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}The Important to understand:

}TotalSeasonal Performance Factor (SPF)

}Design Temperature for Heating and Cooling system ²Focus on return flow

}Control the Temperature level in the Borehole to Optimize the Number of Boreholes

}Inaccuracies in BTES model have limited Impact on Total SPF

}Recovering exhaust air from the air handle units can halves the number of 

boreholes

}Use of dry cooler is an alternative to recovery from axhaustair from AHU 

}Simulation during a period at 10 years is important for analyzing the temperature 

level in the borehole

What to remember after this presentation



Objectives

ÅThe importance of the temperature levels for 

ÅHeating system ²supply and return flow

ÅCooling system ²supply and return flow

ÅGround storage system

ÅHow to combine all heating, cooling, heat pumps, chillers, technical equipment and 

the ground storage system to calculate the Total Seasonal Performance Factor (SPF)

ÅHow to optimize the temperature levels and other design variables using a sensitivity 

analysis with focus on achieving a high SPF

ÅInaccuracies in BTES model have limited Impact on Total SPF

ÅHow to optimize the number of boreholes with temperature control in BTES
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}Healthcare buildings represent 10% of the total heated area of commercial buildings in Norway

}Healthcare buildings use twice as much energy as other 

commercial buildings

}Healthcare buildings use 20% of the energy consumption in commercial buildings in Norway

Case Analyzes on Hospital Energy Consumption



Hospital Areas included in the Simulation

Hospital area Area  (m²/sq ft)

Daycare 4019 / 43.260

Internal Care 421 / 4532

Emergency 385 / 4144

Imaging 679 / 7309

Surgery 569 / 6125

Center Steril . 313 / 3369

Bed ward 2878 / 30.979

Patient hotel 400 / 4304

Laboratory 418 / 4499

Kitchen 231 / 2486

Adm .+ other 2867 / 30.860

Public area + storage 2191 / 23.584

Technical areas 3253 / 35.015

Total 20.000 / 215.200



Interaction Heating and Cooling

Exhaust 

air coil 

Dry 

cooler



Overview

VKB-Sim. Model Example of Climate & Energy Simulation models

USA: TRNSYS

Sweden: IdaICE

Denmark: Bsim

Norway: Simien and IdaICE



Simulation model in VKB-sim
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}PyGfunction model

} Methodology for the generation of thermal response factors of geothermal bore fields using the concept of g-functions introduced by 

Eskilson. Boreholes are divided into segments to consider the variation of the heat extraction rates along the length of the boreholes and 

the analytical finite line source (FLS) solution is used to calculate the temperature variations at the wall of each boreholesegment along 

the axial direction. Massimo Cimmino, Michel Bernier. 2013 ¯A semi-analytical method to generate g-functions for geothermal borefilds°

}Multipole Thermal Borehole model

} Introduced by: Johan Claessonand Per Eskilson¯Conduction heat transfer of vertical ground heat exchangers°. 1987

} Johan Claessonand Göran Hellström; Multipole method to calculate borehole thermal resistances in a borehole heat exchanger

}TTH-model ² New ² Hydronic Thermal Storage model 

} The TTH-model is designed by T. Thorgeir Harsem and is buildt up for both waterfilled and groutfilledboreholes that 

include both convection and conduction (waterfilled) and only conduction for groutfilledboreholes.

} Theory from:

} Bergmann et al., 2013 ¯Fundamentals of Heat and Mass Heat Transfer°

} Spitler, Javed, Ramstad, 2015 ¯Natural convection in groundwater-filled boreholes used as ground heat exchangers°

} Javed, Spitler. 2017 ¯Accuracy of borehole thermal resistance calculation methods for grouted single U-tube ground heat exchangers°

Implemented borehole models in VKB -Sim



Presenting  a new hydronic  borhole  model  ² TTH - model
Compared  with  PyGfunction



TTH-model

Electric analogy



Geometry of (a) the modelled borehole field and (b) a single borehole, side view



Calculation of connection of undisturbed ground temperature
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Left: The relationship between inner and outer thermal masses/parts of the ground, DBH and rstorage

and the radiuses used; Right: The average/representative boreholeôsfractional contact with the

outer part of the ground. The fraction of the outer ground which is included is W.



First order differential Equation for each element of the model

Fundamental Equations        1/20
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Heat from grout filled borehole to pipe wall and borehole wall (conduction)

Fundamental Equations        2/20
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Heat from water filled borehole to pipe wall and borehole wall (combined convection and conduction)

Fundamental Equations       3/20
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4-20/20 ² Later Presentation

https://igshpa.org/igshpa-research-conference/

https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Figshpa.org%2Figshpa-research-conference%2F&data=05%7C01%7CT.Thorgeir.Harsem%40norconsult.com%7C7fc633e72c2243ee571908dbd5f941d6%7Cce25ca93004f44f4a6b5eb22b45815aa%7C0%7C0%7C638339038742441027%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=v%2Bob0yZPM%2F4nUBylxNBbGUkKyUzBfrWzvXYt7dJ6vbA%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Figshpa.org%2Figshpa-research-conference%2F&data=05%7C01%7CT.Thorgeir.Harsem%40norconsult.com%7C7fc633e72c2243ee571908dbd5f941d6%7Cce25ca93004f44f4a6b5eb22b45815aa%7C0%7C0%7C638339038742441027%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=v%2Bob0yZPM%2F4nUBylxNBbGUkKyUzBfrWzvXYt7dJ6vbA%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Figshpa.org%2Figshpa-research-conference%2F&data=05%7C01%7CT.Thorgeir.Harsem%40norconsult.com%7C7fc633e72c2243ee571908dbd5f941d6%7Cce25ca93004f44f4a6b5eb22b45815aa%7C0%7C0%7C638339038742441027%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=v%2Bob0yZPM%2F4nUBylxNBbGUkKyUzBfrWzvXYt7dJ6vbA%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Figshpa.org%2Figshpa-research-conference%2F&data=05%7C01%7CT.Thorgeir.Harsem%40norconsult.com%7C7fc633e72c2243ee571908dbd5f941d6%7Cce25ca93004f44f4a6b5eb22b45815aa%7C0%7C0%7C638339038742441027%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=v%2Bob0yZPM%2F4nUBylxNBbGUkKyUzBfrWzvXYt7dJ6vbA%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Figshpa.org%2Figshpa-research-conference%2F&data=05%7C01%7CT.Thorgeir.Harsem%40norconsult.com%7C7fc633e72c2243ee571908dbd5f941d6%7Cce25ca93004f44f4a6b5eb22b45815aa%7C0%7C0%7C638339038742441027%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=v%2Bob0yZPM%2F4nUBylxNBbGUkKyUzBfrWzvXYt7dJ6vbA%3D&reserved=0
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Seasonal Performance Factor ²SPF - Heating

╢╟╕▐▄╪◄░▪▌ ▼◐▼◄▄□

╠▐▬ ╠╪◊● ■▫╪▀
╠▄■ ἰἸ ╠╪◊● ■▫╪▀

╢╟╕▐▬
╠▐▬
╠▄■ ▐▬

Heating:



Seasonal Performance Factor ²SPF - Cooling

Cooling:
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Total system included heating, cooling and free cooling

Seasonal Performance Factor ²SPF - Total

Heating:

Cooling:
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Total system:



Optimization of system parameters based on sensitivity analysis
Comparing TTH-model (hydronic model) and PgFunction(response factor method)
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Total 

system 

SPF

°C  (F) °C  (F) l/s (gl/s) kW (kft-lb/s) °C  (F) TTH

Start / C1 49

70/50 

(158/122) 7 (44.6) 18 (4.76) 500 (369) 50 (122) B 2.45 

Design parameters considered in sensitivity analysis

Å Number of boreholes and borehole flow rate

Å Dimensioning criteria for heating ventilation coil

Å Supply temperature for cooling

Å Max heat pump gain

Å Max condensing temperature

Å Carnot factor

Total system 

SPF

TTH PyG

2.57

Total system 

SPF

TTH PyG

2.57 2.55



Optimization of system parameters based on sensitivity analysis
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Total 

system 

SPF

°C  (F) °C  (F) l/s (gl/s) kW (kft-lb/s) °C  (F)

Start / C1 49

70/50 

(158/122) 7 (44.6) 18 (4.76) 500 (369)

50 

(122) B 2.45 

C2 72

70/50 

(158/122) 7 (44.6) 18 (4.76) 500 (369)

50 

(122) B 2.85 

C3 72 50/30 (122/86) 7 (44.6) 18 (4.76) 500 (369)

50 

(122) B 2.98 

C4 72 50/30 (122/86) 12 (53.6) 18 (4.76) 500 (369)

50 

(122) B 3.10 

C5 72 50/30 (122/86) 12 (53.6) 24 (6.34) 500 (369)

50 

(122) B 3.16 

C6 81 50/30 (122/86) 12 (53.6) 24 (6.34) 600 (443)

50 

(122) B 3.24 

C7 81 50/30 (122/86) 12 (53.6) 24 (6.34) 600 (443)

62 

(122) B 3.34

C8 81 50/30 (122/86) 12 (53.6) 24 (6.34) 600 (443)

62 

(122) A 3.75

Total system 

SPF

TTH PyG

2.57 2.55

2.57 2.55

2.71 2.69

3.12 3.13

3.15 3.17

3.17 3.18

3.53 3.54

3.70 3.71



7x7 borehole - HP 490 kW - Dist5 m

9x9 borehole - HP 600 kW - Dist 5 m

9x9 borehole - HP 600 kW - Dist 10 m

7x7 borehole - HP 600 kW - Dist 10 m

Recovery exhaust air 80% 

7x7 borehole - HP 600 kW - Dist 5 m

Recovery exhaust air 80% 

Comparrison  of BTES and system simulation  results









Oslo case A, A1 ïA5 for boreholes related temperatures
per case during a 10-year period with hourly simulations.



Case A, A4, A6 and A6 for boreholes related temperature 

per case during a 10-year periods with hourly simulations also included dry cooler. 



Case B, B1 ïB5 for boreholes related temperature per case during a 10-year periods 
with hourly simulations with a distance between the boreholes at 10 meters. 



Case B, B4, B5 and B6 for boreholes related temperature per case during a 10-year periods with hourly simulations 
with a distance between the boreholes at 10 meters also included simulation results with dry cooler.



Case C, C1 ïC5 for boreholes related temperature per case during a 10-year periods with hourly simulations with 
a distance between the boreholes at 15 meters.



Case C, C4, C5 and C6 for boreholes related temperature per case during a 10-year period with hourly simulations 
with a distance between the boreholes at 15 meters. 



Kirkenes Climate Zone

Total SPF for Kirkenes north in Norway Climate with different number of boreholes and spacing between the boreholes.



Case A, A1 ïA6 for boreholes related temperature per case during a 10-year periods with hourly simulations 
included recovery from exhaust air and dry cooler. All cases with 5 meters distance. 



Case B, B1 ïB6 for boreholes related temperature per case during a 10-year periods with hourly simulations included use 

of recovery heat from exhaust air and use of dry cooler. All the cases have a distance between the boreholes at 10 meters.


