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I.  Sizing the System

House Description:  

Farmhouse built c. 1870, two story with full basement, on 2.3 acres.


Total floor area ~ 2600 square feet             


Total window area ~ 3500 square feet


Usual thermostat settings of 66 degrees winter, 79 degrees summer

Fuel Oil usage:  

2004/5 heating season consumption was 920 gallons oil 

Convert to BTU/yr  -   920 gal/yr * 138048 BTU/gal = 127 million BTU/yr

Oil furnace is c.1970s, 65% efficiency, so actual BTU needed to heat house = 

127 million BTU/yr * 0.65 = 81 million BTU/yr =  81 MBTU/yr
Geothermal Unit size required:

Cutoffs are: 
~68 MBTU/yr for 4 tons


~73 MBTU/yr for 5 tons 

       so 81 MBTU/yr requires 6 tons 

Auxiliary Heat elements:

Geothermal unit is sized to provide 90% of heating needs, with an auxiliary electric heating element available for 

the remaining 10%.  The 6-ton unit will not quite keep up with heat loss when outside temperature goes below 7 

degrees F, but average yearly time below this temperature is only 133 hours, and we felt the added cost (approx 

$450 for the 10 KW auxiliary heating element, plus $1000 for upgrade to 150 amp electrical service) was not 

justified and portable space heaters can be used if needed.


Water Heater elements:

The desuperheater elements which could be added to provide pre-heated hot water for the electric water heater 

were not installed because at 2004-2005 rates of $0.063/kwh our monthly electric water heater bill averages only 

$11.  The water heater is now connected to the same meter providing power to the heat pump, so the water heating rate will be $0.096/kwh for 200 kwh/month, or ~ $17/month

Air Conditioning:

The geothermal heat pump also provides air conditioning, which we have not had in the past.  Because the house 

remains relatively cool during the day if windows are opened at night, we expect to use air conditioning only an average of 10-20 days per year, for an annual cooling cost of less than $80 + (fixed service charge of 4 mo x $9.50/mo) = $118.

Estimated Electric consumption:  

heat pump estimate is 1 kwh/12,000 BTU

To provide 81 million BTU/yr to heat the house (no air conditioning) would require

81 million BTU/yr /12,000 BTU/kwh = 6750 kwh/yr



Using Detroit Edison D1.2 rate of $.096/kwh (ave) + $9.50/month service charge (split evenly

                          between heat pump and water heater), the annual cost = 

    6750 kwh/yr * $.096/kwh = $648

+ $9.50/month * 8 months     = $76

                                             ---------

                                   $724 (heating for 8 months)

II.  Costs and Cost Recovery

Costs:  horizontal loop excavation & installation = $1200/ton x 6 tons =   $7200


2-zone damper/control system (2nd floor separately zoned)          $1000








replace supply ductwork in basement                                            $4800


6-ton Water Furnace =                                                                 $10200

             install new electrical panel w/70amp circuit                                   $1975

                          





          ======

                           



 
                       $ 25175

Cost Recovery Calculation:  


Two Scenarios:  keep the old furnace or replace it with a high-efficiency oil furnace

A.  Keep the Same Oil Furnace


Assumptions made:

Fuel consumption for 2004-2005 heating season is used for the basis.  

Oil prices are estimates, based on an annual increase of 12%.  

Estimate of oil used each year is the 2004-2005 consumption of 900 gallons.  

Oil costs include electricity for the blower (420 kwh/yr * $0.09/kwh = $38/yr).  

Cost of electricity is assumed to increase by 2% per year.

Interest lost by spending the money vs. saving it in the bank is not calculated






*Price estimates in italics; actual prices entered as known

   The geothermal unit pays for itself after ~8 heating seasons, assuming we keep the same furnace. 

B.  Replace the Oil Furnace

Since we needed to replace the ancient furnace and ductwork anyway, at an estimated cost of:

$4000 (90% efficiency furnace) 

$4800 (ductwork) 

 
 
$1000 zoning control 



--------



$9800

the differential cost of going to geothermal is:

$25175 (total project)– 9800  = $15375
Assumptions made:

Fuel consumption for 2004-2005 heating season is used for the basis.  

Oil prices are estimates, based on an annual increase of 12%.  

Annual oil consumption estimate recalculated using a furnace efficiency of 90% instead of 65%:

Interest lost by spending the money vs. saving it in the bank is not calculated

 

81 million BTU/yr needed / 0.9 efficiency = 90 million BTU/yr burned

90 million BTU/yr * 1 gal oil/138,000 BTU = 652 gal/yr

A more efficient blower is assumed, using only 300 kwh/hr instead of 420 kwh/yr

electricity cost for the blower = 300 kwh/yr * $0.09/kwh = $27/yr

Cost of electricity is assumed to increase by 2% per year.


*Price estimates in italics; actual prices entered as known

The geothermal unit pays for itself in just over 7 heating seasons when using the differential cost vs upgrade 

to a new high efficiency oil furnace.



 III.  Actual Usage Numbers  - Heating  :   





Estimating oil usage through degree days:


For oil in 2004-5, 918 gal/yr / 6550 DD/yr = 0.14 gal/DD

At a 2005 oil price of $2.75/gal, this is $0.39 per degree day

Heat pump is about  (6750 kwh)/(5746 DD) = 1.17 KWH / degree day.  

At an average of $0.096/kwh this is $.11 per degree day.  

For the 2005-06 heating season, at $3/gal, oil would have cost 

$.39/DD * 5748 DD = $2241 , which is about 2.6 times the $869 spent on the heat pump for the heating season

By 2012 the estimate is oil will be nearly 6 times as expensive.

IV.  Actual Usage Numbers  - Cooling :   




There is no comparable cost data for cooling in the past because there was no central air conditioning in past years.  

Electricity cost for the fans and window air conditioning used occasionally would have been insignificant.

V.  Heat Pump Specifications:


Water Furnace Premier E Series E072T



Dual-capacity compressor

R-410A refrigerant (non-ozone-depleting)



EER to 25 and COP to 4.7

Honeywell duct-mounted humidifier



88,000 BTU cooling



65,000 BTU heating



Electrostatic cleanable air filter 90% eff. down to 1 micron



10 yr warranty all parts


Horizontal Closed Loop System



80% conditioned water, 20% methyl alcohol



10 yr warranty for leaks



piping buried in trenches~300 feet long, 5’ deep



Piping is high density polyethylene, fused joints


Contractor:  Michigan Energy Services

888-339-7700



       Rob Derksen



       8445 Main St.



       Whitmore Lake, MI 48189

VI.  DTE D1.2 Rate:


Peak hours - 10 a.m. - 7 p.m.   


Summer cooling (June-Sept) - peak        $0.126/kwh electric + $0.044 delivery + $0.02 surcharges = $0.188/kwh





          off-peak   $0.03/kwh electric + $0.044 delivery + $0.02 surcharges =  $0.094/kwh


Heating (Oct-May)    -  peak       $0.07/kwh electric + $0.044 delivery + $0.02 surcharges =  $0.1334/kwh




          off-peak  $0.02/kwh electric + $0.044 delivery + $0.02 surcharges =   $0.084/kwh


Our usage: 75% off-peak, 25% peak    Ave. daily rate = .75(.084)+.25(.1334) = $0.096/kwh (heating)








         = .75(.094)+.25(.188) =  $0.117/kwh (cooling)


Monthly service charge is $19.00 (prorated evenly between water heater and heat pump)

VII.  How a Ground Source Heat Pump Works 


(This account comes from a residential application in Ontario but the numbers are very similar to ours)

Geothermal heating and cooling is based on one simple fact: that 6 feet down in the ground the temperature is the same—between 50˚F and 60˚F- the whole year round. This means that it is relatively cool in the summer, and relatively warm in the winter. Geothermal heating is thus quite different from solar heating: solar heating works worst when you most need it--in the cold, cloudy, snowy conditions of winter; the source for geothermal heating and cooling is not affected by the weather. 
For geothermal cooling, all one needs to do is to circulate water in a pipe through the ground to cool it, and use this cool water to cool the air pumped through the house in the heating ducts.
For heating, there is an extra wrinkle. Most of us prefer the temperature in the house in the winter to be nearer 70˚F than 60˚F, so we need to raise the temperature of the relatively warm air a little. For this we use the gas equation that you may remember from High School Physics: PV=RT. Here P is pressure, V is volume, T is absolute temperature, and R is a constant. If we keep the volume constant, we see that the Pressure is proportional to the Temperature. This means that if we want to raise the temperature of the air a little, then we should increase its pressure a little. To see how much, we must work in absolute temperature, which is 273˚+temperature in Celsius (centigrade) . Take an example: suppose the temperature of the water coming out of the ground were 50˚F; that is 10˚C or 273˚+10˚=283˚ absolute. We want to heat the air from 50˚F to say 68˚F. 68˚F is 20˚C or 273˚+20˚=293˚ absolute. Raising the temperature from 283˚ to 293˚, means that we raise it by (293-283)*100/283 percent, or 3.5 %. That small increase in pressure can easily be done by using a compressor. 
That is the theory. Now the technology. First we have to build a trench in which to place the pipes carrying the water (actually they add some glycol to it, to improve the performance). For our installation we had 3 trenches each 300ft long, 5ft wide and 5ft deep. Each trench had four 4inch pvc pipes in it; 3600 ft in all. Typically the trenches are 5ft deep, rather than 6ft, because all kinds of safety regulations come into play in building a 6ft trench. The 4inch pipes are fed from one large pipe coming from the basement, and they are funnelled back into a large pipe as they return to the basement. The whole system is filled with water and sealed. There is a pump in the basement that circulates the water through the pipes, and brings the warm water back into the basement. The water then goes into a heat exchanger. A heat exchanger does just that: it takes the heat out of the water and heats air that runs through pipes through the water. A heat exchanger is rather like two clasped hands, with the fingers of one hand interleaved with the fingers of the other. One set of fingers carries the warm water, the other carries the air to be heated. 
After being heated by the water, the air enters a compressor where it is warmed further, before feeding it into the air ducts. It is possible to have the pipes running deep down into the ground, rather than running horizontally 5ft down. If there is a lake or a deep river, then the pipes can run through the water, rather than through the ground. 
Now the money matters. We live in the country. In the winter of 2004/5 we spent about $2,500 on oil for our oil furnace. If we had kept the furnace, then we would have spent about $3,000 in the winter of 2005/6. The geothermal system has four parts: the pump to move the water around the circuit, the compressor, the heat exchanger, and the fan to blow the air through the house; those cost $18,000. The trench and pipes cost $2,000, and the necessary changes to the electrical system in the house cost another $2,000. We received a rebate of $600 on the items from the Ontario Government, and another $1,400 from a government conservation initiative. 
When the system is running at moderate strength it takes 1500 KWH, about the same as a single baseboard heater; when it is running at high, it uses 2200KWH, and when the fan alone is working, then it uses 500KWH. Our electrical bill has increased by about $150 per month for the winter months. 
We did not have air conditioning before; the air conditioning is set to come on when the temperature in the house reaches 75˚F, which is not often. The biggest difference in the winter months is in the quality of the air inside the house. There is now no combustion, so no loss of oxygen, as there is with an oil furnace. As far as conservation is concerned, we save about 8 tons of carbon dioxide per year! 

A few additional points. Obviously geothermal doesn’t work for everyone. My father has a luxury of a large backyard, so he could fit all that piping easily into shallow trenches. If you don’t have that much room, as he points out, you have to dig down—and that’s obviously more expensive. I’m not suggesting, in other words, that this is going to solve the energy crisis. But surely there are lots of lots of houses—as well as commercial buildings (like malls, with huge parking lots) that could easily install geothermal systems, and even a modest application of technologies like this could begin to make a real difference in our energy problems. 

I think it is also worth noting how absurdly low-tech the system is. It is pvc pipes and a compressor. My father lives in Ontario, where the winters can be vicious, and has thrown out his furnace! The other noteworthy fact is how (relatively) inexpensive the system is. For an investment of $25,000, my father saves, conservatively, $2000 a year (remember; he wasn’t running air conditioning in the summer before this, so the financial benefits of his system are substantially understated. 
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Polyethylene pipe sample
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Trenching along west edge of yard
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       Several loops in yard converge at this hub area and go into house

[image: image4.jpg]



Ground loops as they enter the house about 3’ below the surface
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Ground loops as they enter the basement, with 1” foam insulation
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Heat pump unit, about the size of a refrigerator; ground loops enter at bottom right.

 








Same Furnace






































 Oil heat


Heat pump


Savings


Cume





Year


Oil per gal*


$ per yr


$ per yr


$ per yr


Savings $











 


 


 


 





2005-6


$2.75


2513


724


1789


1789





2006-7


$2.99


2729


738


1991


3780





2007-8


$3.35


3052


753


2299


6078





2008-9


$4.75


4313


768


3545


9623





2009-10


$5.32


4826


784


4042


13665





2010-11


$5.96


5401


799


4601


18266





2011-12


$6.67


6044


815


5229


23495





2012-13


$7.47


6765


832


5933


29428
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Replace Furnace






































 Oil heat


Heat pump


Savings


Cume





Year


Oil per gal*


$ per yr


$ per yr


$ per yr


Savings $


























2005-6


$2.75


1820


724


1096


1096





2006-7


$2.99


1976


738


1238


2334





2007-8


$3.35


2210


753


1457


3791





2008-9


$4.75


3124


768


2356


6147





2009-10


$5.32


3496


784


2712


8859





2010-11


$5.96


3912


799


3113


11971





2011-12


$6.67


4378


815


3563


15534





2012-13


$7.47


4900


832


4069


19603
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On Peak


Off peak


Monthly





Cume


Degree


$/DD








kwh


kwh


$





$


Days



































2007-08 Heating Season















































Oct 07


7


142


$21





$21


357


$0.06





Nov 07


221


635


$91





$113


819


$0.11





Dec 07


420


1237 


$168 





$281 


1167 


$0.14 





Jan 08


535


1531 


$208





$489


1201


$0.17 





Feb 08


400


1599


$196





$685


1258


$0.16





Mar 08


377


1379 


$174 


  


$860 


1011 


$0.17 





Apr 08


39


426 


$49 


 


$909 


444 


 $0.11 





May 08  


        8                    


     146             


     $22





$931


329


$0.07























--------


--------








Total=


9102 kwh











6586


$0.13
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On Peak


Off peak


Monthly





Cume


Degree


$/DD








kwh


kwh


$





$


Days



































2005-06 Heating Season















































Oct 05


13


26


$12





$12


406


$0.03





Nov 05


234


702


$99





$111


694


$0.14





Dec 05


500


1500


$201





$312


1223


$0.16





Jan 06


280


1204


$147





$459


982


$0.15





Feb 06


620


1613


$227





$685


1102


$0.21





Mar 06


433


1012


$151





$837


905


$0.17





Apr 06


72


169


$32





$869


436


$0.07























--------


--------








Total=


     8137 kwh











5748


$0.15
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On Peak


Off peak


Monthly





Cume


Degree


$/DD








kwh


kwh


$





$


Days



































2006 Cooling Season















































May 06


14


33


$13





$13


59


$0.22





Jun 06


3


6


$9





$23


93


$0.10





Jul 06


130


190


$42





$64


275


$0.15





Aug 06


80


116


$29





$93


159


$0.18





Sep 06


46


137


$26





$119


14


$1.87























 ------


 ------








Total:


755 kwh











586


$0.20

















































































































Sep 06


46


137


$26





$119


14


$8.53
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On Peak


Off peak


Monthly





Cume
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$/DD
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Days



































2007 Cooling Season















































May 07


18


43


$15





$15


244


$0.06





Jun 07


67


119


$27





$42


184


$0.15





Jul 07


65


68


$23





$65


136


$0.17





Aug 07


214


133


$48





$113


247


$0.20





Sep 07


59


50


$20





$134


210


$0.10























--------


--------








Total:


835 kwh











811


$0.16
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2006-07 Heating Season















































Oct 06


53


502


$58





$58


576


$0.10





Nov 06


187


695


$92





$149


712


$0.13





Dec 06


405


1082


$153





$303


931


$0.16





Jan 07


505


1366


$190





$493


1193


$0.16





Feb 07


407


1699


$205





$699


1332


$0.15





Mar 07


222


990


$121





$820


788


$0.15





Apr 07


142


603


$78





$898


606


$0.13
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--------








Total=


8858 kwh











6138


$0.15
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On Peak


Off peak


Monthly





Cume


Degree


$/DD








kwh


kwh


$





$


Days



































2008 Cooling Season















































May 08


0


0


$0





$0


11


$0.00





Jun 08


33


38


$16





$16


130


$0.12





Jul 08


148 


73


$34 





$50 


200


$0.17 





Aug 08


130


130 


$37 





$87 


147 


$0.25 





Sep 08


2 


 80


$15 





$102 


135


$0.11 























--------


--------








Total:


634 kwh











623


$0.16
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 �
  On Peak�
Off peak�
Monthly�
�
Cume�
Degree�
$/DD�
�
�
kwh�
kwh�
$�
�
$�
Days�
�
�



2008-09 Heating Season�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Oct 08�
66�
331�
$45�
�
$45�
509�
$0.09�
�
Nov 08�
233�
899�
$115�
�
$160�
822�
$0.14�
�
Dec 08�
339�
1527�
$182�
�
$342�
1217�
$0.15�
�
Jan 09�
610�
1939�
$253�
�
$594�
1525�
$0.17�
�
Feb 09�
387 �
1459 �
$183 �
�
$777 �
1064 �
$0.17 �
�
Mar 09�
266 �
1211 �
$146 �
  �
$923 �
868  �
$0.17 �
�
Apr 09�
 �
 �
 �
 �
 �
  �
 �
�
May 09  �
                             �
                     �
�
�
 �
 �
 �
�
�
�
�
�
�
�
--------�
--------�
�
�
Total=�
9267 kwh�
�
�
�
6005�
$0.15�
�









