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Preface

This book adopts an exegetical approach as well as a pedagogic model, making it attractive
agriculture and environmental economics teachers, professional practitioners and scholars. It is
eschews pedantry and lays bars the issues in such clarity that conduces to learning. The book
elaborates on contemporaneous Agricultural Automation, Climate Change-Action and Food
Security issues of global significance and at the same time, is mindful of local or national
perspectives making it appealing both to international and national interests. The book explores
the ways in which Agricultural Automation, Climate Change-Action and Food Security issues are
and should be presented to increase the public’s stock of knowledge, increase awareness about
burning issues and empower the scholars and public to engage in the participatory dialogue
Agricultural Automation, Climate Change-Action and Food Security necessary in policy making
process that will stimulate increase in food production and environmental sustainability.
Agricultural Automation, Climate Change-Action and Food Security: Global /ssues & Local
Perspectives IS organized in three parts. Part One deals with The Concept of Agricultural
Automation, Part Two is concerned with The Concept of Climate Change-Action and Part Three
deals with the Concept of Food Security

Eteyen Nyong; October 2026
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Introduction: The Invisible Abyss in the Food Pipeline

The Scale of Middle-Mile Loss: Differentiating between food loss (post-harvest to retail) and
food waste (retail to consumer). Food loss is the decrease in edible food mass, quality, or
nutritional value that occurs along the food supply chain before reaching the retail or consumer
stage. This spans on-farm post-harvest handling, storage, processing, and transportation
collectively known as the middle mile. There is always systemic, technological, and structural
failures which include bad rural roads, a lack of cold chain infrastructure, poor packaging, pest
infestations in warehouses, and market disconnects in the course of handling. Often though

unintentional, farmers and middle-mile operators rarely choose to lose crops; they lack the tools,

technology, or capital to preserve them. Food waste on the other hand is the

discarding of edible food at the end of the supply chain, specifically at the retail, food service
(restaurants), and household levels. The primary drivers here include behavioral economics,
market incentives, and consumer habit for example strict cosmetic appearance standards (rejecting
"ugly" produce), oversized portion sizes, overstocked supermarket displays, misinterpretation of
date labels ("best before" vs. "use by"), and household neglect. Sometimes, food is discarded while
it is still fully fit for human consumption. Persistent post-harvest losses in the middle mile severely
undermine food security and rural incomes. Smallholder farmers face up to 50% spoilage due to
unmanaged field heat, broken cold chains, and infrastructure bottlenecks. Without integrated
technological, structural, and financial interventions, perishable crops continue to degrade before
reaching markets.

Comparative Breakdown between Food Loss and Food Waste

Metric/Dimension Food Loss Food Waste
Supply chain phase Harvest, post-harvest, Retail (Supermarkets), food service
handling, storage,  and household kitchen

transit and processing

Geographic Density Predominantly high in Predominantly high in developed/high-
developing economies income nations
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Primary Underlying Lack of infrastructure, Consumer behavior, retail standards,

cause cold chains and tech over-purchasing
Institutional Tracked via the FAO Tracked via the UNEP food waste
Custodian food loss index (FLI)  index (FWI)

Il. Chapter Roadmap entails mapping the structural, technological, and logistical solutions
needed to bridge the gap between harvest and table. It serves as the tactical blueprint for
modernizing post-harvest logistics. Bridging the gap between harvest and table requires moving
beyond isolated fixes (like simply buying more refrigerated trucks) toward a synchronized system.
To eliminate middle-mile food loss, solutions must be deployed across three interdependent layers:

a. Structural Frameworks: The structural layer provides the foundational hardware and
regulatory environment required to keep perishable food moving safely through the supply chain
by shifting away from massive, centralized urban storage toward a network of distributed, rural
aggregation hubs. Positioned within 15-30 kilometers of farm clusters, these micro-hubs will
provide immediate post-harvest cooling, sorting, and standardized grading before crops enter
major transport corridors. Capital & Financing Models: Replacing traditional, high-risk capital
expenditure with Logistics-as-a-Service (LaaS) and pay-per-use pay structures. This enables
smallholder farmers, local aggregators, and mid-tier transport operators to access modern cold
storage and fleets without prohibitive upfront debts. Policy Harmonization & Trade Corridors:
Streamlining cross-border sanitary and phytosanitary (SPS) regulations, green-channel customs
clearance for perishable goods and state-level transit rules to eliminate transport delays at

checkpoints.

b. Technological Innovations: The Technological Layer involves cooling, sensing, and
traceability. The technological layer prevents physical degradation and preserves crop quality
during handling and transit. It involves the off-grid & sustainable cooling which is deploying low-
carbon chilling systems that operate independent of unreliable electrical grids. These includes
solar-powered thermal storage, evaporative pre-coolers at the farm gate, and phase-change
material (PCM) refrigeration units in transport vehicles; 1oT Environmental Sensing which is
equipping transit vehicles and storage containers with real-time Internet of Things (IoT) sensors.
They monitor critical environmental variables such as internal temperature, relative humidity,

airflow and ethylene gas concentration alerting drivers and managers to thermal breaches before
SAEREM BOOK CHAPTERS First Published 2026 1SBN 978-978-60709-7-6
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spoilage occurs and lastly digital Traceability Systems which involves utilizing lightweight block
chain or distributed ledger platforms to automate digital documentation (bills of lading, chain-of-
custody certificates, temperature logs). This speeds up regulatory handoffs and gives wholesale

buyers verified quality assurance.

c. Logistical Integrations: The Logistical Layer is packed with Routing, Demand Matching, and
Waste Circularity and optimizes the movement of food, aligning physical supply with dynamic
market demand in real time. It focuses on dynamic predictive routing which is using Al-driven
algorithms to continuously optimize transport routes. Systems analyze real-time variables like
traffic congestion, weather anomalies, border wait times, and current crop respiration rates to
dynamically re-route shipments via the fastest, smoothest paths. Another one is algorithmic
demand & price matching that is deploying digital market platforms that connect rural producers
directly with urban buyers and processors. By broadcasting real-time wholesale market prices and
inventory levels, the system prevents localized supply gluts, reduces distress dumping, and
redirects surplus produce to regions experiencing shortages and closed-loop & circular logistics
which entails implementing standardized, reusable, and active-ventilation crates that protect
fragile produce during transit. At the end of the line, organic waste from processing hubs is
redirected into biological loops (such as insect farming, composting, or bioenergy production)

rather than entering unmanaged landfills.

These three layers do not operate in isolation; they function as an interconnected feedback

system:

Structural Investment (Hubs/Roads) — Tech Integration (solar Cooling/lIoT) —
Logitical Efficiency (DynamicRouting) = Zero Middle-Mile Loss

I11. Middle-Mile Failure: Some of the challenges encountered in the course of conveying these
food items are explained under the under listed terms: The Cold-Chain Void: The impact of broken
or absent refrigeration across low- and middle-income regions, and the limits of fossil-fuel-

dependent chilling systems in high-income regions. In low- and middle-income countries (LMICs)
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particularly across Sub-Saharan Africa, South Asia, and parts of Latin America, the primary
challenge is the near-total lack of continuous cold chains. Up to 50% of perishable goods (fruits,
vegetables, dairy, and fish) spoil between harvest and sale due to thermal exposure. High-income
regions (such as North America and Europe) have achieved cold-chain coverage rates exceeding
90%. However, this network relies almost entirely on fossil fuels, exposing major environmental
vulnerabilities. For example, the transport refrigeration units (TRUs) rely on auxiliary diesel
engines mounted on trailer trucks (TRUS) to drive mechanical compressors. These units consume
significant fuel, run inefficiently, and emit high concentrations of nitrogen oxides (NO) and
particulate matter (airborne particles) per kilometer compared to standard vehicle engines.
Hydrofluorocarbon (HFC) leakage in commercial transport refrigeration relies heavily on
chemical refrigerants like HFCs. Vibration during long-distance transit causes continuous micro-
leakage. Many common HFC refrigerants carry global warming potential (GWP) thousands of
times higher than (COz). High-income supply chains successfully deliver fresh produce across
continents with low physical loss, but do so by emitting immense amounts of carbon. They prevent
physical food waste by accelerating the climate crisis driving agricultural instability. Physical
Infrastructure Bottlenecks cannot be overlooked as poor rural road networks, delayed border
crossings, inadequate regional storage hubs, and suboptimal packaging practices all contribute to
middle-mile failure. Again, Lack of real-time market data causing localized gluts, distress sales,

delayed shipments, and improper route allocation is also a factor.

IV. Modernizing the Cold Chain: Off-Grid & Sustainable Cooling: Modernizing the cold chain
through off-grid and sustainable technologies is the primary technical lever for closing the middle-
mile loss gap. By removing reliance on diesel generators and weak municipal power grids, these
technologies stabilize food quality right where it is most vulnerable. This can be achieved through
Solar-Powered Decentralized Storage which shifts cooling capacity directly to the farm gate and
rural aggregation markets; Modular Containerized Cold Rooms which are Intermodal shipping
containers retrofitted with high-density polyurethane insulation panels (typically 120-150mm
thick) to maximize thermal retention. These units can be transported via flatbed trucks and
deployed in off-grid field sites without civil construction; Rooftop Photovoltaic (PV) Integration
with high-efficiency variable-speed compressors. The direct-current (DC) electricity generated by
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the panels runs the chilling system during peak daylight hours which directly aligns with peak
ambient heat loads; Pay-As-You-Store Models: Operators utilize modular setups (like Nigeria's
Cold Hubs) to run shared-infrastructure business models. Farmers rent standardized plastic crates

inside a walk-in cold room for a flat daily fee, lowering the financial barrier to entry.

V. Digital Logistics & Predictive Supply Chains: Digital Logistics & Predictive Supply Chains
replace traditional, reactive middle-mile networks with data-driven infrastructure. While physical
cooling preserves produce quality, digital systems supply the operational intelligence required to
move food through transit corridors before degradation occurs. Also real-time visibility & 10T
sensors provide dynamic monitoring of temperature, humidity, and location in transit to prevent
batch spoilage. Al-Driven route optimization & demand matching provide routing that redirects
shipments based on real-time traffic, transit conditions, and local market price signals while
simplified digital tracking platforms reduce paperwork delays at distribution checkpoints and

international borders.

VI. Infrastructure & Business Model Innovations: Modernizing the middle mile requires pairing
technological fixes with capital and physical infrastructure innovations. Without accessible business
models, modern cooling systems and digital tracking remain out of reach for the smallholder farmers
and small-to-medium enterprises (SMEs) that produce the majority of the world's food. This is

discussed under the following sub headings:

a. Logistics-as-a-Service (LaaS): Pay-per-use transport and cold-storage models enables
smallholders and mid-tier distributors to access modern infrastructure without capital expenditure.
Historically, advanced cold chain equipment require high upfront capital expenditure (CapEx) to
purchase refrigerated trucks, build cold rooms, and buy land. LaaS shifts this economic burden to
an operational expenditure (OpEx) model, democratizing access to modern cold-chain
infrastructure. Under the Pay-per-Use Cold Storage, Smallholders or local traders pay a fixed daily
rate per standardized crate or kilogram of produce stored in a solar-powered cold room. This
eliminates financial risk, allowing users to preserve produce until market prices improve rather

than selling out of desperation. There is also the Shared Fleets and Transport Pooling where digital
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LaaS platforms aggregate transit demand from multiple small farmers, enabling them to rent
fractional space on refrigerated trucks. This increases fleet capacity utilization, lowers transport

costs per unit, and eliminates the need for individual ownership of vehicles.

b. Regional Aggregation Hubs: Strategic placement of multi-crop aggregation centers equipped
with grading, sorting, packaging, and processing facilities. Hubs are located within a 15-30 km
radius of major agricultural clusters, providing accessible first-mile cooling to prevent heat damage
before transport. Integrated Post-Harvest Processing is also seen under this sub heading which
involves automated or manual grading and sorting of produce by size and quality, ensuring only
high-grade produce enters long-distance cold chains while minor cosmetic defects are diverted to
local markets; Standardized Packaging that is unifying loose farm produce into stackable,
standardized crates optimized for efficient truck loading and Light Value Addition which is primary
processing activities (e.g., washing, trimming, drying, or flash-freezing) to extend crop shelf life
and convert potential waste into shelf-stable secondary products. Consolidating small harvest loads
into high-volume shipments allows hubs to negotiate directly with wholesale buyers and logistics

providers, improving pricing leverage for local farmers.

c. Circular Logistics & Smart Packaging: Active, bio-based, and reusable packaging solutions
designed to control respiration rates and absorb ethylene gas during long hauls. Physical
containment solutions play a vital active role in slowing biological decay and eliminating physical
damage during transport. Micro-perforated bio-based films regulate oxygen (O2) and carbon
dioxide (CO.) exchanges inside the packaging, lowering respiration rates and extending product
shelf life. The use of bio-based materials replacing single-use expanded polystyrene (Styrofoam)
and cardboard with agricultural residue packaging (e.g., molded sugarcane bagasse or mycelium-
based insulation) is advised. These materials provide thermal protection, resist moisture, and are
fully compostable. Replacing single-use wooden crates and flimsy plastic bags with standardized,
heavy-duty reusable plastic crates (RPCs) is also of utmost importance. Outfitted with passive
RFID (Radio —Frequency Identification) tags or QR (Quick Response) codes, these crates are
tracked across return loops to prevent material waste and protect produce from crushing during

vehicle transit.
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VIl. Policy, Financing, and Systemic Execution: This is the regulatory and economic
architecture needed to scale post-harvest solutions. Without institutional support, targeted capital
frameworks, and international policy alignment, innovative technologies and business models
remain isolated projects rather than transforming global supply chains. The following steps are

employed under this heading:

Public-Private Infrastructure Partnerships (PPIPs) & Blended Finance: Building rural cold
chains, road networks, and regional aggregation hubs requires substantial capital. However,
commercial investors often view rural agricultural logistics as a high-risk due to seasonal yield
fluctuations, fragmented supply bases, and low initial purchasing power among smallholders.
Public-private structures use public funds to absorb initial project risk, making projects attractive
to private institutional investors. Development Finance Institutions (DFIs) or philanthropic funds
provide first-loss equity. If a rural cold-chain network underperforms, the public capital absorbs
initial losses before private equity investors take a hit. Governments offer capital expenditure
(CapEXx) subsidies (e.g. matching grants) for green logistics infrastructure, directly lowering the
cost of deploying solar-powered cold rooms or electric transport fleets in remote farming corridors.
Under the long-term concession agreements, public entities provide land, rights-of-way, or
existing rail/road infrastructure under multi-decade concessions to private operators who bring the
technical expertise needed to operate high-efficiency logistics networks. Standardization & Policy
Harmonization is also essential through streamlining cross-border sanitary protocols, transport
regulations, and quality standards to eliminate transit delays. For instance: Inordinate delays at
domestic checkpoints, state lines, and international borders are major drivers of middle-mile food
loss. Administrative bottlenecks expose perishable cargo to heat, causing decay before customs
agents issue final clearances. Aligning plant health, chemical residue, and biological safety testing
standards across neighboring countries eliminates redundant inspections and protocols. There
should also be Mutual Recognition Agreements (MRASs) which is certifications issued by
authorized inspectors at a farm gate or aggregation hub and should be automatically recognized by
border agencies in importing nations, allowing seamless cross-border transit. Creating fast-track
customs lanes for verified, temperature-controlled food shipments as well as automated digital

documentation (e.g., e-Phyto certificates and electronic bills of lading) should be submitted prior
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to arrival in order to allow vehicles to pass through ports and border posts without physical holds.
Frameworks that allow middle-mile logistics operators to generate carbon credits by verifiably

reducing food decay and methane emissions should be utilized.

Recommendations

Based on the provided book chapter on modernizing middle-mile post-harvest logistics, here are
some actionable recommendations structured across the key operational, technological, and policy

layers:

» Pay-per-Use Cold Storage should be adopted: Cold storage handlers should deploy
shared, solar-powered walk-in cold rooms at rural market nodes where users pay a flat
daily rate per standardized crate or kilogram stored (e.g., the ColdHubs model).

> Integrate On-Site Processing: Processors should standardize grading, sorting, and
primary value addition (washing, trimming, flash-freezing) at the hub. Divert produce with
minor cosmetic defects to local markets or processing streams while routing premium
grade into long-distance cold chains.

> Deploy 10T Sensors: There is need to fit transport vehicles and storage containers with
real-time sensors monitoring internal temperature, humidity, airflow, and ethylene gas
concentration to detect thermal breaches early.

> Leverage Blended Finance & Carbon Credits: Government should use Development
Finance Institutions (DFIs) to provide first-loss equity and government CapEx subsidies
for off-grid cold storage, while building carbon-credit frameworks that monetize reduced
food decay.
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Conclusion & Chapter Takeaways

Chapter Summary: A Unified Middle-Mile Toolkit

Solving post-harvest food loss cannot be achieved through piecemeal interventions. Modernizing
the middle mile requires integrating three distinct pillars into a single operational system. Solar-
powered walk-in chillers, thermal phase-change materials (PCMs), and fast pre-cooling at the farm
gate keep biological degradation at bay without depending on unreliable power grids or costly
diesel generators. 10T environmental sensors, predictive Al routing, and distributed ledger tracking
which are the digital logistics eliminate operational blind spots, reduce border delays, and reroute
cargo dynamically based on shelf-life calculations. Logistics-as-a-Service (LaaS), pay-per-crate
pricing, and strategic rural aggregation hubs remove high upfront capital costs (CapEx), allowing
smallholders and mid-tier transport operators to access modern infrastructure on demand. When
deployed together, these tools transform middle-mile logistics from a point of vulnerability into a
high-efficiency bridge between producers and consumers.

Optimizing post-harvest logistics addresses three interconnected global priorities: Climate
Resilience: stops spoilage in transit, preserves the massive environmental investment (water, land,
labor, and synthetic fertilizers) embedded in food during production. It simultaneously prevents
anaerobic methane emissions caused by rotting crops in unmanaged sites. Rural Financial
Equity: Smallholder farmers currently lose up to 40-50% of their harvest value to spoilage before
reaching wholesale markets. A reliable middle mile secures rural incomes, transforms subsistence
farming into profitable commercial ventures, and shields communities from predatory distress
pricing. Sustainable Global Development: With global populations rising, increasing available
food supplies by reducing logistics loss is cheaper, faster, and more environmentally sustainable

than expanding agricultural land or using more synthetic inputs.

Core Chapter Takeaways
1. Loss Occurs Early in Transit: The highest percentage of physical degradation occurs
within the first 48 hours post-harvest due to unmanaged "field heat." Interventions at the

farm gate and local aggregation point yield the highest operational return on investment.
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2. Tech Must Match Local Context: There is no universal solution. Success depends on
selecting appropriate tools for local conditions ranging from passive evaporative cooling
bricks for off-grid smallholders to loT-monitored refrigerated rail corridors (like India's
Kisan Rail) for inter-state transit.

3. Information is as Vital as Refrigeration: Cold storage extends shelf life, but real-time
data gets produce to market. Knowing real-time pricing signals, transit bottlenecks, and
buyer demand prevents idle transit time, eliminates localized market gluts, and stops

distress dumping.

Key Case Studies to Feature

1. ColdHubs (Nigeria): Solar-powered, pay-as-you-store walk-in cold rooms placed at rural
market nodes and farm gates.

2. India’s Kisan Rail: Dedicated high-speed agricultural trains connecting rural farm nodes
directly to urban consumer centers.

3. Smart Freight & Sensor Tech in EU/US Corridors: loT-enabled multi-temperature fleet
management reducing perishability rates in industrial supply chains.
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