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Development of renewable thermal energy utilization technology
~Development of a design methodology and an optimum control system

for the heat recovery ground source heat pump system~
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Abstract
The authors developed the design methodology and control system for the heat recovery
ground source heat pump (HR-GSHP) system, which utilizes more than two types of
GSHP units for heating and cooling. In the HR-GSHP system, the heating and cooling
outputs of each GSHP unit are controlled. As the trial calculation of installation effect of
HR-GSHP system for complex buildings and food factories, it was confirmed that the
HR-GSHP system can drastically reduce the initial cost compared to the conventional

GSHP system and shorten the cost payback time less than 10 years.
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Table2-3 Comparison of thermal loads of GSHP units be-
tween design and experiment

Measurement Ideal Reproducibility
[kwh] [kwh] [%]

Heating| Cooling| Heating | Cooling | Heating| Cooling
Summer | 1020 | 1582 | 1376 | 1919 | 74.1 | 82.4

Intermediate| 1244 | 1404 | 1402 | 1459 | 88.7 | 96.2 | 86.1
Winter 1307 | 711 1546 | 735 | 84.5 | 96.7
Industrial plant | 1214 | 1870 | 1310 | 1950 | 92.7 | 95.9 | 94.6
Summer| 330 | 1589 | 334 | 1620 | 98.8 | 98.1
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Fig.2-35 Concept diagram of installing GSHP system in complex building
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Table2—4 Initial costs of conventional GSHP system and HR-GSHP system installed in complex building
&7 f it Bt ol BEUE
13k GSHP | HR-GSHP [FFA] 13k GSHP | HR-GSHP
E=b::h e e = 1 1 ERED A AR
RN R A S 1 1 FEED AL
RS ® 1 1 FEED HEE
KEFT— BE 1351, 2kW//% 1 276. 3kW #* 2 1 17,200 | 34,400 | 17,200 | HEM100Il
KAEFT— B% 1566. 1kW/ % 1 456. OkW - 1 20, 400 0| 20,400 | HEM150Il
ReT 3600L/min x 11kW £ 2 770 1, 541 0 | 150X125FS4H511E
KT 1260L/min x 3. 7TkW #* 2 317 0 634 | 100X80FS4HS53. 7E
W mEE | R 7R —JIL100m LS 144 16 1,100 | 158,400 | 17,600 | 11, 000//m
&5t 194,341 | 55,834
=8 +0 | —138,507
SFALEE 1.00 0.29
Pk 3,862
B —35. 87
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Table2-5 Initial and running cost of conventional GSHP system and HR-GSHP system in complex building
EREATA (878 HR P £ 1) OFF-ESHIP 2 b
Vil R Ve AR BE IR AE AR BB BB
(£3k) (f£3k)  |(GsHP)|  (FE3R) |(GsHP)| (f&3R) |(GsHP)| (7£3R) |(GsHP)| (FE3R)
HiEHs | TIRHEH [kw] 22, 854 25, 568 400 22,854 600 25, 568 528 22, 854 880 25, 568
TERHEEH [kW] |3,953|732(Nm?) | 176 [2.850vm) | 80 | 3,953 |732(\m?)| 150 | 176 |2&nsiNe)| 62 |3,953 |732(0\m?)| 148 | 176 |275(Nm)
COP [=]1] 5.8 [|st2kwnm)|145. 4|w08kwnm)| 5.0 | 5.8 |d2kimm)| 4.0 |145.4|wskwne)| 8.5 | 5.8 [d2kwne)| 5.9 |145. 4 |10.8kwna)
1 REIACEBE ['C] - — 35 - 0 - 35 - 0 —
1 RBIERAR > 7R E [L/min] - - 3, 600 - 3, 600 - 3, 600 - 3, 600 —
1REIFS THEEH  [kw] — — 10 — 10 — 10 — 10 —
2 KAERR > 7% E [L/min] - - 3, 600 — 3, 600 - 3, 600 — 3, 600 -
2RBIKRTHEESN kW] — — 10 - 10 - 10 - 10 —
TEE | LBERE [kg/m?3] — 1,500 1, 500
RBE (M) BE ['C] — 16.5 16.5
TS [kJ/ (kg*K)] — 1.5 1.5
TEEHHEEE W/ (m-K)] — 1.8 1.8
g | AR — RP7R—IWI 2 TNUFa1—T R7KR—IWI 2 TMUF21—T
T Ea [m] — 100 100
RT7 K- IVAEE [x] — 144 16
R3GE [m] 14, 400 1, 600
UFa1-7R%E [m] — 0. 025 0.025
UF1—T4M2 [m] - 0.032 0. 032
R7R—NOF [m] — 0.12 0.12
777 MNzER W/ (m-K)] — 1.8 1.8
4% — SmER)IFL > ERERVIFLY
& SREREH [Mwh] 23, 823 20, 683 23, 823 20, 683 23, 823 20, 683
Y27 LRIMLEBERE [MWh] 23, 823 20, 683 1, 766 | 22,057 2,606 18, 077 1,870 | 21,953 2, 551 18,132
GSHP FRIMEEHE [MWh] - 4,372 4, 421 |
HARS Y COP [=]11 5.8 [stomwnm) |145, 4|0sunm)| 5.0 | 5.8 |s2kimm)| 4.0 |145.4 |[0skinm| 8. 42 | 5.8 |s.2kwne)| 5,97 |145. 4 |0skinm)
R HEEH [MWh] (4, 121 |763(Fnm) | 142 [121Fwm)| 353 |3, 816 |wr(Fned)| 652 | 124 |wenFwm)| 222 |3, 798 |m3(Fnm)| 427 | 125 |ieFhm)
FREEED [MwWh] 4, 263 2, 684 (F Nm°) 4,945 2, 386 (F Nm?) 4,572 2, 387 (F Nm?)
FREBES (GSHP 0 &) 1,005 649 |
aZN[Fr=>Faxh [FM] 63,949 (BR) [233,535(# )| 74, 169(BK) | 207,554(# X) 68,575(B5) | 207,707(# X)
FrZyFazx bt [FH] 297, 484 281,723 276, 282
S Z /AR MEE [FH] e —15, 761 —21,202
BlisE B —5% —7%
S>> =2 % a2 MGSHP D#E) — 15, 071 9, 742
Bl - HE —35%
1ZYvI)LOX MEE [FH] e +194, 341 +55, 834
E =R b QN — p-%i 3 —71%
HEEINE (] i 12. 35 2.6

HERDARRE FRIGABKERVORS S —ICL 548, HESHEHEAZBEHREL VLS
HERFLIE15A/KWh (AR SAA), HARLE87A/m*E L TEHE
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Fig.2-36 Comparison of lifecycle costs of conventional system and conventional GSHP system and HR-GSHP system
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Fig.2-37 Concept diagram of installing conventional GSHP system and HR-GSHP system in food factory
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Table2—6 Initial costs of conventional GSHP system and HR-GSHP system installed in food factory
ERAHR 13 GSHP HR-GSHP
i K7 R=IITE KT K —IV40Z
HE %% %% £%8

ERARA T — 5, 300, 000 16 84, 800, 000 16 84, 800, 000 16 84, 800, 000
724 F 5 —30kW 4, 443, 000 1 4, 443,000 4 17,772,000 8 35, 544, 000
K& F T —30kW 2, 209, 000 0 8 17, 672, 000 12 26, 508, 000
AT YT 1=y F300kW 44, 430, 000 1 44, 430, 000 0 0
KAHP F5— 6, 945, 000 0 8 55, 560, 000 9 62, 505, 000
RK7ER—=I1imbit) 10, 000 0 11, 700 117, 000, 000 4,000 40, 000, 000
R KEE 20, 000, 000 0 1 20, 000, 000 1 20, 000, 000
SRR 30, 000, 000 1 30, 000, 000 1 30, 000, 000
&5t 133, 673, 000 342, 804, 000 299, 357, 000

F2-7 BRRIFBICHEIBWEGSHP P X7 LBEVPHR-GSHP Y X7 LDA = v )VAX b - 220X MRERR

Table2-7 Initial and running costs of conventional GSHP system and HR-GSHP system installed in food factory
DERSY 27 L (é@ﬁﬁg@ﬂgqu;;ﬁ) @HR-GSHP ¥ X5 L1
A 3 ey w Pk B3 AE AEH hn#k 3
(1£k) (#23k) | (GSHP) | (#£2k) | (GSHP) | (F£3k) | (GSHP) | (23k) | (GSHP) | (f£3R)
HElE | TRED kwl| 330 9400 345.8 236 919 9400 351.6 236 1057 9400
EREESS kwl| 110 | 1072L/h | 128.8 65.6 224 | 1072L/h | 64.5 65.6 208.6 | 1072L/h
4% COP 1] 3.00 0.86 2.68 3.60 4.10 0.86 5.45 3.60 5.07 0.86
URBIADRE [cl| - - 35 15 35 15
URAIERA > 7HE [Umin] | — - 1,200 3,000 1,193 2,490
UREIA S THEES kWl | — - 15 19 15 30
2RMBERA > 7i%E [L/min] | 1,000 - 1,000 300 1,008 3,088
2RBARTHESS  kwl| 5.5 - 55 3.7 7.5 15
TERM | TERE [kg/m?] - 1, 500 1, 500
RBE () BE [C] — 16.5 16.5
TEH [kd/ (keg*K)] - 1.5 1.5
TEEDREEE W/ (m-K)] - 1.8 1.8
HospEn | A — RK7KR—IWETIWUF2—T RK7KR—IWSTWUFa2—T
T | £ o [m] - 100 100
R h—VAH [A] - 117 40
R&AE [m] - 11, 700 4,000
UF1-TAE [m] - 0.025 0.025
UF1-75 [m] . 0.032 0.032
A7 K- VOE [m] - 0.12 0.12
777 MMEEE [W/ (m-K)] - 1.8 1.8
T - SRERVIFLY =SBmERYIFLY
BE | 2HEREH [Mwh] | 2,535 | 19,659 2,535 19, 659 2,535 19, 659
Y27 LAMEETHE IMWh] | 2,535 | 19,659 | 2,088 | 447 2,710 | 16,949 | 2,016 | 519 2,783 | 16,876
GSHP £RLI2E & (MWh] - 4,798 4,799 |
HIRT CoP 1] 3.00 0.86 4.35 4.00 3.97 0.86 11.00 4,00 3.97 0.86
HREES N IMwh] | 845 [2241[kL] [ 480 112 683 |1932[kL] | 183 130 701 | 1924 kL]
FREEESN [Mwh] | 845 592 683 313 701
FRBEEEN (GSHP 0 &) 1,163 884
JZ N[ Fr=>yaXb [FAEI| 12,675 | 168,074 8,876(BR)  [1020(BR) [1405(Bh) |  4,695(FR)  [10,515(B5)[ 144,281 (E3h)
F = Jax b [FH] 180, 749 164, 020 159, 491
LI /AR EE [T B —16,729 —21, 258
Hllig HAE —9% —13%
5 => 532 h(GSHP D&) — 17, 441 13, 264
Blis=R - Hoe —24%
{ZYpAIZXN [FH] 133,673 342,804 299, 357
1=+ X hERE [FH] HAE +209, 131 +165, 684
1= vV MYl - A —21%
HHERE (] HAE 12. 55 7. 85
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KBS IH15A/KWh (BRI EAA), EdEid75M/L & UTEE
¥HR-GSHP OHEEBEH 3 1 RAIK > T2 E D /&
MGSHP DAX hA T, 5L 2EMRIEDERIE, HRGSHP YR FLEREE L TDHR-GSHP Y X7 LADAZ2 v JVAX k- 522270

2 MEIEETRE N B,
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Fig.2-38 Comparison of lifecycle costs of conventional
system and conventional GSHP system and HR-GSHP
system
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