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similar to Table 3, which shows a typical 
example.

This table can only give an approximate 
indicator of permitted fuel properties. Each 
individual manufacturer will have its own 
set of specifications but are unlikely to vary 
widely from the above.

The calorific value (CV) is clearly critical 
since it determines the electrical output 
and, hence, the economics of the project. 
For low CV gases this can be a problem 
since fluctuations in gas CV may take the 
actual CV below that permitted by the 
manufacturer. The present author has 

experience of this, and overcoming the 
problem, by adding other fuels, particularly 
waste liquid fuels, to low CV fuels such as 
landfill gas. In the latter case this enabled 
production of power to continue down to 
~8%  methane v/v thereby prolonging the 
life of the facility and avoiding gas flaring 
which has its own problems if the site is 
close to domestic properties.

It should also be noted that the cost of 
removing trace compounds can influence 
the economics of electricity production and 
change the choice of prime mover: engine vs 
turbine.

Table 3. Typical fuel specifications issued by an engine manufacturer

Specification Comments

Calori!c value MJ/Nm3 <15 Calori!c value should not vary rapidly in the short 
term

Total sulphur mg/Nm3 <700 – <2000

Hydrogen sulphide mg/Nm3 <0.2

Ammonia mg/Nm3 50 – 100 Not always speci!ed

Total chlorine and 
"uorine mg/Nm3 100 – 700 Some manufacturers prefer separate values

Siloxanes mg/Nm3 <10 – <50

Siloxanes convert to silicon, which deposits 
in the engine and is very harmful resulting in 
more manufacturers specifying <10. Note that 
silicon in engine oil is equally harmful and some 
manufacturers have limited it to 1 mg/litre.

Solids mg/Nm3 <10 – <50 Maximum particle size usually speci!ed from 0.3 
µm – 10 µm

Oil (liquid) mg/Nm3 <5 – 45 Some manufacturers permit high volumes of 
liquid fuel to enter the engine

Water as relative 
humidity of fuel % <80 No liquid water which also means no 

condensation in fuel lines
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Table 2. Unwanted/trace compounds in fuel gases, and their consequences

Landfill 
gas

Sewage 
digester Bio-gas

Coal bed/
mine 

methane 
Shale gas

Associated 
petroleum 

gas 

Natural gas 
– well head

Natural gas 
– delivered 

A B C D E F G H

Long chain hydrocarbons See Note (h)

Hydrogen sulphide See Note (i)

Water See Note (j)

Non-methane organic 
compounds (NMOC) Note (k) ppm <1 Long chain hydrocarbons obviously occur but so can 

naturally occurring radioactive materials (NORM) 0

Ammonia Note (l) ppm <1 <1 0 0 0 0 0

Carbon dioxide See Note (q)

Oxides of nitrogen (NOx) Note 
(m) mg/Nm3 This is an engine related matter rather than a gas one. Manufacturers deal with this. It is, of 

course, an important issue from a regulatory point of view.  Typically the limit is set at around 200 

Halogenated compounds Note (n) mg/Nm3 <200 0 0 0 0

Silicon Note (o) mg/Nm3 0 – 140 0

Solids Note (p) mg/Nm3 Very variable <<1

Notes:
(h)   Long chain hydrocarbons are valuable and usually removed for sale separately from the gas. For in-!eld use the engine has to deal with them and issues surrounding liquid ingress as well as 

reduction in methane number need to be considered. They are not an issue with gases A, B, C, H and only very minor with D.
(i)   Hydrogen sulphide, or other sulphur compounds, are not normally found in quantity in gases A, B, C, D, H but can be found in any source of unprocessed natural gas even if it is not present 

at initial exploration. Bacterial action can generate the gas in the reservoir during production. Natural gas contaminated with hydrogen sulphide is known as “sour gas”. As mentioned in Table 
1 hydrogen sulphide is a major factor in many forms of corrosion when water is present, frequently necessitating the use of more exotic materials than would be used in its absence. It is also 
extremely toxic to humans. Hydrogen sulphide is always a component of sewage digester gas in varying concentrations. It can occur, usually at lower concentration, in land!ll gas and biogas. 
Engine manufacturers will only tolerate very low levels of hydrogen suphide, see Table 3.

(j)   Water in an engine is an issue with respect to liquid ingress potentially causing damage and promoting corrosion particularly when hydrogen sulphide is present or, certain organic compounds, 
found in land!ll that can combine with the water to form corrosive acids. It also wastes energy due to its conversion to steam. Water in gases E, F, G is likely to be very saline and presents 
additional corrosion problems. Water is relatively easy to remove.

(k)   These apply particularly to land!ll gas and can include a large range of compounds ranging from acrylonitrile though to xylenes. Although many of these compounds can pass through the 
engine safely some can be hazardous environmental pollutants (HEP) and others, such as volatile organic compounds (VOC), can react with sunlight to form smog but this is not normally a 
problem if the engine combustion is normal. In a similar way US EPA regulates seven hazardous air pollutants (HAP): asbestos; beryllium; mercury; vinyl chloride; benzene; arsenic; and radon/
radionuclides. All of these can occur in land!ll gas.

(l)    Ammonia is not normally a problem, apart from the pungent smell, but it does burn to form NOx.
(m)  A common consideration for gas burning devices particularly gas turbines and engines.
(n)   Normally only found in land!ll gas and sewage gas. Can cause corrosion and under speci!c combustion conditions can form dioxins and furans both of which are toxic
(o)   Silicon occurs with gases A and B and should be removed before the gas reaches the engine/!lters etc.
(p)   Apart from gas H all gases can contain solids. Gases A, D, E, F are particularly prone to solids. Solids must be removed before the gas enters the engine but, fortunately, solids are easy to remove. 
(q)   High levels of carbon dioxide can be a problem to some engines since it can result in high temperatures in the vicinity of the exhaust valve.
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