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ABSTRACT

It has been recognized for decades that the major source of lead pollution is lead

additives to automotive fuels. This problem has been countered in most countries in

Europe and USA by introducing alternative anti-knock chemicals and unleaded gasoline.

In Egypt lead is still being added to gasoline in large quantities. However, progress has

been made, and unleaded gasoline is currently being produced in Alexandria.

Nevertheless, the major pollution problem remains in the Greater Cairo region as

indicated by the atmospheric lead levels and the lead blood levels of the children in Cairo.

The aim of the present study is to find an optimum solution to this problem. A

comparison of the different solutions is conducted in order to come up with the most

feasible solution to this urgent problem.

In conclusion it has been demonstrated that the elimination of lead additives, with

its huge positives effects on the country environment, proved to be profitable.

INTRODUCTION

Lead Pollution in Cairo has been found to be very serious problem. Lead toxicity

has adverse effect not only on human health but also on vegitation and welfare [1]. Its

entry to the ecosystem has appreciable effect on the children behaviour and educational

attributes. The major channel through which lead is absorbed is through inhalation of lead

compound present in the atmosphere as a result of vehicular emission.
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The use of lead compounds as anti-knock additives in gasoline was introduced in

1923 [2]. " Knocking "or detonation is a phenomon related to abnormal combustion and

derives its name from the sound heard 1 om the engine, characteristic to driving in low

gear.

The measure of the anti-knock ability of a fuel is the octane number. Three types

of octane number are commonly used, research octane number (RON), motor octane

number (MON), and road octane number (ON). The reseach octane number is measured

at light working conditions, usually at an engine speed of about 600 rpm. The motor

octane number is associated with heavy conditions at an engine speed of about 900 rpm.

The octane number which is generally used to define a fuel is the road octane number and

is defined as the average of the research and motor octane numbers. The research octane

number is always greater than the motor octane number and the difference between them

(RON-MON) is known as the sensitivity [3],

Three major families of hydrocarbons may be defined as the constituents of

gasoline. Aromatics are known to have a high octane number. Olefms, which are the

major constituents in gasoline, have medium anti-knock abilities, Paraffins have the

lowest octane numbers and therefore the highest potential for knocking [3].

Lead is added to gasoline as tetraethyl or tetramethyl lead. The production of

tetraethyl lead is cheaper and therefore it is more widely used than tetramethyl lead

although the latter has advantages because of its lower boiling point and higher vapor

pressure which enables it to be more evenly distributed among the engine cylinders.

These lead compounds form radicals, under the heat of combustion, which react with the

radicals formed by the burning of gasoline resulting in enhancement of burning rate and

consequently reduces the tendancy of detonation.

The ability of lead to increase the octane number of a fuel is demonstrated in table

1. Obviously the higher the octane number of fuel, the less effect lead will have in

increasing it. For example, lead will have a much greater effect in increasing the ON of

parafine than that of aromatics when added in the same quantity.

There remains the problem of disposing with the lead resulting from the

dissociation of lead compounds due to the heat of combustion. Chlorides or bromides are

usually added to the fuel to oxidize the lead and convert it to an easily disposed of

gaseous form. Seventy to seventy five percent of the gaseous lead thus formed is released
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with the exhaust, about half of which becomes airborne. The remainder is trapped in the

exhaust system and engine oil [4].

Nevertheless, another point of major concern is the effect of lead on catalytic

converters, which have become necessary addition to most automobiles in USA and

Europ. Catalytic converters are devices which utilize a catalyst to promot further

combustion of the exhaust gases of the engine. The result is that exhaust gases such as

corbon monoxide and hydrocarbons, which are resulting from incomplete combustion,

are reburnt and converted to harmless gases which are then exhausted. The point of

concern in this case is that these converters work only with unleaded fuel, since lead

poisons the catalyst involved. The effect of lead on catalytic converters can be seen

clearly in Fig. 3.1, from which it is obvious that leaded fuel drastically alters the

performance of the converters [5].

In order to maintain proper control on the lead quantities emitted, regulations and

laws must be passed limiting both the quantity of lead added to the fuel, and the

concentration of the lead components in the atmosphere.

The United Kingdom was one of the first countries to impose regulations on the

use of lead in gasoline. In 1972, a limit of 0.48 g/1 was set, which was reduced to 0.4 g/1

in 1981, and then to 0.15 g/1 in 1985. In 1982, CLEAR (campaign for lead free air) was

formed,with a target of total removal of lead from gasoline by 1990 [6]. In Germany, a

limit of 0.4 g/| was set in 1978. Extensive forest damage and the use of catalytic

converters induced an early attempt at banning leaded petrol in 1986, closely followed by

Denmark, Holland and Luxembourg. <\ final EEC directive was issued, introducing

unleaded petrol in 1986, but not essentially required till 1989, and limiting the

concentration of lead in air to below 2 micrograms per > ubic meter, to be achieved by

1987 [6], The US Clear Air Acts Amendment of 1970 limited the amount of lead in

gasoline to 0.026 g/1 [7]. In general, lead-free gasoline is defined to be between 0.01 and

0.02 g/1 in Europe, and below 0.0135 g/1 in the USA.

Different trends, however, may still be found in Europe. For example, in 1990, the

sales of unleaded fuel in Italy comprised only 5 % of the total sales as compared to 67 %

in Germany. Table 3.2 shows the maximum allowable lead content and percentage

consumption by unleaded fuel in Western Europe, USA, and Japane.

In Egypt, no specific regulations regarding the lead levels in air or in gasoline

have been set yet. The National Environmental Action Plan, dated March 199? states "

Recognizing the increasingly high leve' of lead in bl-^iH snmples of children ir. urban
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areas and its injurious effects on their health and development, GOE (Government of

Egypt)wishes to discourage the use of high levels of lead in gasoline. A start would be

made by introducing unleaded and low lead gasoline with lead concentration of less than

0.15 g/1. To encourage the use of unleaded gasoline such gasoline will need to be priced

at levels less than leaded gasoline[8J". Although recent efforts have managed to reduce

the levels of lead in some areas to be within the range mentioned above, it must be stated

that in some areas, levels reaching 0.60 g/1, which is four times the figure quoted and

about twenty three times the limit in USA, are still being used.

Possible Alternatives

The function of lead in gasoline is to increase the octane number, and thus

improve the efficiency of combustion. Several alternatives may be used to achieve this

result without lead additives. These may be grouped into two categories : alternative fules

and alternative methods using gasoline.

Alternative fuels

The use of alternative fuels in automobiles would require not only totally new

production units for the fuel, but also new car designs to accomodale the new fuel such as

Diesel, propane, compressed natural gas (CNG), liquified natural gas (LNG), alcohols,

hydrogen....etc. The most common alternative fuels applied in Egypt are Diesel and CNG.

The diesel engine was invented at the end of the 19th century and is used mainly

for large commercial vehicles. The main difference with the diesel engine is the method

of ignition. Diesel engines use much higher compression ratios which cause sufficient

friction between air molecules for spontaneous combustion, i.e. no spark is induced. No

lead is included in the fuel but higher sulfur concentrations exist, leading to larger

emissions of sulfur oxides. However, although the exhaust of diesel fuel seems visibly

much more hazardous than that of Petrol fuels due to the black carbon particulates

emitted, diesel fuel produces less carbon monoxide, and nitrogen oxides[2]. Diesel fuel is

more viscous than gasoline and ignites easily, so that less unburnt hydrocarbons are

produced. The pollution effects of diesel fuel are generally considered to be less than

those of gasoline. A comparison is shown in Figure 3.2[2].

Compresed natural gas (CNG), on the other hand will cost one third to one half

the price of gasoline. Natural gas is composed mainly of methane (CH4), with possibly

some ethane, propane and butane. In conversions from gasoline, a 10 to IS per cent
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power loss has been experienced. Significant reductions in emissions of carbon

monoxide, unburnt hydrocarbons, and nitrogen oxides have been monitored, as well as

the eliminations of lead compounds from the exhaust[9].

Liquified natural gas LNG, is another alternative fuel. The basic operation in

liquified natural gas are gas treatment, liquification and storage. Gas treatment involves

the removal of contaminants such as water, carbon dioxide, sulphur compounds, dust, oil

and heavey hydrocarbones. The natural gas may be liqified by lowering its temperature to

about-162 C.

Storage containers for LNG should have special insulation to maintain the low

temperature vary widely in size and structure. The estimated cost of conversion from

petrol engine to LNG driven one is about $3000 compared with $ 1500 to converted to

CNG engine. Necessary modifications include major fuel tank and electric system

changes. Both the liquifaction unit and refueling stations are very expensive, mainly due

to the necessary preautions involved. The emissions from LNG driven engine are similar

to those from CNG driven ones [10].

Ethanol C2H5OH, and methanol CH3OH may also be used as alternatives to

gasoline. A mixture of ethanol and gasoline is also used, termed gasohol, which requires

only minor modifications to the normal engine. Gasoline octane rating is boosted when

alcohol is mixed with gasoline and higher compression ratios may be used with alcohol

or gashol. The use of alcohols would require majour engine modifications. Besides,

several operating difficulties, such as cold-starting exist with alcohol. Evaporative

emissions from the fuel tank and carborator are much higher than those associated with

gasoline. Also, aldehyde, and nitrogen oxide emissions increase greately when alcohol is

used, while carbon monoxide emissions are reduced [11].

The most environmentally friendly fuel is hydrogen which has been termed the
fuel of the 21 st century. The use of hydrogen as a fuel totally eliminate lead,

hydrocarbons, and carbon monoxide emissions. Nitrogen oxide emissions are also

significantly reduced. However, the use of hydrogen as a fuel necessitate modifications to

the gasoline engine include new tank and fuel system, hydrogen detecting devices for

safety and aditional gages and indicators. The liquifaction of hydrogen (must be cooled to

-252 C) is also very expensive and refueling stations require high technology for safety
reasons [12].
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Alternative Solutions Using Gasoline

To accoraodate the use of alternative fuels in order to eliminate the problems

associated with lead additives in gasoline, new production units, distribution networks,

filling stations, and car designs must be implemented. This obviously will lead to

necessary costs which may not be 100% feasible. The alternative is to continue using

gasoline, and introduce solutions to the lead compounds exhausted by the engine such as

lead traps, other additives, unleaded gasoline....etc..

The idea behind a lead trap is to absorb the lead compounds produced during fuel

combustion by introducing a certain material in the exhaust. Studies conducted in

Germany have related the use of lead traps to a 75% decrease in lead emissions over 35

thousand kilometres of testing. Basically, a lead trap is a filter containing steel wool

coated with alumna, and it has the main advantage that no modification is necessary

either to the car design or the refining and distributing processes[7]. The disadvantages of

lead traps, however, are many such as the cost of the trap and its replaceable parts. The

use of such traps produce a back pressure on the exhaust system, which leads to a loss in

engine efficiency. The lead trap does not solve the problem of lead pollution, but merely

transfers it from an atmospheric to a solid waste one[7].

The use of other additives introduces an alternative solution. One of the earliest

compounds used as an anti-knock additive is Fe(CO)5. This shows promise in raising

octane number, especially on paraffinic fuels on which it was first used. However, several

problems including effects on the engine led to the phase out of its use.

Methylcyclopenta-dienyl Manganese Tricarbonyl (MMT) has been used in USA as an

octane booster in recent years[5]. However, MMT works most effectively in the presence

of lead itlkyls, and therefore does not eliminate the problem. Recently, the direction has

been towards using organic substances which may be classified into two families;

aromatics containing nitrogen and oxygen such as amines and caster, and non aromatic

compounds containing oxygen such as alchohols and ethers (oxygenates). Most of these

additives are very expensive, unstable, and environmentally undesirable since they

produce strong odors[5].

Several options may be utilized whereby octane levels can be maintained while

eliminating the lead added to gasoline by changing its composition. This can be achieved

by increasing the use of refinery processes yielding high octane blending components

such as aromatics, olefins or isoparaffins.
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Improvement on octane number of about 20 numbers can be achieved by the

isomarization process (isosive process) which allows the removal of normal paraffin's

but with shrinkage in gasoline volume. To avoid volume shrinkage the isosive process

can be integrated with isomarization to convert C5 and C6 normals to the higher octane

isomers. This integration is marketed as the Total Isomarization Process (TIP) [13]. The

feasibility of implementing refinery processes to boost gasoline octane rating was studied

by the same authors [14].

Alternatives to Lead in Gasoline : A Comparison

The possible methods of eliminating lead compounds in automobile exhaust were

introduced. Each of these methods has advantages and disadvantages in terms of factors

such as cost, performance and environmental effect. In this section, an attempt will be

made to compare between the different methods in such a way as to emerge with an

optimum solution to the lead pollution problem posed by lead additives in gasoline, with

special emphasis on the situation in Egypt.

Break Even Analysis

The break even analysis is one of the simplest ways to provide a logical

comparison between alternatives from the consumer's point of view. A simple break even

analysis between unleaded fuel and lead traps will be conducted, since these are the two

solutions which are widely available in the market. Since these methods have not been

implemented in Egypt, the USA will be taken as the base of the analysis.

Relevant data for the analysis include prices of leaded and unleaded gasoline, cost

of the lead trap, and the expected running cost of replaceable parts needed for the lead

trap. Prices of the gasoline are available per gallon, and it is estimated that the average car

travels 40 kilometers per gallon. The obtained data are as follows:-

Unleaded Gasoline: Initial cost = 0

Running cost = $ 1.07 / gallon

Lead Trap : Initial cost =$110

Running cost (fuel) =$ 0.95/gallon

Running cost (parts) =$ 0.10/gallon

Total running cost =$ 1.05/gallon
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The running cost of replaceable parts is estimated at $ 30 per year for an average

of 1000 kilometers per month. Using the conversion of 40 kilometers per gallon, this cost

is calculated at $ 0.10 per gallon. The initial cost of $ 110 for the trap includes the cost of

the trap and its incorporation into the exhaust system. The break even point (x) is

therefore calculated as follows:-

1.07 X= 110+ 1.05 X X= 5,500 gallons

Again, using the previously estimated value of 40 Kilometers / gallon, the break

even point is found to be at 5,500 X 40 = 220,000 kilometers. This indicates that, for the

consumer, the use of a lead trap will only be cost efficient after 220,000 kilometers which

is more than the average car will ever travel. Figure 3.4 shows the graph of cost versus

kilometers for both alternatives.

Clearly, through this quick calculation, the lead trap has proved to be inefficient in

terms of cost. Since this will obviously be the only factor which will induce a person to

use leaded gasoline with a lead trap in favor of unleaded gasoline, it can only be

concluded that the lead trap does not provide a feasible solution to the lead pollution

problem when compared to the use of unleaded gasoline. Indeed, the use of lead traps has

met with minimal success in both Europe and the United States.

Scoring Matrix Criteria

The scoring matrix criteria provides one of the most efficient methods of

comparing between alternatives. This is achieved by selecting criteria of importance in

the comparison, calculating a weight of importance for each, and assigning relative point

values to the criteria for each alternative. Total scores are reached for the different

alternatives which may then be compared relatively.

The criteria of importance can be defined as environmental impact, cost, required

maintenance, safety, and engine performance or efficiency. The general term 'cost' is

intended to cover both costs related to the production of fuels and necessary

modifications to existing designs, and running costs including costs of raw materials.

The main alternatives which have been chosen for comparison are leaded fuel,

unleaded fuel, leaded fuel using a lead trap and other fuels. Other fuels includes all

alternative fuels discussed previously. Since they are relatively similar with respect to the

chosen criteria, it is possible to group them as a single solution. Similarly, the term
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unleaded fuel comprises the different types discussed previously. Leaded fuel may be

considered as a control alternative for use in comparison. The scoring matrix criteria is

shown in Figure 3.5.

The first step is to obtain the weight of importance for each criterion. To do this .

each criterion is given a number expressing its importance relative to all other criteria.

Four represents major preference, three medium preference, two minor preference, and

one indicates no special preference. The numbers are shown in the intersections between

the criteria. Since this study is conducted from the environmental point of view,

environmental impact was chosen to have minor preference over cost and safety, and

medium preference over maintenance and engine performance. Again, as an example, the

number 1 in the intersection between cost and safety implies that the former has no

preference over the latter. The numbers on each of the slanted rows are then added to give

the score for each criterion, and adjusted on a range of 1 to 10 to give the relative weight

of importance.

The four alternatives are then given scores in each of the different criteria, ranging

from one, which denotes poor, to five, which denotes excellent. These scores arc shown

in each cell below the diagonal line. As an example, leaded fuel scores ' poor' on

environmental impact, and the lead trap scores ' fair* on cost. In terms of environmental

impact, unleaded fuel and other fuels are the best solutions, while leaded fuel is the worst.

The reverse is true for cost. Other fuels score low on safety since most of them are either

very flammable or hazardous to store and handle. Leaded fuel scores highest on engine

performance or efficiency, while the lead trap scores lowest on required maintenance.

In each cell, the number above the diagonal line is simply equal to the number

below the line times the weight of importance for the relative criterion. The final score for

each alternative is the addition of numbers above the diagonals across the row. Unleaded

fuel is seen to score highest (87) due to its good environmental impact, safety and

efficiency, followed by other fuels (72), leaded fuel (70), and finally, the lead trap with a

score of (66). It may seem strange that the lead trap scores lower than leaded fuel.

However, although the lead trap will improve environmental impact when used with

leaded fuel, its poor performance in terms of cost, effects on engine performance, and

required maintenance tends to overshadow this improvement . When the solid waste

problem posed by the lead trap is taken into account along with its financial unfeasibility

from the point of view of the consumer (previously demonstrated in the previous section),

it proves to be a solution which we can safely neglect.

-699-



When deciding on a course action to implement in Egypt, all of the above factors

must be taken into consideration.

The use of alternative fuels will prove to be infusible in the near future due to

several factors, not the least important of which is cost. Availability of raw materials will

also be a problem. Therefore , the only remaining solution is the use of unleaded fuel,

which indeed has proven to be the most practical solution.

CONCLUST1ON

The use of alternative fuels instead of gasoline as a way to reduce the level of lead

and lead compounds emitted from motor vehicles is not completely fesaible. New product

units, distribution networks, filling stations, and engine modifications must be

implemented.

The use of other additives, on the other hand is not an acceptable alternative most

of these additives are expensive, unstable, and environmentally undesirable since they

produce strong odors.

The use of the lead trap does not solve the problem of lead pollution but transfer it

irom an atmospheric to a solid waste one. Besides, the cost of the trap and its replacable

parts, and the negative effects of using the lead trap on engine performance are major

drawback that the lead trap has proven to be inefficient in terms of cost compared with

the use of unleaded fuel. Using the scoring matrix criteria to compare between all

•ihcrnatives proves that the use of unleaded fuel introduces the most feasible solution

when compared with the use of leaded fuel, the use of lead trap, and the use of alternative

fuels.
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Table 1 Indicative properties of common gasoline re fin a ry blending stocks
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Table 2 Lead content and consumption patterns in W. Europe, USA, and Japan

Area Year Lead tuntciil Consumption %
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Figure 1 Typical vehicle emissions with a catalytic converter.
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Figure 2 Comparison of exhaust constituents of petrol and diesel engines.
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Figure 3 Break even analysis (Lead fuel vs. lead trap)
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Figure 4 Scoring matrix criteria of lead pollution elimination alternatives.
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