverage clock under
this ration plan, even though calorie inventory may appear
much larger.

— What it does not prove
It does not prove food is safe, acceptable, evenly
distributed or that crop production will continue.

— Sensitivity
If a crop harvest adds enough of the limiting nutrient for
20 additional days, another nutrient may become the new
bottleneck. Recompute the minimum rather than simply adding
20 to the old result.

— Practice

Guided exercise. Choose the limiting nutrient coverage
from 120, 83, 97 and 91 days.

Detailed guided correction.

1. Take the minimum because the ration fails when the
first required nutrient stock reaches its limit.
min(120, 83, 97, 91) = 83 days.

3. Protein is therefore the limiting stock in this
simplified example.

Autonomous exercise. A ration plan provides 2,400
kcal/day and 90 g protein/day. Stored energy covers 100
days and stored protein covers 72 days. A revised ration

reduces protein use by 10% while keeping energy



unchanged. Estimate new protein coverage and identify
the new limiting coverage if micronutrients cover 80
days.

» Autonomous correction — open after attempting the
exercise

21 — Mission decision
Use the limiting coverage clock to trigger ration changes,
crop-priority decisions and resupply planning before the
pantry appears visually empty.

Menu design is a human-performance control

Long missions cannot assume people will consume a theoretically perfect ration indefinitely.
Repetition, texture, preparation time, workload and illness can change actual intake. Food
planning therefore needs feedback: consumption records, body-mass and health monitoring,
menu acceptance and waste. High discard rates are not only a behavioural issue; they change

the effective food budget.

Qualification drill

Create a 90-day food ledger for thirty residents. Include one greenhouse crop, one frozen or
refrigerated category and one shelf-stable category. Inject a refrigeration failure that quarantines
one lot and a two-week crop delay. Recompute the limiting nutrition clock, propose a ration

change and identify the evidence needed before quarantined food could ever be released.

Source context. NASA plant-growth and space-crop research provide the biological and
operational context for food production in space. Inventory figures above are teaching

assumptions. NASA NTRS — Space Crop Production.


https://ntrs.nasa.gov/citations/20210000035

R61 food-chain resilience: nutrition, microbiological safety, storage
history and crop failure in one ledger

Food security is not simply calories in storage. A settlement must preserve energy intake,
protein and micronutrient adequacy, microbiological safety, acceptable shelf life, preparation
capability and enough variety for long-duration adherence. Crops, packaged food and local
processing should therefore be managed as one food system with several independent failure

modes.

Track nutrition by limiting category, not only total mass

A large dry-food inventory can still be deficient in specific micronutrients, protein quality or
essential fats. The planning ledger should show days of coverage for energy and the nutrients
most likely to become limiting under the actual menu. This prevents a misleading “months of

food” number from hiding a narrower nutritional bottleneck.

Primary-source bridge — Advanced Plant Habitat. NASA’s Advanced Plant Habitat is a
primary reference for controlled plant research in space. R61 uses that context to show why
crop production must be treated as a biological system with measured performance and failure

recovery. Official source.

Storage history determines whether stock is actually usable

Record temperature excursions, humidity exposure, package damage, opening date and lot
identity for foods where those variables matter. First-expire-first-out rotation should be driven
by actual shelf-life status rather than arrival date alone. A package that survived an abnormal

thermal event may require inspection or accelerated use even if its nominal date is distant.

Food safety needs traceability from ingredient to meal

If several people become ill, the settlement should be able to identify shared meals, water
sources, greenhouse harvest batches, processing equipment and handlers. Preserve lot
identifiers and cleaning records at a practical level. The objective is not bureaucracy; it is to
isolate a suspect path without discarding the entire food supply or shutting the whole

greenhouse.


https://science.nasa.gov/mission/advanced-plant-habitat/

Primary-source bridge — Growing Plants in Space. NASA’s plant-growth material provides
primary context for biological food production in space. R61 places crop yield inside a broader
food-safety and inventory system rather than treating plants as a standalone demonstration.

Official source.

Crop failure reserve should be expressed in time to nutritional consequence

A greenhouse fault does not instantly create starvation if packaged reserves exist, but it can
create a delayed deficit in fresh food, specific nutrients or menu variety. Model how long
reserve food can cover the lost crop contribution, how quickly the crop can be replanted and
which environmental failure could also damage the reserve. The plan should protect at least one

food path from common-cause loss.

Menu fatigue is an operational reliability issue

Food that is nutritionally complete but consistently rejected by the crew does not deliver its
calculated intake. Monitor actual consumption, body-mass trends and recurrent leftovers. Build
substitution options that preserve nutrition when preferences, illness or equipment failures
change what can be prepared. Long-duration food planning has a human-factors dimension that

belongs in the engineering ledger.

Qualification drill — safe calories, inadequate recovery

A crop disease removes fresh leafy production for six weeks. Stored calories are sufficient, but
the planned menu becomes low in several micronutrients and the only high-quality supplement
stock also supports medical recovery diets. The food team should quantify the limiting nutrient,
protect medical reserve, activate substitutions, investigate the crop failure and define the

earliest safe production restart. “Enough calories” is not the same as a resilient food system.

Food processing equipment creates single points of failure

Stored ingredients are not useful if the settlement cannot safely mill, cook, rehydrate,
refrigerate or portion them. Map which menu categories depend on each appliance and keep
simple fallback preparation methods. A sophisticated food system should be able to degrade

toward simpler safe meals rather than fail abruptly when one machine is unavailable.


https://www.nasa.gov/exploration-research-and-technology/growing-plants-in-space/

Recall drills should be possible without discarding everything

Periodically test whether the crew can identify which meals used a suspect ingredient lot and
which people consumed them. Traceability should be precise enough to isolate affected stock
while preserving unaffected food. If every incident forces disposal of the whole category, the

food system is not resilient even if its nominal inventory is large.

Biological production requires recovery time in the reserve model

A failed pump or lighting event can destroy a crop faster than the crop can be regrown. The
reserve model should include germination, growth and harvest delay, not just average daily crop
output. This makes clear why stored food remains necessary even in a settlement with

substantial agricultural capacity.

A biological failure is a timed recovery problem because the next crop cycle cannot be restarted instantly. Pedagogical synthesis by Delta-
Sierra from the primary sources cited in this course; schematic, not to scale.



