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Alternative gaseous fuels  
Part 1: fuel characteristics and performance
This two part article provides an overview of the use of alternative gaseous fuels in reciprocating engines. Part 1 looks at 
fuel characteristics, noting how their use can influence engine performance, whilst part 2 will look at some fuel treatment 
options to avoid some of the common problems encountered with these fuels. 
Roger Allen, Maple Engineering & Project Management Ltd, UK (roger.allen@mepm.co.uk)

With the pressure on energy supplies 
and the trend towards renewables 
we have seen a rapid rise in the 

use of alternative gaseous fuels for power 
generation, such as landfill gas, sewage 
gas, biogas, shale (frac) gas, associated 
petroleum gas, coal bed/mine methane, and 
gases from process plants.

The term “biogas” is used generically to 
refer to any gas produced by the breakdown 
of organic matter in the absence of oxygen, 
ie, via anaerobic digestion. This includes 
gas from landfill, sewage treatment, or 
waste water treatment plant. However, it 
also includes gas produced by anaerobic 
digestion using green waste, plant material, 
crops, etc. Care must be exercised when 
viewing data to ensure that the correct form 
of biogas has been identified. In this article 
biogas refers to plant derived gas.

Individual sources of alternative gases 
are typically small compared with natural 

gas sources, which suits reciprocating 
engines.

Utilisation of these alternative gases 
for electricity production is not new but 
problems encountered in the past have 
a habit of reoccurring with each new 
generation of engineers; it is hoped that 
this article will clarify some of the questions 
frequently asked when evaluating the 
economics of such power schemes.

Gas composition
The variable sources/feed stock producing 
these gases results in gas compositions 
that are equally variable. The values shown 
in Table 1 are, therefore, indicative, not 
absolute, and represent typical mid-point 
values; they should not be used for design, 
where actual gas analyses should be used. 
Natural gas is included for comparison and 
since it is widely used for small scale power 
generation. It should also be noted that 

natural gas at the oilfield, even after any 
upstream processing in the field, is very 
different from that delivered to a consumer 
through a distribution network.

In Table 1 all gases with a similar 
Wobbe index, which is an indicator of the 
interchangeability of fuel gases, will burn 
satisfactorily in boilers and other continuous 
combustion devices with comparable physical 
characteristics. A modified Wobbe index is 
used by some gas turbine manufacturers. 
However, Wobbe index is not appropriate 
for discontinuous combustion devices 
such as reciprocating engines operating 
on gas, where methane number becomes 
the controlling parameter if auto-ignition, 
commonly called “knock”, is to be avoided.

Methane number is based on a scale of 0 to 
100, with 0 representing hydrogen (very poor 
anti-knock properties) and 100 representing 
methane (good anti-knock properties). It 
has to be stressed that methane number 

Table 1. Typical compositions of gases used as fuel for reciprocating engines

Landfill gas 
Notes (a/e)

Sewage 
digester 

Notes (b/e)

Bio- gas 
Notes (c/e)

Coal bed/
mine methane 

Note (d)

Shale gas 
Note (e)

Associated 
petroleum 

gas Note (e)

Natural gas 
– well head 
Notes (e/f)

Natural gas – 
delivered
Note (g)

A B C D E F G H

Higher Wobbe index MJ/Nm3 19 23 26 39 49 52 50 ~50

Lower calori!c value 
(LCV)

MJ/Nm3 17 20.4 22 29 36 38 38.5 35

kWh/Nm3 4.7 5.7 6.1 8.1 10 10.6 10.7 9.7

Methane number ~130 ~130 ~130 92 70 67 60 82

Methane Vol% 50 60 64 81 85 87 77 88

Long chain 
hydrocarbons Vol% <1 <1 <1 2 10 11.5 15.5 4.7

Carbon dioxide Vol% 40 39 35 2 (and oxygen 
up to 10%) 2 1 1.6 <1

Nitrogen Vol% 10 1 1 5 3 0.5 3 3

Hydrogen sulphide Vol% <1 <1 <1 0 0 0 2.9 <<1

Water ˚C Usually saturated but  
depends on processing

Can be saturated but depends on gas/oil well  
water production or coal source condition

Usually speci!ed 
as dewpoint, 

typically minus 30

Notes:
It is important to note that methane number is derived from test data and as such can vary between engine manufacturers, the above values should therefore be taken as indicative. Note that 
even pipeline delivered gas (H) does not have a methane number of 100.
(a)   Composition varies not only with feedstock but also over time. Air ingress over time increases nitrogen signi!cantly; the associated oxygen is consumed through microbiological action.
(b)   Properties here vary with feedstock since in many instances industrial waste is co-mingled with sewage.
(c)   These properties are very dependent on feedstock.
(d)   When exploited speci!cally for methane coal beds (untapped coal seams) produce a gas with about 90% methane, while methane content for gas from active coal mines is about 45%. The 

values in this table are therefore general rather than speci!c.
(e)   All natural gases vary with geological formation. Two of the most problematic constituents, from a practical point of view, are nitrogen, which can reach 20%, particularly in shale gas, resulting 

in a reduction in LCV, and hydrogen sulphide, which is instrumental in many forms of corrosion as well as being extremely toxic to humans. Carbon dioxide at high values is also a problem for 
engines, particularly in terms of high exhaust path component temperatures. The high methane numbers for gases A, B, C are due to the high levels of inert gases.

(f)   Natural gas at the well head, before in-!eld processing, is very dependent on whether the source is an oil or gas reservoir. Hydrogen sulphide is severely restricted by engine manufacturers 
and, hence, although this !gure of 2.9% is not unusual, it would be normal to remove the hydrogen sulphide before use in the engine.

(g)   Values for delivered natural gas vary considerably by country but Wobbe index is usually around 50
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