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Executive Summary 
Growing concern over global climate change has triggered a search for methods to reduce overall carbon 
dioxide emissions.  Reducing emissions from the heating and cooling systems of the 70 plus million 
single family North American residential units would assist significantly in this effort.  However, given 
the current financial strains on homeowners, it is essential to find the most cost effective manner of 
carbon emissions reduction possible.  In this report, the carbon dioxide emissions of ground source heat 
pumps system, in comparison to a number of conventional residential heating and cooling systems are 
compared on a full source energy basis.  Given that the predominant system in American residences is a 
conventional natural gas furnace and electric air conditioner, this constitutes the base case.  The carbon 
emission reductions possible with higher cost system alternatives were compared in 10 widely differing 
locations in North America.   

The results indicate that, overall, ground source heat pumps, due to their high first cost, did not provide a 
lower cost carbon dioxide reduction strategy in any location.  Additionally, in many locations, ground 
source heat pumps did not produce a lower total carbon emission level than conventional equipment. In 
general, it has been found that ground source heat pumps tend to produce less carbon emission reduction 
per unit of homeowner investment than simply converting to a higher efficiency furnace 

Issue 
The residential space conditioning load is responsible for a significant portion of  annual emissions of 
fossil carbon dioxide.  These carbon emissions originate either from on-site combustion of fuel or, in the 
case of electric equipment, from the power stations that generate the electricity consumed. 

Approach 
In this study, the following commercially available space heating and cooling systems were compared: 
1. 80% Standard Efficiency Natural Gas Furnace with a Standard Efficiency 13 SEER Air Conditioner 

2. 96% Condensing Natural Gas Furnace with a Standard Efficiency 13 SEER Air Conditioner 

3. 13 SEER/8.1 HSPF (3.8/2.37 COP) Electric Air Source Heat Pump 

4. Ground Source Electric Heat Pump - Rated 13-15.0 EER / 3.2 COP 

5. High Efficiency Ground Source Electric Heat Pump - Rated  18 EER / 3.8 COP 

These were compared on the gross carbon emissions from a standard residence equipped with each option 
used the common 80% standard efficiency natural gas furnace as the baseline for comparison 

Any number of possible combinations could be posed for this study.  For example, customers using a high 
efficiency furnace may also switch to a higher efficiency air conditioner, but this is far from universal, 
particularly in northern climates where air conditioning is operated for only a small fraction of the year.  
However, the cases shown allow for interesting cross-comparisons, in particular, comparing the carbon 
emissions for moving from a standard to a high efficiency furnace with no change in AC equipment, a 
relatively low cost option, versus switching to a GSHP.   

In order to evaluate the total life cycle emissions of carbon from both gas and electric equipment, well 
recognized electric generation data was used in conjunction with evaluation software developed 
specifically for evaluation of residential source energy and carbon emissions 
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Analysis 
To begin the analysis, an existing energy consumption model for a residential building was used1.  This 
model simulated a standard residence’s energy consumption and, using well established data for source 
energy emissions by region, evaluated the full fuel cycle carbon dioxide emissions attributable to the 
operation of the residence.  The carbon intensity of electric generation varies across the United States and 
Canada depending on the combination of energy sources used for electric generation.  In order to 
establish a sound well-recognized basis for comparison, available data for differing regions of the United 
States and Canada as organized by the North American Electric Reliability Corporation were used.  The 
regions are shown on the map in Figure 1.  The established carbon intensities for electric generation of 
each of these differing regions are shown in Figure 6. 

The actual energy consumption of any residence will vary by climate.  Therefore, specific climates within 
each region had to be selected.  The table in Figure 1 shows the specific cities that were used to establish 
the climatic conditions.  Notice that in some very large NERC regions, more than one climate city was 
selected to give a variation between warm and cold climate situations. 

                                                      
1 CMIC Model: CMIC Source Energy and Emissions Analysis Tool, Carbon Management and Information Center, 
Gas Technology Institute, Version 1.1.  The CMIC Source Energy and Emissions Analysis Tool estimates source 
energy consumption and CO2 emissions associated with annual site energy consumption by purchased fuel type of 
baseline and alternative appliances and buildings.  eGrid 2007 v1.1 by NERC region provides default power plant 
efficiency, fuel mix, and emissions data used to calculate CO2 emissions (as well as SO2, NOx, and Hg) associated 
with annual site energy consumption at national, NERC region, eGrid sub-region, state, city, and zip code levels. 
Energy consumption and emissions from extraction, processing, transportation, and distribution are also estimated  

NERC 
Region

City Weather Location Used

ASCC Anchorage

FRCC Daytona Beach

RFC Cleveland

NPCC Bridgeport, CT

NPCC Toronto

MRO Fargo ND

WECC Flagstaff, AZ

WECC Seattle/Vancouver

ERCOT Dallas/Fort Worth

SERC Birmingham , Al
 

Fig. 1: Map of the North American NERC Regions and Table of City Selections Used for This Study 
Cities were selected to provide a mix of climate conditions with multiple cities used for very large NERC 
regions.  ASCC is the Alaskan Grid region which is not interconnected to the main North American grid. 
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The CMIC Model 

In order to define a residential load, the typical home 
described in the Figure 2 was used in all regions.  The 
CMIC model then developed energy consumptions for 
the entire home for each region as well as splitting the 
consumption out for heating and cooling loads.  These 
results are also shown in Figure 2. 

The CMIC program simulated the electric air source 
heat pump and both the minimum and high efficiency 
natural gas furnace cases.  The carbon emissions 
results were therefore obtained for three cases: 

 Gas Furnace (80% AFUE)/Electric AC (SEER 13) 

 Gas Furnace (96% AFUE)/Electric AC (SEER 13) 

 Electric Heat Pump (HSPF8.1/ SEER 13) 
All other Residential Loads were identical. 

The ground source heat pumps used in this study were 
rated higher in cooling rating efficiency than the other 
systems, as a completely comparable system could not 
be found.  This should reduce the carbon emissions 
results for ground source heat pumps. 

The Ground Source Heat Pump Model 

For electric air source heat pumps and natural gas 
furnace/electric AC systems, the actual operating 
efficiency and energy consumption in each climate 
considered is modeled in the CMIC program.  
However, the CMIC program has no model for ground 
source heat pump applications.  Therefore, Geolinks2, 
a recognized GSHP manufacturer developed model for  
ground source heat pumps was used.3  This software 
was used to calculate ground source heat pump electric 
consumption in each local.  Figure 3 shows the results 

of the Geolinks modeling4.  For the purpose of evaluating the carbon emissions of the ground source heat 
pump, the median efficiency (WaterFurnace Vesatec) units and high efficiency (WaterFurnace Premier) 
units were used in the modeling.  In addition, a nominal unit and an appropriate residential load was used 
as supplied by Geolinks  to assure matching between the system and the load.  Although both cooling and 
heating equipment capacities will vary in an actual application, allowing the Geolinks program to model 

                                                      
2 Geolinks is modeling and sizing software for Ground Source Heat Pumps, supplied by WaterFurnace  
3 Water Furnace Geolinks Design Studio Software.  http://www.waterfurnace.com/GDS/  
4 The values in Figure 3 are taken from a model developed by WaterFurnace.  These average annual efficiencies 
were developed from the Geolinks model for Versatec and Premier ground source heat pumps.   

Attribute: Standard Residence Value
Type Single Family Detached

Size 2400 Square Feet

Stories 2

Occupants 4

Lighting Loads 2,366 kWh/Yr

Plug-in Loads 3,480 kWh/Yr

Domestic Hot Water (Gas) 203.7 therm (EF=0.59) 

1 Refrigerator 669 kWh

1 Dishwasher 194 kWh

Clothes Washer 99 kWh

Clothes Dryer (Gas) 40.8 therm; 72 kWh

HVAC Blower 688 kWh

 

Location Annual
Heating 

Load

Annual
Cooling 

Load

therms/yr therms/yr

Anchorage 958 1.43

Daytona Beach 77 286

Cleveland 658 103

Toronto 658 102

Bridgeport, CT 644 53

Fargo ND 1002 41

Flagstaff 490 8

Seattle/ Vancouver 582 7

Dallas 202 279

Birmingham 248 173
 

Figure 2:  The Standard Residence 
The top charts shows the properties of the 
residence used and the bottom shows the 

calculated space heating and cooling loads for 
this residence in differing locations. 
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the residential load in each location provided information on the performance of the system in terms of 
the following non-dimensional parameters; the seasonal heating COP, the seasonal cooling EER, and the 
percentage of heating performed by supplementary electric resistance heat.   

These values were then applied to the standard CMIC residences, which constituted a different size load, 
as had been simulated with the CMIC model to produce comparable results between all cases.  In each 
location, the CMIC model had accounted for the differing annual heating and cooling loads in differing 
geographic locations and only non-dimensional performance data was taken from Geolinks to determine 
the efficiency of a properly sized ground source heat pump system.   

Once the average annual efficiency for the ground source heat pump in both heating5 and cooling was 
determined for all the different location, the annual heating and cooling loads previously determined from 
the CMIC program for the residence in these locations was used to determine the annual electric 
consumption for the ground source heat pumps.  As the CMIC program also calculated the carbon 
intensities for each of the NERC regions, the carbon emissions that can be attributed to the ground source 
heat pumps were also calculated and compared to the other results. 

                                                      
5 The “Annual Heat Pump COP Heating” values in Figure 3 do not include back up resistance operation, which are 
included in the final calculations separately.  The resistance heating is included in the “Annual Effective Heating 
COP” in Figure 3. 

 
 

Figure 3:  Efficiency Measures for Ground Source Heat Pumps in Heating and Cooling 
This table shows the seasonal efficiencies and supplementary power consumptions for a Versatec (Standard 
Efficiency) and Premier (High Efficiency) ground source electric heat pump in each location studied. This 

provided the heating and cooling efficiencies for each of the locations, which was then used to calculate the 
source energy carbon emissions, based on the needs of the standard Geolinks residence in different locations. 
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System First Cost 

In order to evaluate the financial practicality of differing systems in reducing carbon emissions, the 
installed cost must be considered.  
Installed costs are difficult to 
estimate but some information is 
available on these costs for new 
installations.   Notice that the 
cost range of the ground source 
heat pump system is very high 
and shows significant variation, 
due to the uncertainty in the cost 
of building the ground loop.6 

The CMIC Modeling of 
Carbon Emissions 

The CMIC model was used to 
calculate the fuel consumption 
for residences, using a standard 
and high efficiency furnace/AC 
or an air source heat pump,.  The 
CMIC model then also produced 
an estimate of the overall carbon 
dioxide emissions for these 
residences.  The CMIC program 
also produced overall carbon 
emission value for electric 
generation in each NERC region. 

In order to do this, the CMIC 
model uses a number of 
parameters for the efficiencies of 
the various steps in the entire fuel 
cycle.  These efficiencies are 

shown in Figure 57. 

The CMIC program does not model ground source heat pumps.  The overall carbon emission value for 
electric generation in each NERC region and the residential load information from the CMIC program 
along with the overall GSHP efficiency values from the Geolinks program were used to find the carbon 
emissions from the GSHP systems. 

                                                      
6 Costs shown were taken from information on the CEC website.  A number of other sources were also found from 
DOE, TVA, and other study sources which estimate the installed cost of a 3 ton ground source heat pump at 
anywhere from $8,500 to $37,500. 
7 Values used in the CMIC model are referenced in the CMIC model description on the models webpage. 

Efficiency Factors for Energy Delivered to Building:
Efficiency Factors for Electricity Delivered to Building, %

Source Energy Extraction Processing Transportation Conversion Distribution Total

Coal 98.8 99.6 96.8 29.8 93.6 26.6

Oil 96.3 93.8 98.8 23.1 93.6 19.3

Natural Gas 97.0 96.9 99.0 35.9 93.6 31.3

Nuclear 99.0 96.2 99.9 32.7 93.6 29.1

Hydro 100.0 100.0 100.0 85.0 93.6 79.6

Biomass 99.4 95.0 97.5 32.1 93.6 27.7

Efficiency Factors for Natural Gas Delivered to Building, %

Source Energy Extraction Processing Transportation Conversion Distribution Total

Natural Gas 97.0 96.9 99.0 100.0 98.8 91.9
 

Figure 5: Model Assumption on Fuel Cycle Efficiencies 
The production of any energy source requires the processes shown 

above, each of which involve energy losses.  The efficiency factors show 
the efficiency factors assumed in the CMIC model to account for these 

losses 

System Installed 
Cost

13 SEER/8.1 HSPF Heat Pump $4,000

96% AFUE Natural Gas Furnace/13 SEER Electric AC $4,000

Natural Gas Furnace, 80% AFUE/13 SEER Electric AC $3,500

GSHP - Median Efficiency $10,000 -
$17,000

 
Figure 4: Approximate Installed Cost of Various Heating and 

Cooling systems 
GSHP cost estimate included the cost of the ground source piping field. 
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Results 

Electric Carbon Intensity 

The carbon intensity of electric generation, or 
“carbon multiplier”, is the number of pounds 
of carbon dioxide generated per MWh of 
electricity for the power generation mix in 
each NERC region.  The CMIC model 
produced the results shown in Figure 6.  In 
order to understand the variations in carbon 
intensity by region, Figure 7 shows the 
generation mix present in the MRO (highest) 
and NPCC (lowest) region.  Notice that the 
amount of electricity generated from high 
carbon emission sources like coal fired power 
plants is high in the MRO region, and that the 
proportion of low carbon emission power 
sources, such as hydroelectric and nuclear 
plants is high in the NPCC region.  As a basis 
for comparison, the average “carbon 
multiplier” for the United States and Canada 
jointly is 1,227 lb CO2/MWh. 
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Fig. 6: Regional Average Carbon Emission Factors for 
Electric Generation in Various NERC Regions 
The carbon intensity of electric generation varies 

significantly by region due to the mix of generating types 
used in each area from coal fired to hydropower 

     

 

Figure 7: Fuel mix used for electric generation in the MRO (left) and NPCC (right) NERC Regions 
These are the two regions at the high end (MRO) and low end (NPCC) of the “Carbon Multiplier” spectrum.  
The difference in electric generation carbon intensity depends on the mix of fuel types used, in particular, the 

degree of coal dependence within a region 
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Evaluation of Differing Systems 

Figure 8 shows the carbon emissions for each of the differing systems investigated.  Not surprisingly, the 
higher efficiency natural gas furnace produced lower emissions than a standard efficiency furnace in all 
locations, with the degree of difference depending on the severity of the heating season. 

In the cities where air to air electric heat pumps are popular, namely Dallas, and Birmingham, the electric 
air to air heat pump is responsible for more carbon emissions than high efficiency gas furnaces due to the 
higher carbon intensity for electric power generated in these areas.  The only attractive area for electric air 
to air heat pumps from a carbon emission point of view is in Bridgeport due to the very low carbon 
intensity of electric generation in the NPCC region.  However, air-to-air heat pumps are rarely used in this 
area due to high electric prices and therefore high operating costs.  Notice also that there is little 
difference between air source heat pumps and both furnace systems in Daytona Beach as all three systems 
spend most hours of the year in cooling operation  

Ground source electric heat pump (GSHP) carbon emissions vary widely depending on climate, 
efficiency, and generation source region.   High carbon source regions such as MRO can make GSHP 
systems much higher in carbon emissions than either gas system, and low carbon source regions make 
emissions comparable.  As expected, a high efficiency GSHP has lower carbon emissions than a median 
efficiency GSHP. 

Whole House 
Carbon
Emissions
(1000 lbs/yr)

Region Natural 
Gas 

Furnace
80%

Natural  
Gas 

Furnace
96%

Air 
Source 

Heat 
Pump

Median
Efficiency 

GSHP

High 
Efficiency 

GSHP

Anchorage ASCC 29.43 26.86 29.27 32.17 30.86

Daytona 
Beach

FRCC 18.08 17.87 18.06 21.57 20.46

Cleveland RFC 26.72 24.95 29.82 32.56 28.49

Toronto NPCC 22.51 18.6 19.8 20.24 17.73

Bridgeport, CT NPCC 21.8 20.07 19.43 20.41 18.26

Fargo ND MRO 35.99 33.31 55.58 59.5 54.11

Flagstaff WECC 20.63 19.32 22.66 21.0 19.05

Seattle/ 
Vancouver

WECC 21.88 20.32 21.37 19.65 18.38

Dallas ERCOT 21.38 20.84 21.65 24.44 23.06

Birmingham SERC 20.73 20.07 21.07 22.49 16.74
 

Figure 8: CO2 Emissions by Residence for Differing Systems 
Interestingly, a high efficiency condensing gas furnace/ electric air conditioner produces comparable and in 

some cases lower carbon dioxide emissions than heat pump systems. 
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The Cost of Carbon Emission Elimination 
As a matter of policy direction, the elimination of the largest quantity of carbon emissions will depend on 
encouraging the conduct of homeowners when they are replacing their heating system.  Rebates or tax 
credits will be the most effective if they are directed at conduct that will eliminate the greatest quantity of 
carbon emissions for the lowest first cost, and therefore lowest rebate, per unit of emissions reduced. 

Homeowners will be making decisions on new heating systems either during the construction of a new 
residence or upon the failure of their current system.  Using the first costs estimated in Table 4, the 
incremental costs for replacing an existing furnace with a high efficiency gas furnace or electric heat 
pump system is shown in Figure 9. 

Heating and Cooling System Total
Installed 

Cost

Incremental
Installed 

Cost

80% AFUE Furnace and 13 SEER Air Conditioner $3,500 Baseline

95% AFUE Furnace and 13 SEER Air Conditioner $4,000 $500

Electric Air Source Heat Pump (HSPF 8.1/ SEER 13) $4,000 $500

Ground Source Heat Pump  (13-15.0 EER / 3.2 COP) $10,000 $6,500

High Eff. Ground Source Heat Pump (18 EER / 3.8 COP) $17,000 $13,500
 

Figure 9:  First Cost Assumptions 

FIRST COST OF ELIMINATING 1000 LB OF CO2 EMISSIONS PER YEAR

Location Region Converting
to a High 
Efficiency 

Gas 
Furnace

Converting
to a Air 
Source 

Heat Pump

Converting
to a 

Median
Efficiency 

GSHP

Converting
to a High 
Efficiency 

GSHP

Anchorage ASCC $195 $3,125 NR NR

Daytona 
Beach

FRCC $2,381 $25,000 NR NR

Cleveland RFC $282 NR NR NR

Toronto NPCC $128 $185 $2,866 $2,825

Bridgeport, CT NPCC $289 $211 $4,672 $3,818

Fargo ND MRO $187 NR NR NR

Flagstaff WECC $382 NR NR $8,532

Seattle/ 
Vancouver

WECC $321 $980 $2,912 $3,855

Dallas ERCOT $921 NR NR NR

Birmingham SERC $758 NR NR $3,384
 

Figure 10:  Cost of Eliminating 1000 lb per Year of Carbon Dioxide Emissions 
The capital outlay for homeowners to eliminate 1000 lbs of Carbon Dioxide emissions per year is shown based on 

moving from a standard efficiency gas furnace to another technical option. NR indicates the conversion provides No 
Reduction.  In some cases, more than one homeowner conversion would be required to reduce emissions by 1000 

lb/Year, making the value larger than that required of any single homeowner (for example Daytona Beach) 
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Summary 
The focus of this paper was to determine the most practical method of reducing the carbon dioxide 
emissions of residential heating and cooling systems, from the point of view of system first costs.  In this 
analysis, it has been found that ground source heat pumps tend to produce less carbon emission reduction 
per unit of homeowner investment than simply converting to a higher efficiency furnace.  As such, 
targeting carbon reduction rebates and tax credits to the more conventional and more widely available 
high efficiency furnace technologies would produce a greater carbon reduction per dollar of incentive. 

Although considerable focus has been placed on the heating equipment, it is interesting to notice from the 
raw results in Figure 8 that even high efficiency ground source heat pumps did not produce a great 
advantage in Daytona Beach, which is an almost entirely cooling dominated climate.  This indicates that 
neither GSHP system showed a strong emissions reduction in cooling operation over the SEER 13 AC 
system (or SEER 13 AC performance of the air source heat pump).  Although not analyzed in this paper, 
carbon emission reduction policy in cooling may be better focused on the promotion of widely available 
high SEER air conditioners. 

Finally, homeowner operating costs have not been a focus of this paper.  However, the general pattern, as 
shown in Figure 3 indicates that ground source heat pump systems provide heating in the 2.5-3.5 COP 
range.  Local comparisons between natural gas and electric prices will provide an indication of 
comparative operating costs.   
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Appendix 1: GSHP Cost Estimates 
In the course of developing this paper, the first cost of a ground source heat pump installation was 
investigated.  Very little agreement was found between differing authors.  A summary of these resources 
is shown below.  

Summary of Search on GSHP Installed Cost 

Total Installed Cost of 3 RT Ground Source Heat Pump 
Report Kavanaugh 

Adj.1 
Rafferty2 
2001 

IEA/Navigant 
(2009)3 

CEC 
4Website 

Cost 
Helper5 

ToolBase 
Services6 

 2008$      
Values $13,070 

including 
ground field 

$4800 $2830/ton7 $2,500/ton 
+ Cost of 
Field 

  

Cost of 
Field 

 $1028/ton  $10,000 to 
$30,000 

 $1000 -
$3000/ 
ton 

Notes  $7860 in 
2000$ 

   $4000 to 
$11000 
more than 
ASHP 

3 RT 
Total 

$13,070 $9,8278 $8490 $17,500-
$37,500 

$10,000 -
$25,000 

$8500 - 
$14,500 

       
 
Given the dispersion of these cost estimates and the need to distinguish between lower and higher 
efficiency ground source heat pump systems, median values were assumed for this report. 
 
Type   
Median Efficiency GSHP  $10,000 
High Efficiency GSHP  $17,000 
 
Assumed first cost for a 3 RT ground source heat pump installation 
 

                                                      
1 Cost Containment For Ground-Source Heat Pumps Final Report, Submitted To The Alabama Universities-TVA Research 
Consortium (AUTRC) And The Tennessee Valley Authority By The University of Alabama, Steve Kavanaugh, Professor of 
Mechanical Engineering, And Christopher Gilbreath, Joseph Kilpatrick, TVA Project Manager, December 1995.  The original 
price quoted in the report was $8,997 for a 3 ton GSHP in 1995 dollars.  Adjustment from the 1995 prices performed using the 
CPI which was 148.2 in 1994 and 215.303 in 2008, as per Bureau of Labor Statistics,  Consumer Price Index History Table,  
ftp://ftp.bls.gov/pub/special.requests/cpi/cpiai.txt 
2 An Information Survival Kit For The Prospective Geothermal Heat Pump Owner, Kevin Rafferty, P.E., Geo-Heat Center, 
Oregon Institute of Technology, 3201 Campus Drive, Klamath Falls, OR 97601  Prepared For: U.S. Department of Energy, 
Office of Geothermal Technologies 
3 Ground‐Source Heat Pumps: Overview of Market Status, Barriers to Adoption, and Options for Overcoming Barriers, Final 
Report Submitted to: U.S. Department of Energy, Energy Efficiency and Renewable Energy Geothermal Technologies Program 
Navigant Consulting, Inc., February 3, 2009 
4 California Energy Commission 
5 Geothermal Heat Pump Cost, How Much Does a Geothermal Heat Pump Cost? http://www.costhelper.com/cost/home-
garden/geothermal-heat-pump.html 
6 ToolBase Services, Geothermal Heat Pumps, http://www.toolbase.org/Technology-Inventory/HVAC/geothermal-heat-
pumps#benefits 
7 ENERGY STAR®: 14.1 EER ENERGY STAR®: 3.3 COP Heat Pump 
8 Converted to 2008$ by CPI Index.  Index values are 172.2 for 2000 and 215.303 in 2008. 
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Appendix 2: Items on GSHP Sizing 
The Geolinks program is equipped to either accept a value for the size of the ground loop, in feet of 
trench or the program will automatically size the field.  Unfortunately, in cold climates with lower ground 
temperatures, the automatic sizing routine produced unrealistically huge ground loops.  A reasonable 
ground loop will be in the range of 300-500 feet for the nominal 40,000 Btu/hr Premier GSHP system, 
and the sizing routine provided realistic results in all but the coldest climates.  However, the correlation 
produced ground loops in excess of 10,000 feet in the colder climates of Fargo and Anchorage.   

To produce realistic results for this study, the Geolinks program was run multiple times to study the effect 
of realistic ground loops.  The principle effect of reducing these large ground loops to realistic sizes was 
to increase the percentage of the heating load satisfied by resistance heat.  Comparisons for the coldest 
climates are shown below. 

31%

26%

24%
23%

21% 21%

0%

5%

10%

15%

20%

25%

30%

35%

400 800 1200 2000 5000 Very Large

% of Annual Heating Load by Resistance Heat ‐ Anchorage

 

33%

28%

26%

25%

20%

22%

24%

26%

28%

30%

32%

34%

400 800 1200 1895

A
xi
s 
Ti
tl
e

Fargo ‐ % of Annual Heating Load by Resistance Heat

 

Figure A2.1  Effect of Reducing Ground Loops to Realistic Sizes in Cold Climates 
In the report, the results for Fargo and Anchorage were from Geolinks runs with a fixed 800 feet of 

trench for the ground loop, which is the largest ground loop used in the study. 
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Appendix 3: Geolinks Premier Output as Shown in Figure 3 
The Geolinks output was used for each site to determine operating efficiency values.  The residential 
building in the CMIC software was used for the carbon emission calculations.  Neither the residential 
building model not the economics calculation feature in Geolinks were used.  Therefore operating costs 
calculated by Geolinks should be ignored. 

Flagstaff 
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Daytona Beach (Modeled as Orlando) 
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Fargo 
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Vancouver 
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Cleveland 
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Bridegport (Modeled as Hartford) 
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Dallas 
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Birmingham 
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Toronto 
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Anchorage 
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