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4.1
From Figure 4.1 estimate the ratio of peak demand/average demand and that of minimum demand/average demand.  If the electricity supply system must have a capacity 20% above the peak demand, estimate the capacity factor, that is the ratio of average demand to system capacity
The ratio of peak demand to average demand from the chart is approximately 1.24; the ratio of minimum demand to average demand is approximately 0.76.

If we want a reserve capacity of 20%, the capacity has to be 1.2 times the peak demand.  With a ratio of peak demand to average demand of 1.24, the ratio of system capacity to average demand would have to be (1.2)(1.24) = 1.488.  The reciprocal of this would be the daily capacity factor, i.e., the ratio of capacity to average demand.  This gives the daily capacity factor = 67%.
4.5 A pumped storage plant is being designed to produce 100 MW of electrical power over a 10-hour period during draw down of the stored water.  The mean head difference during this period is 30 m. Calculate the amount of electrical energy to be delivered and the required volume of water to be stored if the hydropower electric generator is 85% efficient.
Here we are given the average power, Pavg = 100 MW, over a time, t = 10 hr, to be generated by a hydroelectric plant with a mean elevation difference, z = 30 m.  The efficiency of the energy conversion, , is 85%.  The equation that relates these quantities is the first law of thermodynamics written in the following form.
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We can solve this equation for the mass of water and substitute the given data to find the mass of water in the following fashion.
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Since the density of water is 1000 kg/m3, the required volume of water is 1.44x107 m3.

5.8 A coal has a heating value of 12,000 Btu/lb and the following molecular composition: C100H100S1N0.5.  It is burned in air with 20% excess air.  (a) Calculate the emission rate of SO2 and NO2 in lb/Mbtu.  Once more assume that the emission rate of NO2 is twice the emission rate of fuel NO2.  Compare this with the 1970 emission standards for large coal-fired boilers.  (b) Calculate the mole fraction and volume fraction of SO2 and NO2 in the flue gas.
In this problem, we are given the heat of combustion, Qc = 12,000 Btu/lb, and the general fuel formula CxHySzOwNv, with n = 100, m = 100, z = 1, v = 0.5, and w = 0.  We are also told that the total NOx emissions is a factor, f = 2, times the NOx emissions that would occur if all the nitrogen in the fuel reacted to form NO2.  For the given data that we have 20% excess air, we know that the air-fuel equivalence ratio,, is 1.2.
If we assume that all the z atoms of sulfur in the fuel burn to SO2 we have the following equation for the emission rate of SO2 per unit heat input.
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We can find the molecular weight of the fuel formula from equation [1] in the combustion notes
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[1]

Substituting the data for the fuel formula and the atomic weights of the elements into this formula gives Mfuel as shown below.
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We now have all the data necessary to solve for 
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The calculation for NOx is similar except for the factor, f = 2, by which we multiply the fuel NOx emissions to get the total NOx emissions.  We can thus use the equation that we derived for 
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 if we use the appropriate molecular weight differences and introduce the f factor.
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Both these SO2 and NOx emission numbers are greater than the 1970 U. S. emission standards for new sources listed in problem 2, page 117 of the text: 1.2 pounds of SO2 per million Btu and 0.7 lb of NOx per million Btu.  (I am not sure that these are really the 1970 standards.  I check the Code of Federal regulations and found that these numbers apply to new sources according to regulations updated in 1998.  (Reference 40 CFR 60.43a and 60.44a.)
To compute the fraction of SO2 and NO2 in the exhaust gas we can use the general equation for the combustion of a hydrocarbon fuel in air taken from the combustion notes.
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[7]

The total number of (wet) moles in the product moles for this reaction is given by the following equation, also from the combustion notes.
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[11]

where Bw is computed in terms of the humidity ratio in the combustion air, .
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A is the stoichiometric oxygen requirement for combustion of the fuel; this is found from equation [2] in the combustion notes.
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In the reaction equation [7] we did not consider the reaction to form nitrogen oxides.  According to the assumptions in the problem statement, a factor f times the fuel nitrogen, v, reacts to form NO2.  If we represent this as a secondary reaction, starting with the products, we see that we have the following changes in the product composition when we account for NO2 formation.
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The new result of this reaction is the production of the assumed amount of NO2 and a decrease in the total number of (wet) moles by fv/2.  We can find the total (wet) moles by combining equations [11] and [14] and subtracting the fv/2 moles that are lost due to the formation of NO2.
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[11]

From the given data on fuel composition, we can evaluate the stoichiometric oxygen requirement, A, as follows.
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If we ignore the humidity in the combustion air – i.e., if we assume  = 0 – we can use this value of A and the other input data to find the total (wet) moles in the flue gases.
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According to the reaction equation [7] we have z = 1 mole of SO2 in the flue gases.  The assumed number of NO2 moles in the flue gases, fv = 2(0.5) = 1. Dividing each of these numbers by the total number of (wet) moles just computed gives their (wet) mole fractions in the flue gases.
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A note on NOx vs. NO2 – The formation of nitrogen oxides, NOx, in combustion processes consists of three major routes: (1) fuel NOx in which the nitrogen in the fuel reacts to form NOx, (2) thermal NOx which is formed by a series of reactions known as the Zeldovich mechanism, and (3) prompt NOx which is formed in fuel-rich regions in the early part of combustion processes in which the air and fuel are not premixed.  The sum of nitric oxide (NO) plus nitrogen dioxide (NO2) is known as NOx or total oxides of nitrogen formed in combustion.  Although this is a simple sum on a molar basis, we cannot accurately convert the molar emissions of NOx to a mass emissions unless we know the specific distribution of NO and NO2.  To avoid this, the total oxides of nitrogen are by convention converted between a mass and molar basis using the molecular weight of NO2.  

The amount of fuel nitrogen that actually reacts to form NOx depends on the amount of nitrogen present.  At very low fuel nitrogen contents, there is nearly 100% conversion of fuel nitrogen to NOx, mainly to NO.  At high fuel nitrogen content, the amount of NOx formed from the fuel nitrogen is very nearly constant.

5.9 The flue gas of the plant in Problem 5.8 is to be treated with flue gas desulfurization (FGD) using a limestone (CaCO3) wet scrubber to remove the SO2.  Assume that 2 moles of CaCO3 are necessary for every mole of SO2.  How much limestone is consumed per ton of coal?
In this problem, we are given molar ratio, r = 2 moles CaCO3 per mole SO2 that is required for the FGD unit.  From problem 5.8 we know that the plant in question has an SO2 emission rate of 3.98 pounds of SO2 per million BTU using a coal with a heat of combustion, Qc = 12,000 Btu/lb.  The desired mass flow rate ratio for this problem may be computed as follows.
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Substituting the given data for r = 2 and Qc =12,000 Btu/lb as well as the results from the previous problem for the SO2 emission factor, and the appropriate molecular weights gives.
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We thus require 
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