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1. Uvod

2. Terra Negra Hotel, Cepin

3. IMI - Institut za medicinska istrazivanja i medicinu rada, Zagreb
4. re-GENERATOR — Centar urbane kulture, Zabok

5. Designer Outlet, Zagreb

6. Dvorac Miljana, Poljana Sutlanska
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e Vidljiv porast u svim segmentima projektnih
rijeSenja: zrak-voda, zemlja-voda i voda-voda

* Nekoliko velikih sustava GSHP pusteno u pogon ili u
razvojnoj fazi:
-Hotel Terra Negra (Cepin)
-Institut medicine rada (ZG)
-reGenerator (Zabok)
-Designer outlet (ZG)
-Dvorac Miljana (Poljana Sutlanska)
-Vojni ordinarijat (ZG)
-Kaptol (ZG)

* Nuzan drugaciji pristup projektiranju nego kod
jednostavnijih rezidencijalnih objekata

1. radionica PLIGES projekta, Osijek, 10.11.2023. 3
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2. Terra Negra Hotel ’ Cepin Norway grants &>/ i fondova Europske unije ENERGETSKUINSTTLT
Energy
Temp. Temp. Cooling Cooling] Energy Cooling heating + Heating Heating
Srednja percentil, percentil, factor  factor] cooling, load, DHW, Heating] factor  factor

Mjesec temp., C pl p99  energy load kWhf kW kWht load, kWt] energy load DHW
1 -0,8 13,7 9.9 0,000 0,000 0 0,0 193.536 576,0] 0,2800 0,493 5000

2 1.9 -10,8 11,6 0,000 0,000 0 0,0 117.504 44431 0,1700 0,451 5000

3 59 -6,1 14,5 0,000 0,000 0 0,0 62208 376,51 0,0900 0,382 5000

4 10,6 3.0 18,6 0,038 0,308 13859 1496 15206 24521 0,0220 0,249 5000

5 15,3 6,9 222 0,157 0,615 57.258 2992 0 0,0 0,0000 0,000 5000

6 18.5 10,6 250 0,211 0,855] 76952 4155 0 0,0 0,0000 0,000 5000

7 201 13,0 26,7 0,220 1,000f 80234 521,0 0 0,0 0,0000 0,000 5000

8 19,3 12,6 25,7 0,218 0,915 79505 4446 0 0,0 0,0000 0,000 5000

9 15,8 8.8 23,0 0,156 0,684] 56893 3324 17.280 1616 0,0250 0,000 5000

10 10,5 22 18,0 0,000 0,000 0 0,0 26.266 2568 0,0380 0,261 5000

11 e 4.6 15,9 0,000 0,000 0 0,0 86.400 35491 01250 0,360 5000

12 0,9 -9.2 12,5 0,000 0,000 0 0,0 172.800 4212 0,2500 0427 5000
1,000 364.700 691.200 1,0000 60000

Broj sati godi$nje odredenog temperaturnog razreda u reZimu grijanja Broj sati godi$nje odredenog temperaturnog razreda u rezimu hladenja
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1. radionica PLIGES projekta, Osijek, 10.11.2023. °



Iceland [Pdl’

Liechtenstein
Norway grants

Terra Negra Hotel, Cepin
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72 busotine x 120 m

15 busSotinax 120 m
69 busotina x 100 m
8700 m busotinskih izmjenjivaca



2. Terra Negra Hotel, Cepin

Temperatura, °C

Temperatura, °C

* Test toplinskog odaziva — nuznost kod svakog sustava
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e 2 testne busotine: 120 m—TRT—-1,65 W/m K; 100 m —TRT - 1,73 W/m K
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* Prinos busotine
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250 y=0,3247x + 14,7

’ R?=0,9935
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Prinos pri ustaljenom stanju, W/m

Slika 3-5. Rezultat analize kapaciteta davanja BHE-120 pri ustaljenom stanju prijelaza toplinske

y=0,3269x + 14,3

energije grijanja i hladenja i izlazne temperature fluida iz buSotine R2=0,9953

20,0
o
- 150
%
w
10,0
y =-0,3269x + 14,3
50 + R2=0,9953
0,0
50 . | | \ |
0 10 20 30 40 50 60

Prinos pri ustaljenom stanju, W/m

Slika 4-5. Rezultat analize kapaciteta davanja BHE-100 pri ustaljenom stanju prijelaza toplinske

energije grijanja i hladenja i izlazne temperature fluida iz busotine

1. radionica PLIGES projekta, Osijek, 10.11.2023. 8
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* Predikcija rada sustava — 20 godina

Rezultat simulacije kretanja busotinske temperature u GLD/GHX programskim paketima za 20 godina:
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Minimalna temperatura fluida HP
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Zagreb

* 5katova, 5 000 m? povrsina, zavrseno 2022.g.

* GSHP —grijanje i hladenje
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iStraiivanja i mEdiCinu rada, Norway grants

Zagreb

* BHE polje =53 BHE, 120 m dubina, ukupna duljina 6 360 m

1U TC45 Turbocollector SDR11

2 busotinska polja

Polje A — 6x4+2 (26 BHE)

Polje B — 13x2+1 (27 BHE)

Sabimik Polje

Ulaz 52*D40 PE SDR
1zlaz 2*D110 PE SDRJ7

26 busotine * 12
37,44 m3¥'h

Liechtenstein

birnik Polje B
27 bu3otina * 120m
Ulaz 54*D40 PE SDR11

1zlaz 2*D110 PE SDR17

38,88 m3/h

(mimimi

[T

T
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TT
L1

470 * 2519

1770
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3. IMI - Institut za medicinska
istrazivanja i medicinu rada,
Zagreb
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Rezultati TRT-A = 1,84 W/m K
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y =0,3489x + 16,3000

Heat extraction

[y =-0,3489x + 16,3000
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Ministarstvo regionalnoga razvoja

- N = - - - - Li ht tei @ V1] ! o
istrazivanja i medicinu rada, Norwaygants fondova Europske unije S
Zagreb

3. IMI - InStitUt Zza mediCinSka Icelandl}[&] 8% REPUBLIKA HRVATSKA .iEIHP

* GodiSnja energija potrebna za grijanje i hladenje - stalna

promjena temperature stijene u funkciji proteklog , .
vremena V1 — BTES — 300 m? kolektori

* Mogucnost koristenja BHE polja kao BTES sustav

45 . Tot. Heating Tot. Cooling | Peak Ht Peak Cl
Peak cooling EST (kWh) (kWh) (kW) (kW)
Peak heating EST 105.380 10.131 371 47
20 ———-Msaan EST 64.570 14.925 339 69
VO — beZ BTES 34.890 28.381 287 131
9.662 43.030 187 253
1.500 71.225 0 378
35 1.500 81.700 0 450
1.500 86.925 0 506
1.500 79.723 0 451
45 ) Tot. Heating Tot. Cooling | Peak Ht Peak CI 30 10.775 68.421 123 383
Peak cooling EST (kWh) (kWh) (kw) (kw) 15.598 23.819 196 110
Peak heating EST 105.380 0 371 0 57.150 11.755 271 54
0 e —-Mean EST 64.570 0 339 0 25 94.250 7.501 321 35
34.890 0 287 0 L 398.275 527.537 371,0 506,0
9.662 6.065 187 82 E 7 oEs0
1.500 25.057 0 164 20 08
35
1.500 33.676 0 227 -
1.500 35.112 0 266 R
1.500 34.793 0 243 *;
30 10.775 24.898 123 182 15 §
15.598 0 196 0 ‘g‘. 1,26404
57.150 0 271 0 £
25 94.250 0 321 0 10 £
© 398.275 159.600 3710 266,0 S 80E+03
= g
a 2,0E+04 S =
20 8 40803
' . 2
' il A | ‘ E 1,6E+04
15 " i g Oo o a4 e AL Ly 0, Solar energy to|  Solar energy
2 1m0a e N B R B 8 & B ground,|  peak power,
BRI E Months Month KWhf] KWH,
10 RN ! £ 1 10.131 46,9
ARRRERRE ‘ ! ‘\" Rl ‘; 8,0E+03 2 14.925 69,1
' ‘ vy s 3 28.381 131,5
> § somo0s 4 36.965 171,2
w 5 46.168 213,9
o 0.0E+00 6 48.024 2224
°© R & 8 &8 8 B v & R R 0 48 96 144 192 240 7 51.813 240,0
© & ©® N @ O . h 8 44.931 208,1
Months Time (Months) 9 43.523 201,6
10 23.819 110,3
11 11.755 54,4
12 7.501 34,7
Total 367.937

1. radionica PLIGES projekta, Osijek, 10.11.2023. K



3. IMI - Institut za medicinska
istrazivanja i medicinu rada,
Zagreb

EST, °C

Mogucnost koriStenja BHE polja kao BTES sustav

V2 — BTES — 300 m? kolektori

A26 — % grijanje + cjelokupno hladenje

B27 — % grijanje + solar cijele godine

45 Tot. Heating Tot. Cooling

—— Peak cooling EST
—— Peak heating EST
40 ----MeanEST

(kwn)
52.690
32.285
17.445

4.831

750
750
750
750
30 5.388

7.799
28,575
25 47.125
199.138

8,0E+03

4,06+03

Electricity consumption, kWh

5
0 0,0E400
o N B N WO B o2 o2 =N
) [N ~ 2 9 © = 5 0
s & & S & &
Months

(kWh) (kW)
0 186
0 170
0 144
6.065 %4
25.057 25
33.676 25
35.112 25
34.793 25
21.865 62
0 98
0 135
0 161
156.568 1855
48 96 144
Time (Months)

Peak Ht PeakCl

(kW)
0
0
0

82

164

227

266

243

182
0
0

0
266,0

192 240

EST, °C

45

40

BTES — visa ucinkovitost DT zimi uz pohranu toplinske energije

Sezona hladenja?

Utjecaj klimatskih parametara
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Legend

() BHE field A26x 120m 1UTC45
@ BHE fieldB27x120m 1UTC45 |}

Tot. Heating Tot. Cooling | Peak Ht Peak Cl
——— Peak cooling EST (kWh) (kWh) (kW) (kW)
Peak heating EST 52.690 10.131 186 47
——=-Mean EST 32.285 14.925 170 69
17.445 28.381 144 131
4.831 36.965 94 17
750 46.168 25 214
750 48.024 25 222
A 750 51.813 25 240
G 750 44.931 25 208
o 1A (Al i 5.388 43.523 62 202 Solar energy to|  Solar energy
A N R gound.| - peak pover,
e AR 47.125 7.501 161 35 Month KWhf] kW]
',“.Z i A e 199.138 367.937 185,5 240,0 1 10.131 269
THHHHE i 126408 2 14.925 69,1
HEE £ 3 28.381 131,5
P g 4 36.965 171,2
‘; AR .% 8,0E403 5 46.168 213,9
1 ' | £ 6 48.024 2224
| ' 7 51.813 240,0
£ om0 8 44.931 208,1
$ 9 43.523 201,6
© 10 23.819 110,3
0,0E+00 11 11.755 54,4
&5 ¥ & B B g o8 B R 0 48 96 144 192 240 12 7.501 34,7
Months Time (Months) Total 367.937
Electricity consumption of heat pumps
BTES Variant over 20 years, MWh
VOinitial design heating+cooling NO BTES 1603
V1solar BTES whole field 1006
V2 A26 1/2 heating+ 1/1 cooling 1003
V2 solar BTES B27 1/2 heating + solar storage 456
V2 combined solar BTES 1459

1. radionica PLIGES projekta, Osijek, 10.11.2023.
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1 fondova Europske unije

e Zapustena tvornicka hala tvornice “ZIVT” - pretvorena u moderan centar urbane kulture

«  24x130m BHE 1U D45
- MreZa busotina: 8x3 (7 m udaljenost)

- Energetske potrebe : - Vr$na potrosnja:
o 223 MWh grijanje o 200 kW grijanje
o 118 MWh hladenje o 195 kW hladenje

-« TRT-A=1,65W/mK

,,,,,

A

0.011

EEERNENE N

& - (c/m)
_—-"Varaidine &

(5]

0.073
0.069
0.065
0.061
0.057
0.053
0.049
0.045
0.041
0.037
0.033
0.029
0.025
0.021
0.017
0.013
0.009
0.005

Heating and cooling energy, kWh
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4. re-GENERATOR — Centar
urbane kulture, Zabok

toplinskog otpora busotine
- Zadublje BHE - protok prilagoden za odrZavanje AT na maksimalno 5°C u vrsnim uvjetima — pad tlaka — cirkulacijska
pumpa vece snage —smanjenje SCOP-a

Iceland D{ll]

Liechtenstein
Norway grants

ofl®e REPUBLIKA HRVATSKA
Ministarstvo regionalnoga razvoja
=) i fondova Europske unije

30 boreholes (6x5), 30x100 m

$0Z

deliranje - d .
. Modeliranje - do 300 m — 2U D40; 1U D45; 1U D50 .
30
25
20
Propylene glycol vol. Concentration, % 15,0 Depth, m Re pD,bar AT,°C_Extraction, kW _Flow, /s both pipes Flow, |/s per pipe o
Pipe sdrll 2U D40/32,7 mm 100 2360 0,083 33 52 0,400 0,200
Speciic heat, ki/kg C 3986 10| 2573 0144 50 87 0437 0218 15
Density, kg/m3, 10198 200 3847 0380 50 130 0,652 0326
Viscosity, mPas 337 20| 510 0771 50 173 0866 0433 10
Freezing point, C 53 300 6573 1427 50 22,2 1114 0557
5
Propylene glycol vol. Concentration, % 200 _ Depthm|  Re pD,bar AT,°C Extraction, kW _Flow, /s both pipes _Flow, /s per pipe
Pipe sdrl1 20U D40/32,7 mm 100[ 2367 0120 28 52 0480 0,240 0
Specific heat, ki/kg C 3929 150[ 2367 0180 46 87 0,480 0240 °
Density, kg/m3 10258 200 3264 0414 50 130 0662 0331
Viscosity, mPas 405 250 4330 0836 50 173 0878 0439 Time (Months)
Freezing point, C 73 300| ss72 1546 50 22 1130 0565 = = = GHX Avg Fluid Temperature
Propylene glycol vol. Concentration, % 25,0 Depth,m| R pD,bar AT,°C_Extraction,kW__Flow, /s both pipes _Flow, I/s per pipe Maximum Heat Pump Entering Fluid Temperature
Pipe sdr11 2U D40/32,7 mm 100] 2345 0222 21 52 0650 0325 Minimum Heat Pump Entering Fluid Temperature
Specific heat, ki/kg C 3,861 150 2345 0,342 35 87 0,650 0325
Density, kg/m3 10310 200 2431 0472 50 130 0673 0337 12 boreholes (6x2), 12*200 m
Viscosity, mPas 557 250| 3225 0951 50 173 0894 0447 40
Freezing point, C -100 300] 4148 1,753 50 222 1,150 0575
35
Propylene glycol vol. Concentration, % 15,0 Depth, m Re pD,bar AT,°C_Extraction, kW __Flow, I/s both pipes
Pipe sdr11 1U D45/36,8 mm 100| 2726 0074 50 52 0,261 30
Specific heat, ki/kg C 3,986 150 4582 0269 50 87 0437
Density, kg/m3 10198 200| 6837 0714 50 130 0652 25
Viscosity, mPas 337 250| 9081 1458 50 173 0866 (N A
Freezing point, C 53 300| 11681 2710 50 22 1,114 T 20 | PRV IR I I oL Y NIl
Propylene glycol vol. Concentration, % 20,0 _ Depth,m|  Re pD bar AT,°C Extraction, KW _Flow,|/s both pipes 15 ATARRY Y !
Pipe srll 1U D45/36,8 mm 100[ 2322 0082 50 52 0,265 RIRTRTRIRIRATRLAYAYRTRTIALALAY
Specific heat, ki/kg C 3929 150 3882 0202 50 87 0443 0 "‘ b b AR0 R R b b AU R R b R
Density, kg/m3 10258 200| 5802 0775 50 130 0662 oW N W N W NN W
Viscosity, mPas 405 250| 7695 1576 50 173 0878 5
Freezing point, C 73 300) 9903 2928 50 222 1,130
b o OOHngmemHHHHHHHH
ropylene glycol vol. Concentration, % 25,0 Depth, m Re pD,bar AT,°C_Extraction, kW __Flow, I/s both pipes I SN EIgRBELREES
Pipe sdrl1 1U D45/36,8mm 100 2372 0159 36 52 0370 Time (Months)
Specific heat, ki/kg C 3,861 150 2891 0333 50 87 0451 = = =GHX Avg Fluid Temperature
Density, kg/m3 10311 200| 4314 0877 50 130 0673 Maximum Heat Pump Fluid T
Viscosity, mPas 57 20| 572877950 73 0893 Minimum Heat Pump Entering Fluid Temperature
Freezing point, C -10 300) 7372 3300 50 22 1,150
7 boreholes (7x1), 7x300 m
Propylene glycol vol. Concentration, % 15,0 Depth, m Re_pD,bar_AT,°C_Extraction, KW __Flow, /s both pipes 0
Pipe sdril 1U TC50/40,3 100( 2462 0059 50 52 0,261
Specificheat, ki/kg C 3,9855 150 4123 0164 50 87 0437 3
Density, kg/m3 10198 200{ 6152 0438 50 130 0652
Viscosity, mPas 337 250| 8171 0884 50 173 0866 0
Freezing point, C 53 300| 10510 1640 50 22 1,114
25 nAaAAANAAANN R A
Propylene glycol vol. Concentration, % 20,0 Depth, m Re pD,bar AT,°C_Extraction kW _Flow, /s both pipes N7 HEINIRR IR R {E IR
Pipe sdrl1 1U TC50/40,9 100| 2366 0061 44 52 0,300 o 2 { NN { 11 { i “ | |
Specific heat, ki/kg C 3929 150 3493 0178 50 87 0,443 < | { | | | (i
Density, kg/m3 10258 200{ 5220 0471 50 130 0,662 s b Ay AIAYATAL AT TAT
Viscosity, mPas 405 250 6876 0945 50 173 0872 TRYRYRIRYRTATAIATRIRIRIRIRIALIRY
Freezing point, C 73 300] 8910 1778 50 22 1,130 o Wl MW b bR R ui R R el b b
Wl o W N w R W N
Propylene glycol vol. Concentration, % 25,0 Depth, m Re  pD,bar AT,°C_Extraction, kW __Flow, /s both pipes 5
Pipe sdr11 10 TC50/40.8 00| 235 0115 33 52 0410
Specificheat, ki/kg C 3861 150 2601 0203 50 87 0451 o
Density, kg/m3 10311 200{ 3882 0533 50 130 0673 C RN YSE g NREEREERE R B B
Viscosity, mPas 557 250 5151 1081 50 173 0893 MEoESEEORERRaR 8N
Freezing point, C 10 300] 6633 2003 50 22 1,150 Time (Months)

= = =GHX Avg Fluid Temperature
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——— Maximum Heat Pump Entering Fluid Temperature

—— Minimum Heat Pump Entering Fluid Temperature
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Za dubine >150 m — posebna pozornost kod projektiranja - hidraulicko balansiranje i optimizacija

EIHP

ENERGETSKIINSTITUT
HRVOJE POZAR

18 boreholes (6x3), 18x150 m
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9 boreholes (9x1), 9x250 m

'RtRIRIRIRY

ERES53INEL.EL R
5 R & 8N E2R8ZRE %
& 8 8

Time (Months)

GHX Avg Fluid Temperature
——— Maximum Heat Pump Entering Fluid Temperature
Fluid

™ Heat Pump

9sT
891
08T
261
0z
91z
k:144
ore
k414

16



Iceland D{IL

Liechtenstein
Norway grants

ofl®e REPUBLIKA HRVATSKA
Ministarstvo regionalnoga razvoja
1 fondova Europske unije

4. re-GENERATOR — Centar
urbane kulture, Zabok

.iEIHP

ENERGETSKIINSTITUT
HRVOJE POZAR

. Porast temperature s dubinom — porast pridobive toplinske energije, ali u isto vrijeme degradacija mogucnosti pohrane
toplinske energije tijekom sezone hladenja

- SCOP - nema kumulativnog dobitka s primjenom dublje BHE, za razliku od standardnih rjeSenja sa 100 m

- Tehnoekonomska analiza - povecanje troskova busenja u odnosu na manje BHE potrebno za dublje rjeSenje? Pad tlaka?

Extraction rate, W/m
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5- DeSigner OUtIEt, Zagreb Norway grants

ENERGETSKIINSTITUT
HRVOJE POZAR

. 2017.g. - IKEA faza 2 — shopping centar Designer Outlet centar
. Konstrukcijski 13 zasebnih dilatacija (A-M)

. 260 energetskih pilota * 20m
. Paralelni bivalentni sustav — geotermalna/plin

. Potrebe: 457 kW grijanje i 477 kW hladenje

18
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- TRT —dva serijski spojena pilota dilatacije C
- A=2,49 W/m K (40 m pilot)
- Termalna interferencija

36,0
34,0
32,0
30,0
28,0 freg
o240
J}E - 65
—w 20,0
2 180 - 60
o ' 1. uvjet 2. uvjet 3. uvjet 4. uvjet E
T 16,0 |« > < > < > > | =
Q 55 ®
§ z
2
15,0
100 150 200 250
Sati 14,5
2
o 14,0
€
40,0 : 2
X ESTcooling i i a 135
35,0 + ESTheating : + ez 1S
+  LSTheating y=0,1996x+17,668 | | _ 2 130
30,0 1~ x LSTcooling i » > 2 ’
(5]
25,0 e B 125
- - ©
20,0 ke ;
o T R?=0,9653 = 12,0
S X | ; ©
. 150 £
I y=-0,1756x+ 14,251 T 115
= 100 R?=0,9558 5 '
= ’ Q
] €
H 50 g 11,0
0,0 = =
y=-0,2164x+14,293 - 10,5 —r=0.26 ——r=05 —r=1.0 —r=2.0 —r=3.0 —r=0.4
-5,0 SN X-T:7: 1 TSR SR I N — E—
100 v 10,0
0 10 20 30 40 50 60 70 80 0 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Prinos pilota za ustalieno stanje, W/m Radni broj sati u kontinuiranom konstantnom optereéenju od 2,64 kW
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6. Dvorac Miljana, Poljana oo 11 ﬁ s "EIEIHP

1 fondova Europske unije ENERGETSKIINSTITUT
Sutlanska

Norway grants HRVOJE POZAR

- Godina prve izgradnje: 1600 g. (obitelj Ratkaj do 1800.)
. Restauracija: 2014.
. Bruto povrsina zgrade: 4 787 m?

- Geotermalno rjesenje u strojarskom projektu 2015. — u fazi
razmatranja busotinski koaksijalni izmjenjivaci

- Odradena testna busotina za determiniranje termogeoloskih
parametara tla i projektiranje geotermalnog izmjenjivaca (TRT)

- 80 COAX buSotina po 50 m
- Toplinsko optereéenje 280 kW; Rashladno opterecenje 200 kW

1. radionica PLIGES projekta, Osijek, 10.11.2023. 20



6. Dvorac Miljana, Poljana - R "mEHP

1 fondova Europske unije ENERGETSKIINSTITUT
Sutlanska

Norway grants HRVOJE POZAR

X Series] —— Linear (Series1)
° |R|_)\—132W|||K =0
2 Koaksijalni izmjenjivaé - COAX-1 (50m)

——TRTout ——TRTin ——TRToutinv. ——TRTininv W/m
28
40,0 80
Koaksijalni izmjenjivac - COAX-1 (50m) O 27
" oA
35,0 75
% e s
H o
& ®
30,0 70 H 41T
HES s \‘\
o 0 65 o 2
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3 1
2 20,0 60 24s
8 £ 0 - EN14511norma
E 150 55 > s k . 0/-2°C COAX out/in
= k] 650 655 660 665 670 67 y=0,294x +15,70
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2 R?=0,99
10,0 50 o4
i s
o
5,0 45 R 4
5
00 | 40 \
3 -6 7 Lediste etilen glikol 15% wt
o |l r'u.w"“\\' sy,
5, 35 ° -7
]
k) -8
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0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0 -9 7 Lediste etilen glikol 20% wt
sati -10 T T T T e r T T r e
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TRT equipment

110 mm borehole
bentonite-cement grout

PE100 pipes
63! 1/32"

35m

45° inclined coaxial borehole
heat exchangers
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Hvala na paznji!

Kontakt: mmacenic@rgn.hr
o
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za projektiranje i gradenje
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