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ABSTRACT
Minimising outputs of waste and pollution by recycling is a common interest for organic agriculture and circular economy. However, in practice many efforts to increase recycling of various biological materials are hampered because standards for certified organic production and processing tend to prefer natural products, avoiding processing and especially chemical processes. This creates several dilemmas for organic agriculture, especially when organic stakeholders argue that organic management is the best way to achieve a sustainable development. 
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Introduction
Circular economy is defined by Wikipedia as a regenerative system where inputs of resources, and outputs of wastes and pollution are minimised by closing the loops of materials and energy. In contrast, in the linear economy resources and energy are converted in a 'take, make, dispose' model of production. Organic agriculture has always strived for a farm model utilising local resources in a resilient way, and hence has a significant part of its philosophy in common with the basic ideas of the circular economy. Bio-economy is a central part of the circular economy, where biological resources are used to replace finite inputs and provide products, processes and services, and innovations are driven by the rapidly growing body of biotechnological knowledge. Research to promote bioeconomic innovations has been prioritized in Norwegian research activities over the last years, with several projects funded e.g. by the Research Council of Norway (RCN) program “Sustainable Innovation in Food and Bio-based Industries”. A national bio-economy policy was recently launched (The Norwegian Government, 2016), emphasising interdisciplinarity and research and development activities across traditional value chains to develop new and more sustainable industries. One famous example is research conducted to transform forest-derived materials to fish feed (Foods of Norway, 2016). 
From the organic agriculture sector, researchers have been involved to study the potential of biological co-streams or residual materials as feed and fertilizers, and to contribute holistic perspectives in the scientific discussions. The research project “Total utilisation of raw materials in the supply chain for food with a bio-economical perspective” (CYCLE, 2013-17) aimed at improving the resource utilisation in the Norwegian food industry by developing eco-friendly bio-processes, applying novel technology across various food chains (chicken, fish, vegetables). New ways to utilise co-streams generated during the processing of food raw materials were studied, with a potential to increase resource utilization and economic surplus (Eilertsen et al., 2017). A spin-off project, “Complete and bio-economical exploitation of laying hens” (HØNE, 2014-17) focused on the utilisation of discarded laying hens for food, feed and fertilization purpose. A recently established project, “Marine rest raw materials for fertilizers to organic agriculture” (RESTOR, 2018-20), aims at developing a complete organic fertilizer from marine raw materials. Marine raw materials are linked to terrestrial food chains, since significant amounts of nutrients and organic matter enter marine ecosystems. Sewage and leaching from agricultural land, and intensive aquaculture with feeds derived from terrestrial systems bring significant amounts of nutrients into the sea, where especially nitrogen (N) and phosphorus (P) may affect negatively on the environment, causing eutrophication and loss of biodiversity (Smith, 2003). Research funded to promote the development of organic production and consumption, e.g. via the ERA-net CORE Organic, has also focussed on recycled materials used for fertilization, e.g. in the project “Improved phosphorus resource efficiency in organic agriculture via recycling and enhanced biological mobilization (IMPROVE-P, 2013-16). Here, NORSØK was leading a work package to study the opinions of stakeholders in the organic sector about recycled fertilizers. 
This paper draws on knowledge obtained in these four projects, to analyse some dilemmas for organic agriculture arising from the rapidly increasing interest in utilization of biological and recycled materials in the society. Organic agriculture and agro-ecological production systems are acknowledged to contribute towards sustainable development (e.g. IAASTD, 2009). Organic certification is important to communicate the qualities of organic produce, but is dependent on rigorous, detailed and over time increasingly complicated regulations. EU regulations for organic production were established in 1991 (EEC 1991), and the many updates since then are nicely compiled by IFOAM-EU (2018). Standards and regulations are highly useful to define and promote a certain mode of agricultural production, but they will also tend to conserve the production system if they are not carefully adapted to changing conditions over time, incorporating new knowledge and innovation. The organic movement has adapted the strategy “Organic 3.0” (Rahmann et al., 2016; Arbenz et al., 2016), where fulfilling organic regulations is referred to as a minimum requirement, while producers should work continuously to develop best possible practices, founded in the goals and principles of organic farming and supported by dissemination of knowledge and relevant research. In this paper, we discuss whether this approach may take away the focus from the importance of regulations for the further increase of organically managed farmland. If organic stakeholders devote time and resources to discuss the inspiring future of organic agriculture instead of the actual challenges posed for organic farmers and related industry by the current regulations, we may risk that less farmers become and stay motivated for organic production. It may seem very provocative to state this in a situation where IFOAM-EU and organic stakeholders all over Europe have worked hard since March 2014 to avoid that the changes in EU regulations for organic production would possibly harm many established farmers, e.g. because of a proposed specific legal threshold that would make organic producers liable for pesticide contamination by conventional farmers (IFOAM-EU, 2015). However, from a scientific point of view, nothing has yet been done in this round of revision to change regulations that may possibly put organic agriculture on a side track, overtaken by engineers in the biotech industry making contributions towards sustainable development, and meeting no hindrances from organic regulations.
The four studies presented above will be used to present three dilemmas where ideas, principles and standards of organic agriculture are challenged by ideas, principles and not least, practical outcomes of the circular economy. As a basis for the analysis, a comparison of some important characteristics of circular economy and organic agriculture will be sketched. The overall aim of this paper is to discuss dilemmas for certified organic agriculture posed by the rapid innovations and changes driven by circular economy.
Circular economy versus organic agriculture
As referred above, circular economy is a regenerative system where inputs of resources, and outputs of wastes and pollution are minimised by closing the loops of materials and energy. Bio-economy is a crucial part of this economy, utilizing biological resources and biotechnological knowledge to develop new products and services, preferably replacing products and services based on finite resources. As defined by IFOAM (2008): “Organic agriculture is a production system that sustains the health of soils, ecosystems and people. It relies on ecological processes, biodiversity and cycles adapted to local conditions, rather than the use of inputs with adverse effects. Organic agriculture combines tradition, innovation and science to benefit the shared environment and promote fair relationships and a good quality of life for all involved”. Circular economy may be regarded as an integrated part of organic agriculture, since recycling and utilization of renewable resources are common practices in organic farming. However, these practices are not the overarching headline of the organic production system. The definition of organic agriculture is much more comprehensive. The four basic principles of health, ecology, fairness and care (IFOAM, 2005) are valuable indications of goals to be achieved, but do not directly explain the most commonly known characteristics of any organic farming system: the practice of refraining from pesticides and soluble mineral fertilizers. These practices can be understood from the part of the definition which says “rather than the use of inputs with adverse effects”, even if it may seem scientifically biased to put mineral fertilizers in the same category as pesticides with respect to adverse effects. Other important practical characteristics of organic farming, such as respecting the integrity of animals and giving free excess to outdoor areas, cannot be deduced from the definition, except possibly in the last term about “good quality of life for all involved”. Turning to the definition of circular economy, it is challenging to understand what practices may actually derive from being re-generative. However, for the remaining part of the definition, it is quite easy to understand what kind of activities and practices that may belong to the circular economy. 
Whereas the only framework for circular economy is the simple definition, organic agriculture has an additional rigorous framework of principles, standards and regulations. In the paper, we will only focus on a very restricted part: A few regulations governing the application of input factors in production and processing. Organic regulations do not accept chemical processing nor synthetic compounds. Physical or mechanical processing is accepted. Inputs should be natural or naturally derived substances or materials, and mineral fertilizers must be of low solubility. In the further part of this paper, we will demonstrate by case study examples from the four referred projects how these regulations may hamper recycling and utilization of locally available resources in organic farming.
Dilemma 1: Requests for naturalness collide with sustainability-driven demands for recycling
Environmental concern appeals to organic producers (Koesling et al., 2008) and consumers (e.g. Hughner et al., 2007). Hence, we could expect that innovative food products such as insect meal made from larvae fed on non-edible biological materials, and food grade oil made from animal bones, would be of interest for organic consumers. However, requests for naturalness easily collide with sustainability-driven demands for recycling and maximum resource utilization. 
Poultry feathers and bones from birds produced for slaughter are usually regarded as non-edible for humans. Laying hens being discarded because of low production are usually not slaughtered, at least not in Norway, because it does not pay off for the farmer. The current use of chicken bone residues and feathers in our country is as feed to fur animals, whereas discarded laying hens are normally incinerated. However, minced residues after mechanically deboning of meat (MDM) and feathers are rich in protein, and MDM residues also contain high amounts of lipids and minerals which may be extracted by hydrolysis. Similarly, laying hens to be discarded may be a valuable resource for high quality food and feed products. There is a serious lack of protein feed in Europe (Koeleman 2018), also within organic agriculture. Inspired by thorough studies of fish oil derived by hydrolysis of fish cuttings, animal bones from chicken and laying hens were used as a raw material in the CYCLE and HØNE projects. The chicken bones contained about 16% protein, 18% lipids and 6% ashes. High quality soluble proteins and oils were obtained by enzymatic hydrolysis (Tveit 2014; Hjellnes 2016), where minced material was mixed with water and enzymes, and heated to about 50 °C for about 1 hour, forming layers of oil, soluble proteins and a bottom sediment with insoluble proteins and minerals. Both soluble and insoluble proteins had high contents of amino acids commonly found in collagen (glycine, alanine and hydroxyproline), and hence may be evaluated for gelatine extraction. The soluble proteins had good sensory properties, and may be used as an ingredient in processed food. The oil also had high quality, indicating that edible oil for human consumption may be processed from such materials, alternatively oil for feed. 

The main component of feathers, beta-keratin (95% of dry weight) has a very low digestibility since beta-keratin is resistant to degradation due to disulphide bonds. Keratin can be solubilised by high-pressure boiling, chemical hydrolysis, or by combinations of these treatments (Adler et al., accepted). Globally, 24 billion poultry birds are produced each year. Assuming an average body weight of 2 kg and a feather content of 5 %, the total amount of feathers produced is 2.4 million tonnes per year. In spite of this huge amount, only few companies produce feather meal in Europe, applying the standard method of pressure boiling to produce about 175.000 tonnes of feather meal annually. In Europe, feather meal may only be utilised as feed for pets, fish and fur animals, and as a fertiliser. Typically, feather meal has 70-80 % crude protein with a digestibility of 60-70%. Prices vary between 250 and 550 € per ton. 
Animal bones processed directly after slaughtering of the animal are a category 3 product (food grade), and hence may be used for human consumption, or animal feed. Feather meal is likely most relevant as feed. In any case, the utilization is dependent on thorough processing (milling, hydrolysis, separation, stabilisation, possibly further processing). 
EU regulations for organic production (EU 889/2008, Annex V, p. 41) do not allow feed of other animal origin than milk, eggs or fish. Feed products derived from eggs must only be given to poultry, and fish must only be given to non-herbivore animals (fish, pigs and poultry). Hence, feather meal protein, hydrolysed poultry protein, poultry oil or even eggshells, with a high bioavailability of calcium (Okano et al., 1994; Løes 2017), would not be allowed as an ingredient in organic feed, even when produced from certified organic raw materials. 

If the raw materials were permitted for production of feed ingredients, the processing itself could possibly still pose a hindrance for utilising such feed ingredients in organic agriculture. The norms of organic production and processing (IFOAM 2014, p. 17) allow physical and biological processing, but restrict chemical methods (IFOAM 2014, p. 16). Further, synthetic substances, defined as being formulated or manufactured by a chemical process or a process that chemically changes a substance extracted from naturally occurring plant, animal or mineral sources, are restricted. Enzymes are generally accepted in organic agriculture, and products derived from enzymatic hydrolysis could hence be accepted. Chemical hydrolysis as required for feathers would likely not be accepted. Given the definition of synthetic, it may well be that at least the feather meal would be regarded as synthetic as well. What about chicken oil? Is the oil chemically changed when extracted from bone residues? What is actually a chemical change? The web-based dictionary “Vocabulary” defines a chemical change using the cooking of pancakes as an example: Since the physical state changes from a liquid to a solid, the pancake is subject to a chemical change. Hence, extracting oil (liquid) from bone (solid) is a chemical change, and high quality edible oil made from certified organic poultry bones would probably not be certified as an organic food product.
Restricting chemical and synthetical methods is a way to operationalize the demand for naturalness in organic agriculture. Producing e.g. oil from chicken bones is in one way not natural at all. It is not possible to observe any physical link between the final product (oil) and the origin animal, and the more processed a food item is, the more the consumer needs to trust the food industry for not manipulating the food. On the other side, producing food grade oil and proteins from raw materials that are currently not utilized for food at all, seems to be a truly sustainable innovation. The CYCLE study showed that efficient hydrolysis of feathers was supported by applied chemicals (sodium hydroxide, NaOH and sodium sulphite, Na2SO3); the composition of amino acids in feather meal matches well the demand in farmed salmon (Adler et al., accepted). In this way, a waste product could be transformed to a high-value food product, instead of relying on imported soy proteins. However, (hydrolysed) feathers cannot be said to be a natural feed for salmon, even if some fish species eat young birds when available and salmon is a carnivorous fish species. So far, Norwegian salmon producers are very sceptical towards utilization of feather meal in the salmon feed, because they fear negative consumer reactions. However, in future this may possibly change, if the poultry industry would convince the fish feeders that feather meal would increase the credibility of the farmed salmon.

In short, the first dilemma can be summarized as follows:

Can organic agriculture defend its position as the possibly best practical way towards sustainable production systems, if innovative food and feed products of animal origin, processed by chemical methods, are not accepted?
Dilemma 2: Demand for low solubility fertilizers and non-polluted products challenges the use of recycled fertilizers
Anaerobic digestion of various organic residues to produce biogas has many benefits. If properly designed and maintained, a biogas plant may reduce emissions of greenhouse gases, especially methane, from organic residues that could have been produced with alternative treatment of the substrates, such as composting of source-separated household waste. It is also possible to establish a value chain for the digestate, especially where farmers are involved by delivering manure as a significant substrate to the plant. The interest for this treatment technology has been rapidly increasing in Europe (Torrijos, 2016) for several years, with Germany and Italy as leading countries. However, the economic viability is highly dependent on national support schemes for alternative energy. Norway has lagged behind due to lack of national support, but some well-established plants exist, and have an important function to treat substrates that are otherwise often poorly utilized such as fish sludge (Løes et al., 2016).
Sewage, where human excrements contribute a major part of the contents of organic matter and nutrients contains valuable nutrients and organic matter. Precipitation of struvite, a phosphate mineral with formula NH4MgPO4·6H2O is a promising way to extract P from the sewage to reduce risk of eutrophication of water bodies and close the P gap (Wollman and Möller, 2015). Application of sewage sludge products on agricultural land is also an interesting option, where organic matter is better utilized than by incineration or chemical degradation (Singh and Agrawal, 2008). 
Whereas IFOAM-standards are somewhat open towards the use of human excreta, EU-regulations do not allow for the use of products derived from human excrements to agricultural land. The norms of IFOAM for organic production, formerly called basic standards (Norm 3.1, Crop production) states that “Organic soil fertility management does not use human excrement on crops for human consumption without measures to protect humans from pathogens” (IFOAM 2016). Sewage sludge or human excreta are not specifically mentioned in EU regulations for organic production, but since they are not listed in Annex I of EU 889/2008 they are not permitted, and several national regulations and private standards explicitly ban these sources (Løes et al., 2017).
Increased utilization of organic materials as fertilizers is beneficial for agriculture in general, especially in regions where soil organic matter levels are declining. Recycling of organic matter and nutrients back to farmland is a basic idea in organic agriculture, well rooted in the basic principle of ecology (IFOAM 2005). Organic growers are familiar with technologies to treat organic materials in various ways, from composting and anaerobic digestion to mulching and direct application. Some recycled fertilization products are also well suited to replace conventional animal manure. Organic growing based on the input of conventional animal manure weakens the integrity of organic agriculture (Oelofse et al. 2013), and actions should be taken to avoid such fertilization practice. Some private organic standards, e.g. Bioland, do not allow manure from conventional pigs or poultry, only ruminants and horses (Bioland, 2016). What nutrients are available, then, to compensate for phoshorus removed from agricultural fields in farm products? Human excreta constitute a major part of available phosphorus, and residues from meat industry also comprise a significant part (Möller et al, 2018). A majority of organic stakeholders surveyed in IMPROVE-P were positive towards application of fertilizers derived from human excrements in organic agriculture, provided the products were proven safe with respect to food safety issues (Løes 2016). For fertilizers derived from animal by-products, the same arguments about organic integrity may be presented as for animal manure. 
Whereas some organic pioneers like Sir Albert Howard strongly advocated the recycling of all organic waste materials, including “night soil” (i.e., human excreta) back to farmland to keep it fertile (e.g., Howard 1943), others feared pollutants and pathogens, and biodynamic agriculture has had a negative attitude towards this resource. For long, sewage has been considered among many as a product not suited for application to farmland, leading to burning of sewage sludge in some countries like Switzerland. Lack of mineral P sources may slowly change this attitude. In spite of the organic ban on fertilizers made from sewage, struvite and calcined phosphate were proposed by the Expert Group for Technical Advice on Organic Production (EGTOP) in 2016 to be included in Annex 1. For struvite a permission challenges the ban on mineral N fertilizer, since struvite contains about 5 % ammonia (NH4). Until now (March 2018), a possible allowance for using struvite and calcined P in organic agriculture is dependent on an authorization of these products in the EU fertilizer regulation (EU 2003/2003). 
EU regulations and (stricter) private standards for organic production hamper the utilisation of several recycled fertilizers in certified organic growing (Løes et al., 2017). In addition to the ban on products derived from human excreta, and an explicit prohibition of mineral N fertilizers, the EU regulations state that non-organic inputs must be a natural, or naturally derived, substance, and mineral fertilizers must be of low solubility (EU 889/2008). Chemically synthesized inputs are to be strictly avoided and limited to exceptional cases. Only compounds and materials listed in Annex 1 of EU 889/2008 are applicable, and only when the need for them is essential. Such materials must be of plant, animal, microbial, or mineral origin. Exceptionally, products not being “identical to their natural form”, also explained in the EU-regulations as “non-synthetic”, may be authorized for applications avoiding direct contact to edible parts of the crop. Currently, this exception pertains to hydrolysed proteins and anaerobic digestates where animal by-products have been used as feedstock. Substrates used for hydrolysis or digestion must be listed in Annex 1. For organic materials somehow derived from food during processing, distribution and consumption, only source-separated organic household waste and some specific food residues or organic materials are listed in Annex 1, hence excluding organic food waste from catering or retail, and several products that could have been derived from industry. Some national certification bodies such as KRAV in Sweden have developed regulations facilitating the utilization of anaerobic digestate in organic agriculture (KRAV 2018). However, in several other countries the use of digestate is in practice almost impossible for a range of reasons referred by Løes et al. (2017), unless the plant is linked to an organic farm and only certified organic substrates are digested.  
If nutrients removed from agricultural soil are not replaced over a long-time period, soil fertility will decline. This is especially important for phosphorus, where soil concentrations are especially dependent on input of fertilizer. As discussed by Cooper et al. (2017), there seems to be a risk for P depletion in organic farming systems in Europe, especially for arable systems with low livestock densities. 

The origin of Annex 1 and related regulations (natural substance, low solubility, non-synthetic) goes back to the initiation of IFOAM in 1974, and the content of Annex 1 reflects the common fertilization practice on central European organic farms at that time. Organic agriculture will face increasing difficulties if regulations continue to use such complex terms, with a poor scientific foundation. The definition of “natural” only focuses on inputs, and does not include other important connotations of this word such as being related to life, or being a part of nature (Verhoog et al. (2003). Limits between physical and chemical processing are impossible to draw, and preferring “low” solubility without any measure for what level of solubility is accepted, while water-soluble nutrients e.g. in manure are permitted, is not logic. The main purpose of these terms seems to be the exclusion of mineral fertilizers. Extensive use of mineral nitrogen and compound fertilizers undoubtedly has negative effects on the environment, and we do not argue here that they should be permitted in organic agriculture. However, the current regulations seriously hamper recycling of nutrients that could increase the integrity of organic agriculture, and need a careful revision with a better scientific base. 

In short, the second dilemma can be summarized as follows:

Given that organic agriculture aims for a higher integrity, and hence will restrict the current use of animal-derived fertilizer inputs derived from non-organic production, how can the long-term soil fertility in organic agriculture be maintained? A living soil is dependent on nutrients feeding not only plants, but also soil biota.  
Dilemma 3: Demand for non-chemical processing challenges the use of natural resources
Nutrients are leached into the sea from agricultural activity and urban areas. As more and more feed for raised fish is produced on agricultural land, closure of the current nutrient gap from land to sea is increasingly important. Recycling these nutrients as fertilizers instead of utilizing animal-derived products from non-organic production may strengthen the integrity of organic agriculture. In the RESTOR-project, fish bones from cod (Gadus morhua) and seaweed residues are combined to possibly produce a complete fertilizer for organic growing and replace the current use of poultry manure from non-organic production as a common input in Norwegian organic farming. How can fish bones and seaweed residues best be combined and processed to produce an organic fertilizer which contains important plant nutrients while minimizing contents of potentially toxic elements such as arsenic (a common element in sea), and which can be easily stored and spread? 

Seaweeds and seaweed products are listed in Annex 1 as permitted for use, with the conditions for use that they should be directly obtained by physical processes including dehydration, freezing, and grinding, or by extraction with water or aqueous acid and/or alkaline solution, or by fermentation (EU 889/2008). Harvesting procedures for seaweeds are organically certified, e.g. in Norway, to produce extracts certified for use in organic growing. However, the residual algal material after extraction may not be permitted for use in organic systems, because extraction occurred with too strong acids and/or alkali. This is an example of a highly valuable source of nutrients which currently cannot be utilised in organic agriculture. 

Fish and bones are both listed as a product or by-product of animal origin, and hence fish bones from wild fish should be considered as permitted as long as the catch is certified, e.g. by the marine stewardship council. Since fish products are easily degraded and may cause problems of odour, conserving the bones with acid may be convenient. Further, since solid organic materials (manure, compost) often have a high pH, some acidification could be useful with respect to the plant availability of nutrients when fish bones are mixed with other materials. However, we will easily face the same problem for fish as for seaweed: Preservation with acids is not in accordance with current regulations.
In short, the third dilemma can be summarized as follows:

To be able to utilize natural products derived from processing of biological materials, processes and additions may be required which are not completely in line with the current regulations for organic production and processing. 
Final discussion and conclusion
Whereas chemical processing is to be avoided in organic agriculture, many by-products cannot be efficiently utilised as food and feed ingredients. Since many recycled fertilizers are not allowed in organic agriculture, many organic farmers are dependent on the use of animal manure from non-organic farms to maintain soil fertility. While organic agriculture sticks to regulations developed several decades ago, assessment methods to evaluate environmental effects such as life cycle analysis are rapidly developing. Would it possibly be better to change from Appendixes to a scientifically based assessment method adapted to the organic agriculture definition and principles? A neutral body could be established to carry out the assessments, instead of the current system where the EGTOP group gives advice, but it may often take very long before the advice is implemented, and interpretation by a national body is still required to decide whether a product complies with the requirements in Appendix 1 or not.

This paper has presented some cases where innovative utilization of biological materials cannot be utilized in certified organic agriculture because of details in the regulations that seem to have a poor scientific base. The definition of natural is poor, and the rejection of chemical processes and synthetic materials has several negative implications. This is a significant challenge for organic agriculture when claiming to be a preferred solution for sustainable development. The circular economy thinking calls for a critical reflection about which way to follow. If the circular economy is a big wave, organic agriculture risks to drown when large companies take over the concepts and terms which have until now been strongly associated with the organic movement. Alternatively, the organic sector may escape to a safe, natural island waiting for the wave to pass. The sector may well survive, but with a very limited potential for growth. Still another alternative could be to study the standards and regulations which govern the input of physical products and materials critically, to strengthen their scientific foundation and facilitate equal and easy interpretation. Possibly, we may conclude that changes will be required to avoid that organic agriculture will lose the position as the most environmentally friendly and long-term resilient production system. Scientifically updated regulations may allow for growth of the organic sector, without compromising such aims as high soil, feed and food quality.

Alternatively, we may see a development where more farming systems develop their own definitions, regulations and certification systems. Some could then emphasise recycling, whereas others could emphasise purity and naturalness. It is a true challenge for organic agriculture to try to cover everything which is good and desirable with regulations. Regulations are not at all inspiring, and it is well understandable that the concept of Organic 3.0 attains much more interest than revision of regulation details. Still, the regulations are what actually govern the everyday life on organic farms and industries, and we should not forget them while developing the next phase of organic development.
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