
Optimizing the Balance Between 
Geothermal and Solar



Analysis Approach

1) TRNSYS GeoSolar model
2) Cost Assumptions
3) Fixed Parameters
4) Independent Variables
5) Model Outputs 
6) Life Cycle Cost Optimization
7) Result Comparisons
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Cost Assumptions

Finance Rate 7.0 %
Finance Term 10 years
Heat Pump TIC Cost 1000/ton + 300 $

Solar Tank Cost 416/m3 + 2000 $
Electricity Escalation Rate 5 %
Electricity Rate 0.10 $/kWh



Alberta Power Pool Historical Rolling Average Price
Average Escalation Rate over the past 6 years = 16. 35%

y = 5.4158x + 82.554
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Ontario Historical Rolling Average Annual Electrici ty Price ($/MWh)

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

-6.00 -5.00 -4.00 -3.00 -2.00 -1.00 0.00

Years

P
ow

er
 P

ric
e 

($
/M

W
h)

Ontario Rolling Average Power Price



Fixed Parameters

Location and Climate Calgary, AB
Space Heating Annual Demand 29 GJ
Domestic Hot Water Demand 14 GJ
Collector Slope (Optimized) 64 °
Thermal Storage Tank Size 3500 L
DHW Delivery Temperature 45 °C
Deep Earth Temperature 6.70 °C
Soil Specific Heat Capacity 0.84 kJ/kg.K

Soil Density 3200 kg/m3



Independent Variables

• The following variables were manipulated:
– Solar array installed cost

• Range between 500-1750 $/m2

– Ground Heat Exchanger Installed Cost
• Range between 15-82 $/m (4.60-25.00 $/ft)

– Soil Conductivity 
• Range between 0.936-4.11 W/m.K(0.50-2.2 BTU/h.ft.F)



Model Outputs

• Total Life Cycle Cost ($)
• Solar Heat Delivered (GJ)
• Ground Heat Delivered (GJ)
• Heat Pump Power Consumption (kWh)
• Auxiliary Heat Required (GJ)
• Solar Fraction
• Ground Fraction

• Specific Life Cycle Cost ($/GJ)



Life Cycle Cost Analysis

• Single year model with costs projected out to 20 year life
• Hooke-Jeeves optimization performed to find optimal 

combination of equipment:
– Solar array (m2)
– Ground heat exchanger (m)
– Heat pump (tons)

• Approximately 60 single year runs were required for each 
parametric combination of solar cost, GHX cost, and soil 
conductivity



Example Optimization Using WinGenOpt



Pure Solar Favored



Solar Cost ($/m2) 500 Solar Array Size (m2) 13
GeoExchange Cost ($/m) 35 Depth of Bores (m) 2
Soil Conductivity (W/m.K) 1.5 Heat Pump Size (tons) 1.05

Life Cycle Cost ($) $28,779

Solar Cost ($/m2) 1000 Solar Array Size (m2) 6
GeoExchange Cost ($/m) 50 Depth of Bores (m) 3
Soil Conductivity (W/m.K) 3 Heat Pump Size (tons) 1.1

Life Cycle Cost ($) $38,000

Solar Cost ($/m2) 1250 Solar Array Size (m2) 1
GeoExchange Cost ($/m) 35 Depth of Bores (m) 22
Soil Conductivity (W/m.K) 3 Heat Pump Size (tons) 1.4

Life Cycle Cost ($) $34,500

Tipping Point Between Solar and GeoExchange



Pure GeoExchange Favored



Solar Cost ($/m2) 1250 Solar Array Size (m2) 1
GeoExchange Cost ($/m) 35 Depth of Bores (m) 22
Soil Conductivity (W/m.K) 3 Heat Pump Size (tons) 1.4

Life Cycle Cost ($) $34,491

Solar Cost ($/m2) 1250 Solar Array Size (m2) 5
GeoExchange Cost ($/m) 50 Depth of Bores (m) 3
Soil Conductivity (W/m.K) 3 Heat Pump Size (tons) 1.2

Life Cycle Cost ($) $40,500

Tipping Back to Solar



Solar Cost ($/m2) 1500 Solar Array Size (m2) 1
GeoExchange Cost ($/m) 25 Depth of Bores (m) 26
Soil Conductivity (W/m.K) 1.87 Heat Pump Size (tons) 1.45

Life Cycle Cost ($) $33,725

Solar Cost ($/m2) 1500 Solar Array Size (m2) 5
GeoExchange Cost ($/m) 25 Depth of Bores (m) 20
Soil Conductivity (W/m.K) 4.11 Heat Pump Size (tons) 1.4

Life Cycle Cost ($) $33,094

Conductivity Impact



High Efficiency Conventional



Balanced GeoSolar



Life Cycle Cost as a function of Borehole Depth and  Number of Collectors
Heat Pump Capacity = 1.3 tons

Solar Cost = $500/m2
GeoExchange Field Cost = $15/m

Conductivity = 4.11 W/m.K
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Conclusions

• Determining the best combination of technologies 
will depend on site specific cost and performance 
parameters

• The optimal solution may be purely solar, purely 
geothermal, a combination of the two, or even a high 
efficiency conventional system

• Many factors should be assessed in order to find the 
optimal balance including capitalization and taxation 
strategies

• Heat pumps improve solar thermal systems even 
where GHX are not economical 



Future Work

• Applications requiring heating and cooling 
will have a different balance point than heating 
only applications

• The third point of the fulcrum i.e. conventional 
energy cost will also vary generating a 
different balance point

• Community scale systems with common geo-
exchange fields will behave differently than 
single residence designs


