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Welcome
to Blue & Green Farms
The BLUE&GREEN project is a small-scale Erasmus+ partnership in vocational
education and training that brings together organizations from Austria, Greece, and
Iceland to promote sustainable agriculture through innovation and collaboration. By
focusing on aquaponics and vertical farming, the project aims to equip VET students,
young people, and aspiring farmers with the knowledge, skills, and practical
experience needed to adopt environmentally friendly and resource-efficient farming
methods. Through the development of educational materials, hands-on training, and
cross-cultural exchange, BLUE&GREEN fosters cooperation, supports local farming
communities, and contributes to the transition toward more sustainable and resilient
food production systems. 

This Guide has been developed within the framework of the BLUE&GREEN Erasmus+
project as an innovative and practical resource dedicated to sustainable farming. It
brings together knowledge, experience, and expertise from partners across Austria,
Greece, and Iceland to create a comprehensive learning tool focused on aquaponics
and vertical farming. Designed in a modular and interactive format, the Guide
combines theoretical understanding with practical application, enabling learners to
explore modern agricultural methods in a structured yet flexible way. 

The need for such a Guide arises from the growing challenges facing agriculture
today. Climate change, resource scarcity, and environmental degradation are placing
increasing pressure on traditional farming systems, while global demand for food
continues to rise. At the same time, many regions, require innovative solutions that can
ensure sustainable and efficient food production. In this context, approaches such as
aquaponics and vertical farming offer promising alternatives, allowing for reduced
water consumption, optimized space use, and environmentally responsible production
methods. 

This Guide has therefore been developed to respond directly to these needs,
supporting both formal and non-formal education while promoting inclusion,
accessibility, and lifelong learning. Ultimately, this Guide represents more than a
training resource; it is a contribution to a broader transition toward sustainable
agriculture. By fostering innovation, encouraging cross-cultural collaboration, and
supporting the development of practical competencies, it aims to empower learners to
become active contributors to environmentally responsible farming and resilient food
systems for the future.



Meet Our
Team

HLUW, Austria

Ísponica, Iceland

Fthia in Action, Greece

HLUW is a higher vocational education institution specializing in
environmental studies, sustainability, and applied sciences. With a strong
emphasis on practical learning, the school equips students with both
theoretical knowledge and hands-on experience in areas such as ecology,
water management, and environmental analysis. 

Ísponica is an innovative small enterprise focused on sustainable food
production through aquaponics, hydroponics, and vertical farming systems.
Based in Northern Iceland, the company combines research, technology,
and practical application to produce crops in resource-efficient ways.
Ísponica brings essential technical expertise to the project, offering real-
world insights, practical examples, and hands-on approaches.

Fthia in Action is a non-governmental youth organization dedicated to
education, training, and community development, particularly in rural areas.
With extensive experience in Erasmus+ projects and non-formal learning,
the organization works to empower young people, support skill
development, and promote social inclusion. 
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Module Overview
This module is all about how farming can work with nature instead of against it. You’ll
explore different ways of producing food that protect the environment, use resources
wisely, and still support farmers and communities. From traditional methods like crop
rotation and agroforestry to modern ideas like vertical farming, you’ll see how
agriculture is changing to meet today’s challenges. Along the way, you’ll also think
about real-world questions, like how we can feed a growing population while taking
care of the planet.

Learning Objectives
After completing this module, learners will be able to:

Understand the core principles of sustainable agriculture.
Identify and explain key sustainable farming methods.
Compare the benefits and limitations of sustainability practices.
Recognize how sustainable agriculture supports environmental protection and food
security.
Analyze challenges in modern agriculture and possible solutions.
Explain the environmental and social benefits of sustainable agriculture, including
biodiversity, animal welfare, and community cooperation.
Explain how vertical farming contributes to innovation and long-term economic
growth.
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Activity (5 min)
Look at the comic and discuss in how far conventional farming methods differ from
sustainable farming.

Module 1

Key Concepts and Theoretical Background

Overview of Sustainable Agriculture Methods
What is sustainable farming?

Fig. Comic by Miriam Schmidthaler

As global agriculture faces increasing pressure from climate change, soil degradation,
and resource scarcity, more sustainable farming approaches are becoming essential.
Practices such as reduced tillage, agroforestry, organic farming, and sustainable
livestock management offer innovative ways to balance productivity with
environmental protection. 
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Rotating crops and
embracing diversity

Mixing crops or rotating them over
time helps keep the soil healthy and
naturally reduces pests. Keeps soil healthy and stops

erosion.  Good farming practices
protect the soil, so it doesn’t get
washed or blown away.

Uses water carefully.  Managing
water efficiently helps avoid waste
and ensures enough supply for
crops and people.

Reduces pollution.  Limiting harmful
chemicals keeps the air and water
cleaner.

Stores carbon in the soil.  Farms
can help fight climate change by
capturing and storing carbon in the
ground.

Being prepared for extreme
weather.  Strong, healthy farming
systems can better handle
droughts, floods, and heat.

Supports biodiversity. Encouraging
different plants, animals, and
microorganisms helps keep
ecosystems balanced and healthy.

Planting cover crops
and perennials

Plants like clover or rye are grown
when fields would otherwise be
empty. They protect the soil, add
nutrients, and reduce weeds—so
fewer chemicals are needed.

Reducing or
eliminating tillage

Instead of heavy plowing, farmers
can use no-till or reduced-till
methods. This helps prevent soil
loss and keeps the soil healthier.

Applying integrated
pest management

Integrated Pest Management (IPM)
uses natural and mechanical
methods first, so fewer chemical
pesticides are needed.

Integrating livestock
and crops

Keeping plants and animals on the
same farm can make better use of
resources, like using animal manure
to fertilize crops.

Adopting agroforestry
practices

Trees can provide shade, protect
soil and water, and even create
extra income through fruits or nuts.

Managing whole
systems and
landscapes

Natural areas like hedges, grass
strips, or plants near rivers help
prevent erosion, support wildlife,
and improve overall farm health.

Module 1

Sustainable farming practices furthermore align with the EU Green Deal targets.
Cut the use and risk of chemical pesticides in half by 2030, especially the most
harmful ones.
Make at least 25% of EU farmland organic and increase organic aquaculture by
2030.
Reduce the use of antibiotics (antimicrobials) in farm animals and fish farming by
50% by 2030.
Lower nutrient losses by at least 50% without harming soil quality, which also
means using at least 20% less fertilizer by 2030. (European Commission, 2018)

Overview of sustainable farming methods, (Union of Concerned Scientists, 2017)

Method How it works Benefits
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What about aquaponics and vertical farming?
Aquaponics works by creating a natural partnership between fish, plants, and bacteria
in a closed water system. The fish produce waste that contains ammonia, which can
be harmful if it builds up. Helpful bacteria then step in and convert this waste into
nutrients that plants can use to grow. As the plants absorb these nutrients, they also
clean the water, which is then returned to the fish, creating a continuous, balanced
cycle.

In vertical farming systems, this process becomes even more efficient. Plants are
grown in stacked layers above the fish tanks, making the most of limited space,
especially in cities. 

Aquaponics is important not just on a small scale, but also globally. It helps tackle
major challenges like water shortages, poor soil quality, and the impacts of climate
change on food production. Because these systems use water efficiently and don’t
rely on soil, they offer a smart alternative to traditional farming. When combined with
renewable energy, aquaponics can also reduce carbon emissions, making it a
promising solution for building a more sustainable global food system. (Swiss Future
Technology, 2026)

Activity (5 min)
Discussion Question: How do aquaponic systems help reach the Green Deal targets?

Module 1
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5 PRINCIPLES OF
SUSTAINABLE OF

AGRICULTURE

1. Enhance food chain
productivity 

2. Conserve
environmental

resources 

3. Promote wellbeing
and economic growth

4. Strengthen
ecosystems and

communities

5. Align with
governmental initiatives

Module 1

Comprehending the Principles of Sustainable Agriculture
Sustainable agriculture is guided not only by practical farming methods but also by
key principles that ensure long-term environmental, economic, and social balance.
These principles focus on improving productivity while conserving natural resources,
supporting human wellbeing, strengthening ecosystems, and aligning with broader
policy initiatives. (TraceXTechnology, 2024)

https://tracextech.com/sustainable-agriculture-practices-transforming-agribusiness-and-
ngos/,%20last%20accessed%20on%202026-01-26)

https://tracextech.com/sustainable-agriculture-practices-transforming-agribusiness-and-ngos/,%20last%20accessed%20on%202026-01-26)
https://tracextech.com/sustainable-agriculture-practices-transforming-agribusiness-and-ngos/,%20last%20accessed%20on%202026-01-26)
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Enhance food chain productivity 
Enhancing food chain productivity means paying attention to plants’, animals’ and
humans’ energy and nutrients over a stable time. It´s important to keep an eye on the
nutrition quality and reduce the use of fertilizer to ensure humans’ health. Improving
resource efficiency helps companies reduce costs while minimizing environmental
impact.

Aquaponics could play a key role as it improves the productivity along the food chain
by making efficient use of nutrients.

Fun fact: Did you know that in one gramm soil live in average 100 billion
microorganisms and tens of thousands of different species? (Präg, 2023)

Conserve environmental resources 
We must stop resource wasting and we need to start using natural resources
sustainably. With sustainable farming methods it´s possible to preserve soil fertility
and prevent erosion. Water and soil are our key resources, therefore improving water
management is fundamental for agriculture and food security. Water conservation can
be obtained by using an aquaponic system as the only water loss is due to
evaporation. 

Fun fact: Did you know that only 3 % of the global water is drinkable freshwater and
only a third of that is accessible for human use? (WWF, 2026)

Promote wellbeing and economic growth
Promoting wellbeing and economic growth means creating conditions where people
live healthily and happily. Countries with higher wellbeing often have stronger
economies — for example, people in happier nations tend to be more productive and
innovative. (World Happiness, 2026) 

Think about it: How does your own wellbeing affect your productivity and creativity
every day?
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Strengthen ecosystems and communities
Strengthening ecosystems and communities means supporting both the natural
environment and the people who depend on it. For example, this can include
supporting local farmers (fair payment) and food producers and protecting natural
resources.

Urban farming or indoor farming and therefore especially aquaponics and vertical
farming can serve to make food more accessible in densely populated areas. By
providing small scale solutions food sources can be brought directly to neighborhoods
which might increase public involvement.

Align with governmental initiatives
Aligning with governmental initiative means coordinating work with programs like
Horizon Europe initiatives (Research and Innocation EU, 2026) and the World Bank's
Food Systems 2030 (Worldbank, 2026) to support innovation, sustainable and healthy
diets. It is also essential to comply with legal regulations, national strategies for food
security, climate protection or sustainable agriculture. Sustainable farming is also an
essential to fulfil the EU Green Deal target. (European Commission, 2018)

Module 1
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Real-Life Application / Case Study
Example of the implementation of the 5 principles of sustainable agriculture

One practical example of implementing the 5 principles of sustainable agriculture is the
research project “Vielfaltsaaten” at the Groß-Enzersdorf experimental farm of the
University of Natural Resources and Life Sciences, Vienna (Boku). The aims of this
project are to make agriculture more sustainable by growing companion plants with
main crops like wheat, barley and maize. This improves soil quality (Conserve
environmental resources), stabilizes crop yields (Enhance food chain productivity),
and increases biodiversity (Strengthen ecosystems and communities). Legumes help
to provide nutrients to the main crops, while earthworms and other soil organism make
the soil more resilient.

The focus of the SoilRise project is to study the biodiversity of earthworms. With using
citizen science, the university can collect data across Europe to monitor earthworm
populations, raise awareness about soil life (Strengthen ecosystems and communities)
and provides data for conservation (Align with governmental initiatives). (Universität
für Bodenkultur Vienna, 2026)

Abbildung 1 SoilRIse Project (Citizen Science, 2026)
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Benefits to the Environment and Community
Sustainable agriculture delivers far-reaching benefits that extend beyond individual
farms to entire ecosystems and communities. By improving soil health, enhancing
biodiversity, and strengthening social cooperation, these practices contribute to long-
term environmental stability and agricultural resilience. At the same time, their success
often depends on collective action, scientific innovation, and supportive policy
frameworks, highlighting the interconnected nature of sustainable food systems.

Environmental Benefits
Environmental benefits can be public. Sustainable agriculture practices often give
benefits to the environment, such as cleaner water, better soil, or reduced pollution.
These benefits are not only for the farmer, but also for the whole community.
Environmental benefits are strongest when many farmers cooperate and adopt
sustainable practices together. (Lubell, Hillis, & Hoffman, 2011)

Long-Term Soil Health, Productivity, and Resilience
Conservation agriculture uses practices such as minimal soil disturbance, keeping the
soil covered with crop residues, and growing different crops. Compared to
conventional tillage, these systems improve soil quality. 

After eight years of experimental warming, soils managed with conservation
agriculture showed higher soil organic carbon, more microbial biomass, and better soil
structure. These improvements led to better nutrient cycling, increased water
retention, and a more diverse soil microbial community. 

Higher soil organic matter is especially important because it stores nutrients and
water, helping soils stay productive during stress conditions like drought or heat.
(Teng, et al., 2024)

Module 1
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Enhanced Soil Microbial Function and Nutrient Cycling
Even though we can’t see them, tiny organisms in the soil (the soil microbiome) play a
huge role in keeping soils healthy and supporting the connection between the
environment, climate, and people. Because of this, it’s important that scientists and
policymakers understand how soil life works so they can make better decisions about
agriculture and sustainability.
The microbiome is affected negatively by tillage and the application of pesticides or
fertilizer. (Kendzior, Raffa, & Bogdanski, 2022)

Biodiversity and Ecosystem Services Improve Over Time
Agricultural diversification, such as crop rotation, intercropping, and habitat elements
within farms, has cumulative positive effects on biodiversity and ecosystem functions.
Over long time periods (decades), the benefits include:

Increased species richness among plants, insects, and soil fauna 
Greater carbon sequestration in soil and biomass
Improved pollination and natural pest control (Raveloaritiana & Wanger, 2024)

Community and Social Benefits
Social benefits include better community cooperation
Sustainable practices can create social benefits, because they encourage farmers to
work together and share knowledge. This cooperation improves social networks and
trust in the community. (Lubell, Hillis, & Hoffman, 2011)

Module 1
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Sustainable farming can lead to better community outcomes
When farmers adopt sustainable practices, it can help the whole community because
people share information and support each other. Furthermore, working together on
common goals leads to stronger community ties and more collective action. (Lubell,
Hillis, & Hoffman, 2011)

Social Capital and Adoption of Sustainable Practices
A 2025 study highlighted how important social connections are for successful
sustainable agriculture. It shows that factors like trust, cooperation, and sharing
knowledge within farming communities help farmers adopt new practices, become
more resilient, and deal with challenges together.

While many studies focus mainly on environmental results, this research emphasizes
that social aspects are just as important. In fact, strong social capital isn’t just helpful,
it’s essential for making regenerative agriculture work in the long term across different
regions and situations. (Gaspar, Moïse, Versaillot, Baptiste, & Versaillot, 2025)

In general …
One of the strongest long-term effects of sustainable agriculture is that environmental
benefits increase over time, biodiversity, carbon storage, and soil quality grow
significantly stronger when diversity and ecological practices are maintained for
decades, not just years. This means sustainable agriculture is not only immediately
beneficial, it becomes progressively more effective the longer it is practiced. (Lubell,
Hillis, & Hoffman, 2011)

Module 1
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Activity (15 min)
Watch “Can we create the "perfect" farm?” by Brent Loken and answer the following
questions.

1.What are the main problems with current global food production systems
mentioned in the video?

2.What does the idea of a “perfect farm” include, and how does it combine different
farming methods?

3.How can technology and innovation help make agriculture more sustainable?
4.Why is it important to balance food production with environmental protection?
5.What role do consumers and society play in creating a more sustainable food

system?

Module 1
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Long-Term Economic Growth and Sustainability
As cities grow and environmental challenges become more urgent, farming is being
reimagined in exciting new ways. One of the most innovative solutions is vertical
farming, where food is grown in stacked layers using smart technology and minimal
resources. This approach not only saves space and water but also brings fresh food
closer to where people live. At the same time, it opens up new economic opportunities
and industries. In many ways, vertical farming is shaping the future of agriculture,
making it more sustainable, efficient, and ready for the challenges ahead. The
following section explores the potential of vertical farming in bringing economic
prosperity.

Vertical Farming as a Driver of Innovation for Sustainable Growth
This method enables not only high yields on limited space but also fosters the
development of new technologies and industries such as automation, artificial
intelligence, sensors, and LED lighting systems. These innovations enhance
productivity and open up new economic opportunities beyond traditional agriculture. 
In economic theory, innovation plays a crucial role in long-term growth because it
increases efficiency, creates competitive advantages, and enables the formation of
new sectors and markets. (Aborujilah, 2025)

Market and Growth Dynamics of Vertical Farming
Market analyses consistently show that the vertical farming industry is expected to
grow significantly in the coming decade. One forecast projects that the global vertical
farming market will expand from around USD 9,7 billion in 2025 to over USD 74,4
billion by 2035, with an average annual growth rate (CAGR) of roughly 22,6 %. This
growth is driven by rising demand for urban food solutions, technological advances,
and resource efficiency improvements.

Such long-term growth dynamics suggest that vertical farming has strong economic
potential and is not only a niche trend. As the technology scales, costs are expected to
decrease and new economic sectors – like controlled-environment agriculture services
and smart farming platforms – are expected to emerge. (Zaręba, et al., 2025)

Module 1
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Sustainability Effects: Resource and Land Efficiency
One of vertical farming’s biggest sustainability advantages is its high resource
efficiency. Because enclosed systems recirculate water and nutrients, vertical farming
can reduce water consumption drastically – estimates suggest up to 90-95 % less
water use than traditional agriculture. At the same time, transport-related emissions
can be lowered through local production and pesticide use is reduced due to
controlled environments.

The efficient use of water and space allows food production to increase without a
proportional rise in resource consumption, aligning with sustainability goals that aim to
decouple economic growth from environmental impact. (Zaręba, et al., 2025)

Stable Supply and Food Security as a Growth Factor
Vertical farming contributes to more resilient food systems because it enables year-
round, weather-independent crop production. This is particularly important in urban
areas where traditional agriculture may be limited by space, climate, or seasonal
constraints. As a result, supply chains become more stable, helping to reduce price
fluctuations and risks associated with crop failures.

A stable food supply strengthens economic stability, which is a key prerequisite for
long-term growth, especially in densely populated regions with high demand for fresh
produce. (Zaręba, et al., 2025)

Synergies Between Sustainability and Economic Growth
Vertical farming combines innovation with sustainability by creating local food systems
that reduce resource use and enable new economic activities. This integration
supports multiple goals: economic (job creation and new industries), environmental
(water and land efficiency), and social (increased urban food security and reduced
transport emissions).

Such synergies reflect the concept of green growth, where environmental protection
is aligned with economic development – suggesting that technological advances in
agriculture can support sustainable, long-term economic expansion. (Zaręba, et al.,
2025)

Module 1
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Activity (1,5 hours)
Vertical farming sounds amazing, and in many ways, it is. But there’s a catch: it can be
really expensive. It uses a lot of energy (for lighting and climate control) and often
needs more labor and technology than traditional farming. At the same time, it has to
compete with large, highly efficient farms that can produce food much more cheaply.
This makes it harder for vertical farms to be profitable. So even though vertical
farming has huge benefits for sustainability and the future of food, it still faces a big
question: Can it actually make money in the long run? (Moghimi, 2021)

What do you think?
Farm of the Future – Smart Investment Challenge

Your Mission
You are a startup team looking for investors for your future farm, which can be either:
- Conventional farm (cheap, reliable)
- Sustainable farm (e.g., vertical farming/aquaponics – innovative but expensive)
Your question: Which option makes more sense in the long run?

What to Do (Groups of 3–4)
1. Create Your Farm
Choose:

What do you grow?
Where is it located (city or countryside)?
Small startup or big business?

2. Build a “Future Profit Story”
Instead of just numbers, tell the story of your farm over 10–15 years:

Start-up costs vs long-term savings
Environmental impacts (water, soil, emissions)
Productivity & risks

You can sketch a timeline, draw it, or make a simple table.

Module 1
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3. Add a Twist 
Pick one surprise:

Drought 
Energy crisis 
New law 
Pest outbreak 

Which farm survives better? How will your farm cope?

4. Pitch Your Decision
During your pitch, the other groups are potential investors. Present your farm as if
you’re convincing them to invest in your project.
Investors should consider the following questions

Where would you invest—and why?
When does it become profitable?
Is sustainability worth it?

5.Which concept is the one to invest in? Discuss with the whole group.

Module 1
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Reflection and Self-Assessment
Questions for reflection:

How can traditional sustainable practices (e.g., agroforestry, reduced tillage) and
modern innovations like vertical farming complement each other in building
resilient food systems?
To what extent does the success of sustainable agriculture depend more on social
factors (e.g., cooperation, knowledge sharing) than on technological solutions?
Can sustainable agriculture realistically balance environmental protection with
economic growth and productivity?
How does improving soil health and biodiversity contribute to long-term food
security and climate resilience?

Inclusion and Accessibility Considerations
This module is designed so that all students can participate and engage, regardless of
their background or learning style. It includes a mix of formats such as texts,
discussion questions, real-life examples, and videos to support different ways of
learning. Complex ideas are explained in simple language, and interactive elements
encourage collaboration and participation. Teachers can also adapt activities to
different levels, ensuring that everyone has the opportunity to understand and
contribute.

Sustainability and Impact Perspective
This module directly contributes to sustainability by helping students understand how
agriculture affects the environment, society, and the economy. It highlights solutions
that reduce resource use, protect biodiversity, and improve food systems. By learning
about sustainable practices and innovations, students are encouraged to think
critically about real-world challenges and their own role in creating a more sustainable
future.

Module 1
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Summary and Key Takeaways
Sustainable agriculture includes a range of methods such as aquaponics, crop
rotation, conservation tillage, agroforestry, organic farming, integrated pest
management, and sustainable livestock management. It aims to balance food
production with environmental protection by conserving resources, promoting
biodiversity, improving soil and ecosystem health, and increasing resilience to climate
change. Practices like efficient water management and ecological balance help reduce
pollution and strengthen local food systems. Although some approaches require
greater knowledge or initial investment, they provide long-term ecological stability,
economic profitability, and resilient livelihoods.

Key Takeaways
Sustainable agriculture is combines environmental protection, economic viability,
and social wellbeing through practices like conservation tillage, agroforestry, and
organic farming.
Healthy soils, with rich microbial life and organic matter, are essential for
productivity, nutrient cycling, water retention, and resilience to climate stress.
The positive impacts of sustainable practices (e.g., reduced pollution, biodiversity
gains) are strongest when widely adopted across communities.
Cooperation, trust, and knowledge sharing (social capital) strongly influence the
adoption and effectiveness of sustainable practices.
Many sustainable methods involve higher initial costs, management complexity,
and transitional difficulties despite long-term benefits.
Government initiatives and international programs help scale sustainable
agriculture and align it with climate and food security goals.
Technologies like vertical farming, AI, and automation increase efficiency, create
new markets, and support sustainable urban food production.

Module 1
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Basics of Aquaponics and Vertical Farming

Module Overview
This module introduces the fundamental concepts of aquaponics and vertical farming
as integrated and sustainable food production systems. It provides learners with a
clear understanding of how these systems function, their key components, and their
advantages compared to conventional agricultural methods.

Aquaponics combines aquaculture (fish production) and hydroponics (soil-less plant
cultivation) into a single system where nutrients are continuously recycled. Vertical
farming focuses on maximizing production by growing crops in stacked layers within
controlled environments. When combined, these approaches create efficient systems
that use space, water and nutrients more effectively. 

This module lays the foundation for understanding how aquaponic and vertical farming
systems operate, preparing learners for more advanced topics such as system
management and optimization.

Module 2
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Learning Objectives
After completing this module, learners will be able to:

Describe the basic principles of aquaponics and vertical farming
Identify the key components of an aquaponic system
Explain how nutrients cycle within an aquaponic system
Recognize different types of vertical farming systems
Understand the advantages of combining aquaponics and vertical farming 

Key Concepts and Theoretical Background
Aquaponics is a food production system that combines fish and plant cultivation in a
shared water system. Fish are fed, and their waste releases nutrients into the water.
This water is then processed by beneficial bacteria, which convert waste products into
forms that plants can absorb. The plants take up these nutrients, helping to clean the
water before it is returned to the fish.

This creates a closed-loop system where water and nutrients are reused, reducing
waste and improving efficiency.

Key Components of an Aquaponic System
An aquaponic system consists of several interconnected components:

Fish tank: Where fish are raised and produce waste
Biofilter: Contains beneficial bacteria that convert ammonia into plant-available
nutrients
Grow beds or plant area: Where plants absorb nutrients from the water
Water circulation system: Pumps and pipes that move water between
components

Each component plays a role in maintaining system balance.
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Nutrient Cycling in Aquaponics
One of the central processes in aquaponics is nutrient cycling. Fish waste releases
ammonia into the water, which is toxic to fish at high levels. Beneficial bacteria convert
ammonia into nitrite, and then into nitrate, which is less harmful to fish and can be
used by plants.

This process is known as nitrification and is essential for maintaining water quality and
supporting plant growth. The efficiency of this process depends on factors such as
temperature, oxygen levels, and system stability.

Introduction to Vertical Farming
Vertical farming is a method of growing crops in vertically stacked layers, often in
controlled indoor environments. Instead of relying on soil, plants are typically grown
using hydroponic or aquaponic systems.

This approach allows for:
More efficient use of space
Year-round production
Greater control over environmental conditions

Vertical farming can be applied in both small-scale and large-scale systems,
depending on available space and resources.
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Types of Vertical Farming Systems
Vertical farming systems can vary in design and complexity. Common types include:

Stacked tray systems: Plants are grown in horizontal layers
Vertical towers: Plants grow along vertical structures
Rack systems with integrated lighting: Used in indoor controlled environments

Each system is designed to maximize production while maintaining accessibility and
efficient resource use.

Advantages of Combining Aquaponics and Vertical Farming
Combining aquaponics with vertical farming creates a system that is both space-
efficient and resource-efficient.

Key advantages include:
Reduced water use through recirculation
Efficient use of nutrients
Increased production per unit area
Potential for local and year-round food production

These systems are particularly useful in areas where traditional agriculture is limited
by climate, soil quality or available land.

Discussion Questions
1.How do aquaponics and vertical farming improve resource efficiency compared to

traditional agriculture?
2.What challenges might arise when combining these systems?
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Practical Content and Activities

Activity 1: System Identification
Duration: 45 minutes
Materials: Images or diagrams of aquaponic systems

 
Procedure:

1. Identify key system components
2.Describe the function of each component
3.Discuss how they are connected

Expected Outcome: Learners understand the structure of an aquaponic system.

Activity 2: Nutrient Cycle Mapping
Duration: 45 minutes
Materials: Paper or digital tools

 
Procedure:

1.Draw the nutrient cycle (fish → bacteria → plants → fish)
2.Label each stage
3.Explain the process

 
Expected Outcome: Learners understand how nutrients move through the system.

Activity 3: Vertical Farming Design Observation
Duration: 45 minutes
Materials: Images or real systems

 
Procedure:

1.Observe different vertical farming systems
2.Identify design differences
3.Discuss advantages of each system

 
Expected Outcome: Learners understand different system types and designs.
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Tools, Materials, and Resources
To support learning, both physical and digital resources can be used. These materials
help learners understand system components, visualize processes and connect
theoretical concepts to real-world applications.

Equipment
Small-scale aquaponic system or demonstration model
Fish tank (real or simulated)
Containers or grow trays for plant production
Basic pumps and tubing for water circulation
Simple water testing kits (pH, ammonia, nitrite, nitrate)
Thermometer for monitoring water temperature

These tools allow learners to observe how water moves through the system and how
fish, plants, and bacteria interact. Even simple or improvised setups can effectively
demonstrate key principles such as nutrient cycling and system flow.

Digital Tools or Software
Presentation tools such as PowerPoint or Canva for visual explanations
Simple diagram tools for mapping system components and processes
Data recording tools such as Excel or Google Sheets for tracking observations
Videos demonstrating aquaponic and vertical farming system operation

Digital tools help learners visualize processes that are not always visible, such as
nutrient transformations and system interactions. They also support documentation
and reflection during practical activities.
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Real-Life Application / Case Study
Aquaponics and vertical farming are increasingly used in regions where traditional
agriculture is limited by environmental conditions such as poor soil, limited water
availability or extreme climates.

By combining these systems, producers can create controlled environments that
support plant and fish production throughout the year. However, system design and
management must be adapted to local conditions, including temperature, energy
availability and available resources.

This highlights the importance of understanding both the principles and practical
constraints of these systems when applying them in real-world settings.

Reflection and Self-Assessment
What are the main components of an aquaponic system?
How does nutrient cycling support plant growth?
What are the advantages of vertical farming?
What factors would influence system design in your region?

Sustainability and Impact Perspective
Aquaponics and vertical farming contribute to more sustainable food production by
improving resource efficiency and reducing environmental impact. Water is reused
within the system and nutrients are recycled rather than lost as waste.

These systems also allow for local production, reducing transportation needs and
increasing food security. However, energy use and system complexity remain
important considerations, requiring careful design and management.
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Inclusion and Accessibility Considerations
This module can be adapted for a wide range of learners by using simple system
models, visual explanations and flexible teaching formats.

Small-scale systems and demonstrations allow learners with limited resources to
engage with the concepts. The module can be delivered in classrooms, workshops or
informal learning environments, supporting different educational contexts.

Summary and Key Takeaways

Aquaponics combines fish and plant production in a closed-loop system
Vertical farming maximizes space through stacked production
Nutrient cycling is central to aquaponic systems
Combining both systems improves efficiency and sustainability
System design must consider local conditions.

Module 2



Basics of Aquaponics and Vertical Farming

References and Further Reading

Al-Kodmany, K. (2018). The vertical farm: A review of developments and implications for the
vertical city. Buildings, 8(2), 24. https://doi.org/10.3390/buildings8020024
Benke, K., & Tomkins, B. (2017). Future food-production systems: Vertical farming and
controlled-environment agriculture. Sustainability: Science, Practice and Policy, 13(1), 13–
26. https://doi.org/10.1080/15487733.2017.1394054
Danner, R. I., Mankasingh, U., Anamthawat-Jónsson, K., & Thorarinsdottir, R. I. (2019).
Designing aquaponic production systems towards integration into greenhouse farming.
Water, 11(10), 2123. https://doi.org/10.3390/w11102123
Food and Agriculture Organization of the United Nations. (2014). Small-scale aquaponic
food production: Integrated fish and plant farming. FAO.
Goddek, S., Joyce, A., Kotzen, B., & Burnell, G. M. (Eds.). (2019). Aquaponics food
production systems: Combined aquaculture and hydroponic production technologies for the
future. Springer.
Kozai, T., Niu, G., & Takagaki, M. (Eds.). (2016). Plant factory: An indoor vertical farming
system for efficient quality food production (2nd ed.). Academic Press.
Thorarinsdottir, R. (2015). Challenges of sustainable and commercial aquaponics.
Sustainability, 7(4), 4199–4224. https://doi.org/10.3390/su7044199

Module 2



3
Module



Aquaponic System Management

Module Overview
This module focuses on how aquaponic systems are actually managed in real
conditions, where biological processes, environmental factors and daily operational
decisions all interact. While aquaponics is often presented as a closed and self-
sustaining system, in practice it requires continuous observation, adjustment and
understanding of system dynamics.

Learners will explore how water quality, fish health, plant performance and bacterial
activity are interconnected. The module emphasizes that aquaponic systems are living
systems, meaning they respond to changes over time and require careful balance
rather than fixed rules.

By the end of this module, learners will understand not only what parameters to
monitor, but why they matter and how small changes in management can influence the
entire system.
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Learning Objectives
After completing this module, learners will be able to:

Understand the relationships between fish, plants, bacteria, and water quality in
aquaponic systems
Monitor and interpret key system parameters such as ammonia, nitrite, nitrate, pH,
temperature, and dissolved oxygen
Apply feeding and stocking strategies to maintain system balance
Identify common system problems and propose practical solutions
Evaluate how environmental conditions influence biological processes

Key Concepts and Theoretical Background
Aquaponic systems are not static systems. They are dynamic environments where
biological, chemical and physical processes are constantly interacting. Fish
produce waste, bacteria convert nutrients and plants absorb these nutrients, but
the efficiency of each process depends on environmental conditions.
Unlike traditional agriculture, where inputs can be added directly to the soil,
aquaponics requires indirect management. Farmers do not feed the plants directly.
Instead, they manage fish and system conditions, which in turn determine plant
growth.
This means that successful aquaponic management depends on understanding
relationships rather than isolated variables.
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The Role of Water Quality
Water is the central medium in aquaponics. It carries oxygen, nutrients, waste, and
microorganisms throughout the system. Because of this, water quality determines the
health of all system components.

Key parameters include:
Ammonia (NH₃): Produced by fish waste, toxic even at low concentrations
Nitrite (NO₂⁻): Intermediate product of nitrification, also toxic to fish
Nitrate (NO₃⁻): Main nutrient used by plants, less toxic but can accumulate
pH: Affects nutrient availability and bacterial activity, must balance needs of fish,
plants and bacteria
Dissolved Oxygen: Essential for fish respiration and bacterial processes
Temperature: Influences metabolism, growth and bacterial efficiency

Maintaining stable water conditions is one of the most important tasks in aquaponic
management. Even small fluctuations in parameters such as pH, temperature, or
dissolved oxygen can affect fish health, bacterial activity and plant nutrient uptake.
Sudden changes can cause stress in fish and reduce the efficiency of nitrification,
leading to imbalances in the system. For this reason, stability is often more important
than achieving “perfect” values, as consistent conditions allow the biological
processes in the system to function effectively over time. Regular monitoring and
gradual adjustments are key to maintaining this stability.
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System Balance and Carrying Capacity
Every aquaponic system has a limit to how much fish and feed it can support. This is
often referred to as the system’s carrying capacity. This capacity depends on factors
such as system size, filtration efficiency, water flow and the activity of nitrifying
bacteria.

If too much feed is added:
Ammonia levels increase
Oxygen demand rises
System becomes unstable
If too little feed is added:
Plants may lack nutrients
Growth slows down

Balancing input and output is essential for maintaining system stability over time. In
practice, this means that feeding rates, fish stocking density and plant production
must be adjusted together rather than managed separately. Changes in one part of
the system will affect all others, so gradual adjustments and continuous monitoring are
key to maintaining equilibrium.

Fish as the Driver of the System
In aquaponics, fish are the primary source of nutrients. Their feeding rate determines
how much nitrogen enters the system. This means that feed input directly controls
nutrient availability for plant growth. Overfeeding can lead to a buildup of ammonia
and reduced water quality, while underfeeding may result in nutrient deficiencies and
slower plant development.

Important considerations include:
Species selection
Stocking density
Feeding frequency
Feed quality
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Fish behavior is also an important indicator of system health. Reduced feeding,
abnormal swimming or stress responses can signal underlying issues. For example,
fish that remain near the surface or gasp for air may indicate low dissolved oxygen
levels. Slow behavior or reduced movement can be linked to poor water quality or
temperature stress. Sudden changes in behavior, such as unusual swimming
movements or loss of balance, may point to toxic conditions such as elevated
ammonia or nitrite. Regular observation of fish behavior allows early detection of
problems, often before water quality measurements show critical values.

Plant Uptake and Nutrient Limitations
While nitrate is the main nutrient provided through fish waste, plants also require other
essential elements such as iron, calcium, potassium and magnesium. In many
aquaponic systems, these nutrients are present only in small amounts because fish
feed is not specifically designed to meet plant requirements. As a result, deficiencies
can occur, especially in fast-growing crops such as leafy greens and herbs.

One of the most common limitations is iron deficiency, which often appears as
yellowing leaves (chlorosis) in new plant growth. This occurs because iron becomes
less available at higher pH levels, which are often maintained to support fish and
bacterial health. To address this, iron is commonly supplemented in chelated form,
typically every 2–4 weeks depending on system conditions. Iron is usually added in a
chelated form, which means the iron is bound to another molecule that protects it and
keeps it available for plants. Without this, iron can quickly become unavailable in
water, especially at higher pH levels. Chelation helps prevent the iron from forming
solid particles, allowing plant roots to absorb it more easily.
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Calcium and potassium are also frequently limited, particularly in recirculating systems
with low water exchange. These nutrients are important for cell structure, plant
strength, and overall growth. In practice, they are often added through buffering
compounds that also help stabilize pH.

Plant performance in aquaponic systems depends on several interacting factors:
Nutrient availability: Balanced nutrient levels support steady plant growth, but
deficiencies can reduce yield and quality
Light conditions: Light intensity and duration directly influence photosynthesis
and growth rate
Water flow and oxygen availability: Adequate flow ensures nutrient delivery to
roots and prevents stagnation
Root health: Healthy roots are essential for nutrient uptake and can be affected by
temperature, oxygen levels, and microbial activity

Because aquaponic systems are quite dynamic, nutrient availability can change over
time. This means that plant health is not only influenced by what is present in the
system, but also by how effectively nutrients are cycled and absorbed.

Discussion Questions
1.Why do you think aquaponic systems are often described as “balanced systems”

rather than “controlled systems”?
2.What challenges might arise when trying to maintain this balance over time?
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Practical Content and Activities

Activity 1: Water Quality Monitoring and Interpretation
Duration: 60–90 minutes
Materials: Water testing kits, thermometer, oxygen meter

 Procedure:
1.Measure ammonia, nitrite, nitrate and pH
2.Record results over time
3.Compare values to recommended ranges
4.Discuss what the results indicate about system health

Expected Outcome: Learners develop the ability to interpret water quality data and
understand system conditions.

Activity 2: Feeding Strategy Analysis
Duration: 45–60 minutes
Materials: Fish feed, scale, observation sheet

 Procedure:
1.Observe fish feeding behavior
2.Measure feed input
3.Evaluate waste production
4.Discuss how feeding affects water quality

Expected Outcome: Learners understand how feeding drives nutrient input and
influences system balance.

Activity 3: Troubleshooting Scenarios
Duration: 60 minutes
Scenario Examples:
Rising ammonia levels
Low plant growth
Fish stress

 
Task: Learners identify causes and propose solutions
Expected Outcome: Development of problem solving skills in real system situations.
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Tools, Materials, and Resources
To support both theoretical understanding and practical learning, aquaponics
education typically combines basic system equipment, simple monitoring tools and
accessible digital resources. These materials can be adapted depending on the scale
of the system and the learning environment.

Equipment
Water quality testing kits for ammonia, nitrite, nitrate, and pH
Thermometer for monitoring water temperature
Dissolved oxygen test kit or meter (if available)
Small-scale aquaponic system or demonstration setup
Fish tanks, grow beds, or containers for plant production
Pumps, tubing, and basic filtration components
Weighing scale for measuring feed input

In situations where full systems are not available, simplified models or visual
demonstrations can be used to explain system processes.

Digital Tools or Software
Data recording tools such as Excel or Google Sheets for tracking system
parameters
Online simulation tools or videos demonstrating aquaponic systems
Presentation tools (such as PowerPoint or Canva) for visualizing system design
Basic monitoring sensors where available

Digital tools support observation over time and help learners understand how systems
change and respond to different inputs.
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Real-Life Application / Case Study
At Ísponica, aquaponic systems operate under variable environmental conditions,
particularly low temperatures. These conditions slow down bacterial activity, which
directly affects nitrification rates. As a result, the conversion of ammonia to nitrate
becomes less efficient, increasing the risk of ammonia accumulation if the system is
not carefully managed.

As a result, system management must adapt:
Feeding rates may be reduced
Stocking density must be carefully controlled
Monitoring becomes even more critical

In addition, system responses often occur more slowly in colder conditions, meaning
that changes in water quality may take longer to appear but can also take longer to
correct. This requires a more cautious and gradual approach to system adjustments.
Operators must rely on consistent observation and data tracking rather than rapid
interventions.

This demonstrates that aquaponic systems are not universal. They must be adapted to
local conditions and continuously adjusted based on system performance.
Environmental factors such as temperature, light availability, and system design all
influence how the system functions, highlighting the importance of context-specific
management strategies.

Discussion Question
1.How might aquaponic management differ between Iceland and a warmer region

such as Greece?
2.What factors would need to be adjusted?
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Reflection and Self-Assessment

What is the most important parameter to monitor in an aquaponic system and why?
How does feeding influence the entire system?
What are early warning signs of system imbalance?

Sustainability and Impact Perspective
Efficient system management improves sustainability by reducing waste, minimizing
water use and optimizing nutrient cycling. Stable systems require fewer inputs and are
more resilient to environmental changes.

Poor management, on the other hand, can lead to system failure, fish loss and
resource inefficiency. This highlights the importance of knowledge and skill in
sustainable food production systems, especially when applied in different regions of
the world. 

Inclusion and Accessibility Considerations
Aquaponics and vertical farming can be taught in ways that are accessible to a wide
range of learners, including those with fewer opportunities or different learning needs.
This module is designed to support inclusive learning by combining practical activities
with clear explanations and flexible delivery methods.

Adaptation for learners with fewer opportunities: Learners from different backgrounds
may have limited access to equipment, prior knowledge, or formal education. To
support this, the module includes low-cost activity options, simplified system
examples, and opportunities for group-based learning. Practical demonstrations can
be adapted using small-scale or improvised systems, making the content relevant
even in resource-limited settings.
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Use of simple language and visuals: Technical concepts such as nitrification and
water chemistry can be difficult to understand at first. Therefore, explanations are
supported with clear language, diagrams, and step-by-step processes. Visual
representations of system components and flows help learners build understanding
without relying only on written text.

Possibility for blended or non-formal learning: This module can be delivered in both
formal classroom settings and non-formal environments such as workshops, farm
visits, or community training sessions. Online materials, videos, and discussions can
be combined with hands-on activities to support different learning styles. This
flexibility allows the module to be used across different countries, age groups, and
educational contexts.

Summary and Key Takeaways

Aquaponic systems are dynamic and require continuous management
Water quality is central to system health
Fish feeding drives nutrient input
Balance between components is essential
Successful management depends on observation and adaptation
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Vertical Farming Techniques

Module Overview
This module introduces the principles and techniques used in vertical farming, with a
focus on controlled environment agriculture and efficient resource use. Vertical
farming allows crops to be grown in stacked layers, often indoors, where
environmental conditions such as light, temperature, and humidity can be carefully
managed.

Unlike traditional agriculture, where plants are exposed to changing weather and soil
conditions, vertical farming provides a stable and controlled growing environment.
This allows for consistent production throughout the year and makes it possible to
grow food in locations where outdoor farming is limited.

In this module, learners will explore how environmental factors influence plant growth,
how different system designs are used in practice and how technology supports
efficient production. Understanding these principles is essential for designing and
managing vertical farming systems in a sustainable way.
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Learning Objectives
After completing this module, learners will be able to:

Understand how environmental factors influence plant growth in controlled
systems
Identify different types of vertical farming systems and their applications
Explain the role of lighting, temperature, and humidity in plant development
Design basic vertical farming layouts based on space and crop type
Evaluate the advantages and limitations of vertical farming systems

Key Concepts and Theoretical Background
Vertical farming is a method of growing crops in vertically stacked layers within a
controlled environment. Instead of relying on soil and natural weather conditions,
plants are grown using systems such as hydroponics or aquaponics, where water and
nutrients are delivered directly to the roots.

This approach allows for a high level of control over plant growth and resource use,
making it possible to produce food efficiently in both urban and rural settings. 

Controlled Environment Agriculture
In vertical farming, plant growth is influenced by several key environmental factors:

Light: Plants require light for photosynthesis. In indoor systems, artificial lighting
such as LED lights is used to provide the necessary energy
Temperature: Temperature affects plant metabolism and growth rate. Stable
temperatures support consistent development
Humidity: Humidity influences plant transpiration and water use. High humidity can
reduce water loss, while low humidity increases it
Airflow: Proper air circulation helps prevent disease and supports gas exchange

These factors must be balanced to create optimal growing conditions.
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Lighting in Vertical Farming
Lighting is one of the most important components of vertical farming systems.
Because plants are often grown indoors, artificial lighting replaces sunlight.

Different wavelengths of light affect plant growth in different ways:
Blue light supports compact growth and leaf development
Red light promotes photosynthesis and biomass production

Light intensity and duration also influence plant growth. Too little light limits growth,
while too much can cause stress or energy inefficiency.
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System Design and Structure
Vertical farming systems can take different forms depending on space, scale, and crop
type. Common designs include:

Shelving systems with stacked trays
Tower systems where plants grow vertically
Rack systems with integrated lighting and irrigation

The goal of these designs is to maximize production per unit area while maintaining
easy access for maintenance and harvesting.
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Efficiency and Resource Use
One of the main advantages of vertical farming is its efficient use of resources:

Water is recirculated and used more efficiently than in traditional agriculture
Nutrients are delivered directly to plant roots, reducing waste
Land use is minimized through vertical stacking

However, energy use, particularly for lighting and climate control, remains a key
challenge in many systems.

Discussion Questions
1.Why might vertical farming be more suitable in some locations than others?
2.What factors would influence whether a vertical farming system is successful?

Practical Content and Activities

Activity 1: System Observation and Analysis
Duration: 60 minutes
Materials: Vertical farming system or images

 
Procedure:

1. Identify system components such as lighting, trays and irrigation
2.Observe plant spacing and structure
3.Discuss how the system uses space efficiently

Expected Outcome: Learners understand how vertical 
systems are designed and organized.
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Activity 2: Lighting Setup Evaluation
Duration: 45 minutes
Materials: LED lighting system

 
Procedure:

1.Observe light placement and coverage
2.Discuss how light intensity affects plant growth
3.Evaluate advantages and limitations

Expected Outcome: Learners understand the role of lighting in plant production.

Activity 3: System Design Exercise
Duration: 60 minutes
Materials: Paper or digital tools

 
Procedure:

1.Design a simple vertical farming layout
2.Choose crop type and spacing
3.Consider light and water distribution

Expected Outcome: Learners develop basic design and planning skills.
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Tools, Materials, and Resources
To support learning, vertical farming education typically includes both physical
systems and digital tools.

Equipment:
LED grow lights
Growing trays or vertical racks
Irrigation systems or nutrient delivery systems
Climate monitoring tools such as thermometers and humidity sensors

Digital Tools or Software
Design tools such as Canva or PowerPoint
Data tracking tools such as Excel or Google Sheets
Videos demonstrating system setup and operation

Real-Life Application / Case Study
Vertical farming systems are often used in environments where traditional agriculture
is limited by space, climate, or soil conditions. For example, indoor systems allow
crops to be grown year-round in regions with cold climates or short growing seasons.

By controlling environmental conditions, producers can maintain consistent yields and
reduce the risks associated with weather variability. However, system design must
consider energy use, especially for lighting and temperature control, to ensure long-
term sustainability.

Discussion Question
1.What are the main advantages and disadvantages of vertical farming compared to

traditional agriculture?
2.How might these systems evolve in the future?
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Reflection and Self-Assessment
This section encourages learners to reflect on how aquaponic system management
can be applied in different contexts and to evaluate their own understanding of
system dynamics.

What challenges might arise when applying aquaponic systems in your local
environment (e.g. climate, access to materials, energy costs)?
How does careful system management contribute to sustainability and resource
efficiency?
What adaptations would be needed to operate a stable aquaponic system in your
region?

Sustainability and Impact Perspective
Vertical farming supports sustainability by reducing land use, improving water
efficiency and enabling local food production. It can also reduce transportation
emissions by bringing food production closer to consumers, which shortens supply
chains and increases access to fresh produce.

In addition, controlled environment systems allow for more precise use of inputs such
as water and nutrients, reducing waste and limiting environmental pollution. Because
plants are grown in protected environments, the need for pesticides is often
significantly reduced, which can further benefit both ecosystems and human health.

At the same time, energy use remains a key challenge, particularly for lighting and
climate control. This highlights the importance of integrating renewable energy
sources and improving system efficiency to reduce the overall environmental
footprint.
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Vertical farming also has important social and economic impacts. It can support local
food systems, create new job opportunities and increase resilience in urban or remote
areas where traditional agriculture is limited. However, the long-term sustainability of
these systems depends on balancing resource efficiency with economic viability and
technological development.

Inclusion and Accessibility Considerations
Vertical farming systems can be adapted for different learning environments and
resource levels. Small-scale systems can be used for demonstration, while digital tools
and visual materials support understanding of more complex systems.

The module can be delivered in classrooms, workshops, or community settings,
allowing flexibility across different educational contexts.

Summary and Key Takeaways
Vertical farming uses controlled environments to grow crops efficiently
Environmental factors such as light and temperature are key to plant growth
System design influences productivity and accessibility
Vertical farming supports sustainable and local food production
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Resource Management and Sustainability

Module Overview
Every day, we use natural resources, often without thinking twice. From the water we
drink to the food we eat and the energy we rely on, these resources shape our lives.
But they are not unlimited. How we use, or waste, them will play a major role in the
future of our planet.

Water is one of the most critical resources of all. It supports human health,
ecosystems, and especially agriculture, which uses the largest share of the world’s
freshwater. As populations grow and demand increases, managing water wisely
becomes more important than ever.

At the same time, new food production methods like vertical farming and aquaponics
are changing the way we grow food. But are they truly sustainable? To answer that,
we need to understand how resources are used, how environmental impacts are
measured, and how energy efficiency can be improved.

In this unit, you’ll explore how we manage resources, use water in agriculture, and
evaluate sustainability, using real data, graphs, and practical examples.

Learning Objectives
After completing this module, learners will be able to:

Define resource management, sustainability, and water management and explain
their importance for environmental protection and future resource security
Distinguish between renewable and non-renewable resources and describe their
role in agriculture and food production
Explain why agriculture is the largest global user of freshwater and how irrigation,
crop production, and livestock farming contribute to high water consumption
Interpret and compare global data and graphs on access to drinking water,
agricultural water withdrawals, irrigated land, and resource use
Identify regional differences and correlations in water availability, agricultural
practices, and resource consumption
Explain key water conservation techniques, such as efficient irrigation systems,
soil management practices, and rainwater harvesting
Assess the environmental impact and energy efficiency of food production
systems, including vertical farms and aquaponic systems.
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Key Concepts and Theoretical Background
Resource Management and Sustainability
Resource management focuses on the responsible and efficient use of natural
resources to reduce waste, protect ecosystems, and ensure long-term availability.
Sustainability goes a step further by aiming to meet the needs of the present without
compromising the ability of future generations to meet their own needs. It combines
environmental protection, economic development, and social responsibility.

In a time of climate change, biodiversity loss, and resource scarcity, sustainable
resource management has become more important than ever. The way resources are
managed today directly influences environmental health, economic stability, and social
well-being in the future. Understanding these concepts is essential for creating
sustainable systems and making informed decisions in both everyday life and
professional environments

Important Resources in Farming
Farming depends on a wide range of natural, human, and technological resources.
Efficient and sustainable use of these resources is essential for food security,
environmental protection, and economic stability.

Module 5



Resource Management and Sustainability

Module 5

3. Key Concepts and Theoretical Background
Resource Management and Sustainability
Resource management focuses on the responsible and efficient use of natural
resources to reduce waste, protect ecosystems, and ensure long-term availability.
Sustainability goes a step further by aiming to meet the needs of the present without
compromising the ability of future generations to meet their own needs. It combines
environmental protection, economic development, and social responsibility.

In a time of climate change, biodiversity loss, and resource scarcity, sustainable
resource management has become more important than ever. The way resources are
managed today directly influences environmental health, economic stability, and social
well-being in the future. Understanding these concepts is essential for creating
sustainable systems and making informed decisions in both everyday life and
professional environments

Important Resources in Farming
Farming depends on a wide range of natural, human, and technological resources.
Efficient and sustainable use of these resources is essential for food security,
environmental protection, and economic stability.

Land and Soil
Agricultural land is the basic resource for farming
Soil provides nutrients, water storage, and support
for plant growth

Water
Water is essential for plant growth and livestock
Used for irrigation, cleaning, and animal drinking
water

Energy

Energy is required for machinery, irrigation systems,
heating, lighting, and processing
Sources include fossil fuels and renewable energy
(solar, wind, biogas)

Seeds and Genetic
Resources

Genetic diversity increases resilience and food
security
Sustainable seed management preserves
biodiversity

Nutrients and Fertilizers

Plants need nutrients such as nitrogen, phosphorus,
and potassium
Nutrients can come from organic fertilizers (manure,
compost) or synthetic fertilizers
Overuse can cause soil degradation and water
pollution

Biodiversity and
Ecosystem Services

Pollinators, microorganisms, and beneficial insects
support food production
Biodiversity improves soil health and pest control
Loss of biodiversity reduces ecosystem stability



Resource Management and Sustainability

Comparison of Global Resources
The following maps present different global facts related to consumption and resource
use. In the following comparison, several key differences and similarities between
regions will be examined.

Map 1 [average Farm Size] (Our World in Data, 2016)

The graphic illustrates the average farm size (in hectares) across different countries
worldwide. The map reveals that countries such as Australia, Argentina, the United
States, and Canada have very large average farm sizes, often exceeding 100 hectares.
In contrast, many countries in Asia, Africa, and parts of Europe show significantly
smaller average farm sizes, often below 5 hectares. This reflects differences in land
availability, agricultural systems, population density, historical development, and
economic structures. From a resource management perspective, large farm sizes are
often associated with industrialized, mechanized agriculture, which can achieve high
productivity but may also lead to high resource consumption, monocultures, and
environmental pressure. Smaller farm sizes are typically linked to smallholder or family
farming, which can be more labor-intense and sometimes more biodiversity-friendly,
but often face challenges related to efficiency, income stability, and access to
technology.
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Activity (10 min)
Analyze and discuss the data. Compare the two maps and discuss the following
questions.

1.Do larger farms use more fertilizer than smaller farms? Why or why not?
2.Why might farmers with very small farms still use a lot of fertilizer?
3.How can fertilizer use affect the environment, and does farm size make a

difference?

Module 5
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Water Management and Conservation Techniques
Water management describes how water resources are planned, used and protected.
The main goal is to make sure that enough clean water is available for people,
agriculture and ecosystems, both now and in the future. Because freshwater is limited,
water management focuses on reducing waste, protecting water quality and using
water efficiently.

The Food and Agriculture Organization explains that water management in agriculture
is closely connected to irrigation, drainage and the protection of water resources.
Efficient management helps farmers produce food while reducing negative impacts on
the environment. (FAO, 2026)

Agriculture and Global Water Use
Agriculture is one of the largest users of freshwater worldwide. Large amounts of
water are needed for irrigation, crop production and livestock. In many regions,
farming uses more water than households and industry combined.

Data published by Our World in Data shows that around 70 % of global freshwater
withdrawals are used in agriculture. This highlights the importance of improving water
efficiency in farming to avoid water scarcity and environmental damage. (Our World in
Data, 2015)
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Activity (10 min)
Analyze the date and discuss the following questions.

1.What does the map show about how water is used in agriculture around the
world?

2.Which regions or countries use the highest share of their water for agriculture?
3.Why do you think some countries use a larger share of water for agriculture than

others?

Module 5
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Efficient Irrigation Techniques
Irrigation methods strongly influence how much water is used in agriculture.
Traditional irrigation methods, such as flood irrigation, often cause high water losses
through evaporation and runoff.

Modern irrigation systems aim to deliver water more precisely to crops. Drip irrigation,
for example, supplies water directly to the plant roots and reduces water losses.
According to FAO, efficient irrigation techniques help save water and increase
agricultural sustainability. (FAO, 2026)

Soil Management and Water Retention
Soil plays an important role in water conservation. Healthy soil can store water and
make it available to plants for a longer time. This reduces the need for frequent
irrigation. Practices such as mulching and cover crops help reduce evaporation and
improve soil structure. These methods support sustainable land and water
management and protect ecosystems.(European Environment Agency, 2026)

Rainwater Harvesting
Rainwater harvesting means collecting rainwater and storing it for later use, for
example for irrigation during dry periods. This reduces dependence on groundwater
and surface water sources. The European Environment Agency explains that rainwater
harvesting can reduce pressure on water resources and support sustainable water
management, especially in regions affected by water scarcity. (European Environment
Agency, 2026) 
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Activity (10 min)
How much water does your favorite food use? Check it out here …

Importance of Conservation Techniques for Sustainability
Water conservation techniques are essential for sustainable agriculture and resource
management. By combining efficient irrigation, soil conservation, water reuse and
aquaponics, water consumption can be reduced while food production is maintained.

As can be seen in the graph, many of the highly demanded foods need a significant
amount of water, therefore, making it essential to conserve water as much as possible.

Module 5
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Activity (1,5h)
In this experiment, you will test different irrigation methods to find out which one uses
water most efficiently. You will explore how water is distributed in the soil and how
much is lost. This helps you understand why water management is so important in
agriculture.

Group Work
Work in small groups of 3–4 students. Each group member takes on a role:

Materials
3 identical containers or plant pots
Soil (same amount for each container)
Water (at least 300 ml)
Measuring cup or bottle (with ml scale)
Plastic bottles or cups (to create drip system)
Tray or container (to collect excess water)
Small cup or bottle for sprinkling water
Ruler (optional)
Timer or stopwatch
Paper and pen (or worksheet)

Procedure
Prepare your setup: Fill three identical containers with the same amount of soil. Place
them on a tray to catch excess water.

Set up three irrigation methods
Method 1: Flood irrigation
Pour water directly onto the soil all at once.
Method 2: Sprinkler irrigation
Sprinkle water evenly from above (e.g. using a cup or bottle).
Method 3: Drip irrigation
Use a bottle with small holes to slowly drip water onto the soil.
Add the same amount of water
Use the same volume of water (100 ml) for each method to make the results
comparable.
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Observe carefully
Watch what happens during and after watering:
Does water run off the surface? Does it soak in evenly? Is the soil wet only in certain
spots or everywhere?

Record your results
Measure or estimate:

Water absorbed by the soil (= Water applied – runoff)
Water lost (collected in the tray)
Soil moisture (dry / medium / very wet) can be described

Analysis
Discuss within your group:

Which method used water most efficiently?
Which method caused the most water loss?
Which method would be best in regions with water scarcity?

Optional additional activity (preparation 1 min, observation 1 week)
Compare the water loss to an aquaponics system. Most of the water lost is due to
evaporation. Take a cup and add 100ml of water. Leave it under room temperature and
make sure it is not fully exposed to the sun. After 24h, 48h and one week, measure
how much water was lost due to evaporation. Compare these results to the water loss
of the experiment.

Presentation
Each group presents their findings in 2–3 minutes:

Best irrigation method
Key observations
Connection to real-world farming
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Assessment of Environmental Impact and Energy Efficiency
Food production has a huge impact on our planet, much more than most people
realize. It produces about a quarter of global greenhouse gas emissions and uses half
of all habitable land on Earth. Even more striking, agriculture takes up around 70% of
the world’s freshwater.

But the impact doesn’t stop there. Farming is responsible for most water pollution
(eutrophication) and has dramatically changed biodiversity. Today, most mammals on
Earth are livestock, and most birds are raised for food, not living in the wild.

In short: the way we produce food shapes our environment, affecting land, water,
climate, and wildlife all at once.

Module 5
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The environmental impact of vertical farming and aquaponic-systems must be
assessed across the entire farm life cycle, including resource use, emissions, effects
on soil and water and biodiversity.

Vertical farming offers several environmental advantages, such as efficient land use,
significantly reduced water consumption, minimal pesticide use, and shorter supply
chains, which can lower pressure on ecosystems and improve food safety. These
benefits make vertical farming an attractive option for urban and resource-constrained
environments.

However, vertical farming also presents notable environmental challenges. High
energy demand, mainly from artificial lighting and climate control systems, leads to
increased greenhouse gas emissions when electricity is sourced from fossil fuels.
Additionally, the environmental benefits of reduced transport distances may be offset
by electricity-related emissions, raising doubts about whether vertical farming is
always more climate-friendly than conventional agriculture. As a result, the overall
environmental performance of vertical farming is highly dependent on energy sources
and system design, making comprehensive environmental impact assessment
essential for determining its sustainability. (Pennisi, Gianquinto, Marcelis, Martin, &
Orsini, 2025)

Aquaponic system offers several advantages, such as reduced water consumption,
reduced pesticide use and fewer fertilizer are needed. It can also be placed in urban
areas like on rooftops. It still needs sunlight and food for the fish, which is mostly
transported from half over the planet. (Martin, Elnour, & Siñol, 2023) 
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Energy efficiency
Energy efficiency is a critical but challenging aspect of vertical farming and aquaponic
systems. It plays a central role in determining its environmental and economic
sustainability. Energy efficiency assessment evaluates how effectively energy inputs
are converted into useful outputs. For example, such as crop yield, while accounting
for energy used in lighting, climate control, irrigation, water treatment, and pumping.
Among these, artificial lighting and climate regulation are the dominant drivers of
energy consumption, as maintaining optimal growing conditions is essential for crop
productivity and quality.

In aquaponic systems the energy consumption is nearly the same as for the vertical
farms. The difference between aquaponic systems and vertical farms is that the
aquaponic system needs more energy for heating or cooling its system because the
fish need a stable temperature environment. But it uses less energy for lighting
because most of those systems are combined with greenhouses. (Körner, et al., 2021)
Although advances in LED lighting technologies are approaching the biological limits of
photosynthesis and have improved efficiency, overall energy demand remains high.
Particularly due to climate control systems influenced by plant physiological activity. 

The lack of standardized energy efficiency benchmarks makes it difficult to compare
vertical farming with traditional agricultural systems. High electricity consumption not
only increases operational costs but also contributes to greenhouse gas emissions,
limiting the climate benefits of vertical farming. Improving energy efficiency through
optimized system design, efficient equipment, and better integration of renewable
energy is therefore essential for enhancing the viability and sustainability of vertical
farming systems. (Stanghellini & Katzin, 2024)
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Reflection and Self-Assessment
Questions for reflection

Why is sustainable resource management important for the future of agriculture
and the environment?
Why does agriculture use such a large share of the world’s freshwater, and what
problems can this cause?
What are one advantage and one challenge of modern food production systems
like vertical farming or aquaponics?

Sustainability and Impact Perspective
This module promotes sustainability by helping students understand how natural
resources are used in agriculture and why responsible management is essential for the
future. It highlights the environmental impacts of food production and introduces
practical solutions such as water conservation, efficient resource use, and sustainable
farming systems. By working with real data and examples, students develop the ability
to think critically about global challenges and make informed decisions that support
long-term environmental protection, resource efficiency, and food security.

Inclusion and Accessibility Considerations
This module is designed to be accessible and inclusive for all learners. It uses clear
language, visual materials such as maps and graphs, and a variety of tasks to support
different learning styles. Discussion questions and activities encourage participation
from all students, including those with different backgrounds and abilities. Teachers
can adapt the content by simplifying texts, providing additional explanations, or
offering alternative formats to ensure that every student can engage with the topic
and contribute to learning.
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Summary and Key Takeaways
Responsible resource management is essential to ensure long-term environmental
sustainability, food security, and economic stability. Natural resources such as water,
energy, soil, and biodiversity are limited and increasingly under pressure due to
population growth, climate change, and rising consumption. How these resources
used today will strongly influence the living conditions of future generations.

Water plays a central role in agriculture, as farming accounts for around 70% of global
freshwater withdrawals. Global data reveals strong regional differences in water
availability, access to drinking water, irrigated land, and agricultural water use,
highlighting global inequalities and competition between human and agricultural
needs. Efficient water management is therefore crucial to reduce water scarcity and
protect ecosystems.

Water conservation techniques such as efficient irrigation systems, sustainable soil
management, and rainwater harvesting can significantly reduce water consumption
while maintaining agricultural productivity. Modern food production systems like
vertical farming and aquaponics offer promising solutions by using less water and
land, but they also present challenges related to high energy demand. Their
sustainability strongly depends on energy efficiency and the use of renewable energy
sources. Overall, sustainable resource and water management, supported by data-
based analysis and conservation strategies, is key to ensuring environmental
protection, resilient food systems, and future water security.

Key takeaways
Natural resources are limited and must be managed responsibly to ensure future
sustainability
Agriculture uses about 70% of global freshwater, making water management
crucial
Water availability and resource use differ strongly between world regions
Efficient irrigation, healthy soils, and rainwater harvesting reduce water
consumption
Sustainable water management protects ecosystems and supports food security
Vertical farming and aquaponics save water and land but require high energy input
Energy efficiency and renewable energy are key to making modern farming
systems sustainable
Data-based assessment is essential for evaluating environmental impact and
resource use
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Practical Setup and Maintenance of Systems

Module Overview
What if growing food could happen anywhere—on walls, in cities, or even in your own
room? Vertical farming offers exactly that: a modern way of producing food that uses
less space, water, and transport while reducing waste. Combined with aquaponics,
where fish and plants work together in a natural cycle, it becomes an even more
sustainable solution. But despite its potential, challenges in design, cost, and
maintenance still limit its wider use. This topic explores how vertical and aquaponic
systems work, how they can be built, and why they could play an important role in
creating a more sustainable future.

Learning Objectives
After completing this module, learners will be able to:

Understand how different system types of function, identify the necessary
equipment and structural components, and select suitable fish and plant species
Recognize and avoid common beginner mistakes while ensuring stable system
performance through regular monitoring, maintenance, and proper management
Manage water, nutrients, and natural recycling processes efficiently
Know how to control environmental factors such as light, temperature, humidity,
and air circulation
Use biofilters and monitoring tools to improve sustainability and system
performance
Apply practical knowledge to confidently set up and maintain aquaponic systems
3D print models of an aquaponics system and a vertical farm to enhance
understanding
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Key Concepts and Theoretical Background
Useful Knowledge and Practical Instruction
Aquaponics is more flexible than you might expect, over 150 different vegetables,
herbs, flowers, and even small trees have already been grown successfully in these
systems, from home setups to large commercial projects. Following these few key
guidelines will help you succeed.

Module 6
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Aquaponic Waste Management and Nutrient Recycling

Activity (10 min)
Let’s get a quick overview: The Beet: A Podcast for Plant Lovers (Aquaponics Basics)

Module 6
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In aquaponics, most nutrients come from fish feed and the water in the system. Fish
use some of the feed to grow, while the rest is released as waste. Liquid waste can be
used directly by plants, but solid waste must first be broken down by microorganisms
before plants can absorb it. In addition, factors like pH, temperature, and light levels
affect how well plants can take up nutrients, so these conditions need to be carefully
managed (Eck, Körner, & Jijakli, 2020).

In the following scheme the nutrient cycle is explained with the example of nitrogen.
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Bacteria play a key role in aquaponics because they turn fish waste into nutrients that
plants can use. Fish release waste mainly as ammonia, which is harmful at high levels.
Special bacteria convert this ammonia into nitrate, a safe and useful fertilizer for
plants, in a two-step process.

To make this work, a strong bacterial colony needs to develop. This process is called
cycling and usually takes about 3–5 weeks. During this time, ammonia is slowly added
to feed the bacteria, and water is regularly tested to track changes in ammonia, nitrite,
and nitrate levels.

First, ammonia-oxidizing bacteria (AOB) convert ammonia into nitrite. Then, nitrite-
oxidizing bacteria (NOB) turn nitrite into nitrate. (TECA, 2015)
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Setting Up and Maintaining Aquaponic Systems
How does it work?
Aquaponic is built up on a circulatory system. The water stays in the cycle, nearly
without any addition, only the water that evaporates has to get replaced. It is a
mixture of Aquaculture (keeping aquatic animals in tanks) and Hydroponic (letting
plants grow without any soil in the water). 
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Fig. Model of Aquaponic system

Module 6

Must-have equipment:
It is recommended to get a Media Bed System, even though they may require some
maintenance, you can plant a wide variety of plants. For such a system you need
following:

A fish tank: Generally, the bigger the better, but it also depends on the fish you get
which tank size you need
One or multiple grow-beds: Something, where you can place the plants and the
substrate
Grow Media: The media, which has to be used depends on the plants
A water pump: Should not be too powerful
An air pump and a few air stones: Is needed to keep the fish healthy
Tubing (and Plumbing): The layout should be kept simple, and PVC works fine
Fish and Plats: -> Will be covered in the next section

Optional, but good to have for beginners, is a water test kit, so you can check when
the cycling-phase is completed and to see if something is wrong with the water). (Go
Green Aquaponics, 2026)
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How much of what?
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Which plants and fish to use
Fish

Tilapia: Very tolerant, fast-growing and efficiently converts the food into nutrients
Goldfish: Extremely tolerant, handle a big spectrum of temperature and cheap
Koi: Beautiful, more expensive, live longer, but only for bigger systems, can be kept
outdoor
Catfish: Very tolerant, you can sell them for profit, need specific conditions, harder
to find

Generally, it is better to start with a lower number of fish, so that you can gain some
experience and do not get overwhelmed if some things may go wrong.

Plants
Leafy Greens: Little space needed, quick growers, tolerant to a few nutrient
fluctuations. Good picks: Lettuce, Spinach
Herbs: Good for indoor and smaller systems, Minimal maintenance, they are
forgiving. Good picks: Basil, Parsley
Fruit-Bearing Plants: Harder to keep, need more nutrients, may need more space.
Good picks: Tomatoes, Peppers

It is better to start with plants like Lettuce or Spinach, because they are very beginner
friendly. (Go Green Aquaponics, 2026)
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Activity (10 min)
Listen to find out more about which plants to use: The Beet: A Podcast for Plant
Lovers (Best Plants for Aquaponics)

Module 6

Common mistakes:
Forgetting to cycle the system or rushing the process, causes the beneficial
bacteria to not be established well.
Getting too many fish for your system, which can lead to the water quality
dropping.
Overfeeding the fish, which spikes your ammonia level.
Not testing your water quality, you cannot determine it by looks.
Choosing the wrong fish/plants, sensitive fish/plants are hard to keep.
Thinking way too big and then get overwhelmed.
Not gathering enough information.

How to set it up
1.Select a Location: Choose a location with sufficient light, a stable temperature, and

easy access for maintenance. Use grow-lights if necessary.
2.Set Up the Fish Tank: Place the tank on a sturdy, level surface. Fill it with

dechlorinated water, install an air pump, and check pH and temperature.
3.Prepare the Grow Bed: Position the grow bed above or next to the fish tank. Fill it

with suitable grow media and ensure proper water flow back into the tank.
4.Install the Pump and Plumbing: Connect the water pump to circulate water

between the tank and grow bed. Test and adjust the water flow and use a timer if
needed.

5.Cycle the System: Start the nitrogen cycle by adding beneficial bacteria or a small
amount of fish food. Monitor water parameters until they stabilize, which usually
takes 4–6 weeks.
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6.Add Plants and Fish
Once the system is fully cycled, add plants to the grow bed and introduce a small
number of fish.

7.Test and Adjust
Regularly check water quality, plant growth, and fish health, and adjust as necessary.
(Go Green Aquaponics, 2026)

How to maintain the system
Water Quality
Maintaining good water quality is essential for fish, plants, and bacteria. Monitor pH
(ideal range 6.8–7.2), ammonia (near 0 ppm), nitrites (0 ppm), nitrates (below 30 ppm),
and water temperature. Test regularly using aquarium kits and make small
adjustments as needed to keep the system stable and healthy.

Fish Feeding
Feed fish a high-quality diet suitable for their species. Avoid overfeeding—only give
what fish can eat within 2–3 minutes. Most fish should be fed 1–2 times per day,
adjusting amounts based on fish size, species, and water temperature.

Plant Care and Pest Management
Regular pruning promotes healthy plant growth and prevents overcrowding. Check
plants frequently for pests and manage them early using natural, system-safe
methods. (Go Green Aquaponics, 2026)

Optional Activity
Start small and print your own Aquaponics 3D Model. 
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Conceptualizing your vertical farm
Starting a vertical farm begins with a clear idea of what you want to achieve. This includes

setting goals, understanding your market, and checking if your plan is realistic.

Defining your vision: 
Purpose, scale, and

produce
First, decide your purpose,
whether it’s for personal
use, your community, or a
business. This will
determine the size of your
farm and what crops you
grow. 

Market research:
Understanding demand and

competition
Research what people in
your area need and what
others are already offering.
Look for gaps in the market
and think about how your
farm can stand out.

Feasibility analysis: Space,
budget, and time

Make sure your idea is practical
by considering your available
space, budget, and time. Even
though vertical farming saves
space, you still need enough
room and resources. Also, be
realistic about the time needed
to manage the system,
especially at the beginning.

Planning your vertical farm
After defining your idea, the next step is planning how to actually build your vertical farm. This
includes choosing the right crops, designing your setup, and deciding on a growing method.

Selecting your crops:
Considerations and
recommendations

Choosing crops depends
on your research and your
farm’s conditions. Leafy
greens like lettuce or
spinach and herbs such as
basil are popular because
they grow quickly and
produce high yields. 

Designing your vertical
farm: Layout, lighting, and

climate control
Your farm should use space
efficiently by stacking plants
in layers. Good lighting,
usually LED, is important for
healthy growth. You also
need to control temperature,
humidity, and airflow to
create the best conditions
for your plants.

Choosing your farming
method: Hydroponics,

aeroponics, and aquaponics
Finally, decide how you want to
grow your plants. Hydroponics
uses nutrient-rich water,
aeroponics sprays nutrients
onto roots, and aquaponics
combines plants with fish. 

Constructing and Maintaining Structures for Vertical Agriculture
Vertical farming is an innovative way of growing crops in stacked layers instead of
spreading them across large fields. These systems are usually set up indoors in
controlled environments like warehouses, old factories, shipping containers, or even
skyscrapers in cities.
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Building your vertical farm
Once planning is done, it’s time to start building your vertical farm. This stage includes
gathering materials, setting up the structure, and installing systems for water and climate
control.

Sourcing materials: Where and what to buy
To build your farm, you’ll need shelves or racks to stack plants, containers for growing, and
lighting systems to support photosynthesis. You’ll also need systems to control temperature,
humidity, and airflow, as well as irrigation to supply water and nutrients.

Constructing your farm: Step-by-step guide and safety tips
Once you have all your materials, you can start building your vertical farm. Begin by setting up
a strong and stable structure, such as shelves or racks, to hold your plants. Then add
containers with proper drainage. Install your lighting so all plants get enough light, even in
stacked systems. After that, set up your irrigation and climate systems and test everything
carefully.

Setting up your climate control and irrigation systems: Practical advice
Climate and irrigation systems are essential for plant growth. You need to control
temperature, humidity, and air quality using tools like fans, heaters, or humidifiers. The
irrigation system depends on your method.

Module 6
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Example
An Austrian example for a vertical farming concept was developed by the Vertical Farm
Institute in Vienna. The project has not been finalized yet, but it serves as an example of
how farming and food supply should be considered in the planning of the future city.
(Vertical Farm Institute, 2020)
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Activity (15 min)
Deep Dive: Explore more concepts for vertical farms here. Chose the
concept you like best and give reasons for your choice.

Optional activity
Start small and print your own Vertical Farming 3D Model.

Methods for Growing, Harvesting, and Managing Crops after Harvest
Methods for Growing Crops: Nutrient-Based Systems
In aquaponic systems, plant growth depends primarily on the availability and balance
of nutrients derived from fish waste. Fish excrete ammonia, which is converted by
nitrifying bacteria into nitrates. Nitrate represents the main nitrogen source for plants,
while additional macro- and micronutrients such as phosphorus, potassium, calcium,
magnesium, and iron must be carefully monitored to prevent deficiencies. (Food and
Agriculture Organization of the United Nations, 2026)
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Pros Cons

Easy to set-up and maintain Uneven water distribution

The media is also used as biofilter Needs a sturdy support (can get heavy)

You can grow a wide variety of plants May clog and may require maintenance

Kinds of aquaponic systems
There are many kinds of Aquaponic Systems, here are a few examples.

Media bed Aquaponic System
It is the most common aquaponic system. The main point of that system is that you
have any kind of medium (often gravel or expanded clay pellets), in which the plants
can grow. That also provides surface for nitrifiers, so you do not need an extra tank for
the filter. Sometimes there is also a mechanical filter, so that the substrate does not
distribute throughout the entire system.
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Pros Cons

Useful when growing many plants Less suitable for smaller spaces

Nutrients and temperature are easy to
maintain Not that good for any type of plant

Minimal risk of clogging Needs air stones, so that the roots receive
oxygen

PERFECT FOR smaller systems or home gardeners, who want to grow many different
plants. (Go Green Aquaponics, 2026)

Raft System (DWC):
It is also called Deep Water Culture. The plants are placed in a little basket into the
holes on a raft, which rise and fall with the current water level. The roots are directly
exposed to the water.
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PERFECT FOR a large-scale, because of the mass production capacity it has, and it
focuses on producing leafy greens and herbs. (Go Green Aquaponics, 2026)
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Pros Cons

Not much water is required to keep the roots
moist Larger plants can block the water flow

It is good for saving space A pump failure often leads to crop loss

The nutrients are readily available Regular maintenance and precise control of
the waterflow are a necessity

Nutrient Film (NFT) System:
Is a hydroponic technique, which comes from aquaponics. It uses nearly horizontal
pipes with a bit of an angle, so that there is a shallow stream. The roots are again
exposed to the water.
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PERFECT FOR urban places, where there is not enough space, and the food
production is not working well. It is often used on a smaller scale, and it focuses on
producing leafy greens and herbs. (Go Green Aquaponics, 2026)
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Harvesting Methods in Controlled Systems
Harvesting practices in aquaponic and vertical farming systems directly influence crop
quality, productivity, and system stability. Many crops are harvested selectively,
allowing plants to continue growing while maintaining steady nutrient uptake. This
approach increases total yield and supports continuous production cycles.

Hygiene is a key factor during harvesting. Tools must be cleaned regularly to prevent
microbial contamination, and harvesting should be carried out carefully to avoid
damage to roots or growing structures. Damage to these components can disrupt
nutrient and water circulation within the system and negatively affect subsequent crop
growth. 

Harvest timing also plays an important role. Crops harvested at optimal maturity show
improved shelf life and nutritional quality. In controlled systems, harvesting schedules
can be adapted precisely to growth conditions and market demand. (Food and
Agriculture Organization of the United Nations, 2026)

Post-Harvest Management
Post-harvest management includes all processes that occur after crops are harvested,
such as cleaning, cooling, storage, and distribution. Fresh produce remains biologically
active after harvest, leading to respiration and moisture loss. Without proper handling,
this can result in rapid quality deterioration.

Immediate cooling and gentle washing reduce microbial growth and slow metabolic
processes. Appropriate storage conditions, particularly controlled temperature and
humidity, further extend shelf life. In controlled environment agriculture, post-harvest
management benefits from short supply chains and local distribution, which
significantly reduce food losses and environmental impacts. (Food and Agriculture
Organization of the United Nations, 2026)
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Activity (1h)
Check if you understood everything by solving these problems with vertical farming?
Scan the QR Code to get to a groupwork task about problem solving and
troubleshooting for vertical agriculture systems.

Reflection and Self-Assessment

Module 6

Sustainability and Impact Perspective
This module contributes to sustainability by showing how food can be produced using
fewer natural resources and less space. Aquaponic and vertical farming systems reuse
water in closed loops, significantly reducing water consumption compared to
traditional agriculture.In addition, the module encourages learners to think critically
about sustainable design and long-term system management. By understanding how
to balance biological processes, energy use, and resource inputs, students gain
practical skills that can be applied to future environmental challenges. This promotes
awareness of sustainable innovation and empowers learners to contribute to more
climate-friendly and resource-efficient food production.

Inclusion and Accessibility Considerations
This module is designed to be accessible to a wide range of learners by combining
theoretical knowledge with hands-on activities. Practical tasks, such as building small
systems or using 3D models, support different learning styles and make complex
concepts easier to understand. The content encourages starting with simple, low-cost
setups, ensuring that participation is possible even with limited resources or prior
experience.
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Furthermore, the module promotes inclusivity by allowing flexible participation in
different environments, including classrooms, homes, or community spaces. Activities
can be adapted to different ability levels, and collaborative group work supports peer
learning and knowledge sharing. By focusing on scalable systems, the module ensures
that all learners can engage meaningfully, regardless of their background, skills, or
available space.

Summary and Key Takeaways
Vertical farming and aquaponics offer sustainable ways to produce food by combining
efficient technology with natural processes. Plants can be grown in stacked layers
using controlled conditions, while aquaponics connects fish, plants, and bacteria in a
closed-loop system where waste is reused as nutrients. Successful systems depend
on careful planning, balanced design, and ongoing maintenance, especially water
quality and environmental control. Choosing suitable crops and system types improves
productivity, while proper harvesting and post-harvest handling help maintain food
quality. Overall, these approaches show how innovative farming can reduce resource
use and support more sustainable food production.

Key Takeaways
Vertical farming allows food production in limited spaces
Aquaponics creates a closed-loop system between fish and plants
Bacteria convert harmful ammonia into useful plant nutrients
System cycling is essential before adding fish and plants
Water quality must be monitored regularly
Simple systems are best for beginners
Crop choice affects system success and difficulty
Environmental control (light, temperature, humidity) is crucial
Different systems (media bed, DWC, NFT) suit different needs
Good harvesting and post-harvest handling reduce waste
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Market & Business Aspects of Sustainable Farming

Module Overview
Sustainable farming systems such as aquaponics and vertical farming are increasingly
recognized as innovative solutions to environmental and food production challenges.
However, their success does not depend solely on technical efficiency or
environmental benefits. In order to be viable in the long term, these systems must also
function as economically sustainable businesses.

This module explores the intersection between agriculture and entrepreneurship. It
aims to equip learners with the knowledge and tools required to transform sustainable
farming practices into structured, market-oriented business activities. By focusing on
real-world applications, learners will understand how production decisions are
influenced by market demand, cost structures, and financial planning.

In addition, the module highlights the growing importance of local food systems, short
supply chains, and consumer awareness regarding sustainability. These factors create
new opportunities for farmers but also introduce new challenges related to
competition, pricing, and business strategy.

Ultimately, this module supports learners in developing a holistic understanding of
sustainable farming, not only as a method of production but also as a viable and
impactful economic activity.

Learning Objectives
After completing this module, learners will be able to:

Explain how sustainable farming systems operate within modern markets
Identify and evaluate business opportunities in aquaponics and vertical farming
Develop a basic but realistic business plan
Understand and apply financial concepts such as costs, revenues, and pricing
Design strategies for marketing and selling sustainable products
Reflect on the role of community and local partnerships in business success 
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Key Concepts and Theoretical Background
Sustainable Farming as an Economic Activity
Sustainable farming is often associated with environmental protection and resource
efficiency. While these aspects are essential, it is equally important to recognize that
farming is an economic activity that must generate income in order to survive. A farm
that cannot cover its costs or produce profit will not be able to continue operating,
regardless of how environmentally friendly it is.

For this reason, sustainable farming must be understood through three interconnected
dimensions: environmental sustainability, social responsibility, and economic viability.
These dimensions are often referred to as the “triple bottom line.” A successful
farming system should not only minimize environmental impact but also support local
communities and ensure financial stability.

In the context of aquaponics and vertical farming, economic viability is particularly
important because these systems often require significant initial investment.
Infrastructure such as tanks, pumps, lighting systems, and climate control
technologies can be costly. Therefore, farmers must carefully plan how they will
recover these investments and generate long-term income.

Understanding Agricultural Markets
Before establishing a farming business, it is essential to understand how markets
function. A market is defined by the interaction between supply (what producers offer)
and demand (what consumers want). In sustainable agriculture, demand is influenced
not only by price but also by factors such as quality, freshness, origin, and
environmental impact.

In recent years, consumer behavior has shifted significantly. Many consumers are now
willing to pay higher prices for products that are locally produced, organic, or
environmentally friendly. This creates opportunities for sustainable farmers to position
their products in premium market segments.
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However, understanding demand also requires identifying target customers. For
example, a vertical farming business may choose to sell directly to restaurants that
value fresh herbs and consistent supply, while another farm may focus on local
markets or subscription-based delivery systems. Each target group has different
expectations, purchasing power, and preferences.

Competition is another key factor. Farmers must analyze who else is producing similar
products, what prices they charge, and how they differentiate themselves. This
analysis helps in identifying gaps in the market and defining a competitive strategy.

Cost Structures and Financial Planning
One of the most critical aspects of running a farming business is understanding costs.
Costs can be divided into two main categories: fixed costs and variable costs.
Fixed costs are expenses that do not change with the level of production. These
include infrastructure investments such as greenhouses, aquaponic systems, lighting
equipment, and initial setup costs. These costs are usually high in innovative farming
systems.

Variable costs, on the other hand, change depending on production levels. These
include inputs such as seeds, fish feed, water, electricity, and labor. In vertical farming
systems, energy consumption can represent a significant portion of variable costs.
To ensure financial sustainability, farmers must compare their total costs with their
expected revenues. Revenue depends on the quantity of products sold and the price
per unit. The difference between revenue and costs determines profit.

A key concept in financial planning is the break-even point. This represents the level
of production at which total revenue equals total costs. Below this point, the business
operates at a loss; above it, it generates profit. Understanding this threshold allows
farmers to set realistic production and pricing strategies.
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Pricing and Value Creation
Pricing is not simply a matter of covering costs. It also reflects the perceived value of a
product. In sustainable farming, value is often created through factors such as quality,
freshness, environmental impact, and local origin.

For example, vegetables grown in an aquaponic system may be marketed as
pesticide-free and water-efficient. These characteristics can justify higher prices
compared to conventional products. However, pricing must remain competitive and
aligned with what customers are willing to pay.

Farmers must also decide on their pricing strategy. Some may choose to compete on
price by optimizing efficiency and reducing costs, while others may focus on
differentiation by offering premium products. In many cases, sustainable farms adopt
a hybrid approach, combining efficiency with value-added characteristics.

Marketing and Consumer Engagement
Marketing plays a crucial role in connecting production with consumption. It involves
communicating the value of a product to potential customers and building trust.

In sustainable agriculture, marketing often goes beyond traditional advertising. It
includes storytelling about how the food is produced, transparency about farming
practices, and direct engagement with consumers. Social media, farm visits, and
community events are commonly used tools.

Brand identity is also important. A strong brand can differentiate a farm from
competitors and create customer loyalty. For example, a farm may position itself as a
provider of fresh, local, and environmentally responsible food.

Another important aspect is the choice of distribution channels. Sustainable farmers
often rely on short supply chains, such as direct sales, farmers’ markets, or local
delivery systems. These channels not only increase profit margins but also strengthen
relationships with customers.
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Business Models and Innovation
A business model describes how a farm creates, delivers, and captures value. In
sustainable farming, innovative business models are often required to balance high
production costs with market opportunities.

For example, an aquaponics farm may combine multiple revenue streams, such as
selling vegetables, fish, and educational services. This diversification reduces risk and
increases financial stability.

Similarly, vertical farming businesses may focus on high-value crops that can be
produced efficiently in controlled environments. By targeting niche markets and
optimizing production systems, they can achieve profitability despite higher
operational costs.

Innovation is therefore not limited to technology but also includes new ways of
organizing production, marketing, and customer relationships.

Community Engagement and Local Partnerships
Sustainable farming is closely linked to local communities. Farmers do not operate in
isolation; they are part of a broader social and economic network.

Building partnerships with local stakeholders, such as restaurants, schools,
municipalities, and NGOs, can create new opportunities for collaboration and market
access. For example, a farm may supply local institutions with fresh produce or
organize educational workshops.

Community engagement also contributes to social sustainability. It raises awareness
about sustainable practices, supports local economies, and strengthens food security.
In many cases, successful farming businesses are those that are deeply integrated
into their local context.
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Practical Content and Activities

Activity 1: My Farming Business Idea
Duration: 1.5–2 hours
Format: Individual or small groups

Description:
Learners create a simple idea for a sustainable farming business based on aquaponics
or vertical farming.

Steps:
1.Choose a product (e.g., lettuce, herbs, fish)
2.Decide who will buy it (customers)
3.Explain why people would choose this product (local, fresh, sustainable)
4.List what is needed to start (equipment, space, materials)
5.Share the idea with the class.

Materials:
Simple Business Plan Template (Tool 1)

Expected Outcome:
Learners understand the basic elements of a farming business.
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Activity 2: Is My Idea Profitable?
Duration: 1.5 hours
Format: Individual work

Description:
Learners calculate basic costs and income to see if their business idea can make
profit.

Steps:
1.List main costs (equipment, energy, seeds, labor)
2.Estimate how much they can sell and at what price
3.Calculate total costs and total income
4.Check if they make profit or loss

Materials:
Cost & Profit Table (Tool 2)

Expected Outcome:
 Learners understand the relationship between costs, price, and profit.
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Activity 3: How Will I Sell My Product?
Duration: 1.5–2 hours
Format: Group work

Description:
Learners think about how to sell and promote their product in a simple and realistic
way.

Steps:
1.Choose a name for the farm/product
2.Decide where to sell (market, shops, online, restaurants)
3.Write a short message (e.g., “fresh and local food”)
4.Identify one strength and one challenge of the business
5.Present the idea

Materials:
Marketing & SWOT Template (Tool 3)

Expected Outcome:
Learners understand basic marketing and simple business strategy.
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Question Answer

What will you produce?

Who are your customers?

Why will they buy your product?

What do you need to start?

What makes your product
special?

Tools, Materials, and Resources
To successfully complete this module, learners and trainers will use a combination of
practical tools, structured templates, and digital resources that support both
understanding and application of business concepts.

A. Practical Tools and Templates
The following tools should be provided (printed or digital):

Tool 1: Simple Business Idea Template (Activity 1)
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Costs Amount (€)

Equipment

Energy

Materials (seeds,
feed)

Labor

Total Costs

Income Amount (€)

Sales (products)

Total Income

Result Amount (€)

Profit / Loss (Income
– Costs)

Tool 2: Cost & Profit Table (Activity 2)
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Section Details

Product Name

Where will you
sell?

Key Message

Strengths Challenges

Opportunities Threats

Tool 3: Marketing & SWOT Template (Activity 3)

Module 7

B. Digital Tools
Learners may use:

Google Sheets / Excel → for financial calculations
Canva → for branding and marketing design
Online market platforms (local supermarket websites, delivery apps) → for market
research
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Real-Life Application / Case Study
Intelligent Green Crops (IGC) – Vertical Farming in Greece
Intelligent Green Crops (IGC) is a Greek agri-tech company based in Thessaloniki that
specializes in vertical farming and controlled environment agriculture (CEA). It
represents one of the most advanced examples of sustainable farming innovation in
Greece.

IGC develops and operates indoor farming systems that use hydroponics and vertical
growing technologies, allowing crops to be cultivated in fully controlled environments.
These systems optimize key parameters such as light, temperature, humidity, and
nutrient delivery, enabling consistent, high-quality production regardless of external
climate conditions.

From a business perspective, IGC does not position itself as a traditional farm. Instead,
it operates as a technology-driven agricultural enterprise, combining food production
with innovation. Its main activities include:

Designing and supplying vertical farming units
Producing high-quality leafy greens and herbs
Collaborating with businesses and institutions
Supporting urban and commercial farming solutions

A key element of IGC’s business model is efficiency and resource optimization.
Compared to conventional agriculture, their systems:

Use significantly less water through recirculation
Require minimal land space
Reduce the need for pesticides
Enable year-round production

However, the company operates in a market where production costs—especially
energy—are relatively high. To remain competitive, IGC focuses on:

High-value crops with strong market demand
B2B clients such as restaurants, retailers, and hospitality businesses
Innovation and quality branding, emphasizing freshness and sustainability.
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Another important aspect of IGC’s strategy is its alignment with broader trends such
as urban agriculture and food security. By enabling production close to consumption
areas, the company contributes to shorter supply chains and reduced transportation
costs.

Challenges Faced
Despite its success, IGC faces several challenges typical of vertical farming
businesses:

High initial investment costs
Dependence on energy prices
Need for continuous technological optimization
Limited consumer awareness compared to traditional products

Key Lessons
This case demonstrates that in Greece:

Sustainable farming can evolve into a technology-driven business sector
Profitability depends on innovation, efficiency, and market positioning
Vertical farming is particularly suitable for urban and semi-urban environments
Strong links between technology and agriculture create new career opportunities.

Most importantly, IGC shows that sustainable farming is not only an environmental
solution but also a competitive business opportunity within modern agri-food systems.
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Reflection and Self-Assessment
This section is designed to help learners critically connect theoretical knowledge with
their own local context and future professional activities.

A. Reflection Questions (Individual Work)
Learners should answer the following questions in written form:

1.What type of sustainable farming product would be most suitable in your region
and why?

2.What are the main costs you would expect when starting such a business?
3.Who would be your target customers and how would you reach them?
4.What challenges could you face (economic, technical, social)?
5.How could sustainability increase the value of your product?

B. Self-Assessment Checklist
Learners evaluate their understanding:
☐ I can explain how a sustainable farming business operates
☐ I can identify a realistic target market
☐ I can calculate basic costs and revenues
☐ I can describe a simple business model
☐ I understand the importance of marketing and positioning
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Sustainability and Impact Perspective
This module highlights that environmental innovation alone is not enough to transform
agriculture. For sustainable farming systems to have a real impact, they must also be
economically viable and scalable.

By integrating business thinking into sustainable agriculture, this module contributes
to:

Environmental sustainability: promoting efficient use of water, energy, and land
Economic sustainability: enabling farmers to generate stable income
Social sustainability: supporting local employment and community development.

Sustainable farming businesses also play a key role in shortening food supply chains,
reducing transportation emissions, and increasing food system resilience—especially
in regions affected by climate change or resource limitations.

Furthermore, by empowering learners with entrepreneurial skills, the module supports
the transition toward a green economy, where innovation and sustainability create
new professional opportunities.

Inclusion and Accessibility Considerations
This module is designed to be adaptable to diverse learning environments, including
vocational education, youth training, and non-formal education settings.

To ensure accessibility:
Complex concepts are introduced progressively, starting from simple examples
and moving to more advanced applications
Visual tools and templates are used to support learners with different learning
styles
Group activities encourage peer learning and collaboration
Real-life examples help bridge the gap between theory and practice.

For learners with fewer opportunities:
Activities can be simplified (e.g., using guided templates)
Financial calculations can be supported with pre-filled examples
Trainers can provide additional explanations or one-to-one support.
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The module can also be adapted for blended learning, combining classroom
instruction with digital tools and online research.

Summary and Key Takeaways
Sustainable farming must be understood as both an environmental and an economic
activity. While innovative systems such as aquaponics and vertical farming offer
significant ecological advantages, their long-term success depends on their ability to
operate as viable businesses.

Throughout this module, learners have explored how market demand, cost structures,
pricing strategies, and marketing decisions influence the success of a farming
enterprise. They have also examined how sustainability can be transformed into a
competitive advantage, allowing producers to access new market opportunities.

A key takeaway is that successful sustainable farming requires a combination of
technical knowledge, financial planning, and strategic thinking. Farmers must not only
produce efficiently but also understand their customers, manage risks, and adapt to
changing market conditions.

By integrating these elements, sustainable farming can contribute not only to
environmental protection but also to economic development and social well-being.

Module 7



Market & Business Aspects of Sustainable Farming

11. References and Further Reading

Al-Kodmany, K. (2018). The Vertical Farm: A Review of Developments and Implications for
the Vertical City. Buildings, 8(2), 24. https://doi.org/10.3390/buildings8020024
Benke, K., & Tomkins, B. (2017). Future food-production systems: vertical farming and
controlled-environment agriculture. Sustainability: Science, Practice and Policy, 13(1), 13–
26. https://doi.org/10.1080/15487733.2017.1394054
European Commission. (2020). A Farm to Fork Strategy for a fair, healthy and
environmentally-friendly food system. https://food.ec.europa.eu/horizontal-topics/farm-
fork-strategy_en
European Commission. (2019). The European Green Deal.
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-
deal_en
European Commission. (2020). Circular Economy Action Plan: For a cleaner and more
competitive Europe. https://environment.ec.europa.eu/strategy/circular-economy-action-
plan_en
FAO. (2018). The future of food and agriculture – Alternative pathways to 2050. Rome: Food
and Agriculture Organization. https://www.fao.org/3/I8429EN/i8429en.pdf
FAO. (2021). Sustainable food systems: Concept and framework.
https://www.fao.org/3/ca2079en/CA2079EN.pdf
https://iqcrops.com
Love, D. C., Fry, J. P., Genello, L., Hill, E. S., Frederick, J. A., Li, X., & Semmens, K. (2014). An
international survey of aquaponics practitioners. PloS one, 9(7), e102662.
https://doi.org/10.1371/journal.pone.0102662
Specht, K., Siebert, R., Hartmann, I., Freisinger, U. B., Sawicka, M., Werner, A., Thomaier, S.,
Henckel, D., Walk, H., & Dierich, A. (2014). Urban agriculture of the future: An overview of
sustainability aspects of food production in and on buildings. Agriculture and Human
Values, 31, 33–51. https://doi.org/10.1007/s10460-013-9448-4
Srinivasan, K. Business Model Generation: A handbook for visionaries, game changers and
challengers.

Module 7

https://doi.org/10.1080/15487733.2017.1394054


8
Module



Cooperation and Effective Cross-Cultural
Communication

Module Overview
Sustainable farming does not happen in isolation. Farmers, researchers, and
organizations increasingly work together across regions and countries to exchange
knowledge, share experiences, and improve agricultural practices. This module
focuses on cooperation and cross-cultural communication as essential skills for
working in modern agricultural networks.

Learners will explore how different cultural, environmental, and economic contexts
influence farming practices. By understanding these differences, they will be better
prepared to collaborate with others, share best practices, and adapt solutions to local
needs.

The module also emphasizes the importance of flexibility, openness, and respect when
working in international or diverse environments. Through simple and practical
activities, learners will develop communication skills and learn how to work effectively
in teams, even when facing language barriers or different perspectives.

This module supports the development of key transversal skills such as teamwork,
communication, and cultural awareness, which are essential for both employment and
active participation in sustainable agricultural networks.

Learning Objectives
After completing this module, learners will be able to:

Understand the importance of cooperation in sustainable farming
Identify differences in farming practices across regions and cultures
Communicate effectively with people from different backgrounds
Share knowledge and best practices in a structured way
Adapt ideas and solutions to different local contexts
Work collaboratively in teams
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Key Concepts and Theoretical Background
Cooperation in Sustainable Agriculture
Sustainable agriculture often requires collaboration between different actors, including
farmers, researchers, businesses, and local communities. Cooperation allows
individuals to share knowledge, resources, and experiences, leading to better
solutions and innovation.

In projects such as aquaponics or vertical farming, cooperation is especially important
because these systems are still developing and require continuous learning. By
working together, farmers can solve problems more efficiently and avoid repeating
mistakes.

Cross-Cultural Communication
Cross-cultural communication refers to the ability to communicate effectively with
people from different cultural backgrounds. In agriculture, this can involve working
with partners from other countries or regions, each with their own traditions,
practices, and ways of thinking.

Differences may include:
Language
Communication styles
Work habits
Attitudes toward time and organization.

Understanding and respecting these differences helps avoid misunderstandings and
improves cooperation.
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Sharing Best Practices
A best practice is a method or technique that has been proven to work effectively. In
sustainable farming, best practices can include:

Efficient water use
Innovative growing techniques
Successful business models.

Sharing best practices allows others to learn and adapt these methods to their own
context. However, it is important to remember that what works in one region may
need adjustment in another.

Adapting to Different Farming Contexts
Farming conditions vary widely depending on climate, resources, and local needs. For
example:

Iceland focuses on indoor farming due to harsh weather
Greece uses water-efficient systems due to dry conditions.

This means that farmers must be flexible and able to adapt ideas rather than copy
them directly.

Cultural Awareness and Flexibility
Cultural awareness means understanding that people think and act differently
depending on their background. Flexibility is the ability to adjust your behavior and
expectations when working with others.
These skills are essential for:

Teamwork
International projects
Problem-solving 
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Practical Content and Activities

Activity 1: Comparing Farming Practices
Duration: 1.5 hours
Format: Group work

Description:
Learners explore how farming differs across countries or regions.

Steps:
1.Each group selects a country (e.g., Greece, Iceland, Austria)
2. Identify key farming characteristics (climate, methods, challenges)
3.Compare with their own country
4.Present differences and similarities.

Materials:
Internet or printed materials
Comparison Template (Tool 1)

Expected Outcome:
Learners understand how farming practices vary across contexts.
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Activity 2: Sharing and Adapting Best Practices
Duration: 1.5–2 hours
Format: Group work.

Description:
Learners select a farming practice and adapt it to a new context.

Steps:
1.Choose a best practice (e.g., aquaponics system)
2.Describe how it works
3.Identify challenges in another country
4.Suggest adaptations
5.Present results.

Materials:
Best Practice Template (Tool 2)

Expected Outcome:
Learners understand how to transfer and adapt knowledge.
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Activity 3: Communication Role Play
Duration: 1–1.5 hours
Format: Pair work.

Description:
Learners practice communication in a cross-cultural situation.

Steps:
1.One learner plays a farmer, the other a partner from another country
2.Discuss a farming idea or problem
3.Try to explain clearly and ask questions
4.Reflect on communication challenges.

Materials:
Role Play Guide (Tool 3)

Expected Outcome:
Learners improve communication and teamwork skills.
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Aspect Country A Country B

Climate

Farming
Methods

Challenges

Solutions

Question Answer

What is the practice?

How does it work?

Where is it used?

What are the benefits?

How can it be adapted?

Tools, Materials, and Resources

Tool 1: Farming Comparison Template
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Step Task

Introduce yourself Explain your role (farmer/partner)

Present idea Describe your farming concept

Ask questions Clarify understanding

Solve problem Suggest solutions together

Tool 3: Communication Role Play Guide
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Translation tools (if needed)
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Real-Life Application / Case Study
Case Study: EIP-AGRI Operational Groups – Cross-Cultural Cooperation in
European Agriculture
The European Innovation Partnership for Agricultural Productivity and Sustainability
(EIP-AGRI) is a European initiative that supports cooperation between farmers,
researchers, advisors, and businesses across different countries. Through its
“Operational Groups,” it brings together stakeholders from diverse backgrounds to
work on practical agricultural challenges.

These groups are often composed of participants from different regions and cultural
contexts, each contributing their own experience and knowledge. For example,
projects have focused on improving water efficiency, developing sustainable farming
techniques, and adapting agriculture to climate change.

One relevant example is cooperation between Mediterranean and Northern European
partners working on water management in agriculture. Farmers from Southern Europe,
where water scarcity is a major issue, share techniques such as efficient irrigation
systems and water-saving practices. At the same time, partners from Northern Europe
contribute knowledge about soil management and technological monitoring systems.

This exchange of knowledge requires effective communication and mutual
understanding. Participants must:

Explain their practices clearly
Understand different environmental conditions
Respect different working styles and perspectives

A key challenge in these collaborations is that solutions cannot be transferred directly.
Practices that work in one country must be adapted to local conditions, such as
climate, soil type, and available resources. This requires flexibility and critical thinking.
Despite these challenges, EIP-AGRI projects have shown that cooperation leads to:

Faster innovation
Better problem-solving
More sustainable farming practices
Stronger networks between countries
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Key Lessons
This case demonstrates that:

Cooperation between countries improves agricultural innovation
Cross-cultural communication is essential for successful collaboration
Best practices must be adapted, not simply copied
Diversity of knowledge is a strength in sustainable farming

Reflection and Self-Assessment
Reflection Questions

1.What differences did you observe between farming practices in different
countries?

2.Why is cooperation important in sustainable farming?
3.What challenges can occur in cross-cultural communication?
4.How can you adapt ideas from other regions?

Self-Assessment Checklist
☐ I understand the importance of cooperation
☐ I can identify differences between farming contexts
☐ I can communicate ideas clearly
☐ I can adapt solutions to local needs 
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Cooperation and Effective Cross-Cultural
Communication

Sustainability and Impact Perspective
Cooperation and knowledge sharing are essential for improving sustainability in
agriculture. By working together, farmers and organizations can develop more efficient
systems, reduce resource use, and respond better to environmental challenges.

Cross-cultural collaboration also strengthens innovation and supports the
development of resilient agricultural systems across different regions.

Inclusion and Accessibility Considerations
This module supports inclusive learning by:

Using simple language and clear examples
Encouraging teamwork and peer learning
Allowing different perspectives and experiences
Supporting learners with different backgrounds

Summary and Key Takeaways
Cooperation and communication are essential skills in modern agriculture. By
understanding cultural differences and sharing knowledge, farmers can improve their
practices and adapt to changing conditions. Working together leads to better solutions
and stronger, more sustainable agricultural systems.
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Continuous Improvement and Project Management

Module Overview
Sustainable farming is not a one-time activity but a continuous process that requires
regular monitoring, evaluation, and improvement. Farmers and agricultural
professionals must constantly assess their practices to ensure efficiency,
sustainability, and long-term success.

This module introduces learners to the basic principles of project management and
continuous improvement in the context of sustainable agriculture. Learners will
understand how to plan activities, monitor progress, evaluate results, and make
improvements based on evidence.

The module focuses on simple and practical tools that help learners track
performance, identify problems, and improve farming practices over time. It also
highlights the importance of setting clear goals, measuring results, and adapting
strategies when needed.

By developing these skills, learners will be better prepared to manage sustainable
farming projects and contribute to more efficient and resilient agricultural systems.

Learning Objectives
After completing this module, learners will be able to:

Understand the concept of continuous improvement in agriculture
Explain basic principles of project management
Set simple goals and plan farming activities
Monitor progress using basic indicators
Evaluate results and identify areas for improvement
Apply simple tools to improve farming practices
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Key Concepts and Theoretical Background
Continuous Improvement in Sustainable Farming
Continuous improvement is a structured and ongoing process of measuring
performance, identifying weaknesses, and implementing changes to achieve better
results over time. In sustainable agriculture, this process is essential because farming
systems operate under changing environmental, economic, and technological
conditions.

Rather than making large changes occasionally, continuous improvement focuses on
small, regular adjustments based on evidence. For example, a farmer may gradually
reduce water use by monitoring irrigation efficiency or improve crop yield by adjusting
nutrient inputs.

A widely used approach to continuous improvement is the PDCA cycle (Plan–Do–
Check–Act):

Plan: Define objectives and identify actions (e.g., reduce water use)
Do: Implement the changes (e.g., install drip irrigation)
Check: Measure results (e.g., compare water consumption)
Act: Adjust practices based on results.

This cycle is repeated continuously, ensuring that farming practices evolve and
improve over time.

Module 9



Continuous Improvement and Project Management

Project Management in Agriculture
Project management refers to the process of planning, organizing, implementing, and
controlling activities to achieve a specific goal within a defined time and resource
framework.

In sustainable farming, projects can include:
Setting up an aquaponics system
Introducing a new crop
Improving irrigation efficiency
Developing a local marketing system.

A simple project management structure includes:
1.Goal definition – What do we want to achieve?
2.Planning – What steps are needed?
3.Resource allocation – What materials, time, and people are required?
4.Implementation – Carrying out the activities
5.Monitoring – Tracking progress
6.Evaluation – Assessing results.

Effective project management reduces uncertainty, improves efficiency, and increases
the chances of success.

Monitoring and Evaluation (M&E) in Farming Systems
Monitoring and evaluation (M&E) are systematic processes used to assess the
performance of a project or farming activity.

Monitoring is continuous and focuses on tracking inputs and activities
Evaluation is periodic and focuses on outcomes and impact
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Type Example

Monitoring Weekly crop yield tracking

Evaluation Assessing profitability after harvest

Category Indicator

Production Yield per m²

Environmental Water use per kg of product

Economic Cost per unit / profit margin

For example:

Module 9

In sustainable agriculture, M&E helps answer key questions:
Are resources being used efficiently?
Are environmental impacts reduced?
Is the farm economically viable?

Indicators and Performance Measurement
Indicators are measurable variables used to evaluate progress and performance. Good
indicators are:

Simple (easy to measure)
Relevant (linked to goals)
Comparable over time

Examples of key indicators in sustainable farming:
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For example, in aquaponics systems, monitoring water consumption and fish growth
rate can help optimize system performance.

Data Collection and Decision-Making
Data collection is essential for effective monitoring. In modern agriculture, data can be
collected through:

Manual records (notebooks, logs)
Digital tools (spreadsheets, sensors)
Automated systems (smart farming technologies)

The key is not only collecting data but using it for decision-making. For example:
If energy costs are increasing → adjust lighting schedules
If yield is decreasing → review nutrients or system conditions

Data-driven decisions improve efficiency and reduce risks.

Problem Identification and Adaptive Management
Agricultural systems are dynamic and influenced by many factors such as weather,
market conditions, and biological processes. Therefore, problems are inevitable.

Adaptive management is the ability to:
Identify problems early
Analyze causes
Implement corrective actions
Learn from results

For example:
Problem: Low crop yield
Cause: Poor nutrient balance
Action: Adjust nutrient solution
Result: Improved production

This approach ensures that farming systems remain flexible and resilient.
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Practical Content and Activities

Activity 1: Planning a Farming Project
Duration: 1.5–2 hours
Format: Individual or group work

Description:
 Learners create a simple plan for a sustainable farming project.

Steps:
1.Define the goal (e.g., grow herbs, start aquaponics system)
2.List main activities
3.Identify needed resources
4.Set a simple timeline
5.Present the plan

Materials:
Project Planning Template (Tool 1)

Expected Outcome:
Learners understand how to organize and plan a project.
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Activity 2: Monitoring My Farm
Duration: 1.5 hours
Format: Individual work

Description:
Learners track key indicators for a farming activity.

Steps:
1.Select 2–3 indicators (e.g., production, costs, water use)
2.Record sample data (real or simulated)
3.Analyze results
4.Identify problems or improvements

Materials:
Monitoring Table (Tool 2)

Expected Outcome:
Learners understand how to track and interpret data.
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Activity 3: Improving My Project
Duration: 1.5–2 hours
Format: Group work

Description:
Learners evaluate a farming scenario and propose improvements.

Steps:
1.Review a farming situation (e.g., high costs, low yield)
2. Identify the problem
3.Suggest solutions
4.Present improvements

Materials:
Evaluation & Improvement Template (Tool 3)

Expected Outcome:
Learners develop problem-solving and improvement skills.
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Section Details

Project Goal

Activities

Resources
Needed

Timeline

Indicator Week 1 Week 2 Week 3

Production

Water Use

Costs

Tools, Materials, and Resources

Tool 1: Project Planning Template

Module 9
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Question Answer

What is the problem?

Why does it happen?

What can be improved?

What actions will you take?

Tool 3: Evaluation & Improvement Template
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Excel / Google Sheets → data tracking
Mobile apps → farm monitoring
Simple notebooks
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Real-Life Application / Case Study
Case Study: Precision Monitoring in Dutch Greenhouse Agriculture (Wageningen
UR & Dutch Horticulture Sector)

The Netherlands is one of the world leaders in greenhouse agriculture, particularly in
high-tech horticulture systems. A key factor behind this success is the use of
continuous monitoring and data-driven management, supported by research
institutions such as Wageningen University & Research (WUR).

In modern Dutch greenhouses, farmers use integrated monitoring systems to track
key environmental and production indicators in real time. These systems measure
variables such as:

Temperature
Humidity
Light intensity
CO₂ concentration
Water and nutrient use

Sensors continuously collect data, which is analyzed using software systems. Based
on this data, farmers can automatically adjust conditions to optimize plant growth.

For example:
If temperature rises too high → ventilation systems are activated
If plants need more nutrients → irrigation systems adjust automatically
If energy consumption increases → lighting schedules are optimized.

This approach is known as precision agriculture, where decisions are based on real-
time data rather than assumptions.
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A major outcome of this system is resource efficiency:
Water use is significantly reduced through recirculation systems
Energy use is optimized through controlled environments
Crop yields are higher and more consistent.

According to Wageningen UR research, this combination of monitoring and control
allows Dutch greenhouse farmers to achieve high productivity with lower
environmental impact.

Key Lessons
This case demonstrates that:

Continuous monitoring improves both productivity and sustainability
Data-driven decision-making leads to better resource management
Technology supports continuous improvement in farming systems
Project management and monitoring are essential in modern agriculture
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Reflection and Self-Assessment
Reflection Questions

1.Why is monitoring important in farming?
2.What indicators would you use in your project?
3.How can you improve your farming practices?
4.What challenges might you face?

Self-Assessment Checklist
☐ I understand continuous improvement
☐ I can plan a simple project
☐ I can monitor progress using indicators
☐ I can identify problems and solutions

Sustainability and Impact Perspective
Continuous improvement and effective project management play a crucial role in
achieving sustainability in agriculture. Sustainable farming systems cannot remain
efficient over time without regular monitoring, evaluation, and adaptation. This module
highlights how structured management and data-driven decision-making contribute
directly to environmental, economic, and social sustainability.

From an environmental perspective, monitoring key indicators such as water use,
energy consumption, and input efficiency allows farmers to reduce waste and
minimize their ecological footprint. For example, by tracking water usage, farmers can
identify inefficiencies and implement more sustainable irrigation methods. Continuous
improvement processes ensure that natural resources are used more responsibly over
time.

From an economic perspective, project management and evaluation help farmers
maintain profitability and reduce risks. By analyzing costs, production levels, and
market performance, farmers can make informed decisions that improve efficiency
and financial stability. This is particularly important in innovative systems such as
aquaponics and vertical farming, where initial investments are high and careful
management is required.
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From a social perspective, structured project management supports better
organization, collaboration, and knowledge sharing among farmers and stakeholders.
Monitoring and evaluation also promote transparency and accountability, which are
important for building trust within local communities and agricultural networks.

In addition, the use of continuous improvement approaches strengthens the resilience
of farming systems. Farmers who regularly evaluate their practices are better
prepared to respond to challenges such as climate change, resource scarcity, and
market fluctuations.

Overall, this module demonstrates that sustainability is not only about applying
environmentally friendly techniques, but also about managing agricultural systems
effectively, learning from data, and continuously improving practices over time.

Inclusion and Accessibility Considerations
This module is designed to be simple and practical:

Uses clear language and examples
Includes visual tools and templates
Supports group and individual learning
Can be adapted to different levels

Summary and Key Takeaways
Continuous improvement and project management are essential for ensuring that
sustainable farming systems remain effective, efficient, and adaptable over time.
Sustainable agriculture is not a fixed process; it requires constant observation,
evaluation, and adjustment in response to environmental conditions, resource
availability, and market changes.
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In this module, learners explored how to plan and manage farming activities as
structured projects, starting from defining clear goals to organizing resources and
implementing actions. They also learned that monitoring and evaluation are not
optional steps but central components of successful farming. By tracking key
indicators such as production, costs, and resource use, farmers can better understand
the performance of their systems.

A key takeaway is that data-driven decision-making improves both economic and
environmental outcomes. Even simple data, when collected regularly, can help identify
problems early and support better choices. Continuous improvement, supported by
tools such as the PDCA cycle, allows farmers to make gradual but meaningful changes
that increase efficiency and sustainability.

Another important aspect is the ability to adapt and respond to challenges. Farming
systems are influenced by many unpredictable factors, and successful farmers are
those who can analyze situations, identify solutions, and adjust their practices
accordingly.

Overall, this module highlights that sustainable farming requires more than technical
knowledge. It also depends on planning skills, monitoring practices, critical thinking,
and the ability to improve continuously. By applying these principles, learners can
develop more resilient and effective agricultural systems.
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Field Visits and Real-World Application

Module Overview
Field visits are a core component of vocational education and training in sustainable
agriculture, as they provide learners with the opportunity to observe real farming
systems, interact with professionals, and apply theoretical knowledge in practical
contexts.

Within the BLUE&GREEN project, field visits are not simply observational activities, but
structured learning experiences designed to help participants identify real challenges,
analyze farming systems, and propose solutions based on practical evidence.

This module focuses on how to effectively design, implement, and evaluate field visits.
It introduces learners to key concepts such as experiential learning, structured
observation, stakeholder interaction, and reflective practice.

Learners will develop the ability to organize field visits, collect and analyze
information, and connect real-world experiences with sustainable farming principles
such as aquaponics and vertical farming.

Learning Objectives
After completing this module, learners will be able to:

Understand the role of field visits in vocational and experiential learning
Plan and organize a structured field visit
Identify key elements to observe in sustainable farming systems
Communicate effectively with farmers and stakeholders
Analyze real-world agricultural challenges
Reflect on field experience and document learning outcomes
Evaluate learning results and contribute to certification processes
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Key Concepts and Theoretical Background
Experiential Learning and Learning by Doing
Field visits are based on the principle of experiential learning, where knowledge is
constructed through direct experience, observation, and reflection.

In agricultural education, this approach is particularly important because:
Farming systems are complex and context-dependent
Real conditions cannot be fully simulated in classrooms
Practical understanding improves decision-making skills

Learners move through a cycle:
1.Experience (visit)
2.Observation
3.Reflection
4.Application

This process ensures deeper and long-lasting learning.

Role of Field Visits in Sustainable Agriculture Training
Field visits serve multiple educational and professional purposes:

Bridging theory and practice
Exposing learners to real technologies and systems
Understanding local and regional farming conditions
Encouraging problem-solving and critical thinking.

In the BLUE&GREEN project, field visits are directly linked to:
aquaponics systems
vertical farming facilities
sustainable farming demonstrations
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Designing an Effective Field Visit (Methodology)
A field visit must be carefully structured to ensure learning outcomes. It consists of
three key phases:

Phase 1: Preparation (Before the Visit)
This is the most important stage.
Key steps:

Define clear learning objectives
 (e.g., understand water management in aquaponics)
Select an appropriate site
 (farm, greenhouse, vertical farming unit)
Prepare learners:

background information
key concepts
expected observations

Develop guiding tools:
observation checklist
key questions

Organize logistics:
schedule
transport
safety measures

Phase 2: Implementation (During the Visit)
During the visit, learning must be active, not passive.
Key elements:

Guided tour by experts
Structured observation
Interaction with farmers and technicians
Note-taking and data collection
Participation in simple activities (if possible)
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Learners should focus on:
production systems
inputs and outputs
efficiency
challenges

Phase 3: Follow-Up (After the Visit)
This phase transforms experience into knowledge.
Activities include:

Group discussion
Reflection exercises
Report writing
Identification of improvements.

Without reflection, the learning impact of field visits is significantly reduced.

Observation and Analytical Skills
Learners must go beyond observation and develop analytical thinking.
They should be able to:

Identify problems (e.g., high energy use)
Understand causes (e.g., lighting systems)
Suggest solutions (e.g., optimization strategies)

This process supports problem-based learning, which is essential in VET.

Stakeholder Interaction and Communication
Field visits involve interaction with:

farmers
technicians
entrepreneurs.

Effective communication skills include:
asking relevant questions
active listening
respectful engagement.

This supports cross-cultural communication, especially in international projects.
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Reflection, Evaluation, and Certification

Reflection allows learners to:
consolidate knowledge
connect theory with practice
develop critical thinking

Evaluation methods include:
questionnaires
group discussions
written reports

In Erasmus+ contexts, learning outcomes can be recognized through:
Youthpass certificates
participation certificates
competency-based assessment 

Module 10



Field Visits and Real-World Application

Practical Content and Activities

Activity 1: Designing a Field Visit Plan
Learners create a structured plan for a field visit.
Focus:

objectives
observation focus
logistics

Activity 2: Field Analysis Exercise
Learners analyze a real or simulated farm system and identify:

challenges
inefficiencies
solutions

Activity 3: Reflection and Evaluation
Learners produce a short report including:

observations
analysis
proposed improvements
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Section Details

Learning Objectives

Location & Type of
Farm

Key Questions

Activities

Logistics & Safety

Tools, Materials, and Resources

Tool 1: Field Visit Planning Template
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Aspect Observation Problem Suggested Improvement

Production

Resources

Technology

Sustainability

Tool 2: Observation & Analysis Sheet
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Question Answer

What did I observe?

What challenges did I
identify?

What solutions do I propose?

What did I learn?

Tool 3: Reflection & Evaluation Template
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Real-Life Application / Case Study
Case Study: Field Training and Study Visits at Ísponica (Iceland)

As part of the BLUE&GREEN project, participants take part in structured field visits at
Ísponica, a vertical farming and aquaponics facility located in Northern Iceland.
Ísponica operates an integrated system where fish farming and plant production are
combined in a closed-loop system. Water from fish tanks is filtered and reused to
nourish plants, creating a resource-efficient and sustainable production model.

During the field visit, participants:
observe real aquaponic and vertical farming systems
analyze system components (fish tanks, biofilters, plant beds)
monitor environmental conditions (water quality, nutrients)
interact with experts and technicians
participate in guided practical demonstrations

Learners are encouraged to identify key challenges such as:
energy consumption in controlled environments
system maintenance complexity
adaptation to local climatic conditions

Through structured observation and group discussions, participants propose solutions
and explore how similar systems could be implemented in their own regions, such as
Central Greece or Austria.

This field-based learning approach is essential for:
developing practical skills
understanding real constraints
transferring knowledge across different environmental contexts
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Sustainability and Impact Perspective
Field visits enhance sustainability education by connecting learners directly with real
farming systems. They promote practical understanding of resource efficiency,
environmental impact, and economic viability.

By observing real practices and identifying improvements, learners contribute to the
development of more sustainable and resilient agricultural systems.

Summary and Key Takeaways
Field visits are a critical component of vocational education in sustainable agriculture
because they allow learners to connect theoretical knowledge with real-world
practice. Through structured planning, active observation, and reflective analysis,
learners develop practical skills and a deeper understanding of farming systems.

A well-organized field visit includes preparation, implementation, and follow-up
phases, each contributing to the learning process. By analyzing real challenges and
proposing solutions, learners enhance their problem-solving abilities and readiness for
professional practice.

Ultimately, field visits support the development of competent, adaptable, and
sustainability-oriented agricultural professionals.
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This guide has explored the principles, practices, and innovations that are shaping the
future of sustainable agriculture. From understanding core concepts such as soil
health, biodiversity, and resource efficiency to examining advanced systems like
aquaponics and vertical farming, it highlights how agriculture can evolve to meet
global challenges in a responsible and resilient way. As emphasized throughout the
modules, sustainable farming is not a single method but a holistic approach that
integrates environmental protection, economic viability, and social wellbeing.

By combining traditional knowledge with modern technologies and fostering
cooperation across communities and countries, sustainable agriculture offers practical
solutions to issues such as climate change, food security, and resource scarcity. The
BLUE&GREEN project demonstrates that education, innovation, and collaboration are
key drivers in this transition, empowering learners to actively contribute to more
sustainable food systems.

Conclusion

Now it’s your turn to take action—apply what you have learned,
experiment with sustainable practices, and become a part of the

change toward a greener and more resilient future.

Disclaimer
This guide includes some images and visual materials that have been generated or enhanced using
artificial intelligence. These visuals are intended for educational and illustrative purposes only and may
not always represent real-life systems or conditions with complete accuracy.
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