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Introduction  
 

In this project we were all transformed into scientist and engineers. Our job was to optimize an existing 

experiment in order to make an accurate approach toward designing a successful passive solar water heating 

system. After doing in-depth research we have found valuable resources that helped us understand more about 

this project as well as what we might be able to do to improve the existing water heating system.  We are 

working with passive solar water heating systems which use no electricity, and rely on gravity and convection 

to operate the system. The design of the collector, geometrical positioning, and insulation are some of the most 

important factors when using solar water heating. We came to agreement that improving the insulation around 

the water tank would greatly improve the systemôs efficiency. We decided to use Styrene foam board which is 

the best for insulating liquid storage tanks. We compared different types of insulation based on its R-Value, 

cost, and reliability. R-Value is a measure of a substance insulating value or resistance to heat flow.  

 

Hypothesis 
Based on the information we have gathered during our research, we predict that with each layer of 

insulation added to the water tank the rate of heat lost will decrease overtime. It will also be more cost 

efficient using only three (3) layers of insulation based on the amount of heat that is lost with more or 

less insulation. We will use the Scientific Method in order to test our theories. 

1. Observe the situation or problem. 

2. Formulate a Hypothesis that is testable and consistent to the observed situation. 

3. Test the Hypothesis 

4. Gather Data from tests and analyze if the data disproves the Hypothesis. 

5. Modify the Hypothesis and repeat 3 and 4 until a Hypothesis without discrepancies is reached. 
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The process to test our hypothesis includes the volume of water in the tank, depths of the probes within 

the water, cost of energy and materials, layers of insulation, and temperature loss over time. To start the 

experiment we used no insulation in order to find our controlled variable. During each passing week we 

added 1 layer of insulation with a thickness of ¾ and R-value of 4.  The cost of the insulation was $6.98 

per 2 cubic foot sheet. We used our best three days each week in order to plot the data accordingly. 

 

The Results: 
 

Week 1: No Insulation :: OCT 16
th

 ï OCT 18
th

  2007 

No Insulation Oct 16 to 18
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During this week we had a bad start because the power cord wasnôt attached to the computer therefore 

the computer shut off during the collection process. Usually we record the best three (3) days of the 

week but for this week we only have enough accurate data for two (2) days. Without insulation we have 

found our controlled variable or temperature without applying insulation. After analyzing the data 

recorded we applied our formula, which was temperature over time and total cost equal to cost of energy 

plus cost of insulation.  We calculated the average temperature loss of each which was T/t = .907 

Degreeôs Celsius per Hour. The total cost also plays an important factor in this process, but since we 

didnôt use any insulation this week we only account for the cost of energy. The total cost is $5.79. 

 

This information tells us the average cost and the amount of heat that is lost without insulation during 

this weeksô collection. We will compare this data as we progress in order to make acquisitions with our 

hypothesis. Now we have our controlled variable. 

 

 

Temperature over Time 

ƶT = 12.41 = .719 ƶT = 18.92 = 1.096 ƶT = 1.815 = .907 

ƶt    17.25  ƶt    17.25  ƶt        2             

We did not add any insulation during this 

week, because we needed to find the 

controlled variable in order to determine the 

heat loss without a dependent variable. We 

measured the amount of water inside the tank; 

it was 13 liters. We decided to place the probe 

at different depths because of convection and 

to test different temperature changes at 

multiple levels. The placement of the probes 

were thirteen (13) inches and eight (8) inches 

below the water table and one was placed 

inside of the solar collector. 

 



Cost of Energy ( Ce ) 

613.25 BTU / 1,000,000 = 0.000613 x $20.49 = $0.0126 x 365 Days = $4.58 Total Cost = $11.58 

936.54 BTU / 1,000,000 = 0.000936 x $20.49 = $0.0191 x 365 Days = $7.00 Average Cost = $5.79 

 

Cost of Insulation ( Ci )::   No cost. 

 

Total Cost 

Ct = Ce + Ci    $5.79 + 0 = $5.79 

 

Week 2: (1) Layer of insulation :: OCT 18
th

  ï OCT 23
rd

  2007 

Insulation Layer 1 Oct 18 to 23
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The data we collected was slightly different from last week, but we are getting closer to our prediction. 

The data shows that by using a layer of insulation the average amount of heat loss went down .081 

degrees Celsius per hour, which is good. Since we added one (1) layer of insulation we want to account 

for the dollar cost for energy. Based on the data we received we calculated that this weeks average cost 

of energy was $5.84. We are also including the cost of insulation so the cost of the insulation and energy 

comes to a total cost of $7.10. 

 

This weeks trail tells us that by adding insulation the amount of heat loss decreases and the cost of 

insulation increases. Ultimately the cost of energy should decrease as we put additional layers of 

insulation on because we are using less energy to contain the heat. 

 

Temperature over Time 

 

 
˄T = 14.23 = .779 ˄T = 16.82 = .909 ˄T = 16.43 = .791 Average = 2.479 = .826 

˄t     18.5  ˄t     18.5  ˄t     20.75            3 

 

Cost of Energy (Ce):: 

704 BTU / 1,000,000 = 0.000704 x $20.49 = $0.0144 x 365 Days = $5.26  Total Cost: $17.53 

830.5 BTU / 1,000,000 = 0.000830 x $20.49 = $0.0170 x 365 Days = $6.21 Average Cost: $5.84 

814 BTU / 1,000,000 = 0.000814 x $20.49 = $0.0166 x 365 Days = $6.06 

We began to add layers of insulation during 

this week. The styrene foam board cost us 

$3.49 per cubic square foot. The material was 

exactly ¾ of an inch thick. The insulation was 

placed on all sides of the water tank including 

the top and the bottom. We used .36 cubic feet 

out of 2 cubic feet of insulation which is 18% 

of the cost per sheet. The total cost of the 

insulation used was $1.26. 

 



 

Cost of Insulation ( Ci ):: 

Used : .36 cubic feet of 2 cubic feet  .18% of $6.98 = $1.26 

 

Total Cost: 

Ct = Ce + Ci     $5.84 + $1.26 = $7.10 

 

Week 3: (2) Layers of insulation :: OCT 23
rd

  ï OCT 30
th

  2007 

 
 

This weekôs data was also very positive we are beginning to see a consistent pattern which agrees with 

our hypothesis. Having two (2) layers of insulation has reduced the amount of heat loss from the 

previous week by exactly .125 degrees Celsius per hour. We have used two (2) layers of insulation and 

because the cost of insulation obviously increased. The cost of energy this week came to a total of $4.68. 

The total cost of this weeks test came to $6.14 considering the amount of energy and insulation used.  

 

We this data we have found that our total cost is beginning to decrease and drop below the complete cost 

without having insulation. We the decrease in heat loss and decrease in total cost we feel comfortable 

that adding another sheet of insulation we continue to improve our final results. 

 

Time over temperature: 

 
˄T = 9.64 = .528 ˄T = 13.77 = .765 ˄T = 14.59 = .810 Average = 2.103 = .701 

˄t   18.25  ˄t       18  ˄t       18            3 

 

Cost of Energy (Ce):: 

475.75 BTU / 1,000,000 = 0.000475 x $20.49 = $0.0097 x 365 Days = $3.54 Total cost: $14.05 

684.75 BTU / 1,000,000 = 0.000684 x $20.49 = $0.0140 x 365 Days = $5.11 Average: $4.68 

723.25 BTU / 1,000,000 = 0.000723 x $20.49 = $0.0148 x 365 Days = $5.40 

 

Cost of Insulation ( Ci ):: 

Used : .42 cubic feet of 2 cubic feet  .21% of $6.98 = $1.56 

We attached another layer of the styrene foam 

board this week making it two layers. We used 

exactly .42 cubic feet of insulation at cost of 

$1.46. Since we used an additional sheet of 

insulation the cost of energy should have 

decreased. The new cost of energy for this 

week was $4.68. We have to understand that 

both cost of energy and insulation are important 

factors. 

 


