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1.044J, 2.66J, 4.42J

Solutions for HW Set # 1.1~1.4


1.From the attached table, the solar radiation data in Madison, Wisconsin, are used. The six coldest months are from October to March. So the average daily radiation, Qave, is:



Qave 
= (277+168+119+144+208+302)/6 = 203 Cal/ cm2 day
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= 749 BTU/ft2 day

So the total energy collected on the collector for the six coldest months is:



Qcollect
=
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= 68,300 BTU/ft2

Thus the size of the solar collector is:



Acollector= 0.5 Qtotal / Qcollect




= 0.5 x 80 x 106 / 68,300




= 586 ft2
2.For a two-story house, the total floor area is 1,500 square feet. 

If use a simple, flat roof, 
A roof = 750 ft2 > Acollector

If use a pitched, south facing roof over a square house






A roof = 650 ft2 > Acollector

(Note, the energy collected on the north side is less than that on the south side)

3.From Problem 1, we know that the total energy collected on the collector for the six months is 68,300 BTU/ft2. One gallon of fuel oil can supply 140,000 BTU, and costs one dollar. By assume the efficiency of an oil burner is 0.65, the required gallons of oil equivalent to 1ft2 of collector is:
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= 0.75 Gallons (cost $ 0.75)

So one square foot collector costs $25, and the equivalent fuel oil costs $0.75 for a year.

In the current case, we assume the solar collector can run a long time period, and we don’t need to compare the same costs for the solar and oil heating systems, such as the cost of pumps, which are used in both systems. So we can calculate the approximate payback period for the solar heating system compared with the oil heating system. The total years required to recoup the investment on the solar system is:



$25 per square foot / $ 0.75 per square foot per year = 33 years.

This is equivalent to a 2% rate of return. Not so great even if we considered the initial building cost for oil heating, such as an oil burner. But we can combine these two systems together to get a better rate.

Another important consideration for this problem is to evaluate the system sustainability. This can be done from two points of view: energy and environment. Obviously, solar heating uses solar energy and has no impacts on the environment. 

4.If there is no backup heating system included, the solar collector must store energy on sunny winter days in order to provide heat for nights and cloudy days. During the storage and distribution periods, there will be considerable energy losses. Therefore, the collected heat from the solar collector will be much greater than the heating load of the house, and the area of the collector should be more than twice as large as the one in Problem 1.

5. We have the following prices:


Electricity: 
$0.10 /kWh


Oil:

$0.89 /gal


Natural gas:
$0.621 /therm

After converting all to BTU unit, we get:


Electricity:
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Oil:
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Natural gas:
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It seems that oil and natural gas are much cheaper than electricity. We should keep in mind that 1 BTU of electricity is not equivalent to 1 BTU of oil, neither natural gas. Electricity is considered as a high-grade (more useful) form of energy that can be made by burning oil or gas to drive a generator. It takes about 3 BTU of oil or gas to produce 1 BTU of electricity. The energy grade is a key issue when evaluating certain forms of energy, and it is more important than the amount of energy. In many cases, only high-grade energy can be used.

6.

	Appliance
	Wattage
	hours/day
	kWh/day
	Source

	Room AC
	1,750
	5
	8.75
	H

	Refrigerator
	250
	6
	1.5
	P

	Microwave Oven
	700
	5 min
	0.058
	H

	Coffee Maker
	800
	15 min
	0.2
	P

	Toaster
	1,200
	3 min
	0.06
	H

	Iron
	1,150
	0 min
	0
	H

	Hair Dryer
	400
	0 min
	0
	P

	TV (25” color)
	175
	2
	0.35
	AV

	VCR
	20
	2
	0.04
	AV

	PC
	300
	4
	1.2
	Est

	Monitor (max rating)
	130
	4
	0.52
	Est

	Laser Printer
	750
	15 min
	0.188
	Est

	Lighting (4x32 W for a room)
	128
	4
	0.512
	Est


Note: H = The home energy audit (Richard Montgomery); P = Planning and building (Burt Hill and Associates); AV = MIT AV service estimate; Est = estimate from rear plates.

So the full blast load is:
1,750+250+…+750+128 = 7753 Watts

The kWh of electricity used in this room for one day is:


8.75+1.5+…+0.188+0.512 = 13.38 kWh

The total electricity cost for one day is:




$0.1 /kWh x 13.38 kWh = $1.34


(not very much)
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South-facing roof
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