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The present study was aimed for the biovonversion of milk processing industry sludge into nutrient-rich vermcompost using earthworm Eisenia fetida. The sludge was mixed with cattle dung in different ratios, i.e., 0:100 (D0), 25:75 (D25), 50:50 (D50), 75:25 (D75), and 100:0 (D100) with earthworms, and 0:100 (W0), 25:75 (W25), 50:50 (W50), 75:25 (W75), and 100:0 (W100) without earthworms. Minimum mortality and maximum population build-up of earthworm were observed in a 25:75(D25) mixture. Range of increase in nitrogen and phosphorus was by 23.2-46.0% and 39.8-47.1% respectively from the initial to the final products with earthworms, while decline was observed in pH (6.2-7.6%), electrical conductivity (24.6-37.2%), C/N ratio (35.2-56.4%), organic carbon (20.1-37.9%), total potassium (26.6-55.8% ) and total Sodium (31.3-53.0%) in all the feed mixtures. Reduction of heavy metals Cu (32.7-44.6%), Pb (32.6-42.9%), Mn(23.9-36.3%) and Cr (30.98-40.67%) was also observed in the end product. Vermicomposting with Eisenia fetida was well utilized for composting to change this solid sludge into a nutrient-rich and less toxic product that can be used as an organic resource.
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Welcome to ORBIT 2016

As the circular economy is moving higher and higher up the scientific, technical, political and business agenda, the organic waste sector is becoming more focused on the management and recovery of resources. Recently the European Commission presented its new Circular Economy strategy, which will "transform Europe into a more competitive resource-efficient economy, addressing a range of economic factors, including waste". Implementing circular opportunities at a global scale will lead to material savings and generation of new jobs in both developed and developing countries.

Fully aligned with this shift in the waste management Paradigm, Harokopio University together with Technological Education Institute of Crete and the European Compost Network (ECN) have organised the International Conference ORBIT 2016 "Circular Economy and Organic Waste Management", under the auspices of the Hellenic Recycling Agency and the Municipality of Hersonissos. The Conference is also co-organised by the United Association for Solid Waste Management of Crete (ESDAK) and the Solid Waste Management Authority of Voria Pediada, and it is supported by ECOREC and the Hellenic Association of Composters.

Following the tradition of its predecessors, the 10 th ORBIT Conference will tackle all aspects of management and recovery of organic residues -from waste prevention and decoupling organic waste generation to beneficial recycling of compost and digestate into soil and energy recovery as methane and hydrogen. The "traditional" themes of composting and anaerobic digestion -processes, technologies, product quality, and the role of organic matter in combating desertification -remain the core topics. In addition, ORBIT 2016 will tackle issues related to sustainable resources management in the context of waste management, effective separate collection of biowaste, as well as the impact of economic crisis on waste generation and management. A particular focus will be on food waste generation, prevention and management, highlighting the geographical aspects of the issue, as good practices to tackle the food waste problem need to be adapted to meet specific regional conditions.

To go further and better investigate the potential of circular economy we have introduce new issues, such as smart cities biowaste management applications and novel products from organic waste. Overall, the Conference highlights the need to develop collaborations between different disciplines, which would not routinely interact with one another.

The Conference will present high quality, innovative research on all the aforementioned topics, as well as pilot-plant and full-scale experiences and workshops for securing research funding, including a special session on the EU LIFE Programme. Selected, high quality papers will be published in Special Issues of the journals Waste Management and Research, Waste and Resource Management of ICE and the Global Nest Journal.

ORBIT 2016 aspires to provide a major scientific forum to cover the latest research findings and policy developments regarding both material and energy recovery from organic waste and residues. We are pleased to welcome you to ORBIT 2016, which we fully expect to be an outstanding scientific event, with many stimulating discussions and excellent networking opportunities. 

EXECUTIVE SUMMARY

The European commission considers manure management as one of the main concerns in (i) reducing ammonia and greenhouse gases and (ii) reducing the loss of nutrients to the environment. The recent growing interest in manure treatment data can be also explained due to the ongoing revision of the Reference Document on Best Available Techniques for Intensive Rearing of Poultry and Pigs (BREF).

In France, even in Europe, the main manure management is still storage followed by manure spreading (loyon et al; 2015). However, in regions of intensive livestock with high manure production manure treatment may be essential in order to meet the environmental protection criteria. A recent European survey (Foged et al, 2011) suggested that manure treatment in Europe currently reached an average level of around 8% of the livestock manure production, with a big variation among countries. In France, aerobic treatment of slurry has been heavily developed in Brittany to reduce nitrogen flow into aquatic environments. More recently, anaerobic treatment has emerged in order to promote overall nitrogen management or climate change mitigation. Other objectives of manure treatment may be the removal of pathogens, removal of xenobiotic compounds (emerging pollutants), etc. Unless all these considerations, manure treatment is not really integrated in national policies or national obligations, as ammonia inventory, because data about manure treatment deployment are still sporadic, dispersed and not always synthesized. In France, governmental or professional organizations used to edit data on manure management. These data comes from national survey on livestock or from specific survey on manure management in some intensive livestock regions. Thus, the objective of this paper is to bring together these data of manure treatment (cattle, pig or poultry farms) in order to have an overview of manure treatment in France.

Foged, H.L., Flotats, X., Bonmati, A.B., Palatsi, J., Magri, A., Schelde, K.M., 2011 Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF]. A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28).

ORBIT 2016 Organic Resources and Biological Treatment

CO-COMPOSTING OF ORGANIC WASTE FROM FLOWER INDUSTRY WITH DIFFERENT FOWL MANURES

I. Gavilanes-Teran 1 , J. Idrovo-Novillo 1 , M.A. Bustamante 2 , A. Perez-Espinosa 2 , J. Jara-Samaniego 1 , M.D. Perez-Murcia 2 ,C. Paredes 2 , R. Moral 2 1 Polytechnic School of Chimborazo (Ecuador), 2 Miguel Hernandez University (Spain) Contact: Prof. Concepci0n Paredes, Miguel Hernandez University, EPS-Orihuela, Ctra Beniel Km 3.2, O3312-Orihuela (Alicante), Spain. Telephone: +34 966749651, e-mail: c.paredes@umh.es

EXECUTIVE SUMMARY

The floriculture has a great economic and social importance in Ecuador, the flower exports representing approximately 1.1% of the annual Gross Domestic Product (GDP). In 2013, the surface of flowers was 9,327 hectares, of which rose crops occupied 5,473 hectares, the rose production being of 2,367 million cut stems. This implies a monthly production of around 40 kg of wastes for each hectare of this crop, stems, leaves and wilted flowers being the main residues generated. These wastes are often eliminated by dumping them in empty areas, leading to uncontrolled burning and a visual blight on the landscape. Ecuador is a developing country with very recent legislation on environmental management. However, this legislation is not very rigorous and it is inapplicable in most cases. In this work, composting is proposed as a recycling method for this type of wastes, since this process is an environment-friendly alternative to treat organic waste and to obtain an endproduct (compost) with a stable and humified organic matter. Therefore, the aim of this work was to study the viability of recycling the solid wastes from the flower industry, by means of co-composting with different fowl manures and sawdust, as well as to evaluate the quality of the composts obtained. In this study, three different piles of flower waste (FLW) were prepared with sawdust (SAW) and three different fowl manures: broiler chicken manure (BCM), Leghorn laying hen manure (LHM) and laying quail manure (LQM) (at ratios, on a fresh weight basis, of 60:15:35). The mixtures (about 2000 kg each) were composted in trapezoidal piles (1.5 m high with a 2 x 3 m base) by the turned windrow composting system. The mechanical turning was then ceased so that -over a period of around two months -the composts could mature. The moisture content of the piles was regulated weekly, by the addition of water to give a moisture content >40%. Sampling of the piles took place five times during the bio-oxidative phase and at the end of maturation, by mixing subsamples from each of seven sites considering the whole profile of the pile (from the top to the bottom). During the composting process, the evolution of different parameters, such as temperature, pH, electrical conductivity (EC), organic matter (OM) losses, total organic carbon/total nitrogen ratio (C org /N T ), water-soluble carbon (C w ) and germination index (GI) was studied. In all piles, the temperature exceeded 55°C for more than 2 weeks, which ensured maximum pathogen reduction. OM losses followed a first-order kinetic equation in all piles. These OM losses were substantial during the biooxidative phase in all piles, corresponding to the highest temperature values and the maximum microbial activity. The lowest OM mineralization was observed during the maturation phase, indicating the product stability after the bio-oxidative phase. All piles showed a significant increase of pH during the process, which could be attributed to the degradation of acid-type compounds, such as carboxylic and phenolic groups, and to the mineralization of proteins, amino acids and peptides to ammonia. However, the EC values significantly decreased during the composting process in all piles, which can be attributed to leaching of salts by watering. The final composts showed a suitable degree of stability and maturity and an absence of phytotoxins, as observed in the evolution and final values of the total organic carbon/total nitrogen ratio (C org /N T < 20), water-soluble organic carbon (C w < 1.7%) and germination index (GI > 50%). From the data obtained, it can be concluded that the evolution of the composting process and the compost characteristics were similar regardless of fowl manure used. Therefore, the co-composting of flower waste with sawdust and fowl manures (broiler chicken manure, Leghorn laying hen manure and laying quail manure) can constitute an efficient method not only for the recycling of these wastes, but also for obtaining composts with suitable characteristics for agricultural purposes.
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OPTIMIZATION AND SCALING-UP OF THE CO-COMPOSTING OF PALM WASTE WITH AGRI-FOOD SLUDGE

EXECUTIVE SUMMARY

Vegetable residues from palm species constitute one of the main waste fluxes from urban and periurban activities in Mediterranean countries, not linked to traditional recycling procedures of the agrosector. Specifically, the date palm Phoenix dactylifera L., a tropical and subtropical tree, belonging to the family palmae (Arecaceae), constitutes one of the most cultivated palms in arid and semi-arid regions and a crop of high importance at environmental, landscape, economic and cultural levels in the Mediterranean countries of the EU. The huge amount in volume of these wastes, the lack of pre-treatment and specific treatment facilities usually conclude in controlled disposal with significant losses of resources in terms of energy, nutrient and organic matter. On the other hand, the incentive of the wastewater treatment processes has made the storage and management problems of the sludge generated after wastewater treatment worse, especially in the agri-food sector where the production and thus, the wastewater generation has risen in the last years, increasing the generation of sludge and thus, making difficult its management. In this sense, the co-composting of palm tree wastes previously grinded with N-rich organic wastes available in the area, such as animal manures or sewage and/or agri-food sludge, can constitute a feasible method to manage and recycle these wastes, obtaining a stabilised and humified organic material, free of pathogenic microorganisms and phytotoxic compounds. Therefore, the main objective of this work was to study the viability of the composting process as alternative method to manage the palm wastes, using sludge from the agro-food industry as a source of nitrogen and microorganisms, as well as to optimize the process, scaling-up the best results obtained in a previous experiment at small scale. For this, two composting experiments were carried out: a) Experiment 1: Optimization of the co-composting process of vegetable palm wastes with agri-food sludge at small scale; b) Experiment 2: Scaling-up of the best option obtained in the Experiment 1 at commercial scale. In the Experiment 1, four composting piles were elaborated using palm trunk waste (PT) and agri-food sludge (AS) in the following proportions (on a dry matter basis): Pile C1 (59.5% AS + 39.5% PT); Pile C2 (39.6% AS + 59.4% PT); Pile C3 (32.8% AS + 66.2% PT) and Pile C4 (19.5% AS + 79.5% PT). In all the mixtures, almond shell powder was added as additive (1% on a fresh mass basis) to increase the C/N ratio. Previously, palm trunk waste was crushed to 1 cm particle size. These mixtures (about 200 kg) were composted by the turning composting system. The piles were turned in two occasions, when the temperature in the mixtures decreased, to provide aeration and to improve the homogeneity of the materials, enhancing the composting process. In the Experiment 2, a commercial composting pile (Pile D) (two replicates) was elaborated considering the best results obtained in the previous Experiment, using palm trunk waste and agri-food sludge in the following proportions (on a dry matter basis): 27.5% AS + 72.5% PT.

The mixtures (about 8 m 3 each replication) were composted in trapezoidal piles by the turned windrow composting system, carrying out a mechanical turning weekly until the end of the bio-oxidative phase. In both Experiments, when the temperature was close to the ambient and re-heating after turning procedure did not occur, the bio-oxidative phase of composting was considered finished. Then, composts were left to mature over a period of one month, approximately. Also, the moisture of the piles was controlled weekly by adding the necessary amount of water to keep the moisture at < 40 %, and the evolution of the temperature was monitored and physico-chemical, chemical and biological parameters were determined throughout the composting process.

The results obtained have shown that the co-composting of palm trunk waste with agri-food sludge constitutes an efficient method to recycle these wastes, especially with the highest proportion of palm trunk in the mixture, and to obtain composts with a good degree of maturity and suitable physico-chemical and chemical properties, except for the notable salinity contents in some of the mature composts that can limit their agricultural use.

EXECUTIVE SUMMARY

Composting in forced-aerated polyethylene sleeves may be adopted in order to minimize odor emissions, vectors attraction and leachates associated with open windrows. A potential disadvantage of this technology is the lack of mixing during composting, leading to the production of a non-uniform compost. Thus, it must be ensured that compost quality is not inferior compared to the product of classical open windrows. We conducted two pilot scale experiments, each containing a polyethylene sleeve of 1.5-m diameter and ca. 20-m long that were packed with municipal sewage sludge and shredded municipal green waste (1:1; v:v). Controlled thermophilic and aerobic conditions were maintained along the process by means of a programmable logic controller (PLC) and a set of temperature and oxygen sensors (pre-set temperature <55°C and O 2 >12%). Both sleeves reached thermophilic conditions shortly after start and remained thermophilic (>45°C) for a period of two months, after which maturation continued either within the sleeve (first experiment) or outside in an open pile and additional turnings (second experiment). Odor emissions exponentially declined during the first three weeks of the processes, thus emphasizing the need of an efficient odor treatment system during the first few weeks of the process. We demonstrated the potential use of the sleeves technology for odor control by connecting the main composting sleeve to a second short sleeve packed with finished compost as a cheap and effective biofilter. The final compost in both experiments was non phytotoxic and was shown to be useful as a soil additive. Reduction of human pathogens at the beginning of the process was effective but we observed regrowth of total and fecal coliforms during maturation. The issue of pathogens regrowth is not unique to the sleeves and need to be further investigated. Future experiments will test whether regrowth can be minimized by maintaining an elevated temperature (60-65°C) during the first stage of the process, especially at the lower part of the sleeve where temperatures were typically lower than at upper parts. Overall, this technology can be successfully used for sewage sludge composting while minimizing nuisance odors that are typically associated with such composting sites.
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EXECUTIVE SUMMARY

Understanding and optimization of composting processes can benefit from the use of controlled simulators of various scales. The Agricultural Research Organization Composting Simulator (ARO-CS) has recently built and it is flexibly automated by means of a programmable logic controller (PLC). The ARO-CS contains seven 9-L reactors; each is mounted in a separate 80-L water bath, both equipped with temperature sensors. Each reactor is aerated by means of a mass flow controller and is additionally equipped with an oxygen sensor and connected to a central CO 2 analyzer. The PLC program includes three basic heating modes and three basic aeration modes and enables all possible combinations among them. The heating modes include: (1) Predetermined temperature profile, in which heating rate, maximum temperature and duration are pre-set;

(2) Temperature-feedback control, in which the external temperature of the water bath is maintained at certain degrees below that of the composting reactor; and 3. CO 2 -feedback control, in which the temperature is auto-determined according to CO 2 level (either in pre-set steps or based on linear relationships between temperature and CO 2 ). The aeration modes include auto-dependence on (1) oxygen, (2) CO 2 , or (3) temperature. In each mode the dependence is pre-set either in steps or based on linear relationships, and flow time intervals are pre-set as well. This unique high flexibility provides a robust and valuable research tool to explore a wide range of research questions, from operational to molecular levels, related to the science and engineering of composting. During the conference the flexibility of the control system will be presented and its applications will be discussed.
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EXECUTIVE SUMMARY

BACKGROUND

The prediction of the methane production potential of the incoming fresh waste is a key parameter for the design and the management of an anaerobic digester and it is given by the Biochemical Methane Potential (BMP). Traditional BMP laboratory tests are costly, time consuming and subject to the representativity of the sampling. During the last years, an alternative approach using Near Infra-Red Spectroscopy (NIRS) has been developed. The tool FLASH BMP™, in its original version (V0), predicted the BMP of multiple organic substrates in a range between 50 to 650 NmL CH 4 .g MV -1 . The precision of the model was the same compared to the traditional lab method with a Root Minimum Square Error (RMSE) of 59.08 NmL CH 4 .g MV -1 and a Normalized RMSE (NRMSE) of 8.69%. This technology presents two strong points compared to traditional laboratory approach: significant reduction of experimental time (few minutes) and the overcoming of the representativity problem by the multiplication of the number of analysis.

METHODS

A new upgraded version (V1) of the FLASH BMP™ has been developed in order to increase the range of the model and more specifically to include substrates with a BMP higher than 650 NmL CH 4 .g MV -1 . Our initial database of 439 data-pair (BMP; NIR-spectra), used for the construction of the V0, has been enriched with 413 new samples including 48 samples of fat waste. Both BMP and NIR-spectra were recorded from dried and grounded (1 mm) samples. The BMP values were determined, in duplicate, as described in Hansen et al. (2004) and Angelidaki et al. (2009). Absorbance spectra (each spectra is the average of 68 scans) were taken, in duplicate, with a Thermo Scientific Antaris II, a Fouriertransform NIR spectrophotometer, in the range of wavenumber from 10,000 to 4,000 cm -1 with a step of 8 cm -1 . The Unscrambler 10.2 software (CAMO Software AS, Norway) was used for the treatment of the spectra.

RESULTS

NIRS Spectra were transformed with pretreatments in order to reduce scattering effect induced by the interaction between the particles and NIR radiation: Standard Normal Variate (SNV) (Barnes et al., 1989) followed by a first derivative using Savistsky-Golay algorithm (Savistsky and Golay, 1964) with smoothing calculated over 5 data points on both sides were used.

The spectral range was reduced to 8099 -4007 cm -1. The model constructed by using Partial Least Square Regression method gives the results represented in the Figure 1.

The range covered by the Flash BMP™ V1 has been improved to 20 to 900 NmL CH4.g MV-1 keeping a constant precision with a RMSE of 70.33 NmL CH4.g MV-1 and a NRMSE of 7.98%. Angelidaki, I. et al.,(2009) Defining the biomethane potential (BMP) of solid organic wastes and energy crops: a proposed protocol for batch assays. Water Science and Technology 59(5), 927-934. Hansen, T.L. et al., 2004. Method for determination of methane potentials of solid organic waste. Waste Management 24, 393-400. Savitsky, A., Golay, M.J.E. 1964. Smoothing and differentiation of data by simplified least squares procedures. Anal. Chem. 36,1627-1639.
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FATE OF NITROGEN ALONG SOLID WASTE AEROBIC BIODEGRADATION: ASSUMPTIONS FOR COMPOSTING MODELLING

A. Tremier 1 , J. 

EXECUTIVE SUMMARY

Composting is an aerobic biological treatment used to valorise solid organic residues and to recycle them as a soil improver or as an organic fertilizer. A well-managed composting process can contribute to limit greenhouse gas emissions compared to landfilling and to increase the potential of carbon storage in the soils. Nevertheless, an environmental limit of the treatment may be nitrogen emissions. As composting relies on numerous physical and biological linked phenomena, optimisation of its management could be helped by a numerical model. However existing models have been mainly focused on the description of the fate of the carbonaceous part of organic matter in order to simulate oxygen consumption, temperature rise and organic matter stabilisation along the treatment. On the other hand, the fate of nitrogen along composting has been experimentally studied but less considered in terms of modelling. As the knowledge of the behaviour of nitrogenous molecules is necessary 1/ to simulate nitrogen emissions and final quality of the compost and 2/ to use the results as entry data for modelling the behaviour of compost organic matter in soil, the aim of this study was to propose modelling assumptions for nitrogen behaviour along aerobic degradation, considering a fractionation of organic matter based on the Van Soest method (Denes et al., 2015) The aerobic biodegradation of four types of waste was studied: fattening steers solid manure (MAN), the solid fraction of digested fattening steers solid manure (DMAN), a mixture of biowaste and green waste (BIOD), the solid fraction of the digested mixture of biowaste and green waste (DBIOD). The oxygen consumption kinetics (OUR) was measured through a respirometric method. For each substrate, six respirometric cells were run at the same time but stopped at different dates along the biodegradation. When stopped the content of each cell was sampled and submitted to a hot water extraction. The nitrogen and carbon content of the water extract (SOL W ) was analysed. The water-extracted solid residue (NSOL) was then successively extracted according to the Van Soest fractionation method. N and C content was analysed on each extraction residue so that N and C content in the four fractions SOL NDF (organic matter soluble in neutral detergent), HEM (hemicellulose-like), CEL (Cellulose-like) and LIG (lignin-like) could be calculated.

Results showed that the quantity of nitrogen lost along the aerobic biodegradation ranged between 3 and 64 % of the initial N content and varied depending on the origin of the substrate. N was mainly lost from the SOL W fraction, containing ammonia-N and from the SOL NDF fraction, whereas C losses were mainly attributed to HEM and CEL fractions. In terms of kinetics, it appears that up to the peak of OUR, N losses were mainly attributed to the SOLW fraction. After this peak, N losses concerned mainly the SOL NDF fraction which N content decreased and seemed to supply the N content of the SOLW fraction. By the end of the biodegradation a net disappearance of N content in the SOL W fraction was observed again. Moreover, for a substrate as BIOD which N content was mainly contained in NSOL, a transfer of N from HEM and CEL fractions to SOLNDF fraction was observed concomitantly to C hydrolysis of these fractions. The experimental observations allowed us to propose N modelling assumptions. As for C fractionation, four solid fractions of organic N are considered: N-HEM, N-CEL, N-LIG, and N-SOL NDF . Two N-water-soluble fractions are considered: organic N-SOL W and mineral-N-SOL W . Hydrolysis of HEM and CEL fractions supplies organic N to fraction SOL NDF which hydrolysis releases organic N molecules to fraction SOL W . This organic N-SOL W is then mineralised to mineral-N-SOL W and used by microorganisms for their metabolism, transformed to N 2 (and eventually N 2 O), or volatilised as NH 3 . The originality of this work is to demonstrate that, considering a same fractionation method, C and N behaviours in each fraction are kinetically independent which implies to not consider constant C/N ratio in the model. The numerical model has still to be validated on experimental results. Denes J., Tremier A., Menasseri-Aubry S., Walter C., Gratteau L. and Barrington S. (2015). "Numerical simulation of organic waste aerobic biodegradation: A new way to correlate respiration kinetics and organic matter fractionation." Waste Management 36: 44-56.

Recyclable materials are recovered in a mobile sorting unit while the organic fraction is treated using a closed static aerated composting system. Greek legislation (JMD 56366/4351/2014) sets limits for the values of certain parameters in order to accept the produced compost as inert material. The composting process in the closed static aerated system has been examined and several modifications have been evaluated in order to upgrade its performance. In the final product, heavy metals, organic pollutants (PAH's & PCB's), moisture and Salmonella spp colonies have been monitored according to the legislation, while, parameters such as pH, EC, nitrogen, ash content, C/N, and phytotoxicity have been also investigated in order to evaluate the procedure. The values of the investigated parameters are not exceeding the permissible legislation limits and the produced compost could be used as coverage material in restoration facilities such as dumps and mines.
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A CHEMICAL MECHANISM TO DESCRIBE HOW A SMOULDERING OR OPEN FIRE CAN SELF-IGNITE IN A PEAT STACK

K. I. Hänninen

University of Jyväskylä, Department of Biological and Environmental Sciences. P. O. Box 35, 40014 University of Jyväskylä, Finland. Contact: Docent (ret.) Kari Hänninen, phone +358-40-5116880, E-mail: kari.i.hanninen@jyu.fi

EXECUTIVE SUMMARY

For organic material to self-ignite, it must be in sufficiently large stacks, allow enough air to diffuse throughout the material, and the material must yield a solid carbonaceous char when undergoing thermal decomposition.

The combustion starts deep inside the material as a smouldering reaction that then propagates outwards. This phase can take as long as five months. The smouldering fire is initially deep-seated, but it may lead to flaming combustion that breaks through the surface. These fires, especially smouldering hot spots, can be difficult to extinguish.

For energy production, peat is dried in large open-air stacks. When organic matter is collected in stacks, it almost always starts to compost. In well-aerated conditions, the composting process is carried out by strictly aerobic microorganisms. Due to their activity, the organic material undergoes the humification reaction. This includes the formation of conjugated double bond structures, chromophores. They give humic substances, especially humic acids, their typical dark colour. These fires lead to significant economic losses in terms of produced peat and the resources used in firefighting. Furthermore, self-ignition of other organic materials being composted in large windrows or in sawdust stored in mounds can frequently take place.

The natural biological self-heat in a peat stack may increate the temperature to above 80 o C at most. The temperature needed for self-ignition in a peat stack is 170-220 o C. As the temperature increases above 90 o C, aerobic microbes start to die. Even their spores die between temperatures of 104.0 o C to 120.0 o C. Biological self-heat alone is, therefore, not sufficient. Other mechanisms are needed. Singlet oxygen molecules produce the triggering effect in the generation of self-ignition in a peat stack. O 2 (¹Δ g ) is the first (lower) state singlet oxygen molecule. It has 0.98 eV (92.6 kJ/mol) more energy than the ground state (triplet state) oxygen molecule O 2 (³Σ g -). In the second excited state, the upper energy singlet oxygen molecule is O 2 ( 1 Σ g + ). It has 1.63 eV (154 kJ/mol) more energy than the ground state. These molecules are called reactive oxygen species (ROS). The formation enthalpy of the ground state O 2 ( 3 S -g ) oxygen molecule has 249.2 kJ/mol., that of O 2 (¹Δ g ) has 341.8 kJ/mol., and that of O 2 ( 1 Σ g + ) has 430.2 kJ/mol. Due to these excess energies, the singlet oxygen molecules are more reactive than the ground state oxygen molecule. In peat stacks they reduce the self-ignition temperatures of the volatile carbon compounds formed in composting to the level that they can self-ignite in the temperature frame caused by the biological heating. In the environment these ROS molecules react with pollutants and other organic materials. The mechanism leading to the formation of a singlet oxygen molecule in the peat stack is indirect photolysis. Almost all chromophores which absorb UV or visible radiation are able to transfer the needed energy to ground state oxygen molecules (O 2 ( 3 S -g ) and excite them to the singlet stage O 2 ( 1 D g ). This is likely to occur mostly at the top and on the edges of the stack, from where the singlet oxygen molecules then move towards the inside of the stack. The decomposition process of organic material in the stack produces volatile organic compounds (chromophoric conjugated double bond structures) and keeps temperature at an elevated level. A high number of chromophores provide a source of considerable singlet oxygen molecule formation. Cold weather is known to further increase the production of ROS molecules in indirect photolysis. In an atmosphere sufficiently rich in ROS molecules, sporadic micro-fires at different points in the stack may be frequent. These fires then generate hot spots of carbonaceous char. When these hot spots are further increased, hot spots of smouldering fires evolve. If the wind inflames these smouldering hot spots, an open fire will eventually evolve in the peat stack.
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PROPOSAL OF AN INTEGRATED FOOD WASTE TREATMENT SYSTEM TO SERVE SMALL POPULATION GROUPS IN BRAZIL

A. Temponi, C. Borges, L.Tonioni, C. Chernicharo Universidade Federal de Minas Gerais Contact: Augusto de Assis Temponi, Email: augustotemponi@gmail.com

EXECUTIVE SUMMARY

In Brazil, around 40% of urban solid wastes are inadequately disposed of. This situation gets even worse when considering remote population areas. Some studies reveal that around 70% of houses in rural areas do not have any kind of waste collection, resulting in inadequate practices such as burning and disposal on wastelands, public sites and/or water bodies. The importance of treating organic wastes is associated with the potential socioenvironmental impacts resulting from the incorrect disposal of this fraction of the municipal solid waste (which represents around 50% of the total amount) and the possibilities of both energetic and agriculture usage. This work studies the possibility of using an integrated system for treating food wastes with energetic and agricultural usage of generated byproducts, aiming to serve small population areas. This study proposes a low cost, robust and operationally simplified system, designed to serve small population groups of at least 100 people with a per capita waste generation of about 0.25 kg.person -1 .day -1 . Based on results obtained from the Platform of Organic Waste Methanation (pMethar), in operation at the Campus of the Federal University of Minas Gerais, Brazil, and on literature data, it was possible to estimate both the size of the proposed treatment system and the biogas production for energy generation and bio solids for agricultural fertilization. The proposed integrated system for food waste treatment is composed of various stages, as shown in Figure 1.

After the collection, the wastes go through a conditioning stage and then directed to a single stage anaerobic reactor on a wet process. The byproducts -biogas and digested sludge -are generated from this treatment process and are then destined to energetic and agricultural usage, respectively. As far as biogas is concerned, it is proposed a desulphurization process using an iron oxide (Fe 2 O 3 ) absorption filter before its usage.

Figure 1 -Flow sheet of the proposed integrated food waste treatment system The results show both energetic and agricultural annual paybacks of around US$500.00 and US$ 190.00, respectively, which can help in the social acceptance and adoption of the proposed system. Nevertheless, further studies are required on key aspects such as explanation and social mobilization, in order to discuss technical, environmental, and public health aspects related to the system as well as its benefits and the associated responsibilities.

EXECUTIVE SUMMARY

Organic matter (OM) application has become a common practice in orchard production in Chile. However, OM quality is still an issue, since there is a large variability among compost products mainly derived from the composting process, besides the inherent variability given by the available raw materials.

Examples of two large composting operations for self-consumption in fruit orchards, located in Central Chile are described, the critical points analyzed, and the achieved improvements evaluated. Initially, composting operations included mixtures of raw materials without considering their C/N ratios, process control indicators where not systematically used and the size of the piles used where rather small. Improvements included: the use of proper mixtures according to the available raw materials, the control of the processes including the traditional indicators (temperature and moisture), besides others (enzymatic activity, C/N, and N-NH 4 /N-NO 3 ratios), proper time and mechanization of the pile turning, and the size of the pile, among others. Improvements have resulted in shorter composting time, a more homogeneous quality and a better knowledge of the physical and biochemical properties of the end products, which allow their proper use at the field level, either as organic amendment and/or fertilizer.

EXECUTIVE SUMMARY

Composting of biodegradable municipal solid waste (MSW) fraction is a preferred treatment option in developing countries like India. Indian MSW contains around 50% of food waste which can be recycled in the form of compost at the source of its generation. To promote decentralized composting of such waste, properly designed odour free composting systems need to be developed. The installation of such systems will eliminate the problems associated with finding the suitable land for process operation and potential buyers for the product. Moreover, the burden from local municipalities will be reduced substantially. Drum composting is considered as one of the potential decentralized systems to recycle the household waste.

To achieve better waste stabilisation in such systems, better air circulation and appropriate microbial population should be present. Therefore, the present study was aimed to investigate the performance of suitably modified drums for food waste composting process. The aerobic waste stabilisation experiments were carried out in batch mode for a period of 60 days in three plastic drums (including a control) each one with a capacity of 125 L. The feed for drum composting was a mixture of food and garden waste (in 2.5:1 by wt). Effect of the bacterial inoculum and waste turning on the composting process was observed. To facilitate natural aeration, 10 mm holes were made on the periphery of the drums. In addition, a perforated vertical PVC pipe was also provided in the centre of two drums. Furthermore, the microbial inoculum was added to one of the modified drums. Major parameters (such as pH, temperature, and moisture) were determined regularly to monitor the progress of biological process. The modifications led to substantial reduction in the active decomposition period (39 days for modified system with microbial inoculum). In addition, the yield of compost (< 15 mm fraction) from control and the modified system with microbial inoculum was 2% and 21%, respectively. The organic matter degradation rate constant (k) was determined using the simple pseudo first order rate equation. The rate constant was varied from 0.0043 day -1 (control system) to 0.015 day -1 (modified drum with microbial inoculum). ORBIT 2016 Organic Resources and Biological Treatment

Keywords

Two are the major obstacles that must be managed by all the municipalities, especially in the Mediterranean region, the difficulties regarding weather conditions and the need to collect the wastes almost in a daily bases and the complete lack of treating units, as for example composting units that will be able to receive these high quality bio-wastes. Is common knowledge, that the general public in Greece, is willing to be involved in source separation schemes, as long as they are complete and the results visible and known. Schemes that will lead to disposing the separated wastes together with other wastes streams in a landfill, are doomed to fail.

An additional problem for these municipalities, which however could easily be turned into an opportunity, is the wastes of the hospitality industry. In 2015, 26 million tourists visited Greece, 2.5 times more than the local permanent population. Is estimated that each of them produced more than a 300 to 500 gr of food wastes every day of their stay in the country, resulting to more than 500,000 tn of food wastes annually. A major difference is that these amounts are produced and managed by professionals in the hospitality units, meaning hotels and restaurants, which could result in far better qualitatively and quantitatively results in the separation process.

Again however the issue of the treatment remains. A solution could be the utilization of autonomous composting units that installed in the premises of the hospitality units, to treat the bio-wastes directly and without the need for central transportation. The main problem is the management of the food wastes moisture. A solution is the use of green wastes to improve structure and moisture content. However, that decreases the available volume for food wastes, and increases the management costs.

The unit presented in this paper has an alternative system of reducing the excess moisture, that of evaporation. Through a solar roof (similar to a greenhouse) and with the use of roof fans, the moisture level is reduced quickly and with minimum cost. When moisture drops below 50 %, then immediately composting process is initiated and temperature is increased. Retention period of minimum three weeks is needed if the partially composted material does not produce odors when removed from the unit.

EXECUTIVE SUMMARY

In the entire Europe the main pistachio producer countries are Greece (with 9580 t in 2011 and 10000 t in 2012) and Italy (10801 t in 2011 and 2850 t in 2012) while Cyprus and Spain are following. The primary processing of these nuts results in by-product streams (hulls and shells) that are more than 75% of the harvested crop. It is estimated that almost 7000 t of pistachio wastes are produced annually in Greece without any specific treatment methods taking into account.

Until now, there is a gap regarding the treatment of pistachio's waste in Greece and in other Mediterranean countries. Additionally, international scientific literature is rather poor, especially in issues regarding the management of pistachio wastes. Studies performed during the LIFE AgroStrat project revealed that solid pistachio wastes (i.e. hulls, shells and water) are sometimes left to be naturally composted and further used as supplement to fertilizers or are disposed untreated on soil or in streams.Reusing organic solid waste (in the frame work of circular economy) as a soil fertilizer offers a number of benefits over other management alternatives due to the fact that reduces the usage of other fertilizers and eliminates the necessity of its subsequent treatment or disposal. Also, reuse of wastewater originated from food/crops processing may also reduce the need for fresh irrigation water while may also provide nutrients to cultivations.

This study, performed in the framework of the LIFE AgroStrat project, namely "Sustainable strategies for the improvement of seriously degraded agricultural areas: The example of Pistachia vera L", assesses the properties of solid waste and wastewater originated from pistachios processing as regards the potential to be recycled for tree irrigation and/or soil fertilization.

EXECUTIVE SUMMARY

The most used technologies in solid waste and waste water treatment plants are specialized and very demanding.

Because of this, are required modern operators who have experienced and specialized staff in order to operate and maintain similar units as possible more efficiently and more economically. THALIS ES SA as a modern operator has capability, experience and expertise in operation and maintenance of waste treatment plant based on modern methods concerning all management areas of a project. In the presented areas are analyzed the data that a modern operator has to provide as well as benefits arising from their use. Also, are presented data by operation and maintenance projects of our company that are based on principles of modern operator.
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EXECUTIVE SUMMARY

Interest in organic waste treatment has increased a lot in recent years. Among the treatment technologies, anaerobic digestion (AD) has gained a significant role in municipal solid waste management; however, managing a high volume of digestate is one of the challenges in AD technology. This by-product is not fully stabilized, and when applied to land as a fertilizer, there is an increased risk of odour complaints, potential for phyto-toxic responses, and some difficulties in handling the materials. Composting is typically used to improve the digestate quality. Post treatment of the digestate in a composting process can assure the maturity and stability of this byproduct once applied to the land. In this study, the effect of adding anaerobic digestate (in different quantities) to the composting process was investigated. The digestate was prepared in a pilot-scale 500 L high solids dry anaerobic digester and composting was completed in eight 25 L composters with different ratios of digestate to fresh feedstock from the organic fraction of municipal solid waste (OFMSW). The digestate constituted 0, 10, 20, 30, 40, 50, 75, or 100% (wet weight) of the feedstock. The composting experiment was conducted in two phases: active aeration and curing. Monitored parameters included: process temperature, aeration rate, oxygen concentration of the outlet gas, mass changes, total solids, organic matter, pH and electrical conductivity. In addition, C:N ratio and respirometry tests were considered as the stability end points. Solvita, ammonium, and the ammonium to nitrate ratio were measured as the maturity end points. Microbiological quality of finished compost was also evaluated in terms of Escherichia coli and Salmonella quantification.

The results found that addition of the digestate to the OFMSW within the ratio of 20 to 40% (%ww) enhanced the composting process by increasing the OM removal and TOC removal. In addition, the respirometry results showed that the composters with 20 to 40% (%ww) digestate reached the stability point in a shorter period of time (23-26 days) compared to the other composters. While the stability time for the control composter, fed only with OFMSW, was 37 days, this means a 30-36% reduction in material retention time (MRT). By reducing the MRT and improving the rate of composting, the composting capacity throughput could be increased and energy requirements for aeration during the composting process will also be decreased. By implementing the results achieved from this study and conducting a wide analysis on the operational cost of each individual composter (with certain amounts of digestate), valuable data can be attained regarding the economic aspects. This information, operational parameters with their associated costs, will assist practitioners when integrating anaerobic digestion technologies into existing composting infrastructure.
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Anaerobic digestion technologies and processes
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EXECUTIVE SUMMARY

The digestion of wastewater treatment plant sludge (WWTPS) has been usually characterized by low volumetric production of biogas comparing to primary sludge. One effective way to increase biogas yields is through increasing the organic loading rates (OLR) by the addition of co-substrates with high specific methane production rates.

The addition of an organic substrate with high biodegradability increases the biogas production and thereby reduces the external energetic dependence for WWTP operation. Additional benefits of anaerobic co-digestion (AcoD) in WWTP are: dilution of potential toxic compounds, improved balance of nutrients and C/N ratio, synergistic effects of microorganisms, increased load of biodegradable organic matter and better biogas and methane production rates. An additional advantage of the AcoD process is the obtaining of a valuable sludge that after composting can eventually be used as a soil amendment. Among the different food wastes annually generated in the Basque Country (Spain), fruit and vegetable wastes (FVW) from retail trade sector and cheese whey (CW) and ultra-filtration whey permeate (UFP) from dairy sector have been identified as the most significant ones due to their high impact over the environment. This study reports on the AcoD of sewage sludge with the remaining fractions of CW and UFP after a higher value integral valorization and with a representative FVW mixture. The AcoD experiments were performed in a laboratory-scale 10 L semi-continuous stirred tank reactor (sCSTR) at mesophilic temperature (37 ºC). Different feed compositions for each substrate were studied in order to determine the most optimum ones in terms of methane production and influence over the process stability. CW and UFP showed similar methane production rates (430 and 415 NL CH 4 /kg VS d, respectively) for a percentage of 5% (w/w) in the feedstocks. When increasing the CW percentages from 5 to 20 %, the methane production increased up to 22.6 % for similar OLR (1.45 g VS/Ld) and 21days hydraulic retention time (HRT). However, when increasing the percentages of UFP, the methane production decreased down to 318 L CH 4 /kg VS and showed negative effects over the stability of the process. However, the methane productions for all tested CW and UFP feedstocks were 9.6-65.7 % higher comparing to feeding WWTPS as unique substrate.

Regarding to FVW feedstocks, the highest methane production rate (517 L CH 4 /kg VS) was reached for WWTPS/FVW 84/12 w/w feedstock. The AcoD configuration, not only improved the mono-digestion of FVW, but also increased up to 78.1 % the methane production comparing to the mono-digestion of sewage sludge. All volumetric biogas (VBPR) and methane (VMPR) production rates for each tested feedstock were compared by applying one way ANOVA method followed by post hoc Tukey's test with 0.05 significance level. The obtained results demonstrated that the addition of CW and UFP up to 10 % (w/w) increased significantly the volumetric methane production rates comparing to of WWTPS mono-digestion. However, percentages of 15 % did not show statistically significant differences over VBPR and VMPR. AcoD configuration demonstrated that can increase the economic benefits of the exiting WWTPs as well as reducing from 20 % up to 188 % the Green House Emissions (GHE) related to the inappropriate management that is often given to this type of wastes.
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EXECUTIVE SUMMARY

Nowadays, about 1.3 billion tons of food is wasted every year. This number, which is expected to increase greatly in the next decades, evidences the urgent need of improving the efficiency of the current food processing systems, supply chains, prevention policies and food waste (FW) disposal alternatives. Indeed, new FW treatment methods must be developed. At present, most of the FW is disposed in landfills or incinerated, whereas these organic matters could participate further in the recycling of resources. Anaerobic processes appear as a wellstablished alternative that allows, not only an effective waste treatment, but also its valorization by the generation of different added value products (i.e. methane, hydrogen, volatile fatty acids, lactic acid, ethanol, soil im-prover…). Due to the high total solids (TS) content of FW (around 20 %), it is possible to treat it by dry anaerobic digestion (AD) (>20 % TS), a process with advantages when compared to traditional wet digestion (i.e. lower water requirement, lower digestate production and smaller reactor volume) (Karthikeyan and Visvanathan, 2013). In this study, the influence of the initial FW charge on the performance of a batch dry anaerobic codigestion system using FW and cardboard (CB) as substrates was evaluated. To do that, the FW charge was modified by varying three independent parameters: the initial TS content (20-35 %), the substrate to inoculum ratio (S/X) (0.25-4 g VS•g VS -1 ) and the FW:CB proportion in the substrate (50:50-80:20 g TS•g TS -1 ). The experiments were carried out under mesophilic conditions (35 °C) and 13 different conditions were defined. The biogas production and composition were analyzed throughout an experimental period of 98 days and the concentrations of soluble metabolites and main ions were measured when the operation finished. The obtained results showed that the S/X ratio is a crucial parameter, determining the working pH of the system and therefore the final products. In fact, only the reactors working at an S/X ratio of 0.25 (lowest FW charges) produced methane. The other conditions lead to accumulation of metabolites (volatile fatty acids-VFAs, lactate…) and hydrogen production. In addition, greater substrate conversions were achieved at low initial charges of FW. Moreover, the hydrogen yields were found to decrease when increasing the initial charge. This occurred because at high loadings, the acidification effect was more intense, inducing the accumulation of VFAs and lactic acid. This affected significantly the pH, decreasing the hydrogen and VFAs yields. This research suggested that dry anaerobic treatment of FW & CB could be an interesting technology for the production of different added value compounds, such as methane, hydrogen, VFAs and lactic acid. The generation of one product or another was found to be dependent of the initial charge of substrate. While low charged conditions lead to methane production and an efficient waste stabilization, high charged reactors produced hydrogen, VFAs and lactate. In those last cases, the waste stabilization was incomplete, with more than the 50% of the input COD remaining in the digestate. However, the high yields of products suggested that this option could be interesting for a first reactor in a potential 2-stage system with a final stage for waste stabilization by methane production. 

EXECUTIVE SUMMARY

After its success for the treatment of wastewater sludge and agro-food industry effluents, anaerobic digestion (AD) is now strongly supported all over the world, inducing the constant adaptation of processes to new substrates and technologies, and treating an increasing range of waste like livestock slurry, crops residues, green waste or urban waste… In this context, the stability of AD processes is a key issue for both biogas production and digestate quality, especially in installations mixing different type of waste. The aim of this work was to study five full-scale digestion plants along one year to analyse the influence of the treated substrates and type of process upon digestate composition and microbial community in real working conditions. The studied plants were two agricultural, one territorial, and two urban digesters working in mesophilic or thermophile and solid or liquid conditions. Sampling was realized every 2 months. Digestate physic-chemical and microbiological compositions were studied using classical organic matter analyses (dry matter content, organic matter content, total carbon, total nitrogen, organic nitrogen, ammonia-nitrogen, and nitrous-nitrogen) and molecular microbiology (16S rDNA-targeted quantitative PCR, molecular typing and MiSeq Next Generation Sequencing).

The results show an overall stability of the processes, except for the territorial AD process that was in its startup phase: Variation of the main characteristics of raw digestates was below 20% for 90% of the data, and below 10% for 50% of the data. The most important variation was obtained for the territorial plant.

The nature of the effluents and waste treated influences the composition of the digestate, particularly the nitrogen content, the ammonia/total nitrogen ratio and finally the carbon/nitrogen ratio of the raw digestate. Plants dealing with manure produce digestate with ammonia/total nitrogen ratio above 60%. On the contrary, digestate from municipal waste has the higher C/N ratio due to lower initial nitrogen content.

The number of Bacteria remained stable for all plants between 10 9 and 10 10 gene copies/g of digestate except for the territorial AD process whose number increased from 10 8 to 10 9 copies/g digestate. Again, this difference could be explained by the fact that this plant was still in start up procedure with increasing loading rate. The number of methanogen Archaea represented between 5 and 20% of the total microorganisms and followed the same trend as Bacteria (stability for all plants but the territorial AD which showed a 10 fold increase). Analysis of the bacterial and archaeal diversity, both by molecular typing (CE-SSCP) and high-throughput DNA sequencing, showed the usual high diversity observed for Bacteria with 20 to 30 dominant genera, and a low diversity of Archaea with at most 10 different species and usually no more than one or two dominant ones.

Comparison of the data showed the highest diversity for the two agricultural digesters (treating pig or bovine manure) and a lower for the two urban digesters (treating green or houseold waste). Along the year, the microbial community remained relatively stable with most of the bacterial and archaeal dominant genera being present and changing mainly in proportion. The territorial digester (mixture of pig slurry and agro-food industry waste) started with the lowest diversity that increased during the start up of the process to ends up between the agricultural and urban digesters diversities, suggesting an adaptation of the microbial community to the substrateplant parameters.

Overall, these results confirm that the chemical and microbiological composition of digestate of full-scale AD plants is relatively stable in stable process running conditions. Both the chemical composition and microbial community structures however are influenced by the treated substrates and AD process parameters. Statistical analysis of the high-throughput DNA sequencing is still underway and more results will be presented at the conference.
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UTILISATION OF WASTE BIOMASS AND ORGANIC RESIDUES FOR MULTI-SUBSTRATE ANAEROBIC CO-DIGESTION

A. Anaerobic digestion (AD) is an effective way to recover energy from waste biomass and organic residues, particularly for materials with high water content, which are not suitable for thermal treatment technologies. Despite of more than 7700 running plants (3400 MW el ) and many recent developments in system/process engineering in Germany today, the potential of biogenous waste and residues is still not entirely exploited. The availability of many of these materials is however often limited. Organic residues like fruit pomace from juice production or landscape conservation material occur very locally and are seasonally limited. The composition of municipal organic waste also varies with the season. Furthermore, biomass from inter cropping is only available during a short period in agricultural production. Thus, it is still a big challenge for plant operators to incorporate these small and highly fluctuating amounts of material into the feeding regime of AD plants, particularly when the digestibility is very different from the standard feedstock. Therefore, reliable and meaningful information on the individual substrate characteristics is required. Aim of the presented research is to investigate the specific biogas yields as well as the kinetics of biogas and methane formation of different waste biomasses and organic residues. The results will be evaluated regarding the development of a reliable substrate characterisation method for multi-substrate anaerobic co-digestion with highly variable substrate compositions. Therefore, a large variety of different substrates from apple or olive pomace, residues from mushroom cultivation, beet leafs and landscape conservation material up to coffee ground, filter cake and municipal organic waste were examined. Specific biogas and methane yields were measured in batch-tests using medium (0.5 L) and large-scale (60 L) digesters. Kinetics of biogas formation was assessed by using different batch-test-systems with high temporal resolution data recording. Different kinetic models (based on the superposition of first-order kinetics) were used to identify the kinetic parameters for biogas and methane production. The experiments were complemented by comprehensive lab analyses in order to reveal correlations between biogas yield or kinetic parameters and biochemical composition of the materials.

The results clearly show that the different kinetic models can depict the experimental results with only minor deviations. However, depending on the specific substrate composition the appropriate kinetic model has to be chosen individually. Single first-order kinetics evince good accordance with experimental data of easy degradable substrates like e.g. beet leaf. For the kinetic modelling of complex and slowly degradable substrates like landscape conservation material, different modelling approaches based on the superposition of fast and slowly degradable substrate components are required. The content of fibre fractions, particularly acid detergent fibre (ADF), which comprises the indigestible components like lignin and cellulose, seems to be a suitable parameter to estimate the biogas and methane yield, whereas the nitrogen free extracts (NFE) showed correlations with the reaction rate and therefore seems to be a suitable indicator to describe kinetics of biogas formation. Previous research has already revealed that in most cases there is no interaction between different substrates in multi-substrate-co-digestion. Thus, the digestion behaviour of substrate mixes can be deduced by accounting for the biogas yields and kinetic parameters of single components.

Based on the presented results, further research will concentrate on the design and optimization of (modelbased) feeding strategies for highly fluctuating substrate availabilities and multi-substrate anaerobic co-digestion of waste biomass and organic residues.
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EXECUTIVE SUMMARY

By using recycled paper, an important contribution to our environment is made. However, wastepaper recycling produces large amounts of different residual streams. 70% of the residues produced by the European pulp and paper industry are attributed to the production of deinked recycled paper (Blanco et al., 2008). Deinking sludge (DS) is generated within the deinking step of the waste paper recycling process. In Germany, DS is actually incinerated, which is a capital intensive treatment method due to DS's high water content. Besides water, it contains organic fibre fines and other organic compounds as well as inorganic compounds, predominantly CaCO 3 . Within this study, anaerobic digestion (AD) of DS for biogas production shall be investigated in order to find more economic ways for DS treatment. Different DS types (W70, W80 and W100) where received from a wastepaper recycling company. The DS types differ due to the various wastepaper grades used as input material in the recycling process. For all the three types, non-dewatered samples (Stream1) and pre-dewatered samples (Stream2) were investigated. The different feeds were characterized among others regarding water content, organic dry mater content and pH. The biogas and methane production potential was determined within two different batch test systems, both following the German guideline VDI 4630. The different DS types were mixed with inoculum as source for AD microorganism and degraded for 21 days under mesophilic conditions. Cellulose was used as reference substrate. Three different inoculum types were investigated; they were collected from different industrial scale AD systems. Furthermore, 5 different dry matter contents (12%, 20%, 30%, 36% and 48%) of DS type W70 were investigated. They were adjusted by mixing the solid fraction of strongly dewatered samples (Stream4) and the filtrate fraction of dewatering (Stream6). The supplementation with a nitrogen (N) source was investigated for all DS types from Stream1.

Results: In the following, only a part of the results is presented since experiments are ongoing. The full set of results will be available till the conference. All following results refer to W70 type, which occurs in the highest amounts and is generated from the lowest waste paper quality in the waste paper recycling facility. The DS composition was as follows (± values refer to standard deviation; number of samples was 6 respectively and 5 for nitrogen) -water content: 88.4% ± 3.0% of fresh matter (FM), organic content: 34.0% ± 11.6% of dry matter (DM), pH: 7.5 ± 0.6, nitrogen content: between 14 and 334 mg/l DS. In the batch test, all the three mixed culture inocula were active with only slight differences among inocula and test system. The cumulative methane yields after anaerobic digestion of deinking sludge were 179.15 ± 11.6 Nl CH 4 /kg oDM (n=6); the corresponding cumulative biogas yields were only available from one test system (238.8 Nl/kg oDM, 301.0 Nl/kg oDM and 255.3 Nl/kg oDM). The best inocula were received from the sewage sludge digestion facilities. For all further experiments the "Seevetal"-Inoculum was chosen. The cellulose reference had an average methane potential of 318.3 ± 3.4 Nl CH 4 /kg oDM (n=3). This difference between methane yields from DS and from cellulose shows that some non-degradable or hardly degradable organic compounds have to be present in the DS. The degradation rate was between 24 and 34 % oDM. The fiber fines are composed of cellulose and lignin, the latter being hardly biodegradable. The W70 type can be especially lignin-rich compared to W80 and W100 types. At the conference, further results with nondewatered DS, wastepaper grades W80 and W100, and the influence of nitrogen and water content will be shown. This study confirms that deinking sludge is a potential bioresource for anaerobic digestion. Methane yields between 100 and 200 Nl/kg oDM appear possible, ranking between sewage sludge (lower) and manure (higher). Further optimization is probable and may increase yields. Options are adaptation of pre-treatment by enzymatic hydrolysis as well as consideration of nitrogen and trace element deficiency. This research was conducted within the framework of the research project ZIM-Kooperationsprojekt (no. KF3219701SA3).
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EXECUTIVE SUMMARY

The challenge of the Circular Economy is double. On the one hand, the necessity to deal with a rarefaction of the resources, who are essential not to waste (eco-design, re-use, recycling). Also, there is an economic and societal stake in relocating the value on the territory.

After reminding how the anaerobic digestion joins clearly Circular Economy, the aim of this article is to analyze how a methanization project can directly create value on the territory. With an experience of more than 15 years, APESA has created a unique database in France on anaerobic digestion, from a technical point of view as well as from a socio-economic view. These datas were acquired during project support of the regional council with the objective of structuring the organic waste treatment in Aquitaine and also several expertises realized for ADEME (National Agency for Environment and Energy) for more than 50 units of anaerobic treatment across France.

A methodology (technical, economical, socio-environmental) was used to analyze the anaerobic digestion units (82 cases studies) according to their maturity levels (planned or running mode); 102 indicators were defined and a global analysis allows us to estimate each project in its global interest. On this basis and getting beyond the purely technical aspects, this paper proposes a territorial integration approach and a value creation, both directly linked to the anaerobic digestion projects. It is the starting point of a work to create a tool-box with societal approach, in addition to the technological tool-box already well developed, to support the development of anaerobic digestion projects on territories.

EXECUTIVE SUMMARY

The background of this joint project was to optimize the anaerobic digestion (AD) of bio-waste (organic fraction of household waste) for energy production considering the amount of existing and necessary trace-elements (TEs) in the fermentation process.

The objective was to verify the effect of TE addition on the acidification step (acidogenic fermentation (AF)) of a two stage biogas production system and to implement these results in the process. Furthermore, the recomplexation of existing TEs by FerroSorp ® DGµ was examined with batch-tests. Methods/techniques: As a first step, AF was established as batch process. An internally developed percolation reactor with integrated liquid-storage was used for these batch-tests. Maize-silage as a model feedstock was used as substrate without and with different TEs. The resulting percolate was analysed with T-RFLP to examine the differences in the microbial community composition. AF of bio-waste was carried out without and with different TE additives. The produced percolate was used as substrate for methanogenesis in a second up-flow leach bed reactor. Finally these two stages were combined as a closed process (loop of process liquids). Continuous stirred tank reactors were used for TE bioavailability tests. Therefore, re-suspended and sieved dried distiller's grain stillage (DDGS) was fermented in a high-load process with various modifications of FerroSorp ® . The desulfurization performance of the process was used as an indicator for TE bioavailability and measured as H 2 S concentration in the produced biogas. As a main result the volatile fatty acids (VFA) production from the reference feedstock maize-silage could be increased with FerroSorp ® DGµ compared to fermentation without trace element addition. However, it was not possible to produce the same concentration of VFA with bio-waste as feedstock. After few days of AF, methane was produced in the first stage of the system despite a low pH of 5.5 resulting in a degradation of the VFA (and an increasing pH up to 7.2). This effect increased in the semi-continuously operated two-stage process. A separation of the metabolic stages did not succeed. However, the overall specific methane yield was improved and therefore leading to a higher energy output from the same amount of feedstock. The fermentation of maize-silage with different additives showed a difference towards the VFA composition. Without additives mainly lactic and acetic acid were produced, while mainly butyric acid and later in progress lactic acid were produced using FerroSorp ® DGμ. The overall yield (in terms of biogas production) with TEs could also be improved.

In pilot scale, an increase of biogas production using FerroSorp ® DGμ in the two-stage GICON ® process was also recorded.

Conclusions:

The biogas yield from bio-waste using a two-stage process could be imrpoved with the addition of FerroSorp ® DGμ to the acidification stage. However, a real separation of the process stages (VFA/methane production) could not be established as methane production occurred already in the acidification stage.
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METHODOLOGY

In the project a comprehensive, objective, reliable database is to be created by implementing an extensive measurement, sampling and data collection program. The program includes the determination of detailed energy and material flow balances, the documentation of the process operation, the implementation of substrate, digestate and biogas analysis and the consideration of emissions. The data are gathered from interviews, questionnaires, material flow analysis, data acquisition and sampling on site as well as laboratory tests. The measurements, sampling and data collection will be carried out over one year to take into account the seasonal variations of biowaste quality. The data are collected at three plants with different fermentation concepts in close cooperation with the operators.

CONTRIBUTION

The detailed and reliable database will contain key figures for different concepts of dry fermentation plants for biowaste. Planners, plant operators and other decision maker receive support for project development and project decisions by using the database. This shall further the optimization of existing and the design of new plants with regard to an optimized energy yield and usage of substrate as well as a higher energy and resource efficiency.

FIRST RESULTS

Three dry fermentation plants for biowaste were found and will provide the project. These are a horizontal and a vertical plug flow fermentation plant and a batch fermentation plant. With this three plants the most typical fermentation systems for biowaste are included. In 2015 analyses of substrate (biowaste) and digestate were performed, e.g. fermentation test, dry matter, organic dry matter. Additionally operational parameters and data of biogas production, energy consumption, substrate usage etc. were collected. First evaluations show a relatively similar efficiency of the three different plants.

OUTLOOK

A seasonal observation regarding important operating parameter, degradation efficiency data and detailed analyses of energy consumption of aggregates is to carry out key figures to evaluate the process stability, the process efficiency and the optimization potential. 

EXECUTIVE SUMMARY

The results of the combination of decentralized biowaste drying and Simultaneous Saccharification and Fermentation (SSF) processes for the production of lignocellulosic ethanol from household biowaste, are presented within this research. The experiments were performed with the use of a commercialized waste dryer in combination with an innovative pilot scale bioreactor as seen in Figure 1. The use of decentralized biowaste drying technique revealed that the biowaste mass and volume reduction may reach 80%, which is significantly higher than the household biowaste drying technique, while the chemical characteristics related to lignocellulosic ethanol production have proved to differ substantially between seasons. This differentiation was also recorded between the same seasons for a 2 year time period. Thus, it is suggested that special attention should be given to the process used for ethanol production mainly regarding the enzyme quality and quantity used during the fermentation process, in order to achieve high ethanol yields. The ethanol production achieved with the combined use of LEAF technologies yeast (Ethanol Red) and Novozymes enzymes was significantly high, almost 70% of the maximum theoretical yield, based on the substrate's carbohydrate content. The results suggest that the use of the decentralized waste drying as an alternative approach for household biowaste minimization and the production of second generation of ethanol is considered to be a promising approach for efficient biowaste management and treatment in the future but the economic aspects of the process should be considered before choosing the implementation of this method for a specific substrate in the future.

EXECUTIVE SUMMARY

Organic residues and waste carry a huge energetic potential which currently is not exploited in most countries.

The German Biogas Association would like to outline the possibilities how this potential could be developed by economically and ecologically reasonable applications. For this purpose, after an introduction in the biological fundamentals of the anaerobic digestion process, an overview of the different utilisation paths of biogas will be given. As the primary energy source methane is produced during the process of digestion manifold applications of the contained energy are possible. After the gas is cleaned it can be used for the conversation into electricity and heat by a combined heat and power plant but also substitute natural gas upgraded to biomethane. In this way even an application as fuel is possible for gas-powered cars. Subsequently an insight into the variety of different feedstock materials will be provided. These roughly can be segmented in the categories animal by-products, vegetable by-products, industrial and commercial wastes and source-separated biowaste from households. Depending on the composition of the feedstock the possible gas yield can fluctuate enormously. By this reason the energetic potentials of different feedstock should be shown.

After a wet or dry preparation the feedstock can be used through different digestion techniques whose discussion will be the core element of the presentation. Depending on the composition and cleanliness of the feedstock following three categories are available: Wet digestion, dry continuous digestion and dry batch digestion. These enable a reasonable exploitation of the most waste potentials. Thus, for example, the best technical solution could be found for the digestion of very wet feedstock like slurry on the one hand or highly solid materials like separate collected municipal wastes. However the area "safety" should not be neglected. The operation of biogas plants requires a prudent management as dangers for health and environment could be the consequences of an incorrect performance. An overview of essential safety requirements was considered indispensable by this reason.

Conclusively it should be demonstrated that the digestion of biological wastes could be an interesting extension of the common used techniques of composting. The digestate is a high-quality biofertiliser, richly in humus and nutrients. It can be utilised directly in liquid form, but also separated and composted or dried in agricultural, landscaping and horticultural sectors as well as for private gardening.

Overall it should be shown that the biogas technology provides a highly flexible energy source. By the production of biogas as primary energy source, the possibilities for storage are much easier than for energy like electricity and heat itself. This allows a conversion at the time when the energy is needed and could be a very interesting renewable solution for many countries to relate economic and ecologic aspects.

Keywords: Renewable energy, biogas, waste digestion, market overview
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EXECUTIVE SUMMARY

In this study, a greenhouse-type solar dryer was developed in order to demonstrate an olive oil by-product and agro-residue Managing System, which uses solar drying processes for the treatment of olive oil mill residues to decrease the high energy consumption of the drying operations, thus decreasing the environmental impact of these residues. The resulting by-products, once dried out, have a final application as fuel. The greenhouse, with a roof height of 4.3m and total area of 538m 2 , consisted of four parallel concrete corridors 5 m wide and 20 m long, completely covered by a special plastic material resistant to unfavourable climatic conditions. Materials are mixed inside the greenhouse using a mixing engine (rotation drum) to prevent the formation of crusts and ensure an evenly granulate dry material and sufficient aeration of the dry material. The drying of olive pomace (two-and three-phase olive mills), leaves and biomass from pruning for the production of solid biofuels was examined. The two-phase olive mill by-products required more drying time than three-phase olive mill by-products due to higher moisture content. Moreover, the moisture rate was positively related to minimum relative humidity and the highest material and ambient temperature. Using free solar energy for drying olive oil by-products can be beneficial from the point of view of energy consumption and, consequently, the drying system cost. The main innovation of the process is using the most abundantly available energy source in Greece -and the Mediterranean basin generally -the sun.
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INTRODUCTION

The total generated amount of organic waste is still unknown, due to the variety of disposal options. Organic waste is disposed by the separate collection system (brown bin). Additionally organic waste can be disposedoff by collection points for garden waste, by home composting, by open burning and by sometimes improper disposal together with the municipal solid waste (black bin). Up to now only the collected amount of organic waste is measured, the potential amount is unknown.

MATERIAL AND METHODS

To estimate the organic waste amount from households parallel sorting analyses were conducted. Parallel means the brown and black bins were sampled at the same time and from the same households. Thus the waste amount and composition can be analysed. Organic waste and mixed municipal solid waste were sampled from four different types of housing. Single-family houses, multi-family houses, apartment blocks and multi-storey buildings were chosen as indicators to represent different living standards. Further campaigns are planned for each season in the year 2016.

RESULTS

The first sorting campaign was done in autumn/winter 2015 in a densely populated area in the state of Baden-Wurttemberg, Germany. Organic waste was only collected separately in single-family and multi-family houses.

In the apartment blocks and multi-storey buildings the separate collection of organic waste was not offered to the inhabitants. The results showed differences in the waste composition. Especially in single-family houses the fraction of garden waste and leaves was around 40 % in the collected organic waste. Whereas the assumption for multi-family houses, apartment blocks and multi-storey buildings was that the gardens and the garden waste where taken care of by a company. The kitchen and food waste fractions were found in the organic and the mixed municipal solid waste. However the trend was that especially vegetables, fruits, their peels and cutting rests, like kitchen waste were in the separate organic waste collection. Food left overs and expired food were disposed-off as mixed municipal solid waste, even if a separate organic waste collection was offered.

DISCUSSION AND CONCLUSION

The organic waste composition differed a lot throughout the four building structures. Tendencies especially regarding the amount of garden waste were verified. Concerning the amounts of kitchen and food waste more analyses will be done during 2016. The collected data will be evaluated further and waste amounts per person and week will be calculated. Since not all areas in Germany did offer a separate bio-waste collection, the amendment means that from 2015 these areas have on adapt their collection services to comply with the legislation. One area concerned is Mecklenburg-West Pomerania, a German federal state with the lowest population density and rural structure as well as with the lowest amount of collected bio-waste. According to the authorities, before 2015, most of the biowaste was composted by the population in backyard composting facilities. According to the new legislation, the municipalities have to introduce the separate bio-waste collection despite the home composting practice. Aim of the strict implementation is to be able to gather bio-waste amounts, which cannot be treated in yard composting (mainly meat and fish residues from cooking).

For the implementation of the separate collection treatment of bio-waste the municipalities face different problems. One important aspect is the rural structure of the region (low population density and long distances for collection). In addition also the challenges arising from the demographic change have to be considered.

As most European countries also Germany is facing demographic changes: negative population balance, ageing population and migration. These are not equal for the whole country and Mecklenburg-West Pomerania is one of the areas, where the problem is particularly acute. Population declines for some districts are predicted from up to 20%. The trend of population decline is accompanied with the aging population and the change in the age structure. This demographic process is not reversible in the coming decades and affects also public services like waste management. For that reason it is especially important to consider the consequences of demographic change in waste management issues in order to allow in the future an efficient and optimal collection and recycling. This papers describes the challenges expected from demographic changes in Mecklenburg-West Pomerania, which can be similar to other European rural areas. Further, it describes the problems to be faced for the biowaste collection in rural areas with decreasing population and which considerations have to be taken into account for an efficient bio-waste collection and treatment system.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF] 

EXECUTIVE SUMMARY

As a response to the growing pressure on the supply chains, developing a resource-efficient circular economy will be fundamental to satisfy the future demands for material resources. In this context, the Danish Government, in 2013, launched its Resource Strategy Plan, mandating that, by 2018 at least 60% of organic waste -that cannot be prevented or reduced -generated by service sector, should be source-segregated and collected separately. In order to establish the baseline of the current situation, and to allow for any evaluation of performance against target indicators, data on solid waste generation and composition are required.

The overall aim of this study was to quantify the potential for source-segregated organic waste as well as mixed waste from institution.

This study was carried at the Department of Environmental Engineering at Technical University of Denmark.

In the course of this study, two plastic waste bins of 60 L each were placed in the kitchens: organic waste bins and mixed waste bins. Organic waste and mixed waste from these kitchens were collected and weighed separately, on a daily basis, during 133 working days (29 weeks). However, waste was not sampled during weekends and public holidays, when the offices were officially closed. Furthermore, the composition of source-segregated organic waste was analysed to investigate its purity.

During the sampling period, the number of employees coming to work at the department was recorded. These data were used to investigate any relationship between mass of discarded waste (source-segregated organic and mixed waste) and the number of employee coming to work at the department.

The result showed that 20 to 60 days (e.g. working days) should be considered to obtain reliable data when sampling waste from an institution. We found a significant correlation between mass of source-segregated organic waste and the number of employees coming to work at the department (0.70 with 95% HDI 0.6 and 0.78). Similarly, there was a significant correlation between mixed waste and number of employees (0.49 with 95% HDI 0.3 and 0.62).

The generate rates of source-segregated organic waste amounted to 23 ± 5 kg/employee/year, of which 20 ± 5 kg/employee/year was source-sorted, with a considerably high purity of 99%. Mixed waste amounted to 10 ± 5 kg/employee/year. These results show that source-segregated organic waste from institutions offers promising potential. They also suggest that recycling target for source-segregated organic waste might be achievable with reasonable logistical ease in institution areas.
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EXECUTIVE SUMMARY

Waste management planning has become apermanent element in public planning efforts in all EU Member States as legislation requires the competent authority in each Member State to draw up one or more waste management plans in accordance with relevant EU directives.

Waste management planning is the cornerstone of any national, regional or local policy on waste management. The formation of a plan allows taking stock of the existing situation, defining the objectives that need to be met, framing suitable strategies, and identifying the necessary implementation means.

Under this framework, establishing Local Action Plans for waste management has become the latest years a priority for many municipalities in Europe.

At the same time innovation has become vital to European competitiveness in the global economy. The EU is intensively implementing policies and programmes that support the development of innovation in order to increase investment in research and development, and to better convert research into improved goods, services, or processes for the market. Applying innovation in waste management procedures is a part of this philosophy, and addresses the modern needs for ICT compatibility and use within the cities.

Although local governments are investigating all practical and financial parameters when setting up a Waste Management Plan, they usually do not pay much attention on how to engage successfully the citizens in adopting prevention and recycling behaviours.

The development of social ICT platforms can help significantly waste management practices at a local level. Social platforms can provide tocitizens the ability to learn more about the waste management issues, share their opinions with other citizens, and interact actively with their local and waste management authorities, providing valuable feedback.

Specifically, social platforms nudge people to incorporate better recycling habits into their daily routines,discoverhow to recycle, how to dispose of their waste,new ways of recyclingto enhance current recycling habits, can increase citizens' awareness and promote e-democracy and citizens' participation.

This paper addresses the development of social platforms, as a part of Municipal Local Action Plans for waste management thatmake use of ICT tools. The paper also presents theexample ofasocial platform created for the citizens of the municipalities of Chania in Greece, and Sevillein Spain, which use ICT tools to optimize waste collection and increase recycling. The conclusions could be useful for other Municipalities which wish to integrate ICT tools for improving their waste management practices, andinvestigate ways to increase citizens' participation in recycling and prevention.
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ABSTRACT

Throughout the entire value chain from agricultural production to end consumption, the provision of food is linked with a considerable energy expenditure. When food does not find its intended use at the end consumer or is discarded in the preceding value chain, the often substantial energy consumption of highly processed foods is disproportionate to the alternative use of these edibles and, thus, not sustainable. The Objective of the present work is to account for the theoretical potential for primary energy savings by avoiding food losses in the entire value chain, in order to deduce approaches for future saving measures. [START_REF] Hafner | Ermittlung der weggeworfenen Lebensmittelmengen und Vorschläge zur Verminderung der Wegwerfrate bei Lebensmitteln in Deutschland[END_REF]Hafner, et al. (2014) determined the amount and composition of food waste along the value chain in Germany and Bavaria. A quantification and characterization of energy losses associated with avoidable food waste was conducted by merging and updating these former results, using the cumulative energy demand (CED) as the assessment parameter. More precisely, the respective theoretical amount of avoidable food losses multiplied by the corresponding CED value yielded the theoretically possible primary energy savings of each food category. Combining the single categories resulted in an energy-saving potential by avoiding food losses in Germany.

METHODOLOGY

RESULTS

First extrapolations revealed that the theoretically avoidable amount of 8.5 million megagram per year of food losses or waste in Germany corresponded to an energy saving potential of about 95.6 PJ/a to 100 PJ/a. More than half of the energy was lost at the household level in the form of expired food as well as table scraps. About one fifth of the energy losses was assigned to the out-of-home sector, closely followed by food processing. On the contrary, agricultural production and food trading were accounted for less than five percent of the energy saving potential, each.

DISCUSSION

A closer look at the data indicated that the reason for the high saving potential at household level was primarily the huge amount of losses in this sector. While the highest average CED was decisive for the higher energysaving potential in the out-of-home sector compared to agricultural production and food trading sectors. Further, it is important to note that this study did not consider the pre-harvest losses as avoidable food losses in accordance with the assumptions in Hafner, et al. (2014). Although, the amount of these pre-harvest losses were twice as high as the agricultural post-harvest losses, their enclosure would result in an almost negligible increase of the total energy-saving potential (less than 5%).

CONCLUSIONS

Looking at the entire food value chain, the households and the out-of-home sector were identified as "hot spots" for energy saving by avoiding food losses. Undoubtedly, we should aim for a reduction of food waste in both sectors. However, saving measures appear more effective and easier to implement in the out-of-home sector due to the larger average CED and the lower number of necessary individual measures.

Hafner, G., Leverenz, D., Barabosz, J., Riestenpatt, D. (2014) 

METHODS

Our research was focused on isolation high PAH-degrading endophytic bacteria and investigation on their potential in protecting plants against PAHs contamination. Pyrene-degrading endophytic bacteria were isolated from plants grown in PAH-contaminated soil. The capacities of endophytic strains to degrade pyrene were tested in vitro, and colonization efficiency was tested in vivo by inoculation of endophytic strains on seedlings.

RESULTS

8 strains of endophytic bacteria (2 strains of Stenotrophomonas sp., 2 strains Serratia sp. Pseudomonas sp., Paenibacillus sp., Pantoea sp., Bacillus sp.) were isolated from plants grown in PAH-contaminated soil. In vitro test, these strains could degrade more than 95% phenanthrene from media within 7 days. Among them, two strains of Serratia sp. and Paenibacillus sp. could degrade more than 50% of pyrene from media within 7 days.

In inoculation test, Serratia sp. successfully colonized into roots and leaves of inoculated plants, and reduced the PAH contamination interior plants. In the roots and shoots of the inoculation plants, increasing activities of polyphenoloxidase, peroxidase, and catechol 2, 3 dioxygenase were observed, suggesting that high PAHdegrading endophytic bacteria could enhance the biodegradation of PAHs interior plant tissues.

CONCLUSIONS

PAH-degrading endophytic bacteria have the potential for protecting plants against PAH contamination and mitigating the threat of pyrene to human health through food consumption.
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EXECUTIVE SUMMARY

Within the framework of the research initiative "United Against Waste" (UAW), the food waste generation of 50 hospitality companies including gastronomies, hotels and canteen kitchens was assessed in the period from July 2014 to October 2015. In total, 13 hotels, 13 gastronomic businesses and 23 canteen kitchens and one catering from the Austrian provinces Lower and Upper Austria, Salzburg, Styria, Tyrol and Vienna participated in the study. In each case the survey was carried out on a single day covering any food waste produced during that day. The generated food waste was divided into 5 distinct areas according to its origin, namely storage loss, loss during kitchen preparation, unissued meals, leftovers on the plate and from the buffet table. Food waste classified as being avoidable (this means without food loss during kitchen preparation) was further sorted into 9 product groups (e.g. fish/meat, vegetables/fruits, soup, starch side dishes, etc.). This distinction provided a better information basis for the identification of avoidance strategies. In order to allow a comparison between the hospitality companies as wells as an evaluation of the individual operating efficiencies, the calculation of the loss ratio (level of efficiency) was introduced as a benchmark for the first time. The loss ratio is the amount of avoidable food waste (in kg) in relation to the amount of meals served/sold (in kg) per survey day. In total, 6,404 kg of food waste was analyzed in all companies. Due to the heterogeneity of the companies and the relatively small number of samples the total amount of food waste as well as the share of avoidable food waste strongly fluctuated within a business type. The wide spread of analyzed amounts (absolute values) signifies the large extent of uncertainty with regard to the quantitative statements of the survey results. On the contrary, considerably lower fluctuations within a business type were determined by calculating the loss ratio. The ratio between the amount of avoidable food waste (without beverages) and the meals served ranged from 5 to 45 % in all companies. Canteen kitchens showed significantly higher loss ratios (22 % on average) compared to hotels (19 % on average) and gastronomic businesses (14 % on average). The share of food loss during kitchen preparation was substantially low in canteen kitchens (13 %), while the share of unissued meals and leftovers on the plate showed the highest level (24 % and 50 %). In the case of hotels, the proportion of unissued meals and leftovers on the plate was relatively low (11 % and 20 %), whereas a rather high share of leftovers from the buffet table could be determined (20%). Gastronomic businesses also revealed low levels of food loss caused by unissued meals. However, the share of food loss during kitchen preparation (49 %) and food leftovers on the plate (33 %) was comparatively high. In canteen kitchens food loss of unissued meals and leftovers on the plate consisted to a great extent of soups and starch side dishes. Large quantities of salad, starch side dishes as well as meat and fish remained on the plates in gastronomic businesses. Residues of beverages, fruit and vegetable waste as well as food loss from starch side dishes and soups are a particularly important issue in hotels.

The UAW partners identified avoidance measures for each individual company. The general findings were summarized for each distinct area (storage loss, loss during kitchen preparation, unissued meals, leftovers on the plate and from the buffet table) and business type, respectively. Depending on the type of business, management reporting or financial incentive systems (mainly for canteen kitchens), reduced menu offers/cards, the use of smaller ladles or the adjustment of the portion size as well as targeted utilization of food residues, appropriate menu planning, consideration of the storage life of products at the purchasing stage and provision of doggy bags can be regarded as successful measures also on an international level. In addition, unissued food or meals could be further provided to employees or donated to charitable organizations. In order to enable requirements-oriented refilling of food containers in the buffet area, smaller or separable units should be used.

In general, staff training and feedback systems regarding quality and quantity of dishes served may contribute to raise awareness and identify additional preventive measures.
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EXECUTIVE SUMMARY

Even though the generation of food waste from households is only a part of the whole picture, as analysed in the introductory section, households contribute greatly to the food waste problem. Take also into account that among the different waste prevention initiatives that can be implemented at the household level, food waste ranks at the top, having the highest prevention potential.

In order to estimate the food waste generation by the Greek households, a diary was compiled and given to 252 households in various urban and semi-urban areas of the country, namely Athens, Heraklio and Chania in Crete, during the second semester of 2013. The participants were asked to fill in the diary after weighting the food that was going to be wasted. The diary had different sections referring to breakfast, lunch and dinner. In addition, the consumer was asked to identify the food waste generated during the preparation of the meal and after its consumption.

Βased on the average values resulting from the households examined, the overall food waste generation in Greece is estimated to be 98.9 kg/inh./y. It should be noted that this figure only refers to households, i.e. it does not include data referring to the upstream (to the household) life cycle stages of food. This figure falls within the range that both the FAO and the EU report for food waste generation by the Europeans.

Moving on to its classification, food waste can be classified based on different approaches. The first approach is to classify it as avoidable and unavoidable, with environmental emphasis being on the avoidable fraction, due to its prevention potential. Avoidable food waste is "food and drink thrown away because it is no longer wanted or has been allowed to go past its best", but, at least at some previous stage, it was perfectly suitable for human consumption. The results of the present study indicate that 30.1% of the overall food waste generated in Greece is avoidable, corresponding to 29.8 kg/inh./y. This value is much lower than those reported in other EU countries.
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Biobased economy and the biorefinery concept
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INTRODUCTION

The development of new process technologies enabling the conversion of lignocellulosic biomass into chemicals, fuels and materials able to fulfill the societal demands is a major scientific and technological challenge. The new industrial processes should be based on green technologies fulfilling the principles of the "sustainable development" concept, opening the way for a biomass-based economy. In this context, the "biorefinery" concept (intending the benefit of biomass as according to a philosophy analogous to today's oil refineries) are expected to foster the development of a competitive bioeconomy that will be a key to a sustainable industrial progress and economic growth in the XXI century.

The structural components of hardwoods (including xylan-type hemicelluloses, cellulose and lignin) can be extensively separated according to a biorefinery scheme based on consecutive stages of aqueous processing and organosolv delignification, enabling the conversion of each fraction in an array of marketable products.

METHODS

Hardwood samples were subjected to consecutive stages of hydrothermal processing (for xylan solubilization) and organosolv delignification, leaving a solid enriched in cellulose as an insoluble fraction. The compositions of the various process streams were determined using NREL or TAPPI methods.

RESULTS

The aqueous processing of hardwoods allowed the solubilization of the hemicellulose fraction, mainly as oligomeric or polymeric compounds made up of xylose structural units, which were substituted with uronic moieties and acetyl groups, and can be used as prebiotics or as a feedstock for furfural production. The composition of the lignin fraction confirmed its suitabillity as a starting material for manufacturing simple phenolics or for applications based in its polymeric nature. The cellulose-enriched solid can be used as a substrate for saccharification-fermentation or as a feedstock for furan production.

INTRODUCTION

Lignocellulose biorefineries are based on the fractionation of suitable feedstocks to recover the major polymeric components (hemicelluloses, cellulose and lignin, intact or as derived compounds) in separate streams. Pinus pinaster is an important resource in Europe, and a potential raw material for biorefineries. The fractionation of pine wood can be accomplished by acid-catalyzed organosolv delignification, leaving a solid phase enriched in polysaccharides. The lignin obtained in this way is a potential substrate for multiple applications, including the production of chemicals and materials. For this purpose, a deep knowledge on the separation, composition and reactivity of lignin is necessary.

METHODS

Pinus pinaster wood samples were subjected to organosolv delignification (using 1:1 ethanol:water in the presence of 1% H 2 SO 4 as a catalyst), leaving a solid enriched in cellulose (also containing residual lignin and hemicelluloses) as an insoluble fraction. Operation was performed at 175 ºC for 120 min using 5 g pulping liquor/g oven-dried wood. Solids were separated by filtration, and lignin was recovered by precipitation with water to yield a fraction termed Ethanol Organosolv Lignin (EOL), which was assayed for composition (by hydrolysis, elemental analysis, NMR, FTIR and SEC) and reactivity.

RESULTS

The EOL fraction obtained in this study was obtained at 48.2% yield and presented high purity, as it contained 95.7% Klason lignin and 0.98% acid-soluble lignin. The elemental analysis revealed that EOL was sulphur free and showed a low nitrogen content. The NMR data showed that most hydroxyl groups belonged to guayacil and aliphatic moieties, with a small contribution of siringyl, condensed and p-hydroxyphenil groups. The reactivity of lignin was assessed by measuring the weight increase upon reation with butyric, isobutyric and crotonic anhydrides. The results confirmed the suitabilty of EOL as a substrate for multiple practical purposes in the scope of biorefineries.
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EXECUTIVE SUMMARY

Solid-state fermentation (SSF) is currently an interesting alternative to valorise organic wastes into high value added products. This process presents important advantages in comparison with conventional fermentations such as higher productivity or reduced energy requirement, and low wastewater output. However, the main challenges regarding SSF are process control and scale-up. Considering these aspects, operational strategies appear as an important issue to overcome these constraints and must be developed to obtain a continuous process. A few attempts have been done on this subject; however all assays have been done at lab scale (few grams of substrate) and under sterile conditions using one specific microorganism, often mesophilic. In this work sequential batch configuration is proposed for carbohydrases production aiming for an enhanced and/or sustained in time process. Fermented solids were used to inoculate the following batches. This strategy was evaluated in a representative scale (kg) and under non sterile conditions, in a thermophilic process similar to the composting process, which is well-known and scalable. Soy fiber (SF) and bread waste (BW) were used for amylases production and coffee husk (CH) for cellulases production. SSF were undertaken in a 4.5L reactor under near-to adiabatic conditions using a 90:10 ratio of substrate and inoculum, with incorporation of 1:1 ratio of wood chips as a bulking agent. Temperature, oxygen content and specific oxygen uptake rate (sOUR) parameters were on line monitored. Enzymatic activities were followed on representative samples. Sequential batches configuration was evaluated for amylases production, using as a substrate a mixture of SF:BW in a 90:10 ratio. Inoculum selected for this process was Thermomyces lanuginosus (TL), which is a thermophilic and amylases producer fungus. On the other hand, cellulases production was evaluated using coffee husk (CH) as sole substrate. Inoculum in this case was compost (C) as a complex consortium of microorganisms. Each batch performed until maximum enzymatic activity, which was 4 and 2 days for amylases and cellulases production, respectively. At the end of the process, the fermented solids were used to inoculate the fresh substrates of the following batch in a 10% ratio. A semi-continuous process was operated for 19 days and the enhancement of amylases production was accomplished. Sequential strategy allowed for a 500% increase in productivity and avoided the need of producing fresh inoculum for each batch. Maximum amylases activity and were 228991 ± 391 UA g -1 DS and 22.5 ± 2 mg O 2 g -1 DM h -1 respectively. A sustained production of cellulases was achieved, with a maximum of 7.8 ± 0.9 FPU g -1 DM (in average ± standard deviation). These results represented a 424% increase in comparison to the first batch with maximum sOUR of 2.5 ± 0.15 mg O 2 g -1 DM h -1 during 18 days of operation. Also, temperature profile was consistent through the entire process. These results show how robust and repetitive this process is. The use of compost as initial mixed inoculum generated a specialized biomass that was characterized for the development of a standardized process for cellulases production. The implications of these findings are remarkable because of the possibility to sustain enzymatic production in a repetitive, low-cost and easily scalable process configuration, and the enhancement of enzymatic yields. Further development of these operational strategies could improve process economics for the evaluated carbohydrases and potentially for other enzymes.

INTRODUCTION

Nowadays, the declining reserves of fossil fuels, the increasing demand, and the market price fluctuations, together with environmental concerns are key problems to be solved. Biomass, and principally lignocellulosic materials, can be used as feedstocks for the sustainable production of chemicals, fuels and/or materials. An integrated utilization of lignocellulosic materials can be achieved by multistep processing, enabling the separation of the three main fractions (cellulose, hemicelluloses and lignin) and their further processing for specific objectives. A first autohydrolysis stage enables the selective separation of hemicelluloses in a solution that can be used for furfural production, leaving a solid (mainly made up of cellulose and lignin) suitable as substrate for manufacturing the platform chemicals levulinic acid (LA) and hydroxymethylfurfural (HMF). The US Energy Department has included both LA and HMF among the top twelve chemicals obtainable from biomass. Furfural can be produced from pentoses, while LA can be obtained from hexoses. In this latter reaction, HMF behaves as an intermediate.

METHODS

Hardwood samples were subjected to hydrothermal processing to convert hemicelluloses (mainly glucuronoxylan) into soluble saccharides. The solid from autohydrolysis, with comparatively high cellulose content, was subjected to treatments with Lewis and/or Brønsted acids for obtaining levulinic acid by hydrolysisdehydration-rehydration of cellulose.

RESULTS

Autohydrolyzed solids, mainly made up of cellulose and lignin, were employed as substrates for levulinic acid production by treatments with Lewis and/or Brønsted acids. Lewis acids can promote isomerization of glucose into fructose, which is a more favorable substrate for dehydration than glucose, improving the LA yields under mild experimental conditions. The processing scheme proposed in this work is compatible with biorefineries, as the three major lignocellulose components are obtained in separated streams and can be used for specific purposes.

INTRODUCTION

The modern society demands new chemicals, fuels and materials with advanced properties. In the last century, these needs were supplied using fossil resources, but their utilization poses a number or problems (declining reserves, environmental impact) that foster the search for alternative raw materials. In this field, lignocellulosic materials have the potential to replace the role that petroleum and coal plays in many applications. The platform chemicals levulinic acid (LA) and hydroxymethylfurfural (HMF) can be obtained from polysaccharides made up of hexoses by saccharification and further acidic processing. The practical LA or HMF yields are significantly below the stoichiometric ones due to the effects of side reactions leading to unwanted coproducts (for example, humins). In this work, a process based on aqueous fractionation, enzymatic hydrolysis of the resulting solid to produce glucose, and the acidic processing of the resulting solutions for manufacturing levulinic acid is considered. This scheme is suitable for biorefineries, as the three structural lignocellulose components (hemicelluloses, cellulose and lignin) or their derived products are obtained in separated streams

METHODS

Hardwood samples were subjected to pretreatments under different conditions for hemicellulose solubilization and for improving the susceptibility of cellulose to enzymatic hydrolysis. The resulting glucose solutions were submitted to acidic processing for obtaining the target compounds.

RESULTS

The cellulose-enriched solids resulting from the aqueous fractionation of wood were treated with alkaline solutions to yield substrates susceptible to enzymatic hydrolysis. The glucose solutions obtained under optimized conditions were processed in acidic media for levulinic acid production. The implementation of an isomerization stage enabled improvements in selectivity operating under milder conditions (lower temperatures and shorter reaction times).
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EXECUTIVE SUMMARY

The change of paradigm from 'Waste' to 'Resource' is mandatory in the framework of the circular economy.

The need arises of developing new (bio)conversion processes to transform organic wastes into valuable products besides compost and biogas. Solid state or solid substrate fermentation (SSF) is one of the keys to fill the gaps from wastes to products.

Solid-state fermentation (SSF) is the fermentation performed on non-soluble materials, namely the substrate, in the absence or near absence of free water. The SSF process has been extensively studied for the valorisation of wastes and for the production of high value added products, e.g. biofuels and enzymes. SSF presents some advantages in comparison with conventional fermentations such as higher productivity or reduced energy requirement, and low wastewater output. However, important drawbacks are described concerning the SSF scale up largely due to heat transfer, sterilization costs and culture heterogeneity.

In the last decade solid-state fermentation (SSF) has received increased attention from researchers as a biobased process. However, most studies inoculated a specific strain for the production of the targeted product and were carried out on a small scale using few grams of the waste (substrate) and media suitable for the microbial growth and often performed using sterile substrates.

The research group GICOM in UAB has been working on the development of new SSF processes to valorise industrial and urban organic wastes by producing enzymes, biosurfactants and biopesticides. An easily scalable, low-cost and reproducible process has been obtained by performing SSF as a thermophilic batch process under near-adiabatic conditions, similar to the composting process which is a robust, well known, easily scalable and low-cost process. This self-heating process does not involve heating/cooling costs since the temperature evolve due to the heat released in the biodegradation process. From the microbiology point of view, the group has performed successful fermentations using different strategies: favouring the growth of autochthonous microorganisms already present in the substrates; using compost or sludge as rich mixed cultures to obtain a microbial community specialized in the production of a given enzyme; or proving that mesophilic and thermophilic strains inoculated on non-sterile wastes were able to grow and compete with autochthonous microbiota and significantly increase a given production. Moreover the group has worked on the setting up of a long term operation in continuous or semi-continuous regime since this issue remains a challenge and very few attempts have been reported. In this sense, the group has applied operational strategies to operate in the long term and eliminate the need of liquid inoculums by reusing fermented solids.

In this presentation in the ORBIT 2016 Conference our most important findings will be summarized to demonstrate how fundamental the solid state fermentation is to fill the gaps in the circular economy.
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EXECUTIVE SUMMARY

Theme 4: Biobased economy and the biorefinery concept.

The BioGas to BioRefinery project began in November 2015 and seeks to use the BioRefinery concept to set out an evidence-based RoadMap for a biobased or bioeconomy for Northern Ireland.

The project applies the biorefinery concept to integrate technology evaluation and design and sustainability and economic analysis to identify optimum biogas utilisation pathways on a regional scale. Funded by the Centre for Advanced Sustainable Energy (CASE) http://www.case-research.net/ and based at Queens University Belfast School of Chemistry and Chemical Engineering (SCCE), the project represents an attempt to translate the biorefinery concept into the context of Northern Irelands institutions and industrial/technological profile. The project is an industry-academia collaboration involving the evaluation of operational biogas facilities. This presentation will provide an introduction into how the biorefinery concept can help Northern Ireland and other regions tackle the challenges of developing biobased economies. It will review the international research and development on the biobased economy and the biorefinery concept and present the preliminary results of Northern Ireland case studies of evaluating a range of feedstock's and utilisation options using both Life Cycle Analysis (LCA) and Cost Benefit Analysis (CBA). Utilisation options to be evaluated include gas-to-grid, biomethane, biodiesel and chemical feedstock's (BTX) and pelletisation of digestate.

As such, it will provide a review of the opportunities and challenges for the development of a biobased economy and the utility of the biorefinery concept in both facilitating the development of capacity and creating an evidence based RoadMap to support policy and decision making.

Keywords: Climate change, feedstock, bioeconomy, biogas, biorefinery, biofuels.

Biobased economy and the biorefinery concept -236
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EXECUTIVE SUMMARY

Following the goals and priorities of Directive 2008/98/EC on waste, recovery is the optimum route for recyclable materials that have already been disposed. Recovery is possible by applying methods in waste sorting plants, to an extend that depends heavily on the design of the process, and the technological level and specialization of the equipment.

The upgrade of Mechanical Sorting Facilities of Mechanical Recycling and Composting Plant (EMAK) of Chania is one of the very few case studies that in a very limited space and time the modernization of the waste process lines took place. All the necessary works and interventions were executed during the summer period when EMAK was working at peak load, without any seizure of operation.

The philosophy of the design promotes the automatic sorting of various waste streams with the involvement of equipment that parametrically recognize the materials (chemical structure identification via optical methods) and divert them from the mixed waste stream. As waste handling efficiency depends on the physical and morphological characteristics of waste (i.e. moisture, density, size, aggregation) special attention was given at the beginning of the process steps in the waste stream normalisation and size classification. The upgrade is designed to have several benefits amongst them the 30% increase in the handling capacity of the plant, the automatization of the process while hand sorting is reduced approximately to 70% and the increase in the efficiency while more recyclables will be recovered. Subject of the article is the presentation of the technological design and philosophy, the analysis of the results and the process optimisation and the promotion of the perspectives of waste handling facilities upgrade and modernisation.
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EXECUTIVE SUMMARY

The MBT Maresme is the latest wet anaerobic digestion plant for the Organic Fraction from Municipal Solid Waste (MOR -Materia Orgánica Residual), that has been built in Spain, in countercurrent to the observed development towards MBT plants only with composting technology.

In the proposed presentation the MBT plant shall shortly be presented before the operation experiences during the start-up phase and the guarantee tests will be discussed.

The facility, based on the BTA® Process, is in operation since 2013 and was designed to treat 35.000 ton/year MOR. It is operated in concession by the consortium UTE TEM, formed by Valoriza Servicios Medioambientales, Veolia and Cora Terra).

During the start-up and operation aggravating circumstances had to be faced. On one side, the characteristics of the input to the wet mechanical pre-treatment differ importantly from the design specifications (27% higher TS content as well as a higher content of impurities, partially 2,5 times higher than foreseen). At the same time, the yearly operation days had to be reduced by 50 days, thus requiring a 30% higher daily throughput. This modified starting position implied a high challenge for the technology as well as for the operators. Furthermore, it showed an important impact on the operation costs e.g. due to wear. The presentation will give an overview on the operation results and will furthermore describe the optimisation works carried out to help to improve the quality in the input to the wet pre-treatment (e.g. an upstream Foucault separator or an upstream integration of an x-ray sorting unit -in planning) respectively to better address these new operation conditions. Finally, the integration of the MBT Maresme in the TubVerd for district heating and cooling of the Mataró City will be shortly introduced, which allows to have a very positive energy balance. Despite the everyday challenge the operation of such a facility implies, the operation experiences in at the MBRT Maresme show that the anaerobic digestion of the Organic Fraction from Municipal Solid Waste is a viable alternative.
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EXECUTIVE SUMMARY

Tunisian waste is rich in organic and hence fairly wet. This causes technical problems and adverse environmental effects when landfilled. But next to the formation of leachate and landfill gas also operation problems were observed especially at pit landfills because of unsufficient drainage of the leachate which resulted in situations that the whole waste is soaked with leachate and hence the mechanical stability is reduced.

Pilot tests were conducted to assess the feasibility of MBT as a solution for the conditions in Tunisia to overcome some of the problems mentioned above. To test MBT for Tunisia a windrow composting system with forced aeration was installed. Composting trials have been conducted over the course of one year to determine seasonal impacts. To protect the windrows from sun and rain membranes were used to cover the windrows. In a first step the total waste was biologically dried, then RDF was separated by a simple screening steps. The fines were then further matured with the composting system to achieve a stable product. The windrows were turned once a week and irrigated as required. The composting process was computer-controlled and samples were taken and analysed during the whole process to monitor the drying and stabilization process. The results from these trials encouraged the Tunisian National Agency for Waste Management (ANGed) to establish MBT as part of their waste treatment strategy.

The specific objectives of the treatment were:

• ldentification of the optimal method for mechanical and biological processing steps under the con ditions in Tunisia Pfaffenhofen an der Ilm, Germany, Tel: +49 84418086611, h.kuebler@btainternational.de, t.rahn@bta-international.de, s.schulte@bta-international.de

EXECUTIVE SUMMARY

The paper focus on the utilisation of the solid product of the biological treatment stages of three MBT Plants which treat the organic fraction of MSW by means of wet mechanical pre-treatment units followed by anaerobic digestion.

The experiences of two MBT Plants in Portugal (CVO VALORLIS and CVO Suldouro) which produce compost are contrasted with the experiences at the MBT Bredbury Parkway (UK) which produces digested solids for thermal valorisation. At Bredbury Parkway, the digestate undergoes a solid-liquid separation with centrifuges. With the help of a thermal drying unit which uses the heat of the on-site CHP units the dry matter content of the dewatered digestate is further increased from approx. 33% to approx. 50%, increasing also the calorific value. The product is transported for a thermal valorisation.

At the CVO VALORLIS and the CVO SULDOURO, the dewatered digestate is composted on-site in two steps.

After mixing it with structure material, the digestate is aerated in boxes in a closed hall during 21 days, during which the sanitation is achieved. Afterwards the material is post-composted in aerated piles in a covered hall for up to 8 weeks. Due to the efficient removal of impurities in the wet mechanical pre-treatment step, the refining step is conceived just to recover the structure material. After certification tests, the product was assigned to the Class IIA according to the Portuguese legislation and can be used in orchard, vineyard and olive grove.

The environmental impact of these two different approaches and the transferability of the specific valorisation paths to other facilities are discussed. Furthermore, the impact of these two different approaches on the operation costs including the costs to obtain the respective characteristics necessary for the further processing as well as the earnings/costs related to the respective valorisation paths are evaluated.
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The challenge of Circular Economy in Municipalities
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PERSPECTIVES AND BARRIERS REGARDING THE ADOPTION OF CIRCULAR ECONOMY CONCEPT, IN SMALL MUNICIPALITIES IN CYPRUS IN THE FRAMEWORK ON WASTE MANAGEMENT

A.A. Zorpas 1 , I. Voukkali 2 , P. 

EXECUTIVE SUMMARY

The main research question nowadays is how small Municipalities in insular communities will adaptto the concept of circular economy. Moreover, small municipalities which their activities, mainly, focus on hospitality industry and agricultural without any specific strategy plan on waste management for more than 30 years will be in a position to adopt and adapt the concept of circular economy. Additionally, they suffer from seasonality, and lack of: waste management systems, prevention activities, awareness event and training programs, recycling programs, social behaviourregarding waste production, prevention and reuse programetc. Three Municipalities which are based in Cyprus they try to develop complete Environmental Management Systems (EMS) in the framework of Circular Economy(CE) the last 5 years (from 2010). Citizens in those Municipalities mainly act in hospitality industry, services and agricultural. The permanent population according to the last inventory report on November 2011 from the Ministry of Interior affair wasless than 25000 citizens. However, the equivalent population is estimated to be up to 125000 as mainly Paralimni and Agia Napa quest the 40% of the total Tourists (1.8-2.3 millions/year) that visit the Island. The total wastes that are produced in a yearly base from those 3 Municipalities are almost 30000 t and the total management cost is more than 6 million €/year. The compositional analysis which carried out in a period of 2 years and in the 3 Municipalities indicated that (in reverse series) more than 20% products can be composted (green waste, yard waste, fruits vegetables), 10-20% are considered to be Food waste, recyclable materials are considered to be more than 20% .The proposed waste Management System for each Municipality consists of (i) public awareness activities, (ii) state of the art analysis including the main waste producer (iii) waste compositional analysis (iv) set up priorities through multi-criteria analysis models (v) preparation to receive waste management licences from the department of Environment according to the national Law (vi) preparation for the door to door collection (vii) development of zero waste management plan (viii) development of central waste transportation unit (ix) development of a pay as you safe strategy.Although, Municipalities Council strategy was too ambition,these management system until today receive pressures either from the citizens and or from third parties and are not totally implemented;it requires more time to mature as the citizens' culture behaviours are too narrow. Most of them believe that NIMBY (not in my back yard) is considered to be more significant from IMBY (in my back yard 

ABSTRACT

In Germany a law to collect biological waste separately was introduced at 1st of January in 2015. Since then the capacity for appropriate treatments increased. The main practices are anaerobic digestion and aerobic composting. In order to compare the impact on climate change of the different biowaste treatment technologies, the determination of greenhouse gas emissions is inevitable. The most important greenhouse gas of biowaste treatments facilities is methane. Particularly the fugitive methane emissions play an important part because the quantification of only the collected sources is not sufficient for comparisons.

In IPCC ( 2006) default factors for methane emissions from biological treatments are given, depending on different criteria, e.g. input material or biogas production rate. Composting is an aerobic process, which is not intentionally linked to methane. During the composting process methane is formed in anaerobic sections of the compost. It is then mostly oxidised in the aerobic sections of the compost. Anaerobic digestion of organic waste is usually linked with methane recovery. The generated methane can be used to produce thermal and electrical energy. Fugitive methane emissions from such facilities may occur due to unintentional leakages, process disturbances or other unexpected events.

For a reliable quantification of the total methane emission rates of a composting or digestion plant a method is used which has already been successfully used at agricultural biogas plants and at landfills. The method contains a combination of open path concentration measurements and micrometeorological dispersion modelling. The software WindTrax from Thunderbeach Scientific is used for the dispersion modelling. The model is based on a backwards Lagrangian stochastic (bLs). The concentrations are measured with the GasFinder from Boreal Laser Incorporated. The remote sensing measurement technology is based on the absorption of infrared light with a wavelength sensitive only to methane. With the downwind measured methane concentration of a plant deducted by the upwind measured background concentration and the known wind conditions, WindTrax simulates a gas dispersion back in time to estimate the gas emission rate of a plant.

In 2015 measurements at a combined anaerobic digestion and composting plant and at a sole composting plant in Baden-Wuerttemberg, Germany took place. At the aerobic digestion plant the methane emission rates were related to the amount of methane generated and to the amount of waste treated on a wet weight basis. The latter on was also applied at the methane emission rates of the composting plant. In comparison with the proposed default emission factors from IPCC, the results of the measured methane emission factors are considerably lower. Thus the impact on climate change of the observed biowaste treatment plants might be less then assumed in the IPCC National Greenhouse Gas Inventories Programme.

The combination of a remote sensing measurement and a micrometeorological dispersion model provides a simple and generally available method to monitor plants for biological waste treatment. The method does not affect the ongoing treatment processes and contributes to evaluate the impact on climate change of such plants.

EXECUTIVE SUMMARY

Leather production has associated several negative environmental impacts, among them high amounts of residual hair due to the dehairing process. Different industries around the world are searching for cleaner technologies consuming fewer resources and having lower impact on the environmental. Until now, hair wastes are mainly dumped or managed through; composting, which involves the stabilitzation of the waste and it returns nutrients to soil. Recently, Abraham et al., (2014) proposed the management of hair wastes through solid state fermentation (SSF) to obtain proteases and compost simultaneously. These enzymes were suitable to be used in an enzymatic dehairing, as an alternative to the current chemical process. SSF can be considered a low-cost biotechnological process compared to the traditional submerged fermentation (SmF), especially when specific wastes are used as raw material.

In the present work, two different scenarios for the valorisation of the hair waste are proposed and assessed by means of LCA: composting and SSF for protease production. The main aim of this study is to identify which process presents the highest environmental impact. Additionally the impact of producing protease through a traditional submerged fermentation process (SmF) will be assessed and consider in the discussion of the results. Therefore this work will summarize and discuss the findings of these studies.

Life cycle assessment (LCA) is a popular tool used to evaluate environmentally the management systems. Detailed data on hair waste composting and SSF, and protease production by SmF will be gathered from previous studies in our research group and other studies from literature. Background inventory data will be mainly based on Ecoinvent version 3. The LCA software used is SimaPro 8. The different scenarios considered are: hair waste composting in turned windrow; hair waste composting in vessel; protease and compost production from hair waste by SSF in bioreactor, protease production by traditional SmF

In summary, SSF has a higher environmental impact than composting due to a higher resource consumtion (energy and water) in the enzyme extraction and posterior drying (enzyme downstream). Nevertheless, considering the saved impacts of enzyme production for the dehairing process, SSF appears as the best option in terms of LCA.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF] A key aim of sustainable waste and resource management is to deliver improvements in resource efficiency and reductions in GHG-eq emissions through optimising the selection of the most appropriate technologies. Life cycle assessment modelling is the principal decision support tool for evaluating the environmental performance of material and waste systems and was applied to a waste planning region in Northern Ireland operating a sourceseparated collection system for household kitchen and garden waste. The Southern Waste Management Partnership (SWaMP) region comprises 173,895 households, generating a total of approximately 277,029 tonnes of municipal waste, of which 34% (approximately 95,000 tonnes) was estimated to be biowaste This paper will present the results of a comparative LCA and Carbon Footprint (GHG-eq) analysis of Composting and Anaerobic Digestion (AD) of source-separated household kitchen and garden waste (Biowaste). The analysis included energy flows (consumption, generation and net), CO2-eq emissions (broken down by biogenic and non-biogenic) and 'other' emissions: acidification (gSO2eq), photochemical ozone formation (g-ethylene-eq), g-VOCs, g-Acid gas, g-SOx, ng-dioxin/furan, g-HMs and water-tbc. The presentation will include an evaluation of the advantages and disadvantages of restricting the scope of the analysis to CO2-eq emissions (the Carbon Footprint) and the impact of variations in waste composition. The paper will include an analysis of the limitations of current LCA models as decision support tools for evaluating the environmental performance of bioresource and bioenergy processes and identify future research needs to address these limitations, with a particular focus on advanced utilisation options for biogas (gas-to-grid, biomethane, biodiesel) and the sensitivity of the LCA modelling to the assumptions made on applications/uses of digestate from AD.
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EXECUTIVE SUMMARY

In the Polish energy balance is assumed that in the coming years more and more percent of the energy usage will come from renewable sources. One of the most promising sources of renewable energy in Polish conditions is biomass. It is a fuel derived from forest areas or special energy crops. In recent years there has been increased interest in the use of biomass for energy purposes, and as a consequence of this an increase in the amount of waste from the process of thermal treatment (combustion residues) -mainly in the form of biomass ash (BA) was observed. The properties of ash from the biomass combustion, if they are well understood, allow for putting BA to use for industrial purposes or agricultural. Therefore, an important problem is the analysis and development of modern technologies of BA handling, with particular reference to their natural use. BA are a valuable source of nutrients for plants and they could be an alternative to mineral fertilisers. Currently, in Poland there are 36 installations for thermal conversion of biomass, which generated more than 200 thousand. tons of BA per year. This is a very large potential feedstock for use it in the fertiliser industry, according to assumptions od circular economy. Research and development of sustainable utilisation paths for BA focused on the optimization and expansion of ash utilisation techniques are required in this area. This paper presents a methodology for evaluating the Best Available Techniques Not Entailing Excessive Costs (BATNEEC) options for the management of by-products from biomass combustion in a dedicated fluidized bed boiler. The industrial BA were collected from Green Energy Block (ZBE) in Power Plant Połaniec (Poland).

The first of analysed option (1 st variant) was related to the storage of BA on conventional municipal waste landfills. In the second case, the use of BA for the production of fertilisers has been examined. For this purpose, three variants (2 nd -70% of BA, 3 rd -45% of BA, 4 th -90% of BA) of mass-produced fertiliser were studied (with varying content of nutrients). The technical, environmental and economic consequences of the actions in the field of waste management technology for ashes disposal were considered. At the beginning, the definition of the criteria for the evaluation of the selected options was proposed. In addition, fourteen evaluation criteria options were selected: (1) Reducing the cost of processing and/or storage of waste, (2) Reducing the amount of waste, (3) Consistency with the objectives of sustainable development, (4) Consistency with the programs of the national economy, (5) Consistency with EU programs, (6) The degree of adaptation to local conditions, (7) Improved relations with consumers, (8) Improved relations with the public, (9) The investment volume, (10) Time and ease of implementation, (11) The required legal permits, (12) Availability of technologies, (13) Ecological assessment method of analysis of the process in terms of cumulative account, ( 14) Assessment of quality technology. Taking into account the professional knowledge about waste management technologies, an evaluating team of four experts was selected. The evaluating team included one technological scientist, an economist, a production-line manager, and a representative from an environmental organization. The options studied were scored by the experts on a scale of 0 to 10 points within a given criterion. The maximum rating of one analysed options was 140 points. From the total score, the an average score was calculated for each criterion.

The highest rated options refer to solutions with very high environmental and economic efficiency, consistent with the objectives of sustainable development. The 2 nd and 3 rd variants related to the fertiliser production based on biomass ashes have received 124 and 113 points, respectively. The 4 th variant received only 30 points. This indicates that there are quantitative restrictions on substitution of nutrients in mineral fertilisers. The evaluation indicated that the collected biomass ashes on dump (1 st variant) is technical, environmental and economic inefficient, this solution has received lowest score -29 points. It should be also mentioned that due to the possibility of secondary pollution, as in the case of sewage sludge usage in agriculture, the use of BA in fertiliser products requires compliance with environmental rules. That's including the monitoring of heavy metals content -only the nutrient rich and rather heavy metal poor fractions of BA shall be used for fertilising and soil improvement purposes. Moreover, the technology of BA management must comply with legal requirements and be economically viable for the producer of fertilisers.
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EXECUTIVE SUMMARY

The valorization of agro-industrial waste through anaerobic digestion represents a significant opportunity for refuse treatment and renewable energy production. Co-digestion of organic wastes is a technology that is increasingly being applied for simultaneous treatment of several solid and liquid organic wastes, in which the content of nutrients can thereby be balanced, and the negative effect of toxic compounds on the digestion process may be decreased giving an increased gas yield from the biomass. Moreover, co-digestion may contribute to a more efficient use of anaerobic digestion (AD) reactors and cost-sharing by processing multiple waste streams in a single facility. Due to low degradability of dry solids most of the digesters at wastewater treatment plants (WWTP) are operated with low loading rates resulted to poor biogas yields. In this study, co-digestion of sewage sludge (SS) with olive mill wastewater (OMW), cheese whey (CW) and crude glycerol (CG) was studied in an attempt to improve biogas production of existing digesters at WWTPs. The effect of agro-industrial by-products in biogas production was investigated using a 220 L pilot-scale (180L active volume) digester under mesophilic conditions (35 o C) with a total feeding volume of 7.5L daily, at a 24 days hydraulic retention time. The initial feed was sewage sludge and the bioreactor was operated using this feed for 40 days. Each agro-industrial byproduct was then added to the feed so that the reactor was fed continuously with 95% sewage sludge and 5% of each examined agroindustrial by-product. The experiments showed that a 5% addition of OMW, CG or CW to sewage sludge significantly increased biogas production by nearly 220%, 350% and 86% as values of 34.8 ± 3.2 L/d, 185.7 ± 15.3 L/d and 45.9 ± 3.6 L/d respectively, compared to that with sewage sludge alone (375 ml daily, 5% v/v in the feed). This work suggests that methane can be produced very efficiently by adding a small portion (5%) of agro-industrial by-products and especially CG in the inlet of digesters treating sewage sludge.
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EXECUTIVE SUMMARY

The case study with the use of a structured self -management questionnaire elaborates the citizens' views and perceptions as regards waste management issues in Orestiada, a city located in the east north of Greece, where recycling programs were introduced very recently (6 months ago). Due to the results 77.8% of the citizens state that they are unaware of the cleanness regulation the Municipality applies, while with respect to information they get for waste management issues 33.8% claim to get poor information.

Nevertheless, the 36.8% of the citizens think that the cleanness services provided by the Municipality are satisfactory. Almost half of the citizens think that the amount they pay through municipal taxes for cleanness and waste disposal is moderate.

Citizens who evaluate the cleanness services as being 'satisfactory to very satisfactory' live at a distance of up to 50 m from the waste containers, and state that the containers are emptied more than 3 times a week, while those who claim to be 'disappointed to very disappointed' are located at a distance more than 50 m away from the containers and claim that waste is collected 1-3 times a week. Moreover, citizens who state being 'informed or very informed' on waste management issues assess 'satisfactory to very satisfactory' the cleanness services while they are aware of the cleanness regulation the Municipality applies The 37.5% of the citizens claim to throw their waste in the bins in any time of the day while most of them (77.8%) denied leaving their waste out of the bins when the bins are empty while almost six out of ten (58,2%)) denied throwing waste on the road It is important that 88% share a positive view towards recycling. Not to mention that recycling programs were introduced soon after the conduction of the survey therefore, citizens claim to be quite (37.2%) or less (30%) informed on such issues.

KEY WORDS: Orestiada, waste management, citizens' views, log -linear analysis 

EXECUTIVE SUMMARY

On the occasion of Christmas 2015, ESDAK organized two creative recycling (upcycling) workshops. A total of 20 people participated and they had such a great pleasure from the workshop, that they persistently asked us to repeat it on a regular basis and frequency. These workshops appear to meet the need of many of our fellow citizens to spend creative their time, while the use of "waste" materials enables them to create zero-cost gifts for family and friends.

Recognizing that such workshops present a dynamic for increasing public awareness towards the conservation and reuse of materials, ESDAK plans to implement more workshops in the coming period, on the occasion of the festive period of Easter .

In these workshops the opportunity will be also given to release information and discuss about alternative management of waste materials. The subject of this presentation will be a) Workshops description, e.g. number and profile of participants, program, used processing techniques, photos of crafted objects b) Workshops achievements with regard to objectives including pleasure, awareness and change of attitude of the participants. Exhibition of the handmade objects will give a better insight into the process of creative recycling -upcycling programs and inspire visitors towards it.
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INTRODUCTION

The closed-loop economy is one of the biggest challenges of our time. The waste management sector is expected to recycle as much material as possible to shift from a disposal-oriented to a demand-based approach. Also in the field of composting and anaerobic digestion of organic waste is this shift noticeable. On the one hand there is a demand for high biogas yields and workability of the waste and on the other hand for high quality fertilizer and soil conditioner. The intensified separate organic waste collection in Germany aroused numerous challenges.

Thus the knowledge about impact factors on the quality of separate-collected organic waste from households is crucial to take action for a high quality closed-loop economy.

MATERIAL AND METHODS

The methods used in the project to assess the impact factors started with a detailed literature review and continued with in-depths surveys, stakeholder experiences and plant visits. The impact factors were clustered to factors concerning the collection and transportation and to factors concerning the treatment of organic waste. Additionally two treatment plants offered their analytical data regarding impurities and foreign matter. These data were analysed and taken as a model example. Additionally the market situation was evaluated.

RESULTS

The results of the review and discussions concerning the collection and transportation were the following.

Residents had no harmonised definitions and sorting rules how to sort their waste within the households. The impurities fluctuated between 0,9 wt% and 12 wt% foreign matter in the organic waste. Films and foils were the main impurity and difficult to handle. The quality of the organic waste depended on the settlement structures.

The control of bins and detection systems for collection trucks were an option to discover hot-spots for impurities and also to educate the residents. The results for the treatment plant operators mainly concerned the pre-treatment and the market situations. During pre-treatment the material was mechanically disintegrated, especially in anaerobic plants. Herein the impurities were crushed or shredded as well, this challenged the fine preparation step to sort the impurities out.

DISCUSSION

The project showed need for action along the whole process chain. Particularly a strong interaction and dialog between the different parties is recommended, especially between the public authorities and the plant operators to avoid disproportions. Intensely and adapted public relations activities, especially in urban settlement structures can help to realise a correct separate collection within the households. Additionally the sorting rules should be harmonised and clarified simple and comprehensible for everyone. Planning and consulting needs to emphasis on the whole value added chain with a focus on the regional market situations for the products. The whole process is calculated and no side effects like the disposal of the assorted foreign matter is left out. There should be agreements in tendering procedures and contracts about the denial of input material by the plant operators due to too high impurities. The overall goal should be less than 1 wt% foreign matter in the organic waste. Within the plant every treatment step within the pre-treatment or fine preparation should be checked for the impacts on the foreign matter, like disintegration and removal.

CONCLUSION

The study points out recommendations for action for all stakeholders: citizens, public authorities, planners, consultants and plant operators. As a result parts of the waste treatment could shift from disposal to supply.
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EXECUTIVE SUMMARY

In 2013 in Estonia the regulation "Requirements for producing compost from biodegradable waste" came into force. It specifies the requirements for the process of composting, the selection of input materials, the quality of compost and procedure for compost certification. Unlike the quality assurance scheme proposed by European Compost Network, Estonian regulation does not require declaration of biological parameters, as stability or plant response, in the minimum set of compost quality criteria for declaration.

The aim of current study was to evaluate the stability of compost produced commercially in Estonia and compare the results received applying different analytical methods. Aerobic respiration activity has been endorsed as the stability parameter that is most directly correlated to biological activity of compost and is therefore one important parameter defining the compost quality and readiness for use. This is common to all composts and can be easily measured as oxygen consumption or CO 2 production of a sample with a number of analytical methods.

In current study stability of 18 compost samples from Estonian produces were studied with measuring respiration activity by static methods. The European standard method EN 16087-1: 2011 (Soil improvers and growing media -Determination of the aerobic biological activity -Part 1: Oxygen uptake rate (OUR)) was applied, where the specific oxygen uptake rate (SOUR) of the suspension of the compost sample was measured with Oxitop® (WTW) system. In addition, composts were analysed with the respirometric method, where oxygen uptake of solid sample was investigated by Oxitop® system combining measurement of CO 2 evolution by conventional titration method. Cumulative oxygen consumptions were calculated for 4-day and 7-day periods and cumulative CO 2 production for 7-day period to quantify microbial respiration of composts. All measurements were performed in triplicates at 30°C in an incubator at the absence of light. The results received by different methods were compared with relevant stability criteria proposed in literature. The dry matter content was measured at 105°C and organic matter was determined by loss on ignition at 550°C. The studied compost samples received from different producers included waste composts, sludge composts as well as manure composts.

The applied respirometric methods gave similar results in assessing the stability of composts. According to the results obtained, the studied composts from Estonian producers could be classified as stable and very stable.

The results from different tests were correlated with each other. However the results of oxygen consumption and CO 2 production from the same test with solid sample correlated better than oxygen uptake estimations of compost as solid sample and compost suspended in water. Although the oxygen uptake measurement is a good method for compost stability estimation, it requires the use of specific instrumentation. Measurement of CO 2 evolution using alkali traps could be considered alternatively as enough accurate measure of aerobic biological activity for compost stability estimation requiring only very basic laboratory equipment.

We think in addition to established compost safety and quality criteria the information about compost stability, i.e. biological activity, is crucial. It enables to monitor the efficiency of biodegradation, better management of composting process and more safe and accurate usage of compost in soil fertilization and management.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF] 

EXECUTIVE SUMMARY

E. coli have been used since the middle of the last century as a pathogen indicator, generally used to measure the performance of different processes designed to kill-off pathogens. The acceptance of E. coli as an indicator has been restricted to a few key pathogens, such as Salmonella, and to certain processes, such as composting.

The general procedure is to measure the concentration of pathogens in the input material and measure the change which has taken place during the process. For example in the USA a compliance level for Class A composted sewage sludge was a reduction of 6 log of E. coli during the process.

The survival pattern for E coli under a wide range of temperature and exposure time has been well studied and results are available for different environmental conditions. A key element in its use is the high number of organisms present in many different waste types (e.g. 10 6 to 10 8 in sewage sludge), this makes its identification reasonably straightforward with no pre-concentration step required.

There are many non-microbial organisms, such as phylloxera, which have no accepted indicator but at the same time are relatively difficult to detect in waste materials because of their relative low numbers. Therefore to prove that a process eliminates phylloxera by trying to detect it in the final product is a difficult task and does its absence mean that the process has destroyed it or that it has not been detected in that sample. In addition it should be possible to define the elimination rate of bacteria, such as Xylella fastidiosa, using E coli survival profiles.

In most composting processes the temperature is only measured at selected sites and whilst prescribed process conditions, such as 55 o C for 3 days, can be achieved it is not possible to measure temperature throughout the mass. The process relies on the analysis of the final product for pathogen indicators, such as E coli, to show that conditions throughout the composting mass are sufficient to eliminate pathogens.

In using E coli as a product indicator the understanding is that it is an indicator of process effectiveness in eliminating organisms which have a temperature/time survival pattern lower than that of E coli. On this basis we would expect our example organism, the aphid phylloxera, which has a lower survival range to be eliminated in this process.

The paper sets out a methodology for using microbial indicators, such as E coli, which are present in high numbers in many waste materials as an indicator for other species provided they are less resistant to temperature/time exposure.
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EXECUTIVE SUMMARY

The European Landfill Directive 1999/31/EC requires diverting biodegradable waste from landfill hence, in the last decades, Member States adopted aerobic and/or anaerobic biodegradation treatments of the sourcesegregated MSW organic fraction for producing compost and digestate usable as soil amendments. Furthermore, in some countries like Italy, Austria, and Spain, the mechanical-biological treatment (MBT) of residual mixed MSW was employed to obtain biostabilised organic waste (or MBT waste) for land reclamation, besides wastederived fuels aimed at energy recovery. In this light, assessing the environmental performance of the different treated biowastes is important for increasing the material recovery, keeping the soil quality by preventing contamination and, based on the previous targets, defining end-of-waste criteria. To date, the latter are not issued at a European level whereas some Member States have their own regulations on treated biowaste requirements for recovery. The regulated characteristics are expressed in terms of the total composition (e.g. heavy metals total content) whereas restrictions on the leaching properties are not set. Instead, the leaching of soluble constituents from waste materials upon contact with water, regarded as the main mechanism of release, may result in a potential risk to the environment during the use. In this work, the results of 5 years characterisation of different types of treated biowastes, namely compost from typical composting process and from a combination of anaerobic and aerobic biodegradation processes, as well as MBT waste, are presented. The aim was to evaluate and compare the environmental behaviour of the organic wastes as a basis for the development of a risk assessment. Firstly, the biological stability degree, by measuring the dynamic respiration index (DRI), and the organic matter content in terms of total organic carbon (TOC) and volatile solids (VS) were analysed. Heavy metals total content (Cr, Cu, Ni, Pb and Zn) was measured as well via the acid digestion with aqua regia under heat and, in some cases, ultrasonic bath was used in order to promote the organic matter oxidation. In addition, leaching properties were investigated by performing static batch leaching tests at a single liquid to solid ratio (L/S) equal to 10 l/kg and dynamic column percolation tests at different L/S ratios (in the range 0.1-10 l/kg). The pH, the dissolved organic carbon (DOC) and the heavy metals concentrations were measured for all the extracted eluates.

The obtained results showed a very wide variability of the treated biowaste characteristics, e.g. the DRI ranged from 500 to 6000 mgO 2 /kgVS h. Such variability was related to the nature of the input to the treatment (source segregated organic fractions or mixed MSW), to the heterogeneity of the feedstock, which in turn is influenced by the location and seasonal period of sampling, as well as to the treatment conditions such as aerobic or anaerobic biodegradation, duration of the process, etc.

As for the leaching behaviour, the release of organic carbon, expressed as percentage of the total content in the solid matrix, was lower for higher biostabilised materials likely due to the greater mineralisation degree of the organic matter. The same was found for some metals, whilst for others, such as Cu, higher percentage release for more stable samples was observed in contrast with the generally accepted evidence that the water-soluble fraction of heavy metals decrease with the biodegradation process time. An interesting finding was that, unless considering the absolute values of organic carbon and metals leached, the different treated biowastes appeared to be characterised by similar release trend as a function of the liquid to solid ratio. Furthermore, for most samples a significant similarity between the leaching kinetic of the dissolved organic carbon and the one observed for some metals was observed. Indeed, by plotting the metals concentrations as a function of the DOC measured in each eluate of column and batch experiments, high correlation factors were found (R 2 > 0.8). This evidence confirmed that in the organic matter rich matrices the role of DOC is a key factor in influencing the inorganic contaminants transfer to the water phase. Hence, further investigations will be focused on the nature of the DOC through fractionation analysis in order to understand, for instance, the influence of the humic-like substances on metals leaching since they are known to affect their mobility.
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EXECUTIVE SUMMARY

The advantages of compost as soil improver are well-known. Biochars also have beneficial properties, such as their notable adsorption capability. The complementary use of these two products may remarkably improve the productivity of otherwise inconvenient soils. Adsorption experiments were targeted to prove that after amendment with biochar and / or compost applied in the ploughing depth, contaminated soils can be used for agriculture or recultivation. Soil contamination was represented by two herbicides (terbutylazine and metribuzine) and several polyaromatic hydrocarbon compounds (PAHs). The measurements were executed in an indirect way. Different types of soil (a sandy and a loamy type) samples were mixed with compost, biochar or both. These mixtures were allowed to get into equilibrium with aquatic solutions containing the herbicides and the PAHs. The equilibrium concentration of the aquatic phase was then determined with chromatographic methods. The results were used to calculate the quantity of the adsorbed compound.

The evaluation of the resulting isotherms suggests that biochar in soil can be an important factor for immobilization of pesticide and PAH compounds. This may enable its use for preventing the contamination of water bases and pollutant uptake by plants. In addition, the complementary use of biochar and compost may turn inconvenient soils suitable for agricultural use. ORBIT 

EXECUTIVE SUMMARY

In Catalonia there are 24 biowaste facilities (Figure 1), which aims are both to obtain high quality compost as main and to treat the organic waste produced by the municipalities. Compost quality is strongly related to the quality of the organic waste but also to the technology and handling of the biological process. This paper presents a modelling work that relates and quantifies the effect of the quality of biowaste and handling on the compost. This has been done throughout the relation among different parameters of compost quality parameters such as heavy metal content or electrical conductivity, or biowaste parameters as content of non biodegradable materials or handling parameters as decomposition technology (dynamic, static or anaerobic digestion) or sieving diameter.

The aim of this study is to determine the main factors that affect quality compost in order to adopt the more effective measures to improve it. For this study, data from Catalonia Waste Agency were considered, for the period of 2010-2014. A total of 20 biowaste facilities of capacity between 350 t/year and 90.000 t/year and different decomposition systems were included. The parameters studied were plant size, the content of non biodegradable materials (total and specific) of the biowaste, handling conditions (length of the process, complementary material, sorting, sieving, etc.) and compost characterization (heavy metal content, stability and other). The methodological approach of this study considered the following steps. 

EXECUTIVE SUMMARY

With the recent development of anaerobic digestion plants in France, farmers should manage new organic products often more concentrated in N or P fertilizer. In a same time they have to decrease the use of inorganic fertilizers for minimizing environmental damages. In agriculture, organic fertilizer are spread using big band robust spreader, because of the product specificities, variabilities, etc. Intrinsic fertilizer value is more and more considerate nowadays and application quality in the field has to be always better, as well to maximize agronomical return as to minimize environmental impacts. This new method, named IMOB (Irstea Method or Mobile Organic Bench) has been developed in order to test and evaluate solid organic matter spreading on soil, particularly for solid fraction of digestat applications. Objective is to evaluate land-spreading performances regarding spreader and organic fertilizer characteristics, in order to improve land-spreading quality. This test provides the volumetric three dimensional spread pattern and its correspondence with the mass (transverse distribution represents the mass of organic matter distributed perpendicularly to the travel direction while longitudinal distribution represents evolution of the rate along the total spreading time). Also criteria which are defined in the European standard EN 13080 can be estimated using this method: optimum working widths, transverse variation coefficient, application rate, flow characteristics, stretch within the tolerance zone and longitudinal variation coefficient. 3D spread pattern distribution and land-spreading flow are measured during the same spreader unloading. A globally plan and horizontal area is required in order to install mobile axle weighing system which support the spreader and the tractor. In a relatively short time (around one hour) and without complicated and fastidious works, land-spreading measurements are performed. Innovation in the measurement is the use of a 3D laser scanner (FARO ® Laser scanner Focus 3D) which allows measuring the topography of the global fertilizer mass distributed during the unloading. This land-spreading topography is obtained computing the difference between the laser measurement after the unloading and the one before unloading, the spreader being fixed during the test, weighted continuously by the static platforms to register the mass flow. Using the land-spreading obtained map, transversal distribution is calculated adding fertilizer densities column by column in the travel direction, as required in the European standard EN 13080. The laser telemeter is handly positioned because of its small size and weight (around 5kg), and the precision of each of the measured distances is less than 2mm. Samples of obtained spread patterns have been compared using the specific Irstea test bench "CEMOB" which validated the method. For these test, material used during land-spreading was a solid fraction obtained from a mechanical separation of digestat. Results give information about spreader / matter interactions and allow improving land-spreading efficiency. Using correctly user machine instructions and obtained test data, high quality land-spreading can be obtained. Many working width variation coefficients are computed in order to define the optimal working width regarding different settings.

In a small time, without complicated and costly devices, the global picture of the obtained land-spreading can be measured. It has been showed to be very closed to the 3D spread pattern measured using CEMOB device, even if it represents the distribution of the total amount for the unloading. The volumetric measurement which is performed by the scanner, crossed with the unloading value measured using static platforms, provides a consistent measurement of the land-spreading performance.

In the future, this new test could be an alternative to perform improvement test easily and everywhere. Manufacturer could use it in order to improve spreader design and construction, and so minimise environmental damages and optimise fertilization. For existing spreaders, this method could be used in order to identify correct settings and land-spreading requirements for different product to be spread. User's manual should be more precise by this way. This new test method should be proceeded to encourage farmers and spreader users, to realize better spreading.

EXECUTIVE SUMMARY

The application of anaerobic digestate (AD) as a soil amendment is a promising practice in agriculture and can have an important role in nutrient cycle. Many studies were conducted to examine the effects of AD on soil chemical and physical properties and the results were widely depended on the applied digestate compounds and raw materials eventuated various products with diverse properties. The use of digestates as a cost effective and renewable source of plant nutrients can be also a good complementary solution to decrease the amount of synthetic fertilizers applied in agriculture. The fertilization effect of digestate may be a good practice but more data collection is needed on different soil and climatic condition.

Thus the aim of our study was to investigate the effect of digestate respectively on selected soil physical and chemical properties and on growth, yield and selected element content in small scale laboratory pot experiment, and in field experiment. Our paper summarize the results of 3 years test period.
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EXECUTIVE SUMMARY

In a context of environmental biorefinery, organic residues such as sludge, biowaste, manure are no more considered as wastes but as potential resources for some targeted services. These services encompass the energy production through the methane produced by their anaerobic digestion, the cropped soils fertilisers and amendments production from digestates, and other value-added compounds production (e.g. organic acids and hydrogen obtained during fermentation). There are currently only few studies focused on combined optimization of energetic and agronomic values of organic wastes. One way to optimize both objectives is through process modelling. However, input variables from all existing models are different and there is a need to find relevant and shared input variables to model the fate of organic residues during their treatments. Recently, a new promising methodology of organic matter characterization has been successfully used to predict anaerobic and aerobic biodegradability and bioaccessibility of a broad range of organic residues [START_REF] Jimenez | Towards a unified organic waste characterization of organic matter accessibility and complexity[END_REF]. This methodology is based on the combination of chemical fractionation simulating organic matter accessibility and of a 3D fluorescence spectroscopy highlighting fraction's complexity. The fractions obtained were used as models input variables. Existing models [START_REF] Batstone | Anaerobic Digestion Model No.1. (ADM1)[END_REF][START_REF] Zhang | Modelling of organic matter dynamics during the composting process[END_REF][START_REF] Garnier | Modelling carbon and nitrogen dynamics in a bare soil with and without straw incorporation[END_REF] have been modified to take into account these new variables. In order to calibrate and validate the models, a lab scale reactor of anaerobic digestion was operated to treat wastewater sludge. Biogas, methane proportion, pH and input and output digestate quality were monitored. After 60 days of steady state operation, the digestate was then centrifuged to separate the liquid from the solid part. The solid part was then added with green waste into a lab scale compost reactor. Temperature, CO 2 production, moisture and compost quality were monitored. Finally, the final compost was used as substrate for cropped soil incubation. First results showed that, the new anaerobic digestion model was successfully able to predict biogas and digestate quality when model and experimental data were compared. The final quality of the solid part of the simulated digestate was then introduced with the green waste fractionation to model composting. The modified compost model also fitted the quality of compost during the different steps of the composting. Concerning soil incubation modelling, experimental results are still ongoing but will be part of the oral presentation. Overall, the obtained results constitute a strong basis for the development of a decision support system to optimize the design and operation of organic wastes treatment plants.
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EXECUTIVE SUMMARY

This paper presents investigation details for removal of heavy metals, specifically Zn, Cu and Cd from water using compost materials. Laboratory experiment was conducted for this study by applying several technique, such as shaking, separation and Langmuir model. The compost was able to sorb heavy metals by various percentage which was dependent on the amount of solution concentrations.

Compost material is potentially could be used as amendments to remediate heavy metal contamination in water, it is abundant and low cost resource. The present paper has investigated the removal of heavy metals Zn, Cd and Cu from the aqueous solutions by adsorption onto three different composts.The ability of compost to sorb Cu, Ca and Zn was measured in the laboratory, using metal solutions ranging from 0 to 50000 mmol/L as contaminants.

After 24 hours shaking at room temperature the solution was centrifuged, filtered and the heavy metal concentration was determined with atomic absorption spectrophotometry. Each heavy metal treatment was replication 3 times. Langmuir function was fitted to the measured data. You can see the maximum amount of sorbed heavy metals (A max ) in the table. Higher amounts were sorbed from Cd, Cu and less from Zn solutions. At lower heavy metal concentrations practically all of the heavy metals ions were sorbed with the compost materials during the contact time. ORBIT 2016 Organic Resources and Biological Treatment

EXECUTIVE SUMMARY

Peat based growing medium are not sustainable and not easily colonized by biocontrol organisms. Plant fibres may allow for partially replacing peat in growing media and they may have the potential to carry biocontrol organisms. However, they may also carry plant pathogens and they may vary in their degree of biodegradability and their interaction with N, and thus they may affect the quality of growing media. To test these four properties that may restrict or favor the use of plant fibres in growing media, we conducted laboratory and greenhouse experiments using locally produced miscanthus straw and flax shives. Laboratory analysis showed that flax shives obtained from various sources were colonized by viable microsclerotia of the plant pathogen Verticillium dahliae. However, defibration of the flax shives killed the plant pathogen, allowing the use of defibrated flax shives in growing medium. In addition, we also showed that defibrated pure miscanthus straw and flax shives (1) are easily colonized by Trichoderma biocontrol strains and (2) show less N-immobilization in vitro as compared to untreated pure fibres. Strawberry pot trials were conducted in the greenhouse as a proof of concept. Under low N input conditions (25 mg N L -1 substrate at the start of the experiment and no additional fertilizer was added during the experiment), 20%v/v miscanthus fibres mixed in peat substrate immobilized N and thus limited the plant development and yield. However, when adding mineral fertilizer during the growing season by high N input fertigation ( mineral fertilizer 3 to 4 times a week using an ebb and flood system), no significant negative effects of miscanthus straw on strawberry plant development and yield were seen. Monitoring of plant development included number of leaves on a weekly basis, total and specific leaf area and chlorophyll content using a CCM-200 chlorophyll content meter. Yield assessment included fresh and dry weight of the above green parts and fruit numbers and weight. In addition, strawberry fruits grown in a peat substrate amended with 20%v/v defibrated miscanthus straw that was pre-colonized by a Trichoderma strain, were significantly less susceptible to gray mold (Botrytis cinerea, artificial inoculation) as compared to the control treatments. Plating of the strawberry roots on a semi-selective Trichoderma medium at the end of the experiments showed that the roots and the rhizosphere were fully colonized by Trichoderma spp., indicating they may be responsible for the observed resistance of the fruits against B. cinerea.

In conclusion, defibration of plant fibres kills plant pathogens that may be present on the fibres. These defibrated plant fibres have potential to partially replace peat in growing media when additional fertilizer is added during the growing season to compensate for the N immobilisation. In addition, they may induce plant resistance against plant pathogens when they are pre-colonized by Trichoderma spp.
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EXECUTIVE SUMMARY

Soil organic carbon (SOC), as a main component of organic matter, is very important for soil fertility and productivity. However, SOC also plays a key role in climate change as soil can act both as a sink or source of C, in response to land use, climate, and rising atmospheric CO 2 level. Inproper land management led to decline in soil organic matter (SOM) and concomitant degradation of soil fertility. On the other hand, proper agricultural practices can mitigate the negative impact of human activities on the carbon cycle. Organic waste is a very valuable resource for sustainable soil management and food production. By applying organic waste, including plant-and animal-derived residues, soil quality and nutrient availability are maintained and at the same time yield is increased. The need to increase the level of soil organic carbon (SOC) has recently been emphasized, not only because it enhances the quality of soils and improves soil fertility, soil structure, and nutrient cycling, but also because of international concerns about greenhouse gas emission and global warming.

Serbia has 5,113,307 ha of agricultural land, which is 66% of its total area. Arable land dominates with by far the greatest area under agricultural production (65.4%). Results of soil monitoring in Srem (northern Serbia) indicated decrease in SOM content (from 3.69 to 3.01%) in the 1992-2006 monitoring period. Results of the analysis of 25,125 soil samples from Central Serbia taken in 2008, showed that most of the soils (49.9%) has medium to low content of SOM (1.01-3%). Resent analysis showed that SOC stock in Serbia was higher in forestland and semi-natural areas than in agricultural soil by 40.7% at 0-30 cm.

Agronomic practice in most of the agricultural areas of Serbia has not been SOM-friendly and sustainable, including crop residue burning; predominant use of mineral fertilizers instead of mineral in combination with organic fertilizers; intensive soil tillage; inappropiate crop rotation and management practice. The average livestock in Serbia as a whole is low (28 livestock units 100 ha -1 ). However, animal farms, particularly pig farms with capacity higher than 10,000 pigs per year, are a major environmental threat, due to inadequate management.

Although organic waste forms 30% of all municipal waste in Serbia; this waste is mostly being disposed of in landfills instead of being used for the generation of energy or as an organic fertilizer.

The aim of this review is to evaluate the effects of the most common organic resudues -manure (FYM) and harvest residues (HR) application on SOC concentration, stocks and sequestration in long-term experiments in Serbia.

The results of the long-term field trials showed that incorporation of harvest residues (HR) or manure (FYM) significantly increased the yield of investigated crops. Mineral fertilizers did not have positive effect on SOC. However, fertilization treatments with harvest residues (F+HR); manure (FYM; F+FYM); or liquid manure (F+LM) increased SOC concentration and SOC stock compared to control or treatments with mineral fertilizers.

The results of the application of FYM on the soils with unfavourable characteristics (pronounced acidity, disturbed structure, compaction, exhaustion, etc) have shown improved chemical properties, resulting in acidity decrease and SOM content increase.

In conclusion, agricultural practice lead to decrease of SOC in all investigated field trials, because arable soils are sources of SOC rather than sinks. To enhance SOC stock it is necessary to increase incorporation of biomass in soil with ploughing of HR and organic fertilizers. Recycling and the use of organic residues is an important element of sustainable management of organic waste, which has a great potential in Serbia due to its limited use in agriculture so far.
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EXECUTIVE SUMMARY

The large volumes treatment of waste generated by Brazilian swine production has been the main difficulty faced by this activity. Treatment systems able to reduce the pollution potential of this waste and make its use sustainable in agriculture soils have been searched. The use of treated swine wastes can represent savings of chemical fertilizers and irrigation for crops. However, its use without adequate treatment can cause contamination of the soil-water-plant system, mainly by the presence of pathogenic organisms, excess salts and heavy metals in soil solution, and ion leaching. The aim of this study was to evaluate the effects the agricultural use of swine wastewater treated in an anaerobic biodigester, in winter maize cultivation, considering agronomic and environmental aspects. The effluent was generated in a swine farm with animals in termination phase. This effluent was sieved to remove suspended solids and treated in an anaerobic biodigester, for an average period of 60 days, resulting in treated swine wastewater (WB -swine wastewater treated in biodigester) for agricultural use. The field experiment was performed in an Oxisol, clayey. The experiment was designed in randomized blocks, and the treatments were: T1: control (no water and no fertilizer); T2: mineral fertilization without irrigation; T3: irrigation with WB; T4: irrigation with WB diluted (WBD); T5: mineral fertilization and irrigation with water. The effluents (WB) were characterized before of each irrigation, in order to assess the efficiency of the anaerobic digestion process and also to quantify the nutrients supply to culture. The maize crop was irrigated when necessary, through the assessment of soil water potential, by measurements made in tensiometers. Also, we evaluated the effects of irrigation on soil fertility, crop nutrition, ions movements in the soil by the method extraction of saturation paste, crop productivity, as well as the nitrogen losses by volatilization were quantified in semi-open chambers installed in the plots with use of swine wastewaters and in control treatment. The treatment system promoted reduction in values of BOD, COD, total solids, fixed solids, volatile solids, phosphorus, calcium, and total coliforms removal. The losses of nitrogen through volatilization were low and equal to 3.3 and 6.4% for T3 and T4, respectively, indicating it not to be necessary to incorporate the swine wastewater into the soil. Such losses caused no negative effects on nitrogen contents in leaf, which were within the range considered suitable for maize (27.5 to 32.5 g kg -1 ). The P contents in leaf were low in all treatments (1.6 to 1.9 g kg -1 ) due to the fixing of phosphorus to the oxides of iron and aluminum present in soils under tropical conditions. There was an increase in productivity in treatments irrigated with swine wastewater treated (T3), equal to 6.7 t ha -1 , higher than the average productivity obtained for the São Paulo State of 4.6 t ha -1 . Despite the lower supply of nitrogen, the T4 treatment (WBD) showed productivity equal to the treatment with mineral fertilizer -T2 (4.5 and 4.3 t ha -1 , respectively), demonstrating response to the adequate water supplies and other nutrients. The contents of available potassium were higher in T3 (6.9 mmol c dm -3 ) than in other treatments studied, this resulted in higher concentrations of ion in soil solution equal to 29.1 mg kg -1 , which represents 10.9% of the exchangeable K, in the depth of 0-0,20m. There was no nitrate leaching risks, since the ion content in T3 and T4 was lower than those observed for treatments with mineral fertilization (T2 and T5) at both depths studied, which may indicate greater extraction of the element by the plant in treatments with use of WB and WBD. There was 120% increase in sodium content in the soil solution in the treatment with use of WB. The treated swine wastewater showed that it has a high potential for agricultural use, which may represent savings to agricultural producers in the use of chemical fertilizers. However, long term studies are necessary to remove Na and K of the swine wastewater, thus, the monitoring of these elements and nitrate in the soil profile should continue, in order to enable the safe recommendation of this waste to be used in agricultural soils.
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EXECUTIVE SUMMARY

Waste activated sludge has very high water content and poor dewaterability, and thus conditioning process prior to mechanical dewatering is necessary to improve the dewaterability of sludge. Although chemical conditioners including polyelectrolyte polymers and/or inorganic chemicals such as ferric chloride, alum and quick lime can enhance the dewaterability of sludge, their application usually results in high operating cost of sludge treatment and some polymers are toxic to soil microorganisms. Thus, more sustainable and effective conditioning ways of enhancing sludge dewaterability need to be developed urgently to replace the use of chemical conditioners.

In the present study, the changes of sludge properties during sludge treatment by filamentous fungi were investigated to elucidate the detailed mechanisms responsible for the sludge dewaterability improvement by filamentous fungi, and the feasibility of improving sludge dewaterability by the inoculation of filamentous fungi and iron-oxidizing bacteria was explored. It was found that a filamentous fungus of Mucor circinelloides ZG-3 isolated from sludge can improve sludge dewaterability through degrading the extracellular polymeric substances (EPS) of sludge and entrapping small sludge particles. Especially, slime extracellular polymeric substances (EPS) of sludge or polysaccharide in slime EPS, was degraded by M. circinelloides ZG-3, because it is more available than either loosely bound EPS (LB-EPS) or tightly bound EPS (TB-EPS) due to their spatial distribution in sludge pellets. When M. circinelloides ZG-3 and iron-oxidizing bacteria A. ferrooxidans LX5 were sequentially inoculated into sludge at day 0 and the end of day 1 of treatment, respectively, the sludge specific resistance (SRF) achieved was 25.9% lower than that achieved by by A. ferrooxidans LX5 alone.

Because the isolated filamentous fungus M. circinelloides ZG-3 could alleviate the toxicity of sludge DOM to A. ferrooxidans LX5 through degrading sludge DOM and enhance the dewaterability of sludge by itself, and then iron-oxidizing bacteria A. ferrooxidans LX5 could achieve the highest activity to further improve sludge dewaterability. Therefore, the dewaterability of waste activated sludge can be drastically improved by the sequential inoculation of filamentous fungus M. circinelloides ZG-3 and iron-oxidizing bacteria A. ferrooxidans LX5, which is advantageous over the conventional chemical conditioning methods.
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EXECUTIVE SUMMARY

Wastewater generated and discharged by abattoirs are categorized as high strength with restricted pollutants exceeding standards set by regulating authorities. To avoid environmental degradation, these effluents requires pretreatment prior to their discharge into water bodies or alternative application (wastewater irrigation) as commonly practiced in some developing countries.

The study was performed using three lab scale column reactors with elephant grass (Pennisetum purpureum) stalks as filter media in treating abattoir wastewater. The reactors (50cm height, 10cm diameter and a supportive gravel of 5cm depth at the bottom) with individual volume of 3.5L and working volume of 3.1L were constructed using polyvinyl chloride (PVC) pipes. Elephant grass stalks were collected, pre-treated, characterized and cut to average length of 20mm-40mm. The reactors were fed with substrate at a constant flow rate of 0.00024m3/hr. with hydraulic retention times of 15hours, 30hours, 40hours and 60hours. The results obtained indicated a maximum average removal efficiency of 43.03% for BOD, 35.94% for soluble COD, 62.42% for protein and 63.33% for NH4 + after 60hours. The results revealed an increasing removal efficiency with time for all the parameters investigated except for pH with a slight improvement from an acidic value of 5.6 to a value of 6.1. The column reactors with elephant grass (Pennisetum purpureum) media achieved an increasingly stable performance; however, further research is recommended to investigate its long term application to determine its optimum life span and potential application in other wastewater stabilization.

EXECUTIVE SUMMARY

Constructed wetlands with aquatic plants such as duckweeds have been widely used for tertiary wastewater treatment. Duckweeds, plants of the Lemnaceae family, have the advantage of being the smallest angiosperms in the world with rapid multiplication rate (doubles within 48-72 h), ease of harvest and inexpensive growth requirement. Moreover, the recovered biomass of duckweeds has been used as a feedstock for biofuel production as well as a good resource of proteins and starch. In recent studies, the cultivation of duckweeds in domestic and swine wastewater resulted to high amounts of biomass production with protein and starch content depending on harvest time, nutrient content etc.

In the current study, the main objective was to achieve duckweeds cultivation using treated domestic wastewater for biomass and crude protein production. For that reason, three lab-scale wastewater treatment systems, cultivated with duckweeds were used. The 1 st mini pond was planted with L.minor, the 2 nd with L.gibba and the 3 rd with the combination of the two duckweeds. Each experiment consist of two cycles (total duration 32 days), in the 1 st cycle treated wastewater was used as substrate , while in the 2 nd cycle 30 mgL -1 NH 4 -N were added to treated wastewater. All systems operated at a hydraulic retention time (HRT) of 4 days, the initial concentration of biomass in each pond was 13 g and the flow rate was set at 0.87 ml/min. Wastewater and biomass samples were taken from each pond in a weekly basis, the crude protein and starch content of biomass was investigated as well as the ability of duckweeds to remove selected nutrients (NH 4 -N, TP, TN) from wastewater. To the best of our knowledge, there are some studies for the cultivation of duckweeds with domestic wastewater; however no information is available for the combination of L.minor and L.gibba using domestic wastewater for biomass production with high protein content.

According to the results, the combination of duckweeds L.minor and L.gibba cultivated in treated domestic wastewater with the addition of 30 mgL -1 NH 4 -N can provide a valuable solution for increased biomass production with high protein and medium starch content. At the end of experiment, the fresh biomass production was about 41.6 g with crude protein content of 44.4% (in dry matter). At the same time, the system achieved a removal efficiency of 99%, 57% and 21% for NH4 + -N, TN and TP, respectively. Furthermore, the starch content was almost stable at 21.8% during the two experimental cycles, while it was increased to 46.1% when the duckweed biomass was transferred in tap water with absence of nutrients for a period of 21 days. Based on the above, the current study presents the operational conditions for sustainable tertiary domestic wastewater treatment in a duckweed-based system with simultaneous high-protein biomass production. The results provide important information for further large-scale applications planted with duckweeds with their potential use as alternative feedstock for bioenergy production.
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EXECUTIVE SUMMARY IN ENGLISH

In agreement and compatibility with European Union Directives, and in accordance with Greek Law and conditions, the integrated management of municipal solid waste must be developed ensuring a balanced relationship between the streams of selective collection at source and the wastes that are rejected uncontrolled in the bins.

Based on this principle some interconnected scenarios of the above mentioned streams of waste will be examined.

In the first theoretical scenario, the waste that is disposed uncontrolled in the bins is composed only of non-recyclable materials as the recyclable material had been recovered by selection at source. In the intermediate theoretical scenario, the waste that is disposed uncontrolled in the bins contains significant amount of non-recyclable materials as recyclable material had not been fully recovered by selection at source. In the last theoretical scenario, the waste that is disposed uncontrolled in the bins contains the whole amount of non-recyclable materials as recyclable material had not been recovered by selection at source. At this point, an important aspect concerns the diversion of the organic waste from the waste that is disposed uncontrolled in the bins, as this can significantly affect the quantity and the composition of the waste.

The presentation focuses on the planning and management of the wastes that occurred according to the above scenarios, in order to select the best method that fulfill the needs of the circular economy in our country, which also can be applied according to economic(capex and opex) and technological aspects.

The analysis is based on the applied international methods and the experience of our company.
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EXECUTIVE SUMMARY

Since the beginning of 1980s, there has been growing interest in the world to recover and beneficially use biosolids, i.e. the solid residuals from treatment of municipal wastewater. Driven by economic, environmental, and legislative reasons, there is an overall view that every effort should be made to use all "waste" in preference to unproductive disposal. In Greece, relatively large sewage sludge amounts are produced, approximately 260,000 t dry solids (DS) yearly, from which only 10% is beneficially used in agriculture. Among the other reasons, odour, caused by some of the volatile organic compounds (VOCs) present in sludge, is a very important factor which often rouses public opposition to biosolids land application.

According to EU Directive 278/86 sewage sludge can safely be used as a soil conditioner in agriculture since it "has undergone biological, chemical or heat treatment, long-term storage or any other appropriate process so as significantly to reduce its fermentability and the health hazards resulting from its use". Even so, due to the slowly microbial decomposition of VOCs and organic matter under anaerobic conditions that prevail in waterlogged sludge, which slows down the stabilisation process of the sludge, the odour-emission events may be recorded even months after sludge treatment and/or disposal. Thus, an additional processing of the sludge before land application may need to be. Composting of the sewage sludge alone would inhibit the composting process due to its high moister and bulk density, and hence optimum composting would require bulking agents to adjust the proper conditions for composting. By-products from the electrolytic processing of pyrolousite, rich in oxides of Fe and Mn, represent a good bulking agent for sewage sludge composting for many reasons. First of all, these by-products have themselves valuable agronomic properties and it is therefore justified to encourage their application in agriculture as soil conditioners. Second, these materials are characterized by ability to immobilize soluble heavy metals and adsorb selective anions, and thus reducing the amount of concentration and accumulation of metal in vegetable tissues.

In this context, the aim of this work was to determine the optimum mixture prepared with the by-products (sludge and residuals from the electrolytic processing of pyrolousite) and some other natural amendments based on its biodegradation efficiency and maturation time during the composting process. The research started in March 2014, when seven mixtures were prepared: 1) old sludge (30%) : by-products pyrolousite (30%) : sand (20%) : pumice (20%); 2) old sludge (45%) : by-products pyrolousite (45%) : sand (5%) : pumice (5%); 3) old sludge (50%) : by-products pyrolousite (50%); 4) old sludge (45%) : by-products pyrolousite (45%) : sand (10%); 5) recent sludge (50%) : by-products pyrolousite (30%) : sand (10%) : CaO (10%); 6) recent sludge (60%) : by-products pyrolousite (20%) : pumice (10%) : CaO (10%); and 7) recent sludge (70%) : sand (10%) : pumice (10%) : CaO (10%). The mixtures-piles were placed on an open-air area, in the shape of trapeze. Each pile was mixed separately by means of the "Bobcat" equipment every week. Sampling of the material from the mixtures were carried out every two weeks and the following parameters were controlled: pH, electrical conductivity (EC), extractable phosphorus (P Olsen), organic matter, exchangeable cations K, Ca, Mg, Na, extractable heavy metals. For all responses and whatever the bulking agent was, the least maturation period of 7 weeks for all of the mixtures was found, wherein the maturation period for the mixtures 5) to 7) should be increased to 14 weeks. The pH reduced during the 7 weeks in all the mixtures. After first 2 weeks, it reduced rapidly from 12 to approximately 8, and for the rest of the time it was stabilized and maintained on 7,5. After 7 weeks significant decline was also found in EC values, which initially was very high and in the mixtures 1), 4), 6) exceeded 4 mS cm -1 . The concentration of Ca, Mg, Na decreased with pH in all the mixtures. The concentration of P decreased from 23 mg 100g -1 to 16 mg 100g -1 in an average by the end of the fifth week and was stabilized since then. Organic matter content did not show significant differences in all the mixtures possibly due to not homogeneous mixing of the bulking agents between each other. The levels of heavy metals slightly decreased over time. In conclusion, the maturation period was determined taking into account the stability of the mixture over time, i.e. its chemical characteristics, as well as absence of malodours, good structure and texture. With respect to this, the mixtures 5) and 6) were proposed as the best soil amendments for further field research.
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EXECUTIVE SUMMARY

The leachate and in general the wastewater produced from the disposal of most solid waste management facilities, such as sanitary landfill sites for untreated (mixed) municipal refuse or separated municipal solid waste, commercial solid waste disposal or treatment facilities, and all applications involving solid waste management with high organic matter (sludge or anaerobic digesters, etc) are extremely polluting and very difficult to treat. Usually, the quantities of these leachates is small but the pollutants content very high. Another characteristic of this type of wastewater (leachates) is that it changes its constitutions in terms of quality (COD, Ammonia, Heavy metals, etc) with time and may require upgrade or modification after some years. Also, after maturation and closure of the Solid Management facilities, the leachates may be minimized and there may be no need for such on site treatment. In this presentation DEVISE will show how they can treat such extremely polluted wastewater by designing Innovative, pre-engineered, prefabricated and pretested Packaged Plants that have a modular & containerized form which enables them to be quickly installed and commissioned at any solid waste treatment or management facility as well as to be relocated if necessary. These Packaged Plants are professionally designed and engineered and incorporate a number of advanced treatment technologies (physical, chemical, oxidation, biological, and ultra or nano separation) in order to provide an effective treatment of the leachates.
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EXECUTIVE SUMMARY

In the current context of waste recovering, production of renewable energy and reduction of greenhouse gases emission, anaerobic digestion (AD) is a technology receiving increasing interest. AD is a biological process, which allows the degradation of organic waste, related to human activity, producing a biogas storable and recoverable in the form of energy. Substrates are often selected according to their biodegradability and availability. Therefore, crop residues, such as wheat straws, are interesting because of their high abundance and low cost. However the low biodegradability of such lignocellulosic materials must to be considered. Similarly, agroindustrial organic waste are interesting due to their fast degradation, but the preservation of this seasonal waste might become problematic when considering the feeding of continuous AD reactors throughout the year.

Silage represents an interesting storage technology but, difficult to be applied on agroindustrial organic waste because of their high water content. The use of a co-substrate having high solid contents, such as wheat straw, could be an innovative solution by reducing the water content of the waste mixture. Indeed, silage or anaerobic fermentation might be a way to maintain the methane potential of agroindustrial organic waste while pre-treating lignocellulosic materials due to the acidification of the silage process. The aim of this study is to evaluate the potential of ensiling a mixture of fresh seasonal agroindustrial waste with wheat straw for long term storage prior to AD process. Furthermore, the effect of the initial substrate mixtures on the metabolic pathways followed was investigated. Anaerobic fermentation was performed at laboratory-scale in batch tests. A mixture of beet leaves and wheat straw was carried out to obtain a Total Solid (TS) of 35%. This mixture was introduced in 50 plastic vacuum-packed bags and stored in a dark room at ambient temperature. Three bags were analysed periodically in triplicates at 10 different storage times from 0 to 180 days. Different analyses were performed: biogas production and composition, concentrations of nitrogen, carbon, soluble sugars and metabolites, as well as a monitoring of the microbial communities by 16S rRNA sequencing (MiSeq). Finally, the methane potential was assessed in order to evaluate the effectiveness of the storage. As results, beet leaves contained initially soluble sugars (25.5g Glucose/gTS ; 45g Xylose/gTS) and microbial metabolites (30.9g Lactate/gTS ; 27 g Acetate/gTS). The presence of lactic acid indicates that the fermentation process partially occurred before the start of the experiment. During the storage step, sugars were consumed and a succession of metabolic pathways was clearly observed. Interestingly, a lactic fermentation pathway was followed by butyric fermentation, homoacetogenesis and then methanogenesis. Microbial community characterization by New Generation Sequencing is under progress. These results will provide better understanding of the fermentation process with the succession of metabolic pathways. These different pathways did not affect the methane potential during the storage. Even though no improvement of the biodegradability of wheat straw was observed, mixing wheat straw with beet leaves was successful to store fresh waste. To determine the effect of more specifics substrate characteristics (e.g. sugar content) on the metabolic pathways followed, experiments are currently in progress. Moreover, inoculation with lactic acid bacteria is also investigated to redirect the process towards lactic acid fermentation. To conclude, this study has shown that anaerobic storage is a relevant solution to long term storage of fresh biodegradable biomass prior to anaerobic digestion.
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EXECUTIVE SUMMARY

Studies into finding new uses for by-products of olive oil industry are of great value not only to the economy, but also to the environment and to the human health. Since a significant amount of solid residue, named as olive kernel, and olive leaves represent around 30% and 10% of the total weight of olives arriving to the mill, respectively, it is worth obtaining high added-value compounds from those materials. It is well known that these residues are rich in polyphenols which have shown antiviral, antimicrobial, antioxidant, anti-inflammatory and anti-carcinogenic activities. Therefore, the valorization of these by-products is most welcome in order to adopt environment-compatible approaches for a sustainable waste disposal. Nowadays, traditional solvents are widely used for the extraction of bioactive components from natural sources in the food, pharmaceutical and cosmetic industries. The use of large quantities of solvents directly affects the water and soil systems, and it makes the environment problem become increasing serious. Green solvents which achieve the goal to minimize environmental impact resulting from the use of organic solvents are in urgent need of application in the industrial production. A new generation of solvent, called deep eutectic solvent (DES), has emerged. A DES is usually composed of two inexpensive and safe components which form a eutectic with a lower melting point than either of the individual components, mainly due to the generation of intermolecular hydrogen bonds. DESs have many advantages as solvents, such as low cost, chemical inertness with water, easy preparation and biodegradability and pharmaceutically acceptable toxicity. A certain combination of natural products in the solid state becomes liquid, so called natural deep eutectic solvents (NADES).

For extract preparation, the selection of an appropriate extraction method is a key consideration. Recently, the development and use of environmentally friendly methods has become increasingly popular. Homogenateassisted extraction is an alternative to conventional extraction methods, through which bioactive compounds are extracted from plant material into solvent by high-speed mechanical shearing, mixing, fluid cutting action and smashing without pressure. Up to our knowledge, the application of homogenate-assisted extraction on extraction of polyphenols from olive oil by-products such as olive leaves and kernel by natural deep eutectic solvents has never been reported. The aim of this study was to develop a convenient, efficient, rapid and environmentally friendly homogenate approach for the extraction of polyphenols from olive kernel and leaves by using novel and green natural deep eutectic solvents (NADESs) and to compare the results with conventional extraction method (heat-stirring extraction). Four different NADES systems formed by polyols, organic acids or sugars and choline chloride were studied. Various extraction parameters of homogenate-assisted extraction procedure with NADES such as extraction time and temperature and homogenization speed were investigated.

The antioxidant potential of extracts prepared from olive kernel and leaves in terms of their total phenolic content and their antioxidant radical scavenging was evaluated. Moreover, the simultaneous determination of individual polyphenols of extracts by HPLC was performed. The proposed methods represent excellent environmental friendly alternatives for the extraction and quantification of phenolic compounds in olive oil by-products. The results of the present study may be helpful to further exploit and utilize these resources.
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EXECUTIVE SUMMARY

Wine making leads to the production of by-product and waste streams including grape stalks, grape pomace (skin and seeds) and wine lees. Succinic acid is an important platform chemical with significant market potential.

In this study, all by-product streams were utilised for the extraction of value-added co-products and the microbial production of succinic acid. Initially, the composition of the by-product streams was determined. Grape stalk and pomace were subsequently processed for the extraction of lipids and phenolic compounds. These streams also contain significant quantities of cellulose and hemicellulose that were hydrolyzed for the production of C5 and C6 sugars (mainly xylose and glucose) and subsequently used as carbon sources for the production of succinic acid by Actinobacillus succinogenes, a natural succinic acid producer. Grape stalk and pomace contain also glucose and fructose that could be also used as carbon sources in fermentative succinic acid production. The treatment of wine lees includes the initial separation of ethanol, phenolic compounds and tartaric acid as value added co-products, followed by enzymatic hydrolysis of the remaining solids that are rich in yeast cells to obtain a nutrient rich hydrolysate. The combination of the different streams led to the production of succinic acid exclusively from renewable resources. This study shows that by-product streams from wineries could be fully valorized so that a conventional winery could be converted into a novel biorefinery.
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EXECUTIVE SUMMARY

It is well known that quarries activities have adverse impact on the environment. Within the framework of sustainable development, the adoption of environmental management system considered as crucial. The quarrying companies focus (mainly) on landscape restoration of quarry sites and rarely implement integrated environmental management techniques. The Environmental Footprint (EFP) is considering as an innovative technique of calculating the ecological dimension of sustainability. Moreover EFP, is consider as the way to evaluate the availability of natural resources and the degree to which production and consumption have an impact on them and is often calculated and presented in terms of kilograms of carbon dioxide (Kg CO 2 Footprint).

This research focuses on the determination of EFP on the five mining activities in Milos Island (Fig. 1). The queries mainly produced bentonite, perlite and pozolani (type 1 and 2). In order to estimate EFP the standard method of ISO 14064 were used as well as a Life Cycle Assessment (LCA) approach. ISO 14064 provides policy-makers with a set of best practices on which it can build a GHG emission reduction program (CO 2 , CH 4 , N 2 O, HFC, PFC, SF6) while LCA were used to identified impacts on the environment from quarries activities.

The results indicated that the specific indicators maybe useful to demine the EFP. Those indicators involved energy consumption, waste production and air emissions, which determine the pressure on the environment from the operation of a quarry and partly the EFP. Through the EFP and LCA it was found that gaseous emissions were 1.52% and 2.18% of CO 2 for bentonite and perlite respectively. The concentrations of dust during mining were 0.14 mgr/Nm 3 for bentonite, 0.17 mgr/Nm 3 for perlite and 0.05-0.29 mgr/Nm 3 for pozolani type 1 and 2. Figure 1. Quarries under study in Milos Regarding the energy consumption for the production of bentonite is up to 1.81 lt/t of oil, 6.15kWh/t of electricity and 7.21kgr/t of fuel oil. For the production of perlite is up to 2.86lt/t of oil, 16.38kWh/t of electricity and 7.43kgr/t of fuel oil. Regarding pozolani1 is 0.71lt/t of oil, 0.87kWh/t of electricity and 0.01kgr/t explosives while pozolani2 requires 0.87lt/t of oil, 0.76kWh/t of electricity. The above energy is being used for 1 m 2 of excavation area of bentonite and perlite and for 2 m 2 for pozolani1 and 10 m 2 for pozolani2.

In conclusion, it can be said that quires activities needs further monitoring and control in order to minimized their impact to the environment although most of quarries companies apply EMS (ISO 14001) and their environmental performances are considered controlled, and within the limits that are set by the legislation. The reason for this increased concentration is the condensing process that is achieved through solar drying.

OMW contain large amounts K (up to 5.5 kg / m 3 , with a mean value of 3.5 kg / m 3 ), N (up to 2.5 kg / m 3 , with a mean value of 1.8 kg / m 3 ), and P (up to 1.5 kg / m 3 , with a mean value of 0.8 kg / m 3 ), which through evaporation achieved in solar drying units, is condensed in a substrate of dried fresh manure. Together with the nutrients however, a large amount of phenols is also condensed in the manure, making this mixture phytotoxic.

At this stage the composting procedure is introduced in the process. The decomposing microorganisms achieve two major positive effects: a) increase further the concentration of nutrients, though the decomposition of organic C into CO 2 , and, b) decompose significantly the phenols. As a result the produced compost contains the high nutrients concentrations but does not contain high concentrations of phenols. Also is free from pathogenic bacteria, moisture level can be further decreased after maturation and gridding and packaging is possible.

Aim of this paper is to present as detailed as possible the above mentioned process. Experiments and trials conducted in the pilot unit developed in Vasilaki, a village near the city of Pyrgos, in the Region of Western Greece, are presented. As far as the end product, the maximum nutrients concentrations achieved up today are 7.7 % for K, 3.5 % for N and 1.6 % for P. However, the proper operation of the pilot solar drying unit (on going tests) has shown that even higher concentrations can be achieved.
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EXECUTIVE SUMMARY

Compost, when mixed into growth substrates, is a source of fibre as well as an important source of nitrogen (N), phosphorus (P) and potassium (K). Both physical properties and nutrient levels in the growing media are known to affect susceptibility for plant diseases. Therefore we monitored the evolution of nutrient release and physical properties in compost-amended growing media for strawberry (cv Elsanta) in greenhouse culture with drip irrigated "Meerlebakken" system, for autumn cultures with continued culture in the next spring. Several composts and other growth substrates for strawberry production were tested extensively during four years of trials at PCH and ILVO. Some of the tested substrates contained 20 to 100% compost; different compost types were also compared. We assessed effects on yield as well as effects on nutrients, i.e. nutrient availability in the substrate, uptake in the plants, and losses with the drainage water.

Results show that growing strawberries on alternative substrates is feasible, but the substrate mixtures containing compost posed a challenge to correct the fertigation for the nutrients supplied by the compost, as plants require sufficiently high concentrations of P, K and N for a good yield. In general, the compost-amended substrates with lower N fertigation performed well as growing medium during the autumn culture, but in the spring culture, these substrates needed an adapted fertigation regime for N, P and K. Physical properties changed during the culture, but easily available water and water volume at pF 1 remained in the optimal range for growing strawberries.

Adding compost to growth substrates has potential to increase the sustainability of soilless strawberry culture. This study revealed that strawberry plants make highly efficient use of the P and K in the compost, and that compost addition results in reduced export and potential losses of nutrients with the drain water and spent substrate. The trials indicated that compost is an important source of P an K for growing strawberries.

Strawberries need so much P and K that they had already removed 10-85 % of the plant-available K and 15-95% of the plant-available K from the compost-amended substrate during the autumn culture. This resulted in a high risk for a shortage of these nutrients during the continued culture in spring. For the substrates without compost and the substrates with compost and additional fertigation, an increase in plant-available P and K was observed during the growing season: the nutrients supplied by fertigation but not used by the plants thus accumulated in the substrates and were removed with the spent substrate at the end of the culture. The natural variation in different composts poses challenges to correctly adapt the fertigation and thus control the nutrient supply.

The main conclusion was that for intensive cultures such as strawberries, growth substrates with compost and lower input of N allow for an equivalent yield in autumn, but during spring the fertigation must be adapted to include N, P and K. Assessing the nutritional status of the strawberry using plant sap meters provided enough information about the nutritional status for K and N and guided proper corrections to the fertigation. Nutrient concentrations in the substrate affect the quality of drainage water. Compost-amended substrate yielded nitrate concentrations in the drainage water that were ten times lower than when the standard fertigation scheme was used. For P and K the concentrations were more than 20 times lower in the compost-amended substrates. Amending soilless substrates with compost clearly reduced nutrient losses via drainage water.
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EXECUTIVE SUMMARY

Phosphorus (P) recovery as struvite from wastewater activated sludge (WAS) is a developing technology usually applied to recycle dissolved P by adding magnesium (Mg) and increasing pH in the liquid effluent from the digestate dewatering step after anaerobic digestion (AD) of WAS. Consequently, the P recovery yield is depending on the dissolved P concentration in digestate which is usually only a small fraction of the P in WAS. The aim of this study was to increase the P recovery yield by favouring P dissolution by a biological way, not after but just before the AD of WAS as described in figure 1. Recovering P before AD is also a way to prevent struvite crystallization on pipes and equipment, reducing maintenance cost in AD plants. For that, acidogenesis was favoured by adding several different wastes as co-substrate in thickened WAS.

Figure 1 : process configuration for P dissolution and recovery upstream from WAS anaerobic digestion.

Thickened WAS was sampled in a wastewater treatment plant combining iron chloride and bio-P removal. Three co-substrates were added to sludge at a 0.5gCOD/gVS ratio: carrots, wastes from an organic restaurant or organic fraction of domestic waste. A control without waste was also performed. The pH was decreased from 6.5 to 4.5 with carrots, between 5 and 6 with the other co-substrates and down to 6 for the control. The P biologically dissolved was 30% in the control and up to 45% of the total P in sludge with co-substrates. After this stage, centrifugation was more efficient than filtration with polymer allowing recovering 80-90% of the initial volume of sludge. Up to 99% of the dissolved P was precipitated by the crystallization with MgCl 2 at pH8. According to the dissolved P, the amount of solid product containing 60-65% of struvite was increased by 50% with co-substrates. The biological methane potential (BMP) of the solid from centrifugation was 50% more with co-substrates. Volatile fatty acids produced by biological acidification were contributing to 10-20% of the total BMP of the mix before centrifugation but they were consumed, adsorbed or volatilized during crystallization performed from the liquid phase. So the liquid fraction going into the biogas production reactor could be adjusted to the amount required to reach a pH compatible with methanogenesis and mixing. These experiments at labscale have shown that it is possible to find a synergy between anaerobic digestion and P recovery from WAS. Ongoing works on acidogenesis should help to improve even more the P recovery yield.
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EXECUTIVE SUMMARY

In this work acid and alkaline phosphatases have been employed in order to extract orto-phosphate-P from two different urban sewage sludge samples. Indeed phosphorous (P), the second main element for plant nutrition after nitrogen (N), is usually obtained from phosphate rocks (apatites and hydroxyapatites) which are not renewable resources [1]: it is estimated that these P-rocks will be exhausted in about 100 years at the current consumption rate [2]. Moreover, phosphate rocks could be contaminated by heavy metals such as cadmium and nickel, raising a serious issue on its safety in the perspective on an agricultural or food utilization of P fertilizers (i.e. simple and triple superphosphates) [1]. Therefore, the extraction of P from organic waste, such as sewage sludge, could represent an interesting and alternative way for the recovery of P for agricultural use, closing the cycle of nutrients from renewable sources [3] within the circular economy strategy. Among organic waste, sewage sludge, resulting from activated sludge wastewater treatment plants, deserves particular attention as it is produced in large amounts in the European Union (9 million tons in 2006), has a good P content (about 3%), and constitutes a matrix that should not be employed directly to the soil [4]. However, the amount of P occurring in sewage sludge is only in part soluble in water, thus it needs to be extracted from the organic fraction of the sludge through hydrolysis. Although chemical hydrolysis with acid or alkaline solutions and thermal treatment had already been investigated, biochemical hydrolysis through specific enzymes has been less studied till now [5]. Therefore, the objective of this work was to evaluate the efficiency of enzymatic hydrolysis in the solubilization of P from urban sewage sludge. For this aim, two urban sewage samples, the first (A) deriving from anaerobic wastewater treatment plants, the second (B) from aerobic ones were chosen, sampled and chemically analyzed, in order to determine their total and available P content. Then they were subjected to enzymatic hydrolysis with solutions of acid or alkaline phosphatase, at pH 4.8 and 9.8, respectively, at 37 °C, in the ratio 1/20 w/v, for 1 hour. In case, the enzymatic hydrolysis was preceded by thermal pre-treatment in an autoclave at 121 °C for 20 minutes. The efficacy of the treatment was evaluated in terms of inorganic P recovered in the aqueous solution compared to the ones obtained with extraction in deionized water at the same temperature, extraction time and ratio.

From the preliminary results, the treatment with alkaline phosphatase granted a recovery of inorganic P 3 and 40 times higher with respect to water extraction, for sludge A and B, respectively, while acid phosphatase increased 4 and 100-fold the water extractable P, for A and B samples, respectively. Therefore, the enzymatic hydrolysis seems to be promising for solubilizing P from urban sewage sludge, in the perspective of its use in agriculture.

[1] Grigatti M., Boanini E., Cavani L., Ciavatta C., Marzadori C. (2015). 

EXECUTIVE SUMMARY

The research covered in this paper was carried out using the composted waste of olive mill wastewater and pig manure. The use of olive oil wastewater (OMW) as a nutritive amendment on crops has benefits for crop growth but in its raw form can have extreme phytotoxic effect on crops. Composting this waste with pig manure is a method of producing a nutrient rich material that has the potential to be used for crop production. These trials were carried out using this product in the UK, with strawberries as the test crop.

The trials were conducted under glasshouse conditions in the spring/summer of 2015 using an automatic fertigation system for watering and nutrient addition. There were 7 different growing media mixes on the strawberry plants using an incremental method of increasing the amount (v/v) of the test compost product. This was incorporated into a soilless media base of peat. There were two controls, 100% peat and 100% coir to cover two variations of substrate base control. The OMW product was then mixed in 5%, 10%, 15%, 20% and 25% ratios with the peat. There were 15 replicates of each treatment and these were arranged on the glasshouse bench in a randomised complete block design. The OMW product was analysed prior to the trials starting and the stand out data was for the conductivity which showed levels over 11000µS/cm. Plants were monitored after being transplanted and chlorophyll measurements in the leaves were taken on a weekly basis. The first fruits were harvested after 65 days growth and 5 fruits per experimental unit were measured for weight, width, flesh firmness and sugar content.

The effects of the OMW product incorporation into the peat showed plant mortality in treatments containing more than 15% product increasing with amount used, with only 4 of 15 plants of the 25% v/v rate surviving and developing measurable plant characteristics. The chlorophyll levels in the leaves showed that treatments with 15% OMW and above had significantly lower chlorophyll levels, and hence lower nitrogen uptake in their leaves. This was not reflected in differences in leaf protein when compared following the final fruit harvest.

Overall plant growth measured in fresh weight was significantly higher in the control plants and those in the 5% treatment category than all other treatments. The number of marketable fruits produced from each treatment also showed that the control treatments, the 5% the 10% treatments, were significantly different from the 15%, 20% and 25% treatments.. These treatments produced significantly fewer fruits than plants grown in 10% OMW product or less. The weight and width of the fruit produced showed decreasing trends with increasing amounts of OMW product. There was a significant difference between the control and the 5% treatment and all other treatments. The work using this particular product produced from OMW and pig manure shows that it can only be used in small quantities in conjunction with other soilless media without having a negative impact on the growth and development of strawberry plants and fruit. Further work to reduce the conductivity in the product, as this is the most likely reason for the plant mortality and the poor yield, would allow more of it to be used and therefore reduce the amounts of peat required for crop production.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF] The circular economy is presented as a practical solution to emerging resource crisis of the planet. Reserves of key resources of elements are declining, while the costs of exploration, extraction and industrial synthesis of mineral fertilizers are rising. If the current approach 'take-make-dispose' which is the typical model of the linear economy continues to be adopted, the Earth will continue to receive huge amounts of waste beyond its capacity to assimilate them. According to the Compost Network ( 2015) roughly 90 million tonnes of bio-waste are generated across the EU every year and only one third are currently being recycled by composting and anaerobic digestion. This results in losses of approximately 1 million tonnes of nitrogen (N) that could usefully be applied to soil. The fertilizer value of N losses is circa 18 billion €/year (Sutton et al., 2011).

Nitrogen is an indispensable nutrient to life on earth. Without the Haber -Bosch process invention to produce mineral N fertilizer, we could today feed only around half of the world's population but this has come with very high environmental and societal costs (Erisman et al., 2008). For more than a century Man has changed the nitrogen cycle by more than doubling the transformation of non-reactive atmospheric di-nitrogen (N 2 ) into reactive nitrogen (N r ) forms, which cascade through the environment leading to the accumulation of N r . Nitrogen is one of the three "planetary boundaries" that have been exceeded as a result of human activities (Rockström et al., 2009). Agriculture generated losses are one of the most important sources and drivers for N enrichment of the environment. Nitrogen use brings important "WAGES", that is costs to water, air, greenhouse, ecosystem and soil (Sutton et al., 2011). Nitrogen losses in Europe are estimated to cost 70 -320 billion €/year, with the biggest cost being nitrogen-emission caused air particles' health impacts.

In addition to nutrient losses, Europe's soils are losing organic matter (SOM) as a result of unfavourable climatic conditions associated to bad management practices. Because organic matter is fundamental for allowing the adsorption of plant nutrients to soils particles in a plant available form, as well as improving soil physical properties, thus reducing erosion and improving water retention, its sustainable management implies an effective nutrient management, including that of N. Recycling of organic residues to agricultural soil promotes SOM build up and enables a better soil quality with less soil erosion and higher N availability, as organic forms of N are more stable than the mineral forms applied as commercial fertilizer, and may be stored in an organic form that is slowly released to plants nutrition. Currently, N fertilizers are produced through an energy intensive process using natural gas with detrimental impacts on climate change. It has also been estimated that 5% of the world´s annual natural gas production is consumed in N fertilizer production, and 1 to 2% of the world´s total energy consumption is devoted to the process (compost network, 2005). Recycling of N from organic residues, namely manure, in a cropping system as opposed to manufacturing or mining of a new nutrient resource also provides energy benefits, beyond the recycling of the N itself.

Nitrogen recycling promotes the use of secondary N fertilizer source materials rather than the primary mineral fertilizer products helps to solve part of the problem, as recycling offers only limited solution and generates losses. Only the implementation of the best management practices to an increased N use efficiency, will change the paradigm of consume-and-dispose flow-through system in our society and economy. This requires a change and a systematic approach throughout society, but the Circular economy offers an opportunity to reinvent our economy, making it more sustainable and competitive. 

EXECUTIVE SUMMARY

Pig slurry is a phosphorus-rich waste stream that requires costly physical/chemical and-or biological treatment, particularly in areas vulnerable to eutrophication. Swine slurry commonly undergoes a solid-liquid separation: the liquid fraction is spread in the neighboring fields while the solid phase has to be exported, often as compost, to phosphorus-depleted regions. There is currently a growing trend towards phosphorus recovery under a purified, marketable form such as struvite, a slow-release mineral fertilizer. Recycling phosphorus as struvite could reduce the treatment costs of pig slurry and provide a renewable phosphorus source for agriculture. Indeed, the phosphate rock used in the fertilizer industry is a non-renewable resource whose decreasing quality and progressive depletion could threaten the fertilizer-based agricultural model and harm global food supply. Phosphorus in swine slurry mostly exists as mineral solids. It is now possible to extract this phosphorus as orthophosphate by acidification and recover it as struvite by adding magnesia (MgO). Biological acidification of swine slurry using waste-type co-substrates would be more environment-friendly than chemical acidification and save the costs of chemical addition. Sucrose was used as a practical co-substrate in order to realize a preliminary study of the biological and chemical reactions taking place during the acidification of pig slurry. A continuous reactor and batch tests were used to ascertain the link between the amount of sucrose added, the type/amount of volatile fatty acids (VFA) produced, the resulting pH drop and the dissolved phosphorus obtained. The batch tests consisted in 4 flasks, each containing raw swine slurry and different amounts of sucrose (0, 15, 30 and 60g/L). At maximum initial sucrose concentration the pH dropped from 7.5 to 5.5 after 2 days, while dissolved phosphates reached 990 mgPO 4 -P/L from 50 mgPO 4 -P/L initially. Lactate was the main VFA all along (70-95%). At lower sucrose concentrations, the pH either increased or dropped slightly before reincreasing. At 30g-sucrose/L, 430 mgPO 4 -P/L were measured after 2 days when a pH of 6.2 was reached. However those phosphates re-precipitated when the pH increased to 6.5 after 60 hours. Lactate was the main VFA during the first 40 hours but disappeared afterwards, simultaneously with the pH re-increase. The pattern in term of VFA production at the highest sucrose concentration was comparable to what occurs in successful silage. The initial amount of water soluble carbohydrates (WSC) (i.e. sucrose in this case) was high enough to give a competitive advantage to Lactic Acid Bacteria (LAB). They were able to acidify the slurry down to a pH too low for other microorganisms to metabolize the lactate into less acidic VFAs or other end-products. This resulted in a stable, low pH and a constant VFA concentration and composition. On the other hand, at sucrose concentrations lower than 60 g/L, the pattern of VFA production was similar to what occurs in spoiled silage. At such WSC concentration, the initial lactic acid production was not sufficient and other microorganisms were able to consume the lactic acid, resulting in a pH increase and a decrease in VFA concentration (possibly due to the beginning of methane production). The continuous reactor was maintained at 36°C and fed with sucrose and the supernatant of centrifuged pig slurry, at a fixed hydraulic retention time of 4 days, during 30 days. The reactor stabilized after 4 days at a pH of 4.8 while the sucrose concentration in the influent was decreased from 100 to 40g-sucrose/L in the feed. Sucrose was mostly converted to lactate (60-95% of removed sucrose) throughout the study, indicating that the biological process similar to ensiling could be maintained during 30 days in a continuous reactor.

The results obtained indicate that the biological acidification of pig slurry with high sucrose concentration (40-60g/L), leads to the dissolution of most of the phosphorus (1g/L, 70-80% of TP). The critical pH range in which phosphorus got dissolved was between 5 and 6. The biological process taking place had many similarities with ensiling, with lactic acid being produced predominantly. This ensiling-like process could be maintained in a continuous reactor for 30 days.

Based on these findings, the choice of real co-substrates for biological acidification of swine slurry should be oriented towards WSC-rich wastes, like fruits, vegetables, grass, or crop-residues.
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EXECUTIVE SUMMARY

Current sustainability operations for resource recovery from urban infrastructure systems such as sewers, drainage, unit operations and pavements are economically viable even in difficult economic conditions. Such operations can significantly reduce nutrient loadings that along with wastewater discharges contribute to the impairment of receiving waters. Quantifying the nutrient and particulate matter (PM) load recovery and economics thereof is beneficial for all stakeholders. The hypothesis and testing that sustainability matters is quantifiable and is critical in all economic conditions. These sustainability operations recover gross solids (detritus), coarse PM and associated nutrients from the urban inventory; inventory that is transported through, stored in, and on urban infrastructure systems. This PM is the primary source and sink of nutrients (as well as heavy metals and endocrine disrupting compounds) that result from the interaction and imposition of anthropogenic/biogenic activities and urban infrastructure design practices/materials on the hydrologic cycle. Quantifiable knowledge of sustainability operations with several years of data collection across 14 cities in the State of Florida is demonstrated to provide a defensible foundation to build the allocation of nutrient load reduction credits. The economics and nutrient load reduction of primary sustainability operations (pavement and urban infrastructure appurtenance material recovery practices) are compared to conventional unit operations and best management practices (BMPs).

Results are quantified from these data collection efforts across Florida and are categorized in terms of hydrologic functional units (HFU) and land use in cities for nitrogen (N, as TN), phosphorus (P, as TP) and PM. Florida is the leading state in the USA for wastewater reuse, with over three thousand cubic meters per day that is reclaimed after advanced wastewater treatment. 

EXECUTIVE SUMMARY

Background. Poultry manure generated during broiler production requires specific management during is in the house and then when released out at the end of process. In general the density of birds in the house is 15 pieces per square meter. The volume of deep litter used at the beginning in addition with the manure including moisture produced during 7 week growing period (light broiler) reaches 1-1.5 kg/bird. The nitrogen content is high in the litter which fact requires two considerations. First point is to reduce the ammonia in house during growing process. Ammonia volatilization under aerobic and anaerobic manure decomposition occurs. The layer of litter at the end of period may riche 8 to 10 cm. It is estimated that both mechanisms participate in the decomposition processes that generate ammonia. One portion of ammonia enters in the air which then is removed from poultry house by ventilation. It means that this portion of nitrogen is air pollutant and is lost as potential fertilizer row material. At the same time ammonia content of air causes respiratory problems for birds. Production of ammonia in the litter increases the pH, thus causing leg injuries. Second point is that due to high nitrogen content the poultry manure requires specific treatment before is used as fertilizer to avoid the nitrate pollution.

Objectives. In this study the in house ammonia fixation is discussed. Solid adsorbents were used in order to adsorb the generated ammonia. It is estimated that gradually adding adsorbents to the deep litter (granulated straw) is fixing the ammonia, thus the volatile portion is reduced, avoiding air pollution, and reducing the harmful effects on the birds. Thus, the nitrogen content increases in the manure, however, that fact requires a post treatment to avoid the nitrate pollution. Methods/techniques. For adsorption of generated ammonia in the litter two adsorbers have been used. Zeolite was mixed with the straw in portions of 1%, 2% and 5%. Biochar as a naturally origin adsorber was applied in similar ratios. Finally a mixture of both adsorbers was tested. Volatilized ammonia content was determined with a specific gas chamber covering a surface of 0.1 square meter. Concentration of ammonia was measured by Oldham BM25 gas meter. Results obtained. It was found that the rate of ammonia generation increases at the third part of the growing period. The ammonia concentration in the air is related with temperature controlling and ventilation. This later process has to be in concert with the in and outside temperature and humidity of inside air and the moisture content of the litter. In addition it is important to avoid the formation of dust in the poultry house. Discussion. It was observed that application of adsorbents in the poultry house may support animal health and environmental concerns. Adsorbers fix most of the ammonia generated and control the pH, keeping it close to neutral, which is harmless to the legs of birds. In consequence the released ammonia content during ventilation decreases reducing the pollution of outside air. Conclusions. It was observed that most of the ammonia generated in the poultry house can be kept by application of adsorbers. The ammonia content in the air decreased that serves the animal health. However, the manure obtained at the end of growing period requires further management, e.g., aerobic fermentation.
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EXECUTIVE SUMMARY

Historically high fertilization rates have resulted in accumulation of soil P and increased P leaching losses in several regions of northwestern Europe. Implementation of the EU Nitrates and Water Framework Directives has restricted P fertilizer use and have indirectly given rise to new organic fertilizer products from manure processing and anaerobic digestion. In a 4-year field trial with an arable crop rotation we investigated the impact of (i) zero to moderate mineral P fertilization levels (0-41 kg P ha -1 ) and (ii) several organic fertilizer types (yearly dose of 37 kg P ha -1 ) on the evolution of 0.01M CaCl 2 and hot water extractable P, ammonium lactate extractable P (P-AL), P leaching, crop yield and P balances. The organic fertilizers were several processed digestate products, biothermically dried organic waste, dairy cattle slurry, and vegetable, fruit and garden compost.

The results of our study indicate that a significant decrease in soil P availability and P leaching can already be achieved by zero-P fertilizer application during this 4-year period without any crop yield losses and with equal P export. The soil P-AL levels were not affected in the short term. The experimental period was too short to detect clear effects of reduced P fertilization levels (from 7 to 33 kg P ha -1 year -1 ). Our results showed that both the solid fraction and effluent of digestate separation, biothermically dried organic waste and two types of dried digestates may replace mineral fertilizer and cattle slurry without crop yield losses. The use of solid fraction of mechanically separated animal slurry digestate leads to enhanced P availability -without any benefit in terms of either crop yields or crop P uptake-and consequently to an increased risk for P leaching.

We conclude that introducing zero-P fertilizer application on a soil with high P status can reduce P availability (P-CaCl 2 and HWP) and consequently the potential for P leaching in an arable crop rotation in the short term (four years) without decreasing crop yields. Crop P balances showed that the reference fertilization rate of 37 kg P ha -1 year -1 was still above P equilibrium level for this field, leading to positive P balances and therefore further build-up of soil P stocks. Further restrictions are needed to achieve a P equilibrium fertilization level on soils with high P status. Our results show that reducing P fertilization (between 7 and 33 kg P ha -1 year -1 ) do not clearly lead to reduced P availability in the 4-year experimental period. All tested digestate products could partly replace the mineral fertilizers without any losses in crop yield in the short term. The same was true for VFG compost -except in 2012 -and cattle slurry. However, the solid fraction of mechanically separated animal slurry digestate clearly leads to higher P availability rates and higher P leaching with no enhancement of crop yields.

We revealed that besides P-CaCl 2 , HWP is a suitable indicator to predict potential P losses.

More prolonged observations of crop yield, crop P balances, soil P availability and P-AL levels in this field trial are needed to fully understand the longer-term agronomic and environmental impact of a continuous restricted P fertilizer application.
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EXECUTIVE SUMMARY

In Mediterranean areas, olive mill wastes constitute a significant environmental problem. The olive oil production system generates solid residues (olive cake) and aqueous effluents (OMWW) that can become phytotoxic due to their high phenol, lipid and organic acid concentrations. Due to the high cost of the various physico-chemical or biological treatments proposed, OMWW often remains untreated and it is directly discharged to the environment causing considerable pollution to both surface and ground waters. In many areas, olive mill wastes environmental impact is combined with pollution caused by animal manure and its management, with most common environmental problems being those of global warming, acidification and aquatic and terrestrial eutrophication. On the other hand, both OMWW and animal manure contain significant quantities of nutrients and organic matter that could be reused if properly treated.

The CONDENSE method addresses the need for a management option that minimizes the environmental impacts of both animal manure and OMWW while valorizing their valuable resources (organic matter, nutrients) in a cost effective way. The product of this method is a soil amendment that could considerably minimize the need for NPK inorganic fertilizers while also providing a solution to the environmental impacts of such wastes. The CONDENSE system is a set of processes that can be analyzed with Life Cycle Analysis (LCA) to quantify environmental impacts of all the stages included in the process from the production of the animal manure and OMWW to their treatment and the generation of the compost. However, existing impact categories in LCA do not allow the quantification of the benefits from the use of compost as soil amendment and thus adopt a cradle to gate approach. While conducting LCA on compost products, the consequent interpretation is not able to incorporate the effects of organic amendments to soil functions (food and fibre production; filtering, buffering and transformation of water, nutrients and contaminants; storage of carbon and nutrients; and biological habitat provider as well as gene pool).

In this work, we propose a comprehensive LCA methodology where we combine the traditional LCA assessment with the use of the 1D -Integrated Critical Zone (1D-ICZ) model in order to account for the impacts of organic amendments to soil functions. The 1D-ICZ is an one dimensional model that links the development and loss of soil structure to nutrient dynamics and biodiversity by combining various submodels (Flow and transport model (Hydrus 1D); bioturbation; chemical equilibrium, weathering (SAFE); C/N/P dynamics and aggregate formation (CAST); and vegetation dynamics (PROSUM). The 1D-ICZ model simulates and quantifies the dynamics of C, N and P sequestration in soils in relation to soil structure and protection of organic matter; above-and belowground C stocks including microorganisms, fungi and consumers; and solutes transformation and water filtration in soils. In this work, the 1D-ICZ model was used to simulate field data of a tomato cultivation experiment, to assess the impact of inorganic fertilization and the compost developed in the CONDENSE project, on soil functions. We compared soil function improvements due to compost addition that include biomass production, carbon and nutrient sequestration, soil biodiversity and water filtration and transformation compared to inorganic fertilization.

The proposed methodology compliments the LCA analysis by incorporating the impact on soil functions. This comprehensive LCA assessment can be used to evaluate tradeoffs of agro-ecological practices for sustainable land management. The innovative aspect of the proposed methodology is that it can be also used for product redesign in order to minimize the impacts to the environment. Finally, the enhanced LCA procedure can be used as a tool to design the application rates for optimum soil functions and minimize product emissions.
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EXECUTIVE SUMMARY

Untreated wastewater discharged into water bodies alters the balance of local ecosystems, and eventually lead to eutrophication of rivers and lakes, causing not only damage to the environment, and human health, but also economic losses and expenses resulting from the efforts to repair the damage done. Bioremediation methods like those using aerobic or anaerobic microorganisms are widely applied for wastewater treatment. Aerobic systems consist in activated sludge tanks, stabilization ponds and trickling filters, while anaerobic systems consist in closed reactors such as digesters. These systems often take a long startup times, release smelly compounds and require specific bacteria for metabolizing a large number of chemical compounds. An alternative to these systems is the use of microalgae cultures since their photosynthetic metabolism allows fixation of atmospheric CO 2 while consuming the pollutant load present in the medium. Besides it is possible to obtain bioproducts like transesterificable lipids from the biomass produced in the process. However, treatments have been ineffective when scaling for larger volumes. The objective of this study was to compare the efficiency of a process for municipal wastewater treatment carried out using a native microalgae consortium (Scenedesmus obliquus, S. quadricauda and Chlorella vulgaris) isolated from the Laja River in Cortázar, Guanajuato, México in a helical photobioreaction configuration on two laboratory scale 5L and 50 L in a completely randomized design. The depletion of nitrogen, phosphorus and organic matter were monitored in accordance with the methods established in the Mexican regulations NMX-AA-026-SCFI-2010, NMX-AA-029-SCFI-2001 and NMX-AA-030-SCFI-2001, respectively and used to calculate the consumption rate. All measurements were taken with reference to the maximum permissible limits for the discharge of treated wastewater into national water bodies established by the NOM-001-SEMARNAT-1996 regulation. Results for both, the 5 L and the 50 L process were nitrogen consumption rates of 8.43 and 8.28 mg/L•h; phosphorus consumption rates of 1.66 mg/L•h and 2.46 mg/L•h and consumption of organic matter of 9.74 and 10.74 mg/L•h, respectively. No statistical difference was found using an analysis of variance with α = 0.05. Therefore, it was concluded that the configuration of photobioreaction composed of a bubble column and a helical configuration reactor in a 5 L or 50 L process have the same efficiency for removing nitrogen, phosphorus and organic matter from municipal wastewater using as a biological material a consortium of microalgae (Scenedesmus obliquus, S. quadricauda and Chlorella vulgaris) native of the Laja River in Cortázar, Guanajuato, México. More studies are needed to confirm the convenience of implement a large reactor (500 L) or several 50 L reactors in the wastewater treatment facilities.

EXECUTIVE SUMMARY

Farmers have to combine several measures to balance carbon contents in the top soil as a prerequisite for soil quality but potentially increasing the risk for N and P losses by leaching. We studied the effect of a combination of several measures on topsoil C content, nutrient leaching and soil quality in a multi-year field trial. Soil quality was defined as the result of the interaction between chemical, physical and biological soil characteristics, and included an assessment of disease suppressiveness as well. The soil initially had a suboptimal C content (i.e. 0.81%). Soil organic carbon (SOC) levels were maintained and slightly increased by applying slurry and good agricultural practices such as the use of cover crops and the incorporation of cereal straw (on average +0.04 percentage point). But only with a yearly extra plant-based farm compost amendment SOC levels were substantially increased after a period of four years (on average +0.17 percentage point). This application of 8.3 Mg C ha -1 also improved chemical, physical and biological soil quality. Our research demonstrates that farmers can use compost, for at least 4 years, on top of cattle or pig slurry application to soils with suboptimal C levels to increase C content in the top soil, without inducing higher N and P leaching. Repeated compost application increased the microbial biomass (measured by means of PLFA) and disease suppressiveness against Botrytis cinerea on lettuce. There was no effect on the abundance of the plant-parasitic nematode Pratylenchus penetrans in the soil, nor on disease severity caused by Dickeya solani, Streptomyces scabies and Rhizoctonia solani after a potato cropping. Differences between tillage practices were most obvious in the 0-10 cm soil layer as noninversion tillage resulted in an increase in SOC, total N, hot water extractable C and P, plant-available P and K, aggregate stability, earthworm populations and bacterial and fungal populations in this layer.

From our experiment we conclude that soil organic carbon levels are maintained and even slightly increased by applying slurry and good agricultural practices such as the use of cover crops and the incorporation of cereal straw. However, in soils which are low on organic carbon, repeated compost application seems recommended to reach a substantial SOC increase within a rather short time period. Although the compost application was accompanied by high total nutrient supplies, no increased risk for N and P leaching was observed after a period of four years. Longer term use is expected however to pose risks to N and P leaching so that regular fertilization will need to be adapted to the compost amendments. Finally, both the repeated application of compost and noninversion tillage improved chemical, physical and biological soil quality whereby the positive effects of non-inversion tillage were mainly situated in the topsoil (0-10cm). Effects on crop yield and disease suppressiveness were not yet conclusive.
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EXECUTIVE SUMMARY

Composted manure not only supply crop nutrients, but is also a valuable source of organic matter for improving the physical and chemical condition of soil. However the application of ordinary composted manure is challenging due to segregation of crop and livestock production, maldistribution of manure production and labour shortage. One of the solutions is to granulate compost into pellet form suitable for storage, handling, transport and field application. Little scientific knowledge has accumulated about the compost forms on its fertilizer efficiency. Our previous pot experiments showed that phosphorus (P) plant-availability was substantially increased with compost pelletization (Arakawa, 2012). In this study, we compared the relative efficiency of manure compost pellet to ungranulated compost and single superphosphate in a rotation field experiment.

Composted cattle manure and broiler litter were mixed (1:1 v/v) and sieved (<5 mm), then were granulated into φ5 mm × 8 mm cylindrical pellets with a disk die pelleter. In a field experiment conducted on an andisol (volcanic ash soil) with high P sorption and with low available phosphorus, we compared the effect of manure compost pellet (CP), ungranulated mixture (UM) and single superphosphate (SP) on yield and plant P accumulation. Chinese cabbage and sweet corn were grown in rotation. These were fertilized with CP, UM and SP at the rate according to the local recommendation (100 -150 kg-P 2 O 5 ha -1 ) in addition to an unfertilized control (CK). P use efficiency (PUE) was calculated by subtracting P 2 O 5 removal in the CK plot from P 2 O 5 removal in the P-fertilized plot and then dividing by applied P 2 O 5 . Higher PUE means that more of the applied P 2 O 5 was taken up by the crop.

In the soybean experiment, agronomic characters, yield, and PUE were not significantly different among Pfertilized plots. PUE was relatively low and ranged from 0.6% to 3.7% in the experiment.

In the Chinese cabbage experiment, biological yield, marketable yield and P uptake were significantly higher in CP plot than in UM and SP plots. PUE was highest in CP (42.3 %) plot followed by SP (33.8 %) and UM (28.0 %).

In the sweetcorn experiment, shoot yield and P uptake were significantly higher in CP plot than in UM and SP plots; however, ear yield was not significantly different between P-fertilized plots. PUE was highest in the CP plot (7.7%), followed by SP (6.8%) and MP (4.8%) plots.

It is concluded that pelletized compost was superior P source to ungranulated compost and comparable to single superphosphate in its PUE and potentially improve the crop production.
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EXECUTIVE SUMMARY

Background: In this paper we present novel treatment methods and systems for simultaneous separation and recovery of ammonium (NH 4 + ) and phosphorus (P) from anaerobic digester effluents. Conservation and recovery of nitrogen (N) and P from animal wastes is important in agriculture because of the high cost of commercial fertilizers and for environmental reasons. One of the largest environmental concerns in livestock production is the loss of ammonia gas (NH 3 ) from the manure. In addition, P build up in soils to excessively high levels due to animal manures often results in eutrophication and pollution of surface waters. Therefore, in areas of intensive livestock production, the ability to extract P from manure will be critical to the ability to accomplish waste utilization through land application without elevating soil P levels. Production of biogas from manure using anaerobic digesters (AD) is projected to be important in the future. The removal and recovery of N and P is a desirable feature because it can be exported off the farm, which solves the problems of N and P surpluses in concentrated livestock production. Objective: The objective of this work was to develop new technology for simultaneous N and P recovery suitable for digester effluents. It combines a gas-permeable membrane technology (N recovery) with P recovery as solid using precipitation. Methods/techniques: A promising new method we previously developed to recover NH 4 + from manures is the use of gas-permeable membranes. The membrane manifolds are submerged in the liquid manure, and the gaseous NH 3 in the manure is removed from the liquid before it escapes into the atmosphere. The N removal is done with low-rate aeration in the reactors that naturally increases the pH of the liquid and accelerates the rate of passage of NH 3 (> 96%) through the submerged gas-permeable membrane manifold and further concentration in an acid stripping solution reservoir. The higher pH is the result of the destruction of the wastewater carbonate alkalinity with low aeration. The effluent after ammonia treatment has a high pH of about greater than 9 and is low in buffering compounds (ammonia and carbonates). In turn, the high pH and unbuffered conditions promote phosphorus precipitation reactions. Phosphorus precipitating compounds such as for example, magnesium chloride (MgCl 2 ), are added to the system either before or after the N removal. Two prototype systems were tested using digester effluent from swine covered lagoons containing ~ 2,400 mg/L of NH 4 -N /L and 450 mg/L of P. Results/discussion: In a first configuration, MgCl 2 (16.4 mmol/L) was added to the effluent after the N removal step. (During N removal the pH of the effluent increased from 8.36 to 9.33). After rapid mixing, a P precipitate was collected in a settling tank. The recovered phosphorus material was mostly magnesium phosphate with very high phosphate content: 46.4% P 2 O 5 and 17.1% Mg and with low concentration of N, 1.8%; Ca, 0.4%; and K, 1.7%. As a comparison, phosphate rock mineral in the USA typically contains about 27.5 to 37.9% phosphorus. The recovered phosphorus materials had >99% plant available phosphorus. In a second configuration, MgCl 2 was added to the digester effluent before the N removal step and transferred to an N separation tank fitted with gas permeable membrane module. Low rate aeration was also used in the N separation tank to increase pH (from 8.4 to 9.5), which both enhanced the capture and recovery of the NH 3 and the formation of P solids. The process was completed at the end of the ammonia extraction treatment (with a digester effluent containing approximately 2,400 mg NH 4 -N/L, the process took 5 days). At that time, all the phosphate was in recoverable solid flocs. It was recovered at the bottom of a contiguous settling tank. This second configuration produced struvite phosphates, NH 4 MgPO 4 •6H 2 O, containing 4.5% N, 26.4% P 2 O 5 , and 10% Mg. The product obtained compares with pure struvite (approximately 5.7% N, 29% P 2 O 5 , and 9.9% Mg. The overall process provided quantitative recovery (100%) of the P in solid forms. For NH 4 + , the combined process recovered approximately 92%: about 3% was recovered in the struvite precipitate, and approximately 89% was recovered in the NH 4 + concentrate by the N recovery module. Conclusion: Our results show that the simultaneous N and P recovery method is technically feasible producing high quality N and P products. Costa Nostrum Ltd, Rousou Chourdou 7, Heraklion -Greece, vzissimop@hotmail.com, info@costanostrum.org ,www.costanostrum.org, 2 Open University of Cyprus, Faculty of Pure and Applied Science, Environmental Conservation and Management, antoniszorpas@yahoo.com, antonis.zorpas@ouc.ac.cy, 3 Costa Nostrum Ltd, Rousou Chourdou 7, Heraklion -Greece, zoyridaki.maria@gmail.com , info@costanostrum.org , www.costanostrum.org Contact: V. Zisimopoulos, Costa Nostrum Ltd, Rousou Chourdou 7, Heraklion -Greece, vzissimop@hotmail.com , info@costanostrum.org , www.costanostrum.org

EXECUTIVE SUMMARY

Costal Zones are recognized of their strategic importance to all Europeans, as well as for their ecological and environmental sensitivity due to the coexistence of land, sea and air, as well as, due to their subtropical climate, which makes them more sensitive to climate change and environmental pollution. One of the most famous tourist destinations in the world is the Mediterranean basin, which annually hosts, and especially during the last few years, about 200 million tourists and is very likely the number of tourists to be increased dramatically in the next ten years, reaching 355 million of tourists by 2025. However, because of intense and unregulated, very often, tourism development in the Mediterranean Sea based primarily on mass tourism; coastal areas of the Mediterranean basin are under severe pressure, with serious effects on the broader social and physical environment of the area A major impact of this is the generation of waste -sewage, which very often exceeds the management capacity of the management infrastructures, due to the high seasonal variance and resulting to severe polluting problems especially to environmental sensitive areas, such as beaches. A study by the European Environment Agency in 2000 showed that tourism was responsible 7% of the overall pollution of the Mediterranean basin.

The main purpose of this article is to illustrate the need to adopt a management model -a certification standard, which will enable the sustainable waste management on the beaches, both in Greece and in the Mediterranean area.

Costa Nostrum® (= our coast) -Sustainable Beach is a pioneering and innovative tool, a private certification standard which can ensure the sustainable waste management and sustainable development of the Mediterranean beaches.

The benefits of implementing the specific standard are diverse, important and cover all three aspects of sustainable development (economy, society and environment -especially waste management), thus greatly facilitating the general advancement and progress of the coastal area. 

EXECUTIVE SUMMARY

One of the most significant challenges in the composting plant is to optimize the organic waste recovery. Under routine activity, many different organic waste streams are accepted in a composting plant. These wastes may be received in bulk or packaged (such as expired packaged foods) and correct combinations of the incoming waste streams should be always devised in order to maximize the utilization rate and therefore reduce the non recoverable wastes that are disposed in landfill.

Organic wastes that can be used in the composting plant in order to produce soil improvers vary widely and come from different sources (industry, agriculture, livestock, household waste, etc.). The methods of screening, sorting, unpacking and mixing have a direct impact on the quality of the final product but also on the viability of the composting plant (in economic terms).

Megaeco SA owns a composting plant in a facility of forty five [START_REF] Lin | [END_REF] acres in Megara, Attica. Manure from poultry farming, non-hazardous waste from industries, greeneries, expired food and other organic non-hazardous waste, rich in organic matter are converted into usable soil improvers and fertilizers. All activities aim at diverting organic waste, which would otherwise be disposed in landfills, thus completing their life cycle.

In the last year (2015) Megaeco SA received in its plant, for processing, about 20,000 tons of organic waste. Part of it consisted of expired packaged foodstuffs contained in packaging made of paper, cardboard, glass, aluminum, plastic, tin, wood, tetra-pack etc. The higher waste disposal price in the landfill and the loss of profit from recycling forced us to look for all possible solutions for the optimization of shorting, separating and unpacking of expired food. The company set a high diversion rate from landfill, of over 97% and invested in equipement and personnel in order to achieve it.

Overall, the cost of installation of equipment and personnel even in a period where prices in the recycling market are in clear decline, proved particularly advantageous. In conclusion the effort is considered successful and the particular mode of administration is incumbent and suitable to the circular economy concept and the economic and environmental sustainability of the company, with the extra benefit of achieving a very high diversion rate of the received wastes from landfill.
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EXECUTIVE SUMMARY

Source Separated Organic (SSO) waste collection is the leading sector in the Italian recycling industry. In Italy 5,7 million tons of both food-and garden-waste are recycled in Composting and Anaerobic Digestion (AD) facilities into 1,55 million tons of compost. The Italian composting sector is the largest contributor in increasing the national recycling rate while diverting organics from landfills.

This paper evaluates the current contamination risk represented by post-consumer packaging materials delivered into the biowaste (mainly consisting of food-waste) and how the biodegradable material industry can improve the quality of biowaste recycling. The use of compostable bags and liners for SSO is mandatory in Italy since 2006 due to the Italian National Law (Decree 152/2006); compostability must comply with the EU-standard EN13432 . Furthermore, National Law 116/2014 that imposed fines for single-use plastic shopping bags, both boosted the biodegradable materials industry and the use of certificated compostable bags for SSO waste collection.

The Italian Composting and Biogas Association (CIC) owns the largest database of characterization and sorting analysis of biowaste in Europe. Therefore, according to CIC surveys the average contamination of biowaste due to non-compostable items is 5,4% by weigh. In addition, CIC's data show that SSO waste collection can improve up to 1,4% of contamination rate if the collection is carried out with biodegradable and compostable bags and by adopting producer responsible collection schemes such as kerbside collection.

To better survey this sector CIC started in 2006 the "Compostabile CIC" logo, so to visually help final consumer to identify compostable materials. The logo guarantees which materials are compostable into industrial composting facility and preserve the quality of compost.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF]. A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28).
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EXECUTIVE SUMMARY

Earthworms -or more specifically, compost worms -are the emerging work force driving the up-cycling of dewatered sludge from municipal and industrial wastewater treatment plants and of wet organic residues from food processing industries in New Zealand. Vermicomposting is increasingly becoming the strategy of choice, transforming these sludge's and wastes into a safe and highly valued fertiliser and soil conditioner known as vermicast for uses in agriculture, horticulture, nurseries, and recreation areas. Acceptance of the technology has seen vermicomposting grow from processing some 2,000 tonnes of sludge in 2008 to close to 200,000 tonnes in 2015.

The traditional means of disposing processing wastes to landfill is globally close scrutiny due to high capex and opex costs and negative environmental impacts. Increasingly stringent legislation means communities and industries are seeking the security of alternative solutions when planning their long-term waste biosolids disposal strategies. Important to these are excellence in environmental performance, ecological sustainability and to be cost effective. Vermicomposting technologies achieve this through the conversion of biosolids to a safe fertiliser and soil conditioner suitable for sustainable land utilisation. Vermicomposting is natural process, is highly cost effective for industrial and municipal organic wastes streams and overcomes cultural resistance of human waste utilisation to land. A number of case studies from municipal wastes and industrial are discussed. Municipal wastes from Maketu, a small community of 250 households producing 0.5 tonnes biosolids per day. Te Puke, a semi rural community of 8,000 people producing 900 tonnes p.a., and Rotorua and Hamilton with combined populations of 218,000 and diverse industrial footprints producing 10,000 and 13,500 tonnes p.a. of biosolids respectively. Industrial sludge and wet organic residues vermicomposting operations are presented for Miraka (2,500 t/a), Fonterra (30,000 t/a), Seeka (5,000 m 3 /a) and Oji Fibre Solutions (100,000 t/a), (formally CHH Pulp and Paper), who have diverted their dissolved air flotation (DAF) sludge's and waste activated sludge's away from traditional landfill disposal to vermicomposting up-cycling. Currently 50,000 tonnes of vermicast are produced in New Zealand per year to improve soil fertility and to restore soil organic matter. Vermicast is applied to pasture and cropping in agriculture, horticulture, orchards, nurseries, and to forestland with the aim to improve natural soil functions such as water and nutrient holding capacity and erosion protection. Vermicomposting operations are integrated into agricultural, horticultural and forestry management systems to involve end users into the production of vermicompost and to maximise the environmental and economic benefits of the vermicomposting technology. This means that worm beds are considered as a "crop" and are integrated in the crop rotation. After a period of vermicomposting the vermicast is harvested and exported from the site with some vermicast remaining on top of the soil. Either a catch-crop with high nutrient demand or a new plantation is following the vermicomposting site with improved plant growth. This 'vermicomposting-crop-rotation' concept, developed by Quintern Innovation, also mitigates potential nutrient accumulation during vermicomposting and minimises operational and environmental monitoring costs. In fruit production systems such as olives and citrus vermicomposting could be operated within orchards and plantations. Vermicomposting is the ideal technology for regions with moderate climates such as New Zealand, Australia and the Mediterranean characterised by mild winters and modest summers. Over the last decade the technology has been developed for vermicomposting of continuous waste production as well as for discontinuous organic residue production e.g. from fruit, wine and olive oil production. The highly "mobile" and low capex and opex technology offers great potential for small communities and industries, but can also be up-scaled to industrial scale. Most important it is a regional solution, up-cycling organic resources to a high quality product, with strong support from communities and end users. Keywords: vermicomposting, organic waste management, land utilisation, municipal, industrial.
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EXECUTIVE SUMMARY

Kamere is a rural community on the shores of Lake Naivasha, Kenya, which is experiencing an array of environmental challenges resulting from a lack infrastructure to manage the generation of the town's waste. The 8,000 households within Kamere produce at least ten tons of waste on a daily basis, roughly 67% of which is biodegradable. To help inform the development of a sustainable waste management strategy, a baseline assessment of waste production was undertaken.

The main aims of the study were threefold: to establish solid waste generation, handling and disposal trends; to investigate awareness levels of existing waste management systems amongst community members and to offer recommendations towards potential waste management strategies.

The study utilized a descriptive survey method to acquire information about the populations' waste management characteristics as well as their attitudes to waste generation. A simple random sampling technique was used with the aim of engaging 16% of the town's households through structured questionnaires with both open and closed questions. This research focused mainly on heads of households (with a particular focus on women and young people), both of whom are generally responsible for household waste disposal. Respondents with a cross section of educational and economic backgrounds were sampled as both of these factors are known to influence waste handling and disposal. The study was undertaken by volunteers over one week in September 2015.

The result showed that, on average, each household generated between 1kg-1.4kgs of waste daily. Of the 10 tons of household waste generated daily -a majority (67%) was biodegradable, and a large proportion of the population (54%) collect waste in their household for later disposal in open and underdeveloped areas within the settlement, causing persistent and severe environmental challenges. 83% of Kamere's residents have knowledge of existing initiatives of addressing the waste problem within the settlement.

The survey reveals that any resulting waste strategy should give critical considerations to the dynamics of waste generation in the settlement including the trends of waste generation and disposal. Achieving this should go hand in hand with community sensitization to ensure coordinated flow of the solid waste management process from the source. Residents are key players in the solid waste management process and thus need to be informed of their role and be incorporated in existing initiatives and processes.
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EXECUTIVE SUMMARY

In this study, composts "ready for sale" were obtained from 70 different composting facilities in the USA. The compost properties, plant growth response and microbial communities were analysed. Approximately 30% were from government run sites and 70% were from commercial facilities. They represented many of the largest and longest operating facilities in the US. The facilities were surveyed about their feed stocks, age at sale and the method(s) used for composting. The feed stocks identified by the most respondents were leaves (70%), grass (60%) and wood chips or wood (60%). Approximately 38% of the facilities composted food waste. Horse manure, biosolids, dairy manure and chicken manure were composted by 31%, 26%, 11% and 8% of the facilities, respectively. Less than 7% accepted municipal solid waste. All facilities composted multiple feed stocks. Over 50% of the facilities identified windrow composting, 25% aerated static piles and 5% in-vessel as their primary composting method. Another 14% used multiple methods for composting. The ages of the composts ranged from 50 days to 5 years with an average of 8 months.

To characterize the different composts, the moisture content, volatile solids, pH and electrical conductivity of each was measured. The average compost pH was 7.7 ±0.7, with a range of 5.8 to 8.9. Mean electrical conductivity was 2.6 ±2.0 with a range of 0.2 to 11.0 dS/m and average moisture content was 41 ±13% with a range of 8 to 62%. Eight (11%) of the composts had EC levels greater than 5 dS/m that may limit their use in potting media.

To characterize compost quality and phytotoxicity, samples of each were mixed 1:1 with ProMix growing media, adjusted to 80% moisture holding capacity, and sown with four bean seeds in triplicate. The sown pots were placed in a greenhouse. Plant height, dry weight, leaf number and average leaf weight were measured after 35-50 days. Compost phytotoxicity was assessed by observing loss of apical dominance, leaf curling and leaf malformation. Results showed that the compost source had a strong effect on plant growth. Plant dry weights ranged from 1 to 9 g and plant height from 13 to 94 cm for plants grown in the 70 different composts. There were slight negative correlations between plant dry weight and pH and EC and a positive correlation between compost age and plant dry weight. However, none of these were significant. Beans grown in 3 of 70 composts (4%) displayed phytotoxicity symptoms. Only one of these had an EC value greater than 5 dS/cm. Leaf curling and loss of apical dominance were observed in plants grown in 4 of the composts. These composts were found to contain picloram, clopyralid and/or aminopyralid herbicides at concentrations greater than 6 ppb by chemical testing. Negative control composts had less than 1 ppb of these compounds. The microbial communities in ten composts were characterized by PCR amplification using bacterial 16S rDNA and fungal intergenic spacer region targeted PCR primers. The amplicons were sequenced using massively parallel pyrosequencing technology. Over 7600 different bacterial and 250 different fungal OTUs were identified in the 10 composts. The predominant classes included actinobacteria, γ-proteobacteria, clostridia, sphingobacteria and bacilli. Few pathogen sequences were detected. No Escherichia coli, Salmonella, Listeria or Campylobacter sequences were found. Mycobacterium spp. and Aspergillus fumigatus sequences were found in 5 and 10 samples, respectively. Sequences of potentially beneficial microbes, including Trichoderma, Bacillus, Pseudomonas spp., and Rhizobiaceae were identified in all samples.

In conclusion, of the seventy composting facilities surveyed, a variety of feed stocks and methods were reported to be employed. A large number of facilities accepted food waste and manure for composting, but few accepted municipal solid waste. Open windrow composting and yard trimmings were the predominant feedstock and method. Nearly all of the composts had chemical properties and microbial communities potentially beneficial to plant growth. For the identification and assessment of the existing waste management situation, the Consultant performed field assessments in all 3 counties. During the field assessments, the Consultant organized waste characterisation surveys in each of the counties, which provided unique data for the actual waste quantities and compositions at municipal and county level. Furthermore, the Consultant prepared waste survey questionnaires in order to evaluate the socio-economic data of each municipality and the financial feasibility of the existing waste management systems.

Comment

The EU and national legislative framework was analysed and the key targets and objectives for Directives '2008/98/EC on waste' and '1999/31/EC on the landfill of waste', were presented analytically. Targets are expected to be achieved through sorting at the source and the new proposed regional waste management centres. Option analysis of various identified possible suitable technical options and the development & evaluation of waste management scenarios with the associated elements (collection, transportation, transfer, treatment, including energy recovery and landfilling) per county that fulfil the above pre-requisite are described in this paper.

The main criteria considered in selecting the best technological solution are economic and financial such as DPC, ENPV, ERR and B/C ratio. Additionally, and Multi-criteria analysis was undertaken using the PROMETHEE model. The resulting selected options were: for Split-Dalmatia project -a 3 waste stream collection (recyclable, residual waste and biodegradable), 6 waste transfer stations, 1 mechanical treatment facility, 1 aerobic composting facility (with CLO production) and 1 landfill for residues; for Karlovac project -a 2 waste stream collection (recyclable and residual waste), home-composting, 5 waste transfer stations, 1 mechanical treatment facility (with recovery of Recyclables and RDF), bio-drying for production of SRF and 1 bio-reactor landfill for residues; for Dubrovnik-Neretva project -a 2 waste stream collection (recyclable and residual waste), home-composting, 6 waste transfer stations, 1 mechanical treatment facility (with recovery of recyclables and RDF), anaerobic digestion and CHP, digestate bio-stabilization, CLO production, drying of RDF and 1 landfill for residues. All 3 projects also include a landfill for inert wastes. Based on the above detailed outcomes of the option analysis, the investment projects were described in depth from operational and technological point of view. More specifically, CAPEX, OPEX, revenues and reinvestment costs were analysed for all components of the new waste management systems. Consequently, the economic analysis has been elaborated according to EU guidelines of New CBA Guide 2014 for investment project, which it is based on the incremental approach, comparing economic cost and benefits of the project. Furthermore, risk assessments were performed for each of the selected outcomes based on EU regulation no.1303 / 2013, for the approval of major projects. Within the environmental and social assessments elaborated for each of the project areas, data, points and conclusions of EIA Study were detailed. Furthermore, the incremental greenhouse gases (GHG) emissions (units of CO 2 equivalent) were calculated for both with and without project scenarios. Both direct and indirect GHG emissions for the different components of the waste management systems were calculated and considered based on Jaspers approach. Correspondingly, the EU Guidelines SWD (2013) on adaptation to climate change / resilience in relation to waste management, were investigated. Coherent, flexible and participatory approaches were proposed and prioritised for optimum mitigation of any unavoidable climate impacts and their economic, environmental and social costs.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF] The lack of defined strategies, programmes and schedule of spending money from ecological and budget funds however put off the investors and make it more difficult for the sector to develop with the lowest costs. In their response to the survey many people stress the lack of sufficient support from the authorities and lack of training and workshops for bio-energy producers or extensive marketing. In the near future it is part of the national policies to further develop renewable energy based on biomass.

Lublin region has a great potential for bioeconomy development and has already put this in its development plan. Lubelskie will also put its agricultural knowledge to work in energy terms -promoting biomass energy. Modern use of natural resources in agriculture, industry, medicine, energy and ICT industry has become a major economic specialty of the region. These assumptions were entered in the Regional Innovation Strategy 2020.

For Lubelskie, the RIS3 approach means building on its strength as one of Poland's main agricultural regions. Lubelskie smart specialisation strategy specialises mainly in the bio-economy -in food production and bio-resources processing, because it is an agricultural region and advantage has to be taken of the agricultural side of our economy. Lubelskie already has a solid bio-economy foundation. Already, 45% of its employment is in biobased production -including food, feed, fertiliser and bio-energy.

To develop and extend in accordance with the new global strategies trends and changes in national needs, the creation of interdisciplinary department on bio-economy and systems analysis were proposed within BioEcon project (H2020). The knowledge, experience, developed tools, research programme and collaborations will allow the institute to maintain the new unit in the institute with main purpose being regional development in line with knowledge-based bio-economy.
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EXECUTIVE SUMMARY

Agriculture is considered as a significant contributor to the overall Green House Gases (GHG) emissions in a global sense, mainly due to the animal sector. Crops play a double role, by emitting greenhouse gases in one hand, while absorbing CO2 at the same time. Forests exhibit a positive balance, absorbing more GHG than they emit, so they are ideal for mitigation of climate change. Olive trees of the Mediterranean basin are closer to forests than to crops, so they have a special interest for studying GHG emissions. A Life Cycle Assessment was carried out in order to determine the Carbon Footprint of olive fruits that are used to produce olive oil. The study concerned 40 olive groves located in Mirabello area of north eastern Crete, and covered two years 2012 and 2013. Special attention was given to carry out the analysis for each of the forty land parcels separately and compare results with the average value of all forty. The objective for this was to investigate if it could be possible to plan the production of low-carbon-footprint batches of olive oil by segregating the parcels according to the footprint they have in a given year. This approach can be used as incentive for olive growers to adopt working practices that reduce emissions and enhance yields, thus continually improving their environmental performance.

Results obtained show quite high variability of Carbon Footprint, largely due to yield oscillation by the intrinsic bienniality of olive trees. However, nitrogen fertilization was identified as a major man -driven hot spot, giving hope that Carbon Footprint can be systematically reduced by diverting fertilization from inorganic to organic fertilizers.

INTRODUCTION

The 

HOME COMPOSTING

More than 170 home composting bins were distributed in an equivalent number of households in the general area of Heraklion, as part of the ESDAK contribution in the project. The main criterion for selecting the participating households was their interest and willingness to be involved, in a volunteer basis, and the type of their houses. In 100 of these families additional tools were provided together with a detailed questionnaire and diary for recording the volume and characteristics of the produced wastes. This was considered as a the main group of the project, supported with also a intense network of information relative to home composting process as well as significant support by a number of volunteers. The remaining 70 households were considered as the "blank" group, in order to draw conclusions and make comparisons. The Result analysis of the Questionnaire that included 39 Questions about the characteristics, the eating habits and the daily routine of a household, gave valuable information. It's estimated, that more than 12,000 kg of food wastes of vegetable origin, were composted between June 2013 and September 2014, in these 170 households.

PREVENTION OF TEXTILE WASTES PRODUCTION

ESDAK in cooperation with the Municipality of Iraklion and RECYCOM, a private company specialized in textile collection and recycling, established a clothes and footwear recover and recycling system since February 2014. 101 red bins were placed in the city, more than 30 of them outside schools, higher education institutes and supermarkets aiming to extend the life-cycle of the textile products. An information campaign was implemented by ESDAK, informing the public about this prevention project and the importance of participating. Each bin, colored bright red, has a 100 kg capacity and is emptied each 15 days. By the end of December 2015, 102,700 kg were collected and sorted. Clothes, shoes and bags, slightly used which could be resold weighted about 11,850 kg. Another 26,500 kg were in worse condition but still salable, where 27,400 kg could be recycled for other purposes as fibers production for insulation materials. Finally 28,200 kg were toys and other which could be reused / resold and 8,750 kg were residues that were disposed to sanitary landfill. All profit from reusable items that could be resold were returned to the Municipality of Iraklion in kind, mostly for supporting the low income families. Even though the toys are not expected to be collected in this collecting system, about 27 % of the recovered items fall within that category.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF] This article presents the design of a low cost composting system, designed as integral part of the municipal solid waste management plant of two Municipalities in Peloponnese, Greece, the municipalities of Argos-Mycenae and Nafplio. The composting system consists of covered windrows with mechanical turning and can treat approximately 13,762 tn/yr, producing 7,371 tn of finished (refined) compost on an annual base. The operation of the decentralised MSW management plant in these two municipalities is anticipated to replace the current uncontrolled land disposal sites, enhance the environmental protection and prepare the ground for the acceptance and operation of a large-scale centralised Mechanical-Biological Treatment (MBT) plant. The transferability of this system in developing countries or regions facing similar waste generation and management issues is considered high and economically feasible.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF] Analytical Hierarchy Process (AHP) and ArcGIS were selected as the best approaching methods to achieve the main global aim of the project. The combination of both AHP and ArcGIS allowed assessing the potential plant locations for each valorisation alternatives. The methodology comprised the identification of all geographic, technical, economic and environmental key factors and the weighing of their influence over the feasibility. Secondly, the limit and conditional ranges were established in order to quantify the influence of each factor over the feasibility. Thirdly, the hierarchical structure of viability factors for each alternative, as well as the decision matrixes and rules, were also developed. Finally, the GIS & multi-criteria based help-decision tool was programmed to simulate the geographic, techno-economic and environmental industrial-scale implementation of animal feed and biogas plants, respectively.

This paper only reports the results regarding to anaerobic digestion valorisation alternative. The construction of a centralized biogas plant for treating the food by-products generated in the Basque Country (Spain) demonstrated to be feasible from geographic, technical, economic and environmental points of view. The total energetic potential for food by-products was found to be 9,831 MWh e (845 toe) in the Basque Country (Spain). Additionally, the financial indicators such as net present value (NPV), payback time (PBT) and internal return rate (IRR) were within those values typically found for centralized biogas plants. Additionally to economic benefits, the food by-products valorisation through anaerobic digestion would prevent around 20 % the greenhouse gas (GHG) emissions and reduce the water footprint impact in 17,209 m 3 H 2 O equivalents. Therefore, the GISWASTE software tool will reduce the risk associated with the implementation of a centralized biogas valorisation plants. Additionally, it will help to the public waste management authorities or other private organisms to define bio-economy based waste management strategies.
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EXECUTIVE SUMMARY

The cheese making industry generates annually around 100.000 million litres of whey in the EU but less than 50% of this amount is dried and used as food additive, being the rest used as feed or disposed. In the Basque Country (Spain) the total whey production is quiet small comparing to other European regions (around 32 million litres) but the small size and geographic dispersion of the producers, in conjunction with the seasonal production (from sheep milk), make difficult the gathering and further valorisation of the produced whey.

Within this framework, Life-VALORLACT project (http://valorlact.eu/), funded by European LIFE program (LIFE11 ENV/ES/000639), aims to design and validate an Action Plan that enables the management and comprehensive use of at least 80% of the whey generated in this region and that could be extrapolated to other similar areas in the EU.

Concentration through membrane filtration, drying and anaerobic digestion for biogas production, have been demonstrated and validated at pilot scale in other to establish the feasibility of combining these technologies for whey processing. Whey concentrates have been used for the development of 4 new foods (processed analogous cheese, cheese sauce, fruit-whey beverage and chocolate soluble product) and 9 feed that have been evaluated in consumer and animal feeding tests, to obtain valuable information about their commercial interest. Demonstration of whey collecting has also been carried out with 7 small and medium cheese producers to validate the gathering feasibility.

An Action Plan has been designed combining these valorisation options in different scenarios which have been also evaluated from the economic and environmental point of view. Proposed scenarios include animal feeding with fresh whey, new foods production, drying part of whey and biogas production, for individual as well as collective centralized valorisation solutions. For centralized proposals, two main sub-scenarios have been considered: collection of the whey from the Basque Country and in conjunction with the whey produced in the nearest area of Cantabria Region. Life Cycle Assessment (LCA) has also been performed in order to determine the environmental impact of the proposed options.

Conventional cost/benefit analysis demonstrates that collecting proposals combined with drying processes as well as new food production and direct animal feeding can be economically feasible for several of the proposed scenarios.

The proposed Action Plan allows the economically feasible collection of 53% of the whey from small and medium producers of the Basque Country and the correct valorisation of 90% of this by-product, in comparison with only a 65% of the current situation. From the environmental point of view, only the scenarios for individual animal feeding options and for the collection with some of the Cantabria Region´s cheese makers, can reduce the main assessed impacts (climate change, eutrophication, acidification and aquatic toxicity).
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EXECUTIVE SUMMARY

As global food demands increase, issues such as agricultural intensification and sustainable farming are becoming more important. We need to understand how to balance the needs of both the environment and to provide for the growing human population. Research on recycling wastes to create marketable products or natural biofuels could provide huge insight into how recycled materials could lessen the impact of agricultural and industrial production on the environment and could even help to promote more sustainable practices. Novel waste composts are being developed and tested on crops, in an effort to mitigate the build-up of waste. These materials that were previously discarded as wastes are instead being recycled to create marketable agricultural products designed to improve crop production in a sustainable way. Many crops, like strawberry plants are largely dependent on pollination services provided by bees and other insects to produce high quality fruits at optimal yields. Successful pollination plays a crucial role in the quality and quantity of fruits produced. As insect pollination is such a key element to the large-scale production of food, is it important that we understand more about how pollinators may be influenced by changes made to plant substrates This study tested a co-composted material of olive mill wastewater and pig manure to determine the effect of this substrate enhancement on the cultivation of strawberries. The aims of the study were: 1.) to determine how different levels of the compost material affected floral traits, like pollen and nectar; 2) test if pollinators were influenced by the soil enhancement; 3) examine the effect compost may have on the quality and yield of strawberries produced.

The study was conducted on a greenhouse bench during the spring and summer of 2015. Three levels of compost, 5, 10, and 20% were combined with a soilless medium of peat and compared to a control treatment with no compost. Two modes of pollination, bee and self-pollination, were also tested. Plants were organized in a semicomplete block design. Pollen and nectar was sampled equally from all treatments to assess the quality of floral traits. Pollinator observations were recorded to determine the frequency of pollinator visits. Harvested fruits were assessed for width, weight, flesh firmness, sugar content and pollination success. All plants treated with the highest level of compost died within a few weeks after the start of the experiment. The 5% and 10% compost treatment plants survived but performed the worst compared to the control group across all factors assessed. The 10% compost plants consistently performed the worst of all surviving treatments. The compost was shown to influence bee pollination which had an influence on pollination success. Bee pollination improved the marketable class and quality of fruit. Given the negative effect the compost had on both floral and fruit characteristics of strawberries, further development and testing is needed to explore either why this combination of materials does not succeed as a compost or what processing methods need to be altered to improve the chemical properties of the material.
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PROJECT EXAMPLES

SMARt-CHP: this project demonstrated an innovative, small-scale, 'mobile' heat and power production unit using agricultural residues (mainly grape, peach and olive kernels). The SMARt-CHP unit consists of a gasification reactor combined with an internal combustion engine. The plant achieved an overall efficiency of 48%, a net electrical efficiency 6% and a thermal efficiency of 42%. The relatively small and mobile unit avoids the costs and environmental impacts of transport of agricultural residues, increasing its potential for replication as a decentralised energy generation technology. NOW designed and implemented a new municipal system for collecting and recovering unsold, quality food products that can be donated to charity. Around 1 500 tonnes of food were recovered from 26 supermarkets in the Province of Brescia, Italy. 70 charities benefitted from the food bank and 5 000 persons received food every week. Both the mass retailers and the charitable associations benefitted from the system: charities were guaranteed a constant supply of food; and mass retailers benefitted from the reduction in waste and lower environmental impacts. It was calculated that €150 per tonne of waste were saved in the NOW process. CLEANFEED developed a system for increasing the recovery rate of vegetable food waste. By using a technology for separating the organic matter from the package, the project technology is able to reduce the plastic content after separation to 0.08%, which is lower than that obtained by the current Best Available Technology (0.15%). The organic fraction is then used to produce vegetable flour for animal feed. The project results have a high potential for replication and are currently being used by the European Feed Manufacturer´s Federation (FEFAC) in the review of the legislative framework on the tolerance of packaging residues in animal feed.

ES-WAMAR implemented an integrated and highly replicable system for treating and sustainably utilising pig slurry. The system implemented three separated actions: valorising pig slurry as environmentally friendly fertiliser; testing an innovative collection and distribution system for the swine via storage tanks and pipeline networks; and implementing a nitrification-denitrification plant to treat the slurry surplus and reduce the nitrogen content of the waste.

LIFE & ORBIT 2016

In the context of the 10th International Conference on Circular Economy and Organic Waste, LIFE proposes: -A presentation of good practices and technologies on organic waste management developed by the programme.

-Should an exhibition be set up: a stand with technical brochures, posters (1, 2, 3) and other publications on LIFE's contribution to waste management and the circular economy.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF] As anticipated, each of the LA partners implemented four waste prevention activities, including two pre-selected and two appearing in the four most suitable actions according to the results of the WASP-Tool. The pre-selected ones (food waste prevention and home composting) concerned organic waste prevention and were common for all LA partners.

The CONDENSE process, the core behind the project, is a combination of two simple and low cost waste management technologies, that of Composting and Solar Drying. It also utilizes two very common, in the overall Mediterranean Regions agricultural and agro-industrial wastes that of manures and olive oil mills wastewater (OMW). The end result is an organic fertilizer with significantly increased concentrations of Potassium (primary), Nitrogen and Phosphorus, higher than ordinary organic fertilizers and almost similar to chemical fertilizers.

The reason for this increased concentration is the condensing process that is achieved through solar drying.

OMW contain large amounts K (up to 5.5 kg / m 3 , with a mean value of 3.5 kg / m 3 ), N (up to 2.5 kg / m 3 , with a mean value of 1.8 kg / m 3 ), and P (up to 1.5 kg / m 3 , with a mean value of 0.8 kg / m 3 ), which through evaporation achieved in solar drying units, is condensed in a substrate of dried fresh manure. Together with the nutrients however, a large amount of phenols is also condensed in the manure, making this mixture phytotoxic.

The aim of this paper is double, one regards the essence and the ability of the process and the end result and the second to present the problems and obstacles that the project team had to tackle during the past six years. During this period, there were two major amendments of the project, two extensions of the project period and one major internal change of the budget. Useful experience can be drawn for all existing and future Life projects.
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EXECUTIVE SUMMARY

The increased demand for agricultural production combined with the intense agricultural practices have led to soil organic carbon loss, soil degradation and subsequently loss of soil fertility. Soil organic matter additions improve the physical, chemical and biological properties of the soil and its functions. The incorporation of organic amendments, such as compost and manure, can contribute to soil fertility restoration. In this work, the CAST model was used to simulate carbon sequestration and water stable aggregate formation on the soil using data from a field experiment with tomato cultivation. The field experiment was carried out in Koiliaris River Basin (Chania, Greece) to assess the impact of different organic amendments on soil in contrast to inorganic fertilizers. Four plots were cultivated with applications of inorganic fertilization, compost, manure and a mixture of 30/70 manure and compost respectively. The collected data, considering soil carbon and water stable aggregate distribution, over four growing seasons, were used to calibrate the CAST model for the different treatments.

The model was able to capture the dynamics of water stable aggregate formation and carbon sequestration in the different sized aggregates and to estimate the improvement of soil fertility due to carbon addition. The results suggest that the CAST model can be used as a tool for the design of sustainable land management practices.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF] Plots irrigated with only WW resulted in relatively higher yields (0.78ton/ha) as a result of more seed weight compared to plots irrigated with Tap Water only which yielded 0.12 ton/ha. The application of WW has proved to be an important source of irrigation water and nutrients for crop yield. Entries receiving NPK in addition to WW resulted in more foliage biomass and sterile pods signifying nutrients overload. More studies using improved varieties in different growing season was recommended.
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EXECUTIVE SUMMARY

ABSTRACT

German municipalities collect about 5.05 million tons of food waste from households each year, which corresponds to 62 kg/cap/a [START_REF] Hafner | Ermittlung der weggeworfenen Lebensmittelmengen und Vorschläge zur Verminderung der Wegwerfrate bei Lebensmitteln in Deutschland[END_REF]. Another 0.75 up to 2.49 million tons per year or 9 to 30 kg/cap/a of the household food waste are disposed in different ways such as self-composting, feeding to pets or in the sewer system [START_REF] Hafner | Ermittlung der weggeworfenen Lebensmittelmengen und Vorschläge zur Verminderung der Wegwerfrate bei Lebensmitteln in Deutschland[END_REF]. This wide range is due to uncertain data and insufficient knowledge about disposal behavior in households. The aim of this paper was the determination of food waste and disposal reasons of households, as well as, whether appropriate measures can reduce the amount of waste. Furthermore, indicators with influence on the generation and the amount of food waste were identified.

METHODOLOGY

In the district of Ludwigsburg 16 model households measured their daily food purchases and waste over a period of three months. In the first month, each disposed food was recorded with its name, its disposal reason and the net weight. In addition to the recording, different awareness-raising measures were applied in the second month in the expectation of reducing their waste amount. One measure was that participants were informed about the difference between best-before date and use by date. Another measure was to estimate the own amount of food waste during the case study, afterwards the households were confronted with their actually generated amount.

During the third month the sustainability of the measures was examined. Within this case study, this method was extended with additionally 39 model households using an online diary.

RESULTS

The results show that the model households disposed an average amount of avoidable food waste of 48,1 g/cap/day, respectively 17.6 kg/cap/year, in the first month and an average amount of 20,1 g/cap/day, respectively 7.3 kg/cap/year, in the third month. Nearly half of the amount were vegetables (27 %) and fruits (19 %). 16 % of the disposed food was bread and cake. The main reasons for food waste in this case study were: preparation of too large quantities, improperly stored food and the expiration of best-before dates. Finally, it was shown that all these actions led to an average reduction of food waste by 58 % [START_REF] Barabosz | Konsumverhalten und Entstehung von Lebensmittelabfällen in Musterhaushalten[END_REF]. Using an online diary led to a similar food waste reduction of 48 % [START_REF] Gusia | Lebensmittelabfälle in Musterhaushalten in Ludwigsburg[END_REF].

DISCUSSION

The investigation revealed that self-monitoring can be a successful measure to initiate a change in consumer behavior. In addition, graphical visualization of the food waste quantities and instructions in food handling enable a further reduction of food waste. Different indicators influenced the amount and composition of food waste, like the settlement structure, the demographic structure of the household or the number of children. Therefore, it is complex to figure out the adequate channel to communicate with the different household types and to choose proper awareness raising informations. The main challenge to adapt and transfer the findings from the model households into practice will be in motivating households to measure or monitor their behavior.

CONCLUSION

The case study showed that raising awareness involves a high potential for avoiding food waste. One promising approach was computer assisted self-monitoring. These findings were already transferred into a monitoring-tool for the gastronomic sector by inventing and implementing an integrated real-time feedback measuring system.
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EXECUTIVE SUMMARY

In anaerobic digestion plants, the accumulation of volatile fatty acids (VFAs) is one of the most important issues especially when treating easily degradable wastes. Leach bed reactors (LBRs) is an innovative system where a leachate is sprinkled on the top of a static solid phase and percolates through it. This process is spreading rapidly because of its undiscussed advantages in respect to wet anaerobic digestion systems such as acceptance of solid dry waste, high volatile solid load, reduced liquid phase and no need in phase separation at the end of cycle. Leachate recycling the most important process parameter in such a system since it ensures a good humidity in the digester, it provides external inoculation and most of all it allows mass transfer among different reactors. This last role makes the recirculation an important key in order to solve inhibition due to intermediates accumulation. In fact, VFAs can be moved easily from a batch where they can be inhibitory to another where they can be consumed (Chynoweth, 1992). For this reason, on industrial scale, LBRs are often coupled together making the leachate recycle from one to another, thus creating a very synergic system able to treat even really putrescible wastes. In this work six LBRs of 6 L were used to test three different recycle conditions in duplicate. The same substrate, composed (on an total solid basis) of 45% cow manure, 40% carrots (used as easily degradable substrate) and 15% cereals residues, was charged with 2,1 kg of fresh substrate at a global total solid (TS) of 17% (360g TS).

External leachate was sprinkled on the top and extracted daily from the bottom. The leachate volumes were fixed at 0.5, 1 and 2 L/kgTS/day and corresponded respectively to a volume of 180 mL, 360 mL and 720 mL of leachate. In the first part of the study (about 4 weeks), the experiment focused on the VFA extraction while in the second part it focused on the VFA consumption.

Results from the first phase showed that recycling is an effective way to solve VFA inhibition and to establish a proper methanogenesis since all the produced VFA are extracted from the bulk phase. The cumulated extracted VFA and produced CH 4 showed that recycling more allows to increase degradation kinetics consistently. That could be an important information in order to diminish solid retention time even when VFA inhibition delays the process. Moreover recycling at 1 L/kg TS/day is showed to be the most efficient in term of total mass of VFA extracted on the total recycled volume.

The second phase started when methanogenesis was established (i.e., no more extraction of VFA and constant methane composition of about 60%). A synthetic VFA solution was injected into the system. Concentrations going from 5 g/L to 20 g/L were tested while the recycled volume was kept constant at 360 mL. During a first period, only C2 was used while after that a mixture of C2 and C4 (the VFA extracted most during the first phase) was injected. The results prove that with the injection volume used the average VFA retention was of 36% by mass, and this for any VFA concentration used. Whatever the VFA composition, VFA were rapidly consumed in about 10 h, 20 h and 30 h for an initial concentration of 5g/L, 10g/L and 20g/L respectively. Results show that the initial concentration in the leachate, the VFA mass retained and the degradation kinetics are the three parameters that would allow to optimize the VFA degradation in old reactors without putting at risk their biological equilibrium. A further analysis can help to design the recycling frequency of an industrial site based on this approach thus improving the system efficiency and substrate degradation. 

EXECUTIVE SUMMARY

Phosphorus (P) unavailability and lack of organic matter in the soils in semiarid condition are the major reasons for low crop productivity. Field experiment was conducted to investigate impact of P levels (40, 80, 120 and 160 kg P ha -1 ), animal manures (poultry, cattle and sheep manures) with (+) and without (-) phosphate solubilizing bacteria (PSB) on the yield and yield component of hybrid maize (Zea mays L., hybrid, CS-200).

The experiment was conducted at the Agronomy Research Farm of The University of Agriculture Peshawar, during summer 2014-15. The experiment was laid out in randomized complete block design with split plot arrangement, using three replications. The results revealed that among the animal manures (AM), poultry manure was found more beneficial in terms of better yield components (longer ear lengths, higher number of grains ear - 1 , heavier grains) that resulted in higher grain yield, harvest index, and shelling. Application of P at the rate of 120 kg ha -1 increased the ear length, number of grains ear -1 , and shelling percentage. Application of P at the highest rate of 160 kg ha -1 increased grains weight, grain yield and harvest index. The plots treated with PSB had produced significantly higher yield and yield components. We concluded from these results that application of phosphorus at the rate of 120 kg P ha -1 , along with poultry manure and PSB could improve crop productivity and profitability under semiarid condition.
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Zea mays L., hybrid, yield components, phosphate solubilizing bacteria, animal manures, phosphorus, semiarid climate ORBIT 2016 Organic Resources and Biological Treatment 

OPTIMIZATION AND SCALING-UP OF THE CO-COMPOSTING OF PALM WASTE WITH AGRI-FOOD SLUDGE

EXECUTIVE SUMMARY

Vegetable residues from palm species constitute one of the main waste fluxes from urban and periurban activities in Mediterranean countries, not linked to traditional recycling procedures of the agrosector. Specifically, the date palm Phoenix dactylifera L., a tropical and subtropical tree, belonging to the family palmae (Arecaceae), constitutes one of the most cultivated palms in arid and semi-arid regions and a crop of high importance at environmental, landscape, economic and cultural levels in the Mediterranean countries of the EU. The huge amount in volume of these wastes, the lack of pre-treatment and specific treatment facilities usually conclude in controlled disposal with significant losses of resources in terms of energy, nutrient and organic matter. On the other hand, the incentive of the wastewater treatment processes has made the storage and management problems of the sludge generated after wastewater treatment worse, especially in the agri-food sector where the production and thus, the wastewater generation has risen in the last years, increasing the generation of sludge and thus, making difficult its management. In this sense, the co-composting of palm tree wastes previously grinded with N-rich organic wastes available in the area, such as animal manures or sewage and/or agri-food sludge, can constitute a feasible method to manage and recycle these wastes, obtaining a stabilised and humified organic material, free of pathogenic microorganisms and phytotoxic compounds. Therefore, the main objective of this work was to study the viability of the composting process as alternative method to manage the palm wastes, using sludge from the agro-food industry as a source of nitrogen and microorganisms, as well as to optimize the process, scaling-up the best results obtained in a previous experiment at small scale. For this, two composting experiments were carried out: a) Experiment 1: Optimization of the co-composting process of vegetable palm wastes with agri-food sludge at small scale; b) Experiment 2: Scaling-up of the best option obtained in the Experiment 1 at commercial scale. In the Experiment 1, four composting piles were elaborated using palm trunk waste (PT) and agri-food sludge (AS) in the following proportions (on a dry matter basis): Pile C1 (59.5% AS + 39.5% PT); Pile C2 (39.6% AS + 59.4% PT); Pile C3 (32.8% AS + 66.2% PT) and Pile C4 (19.5% AS + 79.5% PT). In all the mixtures, almond shell powder was added as additive (1% on a fresh mass basis) to increase the C/N ratio. Previously, palm trunk waste was crushed to 1 cm particle size. These mixtures (about 200 kg) were composted by the turning composting system. The piles were turned in two occasions, when the temperature in the mixtures decreased, to provide aeration and to improve the homogeneity of the materials, enhancing the composting process. In the Experiment 2, a commercial composting pile (Pile D) (two replicates) was elaborated considering the best results obtained in the previous Experiment, using palm trunk waste and agri-food sludge in the following proportions (on a dry matter basis): 27.5% AS + 72.5% PT.

The mixtures (about 8 m 3 each replication) were composted in trapezoidal piles by the turned windrow composting system, carrying out a mechanical turning weekly until the end of the bio-oxidative phase. In both Experiments, when the temperature was close to the ambient and re-heating after turning procedure did not occur, the bio-oxidative phase of composting was considered finished. Then, composts were left to mature over a period of one month, approximately. Also, the moisture of the piles was controlled weekly by adding the necessary amount of water to keep the moisture at < 40 %, and the evolution of the temperature was monitored and physico-chemical, chemical and biological parameters were determined throughout the composting process.

The results obtained have shown that the co-composting of palm trunk waste with agri-food sludge constitutes an efficient method to recycle these wastes, especially with the highest proportion of palm trunk in the mixture, and to obtain composts with a good degree of maturity and suitable physico-chemical and chemical properties, except for the notable salinity contents in some of the mature composts that can limit their agricultural use.
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EXECUTIVE SUMMARY

The increasing use of soilless crop production and the drawbacks associated to the use of traditional materials as peat, such as the increasing demand, rising costs and questionable availability in the near future due to environmental constraints, especially in the Mediterranean area, has led to a search for alternative high quality, available, local and low cost substrates as growing media in horticulture. Vegetable wastes from palm trees (composted or not) constitute new materials that are increasingly showing their potential as components of growing media for peat substitution due to their ligneous but also fibrous nature, due to palm waste shows similar characteristics than coir fibre, with the additional advantage of being a local and thus, more available material than the coir fibre. Therefore, the main purpose of this work was to study the viability of the use of the different organic materials derived from palm tree (Phoenix dactylifera L.) as substrate components in binary mixtures with coir fibre, for the commercial seedling production of lettuce (Lactuca sativa var. Senna).

The palm derived materials used have been palm leaves and trunks, as well as two composts from these palm wastes, one from palm leaves (CL) and other from palm trunks (CT). The composts used were constituted (fresh weight basis) by: CL (72.3% palm leaves + 27.7% sewage sludge) and CT (52.3% palm trunk + 47.7% sewage sludge). These composts were elaborated by the turning composting system. Both composts showed a good degree of maturity, according to different chemical and biological criteria. Twenty-one growing media were elaborated and compared: 100% coir fibre (control) and five mixtures for each material (palm leaves, palm trunks, CL and CT) containing 20%, 40%, 60%, 80% and 100% by volume of alternative palm derived material, using coir fibre as diluent. Prior to the elaboration of the mixtures, palm wastes were homogenised and crushed to 0.5 cm particle size. The elaborated growing media were established in a fully-randomised design with three replicates per treatment (one tray of 322 inverted pyramid cells per replication). Physical, physico-chemical and chemical analyses of the different growing media were carried out and the effects of the different mixtures coir fibre/palm derived material on seed germination and on morphological parameters of the seedlings were also studied. In general, the type of palm derived material and its respective proportion used in the mixture influenced the properties of the growing media elaborated, especially the physical and chemical properties, inducing also several differences in the germination of the lettuce seedlings, especially the highest proportions of the palm derived organic materials, which showed a reduction of this parameter.
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EXECUTIVE SUMMARY

The main purpose of this paper is that through research of the physico-chemical parameters of natural mineral water to determine its quality. It will serve primarily to local population living in the vicinity of the source, but also can be used as a research database to other state institutions.

Based on the experimental results obtained, we arrive at the following conclusions: Water Spa Dobërçan based on physico-chemical analysis, has high content of dissolved salts, which means that there are high mineralization, and belongs to natural mineral water. And other parameters, such as temperature, are very high making the water unfit for use as drinking water. It would be necessary to be subject to a prior treatment. Regarding the content of the investigated natural mineral water, as well its temperature, it could be used as a thermal natural mineral water for recreational and therapeutic purposes.

Key words: natural mineral water, recreational and therapeutic purposes
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MATERIAL AND METHODS

For solutions of the environmental problems and covering the energy gap in Latin America and in Africa, it is very useful to import and continue popularizing the Chinese biogas technology. Therefore, the identification and specification of the framework conditions for the construction and operation of household biogas digesters are conducted. The feasibility of household biogas digester for chosen countries Brazil, Bolivia, Tanzania and Ethiopia are analyzed.

RESULTS

The climatic condition in most areas of Latin America and Africa is optimal for biogas plants, especially in the Caribbean and the tropical countries. The amount of available biomass substrates is potentially enormous. The energy supply in Bolivia, Ethiopia and Tanzania is very low; fuel wood remains the major source of energy, especially in rural area. Although it still exists some problems of policy, finance, water supply or immature technologies, the conditions are able to improve through governmental support or international cooperation; therefore, these countries are suitable for the promotion of household biogas digesters. In 2010, the potential for household biogas installations is 5.29 million, 0.74 million and 0.39 million in Ethiopia, Tanzania and Bolivia respectively. Due to the population growth and social-economic increase, the potentials of biogas digester reach 10.9 million, 3.37million and 0.89 million in in Ethiopia, Tanzania and Bolivia respectively in the year 2050.

In contrast, Brazil with rich water resources has adequate energy supply in urban and rural areas. In addition, relatively centralized livestock farming is trend for medium-or large scale biogas plan. Through nearly 40 years of practice in terms of promotion and application of biogas technology in Africa and Latin America, it has obvious developed. At the present there are lots of references, theses and dissertations on the subject of biogas technology on the websites and in the libraries of Latin American universities and institutions. Some international organizations, such as the Netherlands SNV, China BIOMA played an important role. In this way, more and more people will understand the benefits of biogas and can thus be motivated to develop and disseminate the biogas technology, mobilize the enthusiasms to dissemination and develop of biogas technology, so as to realize a feasible model in the rural areas of Africa and Latin America featuring stable gas supply, minimized environmental pollution and sustainable supply of resources and energy.
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EXECUTIVE SUMMARY

The environmental and economic impacts associated with PV systems is based largely on the release of Slurry generated during the various stages of sawing and cutting ingots, release into the environment is subject to the general regulations on waste Hazardous disposal plans are special industrial waste. They must not be abandoned or burned in the open air. However, the cutting of silicon ingots leads to the production of silicon wafers additional costs Abrasive grains "SiC" are trapped between the wire and the silicon block. They remove and fragment of materials by various mechanisms, then fragments removed by slurry. Therefore, more than 30% of the silicon material is lost during cutting.

In order to amortize the cost of silicon from the Center for Research in Technology Semiconductors for Energy Algiers, while preserving the environment, it is therefore necessary to save the silicon recovering. For this purpose, magnetic separation was adopted to recover it. However, separation of the solid phase the liquid phase was determined after washing with acetone. Then, a characterization of the silicon powder obtained from the solid phase and determining the degree of purity has been achieved, followed by a review of some operating parameters such as the wash time, the pH and the initial concentration silicon. Finally, analytical methods, morphological and elemental were conducted to evaluate the effectiveness of the process.

Keywords: Solar energy, silicon, photovoltaic, magnetic separator slurry.
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EXECUTIVE SUMMARY

Currently, sewage sludge management is the most pressing issue in the field of wastewater engineering due to the high amount produced and difficulties in valorising it. Therefore, to develop new technologies that allow these wastes to be recycled into added-value products is very important.

A lightweight aggregate (LWAs) is a porous and granular material with a particle density that does not exceeding 2.00 g/cm 3 or with a loose bulk density that does not exceeding 1.20 g/cm 3 . Gardening, geotechnical applications and production of structural lightweight concrete are some of the applications LWAs have. Artificial LWAs are formed by rapid heating of materials that have the ability to expand at very high temperature. Sewage sludge, washing aggregate sludge or natural materials are some of raw materials which have been used to produce artificial LWAs. The aim of this research work is to demonstrate the viability of recycling two types of wastes, one generated in wastewater treatment and another coming from the aggregate extraction process, in order to obtain artificial LWAs that have adequate properties which can be used in different sectors such as agriculture, construction and infrastructures. Sewage sludge from a wastewater treatment plant and washing aggregate sludge from a gravel pit were analysed in terms of their chemical, physical and mineral characteristics. Both waste materials were mixed, milled and made into granules, pre-heated for 2 and 5 minutes and sintered in a rotary kiln at temperatures between 1175ºC and 1225ºC for dwell times ranging from 1 minute to 30 minutes. The effects the raw material characteristics, pre-heating and heating temperatures and dwell times had on loss on ignition, bloating index, mineralogy, apparent and dry particle density, loose bulk density, water absorption after 24h as well as the compressive strength of the artificial aggregates were all studied. Sewage sludge was mainly composed of amorphous materials and/or organic materials, which have also been found in other wastes tested to manufacture LWAs. Loss on ignition of the sewage sludge and of the washing aggregate sludge were 73.70% and 4.00%, respectively, so these waste materials could release a great amount of gas at high temperatures, which is a necessary condition to produce expanded LWAs. A mixture made up of 25 % (wt) of sewage sludge and 75% (wt) of washing aggregate sludge was chosen based on the previously obtained results of the chemical characterization of the waste materials. The aggregates obtained were mainly made up of quartz, mullite and amorphous material. All the artificial aggregates produced had loose bulk density values less than 1.20 g/cm 3 and dry particle density values that were also less than 2.00 g/cm 

EXECUTIVE SUMMARY

With the rapid development of economy and significant improvement of sewage treatment, sewage sludge production increases year by year. At present, sludge composting is one kind of widely used sludge disposal technologies. The key of various sludge compost processes is how to maintain the substrate uniformity and to achieve good aeration. Although the sludge composting technology has been improved, odor emission has always been a problem, which largely impacts on surrounding environment. Ammonia is the main odor component in composting process. How to effectively reduce ammonia emission has important significance for the development and application of sludge composting. A sludge composting system with functional membrane coverage was built in this research. The sludge composting was carried out in batch pile form with a forced aeration. A layer of functional membrane covered the composting substrates and a certain space was maintained between the functional membrane and composting substrates. The functional membrane was a waterproof and breathable membrane with synthetic fabric as supporting. By controlling the operation conditions, the effect of functional membrane coverage on composting performance was investigated, especially the ammonia emission The results showed that the functional membrane coverage obviously reduced ammonia emission during sludge composting. The cumulative ammonia emission was 20.3 mg/kg substrate with the functional membrane coverage, which reduced by 64.10% compared with the control. Water vapor from composting passed the functional membrane and was condensed on functional membrane to form a layer of water film, the ammonia emitted could solublized in the water film to effectively prevent odor emission. The ammonia absorbed by water film fell down into composting substrates, making the rotten compost contain higher nitrogen. The functional membrane showed good heat preservation with a pile temperature increase of 2-4 °C and a composting period decrease of 2 d. Meanwhile, the pile pH increased by 0.1-0.4, compared with the control. Key word; sludge, composting, functional membrane, ammonia emission
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EXECUTIVE SUMMARY

This study was carried out to assess the phytoremediation potentials of the plant species found growing at the agricultural and agro allied waste dumpsite in order to be used to clean up the site heavy metals pollution. The following plants; Zea mays, Talinum triangulare, Amaranthus hybridus, Corchorus olitorius, Solanum nigru, Bidens pilosa and Laportea aestuans grown at the waste dumpsite were randomly sampled from the dump and control sites. The plants samples were separated into roots and shoot, oven-dried at 60 0 C to a constant weight and pulverized. Soil samples were randomly collected, air-dried and sieved using a 2-mm sieve. The dried soil and plant samples were analyzed for the following heavy metals: Mn, Fe, Zn, Cu, Pb, As, Cd and Hg, and the results were used to evaluate the phytoremediation potentials of the plants; Translocation factor (TF), biological concentration factor (BCF) and Biological accumulation factor (BAC). Results showed that the TF > 1 in C. olitorius and Z. mays for all the heavy metals in the dumpsite, only >1 in A. hybridus, S. nigrum and Z. mays in the control site. The biological concentration factor of > 1 was only found for Fe in A. hybridus, L. aestuans and T. triangulare in the dumpsite; and ˃ 1 recorded in C. olitorius and T. triangulare for Fe and only in C. olitorius for Zn in the control site. The Biological accumulation coefficient > 1 was only found for Fe in Z. mays and C. olitorius in the dumpsite while in the control, value in Z. mays and A. hybridus were >1. The result provides useful information on the level of soil and plants heavy metals accumulation at the waste dumpsite, some of the plants were found to have phytoextraction, phytostabilization and phytoremediation potentials of some of the heavy metals and were efficient in uptake and translocation of more than one metal from roots to shoots.
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EXECUTIVE SUMMARY

As methane fermentation is a complex series of successive biochemical transformations, its subsequent stages are determined, to a various extent, by physical and chemical factors. A specific state of equilibrium is being settled in the functioning fermentation systems between environmental conditions and the rate of biochemical reactions and products of successive transformations. In the case of physical factors that influence the effectiveness of methane fermentation transformations, the key significance is ascribed to temperature and intensity of biomass agitation. Among the chemical factors, significant are pH value, type and availability of the culture medium (to put it simply: the C/N ratio) as well as the presence of toxic substances. One of the important elements which influence the effectiveness of methane fermentation is the pre-treatment of organic substrates and the mode in which the organic matter is made available to anaerobes. Out of all known and described methods for organic substrate pre-treatment before methane fermentation process, the ultrasound disintegration is one of the most interesting technologies. Investigations undertaken on the ultrasound field and the use of installations operating on the existing systems result principally from very wide and universal technological possibilities offered by the sonication process. This physical factor may induce deep physicochemical changes in ultrasonicated substrates that are highly beneficial from the viewpoint of methane fermentation processes. In this case, special role is ascribed to disintegration of biomass that is further subjected to methane fermentation. Once cell walls are damaged, cytoplasm and cellular enzymes are released. The released substances -either in dissolved or colloidal form -are immediately available to anaerobic bacteria for biodegradation. To ensure the maximal release of organic matter from dead biomass cells, disintegration processes are aimed to achieve particle size below 50 μm. It has been demonstrated in many research works and in systems operating in the technical scale that immediately after substrate supersonication the content of organic matter (characterized by COD, BOD 5 and TOC indices) was increasing in the dissolved phase of sedimentation water. This phenomenon points to the immediate sonolysis of solid substances contained in the biomass and to the release of cell material, and consequently to the intensification of the hydrolytic phase of fermentation. It results in a significant reduction of fermentation time and increased effectiveness of production of gaseous metabolites of anaerobic bacteria. Because disintegration of Virginia fanpetals biomass via ultrasounds applied in order to intensify its conversion is a novel technique, it is often underestimated by exploiters of agri-biogas works. It has, however, many advantages that have a direct impact on its technological and economical superiority over thus far applied methods of biomass conversion.

CONCEPT OF TECHNOLOGICAL SYSTEM

The biomass are collected at a disposal field in the direct vicinity of the biogas power plant facilities. With the use of a self-propelled feeder, the substrates are exported from the disposal field to a substrate pretreatment tank (SPT) once a day. In the SPT, which simultaneously plays the role of a hydrolyzer, hydration needs to reach ca. 90%. In the SPT, the substrate is mixed and homogenized with a mechanical agitator mounted on the tank's axis. Because of the SPT's volume and retention time, the tank simultaneously plays the role of a hydrolyzer. The SPT is the site where the first or acidic phase of methane fermentation proceeds. The increase in biogas production efficiency is achieved through the use of the ultrasound conditioning process. To this end, a mixture of substrates from the SPT is pumped by the existing pumping system so that it passes through a set of disintegrators. The processed substrate is then return to the SPT. Afterwards, from the SPT reactor the substrates are fed to a fermentation tank (FT) with a rotary pump and flow through a milling disintegrator. The FT is the site where the actual process of biogas production proceeds. Methane fermentation is carried out in mesophilic conditions at ca. 35 o C. Heat used for heating tanks in the biogas power plant is produced from biogas combustion in a gas boiler. The fermentation tank FT is the site where the exact processes of organic matter degradation and biogas production proceed. The bulk of fermenting microbiota and substrates are kept suspended with the use of a mechanical agitator. The mixture of digested sludge flows gravitationally from the fermentation tank FT to the post-fermentation tank PFT, where complete fermentation and process extinguishing occur. From this tank, the digested sludge is discharged via gully empties to a sludge tank located outside the biogas works, from where it is exported as fertilizer. Biogas produced during methane fermentation is collected from fermentation tank FT and post-fermentation tank PFT. Through a filter with a bog iron ore, biogas reaches the gas boiler, where it is combusted, which results in heat generation.

ULTRASOUND DISINTEGRATOR

The facility for lignocellulose substrate disintegration with ultrasounds consists of 5 tubular segments with rectangular cross-section. The size of a single segment is 100 mm x 100 mm x 850 mm. The active volume of one segment is 8 liters. Segments are made of acid-proof steel and are coupled with one another. The effluent from ultrasound disintegrator is discharged to the substrate pretreatment tank. The facility consists of tubular segments with square cross-section and ultrasound converters mounted so as to ensure the best disintegration of the organic substrate. It works in a cycle of automatic feeding and emptying by means of a circulating pump which feeds the substrate. Ultrasound disintegrator: power -10 kW, converters n=60, frequency: 23 kHz +/-2 %, active volume of disintegrator 40 l, number of working cycles per day (feeding/disintegration/discharge) 54, time of a single disintegration cycle (feeding/disintegration/discharge): 30/900/30 s, total time of disintegration: 13.5 h/d, volume of disintegrated substrate: 2150 l/d, unitary quantity of energy used for disintegration: 55.5 Wh/l, required daily quantity of energy: 120 kWh/d

ENERGETIC BALANCE

The discussed technological system produces high quantities of heat. On the average, it is assumed that 30 % of the produced heat is consumed for own needs of the biogas power plant to ensure appropriate process temperature at the level of 35 o C -40 o C. The remaining quantity of heat may be used for own needs of a user. Estimates of heat production rates and possibilities of heat supply to individual recipients were presented below. Possibility of providing heat to individual recipients: M = C t / q u , where: C t -total net production of heat, Mnumber of inhabitants possible to be provided with heat by biogas power plant, Q u -unitary need for heat per capita within a year 26.2 GJ/M x year. Table 1. Potential of thermal energy production

The energetic value of biogas produced in the system with ultrasound disintegration: 

CONCLUSIONS

The applied method of disintegration enables increasing biogas production from the analyzed substrates by 25% on average. Energy demand in the disintegration process is counterbalanced by higher production of energy.

Considering energetic expenditures, the system without ultrasound disintegration is significantly more energyefficient.
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EXECUTIVE SUMMARY

Methane fermentation is one of the methods used for the conversion of organic substrates, including biomass of Virginia fanpetals, which despite high investment costs and significant technical and technological complexity is perceived as attractive. It results from the possibility of recovering the input energy in the form of biogas produced. Attention of methane fermentation supporters is focused on the direction of this process intensification and on the maintenance of stable biochemical conditions despite fluctuations in the quality of the fed substrate. Intensification of the biochemical degradation of organic matter, contained in organic substrates, enables shortening fermentation time and, thereby, reducing the cubic capacity of equipment and investment costs. Boosting biogas production and substrate mineralization is a contemporary challenge to scientists and technologists. The anaerobic degradation of substrates is limited especially by the rate and effectiveness of the first (hydrolytic) stage of fermentation. This stage may be intensified through pre-treatment of substrate aimed at disintegration of the solid phase and destruction of substrate tissues and cells. Cell damage causes the release of compounds and enzymes that are significant for the further biochemical degradation of organic matter by bacteria of the acidic and methane phase. The most frequently applied criterion of disintegration outcomes evaluation is the increase in biogas recovery owing to the possibility of its use for energetic purposes and, simultaneously, recovery of input energy consumed for the pre-treatment of substrate before fermentation. Hydrodynamic cavitation is one of the methods for organic substrate disintegration that has a high implementation potential. Cavitation is explained as the phenomenon of the formation of discontinuity cavities filled with vapor or gas in a liquid induced by pressure drop to the critical value. It is induced by a varying field of pressures. A void needs to occur in the flow in which the pressure first drops to the value close to the pressure of saturated vapor and then increases. A growing interest in the technical applicability of the cavitation phenomenon has resulted in the development of, among others: equipment for immersion cleaning of various materials (cavitation tanks); cavitation pumps and high-performance heating installations. The process of cavitation conducted under controlled conditions was found to significantly improve the effectiveness of anaerobic conversion of organic substrates having various characteristics. This phenomenon allows effective damage and disintegration of cellular and tissue structures. Disintegration of structures and release of organic compounds to the dissolved phase has a direct effect on the intensification of biogas production in the process of anaerobic fermentation, on reduced dry matter content in the post-fermentation sludge as well as a high degree of its hygienization and its increased susceptibility to dehydration. A device the efficiency of which was confirmed both in laboratory conditions and in systems operating in the technical scale is a hydrodynamic generator of cavitation. Cavitators, agitators and emulsifiers constructed and tested worldwide so far have been characterized by low efficiency and high energy demand. Many of them proved effective under laboratory conditions but failed under industrial ones. The only task successfully realized by these appliances and utilized on a wider scale is the heating of liquids. For this reason, their usability was limited to the function of heating installations. Design of the presented cavitation generator allows achieving satisfactory energy efficiency and enables its use under industrial conditions in depolymerization processes of biomass with various characteristics.

HYDRIDYNAMIC CAVITATOR

The mechanical disintegrator used in the study consists of a multifunctional impeller rotating inside a 100-L tank, that is propelled with an electric motor with the power of 16 kW and revolution number of n = 2800/min. The impeller is mounted on a shaft of a bearing system introduced into tank's interior through a lid and a leak stopper, and coupled with the motor by means of a rubber-metallic coupling. The inlet opening of the tank is located in its bottom, whereas the outlet one in tank's lid. The inlet and outlets are equipped in 2" valves and are fixed together with a by-pass with 2" valve enabling liquid flow with tank omission. Once the tank is filled up and the disintegration is set in motion, the substrate is repeatedly pumped through the impeller as a result of the centrifugal force. The liquid sucked into the interior through the inlet opening located in the impeller's axis, is being processed and, simultaneously, shifts towards chambers located closest to the external edge, and finally is discharged outside of the impeller. Flowing through successive channels and chambers of the impeller, it is exposed alternately to low and high pressure, which at the appropriate rotation speed provides conditions for the formation and disappearance of cavitation bubbles, which in turn has a destructive effect on the structure of the biological material (substrate). After a set time, disintegrator's motor is stopped and substrate is exchanged. After completed disintegration, the substrate is removed from the tank during its filling up as a result of being dislodged by the newly-fed batch of liquid. Hydrodynamic disintegrator: power-16 kW, rotating speed -2800 times/min, active volume-100 l, number of working cycles throughout a day(filling/disintegration/discharge) -22, duration of one disintegration cycle (filling/disintegration/discharge) -60/600/60 s.

ENERGETIC BALANCE

The discussed technological system produces high quantities of heat. On the average, it is assumed that 30 % of the produced heat is consumed for own needs of the biogas power plant to ensure appropriate process temperature at the level of 35 o C -40 o C. The remaining quantity of heat may be used for own needs of a user. Estimates of heat production rates and possibilities of heat supply to individual recipients were presented below. Possibility of providing heat to individual recipients: M = C t / q u , where: C t -total net production of heat, Mnumber of inhabitants possible to be provided with heat by biogas power plant, Q u -unitary need for heat per capita within a year 26.2 GJ/M x year.

The energetic value of biogas produced in the system with cavitation: 

EXECUTIVE SUMMARY

Methane fermentation is the process of matter decomposition in an anaerobic environment by a microorganism consortium. This process occurs naturally in anaerobic environments, e.g. in deposits, wet soils or mammal intestines. The fermentation can be effectively applied for both sewage treatment and anaerobic digestion of biomass (WARD et al. 2008). Biogas can be produced from almost all types of raw material and can be obtained from the agricultural sector and households (HOLM-NIELSEN et al. 2009). This affords the chance to use not only typical organic waste originating from agriculture, but also energy crops. Attempts are underway to optimize the methane fermentation process through the implementation of new reactor designs and modification of technological conditions for conducting the process. Reactors for methane fermentation should be designed to allow the use of high organic loads with a short retention time, which reduces their volume. The reactor's shape should be selected so as not to hinder mixing and not to cause heat losses (WARD et al. 2008). Three main types of reactors used for the fermentation are distinguished.

In batch reactors (the simplest type), the whole reactor volume is filled with substrate and the tanks are emptied after the retention time (CELIS et al. 2008). Single-stage reactors work in a continuous system, in which all biochemical reactions occur in one chamber (WARD et al. 2008). Two-and multistage reactors are also used, in which individual fermentation phases occur separately (LIU et al. 2006).

Besides the design basis, the mixing system plays a very important role in the reactor's construction. Mixing ensures appropriate distribution of fresh substrate in the reactor's active volume, thanks to which nutrition of the bacterial flora conducting the process takes place. Secondly, mixing is necessary because of heat distribution throughout the entire reactor volume (WAR et al. 2008). Mixing can take place both continuously and in batches (BURTON and TURNER 2003). A proper mixing system ensures sufficiently high efficiency of the methane fermentation process (WARD et al. 2008). The reactor mixing process can take place by means of different types of mechanical, hydraulic mixers located outside the reactor as well as pneumatic appliances blowing biogas into the reactor below the sediment level. In practice, mechanical mixers are of dominant importance in agricultural biogas plants (KHURSHEED et al. 2005).

The aim of the presented research was to determine the effect of the applied mixing system on the efficiency of the methane fermentation process Virginia fanpetals biomass.

DESCRIPTION OF THE CAGE REACTOR

The presented research was carried out on a pilot scale using a fermentation reactor equipped with an innovative mixing system. The reactor had the form of a cylindrical tank with an inside diameter D = 1.2 m and the height of the walls H = 0.4 m. The active height, filled with anaerobic sediment, was Ha = 0.3 m and the gaseous phase, in which biogas accumulated, lay above. In order to ensure anaerobic conditions, the reactor was closed with a dome, whose side walls were located below the liquid level in the reactor. The side walls of the reactor, as well as the bottom and the dome, were thermally insulated with a 5.0 cm-thick polystyrene foam layer. A heating system was installed in the reactor's bottom, with the possibility of controlling the temperature inside the reactor.

The closing dome contained a gas valve for carrying away biogas and a feeding worm for introducing organic substrate. The reactor's bottom had a valve allowing sediment to be drained. The mixing system of the reactor consisted of two cylindrical mixers in the form of a cage with a diameter of D = 0.35 cm. Each cage was welded together from steel bars with a diameter of 0.5 cm, located on the circumference of a circle. The cages rotated around the reactor's axis on a special track, simultaneously turning in relation to their own axes. The drive of the mixer was ensured by a shaft which was at the same time the axis of rotation for the feeding worm 

ORGANIZATION OF RESEARCH

The research on the operational efficiency of the fermentation reactor equipped with a cage mixing system was carried out in 10 series differing in the rotational speed of the mixer: 0.5; 1.0; 1.5; 2.0; 2.5; 3.0; 3.5; 4.0; 4.5; 5.0 rev/min. The research in each research series was conducted for the period of 21 days. The successive series were separated in time by a seven-day period of adaptation to new mixing conditions. The fermentation reactor was fed with Virginia fanpetals biomass. The organic compound load for the reactor was ca. 

RESULTS

The conducted research proved the operational efficiency of the cage mixing system. The amounts of biogas obtained in the methane fermentation process changed depending on the rotational speed. The least biogas flew away from the reactor at the rotational speed of the mixer 0.5 rev/min. On average, around 240 dm 3 /kg o.d.m. of biogas was obtained in these conditions. Increasing the rotational speed of the mixer to 1.0 rev/min caused an improvement in the conditions of the process, thanks to which the amount of the produced biogas increased to 251 dm 3 /kg o.d.m. on average. Statistically, there were no significant differences between these two speeds at the significance level of 0.05. Raising the rotational speed of the mixer to 2.5 rev/min caused the amount of the released biogas to be 320 dm 3 /kg o.d.m. on average. Daily gas volume observed at this rotational speed was statistically different from that obtained in the series with the rotational speed of 1.0 rev/min, but was not significantly different than those found at higher rotational speeds. Further raising of mixing intensity did not cause a considerable increase in the amount of the forming biogas. The highest value was obtained in series 8 of the research with the rotational speed of 4.0 rev/min. However, this was not a value statistically significantly different from that observed in the series from 4 to 10.

In analyzing the composition of the forming biogas, no statistically significant differences were found between the series with rotational speeds above 1.0 rev/min. The highest methane concentration value was observed in series 6 (3.0 rev/min), 8 (4.0 rev/min) and 9 (4.5 rev/min), reaching maximally 54.1%. The methane content was lowest in series 1 (0.5 rev/min), where 52.3 % of methane was found on average and it was statistically significantly lower than for the other series.

CONCLUSIONS

The obtained research results indicate effective operation of the cage mixer in the fermentation reactor. The amount of obtained biogas grew with increasing rotational speed of the mixer from 0.5 to 2.5 rev/min. from 240 dm 3 /kg o.d.m. to 320 dm 3 /kg o.d.m. Further raising of the rotational speed did not cause a significant increase in the amount of the obtained biogas. The percentage methane content in the captured biogas was at a similar level in all research series from 52 % to 54 %. This means that the applied retention time was sufficient and the higher biogas production in series with faster mixing resulted from easier gas release from the liquid and better availability of well-mixed substrate. The effectiveness of the cage mixer's operation is attested by the analyzed difference in liquid temperatures at the bottom and near the reactor's surface. It was just 1.0 o C at the rotational speed of 2.5 rev/min.
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EXECUTIVE SUMMARY

Slow sand filtration (SSF) is a treatment technology that has been widely used due to its low costs and the relative simplicity of construction and maintenance. A well-designed and properly maintained SSF effectively removes turbidity and pathogenic organisms through various biological, physical and chemical processes in a single treatment step. During this study the efficiency of slow sand filtration for the post-treatment of domestic wastewater was studied. Sand filter was constructed using a plastic (PE) cylindrical tank. The surface of sand filter is 0.38 m2 and the tank was filled with: 0.5 cm gravel (4-8 mm), 0.5 cm gravel (2-4 mm), 50 cm sand (14% 0.25 mm, 72% 0.50mm, 100% <1.00mm), 30 cm water and 40 cm free volume. The SSF received secondarily treated wastewater from a horizontal flow constructed wetland. Influent and effluent were sampled regularly for a period of 9 months and analyzed for pH, Electrical Conductivity (EC), Turbidity, Chemical oxygen demand (COD), Total Nitrogen (TN), and Total Phosphorus (TP). Total coliforms and Escherichia coli were also determined using the IDEXX Quanti-Tray® enumeration procedure with Colilert-18® reagent. Results shown that SSF reduce total coliforms and E.coli at about 2 log units. Total coliforms concentration in the inlet of the system was 5.23 log (MPN/100ml) while in the outlet was 3.04 log (MPN/100ml). Similar the concentration of E.coli reduced from 4.45 in the inlet to 2.31 log (MPN/100ml) in the outlet of the system. Average effluent of COD, BOD turbidity, total nitrogen and total phosphorus were 42 mg/L, 10 mg/L, 2.1 NTU, 24 mg/L, and 11 mg/L respectively and corresponding removal rates were 48%, 41%, 98%, 30% and 2%.
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EXECUTIVE SUMMARY

Chitin is a promising soil amendment for improving soil quality, plant growth and plant resilience. It is a biopolymer that is distributed among many water and soil organisms and therefore the second most abundant biopolymer in nature after cellulose, with an estimated natural production of 10 10 tons per year. For example, chitin is a major constituent of the shells of crustacean and thus highly present in fishery waste. The objectives of this study were twofold. First, to study the effect of crab shell chitin mixed in potting soil on plant growth and the resilience of plants against plant and human pathogens. Second, to assess the related changes in chemical substrate properties and the microbial rhizosphere. Crab shell chitin (2% w/w) was mixed in potting soil and tested in two plant-pathogen systems: (1) lettuce and the human pathogen Salmonella enterica and (2) strawberry and the plant pathogen Botrytis cinerea.

As a result of crab shell chitin addition, lettuce fresh yield weight was significantly increased and the S. enterica persistence on the lettuce leaves was significantly reduced. Moreover, significant changes were observed in the bacterial and fungal community of the lettuce rhizosphere. PLFA analysis showed a significant increase in fungal and bacterial biomass. Amplicon sequencing showed no increase in fungal and bacterial biodiversity, but relative abundances of several bacterial and fungal genera were significantly increased, including a more than tenfold increase for operational taxonomic units (OTUs) belonging to the bacterial genera Cellvibrio, Pedobacter, Dyadobacter, and Streptomyces and OTUs belonging to the fungal genera Lecanicillium and Mortierella. These genera include several species previously reported to be involved in biocontrol, plant growth promotion, the nitrogen cycle and chitin degradation.

Strawberry fresh weight and yield, photosynthesis rate and chlorophyll content was significantly increased in the crab shell chitin treatment, but these plants did no show increased resistance to B. cinerea. The crab shell chitin did not induce significant changes in the chemical substrate properties, i.e., the nutrient availability, but PLFA analysis showed a significant increase in bacterial and fungal biomass in the rhizosphere. This may indicate that the observed plant growth promotion was mostly driven by micro-organisms in the rhizosphere. Amplicon sequencing will be conducted to unravel the identity and function of these micro-organisms.

In conclusion, crab shell chitin from crab shell waste increases plant growth and may increase resilience to pathogens on the leaves. Related changes in the rhizosphere microbiome may be responsible for these effects.

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF] For the bio-waste sector the revision of Article 22 in the Waste Framework Directive is a key element, which will lead to improve bio-waste management in Europe as it makes separate collection of bio-waste obligatory for all member states. This is a significant step forward for Europe. The requirement placed on all Member States to collect bio-waste separately for both composting and anaerobic digestion will mean that even more organic carbon and plant nutrients will be recycled and put back onto Europe's soils' With this proposal, the Commission aims to establish a regulatory framework to enable the production of fertilisers from recycled organic materials to place compost and digestate as soil improvers and organic fertilisers on the European market.

ECN welcomes the initiatives of the European Commission on circular economy, including the legislative proposals on waste and fertilisers. These both legislative initiatives of the Commission provide a major opportunity for Europe to improve significantly bio-waste management in Europe, and to direct waste-derived materials into high quality products through recycling.

ORBIT2016 'Circular Economy and Organic Waste'

We welcome the initiative of the Harokopio University and the Technical Educational Institute of Crete to organise the 10th International Conference ORBIT 2016 under the title 'Circular Economy and Organic Waste' from 25th to 28th May 2016 on Crete. With regard to the ongoing political discussion process on the EU Circular Economy Package, 2016 will be an important year for the bio-waste sector in Europe.

We hope that we can contribute with this event, the presentations and discussions towards a sustainable development on organic resource recovery and especially for taking decisions on effective organic waste recycling across Europe.
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 1 Figure 1. Pilot scale bioconversion facility (Left), Commercialized decentralized waste dryer schematic diagram (Right)
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  A' = 2 kg o.d.m./m 3 • d. The hydraulic retention time HRT = 52.1 d was obtained this way. The research was carried out under mesophilic conditions. The mean temperature indicated by the control system sensor was 40 o C.
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 1 Figure 1. Total coliforms variation in the inlet and the outlet of SSF during the experimental period.

  With reference to the EU Circular Economy Package the Commission has published the roadmap on the revision of the EU Fertilisers Regulation (EC) 2003/2003 in 2015 and has published a legislative proposal in March 2016.
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  Integrated nutrient management (INM) is a concept that has been developed during the last decade under intensive agriculture in Chile, with the aim of improving yield and fruit quality. It is based on the use of highquality organic matter, along with proper fertilizer rates, and, the optional application of bioinoculants; it also includes the use of available tools for diagnosis and follow up for soil, plant tissue, the use of highly efficient fertilizers, such those with nitrification inhibitors, and site-specific management. The INM is not necessarily organic, but intends to integrate some aspects of organic production into traditional management, particularly developing biological and physical fertility to improve root system and nutrient use efficiency. The use of precision agriculture tools is key for the successful application and evaluation of INM programs. Examples of the use of compost derived from agro industrial residues such as grape pomace in site-specific INM programs are presented. The use of active optic sensors to apply and evaluate site-specific INM programs resulted in excellent plant responses to compost application. Dr Marie-Line Daumer, Irstea, 17 ave de Cucillé, CS64427, 35044 Rennes, France, +33223482129, marie-line.daumer@irstea.fr

	USE OF COMPOST FROM AGRO INDUSTRIAL RESIDUES IN INTEGRATED NUTRIENT MANAGEMENT (INM) PROGRAMS
	R. Ortega, M. Martinez, H. Poblete Universidad Tecnica Federico Santa Maria Contact: M. Martinez, Email: maria.martinez@usm.cl
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	Phosphorous in digestate-based compost: chemical speciation and plant-availability. Waste and Biomass Valorization. DOI 10.1007/s12649-015-9383-2 [2] Cooper J., Lombardi R., Boardman D., Carliell-Marquet C. (2011). The future distribution and production of global phosphate rock reserves. Resour.Conserv.Recycl. 57:78-86. [3] Koppelaar R.H.E.M., Heiward H.P. (2014). Assessing phosphate rock depletion and phosphorous recycling options. Environ. Chang. 23:1454-1466 [4] Laturnus F.
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RECOVERY FROM URBAN INFRASTRUCTURE AS A SUSTAINABLE AND ECONOMICAL PRACTISE FOR SMART CITIES
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AMMONIA GENERATED IN POULTRY MANURE N. Szőllősi 1 , L. Blaskó 1 , É. Bozsik 1 , B. Gálya 1 , L. Mézes 1 , M. Petis 1 , J. Tamás 1 , J. Borbély 1 , M. Petis 2 , J. Borbély 3 1

  Results are also examined for wastewater reuse areas. Florida-based results indicate that the metrics of TN and TP are log-normally distributed, an observation that is important for allocation of nutrient load and economic credits because the results are not represented by a singular concentration [mg/kg] but by log-normal distributions thereof. A Florida-based metric for a kg of urban PM recovered is converted to mg of TN or TP recovered by a sustainability operation or BMP. Results indicate that both sustainability operations are significantly more economical than current BMPs. In lieu of such current BMPs, engineered unit operation and process systems at centralized locations designed for soluble and fine PM-based nutrients are needed. Such systems incorporate modern tools such as continuous simulation (as with the Storm Water Management Model, SWMM) and computational fluid dynamics (CFD). Study results have been codified in Florida regulations, has become very successful across Florida and expanding to other states in the USA. On an annual basis in Florida, thousands of metric tons of nutrients have been recovered by the sustainably practices in Florida smart cities.University of Debrecen, Department of Water and Environmental Management, H-4032 Debrecen, Böszörményi str. 138. Hungary, 2 Bátortrade LLC, H-4300 Nyirbátor, Árpád str. 156. Hungary, 3 BBS Biochemicals, H-4225
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  . A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28).Bioeconomy is characterized by a cross-cutting nature, moreover, it offers a unique opportunity for a comprehensive resolution for social problems such as food security, natural resource scarcity, dependence on fossil resources and climate change, while achieving sustainable economic growth. Production of biomass from agriculture, forestry, and fisheries requires several essential and scarce resources: mainly areas of the fertile soil, water and healthy ecosystems, but also resources such as minerals and energy for the fertilizers production. In Poland, the term bioeconomy is not satisfactorily recognizable both in the scientific community as well as in the business. Polish state of bio-economy for the year 2011 has been characterized in the work of Igliński et al 2011. There are over 100 energy crop plantations of the area of at least 5 ha each, 44 pellet and/or briquette producers, over 100 biomass thermal power plants of power of at least 0.5 MW, 40 biomass and coal cofiring thermal power plants, 39 biofuel producers of capacity of 1 million dm3/year, 80 biogas power plants located at municipal waste sites, 56 biogas power plants located at sewage treatment works, 8 agricultural biogas power plants, one municipal waste incinerator, and 46 medical waste incinerators. The resented numbers are low for an agricultural country like Poland. Poland should develop technologies based on biomass, biofuels, and biogas.
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  2011-2014 Waste Prevention Program of United Association of Solid Waste Management in Crete (ESDAK) was mostly organized according to the LIFE Project «Development and Demonstration of a Waste Prevention Support Tool for Local Authorities -WASP Tool», (LIFE10 ENV/GR/000622) The overall objective of the project was to investigate, demonstrate and optimize the waste prevention potential at the Local Authority level, in the different geographic and waste policy context of Greece and Cyprus. For the achievement of WASP Tool objectives by the partners, basic actions were foreseen by ESDAK among others, as Home Composting, and Prevention of Textile Wastes Production.

BIOWASTE TREATMENT IN THE MUNICIPALITIES OF ARGOS- MYCENAE AND NAFPLIO K. Lasaridi 1 , C. Chroni 1 , A. Karkazi 1 , Th. Manios 2 , E. Terzis 1 , K. Abeliotis 1 1

  . A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28). School of Environment, Geography and Applied Economics, Harokopio University, 17671, Athens, Greece, 2 Technological Educational Institute of Crete, Laboratory of Wastewater and Solid Waste Management,, 71004, Heraklion, Greece Since 2000, waste policies and legislation regarding municipal waste management in Greece have been going through drastic changes. As a full Member State of European Union (EU), Greece had to adjust its legislative framework to comply with the EU legislation. For instance, the European Landfill Directive 31/1999 promotes the gradual diversion of biodegradable waste from landfilling, allowing by 16 July 2016 the landfilling of 35% of the total quantity that was landfilled in 1995. However, for most waste streams shifts in management, practices in Greece were implemented at a quite slow pace. In order to counteract with this delay and catch up with the diversion from landfilling targets set by the EU legislation, the development of small, decentralised municipal solid waste (MSW) management plants was promoted. In many cases, the decentralised MSW plants include composting facilities, which can be constructed and operate in low cost and in short time. The decentralised plants, if properly operated, could prepare the ground for the acceptance of larger plants and be used complementary to them.
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Waste management in the EU LIFE programme

  . A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28). ORBIT 2016 Organic Resources and Biological Treatment Comment citer ce document : Daumer, M.-L. (Directeur), Guilayn, F. (2016). A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28). Comment citer ce document : Daumer, M.-L. (Directeur), Guilayn, F. (2016). A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28).

	GIS & MULTI-
	ORBIT 2016 Organic Resources and Biological Treatment ORBIT 2016 Organic Resources and Biological Treatment

CRITERIA BASED HELP-DECISION TOOL FOR FOOD BY-PRODUCTS ANAEROBIC DIGESTION IN THE BASQUE COUNTRY (SPAIN) M.Orive 1 , D. San Martin 1 , E. Martínez 1 , B. Iñarra 1 , A. Guinea 2 , A. Vázquez 3 & J. Zufía 1

  Around 100 million tonnes of food by-products are wasted annually in the EU. Wasting food is not only an ethical and economic issue but it also depletes the limited natural resources. Therefore, the EU through the new policies towards bio-economy is promoting the sustainable reuse of biological resources such as food by-products to produce new materials, new animal feed sources and/or energy. Within this framework, GISWASTE project (www.lifegiswaste.eu), funded by European LIFE programme (LIFE12 ENV/ES/000406), aims to develop a GIS & multi-criteria based help-decision software tool to simulate the geographic, techno-economic and environmental feasibility of animal feed and anaerobic digestion valorisation alternatives for meat, vegetable and dairy wastes. The profitability of these alternatives depends highly on several geographic, techno-economic and environmental viability factors. Hence, the high risk of underestimating any of those factors might compromise the global feasibility of these valorisation options.
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	STRAWBERRY PLANT ATTRACTIVENESS TO POLLINATORS WHEN TREATED WITH OLIVE MILL WASTEWATER COMPOST
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  . A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28).Since 1992 the LIFE programme is the EU's funding instrument for the environment. The general objective of LIFE is to contribute to the implementation, updating and development of EU environmental policy and legislation by co-financing pilot or demonstration projects with added value. Out of more than 4 300 initiatives supported by LIFE to date, 665 have been exclusively on waste, with more than €433 million allocated. In fact, waste management is the theme most widely tackled by the programme. In this abstract we will present some of the good practices developed by LIFE on the themes tackled by the 10th International Conference on Circular Economy and Organic Waste.
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  . A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28). The WASP Tool project (full title: Development and Demonstration of a Waste Prevention Support Tool for Local Authorities -LIFE10 ENV/GR/622) was developed and implemented within the European Union LIFE+ funding programme. The overall objective of the WASP Tool project was to investigate, demonstrate and optimise the waste prevention potential at the Local Authority (LA) level, in the Mediterranean area, in the different geographic and waste policy context of Greece and Cyprus. More specifically, it attempted and achieved to transfer and adapt experience from successful waste prevention activities implemented across the EU to Greece and Cyprus, with the prospect of gaining knowledge for the wider transferability of such activities in different EU contexts.

		BIOWASTE PREVENTION WITHIN THE FRAMEWORK OF THE LIFE+ WASP TOOL PROJECT
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		EXECUTIVE SUMMARY
	150	ORBIT 2016 Organic Resources and Biological Treatment

  . A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28).

		SIMULATING SOIL STRUCTURE AND CARBON UNDER DIFFERENT AGRICULTURAL PRACTISES USING THE CAST MODEL
		S.K. Panakoulia, E. Kotronakis, G.V. Giannakis, N.V. Paranychianakis, N.P. Nikolaidis Technical University of Crete Contact: S.K. Panakoulia, Technical University of Crete, School of Environmental Engineering, University Campus, 73100 Chania, Greece, Tel.: +30 2821037831; email: spanakoulia@gmail.com
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  . A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28). Daumer, M.-L. (Directeur), Guilayn, F. (2016). A new strategy to increase phosphorus recovery yield from wastewater sludge. Presented at Orbit 2016 -10. International Conference on Circular Economy and Organic Waste, Héraklion, GRC (2016-05-25 -2016-05-28). The study was conducted at Mafisa Waste Stabilization Ponds site in Morogoroto assess the effect of treated wastewater as a source of nutrients and irrigation water. The wastewater used for irrigation was from MORUWASA/UDSM Constructed Wetland. The experiment was laid out as Split-Plots in RCB Design with four treatments namely, (i) Waste water (WW) only (ii) WW + NPK (iii) Tap water (TW) only (iv) TW + NPK in 4 replicates. Quantitative data were collected on yield and yield components namely, biomass, flowering percentage, number of beans, weight of beans, plant height, leave length, number of leaves, fertile and sterile pods. Analysis of Variance (ANOVA) was accomplished using GENSTAT software while differences between treatments means was accomplished using Student Keul Test at (p≤0.05) using INSTAT 3 statistical package.
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  Human activities have resulted in lead and sulfur accumulation in paddy soils in parts of southern China. A combined soil-sand pot experiment was conducted to investigate the influence of S supply on iron plaque formation and Pb accumulation in rice (Oryza sativa L.) under two Pb levels (0 and 600 mg kg-1), combined with four S concentrations (0, 30, 60, and 120 mg kg-1). Results showed that S supply significantly decreased Pb accumulation in straw and grains of rice. This result may be attributed to the enhancement of Fe plaque formation, decrease of Pb availability in soil, and increase of reduced glutathione (GSH) in rice leaves. Moderate S supply (30 mg kg-1) significantly increased Fe plaque formation on the root surface and in the rhizosphere, whereas excessive S supply (60 and 120 mg kg-1) significantly decreased the amounts of iron plaque on the root surface. Sulfur supply significantly enhanced the GSH contents in leaves of rice plants under Pb treatment. With excessive S application, the rice root acted as a more effective barrier to Pb accumulation compared with iron plaque. Excessive S supply may result in a higher monosulfide toxicity and decreased iron plaque formation on the root surface during flooded conditions. However, excessive S supply could effectively decrease Pb availability in soils and reduce Pb accumulation in rice plants.
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EXECUTIVE SUMMARY According to the EU Communication on Bio-waste (COM(2010) 235 final) the EU Member States produce between 118 and 138 Mtonnes of bio-waste each year. Currently only about 25% (30 M tpa) is effectively recycled, meaning that around 100 M tpa is wasted every year. In a circular economy, bio-waste plays a key role. Instead of landfilling bio-waste, it forms a resource for organic soil improvers, fertilisers and biobased products.

  SiebertEuropean Compost Network ECN e.V. Contact:Dr. Stefanie Siebert, European Compost Network ECN e.V., Im Dohlenbruch 11, 44795 Bochum, Germany, tel. +49 234 438 9447, email: siebert@compostnetwork.info With the new proposal on Circular Economy, published in December 2015, the Commission made a great step forward towards a resource efficient society and a circular economy in Europe. This current proposal, including an action plan and waste legislative proposals, leads the way to save and to recover resources from waste in a more sustainable way. Overall, the package sets out new targets for recycling and landfilling waste, including: • A common EU target for recycling municipal waste of 65% by 2030; • A common EU target for recycling packaging waste of 75% by 2030; • Material-specific targets for different packaging materials; and • A binding landfill reduction target of 10% by 2030.
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AN IMPROVED AUTONOMOUS COMPOSTING UNIT AIMING IN THE HOSPITALITY INDUSTRY SELECTED PROCESSING TECHNOLOGIES FOR HARDWOOD BIOREFINERIES

EXECUTIVE SUMMARY

The CONDENSE process leads to a product with high concentrations of nutrients and low concentrations of phenols, even though, the original materials used include olive oil mills wastewaters (OMW), that contains both nutrients and phenols in excessive concentrations.

The agricultural trials that were conducted during the project were extensive both regarding plants used to test the product, as well as, growing techniques. The following cultivations were used only regarding trials in Greece: peppers (in pots), tomatoes (in pots and in the field), cucumbers (in pots), strawberries (in pots), potatoes (in the field), lettuces (hydroponic), pepper (hydroponic) vinegar and olive trees. The cultivation techniques used were: controlled open field experiments, uncontrolled (commercial cultivations) open field trials, greenhouse trials and hydroponic trials. In some cases the end product was used as a nitrogen source (all correlations with chemical fertilisation were based in the nitrogen amounts provided by each product), and in some cases as potassium source.

Also a large variety of products were used, all utilizing the two treating technologies (solar drying and composting), put not always with the same succession. In some cases composting was preceding solar drying and in some cases, solar drying was presenting the composting process. The difference between these two combinations was significant, regarding mostly the presence of phenols and the respective phytotoxic effect.

Worse and optimum results will be presented here that allows demonstrating both the optimum production process as well as the optimum utilization methodology. As an example, for the first group, results from hydroponic lettuce cultivations are presented, where the end product was used in various concentrations aiming to identify the optimum rate. Phytotoxicity due to phenols and increased electrical conductivity reduced productivity to less than 50%, in comparison with the inorganic fertilisation. As an example of the second group of trials we present a pepper experiment, where the end product was mainly used as a K source, achieving, when N and P were added to balance the chemical fertilizer concentrations, exactly the same results with the chemical fertilizer.

SYNERGIES FOR DECENTRALIZED BIOGAS AND NUTRIENTS PRODUCTION -INDUSTRIAL SYMBIOSIS TRIAL IN PORTUGAL

L. Ferreira, E. Duarte, C. Cordovil

Department of Science and Biosystems Engineering, Superior Institute of Agronomy, University of Lisbon Contact: Tapada da Ajuda 1349-017, Lisbon, Portugal. e-mail: lferreira@isa.ulisboa.pt, e-mail: eduarte@isa.ulisboa.pt, e-mail: cms@isa.ulisboa.pt, web: http://www.isa.ulisboa.pt

EXECUTIVE SUMMARY

A biogas system in a livestock farm, dedicated to the treatment and valorisation of slurry, from the point of view of industrial ecology can be considered an industrial unit with which synergies can be developed with local use of by-products, energy, or waste. In order to be established, anaerobic co-digestion technology plays a key role once it allows the integration in a biogas production process of a multiplicity of organic streams produced in the region and simultaneously the production of a co-product with agronomic value. This study aimed to demonstrate, the effectiveness of anaerobic co-digestion of pig slurry (PS), fruit wastes (FW) and wasted sardine oil (WSO) at farm level. During one year, a biogas mobile pilot plant was operated in real conditions, in a pig farm. Mesophilic (35 -37⁰ C) continuous trials were performed within organic loading rate (OLR) range of 1,6 kg COD/m 3 .d -1 and 5,2 kg COD/m 3 .d -1 . Lysimeter experiments were carried out during two growing seasons to compare the effect of untreated, digested, codigested, on nitrogen (N) and phosphorus (P) leaching when compared with mineral fertilizer at typical rates for maize (Zea mays L.) production in Mediterranean soil. FW after a bioconversion pre-treatment (BFW) are an excellent co-substrate. When compared with the monosubstrate digestion of pig slurry (%v/v) PS:BFW of 100:0, a composition (%v/v) PS:BFW of 70:30 and 34:66, increased the productivity of the digester respectively 3 and 3,6 times. Trials with WSO concluded that a composition (% v/v) PS:WSO of 95:5, could increase in a 3,7 fold the digester productivity. Process stability indicators pH and T-VFA/BA ratio, suggests that a co-digestion process designed with compositions of PS:BFW and PS:WSO can be robust. On the other hand thanks to the bioconversion pretreatment of FW and the complementary seasonality between the two organic waste streams, it was concluded the possibility to use in farm scale biogas plants FW and WSO throughout the year. Summarizing the effect of application of different slurries to the soil, digested and codigested materials seem to have led to a positive effect when compared with mineral and organic-mineral N applications and with untreated slurry itself.

Keywords: Pilot experiment, anaerobic co-digestion, organic wastes synergies, decentralised biogas production, nutrients recycling, industrial symbiosis. 

COST BENEFIT ANALYSIS OF THE PRODUCTION AND APPLICATION OF THE CONDENSE COMPOST

EXECUTIVE SUMMARY

Carbon addition to soils is an essential agro-ecological practice to enhance soil functions such as resource provision, flood attenuation and carbon and nutrient storage as well as below ground biodiversity. The use of manure and compost amendments enhances the soil benefit from carbon addition in contrast to inorganic fertilizers. Subsequently composting of organic waste can lead to a new product, capable to complement or replace the use of mineral fertilizers. Compost has been proved to have a number of positive characteristics in agricultural applications. Compost application to soil improves the its physical, biological and chemical properties, increases organic matter sequestration and its water retention capacity, reduces erosion, and improves soil's physical structure. Within the framework of the Life+ project CONDENSE, a high nutrient novel product, which can be safely and easily used, in all ranges of agriculture and horticulture, replacing in a significant scale inorganic chemical fertilisation was developed. This product is the result of condensing olive mill wastewater (OMWW) on manure compost and creating the CONDENSE compost with high nutritional value. In this study, a cost benefit analysis was performed using data from the implementation (economical as well as environmental) of the CONDENSE Managing System. Specifically, the economical characteristics of the CONDENSE Managing System (both the solar drying of the OMWW as well as the composting process) and the CONDENSE compost were evaluated using a Cost-Benefit Analysis. A techno-economical analysis evaluated potential alternatives of full scale application of the CONDENSE Managing System. The basic scenario of a large scale system was built around the idea of having the solar drying units distributed next to the Olive Mills, the condensed OMWW to be transported to a central composting unit and the final composting and packaging to take place at a central location. The economic viability of the CONDENSE compost was demonstrated. 

EXTRACTABILITY OF INORGANIC PHOSPHORUS DURING THE COMPOSTING OF AGRO-INDUSTRIAL EWASTE AND SEWAGE SLUDGE

EXECUTIVE SUMMARY

Phosphate rock is a not-renewable resource, in this frame increasing attention is recently paid to the recycling of phosphorus (P) from organic sources. A better knowledge of the potential P availability for plant nutrition from composts from different type of waste play a key role in their better utilization for agronomical purposes. In this work two compost piles were formed by mixing starch waste (SW) or sewage sludge (SS) both (at 20% V/V) with garden trimming (80% V/V). These were composted over 60 days and weekly turned until the oxygen uptake rate (OUR) showed a suitable stabilization level. The samples collected at the beginning of the process (day 0) and after 30 and 60 days were sequentially extracted following the Hedley protocol with increasing strength solutions (H 2 O, NaHCO 3 0.5M, NaOH 0.1M, HCl 1M); on the extracts was determined the inorganic P (Pi) via Murphy and Riley method. At day 0 both SW and SS compost showed similar total P content (4.80 and 4.50 mg g -1 ); during the composting process these values increased up to 30% following the organic matter mineralization regardless of the mixture; in the same time frame the OUR decreased from ≈80 to ≈20 mmol O 2 kg -1 VS h -1 in SW and from ≈40 to ≈10 mmol O 2 kg -1 VS h -1 in SS. Inorganic P is recognized to be the most easily utilizable form by plants, in this light its speciation in composts can give more information for their rational agricultural utilization. Water soluble inorganic P (H 2 O-Pi) beside to the sodium bicarbonate extractable P (NaHCO 3 -Pi) is known to be the most easily utilizable by plants. Following we can find the alkali extractable P (NaOH-Pi), which can be utilized by plants in a longer period. At last the HCl extractable P (HCl-Pi), generally ascribed to sparingly soluble not available calcium-P compounds. Sequential extraction showed SW had the highest H 2 O-Pi (10% of total P) at day 0, being three-fold SS at the same sampling time (H 2 O-Pi 3%). At the beginning of the process SW showed also the highest NaHCO 3 -Pi (≈30% of total P), being higher than SS (20%). Conversely SW showed lower NaOH-Pi in comparison to SS (20 vs. 30%). Both mixtures showed similar HCl-Pi at day 0 (≈9%) and day 60 (≈20%), having similar increase. Composting process showed increased whole Pi extractability over time (from ≈70 up to 80%) regardless of mixtures; this was related to the increase in the sparingly fraction of P (HCl-Pi ) very likely due to the precipitation with calcium. It appears therefore a P shifting from the different fraction during the stabilization process. The utilization of agro-industrial waste or sewage sludge influenced the potential availability of Pi during composting. SW showed decreased H 2 O-Pi, which can be related to the highest microbial activity (immobilization) following the addition of very unstable material; at the same time the other easily accessible P fraction (NaHCO 3 -Pi) increased up to 16% in the end. SS on the contrary, more stable from the beginning showed a shifting from the medium-available P forms (NaOH-Pi; -23%) to the more available fraction (NaHCO 3 -Pi; +24%) suggesting a different mechanism rather than microbial immobilization. As a results of the whole process SW showed increased the easily and intermediate available P (H 2 O + NaHCO 3 + NaOH; +3%), oppositely SS showed 3% decrease. The final output in stable compost for inorganic P fractionation was in SW: NaHCO 3 (33%)> NaOH (24%)> HCl (20%)> H 2 O (3%); SS: NaOH (30%)> NaHCO 3 (28%)> HCl (23%)> H 2 O(4%). Further investigation about the organic P forms in the different fraction is needed beside to the validation with biological test with plant. 

DEVELOPMENT OF COMPOST CERTIFICATION SYSTEM IN ESTONIA -PROGRESS AND SETBACKS

EXECUTIVE SUMMARY

In 2013 the regulation "Requirements for producing compost from biodegradable waste" was enforced in Estonia. The legislation is based on principles of the quality assurance scheme proposed by European Compost Network (ECN). The regulation was necessary to set the end-of-waste criteria for compost.The aim of current study is toshow how the compost certification system was built in Estonia.

The key factor in establishing compost quality assurance scheme was Estonian Recycling Cluster. The Cluster was developed in 2010 by the Estonian Waste Management Association and it involves 21 partners (16 private waste management companies, two construction companies and three academic institutions). It was co-financed by the European Regional Development Fund through Enterprise Estonia. Three priority objectives were set by the Cluster: compost, recycled aggregates, and recovered fuels. The following milestones are characterising the purposeful action of the Estonian Recycling Cluster: 2010: preliminary study on identifying compost amounts and producers; 2011: involvement in draftingregulation "Requirements for producing compost from biodegradable waste". 2011 to 2014: researchin co-operation with Estonian University of Life Sciences tounderstand the quality of 18 different composts. Chemical properties of composts were studied along with germination tests, pot and field trials; 2012: demo-certification in one composting site under supervision of experts from ECN; 2013: establishment of Estonian Recycling Competence Centre, as a candidate of'Certification Centre';This non-profit organisation promotes waste recycling in Estonia and supports waste companies in producing high quality certified materials from waste (compost, digestate, C&D aggregates); 2014: market surveyon compost; 2014 to 2015development of legal documentation for Certification Centre for Recycled Materials, and selection of experts; 2015Certification Centre for Recycled Materials was registered in National database; 2015 first official certification event was performed at a selectedcomposting site in Decemberin presence of Estonian Accreditation Centre; 2016: final decision on the first certification event. There were nowaste-to-product certification centres in Estonia until 2015. It had to be established in accordance with standard ISO/IEC 17065:2012. Unlike in some other countries, it was not allowed to include compost producers in it, and there are also no authorities involved. The decision about establishing the certification scheme was taken on basis of scientific research, and with the help of professionals from ECN. Estonian Certification Centre for Recycled Materialshas developed its own certification scheme for multiple recycled materials.This will enable adaption of uniform approach in certification of variety of secondary materials and will prepare the market for such materials. Expected new regulation "Requirements for biogas digestategenerated from biodegradable waste", will enlarge the market for certification within AD business.

SPECTRAL EVALUATION OF MEAT MEAL AND HAEMOGLOBIN BLOOD PRODUCT

A. Nagy 1 P. Riczu 1 , K. Bökfi 1 , M. Petis 2 , L. Blaskó 1 , J. Tamás 1 1 University of Debrecen, 2 Bátortrade Ltd. Contact: assistant professor. Attila Nagy, University of Debrecen, 138. Böszörményi str. H-4032 Debrecen, Hungary, Tel: +3652508423/88182 e-mail: attilanagy@agr.unideb.hu

EXECUTIVE SUMMARY

The meat industry involves the slaughter of animals and the generation of end-and by-products. By-products represent environmental and economic problems for meat processors if they are not correctly treated. In Hungary, approximately 287 thousand tons of livestock (meat and slaughterhouse) waste, as well as nearly 45 tons of animal carcasses generated annually. The emerging poultry slaughterhouse trimmings and separate collection of blood is partially solved at the concerned enterprise. 6 t/day of blood and other trimmings generated at the company, of which amount is expected to grow significantly due to the capacity expansion of broiler production. Thus in this enterprise a comprehensive investment program is planning in which the produced slaughterhouse wastes will be connected selectively from each other and by-products, secondary raw materials can be produced. The aim of this study is investigating the possible determination of the chemical composition of meat meal and haemoglobin blood product and the protein cleanness by its optical properties. Measurements were performed in VIS NIR spectral range (400-2500 nm) by AvaSpec 2048 and NIR256-2.5TEC spectrometer. The inflection point of meat meal and blood product are determined by the software. The inflection point of meat meal is in range of 715-716 nm, in case of blood product inflection point is between 687-691 nm. As a result, that range of wavelenght can be determined, which is suitable to detect individual characteristics of the products. The changes in the infrared range could be associated nutritional values of samples. Further more various proportion of meat meal and blood product (99-1%; 97,5-2,5; 95-5%; 90-10; 80-20%...1-99%) were analysed. The reason for that analysis that the meat meal and blood meal cannot be utilized to the same group of animals. Therefore the pureness of the meal is essential knowing the fact that in many cases -such as in the examined industrythese protein meals are produced in one process flow, therefore intermediate mixed by-product is produced. This mixed product can only be used for soil amelioration. Based on the results, the inflexion point and derivative of the spectral curve in the spectral range in 600-735 nm and R 930 /R 600 index can be used for a precise determination of meal product pureness.

THE CONTRIBUTION OF ESDAK IN SOLID WASTE MANAGEMANT IN CRETE

G. Manassakis Solid Waste Management Association of Crete (ESDAK)

Contact: G. Manassakis, Solid Waste Management Association of Crete (ESDAK), Ar. Makariou 22, Heraklion 71202, Greece, Tel. (+30)2810361613, email: g.manassakis@gmail.com

EXECUTIVE SUMMARY

Solid Waste Management Association of Crete (ESDAK) was established in March 2000 in Heraklion. ESDAK comprises 20 members (Municipalities of the four prefectures of Crete). The Executive Committee consists of elected representatives of the municipalities -members. The annual revenue of ESDAK comes from the contributions of its members. ESDAK employs scientific personnel of 10 persons, including various specialties related to environmental management. Its mission is the implementation of the Regional Solid Waste Management Plan in Crete, in particular the design and implementation of projects and activities within the geographical limits of its members. Among the most important projects that were implemented by ESDAK are: Environmental upgrade and restoration works in the waste disposal site of Pera Galinon Heraklion. Environmental upgrade in the landfills of Heraklion, Lasithi. Design, construction and operation of Waste Transfer Station of Heraklion and Ierapetra city. Solid Waste Pre-Treatment Plant of Heraklion. Restoration of 51 dump sites of Heraklion, Rethymnon and Lassithi. At the same time, ESDAK promoted recycling and recovery projects for packaging materials, participated in the Life project "LIFE10ENV/GR/622 WASP Tool Development"and developed several awareness campaigns to promote waste prevention strategies. 

DISPOSAL OF METAL FRAGMENTS RELEASED DURING POLYCRYSTALLINE INGOT SLICING BY MULTI-WIRE SAW

EXECUTIVE SUMMARY

The environmental and economic impacts linked with solar systems are largely based on discharges of slurry generated during the various stages of sawing and cutting ingots. These discharges into the environment are subject to the general regulations on hazardous and special industrial waste disposal. Therefore, they should not be abandoned or burned in open air. The cutting of Silicon ingots leads to the production of Silicon wafers additional costs, losing more than 30% of Silicon material. Abrasive grains (Silicon Carbide) trapped between the wire and the block of Silicon need to be removed by various mechanisms to be later evacuated by slurry fragments. In the interest of decreasing operational costs during polycrystalline ingot slicing at Semiconductors Research Center, and, avoid environmental problems; it is necessary to recover the solar grade Silicon from the Silicon sawing waste. For this reason, the removal of metal fragments has become a preliminary requirement to regenerate the slurry; in addition, the solid phase needs to be separated from the liquid phase after the dissolution PEG with the solvent. In the present study, magnetic separation and centrifugation methods were adopted for metals removal, followed by the analysis of some operating parameters such as: washing time, pH, and initial concentration of Silicon. Finally, analytical, morphological and basic methods were performed in order to evaluate the efficiency of the process undertaken.

DEVELOPMENT OF WASP TOOL, (LIFE10 ENV/GR/000622) ESDAK -FOOD WASTE PREVENTION

Dr Olga Christou Chemical Engineer, United Association of Solid Waste Management in Crete (ESDAK), Iraklion, Crete 712 02, Greece Contact: Dr Olga Christou, Email: christou-o@esdak.gr

EXECUTIVE SUMMARY

In the framework of the project LIFE WASP Tool, led by Charokopio University of Athens, ESDAK has implemented actions to prevent food waste. Searching for the causes that result to the large amount of food waste, became obvious that due to lack of information and knowledge many harmful attitudes and many wrong practices are applied to handling food. Thus we chose to focus our actions on giving expertise in two main subjects: a. maintenance and handling food at home b. clear up the misunderstanding about the expiring information.

We issued and distributed information material describing good practice for handling food (storage, conservation, preparation, cooking with leftovers). We also published in a local newspaper a full-page article, in which we highlighted the food waste problem, reported practices that can help preventing food waste at home and presented the idea of creative cooking with leftovers.

We developed an educational program entitled aiming to awake awareness, inform participants and change attitudes in respect to food handling at home. Although our main objective was the prevention of waste, we considered appropriate to set and display the improvement of nutrition as a secondary objective, estimating that this would make the program more attractive. In this presentation we discuss shortly the design aspects of the program as well as the program evaluation. In the exemplary workshop "Eat Well -Waste Less" that will be held separately in the framework of the congress, the participants will have the opportunity to experience a short version of the program and have an idea of the interactive approach, which was of main importance to the success of the project. During this project, ESDAK implemented, among others, actions that focus on the prevention and reduction of waste, namely aimed at reducing the use of plastic bags in supermarkets of Heraklion. The main concept of the action was to reduce the use of plastic bag by replacing it with a multipurpose bag, which is environmentally friendly and attractive to the consumer. Thus, ESDAK issued 15.000 pieces of reusable and foldable bags, made of a non woven material, equipped with a unique barcode. These bags were distributed in various events in Heraklion and through the supermarkets.

To enhance the introduction of the bag, ESDAK established a motivation for the consumers by collaborating with two local supermarket chains "Chalkiadaki" and "Festos", which agreed to provide 1% discount on the retail receipt to amounts above 30 €, each time the bag was recognized by the barcode reading systems of these stores. During the period March 2014-October 2014 were recorded more than 5,558 hits according to the data obtained from the supermarkets. It is estimated that more than 10,000 plastic bags were replaced. It is also recorded that the use of the bags is directly related to campaigns for public awareness.

Summarizing the main conclusions of the action, we note that ESDAK must implement short and long range actions, in order to establish and expand the use of reusable bags, including: public announcements, outreach at events, outreach to local supermarkets, especially those that charge customers for the single-use plastic bag, getting schools and students involved through activities.

LABORATORY INVESTIGATION OF THE ENVIRONMENTAL AND GEOMECHANICAL PROPERTIES OF PHOSPHOGYPSUM FOR THE EVALUATION OF ITS POTENTIAL ALTERNATIVE USES

G. Gaidajis 1 , A. 

EXECUTIVE SUMMARY

Phosphogypsum is a by-product of phosphoric acid production industry with an annual output of 100-300Mt worldwide.

A very small part of it (10-15%) is beneficially used in construction and agriculture while the rest is deposited to the environment and may create serious pollution problems.In this paper, the results from detailed laboratory investigation are summarized in order to evaluate the applicability of the potential use of phosphogypsum as material for embankment construction or environmental rehabilitation by filling large voids. 

EXECUTIVE SUMMARY

Grey water reuse is an attractive alternative to sustainable water management, especially in water scarcity situations. This study sought to determine the treatment of the incoming fresh water, grey water (from bath, sinks, washing machines) and runoff from surfaces such as terraces and balconies (runoff). The study demonstrated to develop an integrated system of water management on apartment buildings, to maximize reuse (e.g. green roofs) and minimizing the use in residential but urban type complexes (apartment buildings).Grey water originating from a building with four apartments located in Heraklion, Crete was employed in this experimental work. The quality of treated wastewater was measured in order to select the system with the best performance for grey water treatment and develop a management system for runoff taking under consideration of the "first flush" phenomenon. Finally the optimum performance of the tested systems (Biogenetic, Biorock, Advantex, MBR) was MBR system.
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EXECUTIVE SUMMARY

The environmental services market is evolving rapidly in qualitative and quantitative terms. The European Union package on the circular economy accelerates adjustments and creates a new economic and business environment. THALIS E.S. S.A. is a corporation with a long history but now is strategically repositioning itself taking into account the trends in the changing global marketplace and the evolving needs of our customers. We want to be a benchmark in environmental management in the context of the circular economy. Our central objective is the construction and operation of projects by adopting methods and solutions that protect natural resources and enhance the environment through the development and adoption of innovative and pioneering solutions. We focus on providing services in the water cycle, the management of solid waste, the remediation of contaminated soils and energy production. In collaboration with DEVISE ENGINEERING SA we develop high-tech innovative prefabricated compact autonomous wastewater treatment systems. THALIS E.S. S.A. works affect the daily lives of hundreds of thousands of people in Greece and in other countries. They improve the quality of life, enhance the sustainability of economic activities and restore the environment.

Author Index

Version postprint

Comment citer ce document : Daumer, M.-L. (Directeur), [START_REF] Daumer | A new strategy to increase phosphorus recovery yield from wastewater sludge[END_REF]