Landfill Gas - an Overview


Introduction

Landfill gas is formed whenever waste material is put into holes in the ground.  Whether it is simply dumped or whether it is deposited into a fully engineered landfill, landfill gas will still be produced.  And it will be produced almost regardless of the kind of waste.  Few waste materials are so inert that no gas at all will be produced though in many cases the amounts are so small that no risks are posed.

Put most simply, it is the type of waste and the amounts involved that govern the amount and composition of the gas that is produced while it is the conditions in the landfill that govern the rate at which it is produced.  

At a properly engineered landfill the gas can be collected and managed so that it does not cause a hazard whereas at an uncontrolled dump, landfill gas will escape to the detriment of the environment and may put human health and property at risk.

What is Landfill Gas

Landfill gas is a mixture of different gases.  Typically it contains about 60% by volume of methane and about 40% by volume of carbon dioxide.  It also contains a great number of gases that generally amount to about 1% of the total volume.  These are generally called “trace gases”, and over 550 have been identified to date, and doubtless more will yet be discovered.  A comprehensive list is given in Environment Agency draft Guidance on the management of Landfill Gas, November 2002.

How is landfill gas produced

Three processes within the landfill result in landfill gas being produced;

1. Biodegradation

Landfill gas is most typically produced when organic matter in the waste such as food waste, garden waste, paper products etc. is broken down by the action of bacteria. 

2. Volatilisation

Many chemical compounds found in household and other wastes change from solid or liquid form into vapour at the elevated temperatures often found within a landfill.  Others are released as containers are crushed or deteriorate.  The resulting mixture of vapours become the trace gas components of landfill gas.

3. Chemical Reactions

Some trace gases are produced by chemical reactions within the waste.  This may be particularly significant where industrial wastes have been deposited.
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Factors Affecting Landfill Gas Production

Composition of the Waste

In general, the more organic matter in the waste, the more landfill gas will be produced.  However, the bacteria that break down the waste require small amounts of certain minerals such as calcium, potassium and magnesium and other micronutrients.  If these are present the bacteria thrive and gas is produced rapidly.  If they are lacking or if substances that inhibit bacterial growth are present, gas production will proceed more slowly and in extreme circumstances may stall completely.  Some forms of organic matter such as cellulose break down quickly whereas others such as lignin break down much more slowly.  The rate at which gas is produced depends on the proportions of each type present in the waste.

Availability of Oxygen

If oxygen is present, (aerobic) biodegradation will proceed rapidly and the resulting gas will comprise mostly carbon dioxide.  Composting is aerobic decomposition of this type.  A few modern engineered landfills are designed to function aerobically.  However, in a typical engineered landfill where waste is quickly compacted and covered, aerobic degradation only occurs until the entrained oxygen is used up in newly deposited waste.  Where oxygen is not available, the waste is broken down by anaerobic bacteria that produce a “classic” landfill gas, containing roughly equal amounts of methane and carbon dioxide.

In uncontrolled “dumps”, where waste is left loose and uncovered, breakdown of the waste may be almost entirely aerobic, and in such cases no methane will be produced.

Availability of Moisture

Bacteria need moisture to grow and thrive.  A moisture content of about 40% by weight is needed for maximum bacterial activity and hence maximum rate of gas production.  Compaction of the waste and the presence of layers of poorly permeable material such as clay used for covering will tend to reduce gas production because they obstruct the passage of moisture.  Recirculating leachate back into the waste tends to increase the rate of gas production.

Temperature

Landfill bacteria are temperature dependant.  Although they will survive and function below freezing point, they function best at temperatures around 65oC.

Anaerobic bacteria produce only small amounts of heat and may not be able to maintain the temperature of a shallow landfill when external temperatures fall so landfill gas generation may show a pronounced diurnal or seasonal variations. 

Likewise, waterlogged landfills may not attain optimum temperatures because the bacteria do not generate sufficient heat to raise the temperature of the excess water.  

Higher temperatures promote volatilisation and chemical reactions within the waste so the trace gas component of landfill gas tends to increase with higher landfill temperatures.

Age of the Waste

Landfill gas production begins as soon as waste has been deposited, but anaerobic methane production only occurs wheb all of the available oxygen has been absorbed.  Peak landfill gas production generally occurs about a year after deposit and thereafter gradually declines.  Significant gas production is generally completed within about 20 years of deposition, but every site is different.  Where gas production is slow, the period of significant gas production may extend for 40 or 50 years.  

The pattern of gas production for an entire site is the sum of the performance of all of the individual components of waste.  Some will be rapidly enter the gas generation stage, others will be slower, particularly where the period over which waste has been deposited, has been many years.  

Similarly, the period of significant gas production will vary, and for an entire site most often extends over several decades.

The diagram below shows an idealised and fairly typical sequence of LFG production, although actual durations will vary greatly site by site.
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Landfill Gas Behaviour

A number of factors may influence landfill gas behaviour, making it difficult to predict behaviour at any particular location.  In many cases there are national and/or local regulations governing the way in which landfills are operated and these often have a bearing on how landfill gas behaves at a particular site.  The significance of individual items described below will depend on the characteristics of the particular site. 

The movement of landfill gas through the ground around a landfill is generally referred to as migration while escape to the atmosphere is generally referred to as emission.
· Landfill Cover.  When landfills are uncovered or covered with permeable material such as soil or sand, landfill gas is able to escape through the landfill cover and migration through the ground around the site is often limited.  Regulations requiring that landfills must capped with low permeability material to prevent rainwater penetration are common.  Capping confines the landfill gas, increasing the tendency for it to migrate underground unless systems are in place to prevent it. 

· Man-made Natural pathways .  If the landfill gas escapes from the landfill into the surrounding ground, drains, trenches, and buried utility corridors can act as conduits for gas movement. The natural geology often provides underground pathways, such as fractured rock, porous soil, and permeable strata.

· Surface emissions.  Some of the trace gas components of landfill gas have offensive odours and landfill gas escaping into the air either by design or by accident frequently gives rise to odour nuisance when it is carried outside of the site by the wind.  Wind speed and direction determine the concentration in the air, which can vary rapidly. In the early morning, for example, cool, still air may result in landfill odours ‘ponding’ in hollows near the site giving rise to severe odour problems.

· Moisture. Wet surface soil conditions may prevent landfill gas from escaping through the surface of a poorly capped landfill into the air above and  rainwater seeping into the pore spaces in the waste may displace gases causing a temporary reduction in surface emissions and an increase in the rate of migration.

· Groundwater levels.  With an unlined landfill, gas movement may be influenced by variations in the groundwater table. If the water table is rising into an area, it will displace the gas and force the landfill gas upward. 

· Air Temperature. Although a landfill generally maintains a stable temperature, freezing and thawing cycles can cause the soil’s surface to crack, allowing landfill gas to escape.  Frozen soil, or complete saturation of a normally gas permeable cap over the landfill may provide a temporary barrier to upward landfill gas migration, causing gas to migrate further from the landfill through soil. 

· Barometric and soil gas pressure. The difference between the soil gas pressure and barometric pressure affects the behaviour of landfill gas.  When barometric pressure is falling, landfill gas will tend to escape from the landfill. During periods when barometric pressure is rising, landfill gas may be retained temporarily in the landfill until a new pressure balance is established. 

How far can landfill gas migrate?

It is difficult to predict the distance that landfill gas will migrate because so many factors play a part.  Although distances greater than 1,500 metres have been observed, these are exceptional.  More typically migration plumes extend for about 150 metres. 

How does landfill gas enter buildings?

Gases migrating through the ground from a landfill may eventually reach buildings.  Those with basements are generally at greatest risk but service entry points, construction joints and foundation cracks also provide entry points for gases.  It is not unknown for gas to enter wall cavities below ground level and then travel through them up into the roof-space.  

The amount of landfill gas entering a building depends on a number of factors, including the construction and maintenance practices and the type and pattern of use as well as the rate at which it is migrating out of the site.

Effective techniques have been developed that can be applied to existing buildings or incorporated into the construction of new buildings to make them safe from migrating landfill gas.  Although technically possible, it is generally accepted that private houses should not be built on ground that is known to be ‘gassy’ because of the difficulty of ensuring that gas protection measures are maintained.  On the other hand there are many examples of successful commercial and industrial developments on landfills.
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