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In the United States, the use of water heaters requires about 20% of the total household energy usage. Of the entire population, 39% of residences used electric water heaters in 2005, which accounted for an average 2,814 kWh per house per year. The 54% of residences using natural gas water heaters had an average usage of 236 therms or 6915 kWh per house per year [1]. If solar power was implemented solely for the use of powering the water heater, the total savings of natural gas and electricity would be equal to the entire electric usage of the state of Oregon or five large power plants [2].
Concepts: Solar collectors needed to heat water for residential applications
Problem Information

Problem Statement: What size solar panel collector will need to be installed on a four person household to support home hot water usage?

Water heater volume:



50 gallons

Volume of hot water used daily [3]:

65-75 gallons

Hot water temperature:


125 °F (51.66 °C)

Average input temperature:


60 °F (15.56 °C)

R-value of the insulation: 


16 ft2hr°F/ Btu
Heat capacity of water (c):


4.184 J/g°C

Density of water:



1000 kg/m3

Collector efficiency [4]:


40%

Gross area of collector [5]:


2.658 m2


Solar insolation:



1000 W/m2
Solution:
Part 1) Calculate the total energy to heat the hot water heater using the equation [image: image2.png]E = mcA°C



, where [image: image4.png]


 is the mass of the water, [image: image6.png]


 is the specific heat of water, and [image: image8.png]A°C



 is the change in temperature.

To find the mass of water, multiply the given volume by the density of water after first converting gallons to cubed meters. Then convert kilograms to grams to easily substitute into the energy formula.
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Using the equation for total energy, find the total energy to heat the tank.

          E= [image: image22.png]21827

283908 g X X (51.66°C — 15.56°C)




          E=[image: image24.png]429X 107 ]




Convert joules to kilowatt hours using the conversion factor of [image: image26.png]1] = 2778 X 107 "kWh



.
            [image: image28.png]429X 107 ] X 2.778 X 1077 kWh/] = 11.9 kWh




Find the heat loss experienced by the hot water heater using the heat loss formula [6], 
[image: image30.png]H = A(°Tyor — “Teora) /R



, where [image: image32.png]


 is the heat loss in Btu/hour, [image: image34.png]


 is the surface area of the tank in ft2, [image: image36.png]


 is the final temperature of the hot water, and [image: image38.png]cold



 is the initial temperature of the cold water entering the system.
Using the dimensions of the 50 gallon water tank 24” [image: image40.png]


 47.75” and the area of a cylinder, [image: image42.png]=(2nr®) + (2nr) X h



, multiplied by 144 in2/ ft2 we find the surface area of the water tank.


[image: image44.png]A = (2m(;24")* +2m(324")X 47.75") /(144 in® / f17)





[image: image46.png]A =31.29 ft*




Plug in the values given and found into the heat loss formula to find the heat loss from the storage tank to the environment.
[image: image48.png]


 = [image: image50.png]31.29ft* X (125°F — 60°F) /(16 ft*hr°F/Btu)
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 = [image: image54.png]127.12 Btu/hour



   
Convert Btu per hour to kilowatt hours
[image: image56.png]1Btu/hour = 1 kWh/3412 Btu
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0[image: image60.png].03726kW X 24 hour/day = 0.894 kWh/day



   
Add the heat loss and the total energy to heat the tank to get the total energy needed daily.

[image: image62.png]0.894 kWh/day + 11.9 kWh/day = 12.8 kWh/day



   
Part 2) We now focus on sizing the solar panel collector to produce this much energy per day. Use the collector performance thermal performance rating and divide this number by the efficiency to determine the actual amount of solar energy needed to heat the water.  

[image: image64.png]12.8 kWh per day + 0.4 = 32 kWh



 of total solar energy
Taking this energy, and dividing by 6 hr of full sun during a day gives the average incident solar power needed as:

32 kWh / 6 h = 5.34 kW = 5336 W of solar power 

Dividing this by the solar insolation of 1000 W/m2 gives the required area as:


5336 W / 1000 W/m2 = 5.34 m2 of surface area

This can roughly be accomplished with two solar collectors.
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Home Problem: What size solar panel collector will need to be installed on a typical boarding school building (250 students) to support the school’s hot water usage?
Data:


Consumption per occupant:



25 gallons per day


Storage per occupant:




5 gallons

Dimensions of water tank [7]:



28 ” radius [image: image66.png]


 61” height
