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0. Introduction 
These guidelines are made in connection with the programme “INOGATE Technical Secretariat & 

Integrated Programme in support of the Baku Initiative and the Eastern Partnership energy objectives”. 

The guidelines are worked out for the use of the beneficiary organisation SWMCG (Solid Waste 

Management Company of Georgia Ltd.) 

The purpose of the project is capacity strengthening of the SWMCG by introducing applicable methods 

for assessing landfill gas potential at the existing dumpsites in Georgia. 

The overall objectives are to: 

• Reduce the environmental and health impacts of methane gas emissions from landfills in 

Georgia. 

• Harness the viable potential for energy generation from landfill gas. 

The situation in Georgia is that the existing landfills should be monitored prior to closure to be able to 

determine how best to deal with landfill gas at each site.  

In order to properly monitor the gas emissions and the potential for exploitation of the gas, SWMCG 

should build up capacity to monitor landfill gas.  

The assistance should provide capacity building through development of guidelines as well as training of 

relevant staff, which should enable the organisation to perform the monitoring independently.  

The specific objectives are to: 

• Develop guidelines applicable to landfill gas potential assessment. 

• Build up capacity within the SWMCG to monitor landfill gas.  
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1. Landfill gas background 

1.1 Generation of landfill gas (LFG) 
LFG is generated as a result of physical, chemical, and microbial processes occurring within the disposed 

waste due to decomposition of the organic matter present in the waste.  

The processes occurring in the waste after disposal is shown in Figure 1. 

 

Figure 1 Production phases of typical landfill gas 

http://www.atsdr.cdc.gov/HAC/landfill/PDFs/Landfill_2001_ch2mod.pdf) 

Phase I. This is a short aerobic phase immediately after landfilling the waste, where the long molecular 

chains of complex carbohydrates, proteins and lipids that comprise organic waste is decomposed by 

aerobic bacteria – bacteria that live only in the presence of oxygen- by consuming oxygen and 

generating carbon dioxide. This phase will continue until the available oxygen is depleted and can last 

for days or months. 

Phase II. Under anaerobic conditions - no presence of oxygen – the bacteria living under these 

conditions will take over decomposition of the waste by converting compounds created by aerobic 

bacteria into organic acids and alcohols.  As the acids mix with the moisture present in the landfill, they 

http://www.atsdr.cdc.gov/HAC/landfill/PDFs/Landfill_2001_ch2mod.pdf
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cause certain nutrients to dissolve, making nitrogen and phosphorus available to the increasingly diverse 

species of bacteria in the landfill. The gaseous byproducts of these processes are carbon dioxide and 

hydrogen. If the landfill is disturbed or if oxygen is somehow introduced into the landfill, microbial 

processes will return to Phase I. 

Phase III. Phase III decomposition starts when certain kinds of anaerobic bacteria consume the organic 

acids produced in Phase II and form acetate, an organic acid. This process causes the landfill to become 

a more neutral environment in which methaneproducing bacteria - methanogenic bacteria - begin to 

establish themselves. Methane- and acid-producing bacteria have a symbiotic, or mutually beneficial, 

relationship. Acid-producing bacteria create compounds for the methanogenic bacteria to consume. 

Methanogenic bacteria produce methane by consuming the carbon dioxide and acetate, too much of 

which would be toxic to the acid-producing bacteria. 

Phase IV. This phase is characterized by a fairly stable methane production rate resulting in a methane 

concentration in the gas of 50-65% by volume, 40% to 60% carbon dioxide, and 2% to 9% other gases, 

such as sulfides. Gas is produced at a stable rate in Phase IV, typically for about 20 - 40 years. Gas 

production might last longer, for example, if greater amounts of organics are present in the waste, such 

as at a landfill receiving higher than average amounts of domestic animal waste. 

Phase V (not shown in the figure). After the stable methanogenic phase, aerobic zones and zones with 

redox potentials too high for the methanogenic bacteria to survive will appear in the upper layers of the 

landfill. Production of the methane will start to decline and nitrogen as wells oxygen will start appearing 

in the landfill gas again due to diffusion from the atmosphere. Decomposition of the organic waste is 

completed and the composition of the gases present in the landfill body is similar to ordinary soil air.  

In reality, biochemical reactions and LFG generation do not proceed in a homogeneous way. Due to local 

variations in waste composition, moisture content, vicinity of inhibitors and nutrients, temperature, 

presence of oxygen and hydrogen, pH and alkalinity and sulphate, the reaction rates might differ 

significantly from place to place and all phases might occur simultaneously through the landfill. 

Therefore it can be difficult to predict and control. 

Landfill gas predominantly consists of methane and carbon dioxide. From waste that mainly contains 

carbohydrates the composition of LFG is roughly 50% methane and 50% carbon dioxide. From waste 

that contains more fat and protein the composition is more likely to be 55% methane and 45% carbon 

dioxide. 

The methane concentration can even be higher in very wet landfills due to a higher solubility of carbon 

dioxide in water. In older landfills the production of landfill gas reduces and atmospheric air can enter 

the landfill. The landfill gas can contain significant amounts of nitrogen. And with the oxygen from the 

air methane can be oxidised. This results in both a reduction of the methane percentage and an increase 

of the carbon dioxide percentage. Therefore the quality of landfill gas in older landfills can vary 

considerably. 
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Landfill gas can also contain traces of other ((poly) aromatic) hydrocarbons, halogenated hydrocarbons 

and sulphur compounds. 

Different methods of estimation use different parameters. In comparing methods very often 
conversions have to be made between organic matter and organic carbon and between LFG and 
methane. For that purpose organic matter can be assumed to be predominantly cellulose. The 
biodegradation of cellulose can chemically be described by: 
 

 
Figure 2 – Biodegradation of cellulose. 

 

Therefore: 
Methane and LFG production per kg OM degraded: 
 

             48               
180 * 714 = 0.373  m3 CH4 LFG = 0.75 m3 LFG 
 
Methane and LFG production per kg C degraded: 
 
           48          
72 * 714 = 0.933  m3 CH4 LFG = 1.87 m3 LFG 
 

 
Figure 3 - Landfill gas production, extraction, oxidation and emission. 

1.2 Composition and characteristics of landfill gas 
As described in the previous section, landfill gas is composed of a mixture of hundreds of different 

gases. By volume, landfill gas typically contains 40% to 60% methane and 40% to 60% carbon dioxide.  
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Landfill gas also includes small amounts of nitrogen, oxygen, ammonia, sulfides, hydrogen, carbon 

monoxide, and non-methane organic compounds (NMOCs) such as trichloroethylene, benzene, and vinyl 

chloride.  

Table 1 lists typical landfill gases, their percent by volume, and their characteristics. 

Component Percent by 
volume, % 

Characteristics 

Methane 
CH4 

40-60 Methane is a naturally occurring gas. It is colorless and 
odorless. Highly explosive when mixed with air at a volume 
between its LEL1 of 5% and its UEL2  of 15%. At 
concentrations below 5% and above 15%, methane is not 
explosive.  

Carbon dioxide 
CO2 

40-60 Naturally found at small concentrations in the atmosphere 
(0.03%). It is colorless, odorless, and slightly acidic. Not 
flammable or explosive. 

Nitrogen 
N2 

2-5 Nitrogen comprises approximately 79% of the atmosphere. 
It is odorless, tasteless, and colorless.  
Not flammable or explosive. 

Oxygen 
O2 

0.1-1 Oxygen comprises approximately 21% of the atmosphere. It 
is odorless, tasteless, and colorless. 
Not flammable or explosive. 

Ammonia 
NH4 

0.1-1 Ammonia is colorless gas with a pungent odor and 
flammable. Its LEL is 15% and its UEL is 28%. However, 
ammonia is unlikely to collect at a concentration high 
enough to pose an explosion hazard.  

NMOCs(i.e., 
compounds that 
contain carbon)  
Methane is an 
organic compound 
but is not 
considered 
a NMOC. 

0.01-0.6 NMOCs may occur naturally or be formed by synthetic 
chemical processes. NMOCs most commonly found in 
includeacrylonitrile, benzene, 1,1-dichloroethane, 1,2-cis 
dichloroethylene, dichloromethane, carbonyl sulfide, 
ethylbenzene, hexane, methyl ethyl ketone, 
tetrachloroethylene, toluene, trichloroethylene, vinyl 
chloride, and xylenes. 
Potential explosion hazards vary by chemical. For example, 
the LEL of benzene is 1.2% and its UEL is 7.8%. However, 
benzene and other NMOCs alone are unlikely to collect at 
concentrations high enough to pose explosion hazards. 

Sulfides  
(e.g. hydrogen 
sulfide, dimethyl 
sulfide, mercaptans) 

0-1 Sulfides are naturally occurring gases that give the landfill 
gas mixture its rotten-egg smell. They can cause unpleasant 
odors even at very low concentrations. Hydrogen sulfide is 
flammable. Its LEL is 4% and its UEL is 44%. However, in 
most landfills, hydrogen sulfide is unlikely to collect at a 
concentration high enough to pose an explosion hazard. 

Table 1 - List of typical landfill gases, their percent by volume, and their characteristics. 

                                                           
1
 Lower Explosive Limit 

2
 Upper Explosive Limit 
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1.3 Potential impacts of landfill gas 
The generation and presence of landfill gas can result in a variety of adverse impacts, including: 

 Nuisance odours caused primarily by the hydrogen sulfide and mercaptans that are present in trace 

quantities in the gas. These compounds may be detected by sense of smell at very low 

concentrations, and yet may remain far below health thresholds. 

 

 Emission of GHGs3, such as methane, CO2,  chlorofluorocarbons (CFCs), nitrous oxide (N2O), water 

vapor and non-methane organic compounds (NMOCs). Methane is approx. 25 times more harmful 

GHG than CO2 because of its effect on other atmospheric molecules. 

 

 Health issues and toxic effects related to subsurface migration of landfill gas which are centralized 

around the landfill sites and are primarily of relevance to the landfill workers. In the right conditions, 

landfill gas may be combustible, suffocating, and toxic, as is hydrogen sulphide. On-site works in 

areas such as manholes related to leachate management provide a potential area for accumulation 

of toxic gases.  

Additionally, accumulation of landfill in enclosed or low-lying areas on or near landfills may cause 

displacement of air, thereby creating an oxygen-deficient atmosphere. This oxygen deficiency may 

be severe enough to pose a suffocation hazard to persons in the area.  

While some of the trace compounds in landfill gas are toxic at sufficient exposure concentrations, 

other compounds are considered carcinogenic over long-term exposure.  

 

 Landfill gas may form an explosive mixture when it combines with air in certain proportions (see 

Table 1). The risk of exploration of landfills gas exists in the presence of a source of ignition. This can 

occur in a confined space and is always a concern when working on landfill pipes or any areas where 

landfill can be released.  

The risk of explosion is also associated with confined spaces that have limited ventilation. In the 

past, landfill gas explosions have occurred in structures on or near landfill sites. These occurrences 

are generally attributed to landfill migrating through the soil and accumulating within nearby 

structures.  

The potential exposure pathways to landfill gas are illustrated in Figure 2. 

 

 Vegetation stress is a sign of landfill gas migration through the subsurface or through the final 

landfill cover and occurs because plant roots are deprived of oxygen or components that are directly 

toxic to plants. 

 Deterioration of vegetation on and near landfills may be both an aesthetic and a practical problem. 

In areas where vegetative cover is diminished, erosion of the cover may occur.  

 

Each of these impacts has prompted the implementation of landfill gas management systems at modern 

landfills and closed dumpsites. 

                                                           
3
 Green House Gases 
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Figure 4 - Potential Exposure Pathways to Landfill Gas. 

http://www.atsdr.cdc.gov/HAC/landfill/html/ch3.html) 

1.4 Potential benefits of landfill gas  
The primary direct benefits of managing landfill gas are the control of potential adverse impacts and the 

reduction of liability for the site owner. 

When collected landfill gas has numerous additional beneficial uses that stem primarily from the energy 

content of its methane component. Many of the technologies for utilization of landfill gas are now well 

established and have proven to be economically feasible given suitable site conditions and access to 

markets.  

Electricity generation from landfill gas is the most prevalent utilization option, but refining of landfill gas 

to pipeline-quality natural gas is becoming more common, as is the formulation of fuel for vehicles. 

However, as earlier noted, beneficial use of landfill gas is highly dependent on the quality and efficiency 

of the landfill gas collection system from an economics standpoint, and thus it is important to ensure 

that gas collection systems are correctly designed and installed to provide a consistent and steady 

supply of LFG to the utilization facility.  

Operations are also a key component of this equation, as operation of even a well-designed and 

constructed landfill gas management system can at times result in poor gas supply if operations are not 

performed in a manner consistent with the objective of fuelling the plant. 

http://www.atsdr.cdc.gov/HAC/landfill/html/ch3.html
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2. Landfill gas management system 

2.1 Objectives 
Due to the potential impacts and benefit of landfill gas listed in the previous section, landfill gas 

management systems are established on modern and older landfills/dumpsites in order to: 

• minimize the impact on air quality and the effect of GHGs on the global climate; 

• minimize the risk of migration of LFG beyond the perimeter of the landfill; 

• minimize the risk of migration of LFG into services and buildings on site; 

• avoid unnecessary ingress of air into the landfill and thereby minimize the risk of landfill fires; 

• minimize the damage to soils and vegetation within the restored landfill area;  

• permit effective control of gas emissions; and 

• where practicable permit energy recovery. 

 Therefore, the design of landfill management system depends  on a number of local conditions, such as 

topography and geology of the landfill area, presence of constructions and buildings on site and 

residential areas in the vicinity of the landfill area, as wells as  the amount and composition of landfill 

gas generated.  

2.2 Components of landfill gas management systems 

2.2.1 Landfill barriers  

A physical barrier system may be necessary to control LFG migration. LFG migration in modern sites is 

inhibited through the construction of bottom and side slopes lining system. In cases where protection of 

a potential target is necessary from LFG migration a barrier may be constructed. 

A barrier system may be a vertical barrier system or a horizontal barrier system.  

A typical example of a vertical barrier is a cement/bentonite slurry cut-off trench. To improve 

effectiveness a geo-membrane should be incorporated into the trench.  

 
Figure 5 - Vertical barrier. 
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A horizontal barrier will typically be a bottom liner and is therefore not possible to install in existing 

landfills.  

2.2.2 Extraction systems 

Active control of LFG is implemented through an extraction system with subsequent utilization or 

disposal by flaring of the gas. Extraction systems require a gas collection network. This typically 

comprises gas wells, wellheads, and collection pipes. LFG is extracted by means of a suction pump, e.g. 

booster pump. A LFG extraction system may be used for active venting where the quality of gas, i.e. low 

methane content, is not sufficient to sustain combustion. 

Gas wells 

Gas wells may be installed as landfill filling progresses thereby providing gas control at an early stage of 

the landfill’s development. Alternatively, wells may be drilled after waste emplacement. Even with 

extensive well arrangements installed during the filling stage, experience shows that vertical wells 

drilled down to within two meters of the liner are necessary for active gas extraction when the filling is 

complete. 

The most common gas well types are: 

• vertical perforated pipe - vertical gas well (Figure 6). Consists of a borehole containing a pipe which 

has perforations through the wall over the lower part of the pipe length. The pipe is surrounded by 

coarse aggregate fill; 

• horizontal perforated pipe - horizontal gas wells (Figure 7). Consists of perforated pipes laid 

horizontally in trenches set in the waste or within the gas layer in the final capping system. The pipe is 

surrounded by coarse aggregate fill; 

• hybrid types. Consist of an array of shallow depth perforated vertical wells connected to a single 

offtake point by lengths of buried horizontal pipe which may also be perforated; and 

• gabion well. Consist of aggregate filled excavations set in the waste from which gas is drawn off 

through a perforated pipe located within the aggregate. 
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Figure 6 - Example of vertical gas well arrangement. 

 

Figure 6 - Example of horizontal gas well arrangement. 
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The design of any gas well should include allowance for settlement of the waste within the landfill and 

sufficient space should be left between the bottom of the well and the landfill bottom liner to reduce 

the risk of damaging the liner. Typically gas wells are drilled to 75% of the waste depth.  

Gas wells constructed as filling progresses usually have a minimum diameter of 500 mm, a diameter of 

600 - 800mm is preferred. Gas wells retrofitted after filling are typically drilled to 250-300mm diameter. 

Gas wells formed during filling are therefore normally larger than those retrofitted. The slotted well pipe 

typically has a minimum diameter of 160 mm and is usually made of either HDPE, MDPE or 

polypropylene. 

The well spacing necessary to achieve gas collection is site specific. Vertical gas wells are normally 

spaced at between 20m and 60m centres (with 40m being the industry norm in the UK). 

Well heads 

Wellheads are fitted to the top of gas wells to control the extraction of gas. The material typically used 

to make wellheads is polyethylene (PE). An example of a typical wellhead is shown in Figure 8. 

 
Figure 8 - Typical well head for LFG. 

Wellheads are usually encased in lockable headwork’s to prevent vandalism. They should be joined to 

connecting pipework using flexible piping to allow for settlement. Wellheads have been developed to 

cover a number of aspects and components vary depending on the required functions. These usually 

include flow rate measurement fittings, to allow for the flow from individual wells to be monitored; flow 

regulators; dewatering wellheads; provisions for monitoring gas quality and suction pressure. 
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Collection pipes 

A collection pipe network is needed to convey the gas from the point of generation or collection to the 

point of flaring or energy production. The pipeline material should be chemically resistant to landfill gas, 

condensate and leachate as well as having appropriate mechanical strength to withstand loading and 

ground/waste settlement. The materials which are deemed must suitable are polyethylene (MDPE and 

HDPE), and polypropylene. The pipework should be sized to allow for maximum possible gas flow rate 

from the site. 

It is recommended that pipes be laid to a minimum fall of 1:30 to assist drainage of condensate. The 

pipeline should have sufficient valves to allow isolation of sections. Pressure testing of the collection 

pipe network should be carried out to ensure integrity of the pipe material and of joints. All pipes laid 

underground should have a minimum cover of 600mm over the top of the pipe. 

 

Figure 9 – Gas collection pipes. 
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Condensate removal 

When LFG enters cooler zones condensate may be generated which may be corrosive and may contain 

volatile organics. The main constituents in condensates are volatile fatty acids, ammoniac-N and in some 

samples metals such as zinc or iron that result from corrosion of galvanised or metallic components of 

gas collection systems.  

The removal of condensate from the pipeline is necessary to prevent blockages and restriction of gas 

flow. This can be achieved by use of syphon tubes (Figure 10) or by condensate knock out drums (Figure 

12). The syphon tube consists of water seal leg and drip tube through which the condensate flows to a 

ground soak away. The knock out drums are used when a high condensate volume is expected or when 

the levels of groundwater or leachate are expected to rise above the gas collection pipe network. The 

knock out drum consists of a drum which allows expansion of the gas flow with a resultant drop out of 

condensate which may be collected within the drum and discharged or pumped to a suitable reception 

point. Where condensate is collected, it is diverted to the leachate collection system. 

 

 

Figure 70 - LFG condensate traps. 
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Figure 81 - Typical condensate reservoir complete with syphon. 

Extraction pumps 

Centrifugal compressors are normally used for gas extraction. They are available in a range of sizes 

typically between 150m3/h and 3,000m3/h. Extraction plant is typically designed on a modular basis to 

provide cost effective and flexible solutions. 

Parameters that should be specified for a LFG extraction system include; inlet suction and outlet 

pressure; flow capacity; and power consumption. Flame arrestors should be fitted so that if pumping a 

gas/air mixture within the explosive range the risk of propagation of an explosion is minimised. 

Instrumentation to allow regular rebalancing of the gas flows from each well is also required. 

 

Figure 92 – Gas extraction pumps. 
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2.2.3 Treatment and utilization 

The utilization of LFG as an energy resource may be a commercially viable proposition and can offset 

some of the costs of control. Gas utilization depends on the quality of the gas, the gas yield and on the 

economics of production to available market. 

The potential end use of the LFG depends on the methane content of the gas. For safety reasons, the 

collection and utilization of methane gas must operate above the upper explosive limit. Figure 13 

illustrates the LFG process from generation to utilization. 

 

Figure 103 - LFG development and production options. 

It is widely accepted that the minimum amount of landfilled biodegradable waste required to sustain a 

commercially viable landfill gas electricity scheme is about 200,000 tones. A 40% collection efficiency 

over the lifetime of the landfill appears to be the practical maximum. 

Pre-treatment 

To employ most LFG utilization technologies, the raw collected biogas needs to be processed to some 
extent. The degree of LFG processing or pre-treatment required is a function of the constituents and 
levels of traces compounds in the biogas, the utilization option to be employed, and the degree to which 
these constituents influence operations and maintenance costs. The main constituents in LFG requiring 
pre-treatment include: 
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 Free moisture/water vapour 

 Particulates 

 Hydrogen sulphide 

 Siloxanes 

 Halogenated organic compounds 

 Carbon dioxide 

Most LFG utilization projects at minimum require the removal of moisture and particulates. Most 
primary treatment technologies rely on physical processes for moisture and particulate removal. 
Hydrogen sulphide, siloxanes, halogenated hydrocarbons, and carbon dioxide usually require more 
advanced removal technologies. 
Secondary treatment of the LFG may be also be necessary to remove any additional hydrogen sulphide, 
siloxanes, halogenated organic compounds, and carbon dioxide. 

Direct use 

The collected LFG can be used directly in boiler firing, cement manufacture, district heating, greenhouse 

heating, augmenting national gas supply, and vehicle fuel. The minimum methane concentration 

required by most combustion equipment is 40%, although some equipment can use lower 

concentrations effectively. 

The size of direct use schemes typically range between 0.5 - 3.5MW. Minimum methane concentration 

varies depending on the application. In order to use the gas directly there must be an available market. 

As landfills are usually located in the areas distant to the potential consumers, application of this option 

in practice is rather limited. 

 

Figure 114 – Direct use for industry or district heating. 

Power generation 

Power generation is the most popular landfill gas utilization option, as electricity generated is easy to 

transport through long distances and it does not depend on the proximity of consumers. 
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Internal Combustion Engine 

The most common LFG utilization technology for small to relatively large LFG projects is the internal 

combustion engine (Figure 15). Internal combustion engines are available in various sizes with electrical 

outputs ranging from less than 0.2 MW to more than 3.0 MW per unit. Between 500 and 540 m3/hr of 

LFG at 50 percent methane is necessary to generate 1 MW of electricity. Normally the size of power 

generation schemes is in the range 1MW to 5MW.  Combustion engines that use LFG as a fuel are 

commercially available and may be obtained as modular units or within a complete parallel generator 

package. Often, containerized systems are installed in a series to allow for engines to be added or 

removed in response to fluctuating gas flows over time. Many manufacturers have designed engines 

specifically to operate on LFG and other biogases, and they should be able to provide examples of these 

operations. The type of plant for power generation will depend on the quantity and quality of gas 

generated.  

 

Figure 15 – GE Jenbacher Internal Combustion Engine at Simprodeso Landfill in Monterrey, Mexico. 

Gasturbines 

Power generation plants include gas turbines, dual-fuel engines and spark ignition engines. 

Minimum methane content for these plants varies but typically around 35% methane content is 

required.  

Gas turbines are generally larger than internal combustion engines and are available in various sizes 

from 1 MW to more than 10 MW (see Figure 16). Although smaller gas turbine units or “micro-turbines” 

(1 MW) have been used at landfills, they are not normally the primary generating unit. Most LFG 

projects using turbines in the United States are in the 3 to 5 MW range, which require sustainable LFG 

flows in excess of 2,000 m3/hr. Gas turbines are available as modular and packaged systems. Modular 

systems allow for flexibility in responding to changes in LFG quality and flow. 

Gas turbines require a high pressure fuel supply; thus, a fuel gas compressor (FGC) must precede the 

turbine. The FGC is the more sensitive piece of equipment for the efficient long-term reliability of the 

facility. Requirements for the compression stage will typically govern the level of LFG processing that will 

be necessary to ensure reasonable operating and maintenance costs for the facility. The required LFG 
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pressure can consume a significant portion of the power being generated, resulting in lower energy 

conversion efficiencies (parasitic losses). 

 

Figure 12 – Gasturbine. 

 

Combined Heat and Power plant (CHP) 

Some projects can increase their operating efficiencies by incorporating cogeneration systems. 

Combined heat and power (CHP) or cogeneration systems generate electricity and capture waste heat to 

provide thermal energy. Thermal energy cogenerated by LFG electricity projects can be used for on-site 

heating, cooling, or process needs, or piped to nearby industrial or commercial users to provide a 

second revenue stream for the project. CHP is often a better economic option for end users located near 

the landfill or for projects where the end user has sufficient demand for both the electricity and the 

waste heat. The end result is significantly more efficient than generating heat and power separately. The 

average power plant in EU is up to 40% efficient on electricity, and up to 45% efficiency on heat, which 

in average is an overall efficiency of generating electricity and heat is up to 85% efficient. 

 

Figure 13 – 2.7 MW J620 gas engine used in a Combined Heat and Power plant. 
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Flaring 

If the gas quality is too low for use as fuel then it can be flared. Typically a methane content of at least 

20% by volume is specified for operation of a LFG flare unit. A flare system may also be used to burn off 

excess gas or to act as a standby during periods of plant shutdown. 

There are two basic types of flare unit: an elevated stack and a shrouded flare type. Landfill gas should 

be flared at a temperature range of between 1000°C and 1200°C to remove minor constituents in the 

landfill gas. For adequate destruction, combustion retention time is typically between 0.3 and 0.6 

seconds. With elevated stacks it is not possible to obtain extended residence times at elevated 

temperatures. The shrouded flare type can hold the gas at the design temperature for a specified period 

of time within a combustion chamber of adequate volume.  

Whilst the combustion of LFG reduces the risk of uncontrolled LFG emission and explosion, the potential 

health and environmental impacts of emissions from flares (and from other combustion processes for 

LFG use) also have to be taken into account. Open flares should only be used as a temporary measure as 

they do not achieve emission standards. Temporary use may include for example an assessment of 

actual gas flow rate for a limited period of no more than 6 months. 

The height of the flare is also important. Tall flares are preferable to shorter flares as they are better 

able to induce sufficient combustion air; they are more likely to provide an adequate retention time for 

the entire gas stream; the temperature distribution is more uniform; and they allow better dispersion of 

the off-gases into the atmosphere. 

The products of combustion from the flare unit should be tested to verify that the predicted 

performance is being achieved. Specific limits for flare units may be set at the time of licensing. Usually, 

the inlet gas is monitored for O2, CO2 and methane, while the outlet is as minimum measured for O2, CO, 

temperature and gas flow rate and the monitoring program can be extended also to include 

concentrations of THC, NOx, CO2, SO2, HCl and HF. 
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Figure 14 – Flaring systems – Open Flare 1 and 2 (left) and Enclosed Flare (right). 

Venting 

Venting systems should only be used where the gas quality is too low for utilization or flaring, i.e. 

insufficient concentrations of methane and oxygen. 

Venting systems can be in the form of vent stacks or gravel filled trenches. Venting systems should be 

designed in a manner as to prevent ingress of water. Vent stacks may be designed similar to gas wells 

that are used for gas extraction. 

Vent stacks installed during landfilling should be constructed as to be suitable for connection to the 

active extraction and utilization system. The vent stacks should extend upwards through the final 

cover/capping system to provide permanent monitoring and both passive and active extraction 

locations. 

The gas drainage layer in the final capping system and the leachate drainage layer provide pathways for 

the gas to reach the vent pipes. Figure 19 illustrates a gas vent system from the gas drainage layer in the 

cap/final cover system. 

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.epgco.com/ltl-flares.html&ei=FR9aVMH2NozUav_lgcgL&psig=AFQjCNHTK6Qan8CoNIAuBMjpbykK1SOu1w&ust=1415278371306183
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Figure 15 - Venting to atmosphere from gas drainage layer. 

Bio-cover 

In recent years, there has been a focus on reduction of GHG emissions, including those from landfills. It 

has resulted in development on new technologies for conversion of LFG components with strong GHG 

characteristics to less harmful substances (e.g. from CH4 to CO2) and herby making venting the least 

preferred LFG management option.  

Bio-cover system is one of the above-mentioned technologies. It is quite low-tech, efficient and 

relatively cost-effective in reduction of methane emission from landfills.  

The bio-cover system, a principal sketch of which is shown in Figure 20, is basically a filter of biologically 

active material, compost, built-in in the final soil cover/cap of the landfill body.  In the compost layer the 

natural methane oxidizing bacteria converts methane to carbon dioxide and water.  The CO2 is of 

biogenic origin and to be seen as greenhouse gas neutral. 
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Figure 16 - Principle sketch showing the structure of the bio-cover system. 

The total area of the bio-cover system (so called windows with compost) required for the total reduction 

of methane emissions from a given landfill is calculated based on the methane oxidation capacity of the 

compost material used for the filter and methane generation rate.   

Instead of venting, the collected LFG is distributed under the bio-cover windows.  The permeability of 

the final soil cover/capping is sufficiently low so the LFG is "forced" to leave landfill body through the 

bio-cover windows where its content of methane decomposed before reaching the atmosphere.   

2.2.4 Landfill gas monitoring 

As mentioned in section 2, LFG can migrate outside landfill site. It is therefore essential that monitoring 

points be established on the perimeter of the site and between the site and locations such as buildings 

that may be at risk from LFG migration. Investigations should identify likely monitoring point locations. A 

typical monitoring borehole is presented in Figure 21. 
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Figure 17 - Typical LFG monitoring borehole (outside waste body). 

Usually, in the monitoring points concentration of O2, CO2 and methane is measured 2-4 times a year, 

but in order to be detect unexpected migration of LFG, for example due to significant drop down in the 

atmospheric pressure, onsite buildings should be fitted with alarms as a precautionary measure to 

indicate if trigger levels are exceeded. In such instances emergency monitoring should be undertaken to 

identify the point of gas ingress and control measures should be implemented to prevent further 

ingress. 
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3. Assessment of landfill gas generation potential 
Before planning any LGS management system a preliminary assessment of LFG generation potential 

must be carried out for each landfill. This assessment can be based on theoretical and/or practical 

assessment methods.   

The theoretical LFG generation assessments are usually carried out as desktop studies where the LFG 

generation potential is determined on well proven LFG generation models based on the data on the 

amounts and composition of waste disposed or expected to be disposed of at landfill throughout the 

whole period of landfill operation. 

The practical assessment of the LFG generation potential is based on pumping trials. It means that a few 

LFG collection wells are established directly in the landfill body and the actual LFG generation rate as 

well as LFG composition is determined. Based on the results of these investigations, the LFG generation 

potential for the whole landfill is calculated. The pumping trials are usually used to support the 

theoretical estimates of LFG generation potential. 

 3.1 Collection of data 
If available, previous LFG generation assessments can act as a useful record of historical site-specific 

information and should be reviewed as a starting point of an assessment. 

LFG generation assessments generally include the following information: 

 historical waste tonnage estimates 

 projected waste tonnages 

 average annual precipitation 

 discussion of waste characteristics 

 LFG generation rate, k, estimate 

 LFG generation potential, Lo, estimate 

 estimate of LFG generation rates over the life of the landfill. 
 

In no previous LFG generation assessments are available, the information mentioned above needs to be 
collected and necessary assessment made by the qualified professional staff. 

3.1.1 Information on waste 

Historical annual waste tonnage 

Direct measurement (landfill entrance weigh scale data) is the preferred source of annual historical 

waste tonnage information. This is also a reliable source for estimating the mass of each waste type 

received. If such information is available, it must be used for this LFG generation assessment. 

For the purpose of the assessment, the historical data on annual waste tonnage should cover the period 

from the first year of the landfill operation or 30 years before the year the assessment is taking place. 

For the older landfills or illegal dumpsites such information might not be available. In such cases, the 

annual waste tonnage shall be determined based on landfill volume/airspace consumed by the landfill 
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body and the application of apparent waste density which can range from less than 500 kg/m3 to more 

than 1,000 kg/m3. 

If landfill volume/airspace information is not available a population based waste disposal estimate is 

acceptable. 

Projected annual waste tonnage 

Projected annual waste tonnages for four consecutive years following the year of the LFG generation 

assessment should be estimated by a qualified professional using the best information available. 

Information available to estimate projected annual waste tonnages may include: 

 landfill annual tonnage limits specified in a landfill permit or operational certificate; 

 historical annual tonnages per capita; 

 maximum annual approved filling rate; 

 projected population growth estimated from historical growth rates in the landfill; 

 service area; and 

 anticipated results of diversion programs (recycling and reuse) planned for implementation in the 

period of the projected waste tonnages. 

Waste characteristics 

An accurate estimate of waste composition is required to accurately predict the LFG generation 

potential of a site. The total amount of LFG that can be generated from a unit mass of waste is 

dependent on the fraction and type of organic content of the waste, because the decomposing organic 

wastes are the source for all LFG produced. 

There are several ways of categorizing waste reflecting its ability to decompose and herby be converted 

into LFG. In this guideline waste is characterized into three categories: relatively inert, moderately 

decomposable, and decomposable. 

Information describing the characteristics of waste landfilled can be gathered from historical weigh scale 

records and waste characterization studies if available. Typical waste types are presented in Appendix A. 

Information regarding the type and mass of waste received will be used in selecting methane generation 

potential, Lo, described in Section 3.2. 

3.1.2 Meteorological data 

The moisture content within a landfill is one of the most important parameters affecting the gas 

generation rate. Moisture provides an aqueous environment necessary for anaerobic processes 

responsible for LFG production, and serves as a medium for transporting nutrients and bacteria that play 

a major role in the decomposition process. 

The moisture content within a landfill is influenced primarily by the infiltration of precipitation through 

the landfill cover and active area. Other factors that affect the moisture content in the waste and the 

rate of LFG generation include the initial moisture content of the waste, the amount and type of daily 
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cover used at the site, the permeability and time of placement of final cover, the type of base liner, the 

leachate collection system, and the depth of waste in the site. 

For the purpose of this Guideline, average annual precipitation data from a meteorological station 

located closest to the landfill site should be used as the average annual precipitate at the landfill. 

Precipitation data will be used in selecting the LFG generation rate, k, in Section 3.2.2. 

3.2 Landfill gas generation parameters 

3.2.1 Methane generation potential, Lo 

The methane generation potential, Lo, represents the total potential yield of methane from a mass of 

waste (m3 of methane per tonne of waste). The Lo value is dependent on the composition of waste, and 

in particular the fraction of organic matter present. The fraction of organic matter present in waste 

dictates the Lo and potential for methane generation. This Guideline characterizes waste into relatively 

inert, moderately decomposable, and decomposable as described in the previous section. 

Each category of waste has a different potential for methane generation. Table 3.5.2 below present’s 

values for Lo assigned to each category of waste as defined in this Guideline. 

Note that the parameters assigned are based on the waste categorization described in Section 3.1.1 and 

it is important as a result to properly categorize the waste. The table presented in Appendix A identifies 

which waste types should be allocated to the relatively inert, moderately decomposable, and 

decomposable categories. 

Waste Characterization Methane Generation 
Potential Lo  
(m3 methane/tonne) 

Relatively Inert 20 
Moderately Decomposable 120 
Decomposable 160 
Table 2 – Methane Generation Potential Lo 

3.2.2 LFG generation rate, K 

The methane generation rate, k, represents the first-order biodegradation rate at which methane is 

generated following waste placement. This constant is influenced by moisture content, the availability of 

nutrients, pH, and temperature. For determining the value of k, average annual precipitation data from 

the meteorological station located closest to the landfill site should be used. For each category/type of 

waste, the k value should be selected based on annual average precipitation. 

Table 3 below presents values for k assigned to each category of waste. 
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 Methane Generation Rate (k) Values 

Annual Precipitation Relatively inert Moderately inert Decomposable 
<250 mm 0.01 0.01 0.03 
>250 to <500 mm 0.01 0.02 0.05 
>500 to <1,000 mm 0.02 0.04 0.09 
>1,000 to <2,000 mm 0.02 0.06 0.11 
>2,000 to <3,000 mm 0.03 0.07 0.12 
>3,000 mm 0.03 0.08 0.13 
Table 3 - Presents values for k assigned to each category of waste. 

3.2.3 Water addition factor 

 As described in Section 3.1.2, the moisture content within a landfill is one of the most important 

parameters affecting the LFG generation rate and is influenced primarily by the infiltration of 

precipitation through the landfill cover and the nature and composition of the waste. 

In some cases additional amount of moisture in terms of recirculated 
leachate or surface run off can be introduced to the landfill body in order to 
enhance LFG generation or due to other reasons. The influence of this 
moisture increase on LFG generation is included into the assessment by 
introducing so-called water addition factor or methane generation correction 
factor.Landfill conditions 

Water 
Addition 

Factor 

Low to negligible water addition to the waste mass "dry tomb type landfill" 0.9 
Partial infiltration or water addition to the waste mass 1.0 
Addition of water into the waste mass "bioreactor type landfill" 1.1 
Table 4 – Water addition factor. 

For the landfills with the final cover of soil and not containing artificial barriers, such as plastic 

membranes, and therefor with infiltration of only natural precipitation, the water addition factor is 1.0. 

3.3 Landfill gas generation models 
There are several theoretical landfill gas assessment models developed throughout the world and 

reflecting local landfilling conditions, such as organic content in the waste disposed and level of detail of 

the data available for the assessment. 

In these guidelines, the quantity of LFG/methane generated each year is calculated using the Scholl 
Canyon model. The Scholl Canyon kinetic model is based on characteristics of substrate-limited bacterial 
growth and it does not take into consideration various parameters which is specific for each landfill. 
It assumes that the gas production rate is at its peak after a time period of negligible duration during 
which anaerobic conditions are established and the biomass build up. Thereafter, the gas production 
rate is assumed to decrease according to that, methane production rate is proportional to remaining 
methane potential to be produced. 

3.3.1 Methodology 

A simple model for assessing the LFG potential in a random landfill is the LandGEM model. 
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Figure 18 – LandGEM model for quantifying emissions (LFG) from landfills based on MSW.   

LandGEM is based on a first-order decomposition rate equation for quantifying emissions from the 

decomposition of landfilled waste in municipal solid waste (MSW) landfills. There is a free software 

program available that provides a relatively simple approach to estimating landfill gas emissions. Model 

defaults are based on empirical data from U.S. landfills. Field test data can also be used in place of 

model defaults when available. Further guidance on EPA test methods, Clean Air Act (CAA) regulations, 

and other guidance regarding landfill gas emissions and control technology requirements can be found 

at http://www.epa.gov/ttnatw01/landfill/landflpg.html 

LandGEM is considered a screening tool — the better the input data, the better the estimates. Often, 

there are limitations with the available data regarding waste quantity and composition, variation in 

design and operating practices over time, and changes occurring over time that impact the emissions 

potential. Changes to landfill operation, such as operating under wet conditions through leachate 

recirculation or other liquid additions, will result in generating more gas at a faster rate. Defaults for 

estimating emissions for this type of operation are being developed to include in LandGEM along with 

defaults for convential landfills (no leachate or liquid additions) for developing emission inventories and 

determining CAA applicability.  

Using some basic landfill information, landfill gas generation models can provide more accurate 

estimates of the methane available from the municipal solid waste in the landfill.  

Gas Emissions Model (LandGEM), version 3.02 software; is a widely accepted gas estimation model. If 

the generation models indicate a potentially viable project, additional field testing should be performed 

by a landfill gas professional. If the resulting field data indicate gas quantity and quality is sufficient, a 

landfill gas pump test is recommended to further understand gas flows and quality. These pump tests 

are expensive and time consuming, and they are not recommended unless the cost benefit evaluation is 

very promising. 

Based on the above model and software available, potential methane generation can be calculated. The 

calculation is based on preliminary data and assumptions subject to great uncertainty. 

http://www.epa.gov/ttnatw01/landfill/landflpg.html
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Figure 19 – Potential Methane generation from landfill in Georgia.  
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4. Landfill gas safety 
The flammability, toxicity, and asphyxiate characteristics of landfill gas requires personnel involved in 

the monitoring, operation, construction or any other aspect of a gas management system to be 

adequately trained. 

 All site staff should be made aware of the possible hazards from LFG. Smoking on site should be 

forbidden except in designated areas in the site cabins. Buildings and other enclosed structures located 

at the landfill should be designed to prevent the accumulation of flammable gas within them. 

Facilities to permit the free circulation of fresh air will generally be required, particularly under floors.  

It is imperative that all cabins, other store rooms and voids such as those below weighbridges and cabins 

should be regularly monitored for the presence of flammable gas (see the section on LFG monitoring).  

Where it has been established that concentrations of LFG are above 20% of the lower explosive limit 

(LEL), the relevant building should be evacuated. Where this level has been observed within site 

buildings, the installation of continuous LFG monitors and an audible alarm is essential. Extreme care 

should be taken when reentering buildings which have been previously evacuated. Procedures for the 

evacuation and reentry of buildings when significant amounts of LFG have been observed should be 

contained in the operator’s safety statement. 

The unnecessary creation of enclosed spaces on site, such as by inversion of a skip for maintenance, 

should be avoided on all landfills. Lighting columns may permit the accumulation of LFG. Hence they 

should be sealed at the base and should contain intrinsically safe electrical equipment. 

Health and safety issues should have particular priority where any site works involves the disturbance of 

filled areas. In particular, drilling in landfilled wastes may give rise to the evolution of noxious and/or 

combustible gases. Hence regular checks on gas build-up should be made as drilling proceeds. Similarly, 

any trenches constructed for the purposes of gas collection pipes will need to be physically stable and 

also monitored for LFG. 

On no account should persons enter trenches or other confined spaces without gas monitoring, rescue 

and other appropriate safety measures. All contractors should be aware of the hazards of working on 

landfill sites and be suitably experienced to address them. 

Instructions should be issued to all employees that no-one should enter any confined space below 

ground level, such as culverts and manholes; unless an appropriately authorised person has certified 

that it is safe to do so. Safety precautions for areas where gas may accumulate require that: 

• only persons with appropriate experience and training should be involved in entering confined spaces 

or providing back-up on the surface; 

• smoking should not be allowed; 

• persons entering a manhole should be equipped with self-contained breathing apparatus; 
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• persons entering a manhole should have a safety harness and appropriate line manned by at least two 

other employees; 

• other employees at the surface should have spare breathing apparatus and the requisite training in its 

use; and 

• lights or tools to be used in manholes should be intrinsically safe. 

If there is any doubt as to safety of an enclosed space, it should not be entered.  

A written safe system of work with rehearsal emergency procedures should be provided before work on 

landfill gas management system commences. 
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5. Landfill operation affecting landfill gas generation 
 

The quantity of LFGs production depends on the composition of waste, waste pre-treatment and the 

type of landfill operation.  

Municipal waste with 30 % of organic waste disposed of on a landfill with rapid growth of height might 

lead to maximum COD-concentrations of about 20,000 mg/l and a specific gas generation of 200 m3/ton 

waste (dry solid matter). 

This rough outline of degradation processes in a landfill demonstrates the necessity Waste composition: 

Only degradable organic waste will produce significant quantities of methane: 

•  Sewage sludge 

•  Buffer addition 

•  Shredding 

•  Compaction 

•  Soil cover 

•  Recirculation of leachate 

•  Pre-composting of bottom layer 

Aerobic pre-treatment of waste (composting) 

Due to the high content of organic waste a biological pre-treatment could help to minimise the 

emissions of a landfill. Aerobic pre-treatment of waste using composting windrows is a low-cost 

solution, quite easily to perform, and will strongly reduce the emissions of a landfill (better leachate 

quality, reduction of landfill gas production). 
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Appendix A 

 


