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Introduction and objectives 

Heide Spiegel from AGES prepared and organized a workshop on “Realizing the ETAP in the management of waste from farms” (see Task 5.1 Technical Annex of the AQUAGRIS Project) in cooperation with the AGES Academy. The workshop was hosted by AGES in Vienna on 19th June, 2009. Objective of the workshop was to identify and to evaluate the most promising strategies for managing wastes from farms. There were ten presentations from members of the AQUAGRIS consortium and from external scientists. The abstracts of these presentations are provided in this report. Full text presentations (pdf) are available at the project home page (http://www.aquagris.org/publications.php) .

The workshop was chaired by AQUAGRIS coordinator, Vincenzo Zonno (UNILE), and Heide Spiegel (AGES).

Abstracts
(1) Lignocellulose and second generation biofuels: an overview 

Raghida Lepistö

University of Technology, Tampere, Finland
No abstract provided

(2) Limits and merits of biogas sludge application on arable land 

Erwin Pfundtner 

Austrian Agency for Health and Food Safety (AGES), Wien, Austria

About 340 biogas plants are operating in Austria, which produce about 500 000 tons of digestate, i.e. the solid and the liquid fraction remaining after the fermentation process.

The most common utilisation of anaerobic digestion is the fermentation of livestock manure and energy crops in order to produce renewable energy in form of methane containing biogas. The liquid residue of this digestion process is used as organic fertiliser in agriculture again.

A second group of input materials used for anaerobic digestion are residues from the food industry, separately collected organic household and catering residues. These feedstocks have a higher risk containing pollutants than agricultural residues and can cause hygienic problems.

The Austrian Agency for Health and Food Safety (AGES) conducts a survey to observe beneficial and potentially harmful substances in digestates. From these results the merits and limits of digestate use as a fertiliser in agriculture can be deduced:

Analysis of organic dry matter, nutrient content, Cadmium (Cd), Mercury (Hg), Lead (Pb), Chrome (Cr), Nickel (Ni) and Linear alkylbenzene sulfonates (LAS)
The dry matter content of digestates from agricultural biogas plants (54kg per m3) are more than twice as high than digestates from waste plants (26 kg per m3), because the organic matter of biowaste materials are easier degradable by the bacteria of the fermenter.

The remarkable higher ammonium rate of total nitrogen from the digestate from bio waste (59 NH4-N in % from N total [5,0]) depends on the more intense destruction of organic dry matter during the fermentation process. The lignin rich materials of the agricultural residues cannot be decomposed so easily by the micro organism of the fermenter.

Potassium (K2O) content of the plant rich agricultural residues (4.9) is higher than in waste digestate (3.7), the reason could be the higher potassium content of the plants.

Cadmium, Mercury, Lead, Chrome and Nickel measured in agricultural residues, food industry-waste and household catering waste are well below the threshold values (Austrian Fertilizer Ordinance and Organic Farming Directive). Cadmium, Lead, Chrome and Nickel have their highest concentration in food-industry waste and Mercury reaches its maximum level in the household catering waste. 

The LAS (Linear alkylbenzene sulfonates) contents of the digestates are also below the threshold values, the highest value reaches about 70 % of the threshold value in the category household and catering waste.

Test for viable weed seeds in digestate
About 100 digestate samples were tested for viable seeds (Cress and Chinese Cabbage) with a certain amount of peat and this mixture was distributed in four trays, one tray was a test tray. Only in two samples viable weed seeds have been found. Thus, the fermentation process can break the germination capacity of seeds.

The merits of digestate used as fertiliser on arable land can be summarised as follows:

· The fermentation process causes a partially degradation of organic dry matter and therefore a reduction of viscosity. This lower viscosity results in an accelerated runoff from plants and infiltration into the soil. Therefore a minor risk of plant etches gaseous ammonia losses and odour nuisance after application occur. Generally the odour of fermentation residues is less intense, because of the degradation of organic acids. 

· During the fermentation process a part of the organic bound nitrogen is reduced to ammonium. For agricultural practice this increased mineral nitrogen content results, if correctly applied, in a faster and better plant uptake.
But this increased ammonium content can cause higher risks of gaseous ammonia losses during spraying and higher risks of nitrate losses by leaching. A proper application technique and application time can reduce nitrogen losses.

· Another benefit of digesting nutrient rich organic residues is the recycling of nutrients. This reduces the need for synthetic fertiliser, which results in an economical benefit for the farmer and reduces fossil fuel consumption in the production of synthetic fertiliser.

Exceeding nutrient imports to the farming system can lead to an overloading of the arable land with nutrients. Therefore the main nutrients of the digestate should be analysed once a year.

The nutrient composition is very variable and depends on the quantity and the nutrient content of the input materials, which are digested. 

Therefore farmers or operator of biogas plants have to organize nutrient analysis at least once a year.

Limitations of digestate use on arable land:
· Limitations of nitrogen load through 

· Nitrate Directive (91/676/EWG) at European level

· „action plan“ in accordance with the Water Ordinance (1959) at national level
· Limitations of heavy metal in digestate: limit values of

· Austrian Fertiliser Ordinance (100/04) 

· Organic Farming Directive (834/07 in accordance with 889/08) at European level and 

· Limitations of organic pollutants in digestate

· Austrian Fertiliser Ordinance and Guideline from the Austrian ministry of agriculture „Appropriate Use of Digestate on Arable Land“

· Linear alkylbenzene sulfonates (LAS), 
· Polycyclic aromatic hydrocarbons (PAH) 
· Adsorbable organic halogen compounds (AOX)

· Limitations of germinable weed seeds and salmonella

· Austrian Fertiliser Ordinance (2004) provides limit values (3 seeds/l) and digestates must be free of salmonella

· Animal by product directive (EU 1774/02)

(3) Use of biocompost in agriculture – results of a long-term field trial

K. Aichberger und J. Söllinger 

Austrian Agency for Health and Food Safety (AGES), Linz, Austria
In Austria, biowaste is separately collected for more than twenty years now. Due to the biowaste ordinance (set into force 1996) its  quantity increased rapidly in the 1990-years to more than 500.000 t per annum today. This biowaste is treated in 536 composting plants, whereas the number of plants is especially high in Upper- and Lower Austria and in Styria. 

The quality of biowaste compost is principally  higher than from waste compost. On the average, biocompost has double the content of nutrients and 10 times lower heavy metal concentrations compared to waste compost. Since 1990 the heavy metal contents of biocompost decreased significantly and today more than 90 % of compost corresponds to the quality class A+ and A of the Austrian biowaste ordinance, which renders this compost suitable for organic farming and the agriculture in general.

Parallel to the development of composting plants in the year 1991 the Austrian Agency for Health and Food Safety, Linz Wieningerstraße started a field experiment with the following purpose and goals:

- Influence of compost application on crop yields

- Does compost application affect soil properties

- Quantity of plant available N in compost

- Do different compost-types affect plant yield

- Enrichment of heavy metals in soil due to compost application

The variants resp. treatments in the field trial (4 replicates) were a control plot (zero N), mineral fertilized plots (N40, N80, N120), biowaste compost, green waste compost, manure compost and sewage sludge compost (each treatment 175 kg N) and the 4 compost types + 80 kg N mineral fertilizer. 

In 18 years 300 - 450 t/ha of compost were applied according to the N- content of  the compost. This amount corresponds to 55 resp. 77 tons of organic matter depending on the type of compost. It can be estimated that this amount of organic matter can, in theory,  enrich the carbon content in soil up to 0,90 % C org. In fact, soil analysis showed a significant increase of Corg in all compost-variants, whereas the lowest rate of enrichment was 0,30 % for manure compost and the highest 0,59 % C org by means of sewage sludge compost.
Fig. Organic carbon in soil after 18 years of compost application
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The difference between the theoretical value and the analytical results can be explained by a loss of organic matter due to mineralisation and microbial activities.
Beside organic C also the pH–value, total nitrogen, phosphate and potassium were enriched in the compost-plots. Especially sewage sludge compost had a positive effect on pH-value (increase of 0,5 units) and enriched phosphate from 25 to 80 mg % by more than 3 times. Potassium was mainly enhanced by manure compost.

The relative crop yields were actually constant over the experimental periode. The yields of all compost treatments (175 kg N) are very similar, with little advantages for manure and sludge compost, and correspond exactly to the N 40 mineral fertilizer plot. 

The variants “compost + N 80” (=255 kg N/ha) reached the highest yields over the whole observation period and correspond to N 120 mineral fertilizer. The variants with 3 times compost (=525 kg N/ha/3 a)  range between N 40 and N 80 mineral fertilizer. On basis of the annual crop yields it is to establish that over the test period only 40 – 45 kg N from compost is plant available. In general maize uses the double amount of N from compost compared to winter wheat and barley which have a significant shorter growing period.

 The heavy metal contents of the used composts were actually low and corresponded – with exception of sewage s. compost - to the quality class A+. Nevertheless the total loads of  Cu, Ni, Cr and Pb varied at the range of 1 – 10 kg ( Zn up to 132 kg) and for Cd and Hg from 5 – 150 g. Generally an enrichment of toxic elements in soil after 18 years of compost application was not detectable, but the higher quantities of Cu and Zn in sludge compost led to a significant accumulation of these trace elements in soil.

Tab. Heavy metal contents of applied composts (mg/kg)

	
	Bio Comp
	Green Comp
	Manure Comp
	Sludge Comp
	Qual. A+

	Cu
	21
	21
	34
	54
	70

	Zn
	75
	88
	190
	237
	200

	Pb
	16
	17
	3
	9
	25

	Cd
	0,3
	0,2
	0,15
	0.4
	0,7

	Cr
	21
	27
	9,0
	16
	79

	Ni
	14
	13
	8,0
	8,5
	45

	Hg
	0,07
	0,09
	0,04
	0,16
	0,4


Summarizing it is to establish that the use of compost over a long period can enrich organic carbon in soil up to 30% and has additional positive effects on pH-value and the nutrient contents. The plant availability of compost – N is rather low, at a level of 25% on the average. The different compost- types had no significant influence on crop yield. Finally, the accumulation of heavy metals in soils can be prevented if only high quality composts are used for fertilisation in agriculture. 

(4) Valorisation of wastes from farms: biogas and compost. The Spanish Experience

Aintzane Esturo  and Marta Cebrián
Technological Institute for Marine and Food Research (AZTI), Spain

Farms, including aquaculture farms, produce important quantities of wastes. These wastes are mainly organic wastes, e.g. manure, and slurry. Spain has an important farming activity and as consequence of that also produces important quantities of wastes and manure.

These wastes have several managing problems: odour, putrefaction, nitrogen content and emission of global warming gases (methane and CO2). The farming activities in Spain are mainly concentrated in the North East, Catalunya (porcine farming) and North West, Galicia (cattle). In the South West, many Iberic porcine farms can be found, but the Iberic porcine farming in this area is extensive, and the problem of waste production is not so outstanding.

According to the Cleaner Production Principles, the best solution to pollution issues is to avoid the generation of the problem by reducing at source: In other words, to enhance the implementation of preventive measures rather than the implementation of corrective measures. The principle recommends the implementation of minimization or reduction measures, then measures for reuse, measures for recycling and finally the elimination measures. In this sense, the best option would be to try to reduce the manure generation, or at least to reduce the nitrogen content with a diet control. Experiences in The Netherlands (Brower et al. 1999) indicate that a reduction up to 30% in Nitrogen content in the manure is achievable by modifying the diet of the different flocks.

The most popular alternative is the use of manure and slurry for land fertilization, but this measure has also certain limits, such as the land area to be fertilized, the type of crop, the chemical composition of manure, the soil composition and the previous fertilizations of the land. Very often the demand of these kinds of natural fertilizers is mush smaller than the offer. Therefore other uses of treatments have to be found.

Traditionally manure is separated in two phases, the solid one, which can produce compost, and the liquid one, that can be used as fertilizer or to produce energy via production of biogas. Thermal drying is another alternative, which is implemented in Spain. They use the energy produced by natural gas to dry the wastes but the process has very little profitability due to the gas price. The biogas production seems to be a plausible alternative and it is a proved technology and well established in several European countries. In fact, Spain is one of the main European producers of biogas (methane).The biogas is mainly produced in the several landfills across the country, but very few farms do produce biogas with their wastes, as they do in Germany, Austria, and Denmark.

How is it possible that having Spain an important farming activity, and thus producing important amounts of farming wastes, and being the anaerobic digestion a proven and already working technology, is not implemented in Spain? There many reasons for that, but one of the most important is the Spanish legislation regulating the energy production. There are two Royal Decrees (RD221/2006 and RD 6/2009) that affect directly the production of electricity from biogas. The first one regulates the prices for the produced energy, depending on the total production. For plant producing more than 500kW, the price is 9,6 cents of Euro per kWh while for those producing less than 500kW, the price is 13,09 cents of Euro per kWh. The new Royal Decree 6/2009 is more restrictive giving licences for biogas plants, requiring financial endorsements and a minimum of 50% of the total inversion in the biogas plant in cash. Apart of that, the administrative permit application process can take more than two years. Under these circumstances very few promoters take the option of the inversion in a biogas plant.

The existing plants in Spain take the wastes from various farms to produce biogas. The production of biogas to generate heat and electricity for own consumption is not a popular option in Spain, due to the legislative restrictions and low economical feasibility described previously.

Nevertheless, being Spain a country with an important food industry that generates important volumes of food waste, co-digestion seems to be an alternative to improve the energy generation via biogas. Previous studies prove that a co-digestion of manure with a 25% of food wastes can improve the biogas yield in 75%, and when substrates are mixed at 50% the yield improves up to 150%.

But still in Spain most of the biogas producing plants is located in towns for MSW treatment. There are four plants operating in the North East, where the porcine production is very important and other pilot plants are operating to test the technology with the available agro-food wastes in Spain, that need to be managed and valorised.

A certain number of research activities are on going, most of them financed by central and local governments. AZTI in particular is involved in some research projects dealing with alternatives for massive aquaculture fish mortalities and valorisation of cattle manure, food industries wastes, sheep cheese whey and glycerine produced in the biodiesel plants.

A first trial was done with aquaculture trout. 4,5 kilo trout were grinded and diluted with 20 litres water and introduced in a 42 litres capacity digester, under mesophilic conditions.  The reaction produced biogas, from which about 50% was methane. The daily production was of 5 litres of methane, producing a total of 95 litres during the 75 days of the trial. The production of methane is of 12 litres per kilo of fish, a low productivity due to different reasons:

· The high salt concentration (2,74%) of the substrate is an inhibitory factor

· C/N ratio is 6, when optimum ratios for anaerobic digestion are between 25 and 30

· The high values of Zinc (3,76 mg/l) after dilution might also contribute to destabilise the process

But the capability of dead fish to produce methane was proved and now the search for an adequate co-substrate to improve the biogas generation yields is in progress.

The possibilities to use the dead fish to produce compost were analysed. A mix of fish, sawdust, grass and straw in 55:38:7 proportions were introduced in the composting pile, and after 80 day, the reaction is still on going with a temperature of 60ºC. This means that the dead fish, category II according to EC1774/2002, can be composted hen mixed with other vegetable wastes, being a possible valorisation alternative.

To conclude, it can be said that the implantation of the biogas production in Spain is very low compared to other European countries, because biogas production is not a main renewable energy source when compared to the photovoltaic and wind power potential in Spain. But there are possibilities to use this technology to adequately manage the farm wastes and to valorise animal wastes with local agro-food wastes through co-digestion.

(5) Management of harvest residues in intensive vegetable production systems 

Matthias Fink
Institute of Vegetable and Ornamental Crops (IGZ), Großbeeren, Germany
Horticultural farms are characterized by an intensive use of resources. In terms of waste management the problem of nitrogen in harvest residues is of particular importance. 

Vegetables crops leave large amounts of waste, i.e. not marketable plant parts, in the field after harvest. The average nitrogen (N) content of harvest residues for all vegetable crops is about 120 kg N ha-1, residues of brassica crops (cabbage, cauliflower, broccoli) contain often more than 200 kg N ha-1 (Fink 2001). 

If not properly managed nitrogen from harvest residues will be lost to the environment, either in form of gases (N2 and N2O) or in form of nitrate (NO3). Both pathways of nitrogen losses are harmful, as (1) NO3 causes the eutrophication of ground water and sea water and (2) N2O is a major greenhouse gas, which - considered over a 100 year period - has 298 times more impact per unit weight than carbon dioxide. (IPCC 2007).

The potential risk for the environment is considerable, because of the large area used for growing vegetables in Europe (1,671,000 ha in 2007; ZMP 2008)

Environmental problems associated with plant residues are known for a number of years. Recently the horticultural industry is paying more attention to these problems because European countries are introducing new laws to protect the environment. For instance, in Germany allowable nitrogen losses from field crops are now limited, which requires a completely different management of plant waste than before. However, strategies are still missing, which enables the horticultural industry both to meet the new environmental goals and to maintain an economically feasible production. 

Plant residues are currently incorporated into the soil shortly after harvest. Residue decomposition and nitrogen release depend on soil moisture and soil temperature, which cannot be controlled by the farmer. If residues are incorporated in autumn and no following crop is planted most of the nitrogen can be leached by winter precipitation. 

In recent years research institutes have tested mainly two strategies to avoid nitrogen losses from plant residues: 

- to remove plant waste from the field and use it in biogas plants, or to compost it and return the compost to the field next spring when a new crop is planted, 

- to plant a so called catch crop directly after the incorporation of residues, so that the growing catch crop takes up the nitrogen released from residues. 

Our studies showed that both strategies entail considerable costs for the farmer and the benefit for the environment depend on environmental conditions. Therefore, the benefit varies from year to year and from site to site. 

(6) Residues from sugar beet and starch production, valorisation of byproducts 

Herbert Eigner 
AGRANA Zucker GmbH, Tulln, Austria
No abstract provided

(7) Environmental - friendly handling of manure 

Lena Rodhe and Eva Salomon 
Swedish Institute of Agricultural and Environmental Engineering (JTI), Sweden

Agriculture as well as aquaculture and fishery may harm the water quality in ground water, rivers, lakes and sea. From agriculture there could be vertical leakage of nitrogen (N) and phosphorus (P) through the soil, there could be horizontal run off mainly of P, and there could be emissions of ammonia (NH3) leading to eutrophication and acidification of the nature.

The nitrogen leaching depends on natural site specific factors, such as climate (precipitation and temperature) and soil (soil with good/bad infiltration capacity).

In an agricultural system with annual crops such as cereals, the nitrate leaching is larger from arable land than forest due to larger amounts of nitrogen in soil, caused by earlier fertilizing and crop residues (10 kg N/ha). If cereals are fertilised with nitrogen according to the needs of the crop (1 N) the nitrate leaching becomes slightly higher (24 kg N/ha). If cereals are fertilised with a surplus of nitrogen (2 N) the nitrogen leaching becomes substantially larger (40 kg N/ha). If a permanent meadow is ploughed up the large nitrogen store becomes available very fast, which can lead to large amounts of leached nitrogen.

Keeping the arable land green during autumn and winter is an efficient way to reduce nitrogen leaching. Thus cropping systems with perennial crops, such as grassland are efficient. 

However, on farms with only crop production and no animals the crops are usually annual. By using a catch- crop that keeps the soil green after harvest of the main crop is efficient in reducing nitrogen leaching. By combining nitrogen fertilisation, adapted to the needs of the crop, and a catch crop the nitrogen leaching losses could be minimised. 

Also soil tillage increase the soil’s delivery of plant available nitrogen, which is positive if there is a crop that can utilize the nitrogen. However, if nitrogen becomes available during autumn and winter where no crop can utilise nitrogen the nitrogen losses through nitrogen leaching can be large. 

The time of tillage after harvest affects also the nitrogen leaching, especially on sandy soils. Soil tillage at autumn may give higher nitrogen leaching than moving the soil tillage occasion to spring.

Spreading of manure is harder than mineral fertilizer, as the manure is a low-concentrated fertiliser (heavy tankers), it has heterogeneous properties and the nitrogen could be volatilised as ammonia. When choosing the best time of spreading, many factors must be taken into consideration. The ammonia emissions increase with temperature. Soil compaction is influenced by the soil moisture. Spreading in growing crop may cause crop damage. Spreading, when there is no crop or no plant need for nutrients may lead to leakage. Also, during wet soil conditions, the nitrogen may be lost as nitrous oxide by denitrification. Nitrous oxide is a very harmful greenhouse gas.

The nitrogen loss after spreading depends on spreading time and spreading technology. Spreading pig slurry before sowing of winter wheat in autumn increase the losses as NO3 by leakage through the soil compared to spring application before sowing of spring wheat. 

The ammonia losses are higher when band spreading of slurry on soil surface (no incorporation) compared to incorporation with harrow, injected into soil or trenching (open slot injection). More than 50% of the nitrogen is lost in most cases when spread in autumn, when you summarize nitrate leakage, ammonia losses and nitrous oxide emissions! 

There are five main factors influencing the size of the ammonia losses:

1. Meteorological factors like temperature, wind speed.

2. Manure properties, like how easy the slurry infiltrate the soil (DM-content) but also pH

3. Soil parameters: soil structure (how easy the slurry infiltrate), moisture content.

4. Application rate (if too much the manure/slurry will not get a good contact with the soil)

5. And spreading technology. Incorporation directly at spreading could be done with an injector.

The nitrogen could also be lost as ammonia also during storage of manure. Covering the slurry storage is an efficient way to reduce ammonia volatilization. 

Different cover materials may be used in reducing ammonia emissions from storage. As a roof is an expensive solution, other cheaper materials which sometimes are available on the farm could be of interest to use.

As temperature is an important factor when looking at the ammonia losses, composting of manure could give high ammonia losses caused by the temperature rise (up to 65°C). About 30 to 40 % of the ammoniacal nitrogen could be lost as NH3 when composting straw litter manure from young cattle. With a higher C/N-ratio, the ammonia could be reduced at least in the start of the storage period. Even if the losses of ammonia during storage is kept low, it could be lost later after spreading if it is not incorporated and spread at conditions promoting ammonia volatilisation. For example, the ammonia losses during seven month storage of broiler litter manure and the losses during the four hours after spreading was of the same size in an experiment. It shows how important it is to incorporate the manure directly after spreading, or as best with a technique that spread and incorporate the manure/slurry simultaneously.

It is also very important to dose the manure to the plants need of nutrients and to spread manure even over the soil surface. The spreader must distribute the manure even both transversal and longitudinal, and this could be investigated in farm machinery tests of spreaders. The tractor driver must also be able too keep the right distance in the field between the driving tracks. 

Band spreading slurry means that the slurry is placed in strips on soil surface (not wind sensitive), and when there is a crop, in between plants. The best spreading distance is known (the same as the boom width). The technique makes it possible to spread in growing crops, and thereby prolong the spreading period in spring and in for season. 

The farmers’ motive for using shallow injection is in the first hand to save nitrogen. Also, when spreading on grassland, the motive is to reduce the bacterial contamination of the grass and thereby ensure the grass fodder and milk quality. If you could incorporate the slurry directly after spreading into the upper soil level (and here you need especially devices on grassland) you could reduce these problems. However, you need more energy for draught force and thereby the working width of the spreader is often smaller (about 6 m) and it will take longer time for spreading. 

There are technologies for helping the farmers to place the manure on arable fields with a high precision. With GPS the dose could be adjusted to the production capacity of the spot on the field (earlier documented during harvest together with soil data). 

The authorities in European countries use legislations, extension services and information, 

financial instruments and research and development (R&D) in order to reduce harmful effects of manure handling on farms. 

(8) Potential and Models for Reducing Greenhouse Gases and Ammonia from Manure

John Morken 1) , Tormod Briseid 2) , Shaza Aioub 1)
1) Norwegian University of Life Sciences (UMB), Norway

2) Norwegian institute for Agricultural and Environmental Research (Bioforsk), Norway

In the year 2008, the agricultural sector was responsible for almost 9 % of the total Norwegian greenhouse gas emissions which amounts to 4.8 million tones CO2-eqv (LMD, 2009). Compared with the emissions in 1990 this was 2 % lower, but 0.5 % higher than in 2004. The biggest agricultural sources are enteric fermentation (CH4), contributing 44 %, and “agricultural soils” (N2O) contributing almost 46 %. The contribution from manure management was 10 %.
The two sources of methane, enteric fermentation, and manure management, emitted 104 kilo tones methane, and the division between these sources was 85 % enteric fermentation, and 15 % manure management. 
Biogas is one of the possibilities for reducing greenhouse gas emission from agriculture (Monteny et al. 2006). 
The aim of this paper is to present a model for calculating the reduction of greenhouse gases including nitrous oxide from ammonia emission when introducing anaerobic digestion.  

Model
The model constitutes of four sub models:  
transport, 
methane emission from stables and stores, 
nitrous oxide from stores and fields, 
ammonia emission  
As most of the Norwegian farms are comparatively smaller in size, there exists a possibility of installing cooperative plants in order to make biogas profitable for agricultural farmers.
Transport emissions are calculated from (a) average distance between farms and plant, (b) size of a truck, and (c) greenhouse emissions from the actual truck. This is calculated as LCI (emission from crude oil extraction, transport, refinery plant, and fuel consumption) (Rydh et al. 2002).
Methane is emitted from stables (gutters) and stores (Sommer et al. 2004). Methane is being calculated according to Olesen at al.  (2004). these formulas are used to calculate emissions from gutters, and stores. When calculating emissions from stored manure one needs to differentiate between emissions during the summers and winters. The calculations are optimized so that the result is equal to the emissions given by the Statistics Norway (Hoem, 2006).
 In the model one assumes that the gutters are emptied twice a day, and that the storage is emptied two times per year.  Cows, sheep, and goats are assumed to grass 100 days per year, and therefore methane will not be produced from gutters or stores during these periods. 
When biogas is chosen the same formulas are used, but when cooperative plants are chosen, the storage period is reduced to 30 days, else the storage period is zero.  One assumes that there is no methane emission from the treated manure
Nitrous oxide can emit from stores and fields. Calculations from Statistics Norway (Hoem, 2006) are used, and reduction factors when biogas is chosen are according to IPCC. Nitrous oxide can also emit from fields. Normally the direct emission equals all nitrogen input, and will not be influenced biogas. There are two sources of indirect emission; run off and ammonia emission. It is assumed that run off will not differ when applying biogas treated slurry, but one has to calculate ammonia emissions. Anaerobic degradation of organic matters will lead to increase ammonia content; If not then measures are taken such as spreading of the manure which leads to increase emissions. On the other hand emissions from storage of manure will be reduced according to the kind of storage. 

LCI data of fossil fuels from GEMIS (2009) is used when biogas substitute fossil fuels.  
Result

Table 1 shows the main result of the modeling.  Methane emission from houses is not reduced when biogas alternative is chosen. This represents 0.76 % of total emission. Because of reduction of time for storage of manure, and also because of reduction of emission (methane and nitrous oxide) for the biogas alternative, the reduction was calculated to 88 %. Indirectly nitrous oxide emission from ammonia was reduced by 97 %. This could be explained by the reduced ammonia emission from storage (slurry will be stored in closed tanks after it has been treated in a biogas reactor). In total the reduction was calculated to 87 %. Reference emission represents 12 % of greenhouse gas emission from agricultural sector. Table 1 Emission of greenhouse gas from animal farms without biogas treatment, with biogas treatment   and the reduction percentage.   

Table 1: Emission of greenhouse gas from animal farms for non biogas treatment, biogas treatment, and reduction in quantity as percentage.

	 
	Reference

[Tones CO2-ekv.]
	Biogas, 100 %

[Tones CO2-ekv.]
	Reduction [%]

	House
	3272
	3272
	0

	Storage
	450184
	57034
	88

	Indirectly ammonia
	12824
	357
	97

	Leakage, 2 %
	0
	9240
	

	Sum animal farms
	4662
	51423
	89


Energy from anaerobic fermentation of manure is evaluated to be greenhouse gas neutral. Therefore, when it substitute fossil energy, it reduce net outlet of carbon dioxide.  This is clearly shown in Figure 1, the alternatives when energy from biogas substitutes hydro electricity.  Although the average distance between the farms and the plant is three-doubled, the transportation outlet is still relatively small.  When energy from biogas substitute fossil fuel, the contribution from the substitution will accounts for more than 50 % of the potential carbon dioxide reduction. The reduction will be a little higher when it substitutes petroleum. When this contribution is included in the emission from agricultural sector, the reduction can be 19 – 23 % if all agricultural waste is treated.
Figure 1. Greenhouse gas reduction (tones CO2-eqv.) for cooperative plants with various transportation distances.
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(9) Fish sludge reuse in agriculture: technical, environmental and economic aspects

Vincenzo Zonno 
Marine Aquaculture and Fisheries Research Center, Università del Salento (UNILE), Lecce, Italy


Farmed fish are fed pelleted feed to provide a balanced diet for optimum growth rates. Feeds contain nutrients such as nitrogen (N) and phosphorus (P) as well as trace elements. Since fish typically utilise only 30% of the ingested N and P, the remainder is voided. Approximately 70% of the P and 15% of the N fed to fish is voided in the faeces. Most of the voided N is dissolved, whereas for P, the majority is associated with the solid material.

Fish sludge can be defined as the sediment that leaves the fish holding unit as suspended solids or deposits at the bottom of fish tanks, together with a variable quantity of water, that depends on the system used to separate the solid and liquid fractions. Sludge comprises uneaten fish pellets, faecal material, soluble metabolite products and also any particles that enter the tanks/raceways with the water inflow. As many other organic residues (animal manure, treated sewage sludge, green composts etc), fish sludge contains nutrients and organic matter and has potential for spreading on agricultural land to reduce the amount of inorganic fertiliser required.  

However, not all of nutrients are immediately available to plants. For example, most of the nitrogen (N) will be in organic forms and requires mineralisation in the soil before the plants can make use of it. The rate at which this N is released from the organic fraction depends on factors such as the sludge C:N ratio. Because most of the phosphorus (P) in fish sludge is associated with the solids fraction, the drier the sludge, the greater the P concentration. This high P content can limit the application rate to crops in order to avoid P accumulation in the soil. 

As well as nutrients the sludge may contain also contaminants, e.g. heavy metals and pathogens. Marine sludge has the additional problem of high levels of sodium (Na), which can cause scorch when applied to vegetation and result in the deterioration of soil structure. 

When applying sludge to crops, it is essential to take into account soil nutrient supply as well as the fish sludge nutrient content and availability in order to meet crop demands and reduce the risk of excess nutrients polluting the environment. Where appropriate, it is sensible to match crop requirement to a particular sludge, eg. a high P sludge can be applied to a crop with high P demand, e.g. potatoes (Solanum tuberosum) and marine sludge can be applied to a crop with a high Na demand, e.g. sugar beet (Beta vulgaris). Another approach is to apply the sludges to non-food energy crops such as biomass willows (Salix spp). These crops could be planted close to the fish farm. An additional advantage might be that a wetter sludge could be applied to these crops, resulting in reduced costs for dewatering, and the crop could be harvested and burnt to produce heat or energy. 

At the workshop, data from experiments conducted at a range of scales to determine the agronomic value of freshwater (trout) and marine (turbot, sea bass) sludge, generated in land based farms, will be presented and discussed. Results obtained clearly demonstrate that in many cases, and following specific recommendations, fish sludge can have significant agronomic and monetary value in providing major crop nutrients.

(10) Renewable fuels (hydrogen and biodiesel) from microalgae 

Torzillo Giuseppe, Faraloni Cecilia, Giannelli Luca and Ena Alba

Istituto per lo Studio degli Ecosistemi (ISE-CNR), Sesto Fiorentino, Italy.

 In our laboratory, a screening of C. reinhardtii mutants is being carried out. Mutations involve a specific region of the D1 protein, from Ala 153 to Ala 294 encompassing the complete coding region for the herbicide bindings niche and flanking sections. In standard conditions, the hydrogen production of one the mutants (L159I-N230Y) produced more than 500 ml of H2, that is, over than 17-fold higher than the wild type and more than 5-fold than the CC-124, a strain commonly used for hydrogen production experiments all over the world. Measurements of hydrogen production under laboratory conditions are usually carried out in vials or in simple modified Roux bottles in which cultures are usually poorly mixed. The use of different mixing devices makes it difficult to compare the hydrogen productivity achieved in different laboratories. We have designed and built a laboratory photobioreactor in which the fluid dynamic of the culture has been optimized. Optimal mixing of the culture was obtained by using an appropriately designed impeller. In a four-set experiment, we compared the hydrogen production with the CC-124. C. reinhardtii strain by using different chlorophyll concentrations, light intensities and mixing systems. In one photobioreactor, the culture was mixed using the classic magnetic stir bar attached to the bottom of the rod to couple it with an external stirring motor. In another photobioreactor, instead, the stirring motor was used to rotate an impeller equipped with turbines of different designs. Light intensities ranging from saturation to different rates of photo-limitation were studied. Total hydrogen production increased in the photobioreactor mixed  by the impeller by up to 100%. In this communication we also report on a first attempt to produce hydrogen in a 50-liter photobioreactor outdoors using a sulfur-starved culture of C. reinhardtii strain CC124. During the hydrogen production the cultures were exposed to solar light during the day and to artificial light at night. The total amount of hydrogen produced was 920 ml (27% of that produced under artificial light at night). Results indicated that, in outdoor conditions, the hydrogen production was reduced to about 20% of that attained in laboratory conditions. Chlorophyll fluorescence measurements indicated that this reduction is due to a rapid inactivation of the PSII by high light, which strongly limits the contribution of both direct biophotolysis and the accumulation of carbohydrates to be utilized for fermentative hydrogen production. The growth of Chlamydomonas reinhardtii  cultures was also tested using pretreated OMW to utilize the biomass for hydrogen production. Different dilution rates between OMW and TAP were tested for preparation of culture medium. It was found that the ratio OMW/TAP 1:1 resulted optimal for cells growth. Moreover, interesting results were achieved during hydrogen production process which resulted approximately of 50% higher than that achieved with standard medium (TAP). It was found that biomass grown on OMW/TAP medium had a higher carbohydrate content which were then used for hydrogen production.  Finally, microalgae are also considered good candidates for bio-diesel production as: 1) their yield per unit of area can greatly exceed the yield of the best crops; 2) microalgae cultivation requires less amount of water than terrestrial plants; 3) lipid content in some species can reach up to 60% of the dry weight;  4) some species  can be cultivated in seawater or brackish water, and on lands not suitable for conventional agriculture; 5) microalgae production can be associated to direct use of flue gas, waste CO2; 6) nutrients for microalgal growth (e.g. N and P) can be obtained from wastewater. Experiments are in progress in our laboratory to select and optimise the growth and the lipid content in the microalgal biomass.
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Summary and Conclusions 

The participants of the workshop presented an overview on both established and new strategies for managing wastes from farms. A couple of presentations highlighted the use of agricultural waste as biofuels. However, the limits of biogas sludge on arable land were also pointed out. Overviews of traditional methods, such as the use of composted waste and manure were presented, including recommendations on environmental friendly handling of manure. One presentation reviewed the use of fish sludge as a valuable source of nutrients for agricultural crops. 

Each presentation was discussed separately and there was a general discussion at the end of the meeting. The general discussion was structured according to the topics of the working groups, which were established within WP 3: (1) Reducing waste production, (2) Reusing waste, (3) Integrated culture systems. The participants agreed that intensive farming and specialised agricultural production require high inputs, which – in many cases – result in high waste production. One reason is that standard production processes are optimized to increase yields, not to decrease waste and possible environmental pollution.

The discussion made clear that there are several strategies for alternative waste management available already. However, many farmers are reluctant to implement alternative strategies. Two major obstacles to change were highlighted by the participants: 

(1) The lack of knowledge, which could be overcome by education and training programs.

(2) The lack of motivation, in particular as alternative waste management strategies often incur additional expenses. This could be overcome by subsidies or by stricter laws, which leave no choice to the farmer.
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