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Development of hybrid solar heat pump system for domestic hot water
- The variation of coefficient of performance due to heat source -
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Abstract

This study concerns the development of a low-temperature heat-collecting type PV/T hybrid solar
collector (PV/T-HSC) with a vinyl tube installed on the back side of commercial PV, along with the
development and prototyping of power generation / hot-water-supply system for residential use using a
heat pump (HP) and a ground source (GS) in addition to a conventional solar system. This system has 4
operational modes; 1) Solar thermal storage using PV/T-HSC, 2) Heating water using HP with solar
thermal of PV/T-HSC, 3) Heating water using HP with GS, and 4) Heat recovery of the GS, which means
PV cooling with GS also. In this paper, a water heating experiment using HP with PV/T-HSC and well
heat exchanger instead of GS was conducted. We found that, by using the PV/T-HSC heat source for the
well heat source, the COPup increased from 2.5 to 4.4, and the COPsys increased from 2.1 to 3.0,
respectively, at a heating water temperature of 60°C and flow rate of 1.0 L/min. This is mainly because
average temperature of brine inflow to HP rose from 16°C to 41°C. In addition, an estimation formula of

COPup was derived from experimental results and we show that it is better to utilize PV/T-HSC as a

direct heat source for HP rather than the use of heat recovery.
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Table 1 Assumed action mode and brine routing

#1 BEBEZ—

No. Mode Brine routing
1-1 Direct SS P — HSC — ST —P
1-2 heating P — GS — HSC — ST —P
2-1 SS heating | P— HSC — HP — P
2-2 with HP P— GS —HSC —-HP — P
GS heating
3 ) P—-GS—HP—-P
with HP
Heat recovery
4 . P—-GS—HSC —>P
Snow melting
° T/\t Grid
Hybrid { PCS |~
Solar ) | = D
Collector /
Hot water
supply
himam
T . § C % Water feed
< Heat
Pump
Ground
Source %l -+ - 3-way valve

® =++Pump

Fig. 1 System overview
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Fig. 2 PV panel layout
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Fig. 3 Thermal collector consists of vinyl chloride tube
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Fig. 4 Heat pump system.
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Fig. 5 Outline of well heat exchanger
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Table 2 Experimental parameters
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#2 FEBRGME
HW flow Brine flow
HW temp.
Source N rate Fy rate [p
Tou [C] . .
[L/min] [L/min]
PV/T-HSC
40 0.8 6.0
(8S)
Well
70 2.0 8.0
(GS)
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Fig. 6 An example of measured temperatures and power
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Fig. 7 Energy balance and COPs
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Table 3 Experimental results of GSHP
3 JHKEYR HP BhE LI ofER

T ot Twin Fy Toin Fy COPyp
[C] | [C] | [Umin] | [C] | [Limin]
389 281 L5 169 6.0 3.06
394 8.5 1.0 125 7.0 357
395 84 15 102 7.0 3.67
396 8.6 2.0 8.1 7.0 353
396 26.6 1.0 183 6.0 2.64
492 10.1 1.0 10.6 74 3.08
49.6 289 1.5 15.1 6.0 2.86
49.7 17.1 1.0 125 75 2.85
499 268 1.0 169 6.0 273
499 189 20 9.6 73 2.89
503 185 15 11.0 74 2.99
50.6 85 15 6.8 72 274
510 8.6 15 7.1 72 274
549 103 14 7.8 7.0 258
592 270 1.0 16.0 6.0 249
593 280 15 13.6 6.0 251
595 95 1.0 99 73 2.65
61.1 9.8 12 8.8 7.0 235
632 96 0.8 115 7.0 250
63.6 10.1 1.0 103 7.0 242
638 274 15 126 6.0 224
644 273 1.0 157 6.0 233
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Fig. 8 An example of measured temperatures and power
consumpiton of PV/T-HSC source water heating
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Fig. 9 Energy balance and COPs
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Table 4 Experimental results of SSHP

3 4 HSC B HP b & 1 SRS

T ot Twin Fw Toin F
[C] [C] | [Wmin] | [C] | [Limin]
392 284 20 179 6.0 348
495 285 20 362 6.9 5.50
495 279 L5 393 5.6 529
49.6 285 20 326 6.8 491
50.1 288 20 345 6.8 5.14
50.7 272 1.0 363 6.9 453
569 14.1 1.6 147 59 274
588 276 1.0 355 55 373
589 280 1.0 349 55 367
59.0 287 15 320 55 358

COPrp

59.1 277 1.0 389 5.6 413
59.1 276 1.0 42.8 57 451
592 275 1.0 455 57 4.67
592 277 1.0 414 5.6 442
593 286 1.0 415 7.0 441
594 281 1.0 39.7 7.0 427
60.0 283 1.5 377 56 3.62

619 14.0 14 15.6 6.0 244
642 14.5 0.8 14.5 6.0 234
64.5 154 1.0 15.7 6.0 232
64.8 132 12 164 6.0 231
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23, HOKEMIR & b U TR & O BUSEARE A KR I3 %
TWABZ ERbnD., ZOZ &G, COPrp, COPsys iZ
FEAREMIR & b L CRIBICSE STV 5.

PV/T-HSC R & LT RD 2 B, ZE LI2GE0 b0
% Table 4 (2R F. [FRMND, W& RIFEERE L 2251206
U COPrp DB AHMIICH D DD, 774 OIS
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5.1 HP 4%iEfzAT
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L/min %> 70°C - 2.0 L/min ® X 95 \ZLEMEDOERNT — #1348
Wz 55 LT AR, Table3 3L Table4 [RL7-%
DTHD. COPup DHEEE LCIE, ZRIEEROIBED 1 &
RIS TR L7z & OISLERIRE O 2 REIETER L= b o9
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N DHMN, ZIZTiE HP O/ 7 X —% Th s 5 B
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(BT D MERH 5.
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Fig. 10 Relationship between calculated and measured
COPrp.
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