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Abstract Organic waste and municipal solid waste usually contain considerable amounts of diﬀerent nitrogen compounds, which may inhibit anaerobic degradation processes and cause problems in the downstream and peripheral devices. This refers particularly to the diﬀerent process stages of anaerobic digestion, to wastewater treatment, and to exhaust air treatment. Neither the knowledge about nitrogen problems nor the technologies for elimination of nitrogen compounds from the wastewater or the exhaust air of anaerobic digestion can be regarded as state-of-the-art. Most of the technologies in question have already been applied in other areas, but are barely tested for application in anaerobic digestion plants. The few performance data and experiences at hand were mainly derived from pilot and demonstration facilities. In this paper, the problem of nitrogen will be discussed in detail according to the separate problem ﬁelds based on the authors’ experience, as well as on the basis of a review of the relevant literature. Furthermore, possible solutions will be proposed and the need for further research and development will be formulated. Ó 2006 Elsevier Ltd. All rights reserved.



1. Introduction Due to the relatively low costs, the high ﬂexibility of the process and the possibility of centralized and decentralized application, mechanical-biological waste treatment (MBT) processes are gaining importance, not only in Germany. In this context, anaerobic digestion for municipal solid waste treatment is becoming increasingly interesting due to its advantages in terms of energy production and exhaust emissions compared to aerobic procedures. Nevertheless, anaerobic digestion has not yet been able to establish itself on the market to the same extent as aerobic technologies. Apart from the higher investment costs for anaerobic digestion plants in comparison to aerobic treatment plants, this is also due to the fact that anaerobic digestion is still considered to be less stable in operation. Moreover, opera*
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tional problems are more diﬃcult to remedy, once they have occurred. One important source of operational problems is the nitrogen compounds, which enter the process with the feed material. Table 1 shows the nitrogen content of diﬀerent organic waste, sewage sludge and municipal solid waste. In the untreated raw waste, the nitrogen is predominantly organically bound. Nitrogen may cause problems in anaerobic digestion because of its metabolic products:     



Ammonia (NH3), Ammonium ðNHþ 4 Þ, Dinitrous oxide (N2O), Nitrite ðNO 2 Þ, Nitrate ðNO 3 Þ.



Fig. 1 shows the process areas and material stages in which nitrogen compounds may cause problems.
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Table 1 Physical–chemical parameters and nutrient contents of selected organic waste materials



Organic waste Green waste (‘‘soft’’ organic) Green waste (tree cuttings) Sewage sludge (digested) Bark Kitchen waste Grape pomace Fruit pomace Rumen contentsa Paper Draﬀ/masha Yeast residues Residual household waste (after separate collection) a b c



H2O (% FM)b



Organic dry matter (% DM)c



Ntotal (% DM)c



P2O5 (% DM)c



K2O (% DM)c



CaO (% DM)c



MgO (% DM)c



52–80 48–80 25–52 65–85 45–75 75–95



34–81 32–70 65–85 15–40 60–85



0.6–2.1 0.3–1.9 0.1–0.4 4.0–5.3 0.2–0.6



0.6–2.1 0.4–1.6 0.3–0.5 0.3–0.5 0.3–1.5



2.2–6.8 0.7–7.4 0.5–1 5.7–8.2 0.4–1.3



0.2–1.7 0.3–1.2 0.1–0.15 0.8–1.2 0.1–0.2



75–75 90–95 80–90 62–79 90–95 90–95 50–70



1.5–2.5 1.1 1.3–1.2 0.2–0.8



0.3–1.5 0.4–1.4 0.1 4.7–5.2 0.1–0.2 1.0–1.5 0.8–1.2 0.2– 0.6 1.1–1.6 0.15–0.6 0.8–1.8 1.4–2.0 0.8–1.4



3.4–5.3 1.57 0.5–0.6 0.02–0.1



1.4–2.4 1.1 2.0 0.5–1.5



0.21 0.2 0.6 0.1–0.4



70–80 10–20 25–30 90–95 40–60 35–45



0.7–1.3



Kuhn (1995) and Weiland (1999). FM, fresh matter. DM, dry matter.
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Fig. 1. Process areas and material stages of an anaerobic digestion plant possibly aﬀected by nitrogen problems.



2. Biological process The anaerobic digestion of organic matter is a complex process, which falls into four degradation steps. The speciﬁc microorganisms that take part in the process have different requirements on environmental conditions and moreover coexist in synergetic interactions. Nitrogen plays an important role in anaerobic digestion: Nitrogen is necessary for the formation of new biomass. Furthermore, in the form of ammonium, nitrogen contributes to the stabilisation of the pH value in the reactor. However, ammonium in high concentrations may lead to the inhibition of the biological process. Microorganisms need nitrogen for the production of new cell mass, the absorption of nitrogen taking place in the form of ammonium. The nutrient requirement is low, which is due to the low biomass formation. A nutrient ratio of the elements C:N:P:S at 600:15:5:3 is suﬃcient for methanisation. As the reduced nitrogen compounds are not



eliminated in the process, the C/N in the feed material plays a crucial role. The C/N should range from 20 to 30 in order to ensure suﬃcient nitrogen supply for cell production and the degradation of the carbon present in the process, and in order to avoid at the same time excess nitrogen, which could lead to toxic ammonium concentrations (Weiland, 2001). Ammonium is an important parameter for the buﬀer capacity in an anaerobic reactor. With concentrations of up to 1000 mg/l, ammonium stabilises the pH value (ATV, 2002). Ammonium is released during the anaerobic hydrolysis of organic nitrogen compounds, causing an increase of the pH value. The ammoniﬁcation thus counteracts the reduction of the pH value resulting from the acidiﬁcation step of anaerobic digestion (ATV, 1993). At a suﬃciently high concentration, almost all substances inhibit anaerobic digestion (ATV, 1990). It should be noted that only the undissociated form of the intermediate catabolic product has an inhibiting eﬀect on
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Fig. 2. Dissociation balance between ammonia/ammonium depending on pH and on temperature (calculated according to Kollbach et al., 1996).



microorganisms. As the dissociation equilibrium depends on the pH and on temperatures in the reactor, which both may vary, it is diﬃcult to provide detailed data on toxic or inhibiting threshold concentrations. The dissociation balance of ammonia and ammonium, for instance, changes to ammonia with an increasing pH value and temperature as shown in Fig. 2. From this follows that even small changes in the pH value are suﬃcient to cause an inhibition. Furthermore, the bacteria may adapt themselves to high concentrations of certain substances, as long as the concentration of the respective substance increases slowly. Because of this situation, it is diﬃcult to determine an exact threshold concentration that inhibits the process; rather broad ranges of possibly inhibiting concentrations can be given. The ammonia-induced inhibition occurs primarily during the anaerobic digestion of organic waste materials, which are rich in proteins, as ammonia nitrogen is released through the mineralisation of organic nitrogen compounds. The range of inhibiting concentrations of ammonia is between 30 and 100 mg/l (at pH value 6 7 and temperature 6 30 °C), whereas the respective concentrations of ammonium are between 4000 and 6000 mg/l (ATV, 1990). The inhibition eﬀects by diﬀerent intermediate catabolic products can counteract each other. With an increasing pH value, for instance, the inhibition by hydrosulphide and by volatile fatty acids declines, whereas the inhibition by ammonium nitrogen increases. With the presence of certain substances, the inhibition impact may even be reversed. In the presence of hydrosulphide and carbon dioxide, for instance, the dissociation balance of ammonia/ammonium is displaced in the direction of ammonium and the inhibition by ammonia is reversed (Knoche et al., 1996). As mentioned above, microorganisms have the ability to adapt themselves to varying environmental conditions during a slow increase of, say, the ammonium or ammonia concentration in the reactor. Nevertheless, a sudden increase in the ammonia concentration leads to an inhibi-



tion of the biological process. There are diﬀerent emergency measures for the rapid recovery of the process, as for example stopping the substrate supply, the addition of substrate with low nitrogen content, refeeding of digested material or lowering the pH value by addition of acids. All of these measures can only eliminate low degrees of inhibition. In the case of a high degree of inhibition, the only option is to empty the reactor and re-initiate the process. Therefore, close monitoring of the process is indispensable for early identiﬁcation of inhibition eﬀects. In anaerobic digestion processes with intensive process water recirculation, ammonium may accumulate in the process water and thus in the substrate for anaerobic digestion with the eﬀects described above. In that case, further measures for ammonium elimination may be necessary (see Section 4). 3. Exhaust air The exhaust air emissions from waste treatment plants play a key role with regard to the acceptance by the population and the ecologic evaluation of the process. Nitrogen compounds that are relevant to the quality of the exhaust air are primarily ammonia and dinitrous oxide. In some countries, exhaust air emission quality and particularly emissions of odour and dinitrous oxide may be subject to permits. In Germany, there are diﬀerent legal licensing guidelines for the recovery of organic waste (‘‘biowaste’’), on the one hand, and for the treatment of municipal solid waste on the other:  For the construction and operation of plants for organic waste treatment there are only essential requirements on exhaust air emission control, e.g., a minimum 300-m distance of these plants from populated areas and deﬁnition of maximum odour emissions of 500 odour units/ m3 (German Technical Instruction on Air Quality
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Control -TA-Luft; Anonymous, 2002). These requirements can easily be fulﬁlled by structural measures and the treatment of the exhaust air from aerated windrows in a bioﬁlter.  In comparison to that, legal requirements on exhaust air emission control from municipal solid waste treatment are more detailed and stricter. The German 30th Federal Emissions Control Act (Anonymous, 2001) requires the complete encapsulation of the mechanical biological waste treatment plants, including exhaust air collection and treatment; it also deﬁnes limit values for some air pollutants, such as TOC, N2O and others (Table 2). In order to meet all of these requirements, a simple exhaust air puriﬁcation in bioﬁlters is not suﬃcient. As shown by research results and up-to-date operating experiences, it is necessary to treat the exhaust air in a thermal regenerative oxidation plant (TRO) in combination with an acid scrubber (Wallman et al., 2001). The relevant exhaust air emissions of nitrogen compounds are ammonia and dinitrous oxide emissions. While ammonia contributes to the odour emissions and causes adverse eﬀects on humans, the dinitrous oxide contributes to the anthropogenic greenhouse eﬀect. Dinitrous oxide emissions can occur both during the intensive thermophilic phase of aerobic treatment/composting, and also during the aerobic post-treatment of solid digestion residues; this is equally relevant for the treatment of organic and residual waste. Due to the mineralisation of organic nitrogen compounds under anaerobic conditions, the total nitrogen in the solid digestion residue is mainly present as ammonium and ammonia. In the ﬁrst phase of aerobic post-treatment, most of it is stripped out in the form of highly volatile ammonia. The reduction of the ammonia concentrations
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in the waste by stripping with exhaust air leads to an increased release of ammonia from the ammonium fraction, as the proportion of ammonia and ammonium is in balance (see Fig. 2). In this way, up to 25% of the total nitrogen in the waste may be stripped out into the exhaust air. The main ammonia emissions take place during the ﬁrst week of post-treatment and can amount to up to 1000 mg/ scm (standard cubic meters), as shown by the investigations of the aerobic post-treatment of digestion residues from a Valorga plant (IGW, 2001). In that investigation, the ammonia emissions declined in the course of further treatment and were about 100 mg/scm by the end of the third week. Similar evolutions of the ammonia concentration in the exhaust air were detected in other comparable investigations (Fricke et al., 2001). Very high peak emissions of ammonia may occur if the temperatures in the windrows are high or if increased ammonium loads enter the aerobic post-treatment as a consequence of high ammonium contents in the solid digestion residue itself or in the process water used for the irrigation of the windrows. If the aeration is insuﬃcient, high ammonia concentrations in the atmosphere of the treatment hall may result that exceed the German limit value for exposure at working places of 50 ppm. According to current operational experiences, only a strong, optimised suction aeration proved to be suitable in order to maintain the contamination of the atmosphere in the treatment hall below critical levels. The ammonia in the exhaust air may be eﬀectively removed through the use of an acid scrubber; the reduction rate can be close to 100%. Sulphur or nitric acids can be used as scrubbing acids, so that solutions of ammonium sulphate or ammonium nitrate are formed as products. So far, there is no established market for these products.



Table 2 Exhaust air emissions in comparison with the German limit values according to the 30th Federal Emissions Control Act (30. BImSchV – Anonymous, 2001) German limit value (according to 30. BImSchV)



Exhaust air (m3/ton waste input) (to treatment plant) TOC (mg/m3)a



20/40b



TOC (g/Mg) Dinitrous oxide (g/ton waste input) Odour (odour units/m3)a



55 100 500



Polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) (ng Toxicity Equivalents TE/m3)a Dust (mg/m3) Ammonia (mg/m3)a



0.1



a b



30/10a



Referring to standard cubic meters (0 °C, 1013 bar). Daily/half-daily mean.



Exhaust air before treatment (aerobic treatment/ MSW composting)



Exhaust air before treatment (aerobic post-treatment of anaerobic digestion residues)



5000–9000



2000–6000



50–200 (maximum up to 1000) 400–800 























Empfehlen Sie Dokumente












Choreographing Problems 

27.11.2011 - those schools of philosophy that stem from the analytic, or language ..... as a novelty ahead of its time, and it is used in masterly judgments ..... It is common yet unreflected for these choreographers as well as ..... program notes, t










 








modern problems in ophthalmology siehe auch 

Are you looking for modern problems in ophthalmology siehe auch bibliotheca ophthalmologica ocular immune responses PDF?. If you are areader who likes to ...










 








arithmeum old problems in discrete mathematics 

arithmeum old problems in discrete mathematics and its modern applications klassische probleme PDF eBook. ARITHMEUM OLD PROBLEMS IN DISCRETE.










 








modern problems in ophthalmology siehe auch 

Legal modern problems in ophthalmology siehe auch bibliotheca ophthalmologica ocular immune responses eBook for free and you can read online at Online ...










 








Variety Trays Plants - SLIDEBLAST.COM 

06.10.2017 - 1. 126. DIPLADENIA. 241. 20244. Diamantina Â® Jade Red. 49. 4116. Diamantina Â® Jade Rose. 2. 168. Diamantina Â® Jade scarlet. 3. 252.










 








PLANTS v. ZOMBIES 

bilden seltene FÃ¤lle, in denen eine Offenlegung durch das Gesetz gerechtfertigt ist. ZusÃ¤tzlich zu den Informationen, die Sie selbst direkt an EA weitergeben, ...










 








Variety Trays Plants 

22.09.2017 - 2. 252. Diamantina Â® Agathe White. 2. 168. Diamantina Â® Jade Grenat. 1. 84. Diamantina Â® Jade Pink. 1. 84. Diamantina Â® Jade Red. 7. 588.










 








Choreographing Problems - SLIDEBLAST.COM 

27.11.2011 - The Performance Philosophy book series comprises monographs and essay ... Palgrave Macmillan in the US is a division of St Martin's Press LLC,. 175 Fifth ..... date in this selectionâ€”Xavier Le Roy's SU (1998)â€”critics have raised the 










 








density problems answers pdf 

density problems answers | Get Read & Download Ebook density problems answers as PDF for free at The Biggest ebook library in the world. Get density ...










 








Solving Life Problems 

life problems, sometimes we may need extra help. If you have any concerns or want to learn more about how to take care o










 








27238 Title: Citrulline malate enhances athletic anaerobic 

Fax:+34957768050. Email: [email protected] .... the researchers as well as their compliance with the training and suppleme










 








Operating instructions for MemosensÂ® pH sensors in 

cause sensor and transmitter are galvanically isolated, and is completely ... All data can be read using a MemosensÂ®-compatible transmitter or a special PC ...










 








Operating instructions for MemosensÂ® pH sensors in 

... in this conjunction that malfunctions can occur on account of the inherently ... be read using a MemosensÂ®-compatible transmitter or a special PC software.










 








operating manual 

4. Tighten Height Adjustment Nut turning clockwise. (Figure 4). STEP 1: PIPE ASSEMBLY. STEP 2: STAND ASSEMBLY. PLACE BAS










 








arithmeum old problems in discrete mathematics and its modern 

and its modern applications klassische probleme PDF, include : Apa Format 6th Edition Citation,. Apex Geometry Semester 2 Answers Unit 1, Apple Ipod Shuffle 512mb Manual, Applications And. Innovations In Expert Systems Vi Proceedings Of Es98 The Eigh










 








Civil-military relations in Lesotho, 1966â€“1998: Problems ... - ISS Africa 

0. Total. 259,825. 100. 60. This election outcome ensured Lesotho's short-lived political stability only up ... the King and the BNP government over his constitutional status.24 Whatever ... hunted down by local and South African hit squads. ..... Ei










 








operating instructions 

Many ELAC speakers are equipped with spikes and/or anti-slip feet. They are explicitly provided for levelling the alignment. They have to be screwed into the ...










 








problems of linguistichistorical reconstruction in africa sugia sprache 

Read and Save Ebook problems of linguistichistorical reconstruction in africa sugia sprache und geschichte afrika band as PDF for free at Online Ebook Library.










 








extension problems in complex and libro alerto saracco dbid s4um 












 








operating manual 

ELEMENTOS DE SEGURIDAD. 1. Hay un protector de sobrecarga térmica incorporado para evitar .... a los pisos de madera. La










 








operating manual 

REPARACIONES: Para cualquier reparación, que no sea de mantenimiento general por parte del .... To avoid burns, do not l










 








operating manual 

To prevent personal injury, or property damage, read this section carefully before you use this product, and be sure ...










 








operating instructions 

cards such as credit cards or commuter cards may cause them to fail). WARNING! Please ..... Commercial use of this product is not warranted. â€¢ Product that has ...










 








Operating Instructions 

Micro Four Thirds is a trademark. ≥ Other names, company names, and product names printed in these ...... oscuridad, qui










 











Copyright © 2024 P.PDFDOKUMENT.COM. Alle Rechte vorbehalten.

Über uns |
Datenschutz-Bestimmungen |
Geschäftsbedingungen |
Hilfe |
Copyright |
Kontaktiere uns










×
Anmelden






Email




Password







 Erinnere dich an mich

Passwort vergessen?




Anmelden














