1a. We know that if the bio-ethanol has a 50/50 molar composition then there will be the same moles of ethanol and isooctane. The stoichiometric equation for the combustion of this mixture is therefore as follows:
C2H5OH + C8H18 + 15.5(O2+3.76N2)  10CO2 + 12H2O + 58.28N2

The mass percentages of the mix are calculated in the following way for the ethanol and the isooctane:

The total fuel atomic mass of the mix is 160, the following table shows the calculated mass percentages.
	
	Ethanol
	Isooctane

	Atomic Mass
	46
	114

	Mass Percentage 
	28.75%
	71.25%



1b. The air fuel ratio is calculated from the stoichiometric equation. The fuel mass is 46 + 114 = 160.
The air mass is calculated from 15.5(O2+3.76N2).
15.5((16x2) + 3.76(14x2)) = 2127.84
The air fuel ratio is calculated by dividing the mass of the air by the mass of the fuel.

1c. The enthalpy of formation is calculated by finding the difference between the enthalpy of formation of each side of the equation.
C2H5OH + C8H18 + 15.5(O2+3.76N2)  10CO2 + 12H2O + 58.28N2
The values for enthalpy of formation are show in the next table. It is being assumed that the fuels are starting in liquid state.
	Species 
	Formula
	State
	MJ/kmol
	Molar Mass

	Ethanol
	C2H5OH
	Liquid
	-277
	46

	Isooctane
	C8H18
	Liquid
	-259.28
	114

	Carbon Dioxide
	CO2
	Gas
	-393.5
	44

	Water
	H2O
	Gas
	-241.8
	18

	Oxygen
	O2
	Gas
	0
	32

	Nitrogen
	N2
	Gas
	0
	28


 
The following equation has the values for enthalpy inserted to replace the appropriate molecules.
-277 + -259.28 + 15.5(0+0)  10(-393.5) + 12(-241.8) + 58.28(0)
-536.28  -6836.6
The value for the net enthalpy of formation as -6836.6+536.28 = -6300.23 MJ/kmol
To convert this into MJ/kg the previous answer must be divided by the molar mass of the fuel. This gives the LHV of the fuel.
MJ/Kg
[bookmark: _GoBack]1d. The enthalpy of formation is the change in enthalpy when the reactants are broken down into their constituent elements which then recombine as new molecules forming 1kmol of products of the reaction. If the enthalpy is negative that means that energy (heat) is given out in the reaction i.e. the reaction is exothermic. If the enthalpy is positive is means that energy (heat) is taken in during the reaction i.e. the reaction is endothermic. 
1e. The difference between the HHV (higher heating value) and LHV (lower heating value) is related to the state that the water is in after combustion occurs. In LHV the value for enthalpy of formation of the water is when the water is in a gaseous state, in HHV the value is used when water is in liquid state. It is dependent on whether the state the water ends in after forming from its constituent hydrogen and oxygen atoms.  The difference between the two is called the latent heat of vaporisation and is essentially the amount of energy that the water withholds if it leaves the system as a gas rather than a liquid.
1f. Using the molar ratios of the fuel and the carbon dioxide we can see that one mole of fuel produces 10 moles of carbon dioxide i.e. a 1:10 ratio. 
C2H5OH + C8H18   10CO2 
Using the molar masses of each side of the equation the amount of CO2 produced when 1kg of fuel is burned can be calculated. 
160  10 x (44)
160  440 this shows that 160g of fuel will produce 440g of CO2.
Therefore, 160kg  makes 440kg so if the equation is then divided by 160 we can see that 1kg (fuel mix)  2.75kg of CO2
1g. Properties of Ideal fuels
1. The fuel must have a high calorific value i.e. the fuel must release as much energy as possible during combustion.
2. It must have a reasonable ignition temperature, if the ignition temperature is too high then the fuel will be hard to ignite, if it is too low then it will be very easy to ignite and could therefore be potentially hazardous.
3. The fuel must have a low enough boiling point, this is the measure of volatility i.e. the temperature at which the liquid turns to gas. A highly volatile fuel is more likely to cause explosions whereas a fuel with low volatility is harder to burn. Highly volatile fuels must be stored in well-sealed containers to stop the gases from escaping.
4. Rate of combustion must be moderate, if the rate of combustion is too low then the risk of autoignition is increased as the flame speed won’t be fast enough. If the rate of combustion is too high, there is a risk that the fuel will burn too quickly and will not burned before the piston is in the right position. 
5. Storage (ease of liquefaction) is an important property for an ideal fuel for containment in the fuel tank as well as transport. This is usually associated with the volatility and state of the fuel at room temperature. The usability of the fuel is dependent on this. If the fuel requires a lot of manipulation to store it will make its usage less convenient.  A good example of this is hydrogen which is a gas at room temperature and can be condensed into liquid for storage at -252.8°C which is obviously not convenient when being contained in a car at room temperature. 
6. It should have the cleanest combustion possible. I.e. the products from the combustion should cause the least amount of pollution through production of CO2 and ideally combust completely and not form any poisonous gases such as CO.
7. Can’t be too expensive, even if the fuel is better than another option it would be hard to convince consumers to use it if the price is too high. The price of the fuel is affected by the acquisition, processing, storage and transportation of the fuel i.e. fuels that are more expensive to produce and contain will be more expensive.
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