The agricultural side of the cycling economy, where regenerative design meets food
production. Agriculture is not just a part of the cycling nutrients economy — it’s often the
heartbeat of it.

AGRICULTURE IN A CYCLING ECONOMY

(and mentions of crops, techniques, energy systems, and location-specific adaptation)

Core Principles and Standards for Cycling Agriculture
2025, By The Circular Economist editorial staff

In a cycling nutrients economy, agriculture is:

e Regenerative — builds soil fertility, captures carbon, increases water retention.

e Closed-loop — recycles nutrients, organic matter, and water.

o Integrated — connects with renewable energy, compost systems, aquaculture, etc.

e Local + resilient — supports regional food systems and reduces long-distance
dependencies.

Cycling agriculture, a pillar of a regenerative, circular economy, redefines how we produce food
by mimicking natural ecosystems. Instead of depleting resources, it cycles nutrients, sequesters
carbon, and boosts ecological health. This model is regenerative, closed-loop, integrated, and
locally resilient. Here, we outline the core principles and provide standards with example metrics
to operationalize cycling agriculture.

=» Regenerative: Enhancing Ecosystem Health

Principle:
Agriculture regenerates ecosystems by restoring soil fertility, capturing carbon, and improving
water cycles.

Standards & Practices:

e Use of cover crops and green manures

e No synthetic fertilizers or pesticides

e Low- or no-till practices

e Agroforestry and crop-livestock integration

e Organic matter management (mulching, compost, biochar)

Key Metrics:



e Soil organic carbon (SOC) levels (e.g., % increase/year)
e Soil microbial biomass and biodiversity indices

o Water infiltration rate (e.g., mm/hr)

e Soil aggregate stability

e Carbon sequestration per hectare (tCO2z¢e/yr)

Example:
A regenerative farm in Ecuador increased SOC by 0.7% in 3 years using legume cover crops and
rotational grazing.

= Closed-Loop: Cycling Nutrients and Inputs

Principle:
All nutrients, water, and biomass are reused within the system rather than being lost or imported.

Standards & Practices:

e Composting of all farm residues and food waste

o Integration of animal manure and urine management
e On-farm nutrient budgeting and water harvesting

e Zero-waste design of inputs and outputs

Key Metrics:
e Nutrient cycling efficiency (e.g., % of N, P, K sourced from internal loops)
o Compost output per season (tons/year)
e Water reuse ratio (e.g., % of irrigation water recycled)
e Waste-to-resource conversion ratio
Example:

A peri-urban farm closes its loop by feeding food scraps to black soldier fly larvae, then using
the larvae as poultry feed and their frass as fertilizer.

=» Integrated: Multifunctional and Systemic Design

Principle:

Cycling agriculture is integrated with other sectors like renewable energy, aquaculture, and food
processing, creating synergies.

Standards & Practices:

e Use of solar or biogas energy on-site



o Farm-aquaponic systems coupling fish and plant production
e Synergistic animal-plant-soil systems
e Agroecological zoning and landscape planning

Key Metrics:

o Energy return on investment (EROI) for on-farm energy

e Number of functional integrations (e.g., compost—greenhouse—solar dryer)
o System efficiency (e.g., output/input ratios)

o Biodiversity and multifunctionality indices

Example:
An integrated farm uses dairy manure for a biogas digester, which powers a greenhouse heated
for growing high-value vegetables in winter.

=» Local + Resilient: Supporting Regional Food Sovereignty

Principle:
Cycling agriculture builds localized, resilient food systems with minimal reliance on global
supply chains.

Standards & Practices:

e Production of diversified crops for local diets

o Short supply chains (farmers markets, CSA, cooperatives)
e Community food hubs and seed banks

e Crop and variety diversification for climate resilience

Key Metrics:

e Local food percentage of total farm output

e Crop diversity index

e Distance to market (average km)

e Resilience indicators (e.g., yield stability across variable weather)
e Community food security rating

Example:

A food cooperative in the Andean highlands sources 85% of its food from within a 50-kilometer
radius, using heirloom crops adapted to elevation and rainfall variability.

Holistic Evaluation Tools



To monitor and assess cycling agriculture, several composite tools can be used:

FAQO's SHARP Tool (Self-evaluation and Holistic Assessment of climate Resilience of
farmers and Pastoralists)

Cool Farm Tool (carbon, water, and biodiversity calculators)

Carbon+ Biodiversity Standards (Verra, Regen Network)

Agroecological Performance Assessment Frameworks (e.g., TAPE — FAO)

Cycling agriculture offers a resilient, climate-smart alternative to industrial farming. Its
principles—regenerative, closed-loop, integrated, and locally grounded—foster ecological
intelligence and systemic resilience. With clear metrics and practical standards, cycling
agriculture can lead us into a food future that nourishes both people and the planet.

= Favored & Functional Crops (for temperate climates)

Not all crops support a cycling economy equally. Here’s what tends to work best:

Crops That Build Soil & Close Nutrient Loops

Legumes and pulses (beans, lentils, peas, chickpeas):

o Fix nitrogen, improve soil, and reduce fertilizer need.

o Used as both food and cover crops.
Squashes and melons:

o Thrive in polycultures, especially in “Three Sisters” systems (with corn + beans).
Root crops (beets, carrots, sweet potatoes):

o High biomass producers that benefit from carbon-rich soils (like with biochar).
Perennials (asparagus, berries, fruit trees):

o Reduce or no tilling, enhance biodiversity, and promote year-round cycling.
Grains (heritage varieties):

o Especially millet, amaranth, and sorghum in dryland systems.

Support/Secondary Crops:

Fodder crops: for integrated animal systems.
Hemp or kenaf: for biomass and soil remediation.
Algae, seaweed, and duckweed: in water-integrated systems (e.g., aquaponics).

= Solar-Powered In-soil Greenhouses in a Cycling Economy



Greenhouses are crucial for:

e Controlled environment agriculture (CEA),
e Year-round food security, and
e Optimizing nutrient yield with minimal resource input.

Benefits in a Cycling Context

e Use solar panels to power climate control and irrigation systems.

e Capture and recycle water from condensation and transpiration.

o Combine with aquaponics, compost heating, or thermal mass storage to reduce energy
needs.

e Great for high-value crops: greens, herbs, tomatoes, peppers, strawberries.

= Greenhouses in Specific Regions
Toronto / Cold Latitudes

e Greenhouses work even in northern regions with the right design:
o Passive solar orientation, geothermal or compost heat, and double glazing.
o High-performance examples: ZGF Net-Zero Greenhouse (Canada), Gotham
Greens (Chicago).
e Winter crops: Kale, spinach, lettuce, microgreens.
o Heated by: Solar thermal, biomass boilers, or anaerobic digesters in a cycling economy.

Baja California Sur / Arid Zones

o Excellent solar resource — ideal for off-grid solar greenhouses.
e Needs careful water and salinity management — desal + greywater reuse can fit.
e Used to grow:
o High-value crops: tomatoes, peppers, cucumbers, basil.
o Seed crops or export greens in winter.
e Solar greenhouses can double as shade and moisture traps in arid settings.

=> Integrated Systems to Maximize Cycling

A regenerative, cycling ag system might include:

Input/Output System Element Cycle
Compost Food waste, manure Returns nutrients to soil
Biochar Ag residue pyrolysis Enhances soil + stores carbon



Input/Output System Element Cycle
Greywater ~ Reused water from sinks, showers Used for irrigation

Solar energy PV panels Powers irrigation, sensors, fans
Polycultures Crop diversity Improves pest control, resilience
Food forest ~ Agroecology Long-term carbon, habitat, yield
Aquaponics  Fish + plants Mutual nutrient cycling

= Agriculture Hotspots for a Cycling Economy
Regions actively integrating cycling principles in ag:

o Israel — water reuse, desal, high-efficiency fertigation.

e Netherlands — solar-powered greenhouses, circular ag parks.

e Mexico (Baja California Sur, Sonora) — solar + drip irrigation in protected cultivation.
o California — regenerative vineyards, compost initiatives, on-farm energy systems.

e Canada — cold-climate CEA with renewables, biochar programs in Ontario.

=>» Agriculture is the Cycling Economy in Action

Element Role in Cycling Economy
Soil Living infrastructure that stores carbon & nutrients
Crops Nutrient managers, biomass providers
Greenhouses Controlled systems for all-season productivity
Solar Powers irrigation, sensors, heating
Waste Becomes input: compost, water, biogas

Community Reconnects people to food, land, and cycles

These farming systems are at the heart of how we build resilient, future-proof food systems.
Let’s break it down in layers, looking at how Certified Organic, Regenerative Organic, and
Integrated Pest Management (IPM) all relate to both the cycling economy and their true cost
profiles.

Factor Industrial/Chemical Certified Regenerative IPM (Applied
Ag Organic Organic (ROC) in Any System)
Soil health Degrades over time Maintains Rebuilds Varies
Carbon Net emitter Neutral to Carbon-negative Neutral

balance positive (sinks C)



Industrial/Chemical Certified Regenerative IPM (Applied

Factor Ag Organic Organic (ROC) in Any System)

Medium o

Pesticide costs High input (organic Low (diversity, Lowest

predators) (targeted)

sprays)

Water use Often inefficient Better with ‘ Best with no-till, Improves if part
cover cropping mulch, compost of strategy

Yield (short- . . Lower initially, )

term) High Medium higher later Varies

L.ong-term Declines Maintains Increases C.an stabilize

yield yield

.Labor. Low (machmes, Medium ngh (but creates Medium-high

intensity chemicals) jobs)

Resilience Medium High Medium-high

(climate, pests)

= How Certified Organic Relates to a Cycling Economy

Certified Organic farming aligns well with a cycling economy, though it's not a perfect match:

Core Overlaps:

No synthetic inputs (fertilizers, herbicides, pesticides): avoids chemical contamination of
soil and water cycles.

Focus on soil health: uses compost, cover crops, and crop rotation — all essential for
nutrient cycling.

Animal welfare standards: supports multi-species and closed-loop livestock systems.
Water conservation: organic farms often use more conservative irrigation methods.

Limitations:

Certification doesn’t always guarantee closed-loop nutrient recycling (e.g., food waste,
humanure).

Organic hydroponics are controversial — not all promote soil-building.

May still use organic-approved biocides, which aren't always benign to beneficial insects
or fungi.

So, Certified Organic is a stepping stone, but not the endpoint of a cycling economy.



= How Regenerative Organic Agriculture Advances
Future-Proofing

Certified Regenerative Organic Agriculture (ROC) builds on organic principles but adds more
layers of cycling and resilience:

Regenerative Principles Include:

Soil regeneration: Carbon sequestration through compost, no-till, and deep root systems.
Closed nutrient loops: Animal integration, on-farm fertility, composting.

Agroforestry and biodiversity: More resilient to pests, climate shifts.

Social fairness: Includes farmer wellbeing and worker rights, a rarely discussed factor in
future-proof systems.

Regenerative ag is deeply tied to ecosystem health, carbon cycles, and long-term land
productivity, making it a stronger fit for future-proofing than organic alone.

= Where Does IPM Fit into the Cycling Economy?

Integrated Pest Management (IPM) is a knowledge-based system that focuses on long-term
prevention of pests through:

Biological control (using beneficial insects, fungi, etc.)
Mechanical control (traps, barriers)

Cultural practices (crop rotation, planting timing)
Targeted, minimal chemical use only when necessary

IPM’s Strengths in the Cycling Economy:

e Reduces chemical inputs, which protects microbial and insect life in the soil and water
cycles.

o Encourages system thinking, resilience, and farmer observation.

e Can be applied in conventional, organic, or regenerative systems.

IPM adds flexibility and intelligence to the system — and can even outperform organic pest
control by avoiding overuse of organic-approved sprays (e.g., pyrethrin, copper).

= True Cost Comparison: ROA vs. Industrial vs. IPM



Factor

Soil health

Carbon
balance

Pesticide costs

Water use

Yield (short-
term)

Long-term
yield
Labor
intensity

Resilience
(climate, pests)

Industrial/Chemical
Ag

Degrades over time

Net emitter

High input

Often inefficient
High

Declines

Low (machines,
chemicals)

Low

Certified
Organic
Maintains

Neutral to
positive
Medium
(organic
sprays)

Better with
cover cropping

Medium
Maintains
Medium

Medium

Regenerative
Organic (ROC)
Rebuilds

Carbon-negative
(sinks C)

Low (diversity,
predators)

Best with no-till,
mulch, compost

Lower initially,
higher later

Increases

High (but creates
jobs)

High

IPM (Applied
in Any System)
Varies

Neutral

Lowest
(targeted)

Improves if part
of strategy

Varies

Can stabilize
yield

Medium-high

Medium-high

True cost must include: soil loss, biodiversity damage, carbon emissions, water pollution,

farmer health, and community impact.

Why ROC Seems “Expensive” But Isn’t

Regenerative Organic has higher upfront costs (labor, certification, training), but:

e Saves money on inputs: no fertilizers, less pest control over time.
o Builds asset value: healthier soil, water retention, long-term productivity.
o Earns premium pricing: Consumers are increasingly paying more for climate-smart

products.

e Unlocks carbon markets: some ROA farms now generate revenue from stored soil

carbon.

What’s Best for a Cycling Economy?

Practice

Industrial ag

Certified Organic

Best for
Cycling?

X No
! Partially

Notes

Linear, extractive, high emissions

Better than conventional, not always regenerative



Best for

Practice Cycling? Notes
Regen(?ratlve Yes Most aligned with cycling, future-proof
Organic
IPM As a strategy Smart tool that enhances resilience, applicable

everywhere

All three certification systems — USDA Organic, IFOAM Organic 3.0, and Regenerative
Organic Certified (ROC) — relate to closed-loop, regenerative thinking in different ways.

Let’s break it down into a side-by-side comparison that highlights how each contributes (or
doesn't) to the cycling economy, focusing on key pillars like nutrient cycling, energy use,
biodiversity, and long-term resilience.

COMPARING CERTIFICATIONS IN A CYCLING
ECONOMY CONTEXT

Regenerative Organic

Dimension USDA Organic IFOAM Organic 3.0 Certified (ROC)

Limited to composting,

) o Strong focus on closed- Prioritizes on-farm
no synthetic fertilizers;

. . loop fertilit - t
Nutrient Cycling however, external oop eIty and on cOMPOSE, COVET CTops,
. . farm nutrient rotational grazing, and
organic inputs still . . -
management integration of animals
common
Requires soil-building  Explicitly elevates soil ~ Core principle: aims for
Soil Health practices like cover health as a performance net-positive carbon
crops and crop rotation  goal sequestration in soil

Promotes water
No-till and water-saving Advocates for efficient infiltration, reduced

Water . . .
not required; varies water use and ecological runoff, and drought
Management . Lo . ors .
widely irrigation practices resilience through soil
structure
No requirement for Encourages energy Focus on low-emission
Energy and . s
. ot renewable energy or reduction, not systems, potential for
Emissions o - .
emissions tracking mandatory carbon credits
Actively promotes
Biodiversity Encouraged (e.g., buffer Required biodiversity  agroforestry,

zones, no GMOs) performance metrics intercropping, and habitat
corridors



Dimension USDA Organic
Pest Allows organic biocides
Management that can still harm
(IPM) beneficials

Organic inputs may be

Input Source & trucked in (e.g., OMRI

Circularity compost from afar)
Climate
Adaptability /  Not explicitly addressed

Future-Proofing

Social Equity / Not addressed

Labor

Systems Mostly input-based rules
Thinking

USDA Organic

IFOAM Organic 3.0

Focuses on system
design to reduce pest
pressure, including
habitat and rotation

Encourages regional
sourcing and on-farm
solutions

Encourages resilience
and participatory
innovation

Promotes farmer
empowerment and
smallholder inclusion

Moves toward outcome-
based and system
thinking

Regenerative Organic
Certified (ROC)

Emphasizes whole-
ecosystem [PM —
biological, mechanical,
cultural

Strong focus on self-
sufficiency, farm waste
reintegration

Central goal: build
resilient soils and
ecosystems under
changing climate
Certification includes
labor fairness, farmer
support, and justice
Built on whole-farm
systems and regenerative
feedback loops

e Good baseline for avoiding synthetic chemicals and encouraging soil health.
e Not designed for full system cycling — input substitution model can create loopholes.
e No requirements for carbon, energy, or water cycling — gaps for climate resilience.

Best use: Entry-level standard, but not enough for full cycling economy integration.

IFOAM Organic 3.0

e A performance-driven, globally flexible framework for advancing organic farming into

circularity, innovation, and inclusivity.
o Emphasizes context-based solutions and co-creation of knowledge.
o Stronger alignment with UN SDGs and climate action.

Best use: Ideal for scaling up organic into a cycling economy across diverse regions, including

the Global South.

Regenerative Organic Certified (ROC)



e Most advanced for cycling economy — integrates soil, animals, water, biodiversity,
people.

o Focuses on restorative loops and closed-system resilience.

e ROC farms often pursue carbon farming, renewable energy, and waste minimization.

Best use: Gold standard for future-proof agriculture in a climate-stressed world.

Cycling Economy Alignment (Scored Out of 5)

Category USDA Organic IFOAM 3.0 ROC
Soil/Nutrient Cycling 3 4 5
Water Efficiency & Cycling 2 4 5
Energy & Emissions 1 3 4
Biodiversity & Ecological Loops 3 4 5
Labor & Social Regeneration 1 4 5
System Resilience (Future-Proofing) 2 4 5

Total Score (Cycling Fit) 12/30 23/30 29/30

o USDA Organic is an important entry point but not sufficient for a true cycling economy
— it lacks the systems view and feedback loops.

e IFOAM 3.0 pushes the global organic movement closer to a regenerative model,
focusing on resilience, innovation, and inclusion.

e ROC stands as the best-fit model for a cycling economy, where every part of the system
— ecological, economic, and social — regenerates rather than depletes.

Combining regenerative agriculture, Al + robotics, and the cycling economy shines a light on
where the future of food may be heading.

A Nutrients Cycling Economy: The Goal
In a cycling economy, all inputs, outputs, and waste flows are regenerative — meaning they:

o Reinforce ecosystem health (e.g. soil, water, biodiversity)
e Reduce or eliminate external, extractive inputs

e Build community resilience and fair livelihoods

e Work in harmony with natural cycles and feedback loops

Regenerative Organic agriculture aligns with this, and Al + robotics could be the accelerators
that scale it up efficiently.



How AI & Robotics Fit into Regenerative Organic Ag

These technologies can support precision, monitoring, and labor efficiency in systems that
require close observation, like regenerative farms.

Examples of AI/Robotics in Regenerative Systems:

1. Soil & Plant Health Monitoring
o Drones or robots with sensors monitor carbon content, hydration, microbials.
o Al detects early signs of disease, pests, or nutrient deficiency.
2. Precision Weed Management
o Robots can remove weeds mechanically, avoiding herbicides.
o Al-driven laser or micro-sprayers target only the problem spots, preserving soil
biota.
3. Optimized Grazing & Animal Welfare
o GPS collars, Al-optimized rotations ensure mob grazing follows pasture recovery
cycles.
4. Autonomous Composting + Nutrient Cycling
o Smart composting systems regulate C:N ratios, oxygen, and microbial action for
faster, cleaner nutrient cycling.
5. Labor Enhancement
o Small farm robotics handle repetitive tasks (weeding, planting, harvesting),
reducing burnout while creating higher-skilled jobs in maintenance and
monitoring.
6. Carbon & Biodiversity Tracking
o Al can track true ecological performance: soil carbon gains, pollinator counts,
fungal networks — even modeling future scenarios.

Al in Industrial Chemical Agriculture: A Different Story

Al and robotics already exist in industrial systems — but mainly to maximize monoculture yield
and chemical input efficiency:

e Al-controlled pesticide drones apply synthetic chemicals with more accuracy
e Robotic planters and harvesters enable larger-scale automation
e Al predicts yield under high-input, soil-degrading conditions

These tools increase efficiency, but not resilience — they often maintain the same extractive
systems that damage ecosystems over time.



Dimension Industrial (Chemical + AI)

Soil Health Declines (despite efficiency)

Carbon Footprint High (chemicals, tillage, fuel)

Dependent on

Input Costs fertilizers/pesticides

Labor Needs Low-§k11.1, low-cost, often
exploitative

Resilience to Climate
Low

Stress

Biodiversity Decreases

Food Nutrition Often lower (by volume, not
quality)

Water Use & e

Retention High irrigation demand

Regenerative Organic + Al

Improves via compost, cover crops,
monitoring

Negative (carbon sequestration, lower
emissions)

Reduced over time with closed loops

Al can reduce manual strain but boost
skilled work

High (diverse, adaptive systems)

Increases — tracked and supported with
Al

Higher micronutrient density, improved
soil microbiome

Improved retention through soil health
and mulch

Will These Tech-Enhanced Regenerative Systems Make

Chemical Ag Obsolete?

In the long run: Yes — if we choose wisely.

e Regenerative + Al/robotics can compete on efficiency without degrading ecosystems.
e As more farmers “leapfrog” industrial models directly into regenerative, chemical ag will

lose its competitive edge.

e With policy support, true cost accounting, and public awareness, regenerative tech

becomes the smarter investment.

But: Industrial ag has momentum, lobbying power, and subsidies. Without systemic change
(finance, subsidies, education), regenerative may remain niche for a while — even with superior

tools.



What Al/Robotics Add to the Cycling Economy

Regenerative + Tech

Smarter, localized
decisions

True cost tracking

Labor empowerment

Ecosystem feedback
loops

Scalability

Impact

Less input waste, higher yields

Drives accountability in carbon, water, and
biodiversity

Jobs shift to tech-enabled observation,
stewardship

Enable closed-loop farming decisions at scale

Makes small/mid farms more viable in global
food systems

Al in Regenerative Agriculture —

Systems for a Cycling Economy

This diagram shows a central regenerative farm ecosystem, surrounded by five interconnected
facets where Al and machine learning plug in to amplify ecological feedback loops, optimize
productivity, and reduce external dependencies — the core tenets of a cycling economy.

=» Soil Intelligence & Microbial Mapping

Visual: A soil layer icon with data sensors, fungi, and worm pathways, connected to a central Al

chip.

Function:



e Al collects and analyzes real-time soil health data (moisture, pH, microbial diversity,
carbon levels).

e Models predict the effect of compost, cover crops, grazing, or crop rotations on soil
organic carbon (SOC).

o Detects microbial imbalances early, allowing interventions like fungal inoculation or
organic amendments.

Cycling Economy Advantage:
Improves carbon capture, reduces the need for external fertilizers, and supports closed-loop
nutrient cycling.

=>. Precision Planting & Weed Management

Visual: A small ag-bot or tractor targeting individual plants/weeds with mechanical arms and
Sensors.

Function:

e Al-controlled robotics or drones recognize crop vs. weed species at seedling stage.

e Enables laser or mechanical weeding, eliminating herbicides.

e Precision seeding optimizes spacing and microclimate use, reducing water and nutrient
competition.

Cycling Economy Advantage:
Reduces chemical input dependency, improves biodiversity, and preserves beneficial soil
organisms.

=» Dynamic Grazing & Pasture Rotation
Visual: GPS-tagged animals on pasture, linked to a grazing pattern map on a tablet.
Function:

e Al tracks pasture recovery, animal movement, and grass growth to design adaptive
grazing plans.

o Real-time weather data and forage availability inform when to move livestock.

e Promotes mob grazing that mimics natural herd behavior and enhances soil aeration and
fertility.

Cycling Economy Advantage:
Turns livestock into a soil regeneration tool, closes nutrient loops, and cuts methane by
optimizing digestion & carbon sequestration.



=» Water & Climate Resilience Modeling

Visual: A sensor network over irrigation lines and a rainwater harvesting tank, with weather
icons.

Function:

o Al integrates rainfall forecasts, evapotranspiration rates, and soil moisture to optimize
irrigation timing and volume.

e Supports keyline design or swale placement for passive water cycling.

e Models seasonal stress to suggest drought-resilient planting windows or variety selection.

Cycling Economy Advantage:
Maximizes water retention, prevents runoff, and reduces reliance on external irrigation —
crucial under climate volatility.

=» Carbon + Biodiversity Credit Integration

Visual: Data dashboards showing soil carbon increase, biodiversity counts, and carbon credit
tokens.

Function:

e Al verifies and monitors carbon storage and biodiversity metrics over time.

e Links ecological performance to financial incentives: carbon markets, biodiversity
credits, and regenerative certifications.

e Connects to blockchain or verified platforms for transparent reporting.

Cycling Economy Advantage:
Monetizes ecosystem services, rewarding true cost accounting and aligning profit with
ecological health.

Systemic Feedback Loops

o At the center is a self-regenerating farm system, with all five facets feeding into a real-
time Al dashboard.

e Each technology enhances the resilience, circularity, and autonomy of the farm — not
through extraction, but through stewardship.

e Unlike industrial Al that simply optimizes chemical inputs, this tech works in harmony
with living systems, building a self-healing feedback loop.



A breakdown of real-world companies, startups, and technologies that are leading innovation
across the five Al integration points in regenerative agriculture, as shown in the diagram. These
organizations are either directly building tools for regenerative systems or can be adapted to
support cycling economy goals.

= Soil & Plant Health Monitoring

Company/Tech Focus Relevance

Assesses soil health and biodiversity,
ideal for regenerative soil-building
strategies

Biome Makers Uses Al and DNA sequencing to
(USA/Spain) analyze soil microbial life

Portable Al-enabled soil lab for ~ Optimizes compost and input use
rapid in-field nutrient and carbon while tracking carbon for credit
testing markets

ChrysaLabs
(Canada)

Al-driven soil biology mapping
Trace Genomics for nutrient flow and pathogen
detection

Helps regenerative farmers understand
and fine-tune living soil processes

= Precision Weed Management

Company/Tech Focus Relevance
Ecorobotix Solar-‘p owered precision Can be used with organic sprays or just for
(Switzerland) spraying robot using Al micro-targeting problem areas
vision

. . Eliminates weeds without chemicals,
Carbon Robotics  Autonomous laser-weeding making it ideal for regenerative and organic
(USA) robot & & £

systems

. Vision-based robotic weeder Used by large-scale organic farms to reduce
FarmWise (USA) for row crops labor and mechanical tilling

= Optimized Grazing & Animal Welfare

Company/Tech Focus Relevance

Vence (USA) V1rtgal fencing + Al for adaptive Sgpports rotafuonal and mob grazing
grazing management without physical fences



Company/Tech Focus Relevance

NoFence GPS-based grazing collars and ~ Perfect for holistic grazing and pasture
(Norway) mobile boundary alerts recovery strategies

PastureMap Regenerative grazing platform  Helps farmers track forage growth, animal
(USA) with Al-driven grazing plans movement, and soil impact over time

= Water & Climate Resilience Monitoring

Company/Tech Focus Relevance
Teralytic (USA) Srpart spll probc?s + Al to monitor Key. for precise, closed-loop water and
soil moisture, nitrate, pH nutrient management
Ranch Systems  Wireless Al-enabled irrigation Helps small farms manage water more
(USA) monitoring and weather tracking efficiently in arid and shifting climates
Al-driven water and fertilizer Supports regenerative techniques like
CropX . . . .
recommendations from in-soil dryland farming and reduced runoff
(Isracl/USA) o
Sensors 1rrigation

= Carbon & Biodiversity Tracking

Company/Tech Focus Relevance
Al platform tracking soil carbon,
Regrow Ag (USA) nitrogen use, and regenerative
practices for carbon markets

Helps farmers monetize
regenerative transitions

Carbon marketplace + digital
Indigo Ag (USA) agronomy for climate-positive
farming

Links regenerative outcomes to
carbon credit revenue

Al-powered regenerative land Tracks biodiversity and soil

CIBO Technologies . health at scale for financing and
assessment + carbon scoring .
credit access
OpenTEAM (USA, Open-source tech stack for Tools for farmers to track

regenerative metrics, Al integrations, ecological indicators and access

nonprofit coalition) and equity technical support



Full-System Platforms

Platform Description

Predictive modeling of climate risks for crops, ideal for future-proofing

ClimateAi .
regenerative systems

Farm management software that can integrate with regenerative KPIs for large-

Granular .
scale operations
Agreena . . . . .
(EgU;w Soil carbon certification and Al platform for regenerative transition finance

How These Fit into the Cycling Economy

Al Application Enables...
Soil monitoring Closed-loop composting, biological fertility
Weed robotics Chemical-free fields and biodiversity
Grazing tech Carbon capture, grassland recovery
Water modeling Efficient reuse and resilience in dry zones
S i SR :
Carbon/biodiversity Trug cost agcountablllty income via carbon and ecosystem
) service credits
tracking

Example of a facet/leverage of the green cell cycling in an “Ag” state:
Configuration for California Statewide Compost Optimization

California's vast and varied climate zones—from temperate coastal regions to arid deserts and
fertile valleys—create a unique opportunity for optimizing the use of green plant life for
compost. As the state grapples with environmental challenges such as drought, soil degradation,
and greenhouse gas emissions, composting stands out as a multifaceted solution. This essay
outlines a strategic configuration for leveraging California's plant biomass to create a statewide
compost optimization system aimed at enhancing soil health, sequestering carbon, improving
water retention, and supporting sustainable agriculture and rangeland management.

= Regional Configuration and Infrastructure
California's geographic and ecological diversity necessitates a regionally tailored composting

infrastructure. The state can be divided into key bioregions, each with its own composting and
application strategies:



1. Coastal Regions: These areas produce abundant green waste from urban landscaping and
residential gardens. Composting hubs can be established near metropolitan areas like Los
Angeles, San Francisco, and San Diego to process urban green waste efficiently.

2. Central Valley: As the agricultural heart of the state, this region generates large
quantities of crop residues and orchard trimmings. Processing facilities should be co-
located with farming operations to minimize transportation emissions and costs.

3. Sierra Nevada Foothills and Forested Areas: Forest thinning operations for wildfire
mitigation produce substantial biomass. Small-scale, modular composting units can be
used to process forest waste on-site or nearby, turning a fire hazard into a soil
amendment.

4. Desert and Inland Areas: While biomass is less abundant, these regions benefit greatly
from compost application due to their poor soil quality. Compost can be transported from
more biomass-rich regions.

Each region would host composting facilities equipped with the capacity to handle the primary
types of organic waste generated locally. Strategic siting near major biomass sources and points
of use will reduce logistics costs and maximize environmental benefits.

= Feedstock Sources and Collection Systems

A successful composting strategy requires consistent and diverse feedstock sources. California
already generates millions of tons of organic waste annually, which can be tapped more
effectively:

1. Urban Green Waste: Lawn clippings, tree trimmings, and garden waste from residential
and municipal maintenance programs offer a steady supply of compostable material.

2. Agricultural Residues: Vine prunings, crop stubble, and orchard debris represent a
significant volume of biomass in the Central Valley and wine regions. These materials
can be collected seasonally and stockpiled or processed on a rolling basis.

3. Rangeland Biomass: Invasive grasses and encroaching shrubs on rangelands not only
reduce forage quality but also present fire risks. Removing and composting this biomass
provides dual benefits of land restoration and compost production.

4. Forest Thinnings: Material removed for wildfire prevention can be shredded and
composted rather than burned or left to decay, reducing carbon emissions and adding to
compost output.

Collection systems should be modernized and expanded. For example, green bins in cities should
be universally mandated and strictly enforced, with incentives for residents and businesses to
comply. On-farm composting units should be supported through subsidies or technical assistance
to encourage decentralized composting where practical.

=» Compost Application Strategy

Once compost is produced, it must be used strategically to maximize environmental and
economic benefits:



1. Degraded Rangelands: Large swaths of California's rangelands suffer from poor soil
structure and low organic matter. Applying compost to these lands can enhance soil
fertility, increase forage production, and promote native plant regrowth.

2. Croplands: Compost can replace or supplement synthetic fertilizers, reducing runoff and
enhancing soil microbial life. This is particularly beneficial in the Central Valley, where
intensive farming has depleted soil health.

3. Urban Green Spaces: Parks, community gardens, and roadside vegetation areas can
absorb compost to improve resilience against drought and urban heat islands.

Application should follow a rotational or layered model, where compost is added periodically to
the same area to build long-term soil health. GIS-based tools can help prioritize areas with the
highest need or potential benefit.

= Policy and Incentive Framework

California's existing policies provide a strong foundation for scaling compost optimization:

* SB 1383 (Short-Lived Climate Pollutants Act): This mandates the diversion of organic
waste from landfills and sets targets for compost use. The implementation of this law should
be strengthened through more aggressive enforcement and clearer guidance on compost
application.

* California Department of Food and Agriculture (CDFA) Healthy Soils Program: This
program offers grants to farmers who incorporate compost into their soil management
practices. Expanding this funding and simplifying the application process could accelerate
adoption.

* California Air Resources Board (CARB): CARB can support research and development
into composting technologies and quantify the carbon sequestration benefits to integrate
them into the state’s cap-and-trade system.

* CalRecycle: The agency should streamline permitting for composting facilities and
provide support for smaller, community-based composting initiatives.

Public-private partnerships, technical training programs, and community outreach should also be
part of the framework to ensure widespread participation and knowledge sharing.

= Quantifying the Environmental Impact

California’s compost optimization potential is enormous. Based on available biomass, the
following estimates illustrate the magnitude of impact:

1. Biomass Availability:
o Urban green waste: 10—12 million tons/year
o Agricultural residues: 15-20 million tons/year
o Forest and rangeland biomass: 20-30 million tons/year



o Total: 50—60 million tons of green biomass annually
2. Compost Yield:
o Assuming a 50% reduction in mass through composting, California could produce
25-30 million tons of compost per year
3. Carbon Sequestration:
o One ton of compost sequesters approximately 0.25-0.5 tons of CO2e when
applied to soil
o Annual potential: 6.25-12.5 million tons of CO:e sequestered
4. Water Retention:
o Compost can improve water retention by up to 100% in some soils
o Applied across 10 million acres, this could result in 10-30 million acre-feet of
additional water-holding capacity

= Co-Benefits

Beyond carbon and water benefits, statewide compost optimization offers numerous co-benefits:

Wildfire Mitigation: Reducing forest and rangeland biomass lowers fire risks
Economic Opportunities: Jobs in composting, transport, and application
Public Health: Improved air and soil quality, reduced landfill emissions
Biodiversity: Healthier soils support more resilient ecosystems

California has the biomass, the policy environment, and the technological know-how to become
a global leader in compost-based carbon farming. By strategically collecting, processing, and
applying compost, the state can turn its green waste into a cornerstone of climate resilience and
sustainable agriculture. The configuration outlined above provides a roadmap to make that vision
a reality.

Effective execution will depend on continued innovation, robust funding, cross-agency
coordination, and strong community engagement. With these elements in place, compost
optimization can become one of California’s most effective tools in the fight against climate
change and soil degradation.



