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	The design of an aquaponic system has a major influence on its success, productivity, efficiency, and the kinds of plants it can support. Numerous design factors must therefore be considered, since nearly every environmental and biological condition can affect the aquaponic ecosystem. In this chapter, we will examine the main design considerations associated with different aquaponic systems. In particular, we will explore the fundamental design concepts and distinguishing characteristics of the three systems used most often: Media Beds, Nutrient Film Technique (NFT), and Deep Water Culture (DWC). We will also briefly examine several variations of these systems that have emerged and developed in more recent years.

	The purpose of this chapter is to give you a broad view of the design possibilities and applications available within aquaponics. Later, we will narrow that perspective and walk through the construction of a standard small-scale system that can be expanded or adapted according to your individual requirements. For now, it’s time to imagine the possibilities let’s get started!

	Common Aquaponic System Types

	Aquaponic systems can be constructed in an enormous variety of shapes and sizes, and as the practice continues to develop, the range and efficiency of available designs will likely increase as well. Aquaponics only began gaining meaningful popularity during the 1980s, which means there is still considerable opportunity for innovation, experimentation, and improvement. Hopefully, this book will encourage you to contribute to that continuing evolution. At present, however, three main versions of aquaponic systems are used most frequently: the media bed method, deep water culture (DWC), and nutrient film technique (NFT).

	Media Bed:

	Media bed systems are among the most commonly used aquaponic designs, particularly for people who are new to the practice. For that reason, we will devote more attention to this approach than to NFT and DWC systems. With media bed aquaponics, plants grow inside containers filled with a growing material such as gravel, perlite, or clay pebbles, which are also commonly called hydrotons. Hydroton clay is heated to temperatures approaching 1200°C, causing the material to expand and form a honeycomb-like internal structure that can retain water—a valuable characteristic that helps keep plants from drying out. Rather than using soil, these materials physically support plant roots while also supplying the extensive surface area that beneficial bacteria need for colonization (Rakocy et al., 2006). Remember that bacteria perform an essential function in aquaponics because they transform fish waste into nutrients that plants can use.

	The growing containers are generally organized as raised beds or in a trough-style arrangement. Beds may be positioned sequentially beside one another or configured vertically so that the plants are situated above the fish tank. Water is pumped from the fish tank into the growing bed, where plant roots can take up the available nutrients. Water that remains after this process drains back into the fish tank, completing the circulation cycle. Media bed systems are highly adaptable and can support many different crops, including fruiting plants, herbs, and leafy greens. The growing media create a stable root environment while providing excellent nutrient distribution and aeration.

	Media Bed Construction

	A wide range of materials can be used to construct media beds, provided they satisfy the following requirements:

	Made from food-grade materials that will not harm the plants, fish, or beneficial bacteria;

	Capable of being connected easily to other beds or components with standard plumbing fittings;

	Strong and durable enough to contain water as well as the other components used within the system;

	Designed so that positioning the bed beside other system components is not unnecessarily restricted;

	When installed outdoors, capable of tolerating changing weather and environmental conditions.

	Media beds are commonly constructed from plastic, fiberglass, or wooden frames lined along the base and interior walls with waterproof plastic or rubber sheeting. Plastic containers are among the most widely used options, particularly intermediate bulk containers (IBCs), although repurposed items such as old bathtubs can also serve the purpose effectively.

	Since aquaponics is fundamentally rooted in environmentally conscious practices, try to reuse or upcycle materials whenever practical. Doing so not only reduces your dependence on potentially destructive supply chains but may also dramatically lower the initial amount of money required to establish an aquaponic system. That makes reuse beneficial on both fronts.

	The dimensions and shape of your growing beds will depend largely on your available space and what you intend to accomplish with the system. A typical bed is rectangular, approximately 1 m wide and between 1 and 3 m long. Keep in mind that whatever container you select must have enough structural strength to support everything placed inside it, so construction materials should be considered carefully when determining bed dimensions. Length is another important factor. Excessively long beds may result in uneven distribution of the growing medium, increasing the likelihood that water will accumulate in particular areas. Pooled water can encourage anaerobic bacteria to flourish, potentially creating conditions severe enough to destabilize or even collapse the entire aquaponic system.

	Your grow beds should also be sized in a way that reduces unnecessary physical effort. This is an area where aquaponics can borrow from permaculture principles by designing around practical efficiency. If you cannot comfortably reach at least halfway across the grow bed when harvesting crops, another bed dimension is probably a better choice. Bed depth matters as well because the appropriate depth depends on what you plan to grow. Large fruiting vegetables such as cabbage or tomatoes require greater root volume and may need approximately 30 cm of depth. Leafy greens, in contrast, generally require only around 15–20 cm to accommodate their roots. When roots are not given adequate room to spread through the growing medium, they can become matted and experience nutrient deficiencies. This instability may eventually become serious enough for plants to topple over. Just like everything else, healthy plants need a strong foundation from which to grow!

	Selecting Your Growing Medium

	Several important factors should guide the selection of growing media for an aquaponic system. Each of the options discussed below possesses different characteristics that can influence plant development and overall system performance. Consider the following qualities when making your choice:

	1. Inert and Non-Toxic

	Your selected medium should be chemically inert, meaning it should neither react significantly with the water nor introduce harmful substances into the system. It must be safe for both plants and fish so that each can develop in a healthy environment. Maintaining a neutral pH is also important because it helps preserve appropriate water conditions and prevents the medium from negatively affecting the larger system.

	2. Surface Area and Permeability

	A suitable growing medium should provide extensive surface area where beneficial bacteria can establish themselves. At the same time, it needs sufficient permeability for air and water to move through it without difficulty. Proper aeration supports bacterial activity, promotes effective water circulation, and supplies plant roots with the oxygen they require.

	3. Availability and Cost-Effectiveness

	Try to select a growing material that is reasonably priced and readily obtainable where you live. Although cutting corners on the quality of your medium is not advisable, creative sourcing can substantially reduce the amount of money required for the initial installation of your aquaponic system.

	4. Drainage Properties

	Effective drainage helps prevent waterlogged conditions and maintains sufficient oxygen around plant roots. Your chosen medium should therefore allow surplus water to move away efficiently rather than collecting around the root zone. Poor drainage and prolonged waterlogging can create problems for both the plants and the fish.

	5. Ease of Use

	Select a growing medium that is reasonably simple to handle and work with. A manageable material will make both initial construction and routine maintenance much easier. Think about characteristics such as weight and texture to ensure that the medium is practical and comfortable for you as the farmer to use. A medium that can be moved and handled without excessive difficulty also makes future adjustments or modifications to the system considerably easier.

	If a material satisfies these requirements, it should generally function effectively as a growing medium within your aquaponic system. Making an appropriate selection will help improve both the productivity and overall success of the system. Now, let’s examine several commonly available choices.

	Tip: Always wash your growing medium thoroughly before placing it into the system. This is particularly important when the material contains dust or small particles, since these materials may clog system components and can potentially damage the gills of your fish.

	Volcanic Gravel (Tuff)

	Volcanic gravel, frequently called tuff, is considered one of the strongest choices for media bed aquaponics and is highly recommended whenever it can be obtained. One of its primary advantages is its excellent surface-area-to-volume ratio, which creates abundant habitat where beneficial bacteria can colonize. It is also relatively economical. After being properly washed, volcanic gravel remains largely chemically inert, although small quantities of microelements may be released during the system’s first few months of operation. Gravel size deserves careful attention. Smaller pieces are more susceptible to becoming clogged by solid waste circulating through the system, whereas excessively large pieces do not offer enough surface area and may provide inadequate physical support for plants. For these reasons, aim for volcanic gravel with a diameter of approximately 8–20 mm.

	Light Expanded Clay Aggregate (LECA)

	Light expanded clay aggregate (LECA) consists of expanded clay pebbles. Although the material was originally developed to provide thermal insulation for building roofs, it has more recently become a useful growing substrate in hydroponic production. These lightweight, rounded pebbles have several advantages over alternative substrates and are sold in different sizes, with approximately 8–20 mm generally being ideal for aquaponic applications. Their low weight makes them easy to handle, and they are particularly well suited to rooftop growing systems, making LECA an appealing choice for urban producers. In rooftop applications, the material may even contribute additional insulation to the building, potentially lowering heating and cooling expenses. Whenever you decide where to install an aquaponic system, remember to evaluate the local microclimate as well as the limitations of the available space—and don’t overlook the possibility of stacking your growing areas vertically!

	The major disadvantage of LECA is its cost. It is comparatively expensive and may not be readily available in every location.

	Limestone

	Limestone is frequently selected because it is inexpensive and easy to obtain, but it is generally not recommended as an aquaponic growing medium. Relative to other media, limestone offers a smaller surface-area-to-volume ratio, is comparatively heavy, and reacts significantly with water—exactly the kind of characteristic we normally want to avoid. Limestone raises water pH, producing considerably more alkaline conditions. There are situations, however, where this property can be useful. If the available water source is acidic, introducing a limited quantity of limestone may help offset the acidifying effects produced by nitrifying bacteria. In a properly balanced system, this could potentially reduce or eliminate the need to buffer the water regularly. Additional disadvantages are that limestone can be more difficult to work with during planting and harvesting and may contribute to clogging. In our view, limestone should be selected as a growing medium only when more suitable alternatives cannot be obtained, and its effects on water quality should always be considered carefully.

	Alternative Growing Media

	When the previously discussed materials cannot be obtained, several additional growing media may be considered. Possible alternatives include:

	Pumice

	A white or grey volcanic material commonly used as a hydroponic growing substrate;

	River-bed gravel

	Organic substrates, including:

	Rice hull

	Coconut fiber

	Moss

	Sawdust and peat

	Recycled plastic

	Note: Recycled plastic has a tendency to float, so a gravel layer is needed to hold it below the water surface.

	Although organic substrates are frequently inexpensive, they carry several potential disadvantages, including oxygen depletion, gradual decomposition, and system clogging. Nevertheless, organic materials can serve as temporary substrates in aquaponic systems. When they eventually begin breaking down, they can be taken out of the aquaponic system, composted, and repurposed as a useful soil amendment for conventional soil-grown crops. Choosing natural materials can be an excellent approach when you have the necessary space, resources, and additional uses for them!

	Filtration: Maintaining a Clean System

	One feature that clearly separates media beds from Nutrient Film Technique and Deep Water Culture systems (covered below) is the way filtration occurs. Media beds function as highly effective mechanical and biological filters. They also create an environment where mineralization can take place, something NFT and DWC systems do not inherently provide. For strong, healthy development, plants need minerals such as nitrogen, phosphorus, potassium, calcium, magnesium, iron, zinc, and many others. Plants, however, can only access these nutrients when they are present in inorganic forms such as nitrate, phosphate, and sulfate. Bacteria perform this conversion as part of biological filtration, so combining this process with mechanical filtration makes media beds exceptionally efficient. Even so, the mechanical filtration occurring within the media requires regular observation. Clogging can create anaerobic pockets, potentially causing serious problems for the other living organisms throughout the system.

	Mechanical Filtration

	In an aquaponics setup, media beds can function as an extremely effective clean-up system. Acting as a large physical filter, they capture suspended and solid fish waste along with other organic material moving through the water. How effectively they perform this task depends partly on the particle size of the chosen medium. Smaller particles fit together more closely and can trap greater quantities of solids, whereas larger particles leave wider spaces that may allow waste to pass through, particularly when water is moving more quickly. That gives you one more important reason to select your growing medium carefully!

	When media beds are not appropriately sized for the number of fish in the system—known as the stocking density—the amount of waste can exceed the medium's filtering capacity and create severe clogging. The result may be grow beds packed with accumulated solids, restricted water movement, and potentially hazardous low-oxygen conditions. Correcting the problem can require taking apart and thoroughly cleaning the system, consuming valuable time and effort while also disturbing both plant development and bacterial populations. That’s an outcome nobody wants!

	The best way to prevent this problem is to account for stocking density and the feeding regime during the initial system design, then apply the feed rate ratio to determine an appropriate media-bed size. We’ll explore these calculations and considerations in greater detail later.

	Biological Filtration

	Media beds are equally powerful when it comes to biological filtration. Their enormous surface area gives nitrifying bacteria abundant space to establish colonies and carry out their essential work. Among the various aquaponic system designs, media beds are particularly effective biological filters precisely because they offer so much colonizable surface. As a result, ammonia and nitrite—which could otherwise threaten the health of the entire system—can be converted much more effectively.

	Keep in mind that biological filtration can be sensitive to changing conditions. Its effectiveness may decline when media beds lose oxygen and become anoxic, temperatures fall too far, or overall water quality deteriorates. The Aquapon therefore needs to monitor the system consistently so those helpful bacterial communities remain healthy and productive. They really are the behind-the-scenes champions of your aquaponics journey!

	We’ll explore media beds in greater detail in later chapters. For the moment, however, it’s time to examine the components of the other two system designs commonly used for larger-scale operations.

	Nutrient Film Technique (NFT)

	Nutrient Film Technique originated as a hydroponic growing method but has since been widely adopted for aquaponics. Rather than growing crops in a large container filled with medium, as with media beds, NFT places plants in horizontal pipes through which a gentle stream of nutrient-rich aquaponic water continuously passes. Plants sit in openings along the tops of the pipes, positioning their roots so they can absorb nutrients from the thin layer of flowing water beneath them. You might picture it as a miniature water park for plants, with the bacteria enjoying their own lazy river.

	Both NFT and DWC (Deep Water Culture) are widely used in commercial aquaponics because they can be expanded to larger production levels relatively affordably. NFT systems also stand out for their ability to conserve water. Since water travels inside horizontal pipes where it is protected from direct sunlight, evaporation is reduced. This makes the system more water-efficient, self-sustaining, and environmentally friendly.

	NFT does come with several disadvantages. Compared with media beds, these systems tend to be more complex and costly to install. For someone planning a commercial growing operation in a rural location, another system may be more practical because NFT requires reliable access to suppliers as well as maintenance and repair support when equipment fails. In urban environments, however, NFT can excel, particularly where available vertical space is valuable or structural weight is restricted. Under those conditions, it can completely change what is possible for urban agriculture.

	Although each of the three primary aquaponic approaches grows plants somewhat differently, one of their most important distinctions is the way filtration is handled. NFT and DWC follow a different filtration strategy from media-bed systems. Before examining those filtration requirements, though, we first need to understand the path water follows through an NFT setup.

	Water Flow

	Water starts its journey in the fish tank, then moves under gravity through a mechanical filter before reaching a combined biofilter and sump pump. At this point, usually with the assistance of ‘Y’ connector valves, the pumped water is divided into two pathways. One portion of the filtered water is returned directly to the fish tank, while the other portion travels toward the plants. Gravity then takes over again, carrying water past the individual plants so their roots remain hydrated and can absorb available nutrients. After passing through the plant-growing pipes, the water returns to the combined biofilter and sump pump. The cycle then begins again as overflowing water from the fish tank makes its way
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