
Fuel's gold
As pressure mounts on the UK to meet its carbon emission targets 
and the price of traditional fuel – such as oil and gas – increases, the 
drive to find alternative fuels is becoming increasingly important.  
Peter Fleming assesses the practicality of the primary options.

W
e hear a lot 
these days about 
‘renewable fuels’, 
‘alternative fuels’, 

‘sustainability’, etc. Unfortunately, 
these terms are rarely defined 
and are often used carelessly 
by people who do not really 
understand them. Terms such as 
‘zero carbon’ need to be treated 
with caution because the vast 
majority of energy is from fossil 
fuels that contain carbon.

In essence, all alternative fuels 
either emit no carbon dioxide 
(CO2) when burned or they are 
fuels where the CO2 released will 
be recycled (by photosynthesis) 
as wood in a fairly short time, as 
opposed to the millions of years 
that it takes to produce fossil fuels.

Why consider alternative fuels?
There are several reasons ranging 
from economic to regulatory.

•	 Carbon	emissions
Regulations have been passed and 
targets set (by both the UK and 
the EU) to reduce the emissions 
of CO2. It is generally agreed that 
CO2 levels in the atmosphere have 
increased to such an extent that 
a ‘greenhouse effect’ has been 
created around the Earth with 
consequential global warming. It is 
intended that severely reducing the 
emissions of CO2 will slow down, if 
not stop, this greenhouse effect.

Most CO2 originates from the 
combustion of fossil fuels – such 
as coals, oils and gases – and 
wood. Virtually all fuels are 
composed mainly of carbon 
(which produces CO2) and 
hydrogen, (which does not).

The policy to reduce CO2 has 
two main parts:
i. To replace conventional fuels 

with carbon-free sources, such 
as wind or hydrogen.

ii. To replace fossil fuels with 
wood. CO2 will still be released 
but it will be recycled as plant 
material. In this way, wood 
will be burned and years later 
that wood will be regenerated. 
The process is thus said to 
be ‘sustainable’ and the fuels 
renewable. Fossil fuels are not, 
in our timescale, renewable.

•	 Fuel	availability
Not only have oil and gas prices 
rocketed during the past decade, 
but many experts agree that 
oil and gas have peaked and 
supplies are now tailing off. 
(Others argue that there are large 
supplies of cheap “fracking” gas  
to be exploited).

This implies that in the  
near future oil and gas will 
become much more expensive, 
ensuring that replacements will 
be needed.
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•	 Costs
There is little doubt that at the 
moment alternative fuels are more 
expensive than conventional coal, 
gas or oil.

Even energy such as electricity 
from wind farms is more expensive 
than from coal-fired generating 
stations. The wind may be ‘free’ 
but the capital costs are high, 
particularly offshore. For these 
reasons, alternative fuels require  
a subsidy. This may change in the 
future as economies of scale drive  
their price down, while conventional 
fuel prices continue to rise.

•	 Ethical	issues
Some alternative fuels are made 
from waste and benefit society 
by clearing up rubbish as well as 
producing useful fuels. Others, 
however, are made from crops 
that would otherwise be used 
for food (sugar, maize, soya etc.). 
This has the effect of reducing 
the supply and pushing up prices 
of foodstuffs. This is controversial 
especially as the amount of fuel 
produced is small.

•	 Consideration	of	true	costs
Much is written and said about 
the advantages of alternative 
fuels, so they may appear to be 
beneficial in all respects, but this 
is not always the case.

For example, the true cost of 
a usable unit of energy needs 
to take into account all costs 
associated with it. Interestingly, 
this reasoning was at first 
neglected with nuclear power 
generation, which was expected 
to be “so cheap that you don’t 
need to meter it”.

•	 Specific	energy
Alternative fuels tend to have 
a low calorific value. More 
importantly, their specific energy 
(energy per unit mass or volume) 
is low. This means that larger pipe 
sizes need to be used for gaseous 
fuels, large storage areas and 
frequent deliveries needed for 
solid fuel, etc.

This can mean that the 
nominal energy saving can be 
reduced when all true energy 
costs are taken into account (fuel 
for deliveries, disposal of ash, 
compression, etc.).

Solid	fuels – These can vary 
quite widely but all tend to have 
a low specific energy (especially 
if not dry) in comparison with 
traditional fuels such as coal. This 
can mean additional space for 
storage, together with additional 
costs for frequent deliveries. Ash 
levels will tend to be high and this 
will need disposal.

Oil – Alternative oils are usually 
produced from vegetable matter. 
Their specific energy is usually 
similar to conventional fuels. 
Their main use is for transport, 
but caution on the part of the 
industry means that they are 
blended in small quantities rather 
than used ‘neat’.

Gas – Any flammable gas 
can be used as a fuel. However, 
commercial fuels are closely 
regulated and alternative fuels 
will be of varying quality. They 
will usually need to be cleaned, 
but even then will not be suitable 
for commercially produced 
appliances. Also, gas has to be 
transported – usually by pipeline – 
to its point of use. 

These drawbacks tend to mean 
that alternative gases are used 
close to their point of production 
and are used in a limited way (e.g. 
engines for generating electricity, 
or brick kilns).

Properties of different fuels
•	 Solid	fuels
These are derived from either 
wood (or similar) and, more rarely, 
from domestic waste.

Wood	fuels	– These can vary 
from logs to processed wood 
in the form of chips, pellets, etc, 

which are better for mechanical 
handling and generally better 
suited to automation. It is common 
for a wood-burning boiler using 
chips to work alongside gas-fired 
boilers in new developments such 
as apartment blocks.

All wood fuels produce ash  
– which needs removal – and 
smoke, which can be a problem in 
certain areas. The specific energy 
will depend to an extent on the 
degree of dryness, varying from 
'as found' to air-dried or oven-
dried. At best, this will be about  
a third of coal and could be as 
little as a sixth.

Wood is being tested on a trial 
basis in the very large boilers 
in coal power stations. This is 
alongside the coal and only in  
a small percentage to meet 
‘green’ targets. 

One form of wood fuel 
production is coppicing. Trees 
are coppiced every few years 
and the offcuts are used as fuel. 
The twigs re-grow in a few years 
and are coppiced again. This is 
a clear example of the concept 
of renewal as the wood growth, 
cutting back, and combustion is 
an obvious cycle.

Waste	– Most domestic waste 
goes to landfill, the availability 
of which is going down while 
the costs go up. Alternatively, 
domestic waste can be incinerated 
and steam produced. The 
incinerators are built as part of 
a small power station so that 
electricity is produced from the 
waste and sold to the grid. There 
are examples of this in South East 
London and Stoke.

Waste is also sometimes 
processed to produce pellets 
known as refuse-derived fuel 
(RDF). It is used on much the 
same way as wood pellets.

Ash problems are greater with 
waste as the ash is more variable 
in content.

•	 Liquid	fuels
Essentially, these are produced 
from vegetable matter and used 
primary for vehicles.

Alcohols	– Alcohol can be used 
as a fuel for internal combustion 
engines, and alcohol can be easily 

produced from many sources by 
fermentation followed by distilling. 

One problem with alcohol is 
that its specific energy is less than 
petrol (about 63%), which means a 
tank of fuel will cover less distance. 
Also, engines would need to be 
re-tuned if it were to be used neat. 
However, the alcohol – known as 
bioethanol – is not used neat but 
is blended 5% with petrol so that, 
although there is no significant 
change in performance, the fuel  
is slightly ‘greener’.

Biodiesel	– The other type of 
renewable liquid fuel is biodiesel, 
which is chemically produced 
from vegetable fats and the like. 
The result is oil similar to that 
derived from mineral oil.

Converted engines can be 
made to run on a range of fuels 
derived from vegetable and waste 
oils, including recycled chip fat.

Biodiesels usually refer to fuels 
that are suitable for standard 
diesel engines. Generally, for 
reasons of caution and warranty, 
engines only use a biodiesel 
blended with conventional 
diesel. This is often low (2% 
or 5%), although much higher 
ratios can be used (possibly with 
modifications). Some trains have 
operated on a 20% blend and,  
as a trial, even 100%.

•	 Gaseous	fuels
There is a wide range of alternative 
gases. If these are used by the 
producer in their own equipment 
(e.g. gas engines or furnaces), there 
are no real problems. If, however, it 
is intended to export the gas into 
the grid for public use, then the 
requirements of the Gas Safety 
(Management) Regulations 1996 
(GSMR), specifically Schedule 3, 
cannot be ignored.

This limits the sulphur, hydrogen 
and oxygen content of the gas, 
amongst other things, and also 
the Wobbe Number – effectively 
the Calorific Value, or 'CV'.

Acceptability	to	the	grid	– To be 
acceptable, any alternative gas 
should comply with the GSMR 
and have a minimum calorific 
value. This will usually mean that 
the gas needs to be both cleaned 
up (by removing undesirable 
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››Any alternative gas 
should comply with 
the GSMR and have 
a minimum calorific 
value. This will usually 
mean the gas needs to 
be both cleaned up  
and enriched.‹‹
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gases) and enriched (usually with 
propane) to boost its CV. These 
add to the costs.

This assumes the gas is added 
to the local distribution system 
at low pressure. If it were to 
be added to the high pressure 
grid (at up to 80bar), it might 
be argued that it is not so 
important to comply with the 
GSMR because dilution would 
make the composition less 
relevant. However, this raises a 
lot of compliance and cross-
subsidy issues so is not practised. 
There would also be additional 
compression costs to consider.

Pilot	scheme	– A pilot scheme has 
been developed at Didcot where 
digester gas is injected into the 
local distribution system. The 
gas has a composition of 63% 
methane, 34.5% carbon dioxide, 
2% nitrogen and 0.3% oxygen. 

This is processed (mainly by 
stripping out the carbon dioxide) 
to 98.2% methane, 0.3% oxygen 
and 1. 5% nitrogen. Enrichment 
with propane is then needed to 
raise its CV from 37 to 39MJ/m3 
before injection to the grid.

Mines	gas – One hazard of  
deep coal mines is ‘firedamp’.  
This is methane found with coal 
and is a hazard. Even if the mine 
is no longer used, the mines gas 
is still being produced and must 
be managed.

Mines gas is essentially 
methane together with some 
inserts. As such, it has a CV lower 
than natural gas. It is normally 
used at the site – typically to 
produce electricity. If exported, it 
would need enrichment but not 
much additional processing.

Landfill	gas – This gas is well 
known as the result of burying 
domestic waste in pits, capping 
and collecting the gas after a 
suitable period of anaerobic decay. 

As formed, the composition 
will be mainly 55% methane, 34% 
carbon dioxide and 10% nitrogen. 
As such it has a CV about 50% 
of natural gas and can be used 
on-site for gas engines, etc. In 
its processed form, the inert 
components will be stripped out 
and the result is substantially 
methane, much like mines gas.

For export to the grid, 
processing and enrichment 
would be necessary. Bearing in 
mind its source (rubbish), the gas 
may contain many unwanted 
chemicals in small quantities.

Digester	gas – This gas is 
substantially the same as sewage 
gas which has been produced and 
used locally in sewage works for 
a long time. Anaerobic digestion 
takes place – the feedstock is 
either sewage or, in agricultural 
premises, slurry or other waste 
animal or vegetable matter.

The analysis of digester gas is 
approximately 66% methane, 31% 
carbon dioxide, 2% nitrogen. It has 
a CV of between 18 and 26MJ/m3 
(i.e. about 46% to 66% of natural 
gas) and is similar to landfill gas.

Pyrolysis	gas – If waste matter or 
wood is heated at about 55°C in 
a closed chamber – i.e. pyrolysis 
– the resultant gas is one that is 
high in hydrogen: typically CO 
21%, hydrogen 19%, methane 5%, 
nitrogen 52%. 

This gas is clearly very different 
from landfill, mines or digester 
gases, or natural gas, but can be 
used on-site for various processes.

Hydrogen – Much has been 
said in recent years about the 
‘hydrogen economy’. What is the 
reality of this?

Hydrogen is the simplest 
element and also the lightest 
(natural gas is 8.5 times heavier), 
and its CV is only about a third of 
natural gas. It therefore has a low 
specific energy. Its small atomic 
size means that it leaks more 
easily and its flammability limits 
are 4% to 75% in air (compared 
to 5% to 15% for natural gas). It is 
therefore inherently hazardous, 
though its low SG means that any 
leak rapidly rises and disperses.

Hydrogen is easy to produce, 
usually by electrolysis, which also 
makes it expensive.

As hydrogen contains no carbon, 
its combustion only releases water 
vapour and nitrogen. However, 
this ignores all the carbon dioxide 
released in producing electricity at 
low overall efficiency. To be truly 
considered, carbon-free, hydrogen 
must use electricity produced by 
renewable sources.

TO SUM UP

›	 Alternative fuels can be produced from waste matter or 
from foodstuffs.

›	 Wood can be used either as logs or as more processed fuels.

›	 Domestic waste can be made into pellets, used to produce 
electricity, or used for landfill.

›	 Alternative liquid fuels can be produced for transport uses 
– either as biodiesel or alcohol. 

›	 The various types of alternative gases are often used at the 
point of production and require processing to make them 
acceptable for injection into the grid.

›	 Hydrogen has potential, particularly to store surplus 
electricity, but there are many practical problems.
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Figure 1. Digester 
gas process plant.

The future for hydrogen could 
be as a storage medium for 
electricity. There will be times 
when conditions are favourable for 
wind generation, but the grid has 
no need for it. At such times, the 
surplus electricity could be used to 
produce hydrogen, which could in 
turn be used to produce electricity 
at times of peak demand. 

This hydrogen must be stored, 
however, and this is a practical 
problem for a low CV gas with 
a liquefaction temperature of 
–252°C, although metal hydrides 
may be possible in the future.

Advocates of hydrogen also 
suggest injecting it into the 
grid (Town Gas typically had 

a hydrogen content of 50%). 
However, there would be many 
problems with this. The CV would 
be lowered, making the grid a  
less effective transporter of 
energy, and hazards would be 
greater. In any event, the GSMR 
prohibits hydrogen content above 
0.1% and would need to be 
completely revised.

The future?
Alternative fuels clearly have a 
role to play in the energy mix. 
At the moment, they are only 
marginally important and it is 
difficult to see this changing in 
the near future.  n


