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What to remember after this presentation

} The Important to understand:
} Total Seasonal Performance Factor (SPF)
} Design Temperature for Heating and Cooling systeih Focus 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 froraxhaustair from AHU

} Simulation during a period at 10 years is important for analyzing the temperature
level in the borehole
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Obijectives

AThe importance of thetemperature levelsfor
AHeating system? supply and return flow
ACooling system? supply and return flow
AGround storage system

AHow to combine all heating, cooling, heat pumps, chillers, technical equipment and
the ground storage system to calculate the Totebeasonal Performance Factor (SPF)

AHow to optimize the temperature levels and other design variables using a sensitivity
analysis with focus on achieving a high SPF

Alnaccuracies in BTES model have limited Impact on Total SPF
AHow to optimize the number of boreholes with temperature control in BTES
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Case Analyzeson Hospital Energy Consumption

} Healthcarebuildingsrepresent 10% of the total heated area of commercialbuildingsin Norway

} Healthcare buildingsuse twice as much energy as other
commercial buildings

} Healthcare buildingsuse 20% of the energy consumptionin commercial buildingsin Norway
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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
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VKB-Sim. Model

Overview
Simien Climate model
_ Simien Climate
Climate data and Building spesific data

energy model

Hourly simulation results

stored in files for further

use in VKB-sim
/ VKB-sim Spesific hydronic and VKB-Sim \

\ Generator

Hydronic system simulation
model inclusive thermal borehole models

<~

borehole parameter

Result
Visualiation

Results presented as SPF

(Seasonable Performance Factor)

/

Exampleof Climate & EnergySimulationmodels

USA: TRNSYS

Sweden IdalCE

Denmark Bsim

Norway: Simienand ldalCE
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Simulation model in VKBsim

Access heat back to the borehole
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Uteluft
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Implemented borehole models in VKB -Sim

}  PyGfunctionmodel

} Methodology for the generation of thermatesponse factorsof geothermal bore fields using the concept of gunctions introduced by
Eskilson Boreholes are divided into segments to consider the variation of the heat extraction rates along the length of the boreba@led
the analytical finite line source (FLS) solution is used to calculate the temperature variations at the wall of each borelsefgment along
the axial direction. MassimeCimmino, Mi ¢ h el B e r n iamalytical Beth@d3o genkrats giunctiions for geothermalborefilds®

}  Multipole ThermalBorehole model
} Introducedby: JohanClaessonand PerEskilson Conducti on heat transfer of wvertical grou
} JohanClaessonand Goéran Hellstrom Multipole method to calculate borehole thermal resistances in a borehole heat exchanger

} TTHmodel? New 2 Hydronic Thermal Storage model

} The TTHmodel is designed by T. Thorgeir Harsem and isuildt up for both waterfilled andgroutfilled boreholes that
include both convection and conduction (waterfilled) and only conduction faroutfilled boreholes.

}  Theory from:

} Bergmann et al ., 2013  Fundamentals of Heat and Mass Heat Tr an
} Spitler, Javed, Ramstad, 2015 i INaetdu rbaolr echoonlveesc tuisoend ians ggrroouunnddw aht
} Javed, Spitler. 2017 Accuracy of borehol e t Hubagmandheatexcharsye a A c e
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Presenting a new hydronic borhole model 2 TTH - model
Compared with PyGfunction

Pipe wall (N, elements)
Filling material, Ty,
Borehole wall Tgyw

Filling material, T;,, (thermal mass)

Inside pipe, T,

Top view, center part Norconsult ¢%
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Blue: Grout

Electric analogy Ced: Wate il

Black: Both

TTH-model
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Geometry of (a) the modelled borehole field and (b) a single borehole, side view
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[a) Top view, borehole field
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Calculation of connection of undisturbed ground temperature

o (Y Y)Y i o O 0

Inner

thermal
masses

rstc: rage

DBH/\/n

Left: The relationship between inner and outer thermal masses/parts of the ground, Dgyy and rqq4e
and the radiuses used; Right: The average/representative b o r e h &dct®mrialscontact with the
outer part of the ground. The fraction of the outer ground which is included is W.
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Fundamental Equations " 1/20

Q'Y
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Fundamental Equations

Heat from grout filled borehole to pipe wall and borehole wall (conduction)
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Fundamental Equations 3/20

Heat from water filled borehole to pipe wall and borehole wall (combined convection and conduction)
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4-20/20 2 Later Presentation

https://igshpa.org/igshpaesearchconference/
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Seasonal Performance Factof SPF- Heating
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Seasonal Performance Factof SPF- Cooling
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Seasonal Performance Factof SPF- Total
Total system included heating, cooling and free cooling
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Optimization of system parameters based on sensitivity analysis
Comparing TTHmodel (hydronic model) andPgFunction(response factor method)

o 0

52| §o5 2 5 2e| g
$5C | ©LE 282 | o3 x 28 I8 Total system
o< SE=10 Qo3 ® O O
Es| E25° | 3838 | &% =2o| g 577
Z 2 a*cg [ S M ) 5 S
°C (F)  °C (F) s (glis) kW (itlb/s) °C (F) TTH | PyG
70/50 257 | 255
Start/C1 49  (158/122) 7 (44.6) 18 (4.76) 500 (369) 50 (122) B

Design parametersconsidered in sensitivityanalysis
Number of boreholes and borehole flow rate
Dimensioning criteria for heating ventilation coill
Supply temperature for cooling

Max heat pump gain

Max condensing temperature

Carnot factor

To oo To T T I
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Optimization of system parameters based on sensitivity analysis

Number of

Start/ C1 49

C2

C3

C4

C5

C6

C7

C8

72

72

72

72

81

81

81

boreholes

heating
ventilation

c
o
@
c
[}
=
(@]

°C (F)
70/50
(158/122)
70/50
(158/122)

50/30 (122/86)
50/30 (122/86)
50/30 (122/86)
50/30 (122/86)

50/30 (122/86)

°C (F)
7 (44.6)

7 (44.6)

50/30 (122/86) 7 (44.6)

12 (53.6)
12 (53.6)
12 (53.6)
12 (53.6)

12 (53.6)

Borehole
flow

s (gl/s) kW (ft-Ib/s) °C (F)| | TTH

18 (4.76)
18 (4.76)
18 (4.76)
18 (4.76)
24 (6.34)
24 (6.34)
24 (6.34)

24 (6.34)

500 (369)
500 (369)
500 (369)
500 (369)
500 (369)
600 (443)
600 (443)

600 (443)

Max
Condensing
temperature

50
(122)
50
(122)
50
(122)
50
(122)
50
(122)
50
(122)
62
(122)
62
(122)

arnotfacto

B

B

Total system

SPF

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
3.70v 3.71
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Comparrison of BTES and system simulation results

9x9 borehole- HP 600 kW- Dist5 m 332

3.6
3.5
3.4
3.3
©
]
o
e
o 3.2
n
3.1 -
7x7 borehole- HP 490 kW Dist5 m
3.0 1 2.97 2.99
2.94 2.95
2.9
) O () o
C.P ,Q‘\' \(}Q& é\o&?‘
Q\x\p/ D(O\r ’Q\\} ’é\z\ X\p,
& e o &
0‘0\' cg 7z Q? c)\,'
Qs NS Q\c-’ O
QE'.? Qf’q ’

3.25

9x9 borehole- HP 600 kW- Dist 10

3.30

3.31

7x7 borehole- HP 600 kW- Dist 10

Recovery exhaust air 80%
3.49 3.50

3.51
3.48

3.33

3.26

7x7 borehole- HP 600 kW- Dist5 m

mRecovery exhaust air 8%%02

3.51 3.50 3.49




SPF total

Barplot of SPF total
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SPF total

Barplot of SPF total
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SPF total

Barplot of SPF total
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T [degC]

12

10

Oslo case A, Al A5 for boreholes related temperatures
per case during a 16year period with hourly simulations.

Borehole related temperatures per case compared

HSP_OSL_VP_750kW_Dist_ 5 m_7x7: T_borehole
HSP_OSL_VP_750kW_Dist_5 m_8x8: T_borehole
HSP_OSL_VP_750kW_Dist_5 m_9x9: T_borehole
HSP_OSL_VP_750kW_Dist_5 m_10x10: T_borehole
HSP_OSL_VP_750kW_Dist 5 m_7x7_Rec_08<9: T_borehole

VY

| | | | | | |
0 500 1000 1500 2000 2500 3000 3500 Norconsult 0:0
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T [degC]

Case A, A4, A6 and A6 for boreholes related temperature
per case during a 16year periods with hourly simulations also included dry cooler.

Borehole related temperatures per case compared

12 —

— HSP_OSL_VP_750kW_Dist_ 5 m_10x10: T_borehole
- HSP_OSL_VP_750kW_Dist 5 m_7x7_Rec _08<9: T borehole
— HSP_OSL_VP_750kW_Dist_5 m_7x7_Dry-Cooler: T_borehole

|
0 500 1000 1500 2000 2500 3000 3500 Norconsult 0:0
Time [days]



Case B, B1i B5 for boreholes related temperature per case during a 1{ear periods
with hourly simulations with a distance between the boreholes at 10 meters.

Borehole related temperatures per case compared

HSP_OSL_VP_750kW_Dist_10 m_7x7: T_borehole
HSP_OSL_VP_750kW_Dist_10 m_8x8: T_borehole
HSP_OSL_VP_750kW_Dist_10 m_9x9: T_borehole
HSP_OSL_VP_750kW_Dist_10 m_10x10: T_borehole

HSP_OSL_VP_750kW_Dist 10 m_7x7_Rec_ 08<9: T_borehole

10 |-

T [degC]

| | | |
0] 500 1000 1500 2000 2500 3000 3500

Time [days] Norconsult 0:0




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

T [degC]

Borehole related temperatures per case compared

— HSP_OSL_VP_750kVW_Dist_10 m_10x10: T_borehole
— HSP_OSL_VP_750kW_Dist_10 m_7x7_Rec_08<9: T_borehole
— HSP_OSL_VP_750kW_Dist_10 m_7x7_Dry-Cooler: T_borehole

10 —

0] 500 1000 1500 2000 2500 3000 3500
Time [days] Norconsult ’:’



Case C, C1i C5 for boreholes related temperature per case during a 3ear periods with hourly simulations with
a distance between the boreholes at 15 meters

Borehole related temperatures per case compared

HSP_OSL_VP_750kW_Dist_15 m_7x7: T_borehole

9 ——— HSP_OSL_VP_750kW_Dist_15 m_8x8: T_borehole
—— HSP_OSL_VP_750kW_Dist_15 m_9x9: T_borehole
— HSP_OSL_VP_750kW_Dist_15 m_10x10: T_borehole
8 — HSP_OSL_VP_750kW_Dist_15 m_7x7_Rec_ 08<9: T_borehole

Y

I I I I I I I
0] 500 1000 1500 2000 2500 3000 3500
Time [days]
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Case C, C4, C5 and C6 for boreholes related temperature per case during ayié€ar period with hourly simulations
with a distance between the boreholes at 15 meters.

Borehole related temperatures per case compared

— HSP_OSL_VP_750kW_Dist_15 m_10x10: T_borehole
9 —— HSP_OSL_VP_750kW_Dist_15 m_7x7_Rec_08<9: T_borehole
— HSP_OSL_VP_750kW_Dist_15 m_7x7_Dry-Cooler: T_borehole

0
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0 500 1000 1500 2000 2500 3000 3500
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Kirkenes Climate Zone

Total SPF for Kirkenes north in Norway Climate with different number of boreholes and spacing between the boreholes.
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Case A, Ali A6 for boreholes related temperature per case during a 1@ear periods with hourly simulations
included recovery from exhaust air and dry cooler. All cases with 5 meters distance.
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Case B, B1i B6 for boreholes related temperature per case during a 3ear 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.
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