BUSINESS PLAN

Implementation of Autonomous Solar Refrigeration Units
for Storage and Processing of Agricultural Products in
Remote Regions of the Republic of Uzbekistan



PREAMBLE

The project for implementing solar-powered refrigeration units for farming enterprises is an innovative
solution aimed at providing efficient storage of agricultural products using solar energy. In the context of
Uzbekistan, where access to reliable electricity in remote and rural areas is limited, this technology
significantly increases energy independence and reduces product loss.

Table: Key Focus Areas of the Project “Implementation of Solar Refrigeration Units for Agricultural
Enterprises”

Direction Description and Expected Benefits
Environmental Aligns with the national strategy on the Green Economy transition, reducing
Sustainability and|lcarbon footprint and fossil fuel dependence. \n (] Use of solar energy minimizes

Transition to a Green||CO, emissions, contributing to environmental protection and sustainable
Economy agricultural development.

Up to 30% of agricultural products are lost annually in Uzbekistan due to lack
of refrigeration infrastructure. \n{vJ Deployment of autonomous solar-powered
refrigerators will help preserve vegetables, fruits, dairy, and meat, extending
shelf life and reducing farmers' losses. \n{~] A 20-30% reduction in product
losses will lead to increased farm profitability.

Reduction in Product
Loss

Remote regions often lack stable grid electricity, making traditional
Energy Independence ||refrigeration systems expensive and unreliable. \n{v] Solar units enable off-grid
operation, eliminating fuel and grid dependency.

Using solar energy for cooling and freezing is a cutting-edge technology that
enhances competitiveness in the agri-food sector. \n Reduced operating
costs due to free solar energy increase farm profitability. \n ] Adoption of such
innovations supports climate adaptation and risk mitigation for weather-
dependent agriculture.

Innovation in
Agriculture

Forecasted Results and Benefits

Electricity cost reduction up to 0% — units operate autonomously on solar power.
20-30% reduction in product loss — stable temperature conditions prolong shelf life.
Improved farm profitability — quality storage reduces losses and increases income.

Strengthened market position — consistent product quality and availability expand distribution
channels and competitiveness.

Conclusion:

The implementation of solar refrigeration units on farming enterprises in Uzbekistan is a strategically sound
and economically viable solution to enhance food security, reduce product loss, minimize energy costs, and
strengthen long-term sustainability in agriculture.



INTERNATIONAL EXPERIENCE AND CASE STUDIES

The implementation of solar-powered refrigeration systems is a global trend that has proven effective in
regions with similar climatic and infrastructural conditions as Uzbekistan.

Examples of International Success:

India: ColdHubs and Ecozen Solutions

Initiative Description

ColdHubs A company providing solar-powered cold rooms for small farmers in rural India. \n(~]

(India) Offers pay-as-you-go storage services. \n[v) Helped reduce post-harvest losses by over
25% and increased farmer incomes by 50%.

Ecozen Manufacturer of portable solar-powered cold storage units. \n Used for storage of
Solutions fruits, vegetables, and dairy. \n Has reached over 70,000 farmers. \n Their Ecofrost
(India) solution saves up to 40% of crops and is powered by solar + thermal backup.

Kenya and Nigeria: SolarChill and Sure Chill

Initiative Description
SolarChill International collaboration providing solar-powered refrigerators in off-grid areas.
(Africa) \n (] Initially used in vaccine preservation; later adapted for food storage.

Sure Chill Uses innovative cooling technology based on water density and solar energy. \n{v]
(Nigeria) Keeps stable temperature even in long power outages.

Morocco, Egypt, Tunisia: FAO-Supported Pilots

Country |Result

Pilot projects supported by the FAO have shown that solar cooling reduces vegetable
spoilage by up to 35%.

Morocco

Egypt Projects for solar-based dairy cooling have helped rural cooperatives reduce milk waste.

Tunisia Solar-powered mobile refrigeration units improved the export potential of figs and olives.

Conclusion from International Experience:

Solar cooling solutions are effective in countries with hot climates and underdeveloped rural
infrastructure.

The business models vary — from ownership to rental and cooperative use.
The technology is scalable, eco-friendly, and well-suited for agriculture and small-scale logistics.

These cases provide a blueprint for adaptation in Uzbekistan, particularly for regions with high solar
potential and limited access to electricity.



PROJECT GOALS AND OBIJECTIVES
Main Goal:

To increase the efficiency, sustainability, and profitability of agricultural production in Uzbekistan by
introducing solar-powered refrigeration units for product storage and post-harvest handling in remote and
off-grid rural areas.

Specific Objectives:

Objective Expected Result

1. Reduce post-harvest losses of fruits, Reduction in spoilage and quality deterioration due to
vegetables, dairy, and meat products stable temperature control

2. Ensure access to reliable and eco-friendly Off-grid, solar-powered units provide independence
refrigeration solutions from unstable electricity supply

3. Promote the use of renewable energy in Alignment with the national “Green Economy” strategy
agriculture and reduced environmental impact

4. Improve farmers' income and product Higher product quality, extended shelf life, and
marketability increased sales revenues

5. Support local production of solar Development of domestic capacity for manufacturing,
refrigeration equipment assembly, and maintenance of solar cold chains

6. Enhance food security and reduce Better preservation of food helps stabilize prices and
seasonal supply fluctuations availability throughout the year

EXPECTED OUTCOMES AND IMPACT

Direct Results

Indicator Forecasted Result

Up to 30% reduction in spoilage of fruits, vegetables, dairy,

Reduction in post-harvest losses
and meat products

Improved access to refrigeration

: Installation of autonomous solar units in 10—30 rural districts
infrastructure

Reduction in cooling-related electricity or diesel expenses by

Lower energy costs
80-100%

Extended shelf life of agricultural

products Increase by 2-5 days for perishables

Income growth of 20-35% due to reduced losses and
improved product quality

Increased farmer income




Socioeconomic and Environmental Impact

Impact Area Expected Effect
Employment and skill Creation of jobs in equipment production, installation, and
development maintenance
Gender and youth Women and youth engaged in post-harvest handling and cold chain
empowerment logistics
Climate resilience and Reduced GHG emissions and improved resilience of farms to heat and
adaptation spoilage risks
Strengthening local supply Reduced dependence on intermediaries and better price control for
chains farmers

) V| Technology deployment in remote areas promotes inclusive rural
Regional development gy deploy P

development

TARGET AUDIENCE AND STAKEHOLDERS

Primary Target Groups:

Audience

Description and Benefits

Small and medium-sized farmers

Access to refrigeration will reduce losses, improve product
quality, and boost profitability

Agricultural cooperatives

Shared use of solar refrigeration units reduces costs and increases
post-harvest capacity

Women-led farms
entrepreneurs

and vyouth

Increased economic inclusion, especially in rural areas

Livestock and dairy producers

Reliable cooling prevents spoilage of milk and meat, stabilizing
income

Fruit and vegetable growers

Improved storage conditions extend shelf life and market reach

Stakeholders and Partners

Stakeholder

Role in the Project

Ministry of Agriculture (Uzbekistan)

Strategic oversight, integration into rural development and
sustainability programs

Regional administrations

Site selection, land allocation, and support for local
implementation




Stakeholder

Role in the Project

International organizations (FAQ, Co-financing, technical assistance, and alignment with global
UNDP, GIZ) climate initiatives

Private sector and local Production, supply, and maintenance of refrigeration
manufacturers equipment

Financial institutions and investors

Funding of installation and expansion through green financing
instruments

NGOs and community organizations

Awareness campaigns, training for farmers, and local capacity
building

TECHNICAL SOLUTION OF THE PROJECT

The core of the project is the deployment of solar-powered refrigeration systems designed for use in off-
grid or energy-deficient rural environments. These systems operate fully on renewable energy and are
adapted to local agricultural needs.

Technical Characteristics of the Equipment:

Parameter

Description

Power Source

100% autonomous operation on solar energy, no dependency on grid electricity

Cooling Capacity

3.5-6.0 kW cooling systems capable of preserving dairy, vegetables, fruits, and meat
products

Storage Volume

Units with internal capacity from 3 m3 to 18 m® depending on demand

Temperature Range

From +4°C to —18°C, with settings for refrigeration and freezing modes

Backup System

Integrated lithium battery or thermal storage for up to 48 hours of operation
without sunlight

Installation Type

Modular, transportable units — can be fixed or mobile

Remote Monitoring

loT-based temperature and performance monitoring via mobile or web dashboard

Warranty and

Service

Minimum 2-year warranty, with local support and parts availability

Adaptation to Uzbekistan’s Climate:

Units are designed to withstand high ambient temperatures up to +50°C

Protected against dust and humidity

Solar panels sized for high-sunlight regions, ensuring continuous power generation




FINANCIAL MODEL OF THE PROJECT

The financial model includes capital expenditures (CAPEX), operational expenditures (OPEX), and expected
revenue generation resulting from reduced product loss, improved shelf life, and increased farmer income.

1. Capital Expenditures (CAPEX)

Cost Item

Estimated Amount

(USD)

Description

Solar refrigeration unit (3.5—

$9,000 - $14,000

Includes solar panels, batteries, cooling chamber,

6.0 kW) installation

Delivery and installation $800 - $1,500 Transportation and setup in rural locations
Training and capacity building [$400 — S600 For farmers, cooperatives, and technicians
Technical maintenance kit $200 - $300 Tools and spare parts for local technicians

Total CAPEX (per unit)

$10,400 - $16,400

One-time investment per refrigeration system

2. Operational Expenditures (OPEX)

Cost Item Monthly  Estimate Description

(USD) P
Maintenance and servicing $15-530 Monthly preventive maintenance and check-ups
Security and infrastructure 10— $20 Physical security and site upkeep (fencing, locks,
upkeep ventilation)
Monitoring and connectivity ||S5—5$10 loT platform subscription, data transmission
Total OPEX (monthly per unit) ||$30 — $60 Minimal due to full solar autonomy

3. Projected Economic Benefits

Indicator Estimated Value Impact
Annual product loss||$2,000 — $4,000 per||Due to extended shelf life and stable storage
reduction farm conditions

Increase in farmer income

20% —-35%

Higher quality output, less waste

ROI (Return on Investment)

1.5-2.5years

Depending on usage, scale, and product category

Lifespan of equipment

8 —

12 years

Durable with proper maintenance




PROJECT IMPLEMENTATION MECHANISM

1. Implementation Stages

Stage Duration |[Key Activities
Feasibility study and stakeholder||1-2 Market research, technical analysis, coordination with
engagement months government and partners

2-3 Installation of 3-5 units in selected rural areas for

Pilot project installation _ o
months testing and monitoring

Performance evaluation, user feedback, design

Evaluation and adjustments 1 month ||
improvements
6-12 . _ .
Full-scale rollout Deployment in 10—-30 districts across Uzbekistan
months
) o L _ Integration into government programs, support for local
Scaling and institutionalization Ongoing

manufacturing

2. Management and Monitoring

e Project Coordination: Led by an implementing agency (NGO, public-private partnership, or
development organization)

e Local Partners: Regional administrations support with site access, logistics, and local engagement
e Monitoring Tools: loT-based data tracking system for temperature, uptime, and solar performance

e Reporting: Quarterly impact reports, financial performance, and case studies shared with
stakeholders

3. Risk Management and Mitigation

Potential Risk Mitigation Strategy

Equipment malfunction Service contracts, spare part kits, and technician training

Community resistance Early awareness campaigns and co-ownership models (e.g., cooperatives)

Solar inefficiency in winter Battery storage and hybrid systems as a fallback

High initial costs Blended finance models: grants + loans + public co-funding
Maintenance gaps Local capacity building and digital monitoring systems
Conclusion

This implementation mechanism ensures not only technological deployment but also local ownership, long-
term sustainability, and economic inclusion of rural communities. The model is designed for replication and
scaling at the national level with institutional support and private sector participation.



