A Possibility to Minimize Leachate by Using Compost and Fast Growing Fuel Plants as a Recultivation Cover on Landfills
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Abstract: The bench vessel test was performed in order to study possibilities of minimizing the leachate discharge from sanitary landfills with a distinct substrates comprised of residual waste materials and planted with CO2-neutral fuel plants. During two vegetation periods the growth rates of the plants and the amount of leachate were observed. The investigated substrate combinations were solid waste sludge compost and bio-waste compost in the ratio 40% to 60% to soil and vice versa as well as pure soil for comparison. The study showed that about 70 cm deep layer can minimize the leachate by up to 50% - even without any vegetation. By Miscanthus “Giganteus” (C4-plant) up to 90 % of the precipitation was retained. The best results regarding water budget conditions as well as growth rates were found in case of the substrate mixture of 40% compost and 60% soil.
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1.
Introduction
Inspite of all measures and possibilities to prevent and to minimize waste production, as well as to pretreat waste and to recover secondary raw materials or energy of it, we could not dispense without sanitary lanfills. In Austria about 100 sanitary landfills were closed between 1991 and 1996. In accordance with the law these landfills should be capped and recultivated as well as lots of abandoned dumps too. 

A primary purpose of a capping system is to minimize ingress of water into the landfill, and thereby to minimize the leachate production. The Landfill ordinance recommends a thickness of a topsoil of 50 cm, which is rather poor, while one of the greatest difficulties in revegetation of landfills is the lack of water available to plant roots unable to reach the groundwater. Since these plants are dependent on precipitation alone to fulfil their water requirements, it is necessary to utilize a substrate that can retain precipitation over longer time periods and to make water available to the plants. In addition to the problem of lack of water, a final capping material with a depth of 180 cm is needed in order to avoid the penetration of roots from spontaneus landfill vegetation through the mineral cover layer and a depth of about 300 cm when threes are to be planted (Linert 1997, Bonecke 1994, Degenbeck 2000).

The types of fuel plants used in the research were annuals and perennials with proven high yields under Central European climatic conditions, whose biomass can be utilized for energy production. Such plants utilize stored solar energy as their fuel source.

In this contribution results of a research work dealing with the revegetation with CO2-neutral fuel plants on substrates comprised of residual waste materials (e.g. bio waste compost and solid waste sludge compost) will be discussed. Particular attention is paid to the impact on the leachate minimization.

2.
Materials and Methods

In order to obtain information on the amount and on the composition of leachate from various compost substrates a bench vessel test study was accomplished. Four plants and five substrate combinations in five repetitions were set up for the bench vessel test. All together, 115 plastic rain containers, each of 200 liters (Figure 1), were used as test vessels including uncultivated vessels for the control. The substrate layer was about 70 cm thick.
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In order to simulate a landfill cap under ”natural” conditions, the vessels were buried completely, to the edge with soil. Thus the ”oasis effect”, overheating or undercooling of the vessels, was minimized or prevented. 

The investigated substrate combinations were the following: 

60 weight % solid waste sludge compost : 40 weight % soil;

40 weight % solid waste sludge compost : 60 weight % soil; 

60 weight % bio-waste compost :

40 weight % soil;

40 weight % bio-waste compost : 60 weight % soil;

100 weight % soil.



Figure 1 Scheme of the vessel

The composts were obtained from two full-scale composting plants, the bio-waste compost from the main composting plant of the city of Vienna and solid waste sludge compost from Stockerau composting plant. Both composts were about one year old. The substrates were analyzed at the beginning and at the end of the experiment. The amount of leachate generated was determined by measuring the drainage containers at least once per month.

The following plants were selected for the investigation: 



Poplar Populus



Mischantus ”Giganteus” (C4 - Plant) 


Giant knotgrass Polygonum sachalinense


A grass mixture

The experiment was performed during two vegetation periods. The plants were regularly estimated. After the harvest, fresh and dry matter was determined and the biomass was analyzed on macro and micro nutrition elements.

Additional research work was performed to obtain the water retention capacity of each substrate used during the second vegetation period.

3.
Results and Discussion

3.1
Growth of the plants

The performed bench vessel test showed that the compost, bio-waste compost as well as solid waste sludge compost added to the plain soil had a positive effect on the growth rates as well as on the dry matter yield of the selected types of plants. This can be explained by the high nutrition- and constant water supply of the compost substrates.

The better growth rates were obtained on substrate combinations in a ratio 40% compost to 60% soil, than in the ratio 60% compost to 40% soil for both compost arts, solid waste sludge compost as well as bio-waste compost. The results of the dry matter yield of investigated plants after the first and the second vegetation period are given in Table 1.

Table 1 Estimated dry matter yield of Miscanthus ”Giganteus”, grass und Polygonum sachalinense in the first and in the second vegetation period in t/ha

Substrate
Miscanthus

grass

Polygonum sach.



1st year
2nd year
1st year
2nd year
1st year
2nd year

SSC 60%
3,00
10,9
9,5
13,0
0,96
4,7

SSC 40%
3,18
14,4
10,6
14,5
1,10
5,9

BC 60%
2,22
11,8
10,0
12,6
0,75
5,9

BC 40%
2,40
13,9
10,2
11,4
1,05
6,2

SOIL
0,72
8,6
6,8
2,8
1,20
2,9

(SSC 60% = 60% solid waste sludge compost mixed with 40% soil, SSC 40% = 40% solid waste sludge compost mixed with 60% soil, BC 60% = 60% bio-waste compost mixed with 40% soil, BC 40% = 40% bio-waste compost mixed with 60% soil)

Miscanthus ”Giganteus”, the selected C4- plant, gave a very good dry matter yield. The results are comparable with the highest yield in the field. A high yield was also obtained for the grass too (Liebhard, 1993; Eghbal, 1993; Baum and rupp 1993; Thieman 1994; Greef et al. 1995). The results were different in the case of Polygonum sachalinense, the dry matter yield was lower than expected.

3.2 Physical properties of compost substrates

In addition to climatological and hydrological conditions, physical and chemical properties of a substrate play an important role in deciding which substrate should be used for the recultivation of landfills. The water retention capacity, the binding of water and plant available water in the soil as well as seepage depend on the total volume and size distribution of the pores. The type of soil, the content of humus and the structure development of the soil are the basic parameters of the pore systems. It is known that compost substrates have a little unsaturated water conductivity. Pores of compost substrates have an amorphe structure similar to peat soil and an irregular distribution. That is the reason for the limited capillary water supply from deep water saturated layers. It is well known that during drier periods the 10 – 20 cm of the upper compost layer dry up strongly, while the material below could be saturated to the field capacity. 

3.2.1 Water retention capacity

The suitability of a material for the recultivation of landfills depends to a large extend on the amount of water which can be held under a specific pressure and/or plant available water. 

Due to the fact that the experimental set up was placed in a relatively dry area, it was necessary to augment the natural precipitation with artificial watering in order to achieve precipitation levels comparable to the average value for Austria. During the vegetation periods, the leachate was collected and quantitatively determined at least once per month. 

To gather more information about the behavior of leachate of distinct substrates, the water retention capacity of each substrate and the plant available water were examined. Soil pressure - volume curves were obtained in pressure chambers working in a range between 100 and 1500 kPa. The results of this experiment are shown in Figure 2. Each value represents an average of five repetitions of each substrate. 
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Figure 2 Pressure - volume curves of different substrates

One can see that the plain soil had lower water retention capacity and higher plant available water values than compost mixtures. It was shown that with an increasing compost portion the amount of plant available water decreased. That means that using compost mixtures would provide a higher water retentention capacity but lower plant available water, which is extremely important for the growth of vegetation. Considering only the composts the bio-waste compost exerted a slightly higher water retention capacity than the solid waste sludge compost. On the other hand the solid waste sludge compost incorporated more plant available water than the bio-waste compost. This small difference between bio- and solid waste sludge compostes could be observed in the measurements of leachate, especially during the second vegetation period, too. 
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Figure 3 The amount of leachate (l/vessel) of Miscanthus (during the 2nd vegetation period)
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Figure 4 The amount of leachate (l/vessel) of uncultivated vessels (during the 2nd vegetation period)

During this vegetation period, the growth of the plants was established and the substrates already consolidated. The solid waste sludge compost was able to retain more plant available water in the cultivated vessels than the bio-waste compost. In the uncultivated vessels, however, less leachate was obtained by bio-waste compost due to the better water retention capacity of the compost.

3.3
Evapotranspiration

The amount of water available for the leachate production can be decreased by removing it from the landfill through evaporation and transpiration. Evaporation proceeds naturally and can help to reduce amount of the leachate volume. However, a dense stand of vegetation must be established to maximize water removal through transpiration. In order to steer the water balance of sanitary landfill it is important to establish such a vegetation that might be able to retain water over the whole year. Evapotranspiration during the vegetation period should be distinctly higher than precipitations. Ettala (1989) reported that the evapotranspiration from the Salix aquatica stand on sanitary landfill during the growing season exceeded the mean annual precipitation.

The evapotranspiration calculations in our experiment based on the Penmann - Monteith formula. Several data such as temperature, humidity, precipitation, leaf area index, wind force and direction as well as soil temperature were measured directly on the research plant. Figure 5 shows the evapotranspiration rates for Miscanthus ”Giganteus” and grass in comparison with the precipitations during the second vegetation period. The presented estimation of the evapotranspiration was calculated for Miscanthus “Giganteus” and for grass on 60% SSC substrate combination.
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Figure 5 Evapotranspiration (mm/month) of Miscanthus and grass in comparison with precipitation (mm/month) (2nd vegetation period)

In the evaluation of the evapotranspiration the aerodynamic resistance plays an important role, while the monthly height of the plant and wind force (which was very strong in the research area) are taken into the calculation. Miscanthus “Giganteus” is a very fast grown plant, from Mai to August grows up over 2 meters. Due to its phenotype, fast and dense growth (approximately 40 sprouts per plant) as well as deep and dense rootstock, the evapotranspiration values are about 50% higher than by grass. This difference is evident in Figure 6 where amounts of the leachate for different substrate combinations and different plants, expressed in % of total precipitation are presented. The substrate combination where 60% of solid waste sludge compost was added to the soil the amount of leachate was in case of grass about twice higher than for Miscanthus.
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Figure 6 The amount of leachate for different substrate combinations and different plants in % of precipitation (2nd experimental year, 740 mm of precipitation)

The amount of leachate of the uncultivated vessels was significantly higher than of the cultivated ones - the difference was between 25% and over 50%, depending on the compost mixture and type of the plant. There was not a large difference between the two mixing ratios (40% : 60% and 60% : 40%) with regard to the amount of leachate. 

The results of this study showed that an appropriate selection of the vegetation type can minimize the leachate by up to 90% of the precipitation amount. The vessels cultivated with Miscanthus on solid waste sludge compost gave the best results. At least 80% of the precipitation can be retained by the plants and substrates used in our experiment. Moreover, even better results can be achieved when the appropriate combination of plant and substrate mixture are used; as it was shown in the case of Miscanthus and 60% of the solid waste sludge compost. The transpiration and interception rate increased strongly during the second year due to the opulent growth. The evapotranspiration during the vegetation period, in case of Miscanthus was distinctly higher than the precipitation, so due to produced moisture deficit the most of the precipitation during vegetation free period could be retained.

During the winter time, the leachate amount remained lower in the vessels cultivated by Miscanthus and grass owing to the higher interception of the plants. An additional ”shield” against the precipitation infiltration into the substrate was given by a deep ”mulch layer”, because the Miscanthus harvest is due at the end of February. In the case of poplar and Polygonum sachalinense, the leachate amount during the winter months was similar to the uncultivated vessels. 

4.
Conclusions

Several types of vegetation including grass, Polygonum sachalinense, poplar and a C4-plant Miscanthus “Giganteus”, were established successfully on vessels containing substrate of bio-waste compost and solid waste sludge compost mixed with the soil. The vegetation grew well, especially Miscanthus “Giganteus” achieved a very good dry matter yield. On the basis of the leachate behaviour in the case on Miscanthus ”Giganteus” it can be concluded that a distinct art of vegetation can retain up to 90 % of the precipitation. This plant developed a large amount of biomass and its roots grew deeper - therefore the interception, the evapotranspiration and depth of the roots were much more effective.

The study showed that landfill caps using a layer of about 70 cm of the solid waste sludge compost can minimize the leachate by up to 50% - even without any vegetation. 

For a recultivating substrate a mixture of about 40% compost and 60% soil offers very good water budget conditions as well as optimal growth rates. A sufficient compost portion offers long term nutrition supply and higher water retention capacity as well as an increased and better aerated soil volume. The remaining portion of the soil ensures sufficient plant available water and preserves agricultural stability and soil structure. The extreme dryness during the summer months of August and September, 1997, caused some growth inhibition and signs of stress, because the inhibited capillary rise was not effective enough to supply the plants with water. This effect was less evident for the same type of vegetation grown on the field. The effect of insufficient or inhibited capillary rise is typical for combination capping systems. In order to avoid problems of water availability, a deep layer of final capping material should be put on the cover layer. Linert (1997) reported that in the final capping material where compost was added, the maximal root depth was 40 cm less than in other studied substrates. 

It can be concluded that if all of the influencing factors (the vegetation, the art of the substrate, the depth of the capping layer, climatological factors etc.) are optimised, the amount of the leachate in the revegetated landfill cap can be drastically reduced.
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