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October 16 Homework Solutions

7.2
The annual average solar irradiance falling on agricultural land in the United States is about 10 MJ/m2/day.  (a) If 0.1% of this is converted to biomass heating value, calculate the annual rate of biomass crop heating value that may be harvested per hectare of crop land.  (b) If the biomass heating value is converted to electric power at an efficiency of 25%, calculate the annual average electric power generated per hectare of cropland.  (c) If electric power is sold at $0.03/kWh, calculate the annual income, per hectare of land, from electricity sales of this biomass energy.
(a)
This problem basically involves simple relations among the variables and the definition of a hectare which is the area of a square 100 m on a side.  I hectare (ha) = 10,000 m2.  The annual biomass heating value, BHV, per hectare of land, at a 0.1% conversion of the 10MJ/m2/day is then found as follows.


[image: image1.wmf]year

ha

BHV

MJ

x

solar

MJ

BHV

MJ

ha

m

year

days

day

m

solar

MJ

Area

BHV

4

2

4

2

10

65

.

3

001

.

0

10

365

10

=

=


(b)
Taking 25% of this value per hectare and converting power units from MJ/year to kilowatts of electricity (kWe) gives the following result for the annual average power.
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(c)
At $0.03/kWh we can compute the average hourly income and multiply it by the conversion factor of 8760 hours per year to get the annual income per hectare.
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7.6
Calculate the collector surface area, A, required to heat 500 liters of water per day from 15oC to 80oC under conditions where the daily insolation on a slanted collector is 1.13x107 J/m2, (qsolar = 1.13x104 kJ/m2/day) assuming 33% collector efficiency.
The heat transfer to the water is the product of the insolation, the area, and the efficiency of transferring solar heat to the water.  We can express this relationship by the following equation.
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The relationship between the heat transfer and the temperature rise can be found by assuming a constant heat capacity and density for liquid water.
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We can combine the two equations, solve for the collector area, and substitute data values from the problem statement as well as values for the density and heat capacity of liquid water of 1 kg/L and 4.184 kJ/kg-C to obtain the following result.
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A = 36.5 m2
7.10
Calculate the land area in km2 that would be needed for a solar thermal power plant delivering 1000 MW of electrical power under the following conditions:  The concentrating mirrors receive 700 k/m2; each concentrating mirror and its platform require a land area twice the area of the mirror itself; the efficiency of converting solar heat to electrical energy is 35%.

We are given a desired power output, P = 1000 MW from a solar irradiation, qsolar = of 700 W/m2 on an array of mirrors with unknown area, Amirror.  The land area, Aland associated with these mirrors is twice the mirror area; i.e., Aland = 2 Amirror.  The efficiency for conversion of solar heat to electrical power,  = 35%.  We want to find Aland.

The total solar heat input will be qsolar Amirror = qsolar Aland/2.  The required solar heat input is P/.  Setting these two expressions for the total solar heat input equal to each other gives the following equation.
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Substituting the data given in the problem gives the following result.
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Aland = 8.16 km2
7.13
A single story retail store wishes to supply all its lighting requirement with batteries charged by photovoltaic cells.  The PV cells will be mounted on the horizontal rooftop.  The time averaged lighting requirement is 10 W/m2; the annual average solar irradiance is 150 W/m2; the PV efficiency is 10%; the battery charging-discharging efficiency is 80%.  What percentage of the roof area will the photocells occupy?

Lighting requirements are usually specified per unit area of floor space.  Since the problem statement says that the roof is horizontal, we can assume that the area to which the lighting requirement (Plighting = 10 W/m2) applies (e.g., the floor area) is the same as the roof area, Aroof.  The annual average power delivered to the lights is Plighting Aroof.  

The annual average solar input, qsolar = 150 W/m2 will be delivered to photovoltaic cells with an unknown area, APV.  The electrical power delivered by the solar cell/battery system will be given by qsolar APV PV batt, where PV  = 10% and batt = 80% are, respectively, the efficiencies for conversion of solar input to electrical output of the photovoltaic cells and the charging-discharging efficiency of the battery system.

If we equate the lighting power requirement, Plighting Aroof to the energy produced by the solar cell/battery system, qsolar APV PV batt, we get an equation for the desired result, the ratio of photovoltaic cell area to roof area.
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Substituting the given data into the equation for the area ratio gives the following result.
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APV/Aroof = 83%
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