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Concepts: Solar power available in one day converted to power to fuel earth for 4-5 years 
Problem Motivation:
In his text of the 30th anniversary edition of the Solar Living Source Book: Your Complete Guide to Renewable Energy Technologies and Sustainable Living, author John Schaeffer states that “Every single day, enough free sunlight energy falls on Earth to supply our energy needs for four to five years at our present rate of consumption” [1].  Solar cells are not a marvel of the future anymore, but research is being conducted to make them a viable and practical way to collect solar power so that our dependence on the fossil fuels may be a thing of the past.  

Problem Information

Problem Statement:

At the current consumption rate of 132,000 TW-h of energy consumed a year, how many years of energy are being supplied by the sun a day?

Data:
World consumption of energy:
132,000 TW-hr per year [2]


Hours of “full sun”:
6.1 hours a day


Solar constant:

1kW/ m2


Land Area of Earth:
1.49*1014 m2


Solution:

We begin by multiplying the hours of full sun, which is the maximum number of hours per day of direct sunshine with the incoming power flux of one kilowatt per square meter to get the insolation. This is not exact because we did not take into account the efficiency rate of PV panels or the fact that the entire earth is not going to get exactly 6.1 hours of full sun everywhere. Thus, hours multiply with kW/m2 to produce kW-hr/m2, such that:
 6.1 hr (1kW/ m2) = 6.1kW-hr / m2
We can then multiply this number by the amount of land area on the earth to get the amount of solar energy reaching the earth. We note that we multiply by land area and not the total surface area of the earth because we do not want to take into account how much energy would be harvested above earth’s lakes and oceans, but rather those that could be harvested by land-based panels. When multiplying kW-hr/m2 times m2, the square meters cancel leaving kW-hr.

(6.1 kW-hr/ m2)*(1.49*1014 m2) = 9.089*1014 kW-hr
We then convert kW-h to TW-h, using the fact that there are 109 kW-hr in one TW-hr.

 (9.089*1014 kW-hr)*(1TW-h/ 1*109kW-hr) = 908,900 TW-hr a day

Finally, we can use the energy found in a day in TW-hr divided by the energy per year to find how many years of Earth’s energy demands that one day of solar energy will power. 

908,900TW-hr per day / 132,000 TW-hr per year = 6.9 years of energy

This is close to the number reported by Schaeffer.

Home Problem:

In this problem we will investigate the potential for solar energy over the land area of the state of Mississippi.

Part 1.) How much of world energy usage can come from the state of Mississippi? 
Part 2.) How long could one day of full sun power the state of Mississippi at the current energy consumption rate?

Part 3.) How many acres of land would be needed to power the state of Mississippi?

Data:
Land area of MS:



46,977 square miles


Full sun hours:




4.5 hours


Solar constant:




1kW/m2


World consumption of energy:


132,000 TW-hr per year

Total consumption of energy in MS:

1,138.7 Trillion Btu [3]
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