LANDFILL WASTE MANAGEMENT

Landfills are areas of land built up with layers of solid waste and covered with soil or other types of covering. They are different to dumps or tips, which are what most people think of when they hear about landfills, because they of their careful construction using special lining and covering systems to contain the waste.

 

Landfill sites comprise:

 

· A liner system

· Storage space for the waste, usually arranged in cells
· A leachate collection system

· A gas collection system

· A cover or capping

The lining of a landfill has a crucial role in preventing the waste escaping into and contaminating the soil and water around the site. There may be chemicals or unpleasant substances in the waste that need containing within the sealed area.
Figure 1 shows a cross section of a landfill site.


Figure 1 – Cross Section of Landfill Site
Methane gas extracted from landfills can power a gas engine power generator or burnt in a flare.  Figure 2 shows the idea.
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Figure 2 – Landfill Methane Gas
Every ton of household waste contains approximately 150 to 250 kg organic matter that is biologically decomposable. Under oxygen-restricted conditions, bacterial degradation of the organic matter takes place through four phases yielding landfill gas.

The composition of the landfill gas during the individual phases is shown below
.
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· Phase 1- the land-filled waste contains sufficient oxygen to allow aerobic biodegradation to take place. Oxygen is gradually removed and replaced by CO2. Later as the oxygen becomes reduces, phase 2 starts.

· Phase 2 - is termed the acid fermentation stage in the waste degradation process and takes some 2 weeks to become established. During this time, substances such as cellulose, proteins and fats decompose to yield substrates for further biodegradation that result in short chain fatty acids, CO2 and H2. The production of CO2 and H2 reaches a maximum during this phase. During the acid fermentation stage of bio-degradation methane bacteria begin to establish themselves in the land-filled waste where there is virtually a total absence of oxygen.

· Phase 3- this  starts when landfill gas is first produced in significant quantities. The third phase takes approximately 3 - 4 months to become established. The rate of gas production stabilises within 2 - 3 years and the fourth phase begins. 
· Phase 4 - the "gas reactor" will deliver gas with a constant composition over a long period of time.

Composition of the landfill gas - Landfill gas consists of the following main components:

	Methane
	CH4
	approx. 50¸¸65 Vol. %

	Carbon dioxide
	CO2
	approx. 35¸¸45 Vol. %

	Water vapour
	H2O
	saturated


When  the landfill gas is pumped from a landfill under controlled and sustainable conditions, the following average values will be measured:

	Methane
	CH4
	approx. 40-50 Vol. %

	Carbon dioxide
	CO2
	approx. 35-45 Vol. %

	Nitrogen (from Air)
	N2O
	approx. 5-15 Vol. %

	Oxygen (from Air)
	O2
	approx. 1-3 Vol. %

	Water vapour
	H2O
	saturated
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Dangers

The composition of landfill gas clearly illustrates its potential danger to the environment. The potential harm that can be caused by the gas can be categorised as follows:

a)  Physiological
· Danger of asphyxiation which is caused by the displacement of oxygenated air by landfill gas. There is a particularly high risk in confined spaces and trenches in the body of the landfill. 

· Nausea and intoxication, through the inhalation of toxic components in the gas. 

· Damage to vegetation on and around the landfill site.

b)  Physical
· Danger of explosion through the formation of methane-air mixtures, above all within the explosion limits of the methane (5 to 15 % by volume of methane in air). This is a high risk in underground services such as sewers, storm water drains and other pipelines routed through areas that are near or on landfills. The pipeline system of the degassing plant (operating at sub-atmospheric pressure), leachate control systems on the landfill and enclosed space on or near landfills are particularly high risk areas! 

· Landfill or smouldering fires, caused through the flammability of the landfill gas.

These hazards are particularly treacherous when the unpredictable migration of landfill gas through the strata below the landfill is considered. It has been documented that landfill gas has collected several hundreds of meters away from landfill sites in the cellars of buildings and caused serious explosions. The gas migrates either in association with landfill leachate or independently due to barometric pressure changes brought about by the movement of cold fronts and other weather systems over the landfill area.

Environmental Pollution

Landfills, which allow the free migration of gas into the receiving environment are guilty of serious pollution of the environment:

· Methane has been proved to be some 30 times more potent as a greenhouse gas than CO2. 

· Landfill gas also stinks (hydrogen sulphide and other sulphur compounds). 

Gas utilisation for the generation of energy

One cubic meter of landfill gas has an energy value of 4 to 5 kWh, which corresponds to approximately 0.5 l of heating oil. If it is assumed that a ton of household waste has a gas production potential of 180 - 250 m3 over a period of 15 - 20 years, then the energy potential hidden in a sanitary landfill becomes clear!

Example

One cubic meter of landfill gas has an energy value of 4 to 5 kWh, which corresponds to approximately 0,5 l of heating oil. Assuming a ton of household waste has a gas production potential of 180 - 250 m3 over a period of 15 - 20 years, then the energy potential hidden in a sanitary landfill becomes clear!

	Deposited waste quantity:
	3,000,000 tons
	over 20 years

	Collectable gas quantity:
	max. approx.
	2300 m3/h

	Long term utilisable gas quantity
	approx.
	1500 m3/h


	Energy potential:
	1500m3/h = 7500 kWh = 700 l = 600 kg heating oil per hr
i.e. > 5000 tonnes of heating oil per year over > 15 years




The generation of heat and electricity with additional waste heat utilisation is in the foreground.




Gas collection

[image: image5.png]Effect on the atm osphere.
(methane, VOC9

Immissions
(odour)

B =

= ¥ egetation damage

Damage to vegetation

il

Explasion
hazard

Gasmigation

YT dw ()





As long as the internal gas pressure in the landfill remains higher than the ambient atmospheric pressure, landfill gas will continue to escape into the environment. In view of the dangers of the gas, the associated environmental pollution and the need to control these emissions, it has become standard practice to actively extract and eliminate landfill gas under controlled conditions.

The purpose of a gas recovery system is to extract landfill gas from the landfill site. This is achieved by pumping gas out of the landfill through the application of a sub-atmospheric pressure within the landfill.
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Current landfill gas management systems apply proven technology. Gas collection systems are flexible and may be established at different stages in the landfill project's life:

· in the early stages of landfill project and development with the fill, on a layer by layer basis, as the landfill is built, or, 

· implanted once a landfill is completed in order to control negative environmental impacts. 

Low emission surplus combustion

Landfill gas production is influenced by many factors that are currently beyond the control of the engineer and, as long as this is the case, the landfill cannot be looked upon as a gasometer.

Gas production is the end result of a biodegradation process that requires the complex interaction of a large association of bacteria in the waste fill and rapid fluctuations in the rate of gas extraction will disturb the biochemical equilibriums established amongst the bacteria and result in feedback inhibitions. Therefore, gas extraction systems are designed to achieve as steady an extraction rate as possible. This inevitably creates surplus quantities of gas which must be incinerated. For this reason, the process station incorporates low emission flares.

Gas Leaks

One of the issues that needs pushing is that Veolia seems to rely heavily on the general public alerting them to a gas leak. The company has a central control room in Northampton that monitors all sorts of things down to individual engine temperatures at any of the numerous sites. However, the centre seems incapable of knowing if a site experiences a gas leak.  

 

Gas leaks come from:

 

1. Broken gas ring main pipes.

 

2. Failure of the burner to flare - this would follow failure of alternator driving engines to operate.

 

3. Release from uncapped landfill cells.

 

4. Release during gas pipe installation or removal (the latter during maintenance.)

 

Most gas leaks reported seemed to have occurred outside normal operating hours when the site is unmanned. This state of affairs would support the view that reporting of leaks has relied on public input. 

 

There is a need to explore the available technology to determine what equipment is available to sense and transmit landfill gas leaks.

[image: image7.png]



