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Summary

The replacement of diesel fuel by ultra-carbofluids was perceived to offer the potential to
decrease the emissions of environmental pollutants such as carbon dioxide, carbon
monoxide, hydrocarbons (HC's) and smoke. Such ultracarbofluids consist of a suspension
of coal in fuel oil and water generally in the ratio of 5: 3: 2 plus a small amount of

stabilising addittve.

The literature relating to the economics of coal and fuel oil production, and the production
and properties of charcoal and vegetable oils have been critically reviewed. The potential
use of charcoal and vegetable oils as replacements for coal and fuel oil are discussed.

An experimental 1Investigation was undertaken wusing novel Dbio-ultracarbofluid
formulations. These differed from an ultracarbofluid by having bio-renewable charcoal and
vegetable oil in place of coal and fuel oil. Tests were made with a Lister-Petter 600cc 2-
cylinder, 4-stroke diesel engine fitted with a Heenan-Froude DPX 1 water brake
dynamometer to measure brake power output, and Mexa-321E and Mexa-211E analysers to
measure exhaust pollutants. Measurements were made of engine brake power output,
carbon dioxide, carbon monoxide, hydrocarbons and smoke emissions over the speed
range 1000 to 3000 rpm at 200 rpm intervals. The results were compared with those
obtained with a standard diesel reference fuel.

All the bio-ultracarbofluid formulations produced lower brake power outputs (i.e. 5.6% to
20.7% less brake power) but substantially improved exhaust emissions of CO», CO, HC's

and smoke. The major factor in the formulation was found to be the type and amount of
charcoal; charcoal with a high volatile content (27.2%) and present at 30% by mass yielded
the best results, i.e. only slightly lower brake power output and significantly lower exhaust

pollutants.

Bio-ultracarbofluids are concluded to show great potential for use as a diesel fuel
replacement, since harmful exhaust emissions are significantly lower than those from
standard diesel fuel. The results provide an initial basis for the specification of a bio-
ultracarbofluid to give optimum performance. Areas for further useful research, and
possible engine modifications, are identified. However, long term tests are required in
order to measure the effects of bio-ultracarbofluids on engine components. Current
economics are unfavourable but depend upon both crude oil price fluctuations and political
considerations e.g. EU economic and environmental policies.

Keywords: Bio-ultracarbofluids, diesel fuel replacement.
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Chapter 1

'In the short term, energy conservation must be the cornerstone of our
policy; the potential for savings is immense.... it is now certain that if

we do not change our ways while there is still time our society will risk

dislocation and eventual collapse.’

Roy Jenkins as President of the E.E.C.
VI EEC Energy Conference, Brussels 7th July 1979.

1.0 INTRODUCTION

1.1 Energy Resources

During the 1970's it became clear that the world's non-renewable energy resources were

decreasing rapidly and might be exhausted within the foreseeable future. In response to this

disturbing prospect, added to concermn over the emission of harmful gases from vehicle

exhausts and power stations (particularly the greenhouse gases e.g. CO2, and acid rain

gases NOx and SO2) into the environment, the technologically-advanced countries began to

focus attention on renewable energy resources. As a result there have been significant
advances in the technology, if not in its application, in such areas as solar heating and

cooling, photovoltaics, wind power, biomass and ocean wave energy.

The impetus for the replacement of petroleum-derived diesel fuels, whether wholly or
partially, arises from the need to conserve a non-renewable energy resource and because of

the significant pollutants generated by their combustion. However the use of bio-mass
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derived fuels, namely bio-ultracarbofluids, may also offer strategic and economic

advantages.

The majority of the world's energy resources occur in nature as solids e.g. coal and various
biomass and waste materials. Bio-fuels such as wood, charcoal and agricultural residues
are a major source of .energy in many of the developing countries providing as much as
14% of the current world energy requirements. This is equivalent to some 25 million
barrels of oil per day, and equal to OPEC's current production!. World-wide there is
substantial arable land potentially available for growing energy crops. However, most
modern transportation 1s based upon the use of liquid fuels. This dependence on liquid
fuels has arisen partly from the ample availability of petroleum which, because it is a
mixture of hydrocarbon liquids, can easily be recovered from nature, transported and

converted to a variety of liquid fuels. However, liquid and gaseous fuels do have the added

advantages of easy distribution within an engine and freedom from routine ash generation.

Every year the world population consumes an amount of energy equivalent to that
generated from 80 billion tonnes of oil. In practice only two-fifths of this energy is
obtained by burning oil itself; the balance comes mainly from coal, natural gas and nuclear
energy. Indeed, closer examination shows that over 90% of our energy comes from fossil

deposits, the reserves of which are finite and will eventually be depleted.

The world population depends upon energy for heating, generating electricity and for
transport. Latest estimates suggest that there are 400 million passenger cars registered
around the world and this number has doubled in the last 20 years. In North America there
are 50 cars per 100 people, in Europe 40 cars per 100 people and in Japan 30 cars per 100
people. The world-wide average is 10 cars per 100 people. In countries like India and
China there are less than 1 car per 100 people. Cars, especially, need a liquid fuel that can
power their engines; most run on petrol but an increasing number are fuelled by diesel. The

question therefore arises as to whether a significant proportion of these could be fuelled
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from renewable sources. Obviously, it would also be beneficial to the environment if the
exhaust gases produced had a lower potential to cause pollution, a complex function of
mass and composition, than those from existing fuels. [The overall environmental 1mpact

clearly however has to be assessed by including the resource generation process, the

conversion processes and the energy utilisation process—including any liquid or solid

wastes to be disposed of].

So far the discovery of fossil fuel reserves has more than kept pace with the demand.
Known resources now exceed one trillion (1012) tonnes in total compared with just over

half this amount 20 years ago. Natural gas and oil consist mainly of hydrocarbons, which

make excellent fuels. The main components of natural gas are methane (CH4) the simplest

hydrocarbon, and small quantities of ethane (C2Hg). Propane (C3Hg) and butane (C4H10)

gases which can be produced from oil are also widely used in the form of liquid petroleum

gases. With increasing molecular weight the hydrocarbons become less volatile albeit easier

to handle safely. Petrol contains carbon chain lengths of C7's and Cg's, whilst diesel
contains C9-11's, and paraffin (i.e. kerosine) contains carbon chain lengths of C12-16 -
These heavier fractions make excellent liquid fuels for cars, lorries and aircraft respectively.
Clearly, therefore alternatives will need to be identified before reserves of these fossil fuels

run out.

1.1.1 World Energy Demand

From 1982 to 1992 the world energy demand grew by 25% from approximately 6,000
mtoe (million tonnes of oil equivalent) to 8,000 mtoe. The demand in the US and
Organisation of Economic Co-operation and Development (OECD) countries rose steadily
during this period. In Asia, with rapid growth in population and industrial production, the
rise in energy demand has been at three to four times the rate in the developed countries in

the West. In Eastern Europe and Russia the energy demand has at present stabilised as a
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result of political and economic changes and uncertainties. The pattern of world primary
energy consumption as at 1991 is illustrated in Figure 1.1. The energy utilisation from
various sources is shown in Figure 1.2.
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Figure 1.1 The World Primary Energy Consumption (as a percentage)
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1.2 Crude Oil

Crude oil is found around the world usually in sedimentary basins. The postulated

mechanism of formation 1s that when marine organisms (which died out millions of years
ago) degraded, the fatty acids, first by bacteriological reduction then by continuous and
prolonged geothermal heating, formed proto-petroleum. This proto-petroleum was then

transformed into crude o1l and natural gas.

Figure 1.2, demonstrates that crude oil is currently the predominant energy source. The

easy availability, production, and transport of oil-based products has made it dominant 1n

the transport sector.
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Figure 1.2 Current World Energy Sources Utilised (as a percentage)
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1.2.1 Proven Reserves of Crude Oil

Proven reserves of crude oil stand at 1000 billion barrels; at the current rate of usage these
will last another 40 years2. Most of these proven reserves are in the Middle East with 62%;
other OPEC members' reserves are 13% and the Organisation of Economic Co-operation
and Development (OECD) 6%. The remaining reserves are in countries such as Russia and
Khazakstan. Actually, however the 'availability’ improves with advances in technology

e.g. in the North Sea accurate drilling even horizontally, means that more reserves can be

tapped. The viability of such technology is however determined by prevailing energy

prices.

1.2.2 Average Price for Brent Crude

Brent crude oil is produced from the North Sea and is of generally higher quality than crude
oil from the Middle East due to its very low sulphur content. The average price for Brent
crude in 1995 was $17 a barrel. This was the lowest price since 1973. The use of oil for
generating electricity commercially is very attractive at this price. The long-term outlook 1.e.

over 20 to 30 years, 1s of oil prices remaining low and many coal-fired power stations may

switch over to o1l or gas, both in the UK and elsewhere.
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1.2.3 The Strategic Importance of Oil

Current world reserves of oil are shown in Figure 1.3. The vital importance of a constant
oil supply was broughy home to the developed world as early as 1956 via the Suez crisis.
Although the United States was the biggest oil producer at that time, 1t still needed to import
oil from the Middle East to sustain its vast demand. In the 1960's the U.S.A introduced
oil-import controls, limiting the import of foreign oil to 12%; the remaining 88% has to be
obtained from domestic sources. At about this time, the oil-exporting countries began to
realise that their o1l reserves were being depleted and perceived that they were being
exploited. These countries therefore formed the Organisation of Petroleum Exporting
Countries (OPEC) in 1960 to improve their bargaining power and control the level of oil

production.

In 1967 the Six Days War between Israel and Egypt again resulted in a world shortage of

oil. OPEC successfully raised the price of oil and also demonstrated its potential power
overprice fixing. In 1973, during the Yom Kippur War, OPEC again demonstrated this

power by using oil as a political weapon. The OPEC Chairman, Sheikh Yamani,
pressurised the world powers to force Israel to withdraw from the territories it had

occupied. OPEC reduced its output and deliveries and stopped supplying nations such as
Holland and U.S.A . As a result the price of oil increased fourfold by the following year.

The United States and many other countries had to introduce temporary emergency
measures, such as speed limits on motorways (still in force in the United States), limiting

petrol station opening-times and bans on Sunday driving.
The second o1l crisis in 1979, followed the Iranian revolution because the new regime cut

exports by one half. Again the oil prices rose from an official OPEC ceiling of $23.50 in
June 1979 to $32 by January 1981. Although countries such as Japan and Israel had taken
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sertously the 1973 oil crisis and implemented conservation measures, some like the United

States still had a consumption of energy per capita twice that in Europe.

After 1979, most countries began to formulate energy policies and to reduce their

dependence on oil. Conservation of energy was seen as a necessary and potentially

inexpensive way of stretching the fossil fuel reserves.

The Iraqt Invasion of Kuwait in 1989 again highlighted the inherent instability in the
Middle East region. However, the steps taken after the 1973 and 1979 crises ensured that
this political crisis had a minimal effect on oil supply and price. The wider base of fossil
fuels (e.g. greater use of natural gas instead of oil), and the greater storage capacity

introduced by the major o1l companies, also ensured more stability and confidence in the

ability to withstand the effects of any political crisis.
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1.3 Coal

Although it has decreased from being the world's most widely-used fuel to second place,
coal meets about 25% of the world's energy needs. It still remains the most abundant fuel.

At the current rate of consumption it will last well over 200 years.

1.3.1 The Decline in Coal Consumption

Coal 1s now mostly burnt to generate electricity. Coal usage in the former heavy industries

such as steel making has declined. The reason for this decline are the higher cost of coal in

relation to gas and oil and also the large amount of pollutants, particularly SO2 generated

on 1ts combustion.

1.4 Natural Gas

Natural gas 1s derived from naturally occurring reservoirs beneath the earth's surface. The
composition of natural gas varies with source. Typical North Sea natural gas composition
is given in Table 1.13. Natural gas has only recently been developed as an important source

of primary energy. In 1965 natural gas supplied only 2% of total primary energy; by 1993,
this had risen to 23%.

Table 1.1 Typical Composition of North Sea Natural Gas
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1.4.1 Increase in Use of Natural Gas

The increase in the use of natural gas can be attributed to many factors. The four major

factors are;

(i) The proven natural gas reserves estimates exceed 120 trillion cubic metres?.

(i1) The extremely favourable costs of gas as compared to oil and coal. For example in the
UK as of 1995 it was cheaper by 15% to produce electricity using natural gas, and 11%

cheaper using oil, than using coal.

(11) Improvement 1n the technology for the transport of gas via pipelines. About 75% of the
world’s natural gas i1s distributed via pipelines. Thus, Canada exports half of its gas
production to the US via pipeline, Russia exports gas to Western Europe via the Trans-

Siberian pipeline. Alternatively, gas is transported as liquefied natural gas (LNG). Natural

gas is liquefied by cooling to -82.50C and compressing to over 45 atmospheres.

(iv) To diversify their energy sources Japan, Korea and Taiwan now import large quantities
of LNG in specially-constructed super tankers. These have capacities of upto 125,000 m3
of LNGS.

1.5 Renewable Energy

Over the years, research has been carried out into new and renewable energy resources.
Renewable energy 1s that which occurs naturally and repeatedly in the environment and

which can be hamessed for human benefit. The ultimate sources are the sun, the earth’s
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rotation and internal temperature and gravity. The main carriers of energy are the wind,
oceans, and crops, the fall of water from lakes and rivers, and both animal and human
waste. Renewables contribute to energy needs in a sustainable way, and also have the
potential to reduce the emissions of pollutant gases. Research has been carried out on

biofuels, solar energy, wind, hydro and fuel cells.

1.6 Sustainable Developments

The UK Sustainable Development Strategy, which met a commitment entered into after the
United Nations Conference on the Environment held in Rio de Janeiro in 1992, emphasised
that the use of energy is a key issue for sustainable development. Today's energy use 1s

based mainly on the combustion of non-renewable fuels.

The concept of sustainable development does not imply that all non-renewable resources
must be preserved for all time, but rather that suitable replacements must be found. Despite
the economic growth of the last few decades and the greater use of energy it has involved,
the world's stocks of all primary fuels, measured in terms of proven reserves, are now
larger than ever before, and there are more to be discovered. There is no reason to believe
that the availability of resources will itself impose constraints on the process of economic

development in the foreseeable future.

However the environmental and security issues related to energy production and use have
to be resolved’. These include climate change, regional air quality issues, concerns relating
to the extraction, conversion, and transmission of fuels, and transport-related impacts. One
means of ensuring that energy use is kept on a sustainable path 1s to supply energy in ways
which have less environmental impact. Another means is to enoourage consumers to meet

their needs with less energy inputs, through increased energy efficiency. A third way is to
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ensure that prices charged for the different kinds of energy reflect the full cost of the
resources consumed, including the environmental and social costs of their extraction,

generation or refinement, distribution, and use.

Environmental issues feature prominently on today's international energy agenda, and
provide the basis for action at international level. The UK has already reported on its
progress towards Sustainable Development and its programme on Climate Change8. There
are initiatives which are directed in the European Union and the United Nations Economic
Commission for Europe (UNECE) towards reducing acid emissions from industrial plant
and transport. Other initiatives are directed towards controlling emissions of volatile
organic compounds (VOCs), which can damage plant and animal life by contributing to the
formation of extra ozone at ground level. There are also plans to assist the countries of
Central and Eastern Europe and the Former Soviet Union (FSU) to reduce the perceived
risks associated with Soviet-designed nuclear reactors. The UK also funds a large number
of projects in the developing countries to improve the efficiency with which energy is

supplied, distributed, and used.

1.7 Energy and the Environment

Industrial pollution underwent a step-change with the industrial revolution. One of the first
laws passed to limit industrial pollution was the 1906 UK Alkali Works Regulation Act.
Another major UK law was the Clean Air Act of 1956.

The problem of pollution of the environment by motor vehicles, first began to taken
seriously in the 1970's?, In California 'smog', mostly attributable to the huge increase in

automobile traffic, became a constant irritant. As well as the inconvenience, the
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environmental damage began to be assessed and solutions were sought by both politicians

and scientists.

Improvements were sought by measures including the introduction of more efficient
automobile engines, fitting of catalyst converters as standard on all cars to reduce harmful
exhaust gases, and an increase in fuel prices. Other schemes are also being tested. In
California and some other states, these include encouraging the public to share a nide to
work; company buses picking-up and dropping-off people to and from work; and
educating companies e.g. haulage contractors, and the general public about the need to
protect the environment. Recent radical plans in California include calling upon all car
manufacturers (petrol and diesel) to build zero emission vehicles (ZEV's). ZEV sales are
required to be 5% of the car manufacturers' sales by the year 2000, and 10% of sales by
the year 2010. [In January 1996 this requirement was suspended for 10 years because the
three big car manufacturers in the United State; Ford, Chrysler and General Motors,
convinced California State government that the availability of ZEV's was not feasible in the
above timetable. This 1s a characteristic example of the conflicts which arise between

desirable pollution control measures and the perceived needs of industry.]

The activities of the energy industries have the potential to affect the environment in a
variety of ways e.g. through particulate or toxic gas emissions, and synergistic processes

which under the influence of U.V. radiation produce 'smog’. Therefore, in practice,
regulations and other environmental policies serve to limit the damage. But the major
potential causes of concemn relating to energy generation are emissions of greenhouse

gases, acid gases and other pollutants listed below.
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1.7.1 Greenhouse Gaseous Emissions

Carbon dioxide () emissions contributed most of the direct increase in the greenhouse effect
in 1990. Fossil fuel burning probably accounts for almost all of this. The second most

significant greenhouse effect contributor is methane. Qil-gas production, distribution and

use account for about a quarter of current CO? emissions.

1.7.2 Acid Emissions

Man-made sulphur dioxide (SO2) and oxides of nitrogen (NOx) emissions add to the

natural acidity of rain. Virtually all UK SO2 emissions are energy-related and currently

about 70% are estimated to come from power stations. Road and other transport contributes

about half of NOx emissions in the UK, and other fossil fuel burning the remainder, with

power stations contributing 25%.

1.7.3 Ambient Air Quality

Local air quality 1s affected by emissions of SO2, NOx, VOC's (volatile organic

compounds), and particulate matter. Nearly 40% of estimated VOC's emissions are from

industrial use, and about 13% from the extraction and distribution of fossil fuels.

1.7.4 Water Pollution

Power plants, industrial cooling systems, abandoned mines, and onshore oil wells all have
the potential to contribute to water pollution. Water run-off and leachates pose the biggest

problems.
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1.7.5 Maritime Pollution

Accidental oil seepages and spills may foul beaches and kill seabirds and other marine life.

The relatively slow rate of biodegradation of heavy residues, left behind after evapoartion,

1s one factor in this.

1.7.6 Land Use

The processes of electricity generation and distribution may call for the use of scarce or
sensitive land and countryside. The impacts are associated with both old and new forms of
generation. Coal mining can also have adverse effects on the land, due in particular to the

familiar spoil heaps created.

1.7.7 Solid Waste Disposal

The use of scrubber systems to clean sulphur emissions from coal fired power stations
creates a potentially large source of solid waste in the form of gypsum. In practice, much of
the gypsum is used to make wallboards and other plaster products. Similarly, much of the

furnace bottom ash from coal-powered stations is used in building materials. Other solid
residues are land-filled wherever possible as part of reclamation schemes. Some colliery

spoil can be disposed of in a similar manner.
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1.8 Advantages and Disadvantages of Nuclear Fuel

Although virtually free from greenhouse and acid gases, nuclear energy inevitably produces
radioactive wastes. Disposal of these, and decommissioning of redundant facilities,
requires careful supervision. Nuclear and hydro power can both be considered as
renewable fuels. The majonity of the remaining electricity generating fuels are non-

renewable fossil fuels, which at the current rate of consumption are rapidly being depleted.

Nuclear fuel has a clear advantage over other energy producing fuels in that it produces no

pollutants such as; carbon dioxide, sulphur dioxide, NOx, hydrocarbons or soot etc.
Hence, it is more 'environmentally-friendly' than fossil fuels. Total consumption of nuclear
energy was equivalent 532 mtoe of oil in 199210 and this use extends the life of fossil fuel
reserves. However, accidents such as those at Brown's Ferry (1978), Three Mile Island
(1979)!1 and Chemnobyl have exacerbated concerns over the safety of nuclear power
stations and thus raised doubts over their long term future. The generation of nuclear
electricity, was promoted as a cheap alternative source. In the event, electricity generated
from nuclear power is actually more expensive than that from coal, gas or oil, when all the
real costs such as construction, operation, disposing of toxic waste and decommissioning
the plants are considered. Zaleskil? states that nuclear generated power will decrease from

the peak of 3500 GW 1n the 1970's to about 700 GW world-wide by the year 2000.

In summary it appears that at sometime in the future, energy generation will require a
significant contribution from other sources. Basic engine fuel will continue to be liquid.
Therefore it is pertinent to review some aspects of the sources of energy crops and the
economics associated with their growth, recovery, processing and utilisation and also how

their development is influenced by economics e.g. government subsidies.
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CHAPTER 2

LITERATURE REVIEW OF
ALTERNATIVE FUELS
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Chapter 2

'One of Nature's Laws, publicised by Parkinson, is that demand
always rises to meet supply. Unfortunately he failed to state what

happens when supply fails to meet demand .’
HRH The Duke of Edinburgh
World Energy Conservation Month, Oct.1979,

2.0 Literature Review of Alternative Fuels

Although the considerations and conflicts vary with the fuel type and method/scale of
utilisation, it 1s worthwhile to briefly review current energy considerations-environmental
protection issues, since these impact upon the future viability of both alternative fuels and

diesel engines.

It 1s now recognised that the fossil fuel resources of the world are depleting. Hence,
conserving petroleum-use by developing alternative fuels and new energy resources is of

prime importance.
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2.1 Possible Alternative Fuels

Over the years many researchers have sought to develop an alternative to petroleum fuels
for automobiles. Four promising potential alternatives viz alcohols, hydrogen, battery-

powered cars and vegetable oils, are reviewed below.

2.1.1 Alcohol Fuels

Alcohol fuels have been researched very extensively in many countries. The alcohol fuels,
methanol and ethanol, are of special interest in countries like Brazil and other Third World
countries, such as Zimbabwe where economic benefits are of more importance than
political or environmental pressures. Already in Brazil research into alcohol fuels has paid

dividends and many cars are running on 100% neat alcohol (ethanol), reducing the need for

oil imports and helping the country's trade balance.

As early as 1945, Brooks and others!3 demonstrated the feasibility of alcohol as a petrol
engine fuel. More recently Menrad!4 in the United States and many other researchers are

continuing work into the viability of alcohol as fuel.

Alcohol fuels, both methanol and ethanol, offer both short-term and long-term potential
contributions to the automobile fuel supply. In the short term they offer both the potential
for fuel extension (e.g. gasohols which are 80% petrol and 20% alcohols) to expand the
motor fuel supply and to assist octane enhancement for better performance of petrol
engines. The octane enhancement capability is particularly crucial for the manufacture of
low octane base fuel. This is important for refining and production of unleaded fuel. In the
longer term alcohol fuels in neat form (100%) offer the opportunity to displace petroleum

products in the fuel market.
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In the testing of alcohol fuels in internal combustion (I.C.) engines, particular attention has
been given to their performance and degree of compatibility with the fuel system15,16 Much
work has involved improving alcohol blend quality (i.e. minimising water separation),
improving alcohol engine cold-start properties, decreasing vapour lock, overcoming
corrosion and improving driving performance. Among the major benefits of alcohol

engines 1s the superior kilometres/kJ performance of alcohol fuels and reduced emissions 1n

contrast with conventional fuels.

Of the alcohol fuels, ethanol and methanol are the principal renewable contenders.
However, the major disadvantages of using alcohol as a fuel are currently the higher cost, 5

to 10 per cent above that of petrol and the limited production capacity; e.g. in the UK only
one tenth of the 115 billion gallons of alcohol fuel which would be required per year to

meet demand can be currently produced (1982)17,

2.1.1.1. Ethanol

In Brazil some petrol-engined cars were converted to run on ethanol produced from sugar
cane. In the United States ethanol used to fuel vehicles is usually manufactured from

surplus grain.

The hope in Brazil was that ethanol would ease their growing need to import oil. In the late
1970's crude oil doubled in price to $40 a barrel (159 litres), equivalent to about $65 at
today's prices. Weight for weight ethanol does not release as much energy as petrol or
diesel, but in terms of volume, the fuels almost match. Ethanol releases about 2300 kJ/ litre

compared to 2500 kJ/ litre for petrol. In 1990, Brazil grew 25 million tonnes of sugar cane
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a year on 4 million hectares (8 per cent of their cultivated land) and converted three-quarters

of this into 12 billion litres of ethanol.

Today, Brazil has four million cars running on ethanol, and another one million which run
on a gasohol mixture of 20% ethanol and 80% petrol by volume. One quarter of Brazilian
transportation fuel is ethanol. It was predicted that in the near future all Brazilian cars
would run on ethanol, but with o1l now much cheaper at approximately $18 per barrel
(December 199)), this seems unlikely. In terms of cost ethanol can no longer compete with
petrol, even when the State generates electricity by burning sugar cane residues. One of the
benefits of using clean-burning ethanol, 1s that the atmosphere in Sao Paulo, Brazil is

relatively clean in comparison to many similar South American cities where conventional

fuels are used.

2.1.1.2. Methanol

Methanol, termed wood alcohol, was once produced by distillation from wood chips.
Today it is made from synthesis gas, which is converted into methanol using a catalyst of

zinc oxide and chromium,

Methanol 1s a volatile liquid which boils at 65°C. It is 'clean burning' and, since it is less
volatile than petrol, the fire hazards following a vehicle collision or accident are reduced.
Most unleaded petrol contains a derivative of methanol, methyl tertiary butyl ether (MTBE)
as an anti-knock additive. World demand for methanol now exceeds 20 million tonnes per
year. Problems with methanol are corrosion of the fuel delivery system, toxicity and high

price.
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2.2 Hydrogen

Considerable research has been carried out into the potential of hydrogen as an alternative
fuell8, One gram of hydrogen yields more energy than the same amount of conventional

fuels. However a major problem with hydrogen is that one tonne occupies 11 million litres
at atmospheric pressure, which 1s about the size of a sports hall. Hydrogen is considerably
less dense than methane, and it requires three times the volume to yield the same amount of

energy.

For commercial use hydrogen is usually shipped at 2000 psi at 21°C. By condensing
hydrogen to a liquid at -2539C the volume of a tonne reduces to a manageable 14,000

litres. This 1s how large quantities of hydrogen are transported and stored for rocket power.
There are however major safety problems associated with the use of hydrogen, namely its

wide flammable range 1.e.,4% to 75% by volume in air, low energy for ignition ( and an
A.LT. of 5870C in air at atmospheric pressure) and the possibility of ignition on leakage
due to the Joule-Thompson effect (hydrogen being an exception in that it warms on

expansion at room temperature). These risks are exacerbated by storage under high

pressure.

Therefore, schemes may be based upon the use of hydrides to generate hydrogen in-situ.

There are two natural sources of hydrogen:

(1) Water

Electrolysis of water releases hydrogen. Such generators work with 90%
efficiency. The electrolysis of steam inside porous electrodes of zirconium oxide
produces hydrogen even more efficiently, However, even this process would not

make a hydrogen economy viable, since it is cheaper to produce electricity than to
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produce hydrogen. Economies could be advanced by utilising the surplus electricity

produced by a nuclear power station at night to electrolyse water to hydrogen.

(i) Hydrocarbons such as methane.

Methane can be oxidised to produce hydrogen and carbon monoxide. The

reaction 1S normally carried out at 850°C using Ni catalyst.

It has been predicted that, by the year 2015, most cars will still be powered by conventional
petrol or diesel engines, with battery-powered cars and alternative fuels relegated to the

"politically correct fringe "19.

2.2.1 Hydrogen Fuelled Cars

The 'Power to Petrol' report20 takes a strongly pessimistic view of the prospects for
hydrogen-powered cars, upon which several leading manufacturers are working as one of

the most promising alternatives to battery vehicles in the search for environmentally "clean”

private transport.

The study appears to reinforce the arguments of the US "big three" car makers, General
Motors, Chrysler and Ford, that electric vehicle technology is not sufficiently advanced for
viable battery cars to go on sale in California in 1998 in line with the State environment

legislation.
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2.3 Alternative Engines

A battery-powered car would be cheap to run, especially if its power cell were recharged at
night at low tariff. It would be quiet and non-polluting and smooth to dnve.
Environmentalists have said this would be the ideal solution; however there are still many

problems.

One problem is that the electric battery is not the source of the energy but merely a
convenient means of packaging and storing electrical energy generated elsewhere, that is

usually in a coal, o1l or gas-fired power station which adds to pollution of the atmosphere

with SO2 and CO?2 from its flue gases. As noted earlier CO2 contributes to the greenhouse

ettect and SO2 towards acid rain. Also only approximately 30% of the energy contained in

the coal 1s turned into electricity.

The automotive industry world-wide is spending more than £5 billion a year on research
into, and development of, electric vehicles. BMW has spent about £330 million developing
sodium-sulphur batteries. They have better performance, but cost £16,000 per car and have
to be recharged every 140 km. The weight of the batteries is a major disadvantage because

a kilogram of petrol contains 300 times as much energy as a one kg lead-acid battery.

So far, few practical commercial vehicles have appeared apart from early prototypes by
General Motors (GM) and electric vans that have been produced in limited numbers by
Peugeot and Citroen since 1989. GM has just finished building a fleet of 30 models based
on the Impact, a prototype unveiled about three years ago. The fleet is starting trials under
programme PrEView in Los Angeles and will be evaluated along with prototype systems
for recharging the vehicles by 1000 drivers of widely varying types and needs over the next

two years. Peugeot has been producing a limited number of electric 205 models. These
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have a range of 60 miles before recharging is required. Although fuel cost is a fraction of
the petrol car, the batteries need changing every four years at a cost of £1000 and since the
original battery car costs twice as much as an ordinary petrol/diesel car the economic
benefits are low. (Solar charged power cells exist, but for an average family car, the size
and weight of these give rise to problems and they are not yet therefore a serious viable
alternative). Despite this it has been stated that "GM wants electric vehicles to be a market-

place success. The PrEview drivers will help us understand the potential electric vehicle

(EV) customers and help take us one step closer to making EV's a reality"21,

It has been claimed that the production, recycling and disposal of large numbers of car
batteries would release dangerous levels of lead into the environment42, The mining and
smelting required to manufacture their batteries also produce lead emissions. However,

modern manufacturing and pollution control technology could be expected to cope with

such problems in compliance with stricter legislative controls23,

2.4 Vegetable Oil Derivatives as Fuels

Rudolph Diesel the engine inventor envisaged and first used vegetable oil as fuel in 1899.
However cheap and abundant petroleum-derived fuel quickly overtook vegetable fuel to

became the major source.

All vegetable oils and animal fats are made up of molecules of tri-acylglycerides, which

consist of three long fatty acids connected to a molecule of glycerol:

(i'HZ-—- O —CO MW
(iH—-——O-—-—-—CO/VVV\
CH2—0—COMM
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Plants and animals synthesise oils and fats because the long chains of CH2 units provide an
efficient mechanism for energy storage. Vegetable oils without further processing/
modification cannot be used as fuel in the direct injection diesel engine, and can be used
only with difficulty in pre-chamber diesel engines, since they cause severe engine deposits,
ring sticking, injector coking and degradation of lubricants. Coking is the accumulation of
hard carbon deposits around the injector orifices and other surfaces in the combustion
chamber, which can eventually disrupt the spray emitted from the orifices and prevent valve
seating, causing ring sticking and engine failure. To reduce these problems the fatty acids

are liberated from the glycerols by using alkali in a process of trans-esterification. The

resulting acid is treated with methanol (CH30OH) which converts it to methyl ester.

CH3-0O-CO MW

These esters are more volatile and are hence more suitable for use in the diesel engines.

Vegetable oils have been tested as alternative diesel fuels. They have heat contents of
approximately 90% those of diesel fuels. However, an unmodified vegetable oil has a very
high viscosity (e.g. rape seed oil has a viscosity of 37.0 ¢ST at 380C) as compared to
diesel oil (e.g. 2.7 ¢ST at 380C).

Use of vegetable oil methyl esters avoids the formation of carbon deposits. But here also,
problems arise such as lubricating oil dilution and sludge formation. Strong efforts are
being made to eliminate these problems. The use of vegetable oil can be of great benefit in
some special fields such as fuelling farm machinery and canal boats in Holland were they
are required to use vegetable fuel and lubricant, which are more readily biodegradable to

protect the sensitive marine environment.
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2.5 Rape Seed QOil

Rape has yellow flowers, from which can be extracted amber oil (a "green" fuel). The
advantages of rape seed oil are that, in theory, it could replace fossil fuels in both diesel and

petrol engines and it 1s much ‘cleaner’ than most fuels resulting in a reduction of sulphur

dioxide emissions by 98% and of soot particles by 50%. Rape seed oil is also an edible oil.

In Austria this oil can already be purchased at filling-stations and in Italy it is sold as Bio-
diesel. It could also offer a solution to the 'over-production’' by EC farmers. Under set-

aside land policy, farmers are paid not to produce edible crops; if rapeseed oil were grown
for fuel 1t would offer a bonus for farmers in giving them a real use for land which they are

now being paid not to use.

The disadvantage of rape seed oil is that one acre of rape yields only 80-90 gallons of bio-
diesel. Furthermore one gallon of bio-diesel contains 5 per cent less energy than standard
diesel oil. The tens of million £'s subsidies spent on growing it in Europe indicate that the

real cost is high and encourages highly intensive agriculture24.

Suda?> investigated the effects of potential vegetable oil fuels in diesel engines. Vegetable
oils have heat content<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>