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Presentation of the Cemagref

Created in 1981, the Cemagref is a public research institute for the environment and agriculture engineering. It is under the double authority of agriculture and research ministry. It is part of the public technological and scientific settlements (EPST).

Its works carry essentially on territory and water sustainable management on the outlook of continental environmental systems. It creates methods and technological innovations for helping management of natural and associated production systems.

Its scientific guidelines are central of sustainable development issues, they are organised into nine thematic:

Water and associated utilities management, Water linked risks, Waste and water processes and technology, Quality of aquatic ecologic systems, Terrestrial ecologic systems, Multifunctional agriculture and the new rurality, Technology for sustainable agricultural systems, Methods of research for environmental systems, Food safety physical process and technology.

To carry out all its activities, the Cemagref employs some 950 full-time workers, of which one half are researchers and engineers, divided into 28 research units on nine main sites. Over 200 graduate candidates, 40 graduate students and foreign researchers are also present, plus 250 highlevel interns. Their expertise lies in the fields of the engineering sciences, the natural and life sciences, earth sciences, the humanities and social sciences.

Rennes's site is composed by about sixty permanents agents, including 30 engineers and searchers, a dozen of PhD and foreigner's searchers, and about twenty higher education trainees. The infrastructure of 4800 m² home experimental halls allowing works on pilots and prototypes, and several laboratories. The research is divided into two unities: TERE unit « Food Process Engineering », which is devoted to quality improvement and control of raw materials and food products during processing and preservation. GERE unit « Environmental Management and Biological Waste Treatment », which is divided into two teams.

o EPURE: Biological treatment of livestock effluents and gas emissions. o SOWASTE: Biological treatment of solid waste, Technical-economic and environmental performance of municipal solid waste management It is this team I've integrated.

Her main research items are:

1) Study of composting, it conception and it optimisation. For that the team works on the understanding of bio-physico-chemical transformations, the reaction process modelling, knowledge and control of gaseous emissions, design and development of industrial processes.

2) Technical, economical and environmental evaluation of municipal waste management systems, in the objective of public policies supports. In order to achieve this goal the team works on the modelling of the global management of household waste system, technical-economical performance definition and evaluation of household bio-waste management, modelling and knowledge of performance and cost of the equipments, complete cost determination of waste service and study about financing modes, and comprehensive methods of environmental assessment of waste management.

Introduction

Composting process is an old practice in agriculture. Our ancestors used the compost as organic matter to enrich poor soil. Waste annual production in france is around 849 millions tons (source ADEME 2006). On the whole waste tonnage, the estimated quantity of waste that could be composted represents 120MT for individuals, companies and communities. For agriculture the figure is about 280MT (source ITOM 2004). Actually the biological treatment part represents only 6% of the household waste treatment, that is to say 4.6MT.

In terms of sustainable development, compost production is interesting because it creates new soil improvement. Public policies encourage this practice because it reduces the mass of waste to treat by thermal process or by landfilling. In developed countries such as Europe, the generation of municipal solid waste is still growing because of economic prosperity, urbanization and consumer marketing pressures. This waste production will increase by 45% in 2020, as compared to 1995 (source Organisation for Economic Cooperation and Development. Municipal wastes are composed of around 30 % of biodegradable organic waste. This organic part can be managed with home composting. But home composting could be difficult to implement because of biodegradation management problems and odours emissions. Therefore, home composting as to be studied in order to propose the best way to manage it without environmental impacts. One of the first problem to address concerns to biodegradability of the waste to be treated by home-composting.

Composting is a biological aerobic organic matter treatment, with two major steps. The first step mainly develops active degradation of the organic matter. During this step temperature grows up to 60-70°C. After this step, curing phase start, leadi ng to humidification processes. The high temperature during the first step leads to sanitation of the compost, killing most of pathogens. Composting success is partly linked with the biodegradability of the substrates To make a biodegradability study different methods exist. One of them uses the respirometric methods based on O 2 consumption. As the composting process is an aerobic biological process, the O 2 consumption is associated to the degradation of organic matter by the microorganisms.

The objective of this project was to make a comparative study of biodegradability for various mixtures of food waste and yard trimmings with or without bulking agent. These mixtures have been tested by using respirometric cells. Biodegradability of these formulations have been compared as a function of the time. Physical, and chemical characteristics have been analysed before the respirometric test, in the aim to find relation between these characteristics and biodegradability. From this test an optimum mixture will be selected to be tested in home composters.

The first part of this report presents all the materials and methods used for this study. The second part discusses the obtained results.

Material and methods

Experimental plan

The two variable parameters selected for this study are the mixture ratio and the presence of bulking agent. 6 different mixtures were then tested (table 1): 4 of them are without bulking agent and the two remaining with bulking agent. The variability of the methods was not tested for this study but has been already proved in previous respirometric studies. This plan will be completed afterwards by additional trials leading to a complete experimental design (14 experiments planned).

The experimental set up allows working with 6 cells at the same time and a respirometric experiment takes about 35 to 40 days.

Name M1 M2 M3 M4 M6 M9 (6 replications) Food Waste (FW) 1 0 1 2 1 1 Yard Trimming (YT) 0 1 1 1 1 0 Bulking Agent (BA) 1 1 
Table1: Experimental mixture description (volume ratios)

Studied substrates and bulking agent

Two types of waste were used and mixed as substrate for this study: food waste and yard trimmings. Some of the mixtures were added with a woody bulking agent.

• Food waste

Food waste came from a vegetarian restaurant. They are composed of various types of peels and rests of cooked food. They were collected twice a week in the restaurant and stored at 4°C in order to minimize the degradation. When the volume was sufficient (after one week collection) each component was spread in 16 equal parts, 14 for respirometric cells, and 2 for analysis.

• Yard trimmings

The yard trimmings are composed of grass clippings and different leaves. Yard trimmings were also spread in 16 equal parts.

The determination of the composition was made on one raw sample of yard trimmings and food waste. Then dry matter content of each component was measured. 6 samples of food waste and yard trimmings were stored at 4°C for the first 6 cells, and the others were frozen at -20°C.

• Bulking agent

The bulking agent was an inert material, made of crushed wood pallet. The biodegradability of this bulking agent was previously controlled and was proved to be poor and constant.

Sampling mode

•

Mixture preparation

Each of the six first mixtures was made just before being put into the respirometric cell. Ratios were calculated by volume. Every cell was weighed before and after loading. The dry matter contents of mixtures 1 to 4 were determined by drying a sample into an air dryer. For mixture 6 and 9 the dry matter content was calculated with the weight of fresh components and their respective dry matter content.

Respirometry

• Generality

Respirometric pilots have been developed for the measurement of the biodegradability of organic substrates biodegradability. They have been designed so that physical conditions (aeration, temperature and humidity) do not limit the degradation. In this objective each cell is immersed in a thermostated water bath. An air recirculation system allows homogenized aeration conditions. The last thing to do is to humidify the entering air. In this aim the air is previously heated and sent into two water bubblers.

The biodegradability represents the capacity of a substrate to be degraded by a microorganism. In our case aerobic biodegradability is measured. The oxygen uptake rate of the microorganism, which is proportional to the quantity of biodegraded organic matter, is quantified to estimate the biodegradability. The air flow entering the cell and the gas oxygen content in entry and in exit are known. The kinetic of oxygen uptake (r O2 ) is deduced. • Implementation
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Respirometric cells (Figure 1) of 10L are loaded with prepared mixtures. They are made in stainless steel and they are closed in order to be totally water-proof. They are designed to allow a homogenous repartition of the air thanks to a fritted glass at the bottom, just under a metal grid. This metal grid retains the mixture, and separates it from the leachates. When the cell is well closed, it's immersed into a 40°C thermostated water bath. A Pt1 00 temperature probe is plunged in the middle of the mixture. The inside temperature has be kept between 36 to 45°C. The 6 Pt100 probes are plugged to a data logger, and can be read at any time. The compressed air passes through a volumetric counter which cumulates the air quantity entering the cell. After the counter the air is flows through one copper serpentine in order to warm up, and into two bubblers immersed in the bath. This operation moisturizes the air. The moisturized air enters the cell through the bottom. At the exit the flow passes through two condensation bottle. The dried air is spread into two parts: the first is send into the recirculation pump and the second flow goes to the gas analyser. This flow is then sent to a multiplexer. This one can manage seven entries i.e. the six cells and the compressed air. After the multiplexer the gas flows inside a peltier drying system. It's a cold system that condenses the vapours. The dry gas is then sent inside the analyser. The gas analyser is composed by 3 different analysers that can analyse three different gasses. One is for the O 2 rate, it's a paramagnetic detector. The two others are infra-red detector for CO 2 and CH 4 . A central data logger records all the data from the probes and the analyser. It is plugged to a computer and a software stores the data.

Maintenance is necessary every 2 or 3 days on the respirometric device: condensation bottles are emptied, bubblers are filled. When the r O2 is stabilized (i.e. r O2 near 5 mmol O 2 /h/kg DM, RSD (relative standard deviation) on the last 72h < 15%, and asymmetric coefficient on the last 72h near 0) cells are taken out from their bath. The waste matrix is mixed, and the leachate is collected. Cells are then reinstalled in the bath. The experiment is followed in order to check possible second peak of oxygen consumption. 

Physical and chemical analysis

• Physical analysis

-Air permeability

The air permeability is determined by using an air pycnometer (Berthe and al. 2007). Free air space was studied before the beginning of each respirometric experiment. This analysis can give us information about the structure of the sample. The protocol for this analysis is described in annex 1.

o Bulk density The bulk density can be easily calculated. 

Water bath

The sample is placed into an air dryer at 80°C. Whe n the loss of weight in 24h is under 0.5%, the sample is considered as dry. The dry matter content is obtained by this calculation:
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DM: dry matter (%), Wf: sample final weight (g), Wi: sample initial weight (g).

After drying, sample are grinded with two different diameters, one part at 1.0mm diameter for fibre extraction, and one at 0.5mm diameter for COD and TKN experiment.

o Powder residual moisture Grinded sample are dried at 105°C during one day. T he powder dry matter content is used to correct results of others analysis. The calculation is the same as for the substrates dry matter content. The value is expressed in percentage of dry matter.

• Chemical analysis

o Organic matter Dried sample are placed into a muffle oven. The oven heats the sample at 550±25°C progressively with a level at 250°C. After 6 h burn ing, the sample is cooled to ambient temperature. After burning only the mineral matter stays. The organic matter content is expressed in percentage, and obtained with this calculation:
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OM: organic matter content (%), WDMi: initial dry matter weight (g), WDMf: final dry matter weight (g).

o Elementary carbon / nitrogen Samples are weighed, and packed on tin cell. The sample is placed into the oven and heated at 1000°C. All forms of carbon are oxidized in CO 2 . Vapours are sent on a gas chromatography column. The detector gives the carbon proportion of the sample.

o Aqueous extraction Organic matter of the raw waste may be described in two fractions: one which is easily biodegradable and another one which needs to be hydrolysed before being consumed. The first fraction is assumed to be soluble and can be extracted with water. Thus the extract contains the easily biodegradable part of the waste. The residual solid part contains the other biodegradable part of the waste. COD and TKN were measured on the solid part and the extract. The protocol for this extraction is described in annex 2.

o Chemical Oxygen Demand The chemical oxygen demand is the oxygen quantity needed by a substance to be oxidized after being put on specific conditions. Samples are oxidized by 20mL of potassium dichromate (Cr 2 O 7 2-) at 0166 mol/L. The residual Cr 2 O 7 2-is titrated with Mohr Salt.

In case of a solid sample 1.0g of each sample is weighed into tubs called matras. Then automatic devices distribute in each matra an excess of potassium dichromate and concentrated sulphuric acid at 10g/L of silver sulphate. Matras are placed on the digester and keep at 160°C during 2 h in order to oxidize all th e organic matter.

COD experiment can be performed on powder samples or on liquid sample. The protocols are quite the same. The only difference concerns the Mohr salt concentration. In fact for a liquid it's possible to dilute the sample in order to be on the right range of concentration (i.e. between 200 and 2000mgO 2 /g DM). For a solid sample it's impossible to dilute so the Mohr salt for the COD on solid is more concentrated. Knowing the total mass of extract, the weight of extracted sample and its dry matter content, it's possible to express the soluble COD per gram of dry matter.

o Total Kjeldahl Nitrogen The total Kjeldahl nitrogen (TKN) is the total nitrogen (organic, ammonia and nitric form) contained into a powder sample or extract.

It's a two steps analysis. The first step consists in the mineralization of all the organic nitrogen into ammonium ion (NH 4 + ). This step is realised at high temperature and in presence of concentrated sulphuric acid and catalyser. The second step consists in the titration of the ammonium content. After a basification with sodium hydroxide, all the acid is neutralized and the NH 4 + /NH 3 equilibrium is moved towards NH 3 . The mixture is then distilled by water vapour, and the ammonia is trapped into boric acid solution. The distillate is titrated by sulphuric acid.

o Ammonium The ammonium titration gives us the proportion of nitrogen under ammonium form. The analysis is almost the same than TKN. But for this analysis we don't have to mineralize the nitrogen, so only the ammonium content is analysed. The sample is introduced into a matra, added with distilled water, one magnesia slice and rapidly distilled. Distillate is trapped into boric acid solution and titrated by sulphuric acid.

o pH

The pH of the extract is measured at 4°C, this pH v alue can give us information about dominant chemical species in solution.

Results -discussion

Chemical characterisation of substrates

Name M1 M2 M3 M4 M6 M9 Food Waste (FW) 1 0 1 2 1 1 Yard Trimming (YT) 0 1 1 1 1 0 Bulking Agent (BA) 1 1 Table 2: Tested mixtures.
The raw substrates of this experiment are food waste and yard trimmings. Initial characteristics of mixtures 6 and 9 had not been analysed as their volumic composition ratio is the same as M1 and M3. Thus initials chemicals characteristics of the FW and YT mixtures for M6 and M9 are the same as for M1 and M3 respectively. The addition of bulking agent in M6 and M9 changed the total moisture and also the free air space of the global mixture.

M1 (FW:YT)

(1:0) The total nitrogen obtained with the elementary analyser is the same than with the TKN instrumentation. These values are useful for the C/N ratio determination.

• Food Waste (M1)

The organic matter determination shows that in the food waste the level is high (around 70% of the dry mass). But the interesting thing is the level of soluble COD, which is seven times higher than the authorized level at the exit of a wastewater treatment plant (which is of 2000mgO 2 /L). A third part of the chemical oxygen demand had been extracted during aqueous extraction. This soluble organic matter is supposed to be easily biodegradable, that means that the food waste should be very easily and rapidly biodegraded into the respirometric cell.

• Yard Trimming (M2)

The first thing to notify is the humidity on the fresh waste. In the case of the yard trimmings the solid is mainly dry (around 65% DM). On the contrary, food waste is mainly composed of water (around 80%). The total COD level of the yard trimmings is a little lower than the COD content of food waste. But the organic matter determined by combustion is almost the same for both substrates. The main difference comes from the soluble COD level which is sixteen times lower than soluble COD of food waste. The main part of the organic matter stays inside the matrix as only 2.4% of the COD had been extracted. It means that the yard trimmings will be harder to biodegrade. The total carbon level is lower than in the food waste. For the TKN no difference was observed between the two substrates.

• Mixture 3 and 4

Even if these two mixtures are different, the chemical characteristics are close. The COD of solid and the TKN on liquid and solid are almost the same. The humidity is a little more important in the mixture number 4. This can be explained by the more important proportion of food waste. It also explained that the soluble COD is higher.

The last thing which can be observed is a global difference between values of substrates alone and mixtures. In fact all the experimental results of mixture M3 and M4 are higher than food waste alone or yard trimmings alone, except for the soluble COD value. It might be due to the experimental precision or to the food waste sampling mode. This last hypothesis is confirmed by the fact that mixtures 3 and 4 have been made with subsamples of substrates used for trials M1 and M2. Thus the results would have been comparable if the sampling had been perfectly representative. The variation of the oxygen consumption is composed of two phases. The following theoretical concepts are used to explain this behaviour. During the first phase (Part 1), the microorganisms mainly degrade the easily biodegradable part of the waste matrix. This part is available and directly oxidized by microorganisms. These microorganisms grow and lead to an increase of the O 2 consumption. At the beginning of the second phase (Part 2), the initial easily biodegradable part has disappeared and the biodegradation of the slowly biodegradable part of the waste starts. As the total amount of biodegradable organic matter decreases, oxygen consumption rate regularly slows down until a constant value.

Interpretation of a respirometric curve

Respirometric curves are a good tool to evaluate the biodegradation process and the biodegradability of substrates. At the really beginning of the trials a little peak can be observed. After this peak the rO 2 slows down and then restarts to grow. This first peak has also been observed in literature on similar substrates as household wastes (Tremier and al, forthcoming book). So one may think that household waste and food waste contains some molecules and chemical substances responsible for this peak. From the beginning to r O2 max , the high of the peak and the area under the curve give information about the consumption of the first part of the matrix by microorganisms. This biological activity allows us to approximate the quantity of easily biodegradable matter quantity. The slope of the growing phase gives an idea of the biodegradation kinetic. The O 2 consumption can be considered as proportional to the whole quantity of biodegraded matter quantity. After the mixing it's possible to observe a second peak, characterizing a biological activity restart. Such a second peak wasn't observed on the studied mixtures. This means that the matrix was well homogenous in the terms of humidity, aeration, and temperature inside the cell (1) For the mixture M6 and M9 the rO2 max and the O2 accumulation can also be explained as a function of the DM without Bulking agent .

During the experiment with cell 3, a temperature regulation problem led to a temperature drop from 40 to 27°C. This event caused a slowing down o f the biological activity during 48h. When the temperature returned to order, the activity returned to normal. This problem happened at the time the maximum O 2 would have been reached. Thus correction is needed on the curve, and only an extrapolation can give the r O2 max that would have been expected. (See the corrected and the uncorrected curve on annexe).

For the mixtures number 6 and 9, the activity can be expressed as a function of the dry matter of the total mixture (with the bulking agent), or as a function of the DM of only the food waste and yard trimmings mixture. The two results are shown on Figure 3 and 4 respectively for mixture 6 and 9. The comparisons of all experiments are based on the results expressed as a function of the food waste and yard trimmings dry matter only. • Mixture ratio influence. o Mixture M1 -M2 This is the comparison of the two studied substrates. The mixture 1 is the food waste, the 2 is the yard trimmings. The first difference is the curve shape (Table 4, andFigure 5). This illustrates the potential of biological activity of these two substrates. In fact it's evident that yard trimmings are much less reactive than food waste. The r O2 max for yard trimmings is two times smaller than for food waste. The curve doesn't give a real peak but just a little peak and after a low decreasing. The second difference is the peak slope. In the case of the food waste alone the slope is of 0.89 instead of 0.65 for yard trimmings. This means that the kinetics is more rapid for the food waste. The last thing to notice is the consumption accumulation. For the food waste the accumulation reached 23588 mmol/kg DM but for the yard trimmings it only reached 13185 mmol/kg DM. So the yard trimmings is less biodegradable than food waste.

o Mixture M3 -M4

The aim of this comparison is to identify the most biodegradable mixture testing two ratios. The first one is (FW :YT) (1:1) and the second (2:1) (Table 2). There are three important points (Table 4 andFigure 6). The first one is the growing slope of the curve. The slope of the curve of the mixture 3 is of 1.29 and 1.40 for the curve 4. This is very interesting because it's totally unexpected. Indeed the first comparison (above) showed that food waste was more biodegradable and also faster. So the expected result would have been to see that the mixture 4 is easier to biodegrade. But the rO 2 max and the O 2 accumulation underline that the mixture 4 is less biodegradable than the mixture 3. It can be explained by the fact that this mixture doesn't have the same physical structure than the other. In fact the food waste addition and the mixing of the two components change the structure. The Free Air Space experiment shows that the porosity level is lower than food waste alone one's. The mixing of this ratio doesn't give the expected effect.

The mixture comparative study underlines four interesting points, the slope of the peak, the r O2 max level, the O 2 consumption accumulation, and the last one is the porosity of the mixture. Even if the mixture looks good in terms of chemical characteristics, the physical aspect of the matrix is really determining.

• Bulking Agent influence. 7) is the difference in the r O2 max level, which is about 40%. With bulking agent the decomposition and the activity is more important. The slope is higher too so the biodegradation is faster. It means that with a better aeration and more Free Air Space a bigger part of the waste is available for the biodegradation and that the biodegradation is easier. Potential effect of the bulking agent is to homogenize the matrix and to offer a bigger transfer space on the waste. This hypothesis can be supported by the difference of O 2 accumulation, in fact the consumption of O 2 is higher in the mixture with bulking agent. The difference is about a third, so this difference is very significant. The last thing changing in presence of bulking agent is the leachates production. The bulking agent prevents a little a too important humidification of the matrix. for example the leachates production per grams of fresh waste, reduced by 70% with the bulking agent.

o Mixture M3 -M6

The waste matrix of these two mixtures is (FW:YT) (1:1). The main difference existing between these two respirometric experiments is the slope of the curve (Table 4, andFigure 8). It's faster with the bulking agent. This difference is also observed on the other experiment with bulking agent. For the accumulation the same effect can be observed in these experiments. In fact the accumulation is higher in the mixture M6. In the case this effect will also be observed in the further experiments, the hypothesis according to the bulking agent the property to homogenize the matrix, will be accepted. As the previous experiment the last thing which can be noticed, is the leachates quantity. The same observation can be done on these two mixtures but in smaller proportion. In fact the production is only reduced by 8%.

After these two comparisons, the major effect of the bulking agent can be identified. The bulking agent homogenizes the waste matrix. This property prevents the moisturizing excess, gives a bigger transfer area for the aeration. The more effective aeration gives a higher r O2 , and more O 2 consumption which means more degradation. According to various authors, the C/N ratio has to be between 15 and 30% to ensure good aerobic degradation. For all the experiments this ratio is in this range. The food waste is the substrate that has the higher ratio (Table 6)

Normally O 2 accumulation is proportional to the organic biodegradable part of the waste. It's the oxygen needed to oxidize the matter. The O 2 accumulation for the yard trimmings is lower than for the food waste. It's possible to think that there is less available organic matter on the yard trimmings. One may assume that the O 2 accumulation during the growing of the peak is linked to the easily biodegradable part of the waste. On the other hand, the soluble organic matter content is given by the soluble COD. In fact this part of COD is supposed to be easily degradable. By ignoring value of mixture 1 and 4, a linear regression gives a correlation coefficient R 2 = 0.933, this is not really linear but with more point the hypothesis might be confirmed (Figure 9)

The second interesting relation to make is the relation existing between the COD ratio and the O 2 accumulation ratio. Previous observations have shown that the soluble COD and the first part of O 2 accumulation can be associated with the easily biodegradable part of the waste. And the ratios give the same information. The point of the mixture 1 has to be deleted, but the correlation coefficient is R² = 0.9215. This correlation will have to be confirmed with more experiments (Figure 10).

Considering only experiments in same conditions (without bulking agent), it's possible to show a correlation between the total carbon value and the total O 2 consumption. This correlation admits some limits. A linear regression give a R²= 0.9593 with only 4 points (Figure 11).This hypothesis can be accepted with the same conditions than for the two previous one. With more points, the result will be refined. 

Conclusion

The objective of this training period was to make a comparative study of biodegradability for two types of waste and their mixtures. As chosen substrate for this study: food waste and yard trimmings. Some of the mixtures were added with a woody bulking agent.

The realisation of respirometric trials allowed the comparison of 6 different mixtures from the global experimental plan which totalise 14 experiments.

The first comparison point which can be pointed out is the mixture influence on the biodegradability. Mixture 1 and 2 give information of the differences existing between food waste and yard trimmings. In fact these two substrates do not have the same properties in terms of physical structure or chemical characteristics. Yard trimmings alone don't lead to large degradation. The O 2 accumulation and the slope show that the biodegradation is slow and not total.

But this doesn't means that there is no utilities to use it on the composting process. In fact the results of the experiment 3 show that a mix of food waste and yard trimmings in same proportion gives better results than food waste alone. This observation underlines the utility of yard trimmings. The O 2 accumulation and the slope of the curve are better in this case.

Results of experiment number 4 have to be analysed with some limitation. The kinetics looks like the one of experiment 3 but the O 2 consumption shows that the biodegradation is not as high as expected. This variation of the O 2 accumulation can be explained by the physical characteristic differences, for example Free Air Space.

Concerning the bulking agent role, the two comparisons give the same hypothesis. The comparison of experiment 1 and 9 shows that the bulking agent has the property to prevent humidification excess, the leachates production is reduced significantly on these two experiments. The second thing to notice is the increasing of the slope. This bulking agent effect can be observed on the comparison of experiment 3 and 6. The third thing is the increasing of O 2 consumption, in fact the bulking agent by giving a bigger specific transfer space, raise the O 2 accumulation. With the bulking agent a bigger part of the waste matrix is available for biodegradation.

Hypothesis which are advanced in this conclusion would be accepted only if other futures experiments support them. At this stage of the project, the results amount is not sufficient to conclude on any hypothesis. More experiments with the bulking agent could support its role. And the replication of some experiments is going to give precious information about repeatabibility the food waste sampling mode.

In personal terms, during this training period I could observe the technician work, which is my professional objective. And I could also discover the research sector in environment. During this training period I have integrated a dynamic team, and support my ideas in terms of sustainable development.
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 1 Figure 1: Experimental scheme of a respirometer.
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 2 Figure 2: Variation of the oxygen consumption rate of the experiment 4.
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 3 Figure 3: Variation of the oxygen consumption rate of the experiment number 9.
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 4 Figure 4: Variation of the oxygen consumption rate of the experiment number 6.
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 5 Figure 5: Comparative curve showing variation of the oxygen consumption rate of mixture 1 and 2.
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 6 Figure 6: Comparative curve showing variation of the oxygen consumption rate of mixture 3 and 4.
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 7 Figure 7: Comparative curve showing variation of the oxygen consumption rate of mixture 1 and 9.
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 8 Figure 8: Comparative curve showing variation of the oxygen consumption rate of mixture 3 and 6.
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 9 Figure 9: graphic showing the relation between O2 accumulation and soluble COD.

Figure 10 :

 10 Figure 10: graphic showing the relation between O2 accumulation ratio and soluble COD ratio.
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 9 Figure 9: graphic showing the relation between O2 accumulation and Total Carbon.

  

  The exact volume of each cell is known, and the empty head space volume is measured. With the volume of the sample and its weight the bulk density is calculated

		Temperature &		
		Moisture Probe		
			Pump		
					Peltier (condenser)
	Flow meter	Qr=6L/min Qr=6L/min	Flow meter	Condenser bottle	Analyser Gas
	Qe=60L/h Qe=60L/h	Pt100	
						Water bath
	Flow meter			
	Compressed air Compressed air	Gas volume meter				Stainless steel respirometric cell
			Bubbling bottles Bubbling bottles		
	Copper serpentine (air preheating)	(air moisture saturation)	Air diffuser Air diffuser
	o Dry matter			

Table 3 :

 3 Analysis results for mixtures 1 to 4.

			CV	M2 (FW:YT)	CV	M3 (FW:YT)	CV	M4 (FW:YT)	CV
			(%)	(0:1)	(%)	(1:1)	(%)	(2:1)	(%)
	humidity (%)	78,5	1,4	44,1	8,6	75,4	5,8	77,4	6,6
	Organic Matter (%)	68,8	0,1	68,4	0,3	80,0	0,1	78,9	0,2
	Total COD (mgO2/gsec)	1154	5,8	1035	8,7	1245	1,3	1234	9,1
	Soluble COD (mgO2/L)	397,4	0	24,4	0,7	249,3	6,4	352,8	2,2
	TKN s (mg/g)	20,2	0,6	20,6	0,8	25,2	0,4	23,7	1,8
	TKN l (mg/L)	208	1,5	213	6,6	242	15,2	238	0,2
	total carbone (mg/g DM)	408,4	8	352,2	0,6	446,2	1,8	424,1	0,7
	total nitrogen (mg/g DM)	20,1	1,2	20,6	1,9	25,1	1,7	23,1	3,6
	C/N rapport (%)	20,3	-	17,1	-	17,8	-	18,4	-

Table 4 :

 4 Respirometric data.

	rO2max
	Part 1
	Mixing
	Part 2
	Unexpected
	peak

Table 5 :

 5 Initial weight and leachates production.Mixture M1 and M9 are only composed of the food waste without or with bulking agent. The first difference which can be noticed (Table4, and Figure

		Start	Mixing	End		
		Weight of waste (g)	Weight of matrix (g)	Weight of leachate (g)	Weight of matrix (g)	Weight of leachate (g)	Total weight of leachate (g)	Leachate production (L/kg of waste)
	M1	3300,00	1226,30	2364,50	967,60	464,50	2829,00	0,86
	M2	437,00	803,00	331,00	814,70	173,75	504,75	1,16
	M3	2503,64	1771,50	1456,90	1054,30	463,30	1920,20	0,77
	M4	2628,00	1333,00	1484,00	1014,38	496,34	1980,34	0,75
	M6	2104,20	2134,10	1358,50	2067,70	144,27	1502,77	0,71
	M9	2491,00	2053,45	462,47	2010,86	169,48	631,95	0,25
	o Mixture M1 -M9						

Table 6 :

 6 respirometric data and initial chemical characteristics.

	4.4.	Relation	between	chemical	and	physical	characteristics	and
	biodegradability					
			M1	M2	M3		M4	M6	M9
	O 2 accumulation						
		before peak (mmol/kg of	6558,26	776,90	7204,23	6585,49	6254,58	14855,49
	FW+YT DM)						
		total O 2						
	accumulation (mmol/kg of	23588,29	13185,78	26206,15	22950,88	28650,52	33468,94
	FW+YT DM)						
	O2 acc before						
	peak / total O2 acc	28	6		43		29	22	44
		rapport (%)						
	total COD (mgO2/gsec)	1154	1035	1245		1234	1245	1154
	soluble COD (mgO2/gsec)	397,4	24,4	249,3	352,8	249,3	397,4
	Soluble COD /						
		total COD	34	2		20		29	20	34
		rapport (%)						
	Total carbone (mg/g DM)	408,4	352,2	446,2	424,1	446,2	408,4
	C/N rapport (%)	20,3	17,1	17,8		18,4	17,8	20,3
	Free air space (%)	61,57	95,16	66,31	60,34	76,04	64,44

Summary

In terms of sustainable development, compost production is interesting because it creates new soil improvement. Public policies encourage this practice because it reduces the mass of waste to treat by thermal process or by landfilling. In developed countries such as Europe, the generation of municipal solid waste is still growing because of economic prosperity, urbanization and consumer marketing pressures. This waste production will increase by 45% in 2020, as compared to 1995 (source Organisation for Economic Cooperation and Development. Municipal wastes are composed of around 30 % of biodegradable organic waste. This organic part can be managed with home composting. But home composting could be difficult to implement because of biodegradation management problems and odours emissions. Therefore, home composting has to be studied in order to propose the best way to manage it without environmental impacts. One of the first problem to address concerns to biodegradability of the waste to be treated by home-composting. During this study, various mixtures of food waste (FW) and yard trimmings (YT) i.e. grass clippings; and FW and inert bulking agent; BA (i.e. inert packing material) have been tested by using respirometric cells to compare biodegradability of these formulations as a function of time under the influence of physical and chemical characteristics.