THE SUSTAINABLE LANDFILL 

Advanced Environmental Systems, Inc. provides a method for treating biodegradable waste material in a landfill by aerobic degradation. Once, waste material is deposited in the landfill and covered, the moisture content in the landfill is increased from about 40% to about 70% and a source of oxygen is injected into the landfill to drive and maintain primarily aerobic degradation of the waste material. The temperature in the landfill is increased to substantially eliminate pathogens from the waste material. The temperature in the landfill is controlled within a range of about 130.degree. F. to about 150.degree. F. to sustain the primarily aerobic degradation. Combinations of oxygen content, moisture content, and temperature in the landfill are monitored and varied to sustain and maintain the primarily aerobic degradation in the landfill. 

As a result, the aerobic landfill approach can provide the following benefits to many landfills:

· reduce foul odors associated with the anaerobic decomposition of waste;

· promote increased waste settlement over a short period of time by over 10%:

· reduce methane gas production by over 90%;

· improve leachate quality due to aerobic treatment;

· reduce leachate volumes due to the increase in waste mass heat caused by the aerobic process; and,

· promote the development of a "sustainable" solid waste strategy, whereby the waste in the landfill can be safely mined and reused once it has been aerobically degraded. 

In general, the aerobic landfill process comprises the steps of: 

· covering the waste material; 

· increasing and maintaining the moisture content in the landfill in a range from about 40% to about 70%; 

· injecting a source of oxygen into the landfill to drive and maintain microbic activity aerobic; 

· increasing the temperature in the landfill to a level and for a duration of time sufficient to substantially eliminate pathogens from the landfill; 

· controlling the temperature in the landfill in a range of about 130.degree. F. to about 150.degree. F. to sustain aerobic degradation; and 

· monitoring combinations of oxygen content, moisture content, and temperature in the landfill and varying combinations thereof to maintain aerobic degradation in the landfill. 

General Process Description

AES’s Aerobic Landfill

The aerobic landfill method comprises of establishing a grid of injection wells into the landfill and using the injection wells to inject moisture and oxygen into the landfill. Injecting a source of oxygen comprises of injecting ambient air into the landfill in sufficient amounts to maintain oxygen concentrations within the landfill above 0.0% to ensure sufficient oxygen is present to sustain aerobic degradation. Additionally, controlling temperature comprises of controlling the amount of air injected to vary temperature in the landfill. 

This approach also increases and maintains the moisture content in the landfill by recirculating leachate collected from the landfill back into the landfill or supplementing the leachate with a supply of make-up water. 

It is thus a principle object of the aerobic landfill process to provide a portable system for treating waste material in a landfill through aerobic degradation. It is an additional principle object of the process to provide a landfill system that substantially reduces the amount of time necessary for the degradation process to stabilize so that the land can be recycled or used for other purposes. Overall, the process eliminates the disadvantages of anaerobic degradation systems. 

Once aerobically degraded, the landfill can be continuously recycled so as to substantially reduce the necessity for additional and expensive land. The system components previously used can be readily moved and reestablished from one landfill site to another. 

To carry out the purposes and realize the advantages of the process, the aerobic landfill is premised on establishing conditions within the landfill to promote and maintain primarily only aerobic degradation of the waste material. Moisture content in the landfill mass is monitored and maintained between about 40% to about 70% by adding additional water or the like into the landfill. Preferably, the water added into the landfill comprises leachate collected from the landfill. Thus, the leachate is continuously recycled back into the landfill thereby significantly reducing the concern and expense of treating or disposing of the collected leachate. An additional make-up supply of water is also available to ensure that sufficient moisture is maintained in the landfill mass. 

Oxygen content of the landfill mass is also monitored and oxygen is injected into the landfill to promote and maintain primarily aerobic degradation of the waste material. Preferably, compressed air is the source of oxygen and is injected into the landfill mass through injection wells to ensure that the oxygen content remains above 0%. In this manner, it is ensured that sufficient oxygen is being supplied to sustain aerobic degradation. So long as oxygen is being supplied into the landfill and the oxygen concentration in the landfill remains relatively low, generally just above 0%, it is ensured that sufficient oxygen is being supplied to promote and maintain primarily aerobic degradation. 

The temperature in the landfill is maintained in the ideal range of about 130.degree. F. to about 150.degree. F. This temperature range is maintained by controlling the amount of air, moisture, or oxygen concentration in the landfill. 

It is also preferred to elevate and maintain the temperature in the landfill at a level sufficient to kill off harmful pathogens in the waste material. For example, temperatures above 135.degree. F. are generally required to eliminate the pathogens. However, at 135.degree. F., the temperature must be maintained for a period of at least about two weeks. At a temperature of 155.degree. F., the pathogens are killed off in days. However, at temperatures above about 145.degree. F., some of the desirable aerobic microbes are also killed thus limiting the aerobic activity. Accordingly, in one embodiment of the present method, the pathogens are eliminated substantially at the same time that the aerobic activity is promoted and maintained by maintaining the temperature above 135.degree. F. but less than about 150.degree. F. for at least a period of weeks. 

Alternatively, the pathogens can be eliminated before the aerobic activity is established and maintained by elevating the temperature in the landfill to 155.degree. F. for at least several days prior to establishing the aerobic temperature and moisture ranges. With this method, it may be necessary to add aerobic microbes back into the landfill prior to establishing the aerobic degradation. 

The aerobic landfill process includes establishing a grid of air injection wells and moisture or water injection wells throughout the landfill. A substantially automated system controls the amount of water and oxygen (in the form of compressed air) injected into the landfill mass in response to a monitoring system that monitors temperature, oxygen content, and moisture content. The monitoring system also may monitor the generation or production of gases within the landfill as an indication of the type of degradation occurring. For example, the presence and concentration of methane gas generated in the landfill mass is a strong indication of the type of microbial activity. Methane is a primary by-product of anaerobic degradation. If methane is maintained generally less than 10% by volume and no strong odors are detected from the by-products, this is a strong indication that aerobic degradation is being maintained, particularly if air or oxygen is being injected into the system and oxygen concentrations are maintained greater than 0% by volume. Methane concentrations approaching 50% is a strong indication that the microbial activity is primarily anaerobic. 

Temperature within the landfill mass is a critical element in promoting and maintaining the aerobic degradation. The ideal range of about 130.degree. F. to about 150.degree. F. can be controlled by a combination of factors, but preferably is controlled primarily by the injection of air into the landfill. The temperature can also be controlled by the moisture content. However, the system reacts much faster to changes in oxygen or air content. For example, if temperature in the landfill is being driven higher than 150.degree. F., additional air is injected into the system to drive the temperature back into the ideal range. It is believed that the additional air acts as a medium to carry off excess heat generated by the microbial activity. It is also believed that the additional oxygen reduces any remaining anaerobic degradation activity since the anaerobic microbes cannot live in the presence of oxygen. Thus, the heat being generated by such anaerobic activity is also eliminated. If temperature in the system is too low, the amount of air injected into the system is decreased so that the heat generated by the microbial activity (aerobic or anaerobic) is not dissipated as fast and therefore increases the temperature within the landfill mass. 

The aerobic landfill process also includes adding additional nutrients into the landfill by way of the injection wells to further promote the aerobic degradation. For example, any combination of nitrogen, phosphates, and carbon source may be injected into the system to maintain optimal levels of microbial growth for the aerobic degradation. Also, the aerobic microbes may also be supplemented through the injection system. It has been found that a preferred concentration ratio of carbon to nitrogen in the range of about 20:1 to about 50:1 is desired. 

Temperature is also monitored as an indication of complete or stabilized degradation. A decrease in temperature in the landfill despite an increase in oxygen levels is a strong indication that the degradation process is nearly complete and that the biodegradable material has stabilized. At this point, the waste material has been essentially composted and the landfill is stabilized. Additional monitoring of the landfill may no longer be needed. 

The aerobic landfill process can lead to the mining of the landfill once the waste has been stabilized to remove non-degraded solid waste for alternate disposal. At this point, the landfill can then be recycled for continuous use, thus substantially eliminating the need for new landfills. Alternatively, the stabilized landfill can be made available for other uses. The stabilized degraded landfill material can also be mined and used as compost material in non-agricultural and agricultural uses depending on the extent of pathogen purification from the material. 

The aerobic landfill process includes a plurality of injection wells that are disposed through the cover material to provide access to the waste material in the landfill. Means are provided for periodically monitoring the moisture content, oxygen concentration, and temperature within the landfill mass. Means are also provided for variably adding oxygen into the landfill, preferably in the form of compressed air, to maintain a source of oxygen in the landfill mass sufficient to promote and maintain aerobic activity. Means are also provided to control the temperature within the landfill mass within a range of preferably about 130.degree. F. to about 150.degree. F. Finally, means are provided to variably add moisture or water into the landfill through the injection wells so as to maintain aerobic degradation conditions of moisture content in the landfill within a range of about 40% to about 70%. The structure defining these various means are described in greater detail in the description of the preferred embodiments. 

Detailed Process Description

AES's Aerobic Landfill

The aerobic landfill process relates to a method and system for treating biodegradable waste material in a landfill by promoting and maintaining primarily aerobic degradation of the waste material. The process is designed to establish and maintain conditions in the landfill to promote rapid aerobic degradation of organic material, such as paper, foodstuffs, and wood. The system also substantially eliminates harmful pathogens from the landfill waste material. Once the bio-reduction process according to the aerobic landfill process  has stabilized, the landfill can undergo a process of conventional mining to recycle the landfill for further use. Alternatively, the landfill can be made available for other non-landfill uses. 

Landfill Structure

The structure of a conventional landfill site consists of an excavated site that has preferably been lined with a conventional lining material to prevent leachate from making its way into the surrounding earth and ground water system. However, there are a substantial number of landfill sites exist wherein the landfill was never lined. The aerobic landfill process has particular significance to these unlined landfills in that the bio-reduction process can be substantially accelerated to stabilize the landfill so that it no longer poses a threat to the environment. 

Further, the structure of conventional landfills includes a conventional leachate collection system that collects percolated leachate that has settled to the bottom of the landfill. The leachate collection system may be established in a sand base initially established in the landfill. Typically, municipal solid waste is deposited in the landfill on a daily basis. Layers or cells of the waste material are periodically covered with a layer of earth or dirt generally also on a daily basis. Thus, pockets or cells of the solid waste are established in the landfill. Once the landfill has been filled to a predetermined amount, the site is covered with a suitable covering material. Covering can be a layer of dirt of earth, typically including a substantial concentration of clay. Alternatively, cover may also include a liner material similar to liner used to line the bottom of the landfill. 

With such conventional landfills, once the site is covered with material, a monitoring process must be established to monitor the site until it has stabilized. With conventional landfills, by regulation, this monitoring process can take up to thirty years. In conventional landfills, the stabilization process takes such a long time due to the fact that the waste material has been essentially entombed in the landfill so that substantially no oxygen or moisture is introduced into the landfill. The reduction that does take place is primarily anaerobic (without oxygen), which produces harmful and objectionable byproducts, such as methane gas. 

Aerobic Landfill Considerations

With the aerobic landfill process, waste biodegradation is substantially accelerated to such an extent that stabilization of the degradation process may be complete within a matter of months. In this manner, at a landfill site wherein different areas of the site are sequentially filled and sealed, a recycling of the areas can be established wherein the necessity of opening an additional landfill is eliminated. 

The aerobic landfill process establishes and maintains aerobic degradation of the waste material by increasing and maintaining the moisture content in the covered landfill from initial levels to preferably about 40% to about 70%. This is preferably accomplished by a moisture injection system that recycles leachate back into the landfill and supplements the recycled leachate with an additional water supply if necessary oxygen is also injected into the landfill in order to establish and then maintain aerobic degradation conditions. Preferably, the oxygen is supplied in the form of compressed air through an air injection system. 

The temperature in the landfill is maintained in a range of preferably about 130.degree. F. to about 150.degree. F. to maintain primarily aerobic degradation. The temperature can be controlled in various ways, but preferably is maintained within the preferred range by controlling the amount of air and/or oxygen injected into the landfill. The addition of air is not only essentially to supply oxygen in order to maintain the aerobic degradation process, but the air has proven to be beneficial in carrying off excess heat build-up in the landfill from the microbial activity. Accordingly, the capability to deliver air to individual zones within the landfill is an important control mechanism of the present process. 

Thus, the injection of ambient air serves two purposes in the aerobic landfill process. First, the air supplies oxygen to the landfill in concentrations sufficient to establish and maintain aerobic degradation. Secondly, controlling the rate of air injection into the landfill is a preferred method to control the temperature in the landfill. The air has a dual affect on temperature. The flow of air into the landfill mass acts as a medium to carry off heat generated in the landfill as it escapes the landfill. This heat is generated primarily by the microbial activity in the waste material. Thus, more air is injected into the landfill to lower the temperature. Additionally, the additional oxygen injected into the landfill tends to kill off remaining anaerobic microbes since these microbes cannot live in the presence of oxygen. As the anaerobic microbes are eliminated, the heat they were generating is also eliminated. Thus, the injection of air further lowers the temperature in this regard. 

However, it should be understood from the above discussion, that temperature can also be controlled by injecting another gas into the landfill, such as an inert gas that does not contain oxygen. This gas would then act only as a medium to conduct heat out of the landfill. In this method, a separate source of oxygen would need to be supplied to the landfill to sustain the aerobic activity. The addition of this additional source of oxygen would also have some affect on temperature. 

Control of Process

The capability to deliver moisture to individual zones within the landfill is also an important control mechanism for the aerobic degradation. Moisture content of generally about 40% is essential for rapid aerobic degradation. Microbial activity, and therefore degradation, slows by several orders of magnitude below a moisture content of around 40%. Below 20%, degradation essentially ceases. ECS has determined that an ideal moisture content in the landfill for aerobic degradation is about 60%. This moisture content allows for adequate oxygen diffusion through the waste material to support the rapid aerobic degradation. If the moisture content is too low, the landfill is dry and aerobic decomposition will cease. Conversely, if the moisture content is to high, diffusion of oxygen is hampered thereby limiting aerobic activity. Moisture measurements may be made by direct sampling of the landfill material through sampling wells, as discussed in more detail below, and calculations can be made to determine the amount of leachate and water to be added back to the landfill to maintain the moisture content within the desired range. Monitoring leachate generation rate and the moisture content of the evolving gases can also give a rough estimate of the moisture content of the landfill. 

Accordingly, the aerobic landfill process may also comprise monitoring the moisture content, temperature, and oxygen concentrations within the landfill and controlling additions of air and/or oxygen and/or moisture to maintain the moisture content of at least about 40% and the temperature in the range of preferably about 130.degree. F. to about 150.degree. F. 

Although temperature can be controlled to some extent by increasing or decreasing the moisture content in the landfill, it is preferred to control temperature primarily by the addition or air or oxygen into the landfill, as discussed above. 

Once the aerobic biodegradation process has been established in the desired temperature range and moisture content range, it is preferred that the oxygen concentration in the landfill be maintained relatively low but greater than 0%. The oxygen concentration should be greater than 0% to ensure that sufficient oxygen remains at all times in the landfill to sustain aerobic degradation. Levels of about 1% to 2% are preferred. The oxygen content should be kept relatively low so as to provide a control mechanism with a relatively large range for controlling temperature. 

The aerobic landfill process also includes the capability to add additional nutrients or microbes into the landfill to further promote and sustain aerobic degradation. For example, nitrogen, phosphates, and a carbon source can be added or injected into the landfill to maintain optimal levels of microbial growth for the aerobic degradation. For example, a preferred concentration ratio of carbon to nitrogen in the range of about 20:1 to about 50:1 is desired. If it is determined that certain beneficial microbes are not naturally present in the landfill, such microbes can also be injected into the landfill. 

The aerobic landfill process also includes the means to establish conditions within the landfill to substantially eliminate harmful pathogens therein. The existence of such harmful pathogens is temperature dependent. A “pathogen kill range” is generally understood to be from about 135.degree. F. to about 160.degree. F. At lower temperatures of this range, the temperatures must be sustained for a longer period of time. For example, the pathogens can be eliminated substantially simultaneously with establishing and maintaining the conditions for aerobic degradation by maintaining the temperature within the landfill above about 135.degree. F. for a period of about two weeks. 

However, at temperatures above 145.degree. F., desired anaerobic microbial activity is decreased in that some of the desirable aerobic microbes are also killed. Alternatively, the pathogens can be eliminated prior to establishing the aerobic degradation conditions by increasing the temperature in the landfill above about 155.degree. F. for at least about two days. At this temperature, the pathogens are effectively killed, but so are a substantial portion of the aerobic microbes. If this approach is used, it may be necessary to add additional microbes to the system prior to establishing the aerobic conditions. 

Injection Well Design

The aerobic landfill process includes a landfill site wherein waste material has been deposited therein and covered with a cover material, as described above. A plurality of injection wells are disposed through cover material and provide access to waste material in the landfill. The wells are either air injection wells or moisture injection wells. Moisture injection wells do not extend as far into the landfill and have a relatively long diffuser section so that the moisture or water injected therefrom can percolate or seep substantially uniformly throughout the landfill mass on the other hand, the air injection wells are substantially long and extend to relatively near the bottom of the landfill and include a relatively short diffuser section so that the air is initially injected near the bottom of the landfill mass and allowed to uniformly diffuse and escape through the top of the landfill. As discussed above, this characteristic of the injected air allows for heat generated in the landfill to be carried off by the escaping air. 

The wells are preferably formed of a lightweight material, such as PVC and are substantially hollow. Sections of PVC piping can define a well casing. The wells are capped by a cap member. The injection wells, particularly the moisture injection wells, can also house sensors, such as temperature sensing devices. For example, a thermocouple can be housed in the wells to monitor the temperature of the landfill mass. Likewise, conventional gas sensors can be housed in the air injection wells to monitor particular gas concentrations in the landfill mass. The injection wells are not limited to any particular type of material or configuration. For example, metal wells are just as applicable in the aerobic landfill process. Likewise, the wells can comprise any shape or configuration. 

It is preferred that the wells are distributed in a grid pattern throughout the landfill site, divided into zones with each zone being independently controlled. These wells provide a means for taking samples from the landfill, such as core samples to measure moisture content. Also, temperature sensing devices, or other sensing devices, can also be configured with the sampling wells. 

Oxygen / Nutrient Addition

The aerobic landfill process also includes means for adding and maintaining oxygen concentrations in the landfill sufficient to promote and sustain aerobic degradation. As discussed above, it is preferred that the oxygen necessary for sustaining the aerobic degradation be supplied in the form of ambient pressurized air. However, it should also be understood that oxygen can be separately supplied in a purer form. An air compressor can be provided with a downstream pressure regulator and relief valve. 

Alternatively, an accumulator or reservoir for pressurized air can also be supplied. The pressurized air is supplied to a main gas header, which supplies individual header lines for respective zones of the gas injection wells. For example, each well Can be supplied by a line having its own pressure regulator, pressure gage, flow meter, flow regulator device, and gas measuring instrument. It should also be understood that any combination of these components can also be included in the header lines for each respective zone in addition to each well, or in place of the components for each well. Thus, all of the wells associated with a single zone could be controlled by a single set of valves, or individual wells within a zone can be individually controlled. 

The air system also preferably includes a gas monitor suitably configured to monitor various gases within the landfill. For example, the monitor can measure concentrations of methane gas and oxygen for the reasons discussed above. 

Additional gas lines may also be included as a means for adding additional nutrients or gases into the landfill. For example, lines can be used to add nitrogen or other gases into the system. Additionally, lines can be used to inject a purer form of oxygen into the landfill if necessary. As discussed above, the air injection system may also be used to inject an inert oxygen free gas into the landfill to control temperature, and not as a source of oxygen. In this case, oxygen would need to be supplied by an alternate source. 

The additional gas lines can also include a timing device and/or control valve. These components may prove useful if, for example, it is empirically determined that certain nutrients must be injected into the landfill at established times. The control and/or timing devices can be programmed or established to automatically inject such nutrient gases. 

A liquid supply line can also be included with the gas injection system. This line may be necessary to inject liquid nutrients, for example, liquid phosphates, into the landfill by way of the air injection system. Liquid injection line may also include a timing device and control valve or device. 

Many suitable systems can be configured for an aerobic landfill process. For example it is totally a matter of design choice as to how many injection wells are utilized and as to the equipment for controlling the rate of injection. The source of compressed air is preferably a portable air compressor, but is not limited to this device. For example, the source of compressed air can be piped from off-site if desired. It should also be understood that the air injection system is preferably configured to be substantially automatic in operation. For example, the pressure regulator could be electronically controlled from a central control station that activates such devices only when necessary to control temperature or increase oxygen concentrations. The system may just as well be completely manual. 

Moisture Addition

The aerobic landfill process also includes means for variably adding moisture into the landfill to maintain moisture content within a range of about 40% to about 70%. One example of a moisture injection system is that the source of moisture is preferably leachate collected from the leachate collection system and supplied to a holding tank through a supply line. Control devices, such as electric solenoid valves, may be supplied in this line to automatically fill the holding tank when necessary. In this regard, the tank may include high and/or low level sensors to automatically initiate and stop filling thereof. An addition line is provided into the tank so that other liquids, such as liquid nutrients, can be added into the system via the holding tank. 

A make-up supply of water can also be interfaced with the system in the event that the leachate collection system does not generate adequate leachate to maintain the moisture content in the landfill within the desired range. It may be preferred that the alternate make-up supply comprise a pond or reservoir established for this purposes. A make-up pump is used to supply the make-up water supply to the holding tank. An electronic control device, such as a solenoid valve, can also be utilized with the make-up supply source to automatically add make-up water when necessary. 

A leachate addition pump takes suction from the holding tank and distributes the leachate and/or water to a main header. A relief valve can be included in the line so that the pump will recirculate back into the holding tank in an overpressure condition. A pressure gage can be included to monitor system pressure. 

It may also be desired to include a separate liquid addition tank for adding additional types of liquid, such as liquid nutrients into the landfill. This tank may be configured with a pump for this purpose and a control device or valve. 

The header supplies different zones of moisture injection wells. In some cases, each zone can be controlled by a conventional flow controller. Automatic devices, such as electronic solenoid valves, are associated with each flow controller. Isolation valves may also be included downstream of the flow controllers. A plurality of individual injection wells are associated with each flow controller. As with the air injection system, it is also possible that each moisture injection well have its own associated control mechanism so as to be individually controlled separate from the zone control. 

Aerobic Process Monitoring

The aerobic landfill process includes the monitoring of gases generated in the landfill as an indication of the type and extent of degradation occurring therein. For example, methane gas is monitored as an indication of whether the degradation has turned to anaerobic activity. A methane gas concentration of about 50% by volume is a strong indication that the degradation process has turned anaerobic. Likewise, methane gas concentrations less than 10% by volume is a good indication that the degradation process is aerobic, particularly if air is injected into the system and oxygen concentrations remain relatively low. 

Temperature is also continuously monitored, not only to ensure temperature control within the desired range, but also as an indication of the extent of degradation. A rapid drop in temperature despite injection of optimal amounts of air is a signal that degradation of degradable organic material is essentially complete. Degradation of more complex organic material, such as wood products containing organic compounds such as cellulose and lignin, may take additional months depending upon the composition of the remaining organic material. Once the less complex or readily degradable organic materials have decomposed, the landfill is in a stabilized state and the material no longer produces environmentally hazardous byproducts or objectionable gases. 

System Control

Although the aerobic landfill system can be completely manual, an electronic control system can be used for automatic control of the moisture injection system. The controller may be configured to automatically initiate moisture injection by, for example, automatically opening solenoid valves. The control system may be configured on a timed automatic basis once it has been empirically determined how much moisture must be injected periodically into the landfill to maintain the desired moisture content. On the other hand, the controller may be responsive to a control signal to initiate moisture injection only upon reaching a low moisture level in the landfill. It should be readily appreciated that any manner of conventional control systems can be configured for automatic control of the moisture injection system, as well as the air injection system. 

Reuse of Equipment

It is preferred that the entire system be relatively portable so that it can be easily removed from a landfill and used at another site. In this regard, the control equipment may be housed in wheeled trailers, whereby the water/moisture control components are housed in one trailer and the air injection control components are housed in another trailer. The air compressor is also capable of being transported. Additionally, the individual wells can be easily pulled from the landfill or even left in place. The well caps are removably connected to their individual supply lines. 

Post-Aerobic Process Activities

At the completion of stabilization, approximately 60% of the remaining landfill material is compost. The landfill may be closed at this point, or conventional mining may commence. If mining is elected, closure and monitoring costs are avoided and reusable landfill space is recaptured for subsequent landfill operations. Thus, the same landfill can be continuously recycled. Also, the composted material can also be used for agricultural or non-agricultural composting purposes. 
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