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Introduction

Aguaponics is a smart and sustainable way of growing both fish and
vegetables together by recycling water and nutrients. However, for
the system to work well, it needs a reliable energy source to run water
pumps, air pumps, and sometimes lights or control devices. This training
manual is designed to guide farmers on how to use solar energy to run
aquaponics systems efficiently. Solar energy is free, clean, and available
almost everywhere, especially in sunny regions like Uganda. When used
in aquaponics, it reduces dependence on expensive and unreliable grid
power or fuel generators.

By the end of the training, participants will have the knowledge and
confidence to operate, and maintain solar-powered aquaponics systems
that are both productive and environmentally friendly. This approach
supports food security, reduces energy costs, and promotes sustainable
farming practices.

Module Objectives

At the end of this module, men and women participants will,

e Gain an understanding of the fundamentals of solar energy in
aquaponics

e Appreciate the relevant strategies to operate and maintain solar-
powered aquaponics systems

Module Timing, Location, and Materials required

No | Session Estimated Location
time
1. Fundamentals of solar energy 2 hrs Living Lab 2 -
in aquaponics Kajjansi
2. Operation and Maintenance 1% hrs
of Solar-Powered Aquaponics
Systems
Training Materials: Training flip charts, manila papers, pens and
pencils, solar panels
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Session 1: Introduction to Solar Energy in Aquaponics

Interactive Activity 1: Gallery Walk

Invite participants to take a short walk around the aquaponic systems
in the living lab. Ask them to carefully observe the equipment and think
about what type of power sources are being used (e.g., grid electricity,
solar panels, or generators).

e Divide participants into small groups of 3-4. Each group should
discuss:

- What power systems do you currently use on your own farms or
have seen being used elsewhere?

- What power systems can you identify here in the living lab that
support aquoponic operations?

* Provide flip charts to each of the groups and ask them to list the
strengths and weaknesses of the power system they identified.
Share the discussion in a plenary

Facilitator’s Notes

hJ Aquaponics is a sustainable farming system that combines
aquaculture (and hydroponics in a mutually beneficial

cycle where fish waste provides nutrients for plants, while plants naturally
filter and clean the water for the fish. Energy plays a central role in
aguaponics by powering the essential components that keep the system
running smoothly. Unlike traditional farming, aquaponics is a recirculating
system, which depends on continuous movement of water, nutrients, and
oxygen; all of which require energy input as indicated in the table 1 below.
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Table 1: Different components of the aquaponic system and their
energy requirements

Water pump | Energy powers water pumps that move nutrient-rich
water from the fish tanks to the plant grow beds and
back. Without continuous water flow, plants won’t
receive nutrients, and water won’t be cleaned for the
fish.

Aerator Air pumps or aerators use energy to add oxygen into the
(Air Pump) water. Fish and beneficial bacteria need enough oxygen
to survive and function properly. Low oxygen can stress
fish and endanger plant health.

Grow Lights | Artificial grow lights powered by electricity may
supplement or replace sunlight, especially in
greenhouses or indoor setups. Lighting affects plant
growth, especially during cloudy seasons or at night.

Sensors & Check things like water level, temperature, and pH to
Controllers | keep the system working well.

Smartaquaponics systems use energy to power sensors,
controllers, and automated feeders for managing water
quality, feeding schedules, and alarms.

What is solar energy?

Solar energy, in simple terms, is the light and heat we get from the sun,
which can be turned into electricity to power things like lights, pumps, and
machines. Just like you use heat from the sun and sunlight to dry coffee,
we can use special equipment to catch sunlight and turn it into clean and
sustainable energy that can used in the aquaponic systems. You should
use solar energy to run aquaponics because it is a free and clean source
of power that comes from the sun. It can run all appliances such as water
and air pumps, lighting and other equipment without paying for electricity
or fuel every day. Solar energy is especially useful in villages or remote
areas where power is not stable or available. Once installed, the system

I © 2022-2026 www.praectice.eu
PrAEctiCe




n MODULE-2: SOLAR ENERGY - AN ALTERNATIVE SOURCE TO POWER AQUAPONICS SYSTEMS

works for many years with little maintenance. It also doesn’t produce
smoke or noise like generators, making it better for the environment and
for your health. Besides the high initial costs of setting up a solar-powered
aquaponics system, the operation and maintenance costs are very low
with added advantages shown in table 2.

Table 2: Comparing Solar Energy to Other Energy sources for

Aquaponics

Cost: Initial
vs. Long-term

Solar Energy

High initial setup
cost (panels, inverter,
batteries)

Low running costs
(sunlightis free)
Pays for itself over
time with little or no
monthly bills

Alternative Energy

Sources (Grid or
Generator)

e |Lower upfront cost
(especially grid power
if available)

e High ongoing costs
(monthly electricity
bills or fuel expenses)

Environmental
Impact &
Sustainability

Very clean and
renewable

No smoke, noise, or
fuel spills

Reduces carbon
footprint

Promotes sustainable
agriculture

e Generators pollute
(smoke, noise, oil
waste)

e Grid electricity may
come from polluting
sources (e.g., coal or
hydro dams)

Reliability &
Maintenance

Works well in sunny
areas

Can be stored in
batteries for night use

Low maintenance
(occasional cleaning
and inspection)

e Grid power may be
unreliable in rural
areas

e Generators need

frequent maintenance,
repairs, and refueling
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Solar energy provides clean energy solution that transform aquaponics
into a truly closed-loop ecosystem that harmonizes with nature while
optimizing resource use. Having established the transformative potential of
solar-powered aquaponics, we will now examine the critical components
that make this integration possible.

Key Components Solar PV system

Interactive Session Activity 2: Individual Reflection

Think about solar systems you’ve encountered in real life; whether
on rooftops, streetlights, or small devices. What components did
you notice? How do you think each piece contributes to making solar
energy reliable?

A solar-powered aquaponics system requires four essential components
to function effectively: solar panels, charge controller, battery, and inverter.
Each component plays a specific role in generating, regulating, storing,
and converting solar energy to power the system. Proper selection and
integration of these components ensure reliable and efficient operation.
Table 3 outlines their uses and recommended choices for optimal
performance.
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While all solar power system components are essential, solar panels
serve as the foundational element, they are the primary energy harvesters
that determine the system’s overall capacity and efficiency. Unlike other
components that manage, store, or convert electricity, panels directly
capture sunlight, making their quality, type, and placement critical to
maximizing energy production. Investing in high-efficiency solar panels
ensures optimal power generation, reducing strain on batteries and
inverters while improving long-term system reliability. For aquaponics,
where consistent energy is vital for pumps and aerators, prioritizing solar
panel selection lays the groundwork for a sustainable and high-performing
system.

Selecting Appropriate Solar Panels for Aquaponic Systems

Solar panels are the heart of any solar system and they transform sunlight
into usable electricity, making all other components possible.

Their efficiency and placement dictate your system’s total energy output.
While batteries store power and inverters convert it, panels create it. For
solar-powered aquaponics, choosing high-performance panels isn’t
optional; it’s what keeps your entire operation running. No panels, no
power! So before you select any solar panel, consider the following;

e Efficiency rating determines how much electricity a panel
can generate per square foot, which is especially important for
installations with limited space.

e Durability and warranty are key factors, with quality panels designed
with robust materials and backed by long-term performance and
product coverage guarantees.

e Temperature coefficient indicates how well panels maintain their
efficiency in higher temperatures, with lower values being more
favorable.

e Solar celltype selection impacts performance and cost, with options
ranging from high-efficiency to more budget-conscious or flexible
designs.

¢ Manufacturer reputation plays a significant role, with established
and trusted brands offering greater assurance of quality control and
reliable technical support.
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The two common types of solar panels are mono- and poly-crystalline and
their characteristics are discussed in the table 4.

Table 4. Characteristics of Common Solar Panels

Monocrystalline Panels Polycrystalline Panels

e These are made from one solid | © These are made by melting
crystal of silicon. small pieces of silicon together.

e They are black in color and work | ¢ They are usually blue and a bit
very efficiently, even when the less efficient.

sunlight is not strong.  But they are also cheaper, so

e They are the best choice if you they can be good if you have
have limited space but want a tight budget and enough
more power. space.

e Recommended for aquaponics
and farming projects.

FT
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Session 2: Operation and Maintenance of Solar-Powered
Aquaponics

Interactive Activity 3: Individual reflection

Take 10 minutes to reflect on the concept of operation and maintenance
within a solar-powered Aquaponic system.

* |dentifywhich system components mayrequire regular maintenance.

e Considerwhythese components need attention and outline possible
actions to ensure their proper functioning.

e After the reflection period, 2-3 participants will be invited to share
their thoughts with the group

Facilitator Notes:
hJ Proper operation and maintenance are essential to ensure

the long-term efficiency, reliability, and sustainability of a
solar-powered aquaponics system. Regular care helps maximize energy
production, maintain healthy plant and fish growth, and prevent costly
breakdowns. By keeping both the solar and aguaponics components
in good working condition, the system can provide consistent food
production and energy savings while extending its overall lifespan. Table 5
outlines the trouble shooting common problems.
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Table 5: Troubleshooting common problems

Issue Possible Cause Solution

Pump or * Low battery charge e Check battery voltage;
aerator not e Loose or broken recharge or replace if low
running connections * Inspect wiring and

Faulty pump or air
pump

terminals

e Test the device separately

Battery not
charging

Dirty or shaded solar
panels

Faulty charge
controller

Damaged battery

e Clean panels and ensure

sunlight access

e Check charge controller

status lights

e Testorreplace battery

Inverter not
turning on

Overload or short-
circuit

Low battery voltage
Faulty inverter

e Disconnect load and test

inverter alone

* Recharge battery
e Replace inverter if faulty

Inconsistent
power supply
(pumps stop/
start)

Undersized solar
system- Weak
batteries

High power draw
during cloudy days

e Recalculate system load

vs. panel/battery size

e Upgrade components if

needed

System shuts
down during
night

No battery backup or
insufficient capacity

* |ncrease battery storage

or reduce nighttime load

Overheating
of

Poor ventilation

Overload conditions

e Ensure airflow around

equipment

not working

e Water damage or

corrosion

components Do not exceed rated load
capacities

Sensors or e Lowvoltage e Use waterproof casings

controllers

* Replace faulty parts and

ensure good grounding

'
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Best Practices and Maintenance of PV system

Electrical and mechanical safety in solar systems requires ensuring all
wiring is correctly sized, properly grounded, and protected by fuses or
breakers, while securing panels and supports to withstand environmental
loads and prevent physical hazards. Module maintenance involves
cleaning modules during cooler hours when dust or dirt accumulates,
using soft brushes or sponges to avoid scratching the glass. Regular
inspections should be done at least quarterly to detect shading from new
vegetation, nesting birds, cracks, corrosion, or loose hardware. Annual
output should be monitored and compared with previous years to identify
potential degradation from factors such as soiling or microcracks. For
battery maintenance, terminals should be cleaned monthly, and batteries
kept well-charged. Handling acid requires the use of personal protective
equipment (PPE), working in ventilated areas or outdoors, and having
water ready for neutralizing spills. The charge controller and inverter should
be checked daily by observing LED indicators to confirm proper charging,
full-charge, and low-voltage functions, while promptly investigating any
anomalies. Signs of overheating or corrosion in switches, fuses, and wiring
should also be monitored. Electrical connection maintenance involves
regularly tightening screws on junction boxes, connectors, switches, and
fuses, particularly in exposed or aging wiring, checking junction boxes
for insect nests, ensuring watertight seals, verifying that fuses are intact,
and identifying the cause before replacing any blown fuses. Grounding
conductors should remain secure and free from corrosion to ensure long-
term system safety and reliability.

Interactive Activity 4: Group Exercise

Divide the participants into small groups of 4-5 farmers each). Each
group is required to develop a simple scenario of a solar powered
aquaponic system and present it as a picture on a flip chart. On the flip
chart the group should show;

* the lay out of the system

e the type of solar panel used and why

* the key operation and maintenance strategy

© 2022-2026 www.praectice.eu ¢
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Summary

1 Solar energy provides a clean, reliable, and cost-effective

alternative to power aquaponics systems, ensuring that
essential operations such as water circulation, aeration, lighting, and
monitoring run smoothly. By converting sunlight into usable electricity
through solar panels, charge controllers, batteries, and inverters, farmers
can maintain continuous fish and vegetable production even in areas with
unreliable grid power or no access to electricity. Monocrystalline solar
panels are recommended for aquaponics because of their high efficiency
and ability to perform well in varying weather conditions. Compared to
generators or grid electricity, solar energy reduces long-term operational
costs, promotes sustainability, and eliminates noise and pollution, making
it an ideal energy solution for farming communities. To ensure reliability,
proper sizing, installation, and compatibility of solar components
are critical. Routine maintenance practices such as cleaning panels,
monitoring battery health, checking wiring, and observing safety guidelines
help extend the lifespan of the system and prevent costly breakdowns.
Farmers are also introduced to common challenges, including low battery
charge, inverter faults, or inconsistent power supply, along with practical
troubleshooting solutions. By applying these strategies, aquaponics
systems can remain productive, efficient, and environmentally friendly,
ultimately strengthening food security and reducing dependence on
expensive or unreliable energy sources.

:?: Module Key Messages:

e Solar energy provides farmers with a dependable and

affordable alternative to unreliable grid power and costly
fuel generators. This consistency allows farmers to avoid losses
caused by power interruptions and high operational costs ultimately
strengthening the sustainability and profitability of aquaponics
systems.
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e The performance of solar-powered aquaponics relies heavily on
the correct sizing and installation of all components. When these
components are properly wired and compatible, the system runs
smoothly with minimal energy losses.

e |long-term success depends on routine maintenance of the
solar system to prevent breakdowns. Dust, shading, or debris
can significantly reduce panel efficiency if not cleaned regularly.
Monitoring battery health ensures they maintain charge capacity
and do not fail prematurely. Detecting wiring problems or worn-out
components early helps reduce downtime and avoid costly repairs.
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