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From Hair to Harvest: Reworking Sustainable Hydroponics in the Netherlands
 
Imagine being able to grow in a single acre what would take 10 acres of traditional dirt farming to produce (Gopal, 2018). Imagine using only a half-gallon of water to grow about a pound of tomatoes, while the global average is more than 28 gallons (Reiley, 2024). These idyllic agricultural scenarios are taking place today in the Netherlands, making their hydroponic farming a shining beacon in the agricultural world today. 

However, the bright beacon of hydroponics in the Netherlands harbors a dark problem - their reliance on non-biodegradable substrates. These materials, though effective, contribute to environmental waste and health concerns (White, 2004). As the rest of the world looks to the Netherlands as a model for hydroponics, it is imperative that they strive for sustainability in every aspect of their hydroponic systems. The solution? A groundbreaking approach that transforms waste hair into a biodegradable hydroponic substrate, offering a sustainable path forward for food production. This novel approach aligns with the Netherlands' commitment to circular agriculture and waste reduction while enhancing hydroponic efficiency.

The Netherlands has a long history of agricultural efficiency as they have been forced to innovate in the face of limited farmable land and a rainy climate (Agriculture and Horticulture, n.d.). This innovation can especially be seen in their hydroponics industry. Hydroponics, a method of growing plants without soil, has become increasingly important in modern agriculture due to its efficiency in resource use and its ability to produce high yields in controlled environments (Nguyen et al., 2016). It is especially prominent in the Netherlands, where they use techniques like vertical farming and water reuse to make use of limited land and resources (den Besten, 2019). Within Europe, which generates 45% of total global hydroponic crop production, the Netherlands have the most crop production (Jensen, 2019). The Netherlands is the world’s second largest food exporter behind China. However, per square meter of arable land, the Netherlands exports 19,192% more crops than China (Hydroponics, the Future, n.d.). 

One type of hydroponic system, a medium culture system, is often used to germinate seeds for transplanting into larger hydroponic systems. A medium culture system allows for the cultivation of plants in a porous substrate that carries water or nutrient solution. When used for germination and initial growth, a hydroponic medium culture can eliminate the risk of soil-borne pathogens and seed weeds (Langenfeld & Bugbee, 2022). Eliminating these risks leads to higher germination rates, increasing profitability while also conserving water and reducing the need for pesticides and herbicides. As the demand for sustainable hydroponic practices grows, there is a pressing need to evaluate and innovate medium culture systems.

Current popular substrates in hydroponics, such as mineral wool and phenolic foam, are effective but come with notable drawbacks (Barrett et al., 2016). Mineral wool, while widely used for its water retention and aeration properties, is non-biodegradable. Also, mineral wool can be a health hazard, as its dust and fibers can be harmful (Patil et al., 2020). Phenolic foam substrates, though lightweight and supportive, are also non-biodegradable and, when no longer usable, would take up space in a landfill. This also contributes to economic strain, as the cost of disposal and regulatory compliance adds financial burdens on farmers as well as the local infrastructure (About the DWMA, n.d.). The economic consequences of these materials are significant. Non-biodegradable substrates must be replaced frequently, adding recurring expenses for farmers. These costs filter down to consumers, limiting the availability of fresh produce at affordable prices and creating a barrier to food access for vulnerable populations. These factors create a need for biodegradable substrates that can repurpose waste materials, thereby reducing waste and promoting sustainability in hydroponic farming.

Recent studies have explored the creation of a hydroponic substrate that utilizes keratin derived from human hair waste (Chua et al., 2020). This substrate is biodegradable and utilizes waste, making it a promising solution to issues with other substrates. 

This substrate is highly attractive as all of its components can be derived from waste materials, including hair and food waste. With the U.S. and Canada discarding approximately 1.15 × 107  kilograms of hair each year, this waste material is very abundant (Ong, 2023). The keratin component is extracted from waste hair or wool through a two-step reductive method, often referred to as the “Shindai Method” (Nakamura et al., 2002). 

Additionally, the substrate contains cellulose to strengthen the keratin through bonds and improve water retention because of its many hydroxyl (OH) groups. This component is also able to be from various forms of waste, specifically food waste. With the European agricultural sector alone generating about 250 million tons per year of by-products and waste, it is a huge source for possible cellulose production (Szymańska-Chargot et al., 2017). Cellulose can be made from Solanum lycopersicum (tomato) peels, Cucumis sativus (cucumber) peels, Zea mays (corn) stalks, and more (Jiang & Hsieh, 2015; Sai Prasanna & Mitra, 2020; Lou et al., 2022).

This creates a cycle in which waste materials are used for farming, which then creates food waste and feeds humans to create hair waste. This cycle not only has environmental advantages but it also has economic advantages (Zhao et al., 2022). By utilizing waste materials, production costs could be reduced, making the transition not only financially feasible for farmers but beneficial for them.

An additional characteristic of this keratin-based substrate that makes it very appealing is its possibilities with nutrient supply. Previous studies have suggested that keratin substrates could provide essential nutrients and improve plant growth through the incorporation of nutrient-doped carbon dots (CDs). Nutrient-doped carbon dots are carbon nanoparticles that have been infused with specific nutrient atoms, like nitrogen or phosphorus, during their synthesis (Munusamy et al., 2023). When incorporated into the keratin-based substrate, these nutrient-doped carbon dots slowly release nutrients that can be utilized by the plant. Copper-doped carbon dots (Cu-CDs) are the only nutrient-doped carbon dots that have been previously researched as a part of this substrate. In this research, Brassica rapa (bok choy) exhibited a 44% increase in shoot length and a 50% increase in root length (Zhao et al., 2022). This shows an additional advantage of using this new substrate. 

The use of keratin-based substrates also eliminates dependence on imported, synthetic materials, shielding farmers from price volatility in international markets. Most currently used substrates are sourced from foreign suppliers. For example, the main phenolic foam exporter is China (Global phenolic foam suppliers, manufacturers list and global exporters directory of phenolic foam, 2018). Additionally, the greatest exporter of rockwool, another popular substrate, is also China (Technical insulation companies, top technical insulation manufacturers, 2023). Using a material made from the waste of their own country would decrease reliance on imported products and reduce input costs for farmers by lowering reliance on costly imports. By utilizing locally sourced waste, the Netherlands can stabilize production costs and reduce its agricultural carbon footprint simultaneously, making food more financially accessible and environmentally conscious.

A final incentive for using this substrate is that the Dutch model of farming prioritizes sustainability, which is shown through various government policies that force Dutch farmers to adopt sustainability. A typical Dutch farmer, dependent on controlled-environment agriculture due to limited space and resources, faces rising costs and regulatory pressures to adopt greener practices. This has even led to protests recently, showing that farmers are increasingly economically vulnerable as they face policies that force them to change large aspects of their farming to be in compliance with aggressive government policies (Westhoek & Boezeman, 2024). While this is good-meaning, it puts farmers in a difficult position, as they can either change their farming drastically or face taxes and fines. With increasing demand for sustainability in the government, transitioning to more environmentally-friendly alternatives for hydroponic substrates could significantly benefit small-scale and industrial hydroponic farmers without forcing them to pivot to very different farming methods. These keratin-based substrates are a small but meaningful change that farmers can make. They function very similarly to previous substrates but are made from waste and are biodegradable. This means that they will not disrupt farming but they will benefit the environment.

This solution also helps bolster food security in the Netherlands. Reducing substrate costs helps farmers keep produce prices stable, making fresh vegetables more accessible to all income groups. Also, local production of biodegradable substrates strengthens supply chain resilience, making sure that there is still strong agricultural production even when there are import disruptions. Finally, year-round hydroponic production in urban and rural areas increases the availability of nutrient-rich, fresh produce, improving dietary quality across the population.

Implementing this keratin-based substrate into Dutch hydroponics is also the next step in creating a stronger model for others to follow around the world. First, more intensive research should be done. While research on this substrate has already been done in the U.S. and Singapore, it has not yet been done on a large scale (Zhao et al., 2022). Through collaboration with the government and private sector, they can accelerate large-scale production and testing. Research can also be done at one of the many Dutch universities, such as Wageningen University, that are well-equipped for researching hydroponic solutions (Marcelis, n.d.). This research is necessary to fine-tune the substrate for widespread use among Dutch farmers. 

After research, implementing trial projects through pilot programs in Dutch greenhouses can provide empirical data and refine the substrate’s formulation even further with a real-life scenario. It can also provide an opportunity for farmers to see the benefits of this biodegradable substrate or work with scientists to fix what they find isn’t working in their farms. These pilot programs can be created through coordination with the European Union's Common Agricultural Policy (CAP), which provides funding for sustainable agricultural innovations (The Common, n.d.). By using CAP support, Dutch policymakers can help the transition to biodegradable hydroponic substrates. This transition aligns with a key goal of CAP, which is enhancing food security through eco-friendly farming practices.

In addition to CAP support through pilot programs, government subsidies and tax benefits for biodegradable substrates can also encourage adoption of these hydroponic substrates. Similar environmental financial incentives have already been implemented in the Netherlands. Some examples of this are their ​​Gemeenschappelijk Landbouwbeleid (GLB) subsidy program for organic farming and their Sustainable Land Use (greening) subsidy program (Common Agricultural, n.d.). Expanding these financial incentives to include biodegradable hydroponic substrates would provide economic motivation for farmers to transition away from mineral wool and phenolic foam. By integrating these subsidies with CAP funding, policymakers can create a comprehensive framework that accelerates the adoption of sustainable growing methods while ensuring financial viability for farmers.

While government subsidies will accelerate early adoption, keratin-based substrates will be economically smart in the long term as they remove landfill disposal costs and lower input expenses. Farmer cooperatives could jointly invest in processing facilities, further reducing costs through shared ownership. These economic advantages would make these keratin-based substrates financially viable for farmers for a long time, not just when the initial government subsidies are in place.

Another way, other than subsidies, in which government support can be used is through partnerships with waste management facilities. The Dutch Waste Management Association already sorts and recycles waste, with a focus on plastics (About the DWMA, n.d.). Including food waste and hair waste into this sorting can ensure a steady supply of raw materials for the creation of the substrate. Keratin for substrate production can be sourced from hair waste collected through waste pickup from salons across the Netherlands. 

In addition to hair waste from salons, keratin can be obtained from the surplus of wool in the Netherlands. Each year, sheep farms in the Netherlands burn 1.5 million kilograms of wool (Leertouwer, 2022).  This because the wool is not considered economically viable for textile production. Redirecting this waste stream of keratin-rich wool towards hydroponic substrate manufacturing would provide a steady, renewable source of keratin while reducing the environmental harm caused by open burning. By converting discarded wool into a value-added agricultural input, farmers not only cut down on needless waste but also contribute to a circular economy that strengthens food security.

Another step in towards the use of these substrates is education. While farmers do not need training on handling keratin-based materials in hydroponic systems as they are very similar to the substrates currently in use, it may be advantageous to publicize the benefits of these substrates so that farmers can understand why this change is being made. This can be done through government outreach programs, agricultural conferences, and collaboration with university research institutions. Hosting workshops, distributing informational materials, and incorporating findings from pilot programs into training modules can help build awareness and trust among farmers. Additionally, partnerships with agricultural cooperatives and industry stakeholders can further promote the adoption of biodegradable substrates by demonstrating their long-term economic and environmental benefits.

If proven effective in the Netherlands, this solution could be adapted for use in countries with limited arable land and may need to rely on hydroponics such as Singapore, the United Arab Emirates, or parts of sub-Saharan Africa (Arable land by country, 2022). Most countries have an abundance of waste hair and, by substituting additional locally available keratin-rich waste sources for wool, these regions could replicate the model while reducing agricultural dependency on imports.

The transition from non-biodegradable hydroponic substrates to keratin-based alternatives aligns with the Netherlands’ sustainability goals. By repurposing hair and wool waste, this solution reduces unnecessary space taken up in landfills, enhances plant growth, and supports the idea of a circular economy. This change also allows for further progress towards a more environmental Netherlands without forcing farmers into wildly different farming practices as the Netherlands government is currently receiving a lot of backlash for. 

Adopting keratin-based substrates is more than an environmental choice. It is a strategic investment in food security. By lowering production costs, stabilizing prices, and ensuring a sustainable, resilient supply chain, the Netherlands can lead the world in combining agricultural innovation with social responsibility. With proper investment and policy support, keratin-based substrates could redefine sustainable hydroponic farming in the Netherlands, setting a global precedent for agricultural innovation.
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