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3.1
It takes 2.2 million tons of coal per year to fuel a 1000-MW power plant that operates at a capacity factor of 70%.  If the heating value of the coal is 12,000 Btu/lb, calculate the plant’s efficiency and the heat rate.
In this problem, we are given the following quantities:
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We want to find:
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Equations and basic calculations:
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With these values for power output and heat input we can calculate the desired final results.
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3.4
A synthetic fuel contains 50% by weight CO and 50% by weight H2.  Calculate its fuel heating value, MJ/kg fuel and MJ/kg product, and stoichiometric air-fuel ratio using the data of Table 3.1.
In this problem, we are given the composition of a synthetic fuel on a mass basis and we want to find its heating value and its stoichiometric air/fuel ratio.  Since the data in Table 3.1 are on a mass basis, we can easily find the heating value per unit mass of synthesis gas as the weighted average of the heating values of the individual components from Table 3.1
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To find the heating value per unit mass of products we have to determine the mass of products per unit mass of fuel.  This requires a specification of the air/fuel ratio, which is not given here.  For conservation of mass the product mass equals the mass of air plus the mass of fuel.  Thus the ratio of product mass to fuel mass is found by the following equation.
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We use the symbol 
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 to denote the air/fuel ratio on a mass basis.  We do not have an air fuel ratio specified in this problem, nor do we have any data from which we can calculate such a ratio.  However, we are asked to compute the air/fuel ratio for stoichiometric combustion.  We can then use this air/fuel ratio to compute the heating value per unit mass of product.

We can use the data in Table [3.1] on stoichiometric air fuel ratios.  The overall air/fuel ratio for the synthetic fuel is simply the weighted average of the air/fuel ratios for each fuel.
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With an air/fuel ratio of 18.37, the product/fuel ratio is 19.37 and we can compute the heating value per unit of mass of products as follows
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3.8
A PEM fuel cell using methanol as the fuel is supplied with a methanol-water mixture at the anode.  The anode reaction produces hydrogen ions in the electrolyte and anode electrons according to the reaction*
CH3OH + H2O → 6H+(el) + 6e–(a)+CO2
At the cathode, the cathodic electrons and electrolytic hydrogen ions combine with oxygen to form water molecules.

6H+(el) + 6e–(c) + 3O2 → 3H2O

The combination of these reactions is the oxidation of methanol while producing a current flow in the external circuit across the electrode potential difference, a – c.

CH3OH + 3O2 → 2H2O +CO2 + 6e–(a) – 6e–(c)

Using the data of Table 3.1, calculate the maximum potential difference,  a – c, that the fuel cell can generate.  (b) Calculate the ratio of the maximum electrical work per unit mass of fuel to the fuel heating value.
In this problem, we are given the composition a specific electrochemical reaction and we are asked to compute two closely related quantities: the maximum potential difference and the maximum electrical work per unit mass.

The analysis on page 60 of the text, leading to equation 3.51 can be generalized as follows.  The usual equation for electric power is the product of voltage (difference) and current.  Since electrical power is work divided by time and current is charge divided by time, electrical work is the product of charge times potential difference.  In this case each electron produces the following work, qe(a – c).  In the overall reaction, the number of electrons produced by one molecule of reacting methanol, ne = 6.  If the mass of the fuel molecule is written as mfuel, the work per unit mass of fuel is given by the following equation.


[image: image13.wmf](

)

fuel

a

c

e

e

m

q

n

m

W

w

F

-

F

=

=


Rather than working with the mass of one molecule, we can work with the molecular weight.  This is simply the molecular mass times Avagadro’s number.  In addition, we can introduce the Faraday constant, F, = 96,487 coulomb/mole, which is defined as the charge on an electron times Avagadro’s number.  Thus if we multiply both the numerator and the denominator of the right hand side of the previous equation for the work per unit mass by Avagadro’s number we can replace the electron charge by the Faraday constant and we can replace the molecular mass of the fuel, by its molecular weight, Mfuel. 
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In a fuel cell, the maximum work is given by the change in the Gibbs function,* g, for the oxidation of methanol is 22.034 MJ/kg.  Since the actual work must be less than this maximum work, wmax, we can use the equation for work to obtain the maximum potential difference.
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The maximum potential difference occurs when we use the equal sign in the final inequality.  Substituting values into this equation gives the following result.
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For part (b) we simply have to take the maximum work, which is the change in Gibbs function, 22.034 MJ/kg and divide it by the heating value of 20.142 MJ/kg.  (Both values, for methanol, are taken from Table 3.1.)  This gives the following result
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This is sometimes interpreted as an efficiency greater than 100%.  Such a result comes from a misinterpretation of the efficiency definition.  The conventional definition of work output divided by heat input does not apply to a fuel cell since no conversion of work to heat is involved.  The proper definition is the actual electrical work divided by maximum work of 22.034 MJ/kg.

* Is methanol CH4O or CH3OH.  From a basic chemistry perspective both formulas are the same.  In the literature for chemical kinetics and combustion, formulas for compounds are typically written in a way that indicates the nature of their chemical structure.  Since methanol is a methyl (CH3) radical connected to a hydroxyl (OH) radical, it is conventionally written as CH3OH, as I have done here.  You can use whichever formula you prefer.


* The text uses the name Gibbs free energy and the symbol F for the Gibbs function, G = H – TS.  Although this nomenclature is common in some physical chemistry texts it is both meaningless and confusing.  It is meaningless, because there is no meaning to the term “free energy.”  It is confusing, because some physics texts use the symbol F and the name Helmholtz free energy for the Helmholtz function, A = U – TS.  When texts drop the name and just say “free energy” you may not be sure whose free energy you have (let alone what you can really do with energy that is free).  I apologize for the difference in notation between lecture and the text, but I will be using the symbol G (or g = G/m) for the Gibbs function throughout the course.
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