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Figure B1: Illustrations of the concept house 

 

 

 

Type 110: 
Variable speed 
pump 

Type110 models a variable speed pump that is able to maintain any outlet mass 
flow rate between zero and a rated value. The controller controls the pump. 

Type 111b: 
Variable speed 
fan 

Type 111 models a fan that is able to turn at any speed between 0 (full stop) 
and its rated speed. 

Type 688: 
Single-stage 
water-to-water 
heat pump 

This model is based on user-supplied catalogue data for heating capacity and 
power demand, based on the entire load and source temperatures. The model 
interpolated date within the range of the input values specified in the data file. 

Type 108: 
5stage room 
thermostat 

Type 108 is modeled to output five on/off control functions that can be used 
two-stage heat source, an auxiliary heater, and a two-stage cooling system. 
Parameters of importance are the dead band and set points. 
When choosing the dead bands and set points parameters one should make sure 
that the dead bands are not greater than the temperature difference between the 
set points. 

Type 2b: 
Controller  

Type 2b is an ON/OFF differential controller and controls the solar collector. 
The reference temperature is based on the room temperature in the building. 
The controller regulated the power of the circulation pump by regulating after 
the reference temperature.  
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Appendix C. Tables and Results for storage mode Trondheim, Norway 
 

Table C1: Numerical values for different collector area 

Area 100 150 200 250 300 350 
G 315621.5 315621.5 315621.5 315621.5 315621.5 315621.5 
Eu 49524.45 66417.18 79729.53 90650.45 98988.16 104862 
Eload 99048.9 88556.24 79729.53 72520.36 65992.11 59921.16 
Etl 4289.76 6135.89 7614.57 8835.94 10862.58 14315.99 
Esl 46529.16 61569.63 73553.77 83396.54 90542 94687.1 
Estore 21651.23 28319.48 33557.51 37801.38 40449.55 41797.63 

 

Table C2: Numerical values for different borehole depth 

Depth Tankloss Eu E_inj E_storage_losses E_storage 
20m 10990918 91607129.2 75736283.14 35416893.77 40319389 
30m 8593294 102581494 91124481.39 41735665.37 49388816 
40m 7022967 110249768 101765688.6 46079792.32 55685896 
50m 5903811 115852375 109518875.2 49235520.65 60283355 
100m 3196816 130200743 129259353 57170335.28 72089018 

,

,
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Table C3: Numerical values for storage losses with different depth 

Depth E_top E_side E_bottom 
20m 1390506 32140176.2 1886211.51 
30m 989769.54 39163012.6 1582883.22 
40m 724395.34 43974693.5 1380703.45 
50m 536923.2 47463919.6 1234677.81 
100m 72029.051 56236296.7 862009.572 

 

Table C4: Numerical values for different borehole spacing 

Spacing  E_storage                 E_tankloss                  Eu                        E_inj                     E_storageloss       T_storage                 
0.50 41919454.05 5098513.15 119052436.38 114672780.15 72753326.09 35.84 
1.00 53315128.30 5305878.79 118274787.41 113300051.06 59984922.76 35.70 
1.50 52886539.96 6625077.33 111891707.05 104167080.63 51280540.67 34.45 
2.00 49388816.01 8593293.88 102581493.90 91124481.39 41735665.37 33.07 
2.50 45683955.54 10408788.58 94220787.08 79477278.64 33793323.10 31.30 
3.00 42149986.46 11872634.01 87646771.17 70294197.66 28144211.20 29.79 
3.50 36616831.41 14143086.24 78142255.49 56865182.87 20248351.46 27.16 

 

Table C5: Numerical values for different tank volume 

Volume T_storage Tankloss Eu E_inj E_storage_losses E_storage 
5m2 33.62 3239972.21 106446622.17 105198299.01 52280835.43 52917463.58 
10m2 35.09 3960593.57 110334961.53 108072761.56 53358373.94 54714387.62 
15m2 34.83 5374854.45 111234788.33 106383111.67 52451253.66 53931858.02 
20m2 34.45 6625077.33 111891707.05 104167080.63 51280540.67 52886539.96 
25m2 34.04 7752861.80 112547537.95 101949795.19 50114127.49 51835667.69 
30m2 33.65 8785917.73 113199552.26 99834118.31 49007713.49 50826404.82 

 

Table C6: Heat losses for a single borehole, Trondheim 

 Top [MJ] Side[MJ] Bottom[MJ] 
30m 30.46 26733.15 31.57 
50m 27.85 41154.65 29.54 
100m 22.31 68489.44 25.47 
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150m 17.93 86652.90 22.13 
200m 14.64 99051.07 19.48 

 

Appendix D. Tables and Results for storage mode Siping, China 

,

Table D1: Energy gains and losses for varied solar collector area 

 

 
Einj Eu Estorage Eloss 

100m2 87166.67 83133.86 28251.56 54882.30 
150m2 121035.8124 112652.988 37717.6533 74935.33 
200m2 149324.7375 137141.296 45225.8164 91915.48 
250m2 170720.69 154484.866 49530.7228 104954.1 
300m2 186948.3622 165600.635 51757.7031 113842.9 
350m2 201551.6474 173292.039 53565.8891 119726.2 
,



108 

 

Table D2: Energy gains and losses for varied storage depths 

Depth [m] Tankloss Eu E_inj E_storage_losses E_storage 
10m 5057651.662 56503161.83 49106445.47 26298978.84 22807466.64 
20m 2929694.071 71644569.13 68265485.63 33592529.8 34672955.82 
30m 1874087.426 79924307.92 78890537.1 37944454.91 40946082.18 
40m 1230069.635 85108895.75 85630047.6 40663885.78 44966161.82 
50m 802643.5741 88880938.33 90516873.04 42649104.17 47867768.87 
100m -138913.273 97791321.56 101996614.4 47224252.75 54772361.62 

 
 

Table D3: Storage losses for different borehole depth 

Depth [m] E_top E_side E_bottom 
10m 1723032.651 22037533.14 2538413.045 
20m 850251.3277 30835844.7 1906433.78 
30m 392877.4257 35997360.73 1554216.758 
40m 110919.2535 39221703.51 1331263.018 
50m -77790.31212 41547972.41 1178922.073 
100m -502331.3597 46922006.83 804577.2826 

 
 

Table D4: Numerical values for different borehole spacing 

Spacing T_storage Tankloss Eu E_inj E_storage_losses E_storage 
0.5m 31.57588959 6741186.342 45937361.95 35714502.9 12702156.39 23012346.5 
1m 34.88119888 5567921.569 52955315.55 44599672.93 17940997.93 26658675 
1.5m 37.05054855 4780955.069 57976020.31 50963129.34 21827653.14 29135476.21 
2m 39.6810112 3833555.743 64774344.86 59484063.84 27505843.82 31978220.02 
2.5m 42.01741409 2929694.071 71644569.13 68265485.63 33592529.8 34672955.82 
3m 44.47922134 2057765.346 78334767.03 77558559.9 41549094.74 36009465.16 
3.5m 45.93087387 1897891.516 79538725.77 79965593.54 51307797.39 28657796.15 

,

,

Appendix E.  Tables and Results the storage mode  

 

Table E1: Absolute amount of energy gains and energy losses in storage mode 
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Outputs [MJ] Trondheim Siping 
G 330591.5 461359.9 
Eu 109957.2 131163.9 
Eload 105496.9 117820.2 
Esl 67112.2 78888.1 
Estore 32437.5 41724.9 
Einj 88887.3 120612.9 

,

Appendix F. Tables and Results the heating modes  

G.1. Mode 2: Solar direct heating mode  

,

Table F1: Numerical values for simulation of mode 2, Trondheim 

Month Coil Rad House SF 
Sept 0.00 330.53 861.82 0.00 
Oct 1567.43 180.66 4991.93 0.31 
Nov 3222.83 80.44 9219.16 0.35 
Des 1449.27 36.50 12094.97 0.12 
Jan 1536.73 64.11 11256.61 0.14 
Feb 4662.61 183.15 10252.6 0.45 
Mar 4380.17 361.96 7031.61 0.62 
Apr 782.87 504.10 3439.46 0.23 
May 0.00 602.51 1143.92 0.00 

,

,

,

,

Table F2: Numerical values for simulation of mode 2, Siping 

Month Coil Rad House SF 
Oct 472.64 504.76 2249.12 0.21 
Nov 4225.12 405.99 9714.19 0.43 
Des 8805.99 377.88 17186.33 0.51 
Jan 10956.42 400.28 19952.85 0.55 
Feb 7838.62 488.79 15783.08 0.50 
Mar 3070.67 593.09 7917.6 0.39 
Apr 403.72 569.25 1886.66 0.21 

,

,
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Appendix G. Calculations 

,

G.2. Calculations of Building heat load 

,

Trondheim 
 
Annual heating demand = 44553968.23kJ/hr = 44553968.23/hr /3600 =12376.1KW 

 

House Area = 128m2 

 

Annual heating demand =12376.1KW/128m2 = 98.69KW/m2 

 
Siping 

 
Annual heating demand = 54222310.15/hr = 54222310.15hr /3600 =15061.75KW 

 

House Area = 128m2 

 

Annual heating demand = 15061.75KW/128m2 = 117.67KW/m2 

 

G.3. Ratios and efficiencies 

,



111 

 

Table G1: Efficiencies and rates 

Results Borehole depth [m] 

20 30 40 50 100 

FStU 47.93 53.43 56.66 58.79 63.48 

FStL 64.81 65.80 66.33 66.66 67.42 

FF 11.16/11.99 7.86/8.38 6.01/6.37 4.84/5.09 2.40/2.46 

FLU 32.29 33.94 34.84 35.40 36.51 

24hr      

Tank efficiency 36.34 32.34 29.25 26.81 20.38 

Thermal efficiency 34.64 35.03 35.28 35.55 36.26 

Efficiency  11.36 12.36 13.67 14.37 17.28 

,

,

,

€ 

FStU =
Estore

Eu

 

Equation G1: Ratio of stored energy to useful solar energy gain 

 

€ 

FStL =
Estore

Eload

 

Equation G2: Ratio of stored energy to energy injected 

 

€ 

FT =
Etl

Eload

 

Equation G3: Ratio of tank losses to useful solar energy gain 
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€ 

FLU =
Esl

Eu

=100% − FSU − FT  

Equation G4: Ratio of storage losses to useful solar energy gain 

 

€ 

FLL =
Esl

Eload

=100% − FSL  

Equation G5: Ratio of storage losses to injected energy 

 

G.4. Calculations of the efficiencies in the solar collector, Trondheim 

,

,

€ 

ηsys =
Eu

I × A
,

Equation G6: Solar collector efficiency 

 
 

€ 

η100m 2 =
38720972
101529429

= 38.14  

 
 

€ 

η150m 2 =
55706959.4
152294143.5

= 36.58  

 
 

€ 

η200m 2 =
71136780
203058858

= 35.03 

 
 

€ 

η250m 2 =
85248081
253823572

= 33.58  

 
 

€ 

η300m 2 =
97952138
304588287

= 32.16 

 
 

€ 

η350m 2 =
109709403
355353001

= 32.16 
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G.5. Calculations of the COP, Trondheim  

,

,

€ 

COP24hr =
Qstoragedt

0

24

∫
(Elsc + ElBTES ) × t

 

Equation G7: COP over 24 hours 

,

For the 1.July 

€ 

COP24hr =
51596.63MJ × 24h

(1223.9 + 2415.6)MJ ×13h
= 26.17  

 

Period 

 

Jun – Aug 

€ 

COP =
54714387.62 × 2208

(2691786.28 + 6687862.37) × 803
=16.04  

Jun – Sep 

€ 

COP =
77979443.84 × 2928

(4446102.36 +11697816.77) × 970
=14.58  

Mai – Aug 

€ 

COP =
81268996.23 × 2954

(4529462.04 +11936333.11) ×1031
=14.14  

Mai - Sep 

 

€ 

COP =
106520135.73 × 3672

(6716956.93+18395647.51) × 962
=16.19  

G.6. Calculations of heat per tube length 

,

!"#$!!"#!!"#$!!"#$%ℎ = !!"#$!!"#$%&[!"]!"#$!!"#$%ℎ![!]! ,
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!"#$%ℎ!"# = ! 32437.5(11×30!) = 147.44!"!!,

,

,

!"#"$% = 41724.9!
(4×30!) = 347.7!"!!,

,

G.7. Calculations of the new storage parameters for heating mode 4.  

 

,

Equation G8: Heat load, heating mode 4 

 

,

Equation G8: New estimated ground temperature  

 

Calculations for Trondheim: 

 

V1 = 623.45m3 

T30 =30 ̊C 

V2 = 3214.66m3 

Tg = 7.7 ̊C 

 

Ta= 10.81 ̊C 

 

Calculations for Siping: 

 

V1 = 623.45m3 

T30 = 30 ̊C 

V2 = 4329.51 m3 

Tg = 9.17 ̊C 

 

Ta= 11.79 ̊C 


