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Preface to the Special Issue on ‘“Latest Utilization Technology of Ground Source Heat”

K W QLERE)
Tetsuaki TAKEDA (University of Yamanashi)
e-mail: ttakeda@yamanashi.ac.jp
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Technology Development of Renewable Heat

an BT (ESZOZERIEIEAN B L — - PEERITIR G B FEHAS)
Satoko TANIGUCHI (New Energy and Industrial Technology Development Organization)
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1. [XFC&HIC

2014 REEN D S M, EEPFRAREK LB O
WERFEZFRLE L TCoREFERIFEa Y —
7 L&A T NEDO O FAEAIHET XL —
FIRHANB R EFEOE 2= K= A - &%)
FaRFEGT HMEMNH PR — FR T RAT A
D BHFE & B R I o 2 R U 723kt - PERE T
VIal—ygrV— e RT U Y ILVEEE S A
T LAOBZE] TRV MHATE . BFZERZR O A
ko fipE e — FAR T 2T A (LU

GSHP t7%) tHEL T/ =y T =
7 a A FIZ 20 %LL EOHEA FTEEZ: GSHP O
R THD. A CTIIABEINHEBFEETHE AL
FEHHIOWFFEBRFE D RLFAZ DV TR D [1].

2. HARFARER

LU 4 A DWW T RERIERR FE 21T - 72,

1) K2 A MCHETERT R— L Bz fads
(BHE) DOHIFLEE « T35, 3 X O% U-tube DR
2) K= R b - @R LHEE - BTG O,
MSERB L OMEG e — bR 7= FOB%
3) K= A b - @ bIZFH 595 GSHP fiiiE
HEHIE S 2 7 2 DB

4) HEL RS 205 U2 aREE - MERE T — v
ERT X VI TE - B~ v 7 OIS

3. MEFFEBRREDOBE

PAIF, 5 b 2 AR ZE B RS DWW TR T 5.
3.1 {EORX MZHF59 % BHE DAIFLIE- T;ADE
B L UEIEL BHE DR
1) HBENATL—avAyR-BEOYRHEBESR
TLEHR—) Ty

A=y a A ORI W Tl b HERR
BUTAR T R—/VHIFLZ A FOHIETH H. i
VR HI LIS B D Klig 2z 1) b & KRR S b AR A R
ThD. EEHIFLO = DITIZ )N E O HUE 51412
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W UZIEE KU b~y RRKLETHSH. Fig. 1 H
R T RERERD ZFFOIRE KU v~y RZB
L. ThEHBHR LR I~ LiEk
BB X OENMEEO 3 B2 N ERTY L b
B HE 2 T2 AL RE K RENIC R HiA A, (A U
JSCIEEE 85m DR T A— L AHIFL LT 5E 01
ALETFLEER 1/v [min/m] O L FHERERER 217 - 77
BRE KU L~y ROIRSE) E &IX Heavy -
Middle + Light ® 3 %5, #REFEITHR K 90HZ £ T
Ble 7=,

fE % Fig. 2 12 g, EZHIR153 90N Th HHEK
BED 1/v 1% 2 min/m THHDOIZKL, REE&E
% Middle, JE%% 67Hz (2 L7BIFE RV L~
KD 1/v 13 0.9 min/m &, TERMEIZEE~ 55%, [H
WA & LE R THRI30%EMH SN 2oL X,
ENMARERED R Y L~y NIER)TF O &L
ORI 2.5 FEmETH D Z L DIRE O
HEEZDL, BREBOERMINHERIND.
I, NEED KR 728 Tk & 2t Bz ol
A=V rmy o HBELEEOBRZEICED H
AT Fig. 100 H ARRICTHERIC A B » RIS
AT N, ffICe y REKHT o2y Ka T
FEBHEH T D Fig. 1(e)lZVE—har he—7T
b5, “HEWYHOT v REZEIESEITEANIC
FEHB)TH D NLEDT-OICF WG AL
— A NHERRZ T2 L Try RERZR %
SAEBGIET DRk L Lz, Zhuc Xy,
k3 NTIT o TOWEHIFLEEITEARRIZIZ T AT
T2 D8k 72. A%, Bt Xv—20 /v
NE ALAELT, HILSALN T 7 v v v 7 e d
Oi-eTE2 kL, ®mRE#AS On-line TH:
ECx2MAHILELZ HIEL TV 5.

(2) FIRBRUF21—T LA HILERE L4

HIFL = A b 2T 2123/ MR CTHIFL T 2 o
AHITH 5755, BHE OEIEHT Ry[m* K/W]ILK & <
5. ReE/NELTHDITIETE D721 RMmAE
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\"l

Automatic %
rod changer\‘
l

v.‘ﬁ

Vibration drill head

i Rod container

Drill rod

P133 x P73 x L3.0m
(double casing)

X 33rods

(a) Outside view of the drilling machine (b) Schematic diagram (d) Transferring mode

Fig. 1 Developed automatic drilling rod changing system and a vibration drill head

I NUF a—TICx LTRYE30A v 7 v U
Fa—T7DORE, JENBRPERT 5O THER
YT OMEBEENINDNELIRY AT AEOM
Lov=rvrax MEEICHLHEST 5

I I I I I Normal L tubc NeW oval U-tube
A2Hz/1T0KN  67Hz/225kN  90Hz/220kN  42H 7 /00kN  160Hz OO |::>
Heavy Middle Light Conventional Other company

Fig. 2 Comparison of drilling time for unit depth

]
=1

(L]

=1

=1

Average drilling time [min/m]

) Fig. 3 Section of 25A normal and 30A oval shape
DORENESGHH T o — T ZFATLH5ONE . single U-tube in BHE

Fig. 3 [ TR EE AT 2 2 & CTRIUEE
DRTHR—=NTHT A ZXREORERUTF 22—

FEFATE 5. 2 C Fig. 4 lCRTIFOEE 30A -
DRF LR ) =F 1> (HDPE) A7, & D
N =2 =

FOESREE U MEFHOSRZ8UYEL, M

Single Double

AEMNTI0ARFUF 2 =T ERELI. X7 Fig. 4 30A Oval shape HDPE pipe, and oval single
A TRROIIE L 2FIAO U F 2 —7 A B and oval doble U-tubes
b2 Z LTV RF 30A X7 U Fa—7 o

EITHIENTE D, Fig. 5ITRT 3 RTARRE
FIEIZ iéﬁﬁﬁW#%WE xrI72 25A >
NUFa—7, BLORFE30A 71U T =
—f%%of7f~wﬂ%¢@§@“’7ﬁﬁ%

(a) Fluid domain (b) BHE domains  (c) Soil domain

WERSEIHED R & LA 4 Tablel (2773 Fig. 5 Calculation model of Ry, for BHE by FEM
5. f7f~w@ﬁﬁﬁ@ﬁﬁﬂM%4z%17
W/(m-K)& L7ea, —MRi97R 25A 7 v U F Table 1 Comparisons of Ry

=2 —7 BHE ® Ry1% 0.13 m"K/W T 2 DIZkf L U-tube g (Wim - K))
T, T 30A /;/ 7 U 9’-1»—\7“‘ BHE @ Ry 14 Normal R, 0013 011; 021(5)
0.10 m'K/W &RIEIZHAT 23%BORR & 78 - Oval Ry, 0.15 0.10 0.08

o RIRHCED R BREE L7223, —ikAy72 25A Ratio Ry Ry 079 0.82 085
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3.2 ZHEE-ZRREBEHEEHP 1=y FDORAK
(1) 60kW #RABEE HP &7EY 30kW #RiGSZZE R HP
K — MR T DA, RIRITKT 2 KRE R
A U= Z OANEEIE BFIRICE < 7D, 2
T, 60kW kbt — R 7 (HP) ==v D3
T, ERHET30kW D A = F L K
Hi 77 30kW DA 3= 2% 1 DO=v NI
WL, 60kW #ktkL L7z (Fig. 6). ZOHA, A
VN BN ORBEL R DDT, KAe— kR
> 7 OHIEI B K 9 kW~80 kW % T & g AW E Sy
AR KIS TE 5. Table 2 1S HEUERRBR St 12
BT sEERS L OMERORERE (COP) %
R ENEN 430, 451 LA EEEA BRS
S S, RIENS, #2030 kW #%
FRUSEH HP & BA%E L7, BEMESIRIC RV CTHSS
IBEEMN 65C,75CD & = d COP IEZZENZEi4.17,
3.65 EIEFIZEVMEN G BTz,

Fig. 6 60 kW type HP unit

Table 2 Performances of a developed 60 kW type HP

unit consists of a non-inverter and an inverter driven HP

Fig.7 GSHP simple controller

Space heating INY Mop—INY | Total performance
Compressor revolution Fpm 6000 4000
Thermal output I 28.27 27.96 56.23
Power consumption Ly 6.78 6.30 13.08
COP - 417 4.44 430
Space cooling INV Non—INY | Total performance
Compressor revolution rpm 4800 3000
Thermal output lew 2405 2925 53.30
Power consumption i 529 6.53 11.82
COP - 4.55 4.48 4.51

(2) GSHP Y R T LD = DEEI tA—F5—

HP ==y FHKOa 2 hE T UKL L
Tb, #HlziE, GSHP = "B DOLHED
BEHIE, (hETORRA S T OREZE - EDOE
iR, S SIS O KGR GO mEILE,
Mz CTESEJ e — Ry TRRA T —7 EDOEL
R AAT DY AT MIBNWTE, F—4— X
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— ROHIH S 2T L& UWET 2 DIZZEOE )
WMELI2 D, 22T, POAMNA— N ESHE?
B, A "=l — MR T OELEEIE, 75
RN T ORBEE - EA RGN Z T, HmH
PR KPR EE BVEE 70 & OB FEAT IR &2 5 +6 45
ON-OFF It nlfE & ¥ 2 B TR = A k7l o
AT NS LTz, BAgE L=l o4 7% Fig. 7
I, WIS DB T 1k O R AR & Fig. 8 12T

PC

1
ORI
GSHP-M_IFU 1
BC GSHP-IFU 1
[conionn | oSetru
I GSHP-3003 2
FU, HP TOTAL 5

GSHP-DU
AN
(e —
GSHP-M_IFU “I

[Auxiliary Heat sources] [

unit
i GSHP-M_IFU 1

[GSHP units]

-

—_—
unit

GSHP-M_IFU | ]

[Circulation pumps] g

Fig. 8 Interface of GSHP simple controller

3.3 BaRX M EMERILIZHEET HthdhHE—F
Ry TREEGHIE S X T LD

HRBA RN FIFCRA L, b #ie — hR 7
DIz e — NN, WEIES 7 8N RIRF IO RS
83 2 KB ER OBJRRIEIZHB VW T, bE— FAR
VTF T I K D EEGE R OR PRV A IR BV,
IREBLERE O M PEEVAE M EVANC ERG T 5 “BE
B\OEBF AR NAREIC 2, L ason
7 N TEZhE GSHP #2728 A7 A%
W+ sznc&sn. —J, HIPES AT LD
hEEZ 2 DHE, MPERBEENC X DIEEZ LD
TR 5. % Z T BHE BEDNZ T FE B 15 5 i KA
AfifA GSHP Il CALEL L, 2%V 228t — bRy
TFT—TREESELONR L. Zokkle, Hifp
BT~ DB KALVBREN S 2 GH R LR B & 225
BA~OARDEE ) TS A NTHEAE, LT
AT DINFRMN N IR & T B BRI BRI 5 % i £
T5. ZOXD RigEEIEEIE T L) A NER
T 7 R BRI RN & — AN 7" (HR-GSHP)
VAT L “ZBi% LIz, HR-GSHP ¥ AT LD
&% Fig. 91ZRT. FOREE & v o I o H o~
D BN BB A 0 I IG5 I T R B s Hagm
BN E S Y720 O BBAEIIIEFIZRE V. Zh
(28D EBRO M P AT HAZR B (K5 & LV /)
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SLTFTHIENRTE, £ =T v /LA MED 2
Uy hb&dHD. HR-GSHP O—fl &L LT, &ML
Br~OHEZHOWNWTERT L. SR ONERD
ZEH T AT AiX ASHP L KR AA 7 —DMAE
b eT5%5. 2D AF AT HR-GSHP Z 1 L
T2 a DE TN X =R E XA Ny 7 H A KT
DUVWTHRFTT 5. mEVAIE GSHP OMLBEEIZ)S U
THIBYERME DA B4 M9 5. Fig. 10 HIZFHAE
(W - Mg S & P B g D AR, FADERE
DR L =L F —H{liZ~7. Fig. 11 |Z BHE
DR ZET L2840 GSHP ALHEEEVE ff & 4
AMICKRT 5 GSHP WF AR OEIEEZRT. Zh
XV BHE # 10 & (& 1,000 m) & L7=%HET
%, GSHP MLFEEVEMTEIG DS 15% %25 2 &M
ot [EIER E LCC OFHFERE R % Fig.12
T, AR B 23 72 VW GA T H BHE
A 10 K, 20 KOYLEX 7 FLHICILE YD,
AT 10 4@ LCC % 5,300 J7HEIEATHE T
HDHZLENRENTE. ZORAKRENOAEL TS
D X 9 7RER I R & 7 BB BVE T & AT D it
X ~? HR-GSHP EAZNRITmWZ & D3R T
7. 1k GSHP & HR-GSHP O Lt# % Fig. 13
\Z7"9. HR-GCHP #EH A4 HZ L TT7 =27
2 A ME23 %, A =3 v /b3 A R 20 %I E
Rolo. ZTHEVEEINAITS 2L Tar s b
72 GSHP THh»> TH RE g =X —2h R 5
BNDZENDND.

Warm thermal energy Cold thermal energy
S L = ij\l
extraction Heal release I
Repeat

Heat recovery with time difference by short term ground
BHE thermal energy storage effect

="

B Residual heat load for BHE

Heat load for BHE [AWm]
=
i@
=
.
at load for BHE [Wim]
L 8
| -
| @&
+
Heat load for BHE [Wim|

Reduced heat load for BHE
D by internal heal recovery

Fig. 9 Concept of repeating heat extraction and heat
release for Heat Recovery Ground Source Heat Pump
(HR-GSHP) system with short cycle hours
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“ Cooling Subsidy 13 of the HR-GSHP mstallation cost
t ' Energy cost
I ! ' Energy Cont
;u By base cosmact eate 1600 yen kW
P s mecrrme  |Syemkith
B ol Tiyel
- Heat source cost
Size [kW] Cost
Heat facil L
towe (Hestmg Coolimg) |million vea|
Water cookng chiller] 15127761 1"
Water cooling chillar? 3661 456 N4
Air coolmg chiller 0 44
Sicam boiler [ 1]

1635°C
18 WmK

| Undisturbesd emperatuee

[
Additsonal cou

B (pip=. comstraction. contref)

Tipe
_ lenghlm] 100
The numher of GHEYs__ 10-120
Boechole cost [vem m] 15.000

Fig. 10 HR-GSHP system for food factory

40 millios yes

= Cooling load m Heating load GSHP ratio
5000 35
4500
__ 4000 B0
£ 3500 | aF
£ 3000 208
‘ézsoo . 5
2 2000 | 152
$ 1500 | 106
1000 } s
500 |
0 0
Conv. 10 20 40 60 80 100 120
Number of BHE
Fig. 11 Heat load of GSHP for BHE numbers
s LCC(10 years) Payback period
2000 2%
o o
< 1950 o=
;E_: o
251500 8 _§
124 g x
1850 58
N =3
(=]
2 1800 4 g
Lm0 2 %
Q E
Q1m0 LT
Cow. 10 20 4 & 80 100 120
Number of BHE

Fig. 12 LCC for 10 years and simple payback period

Az3 % [Operationcost]

10 years [x10° JPY]

Operation Cosl for
-
8

[ Initial cost ]

Initial Cost
[x10° JPY)

Conventional GSHP HR-GSHP

Fig. 13 Comparisons of operation and initial costs

3.4 thERHhARIEIRAERA L IoRET - HRETAIY —
WERT UL v LEHEFE- 5~ v TORH
(1) FEH-HEEFRAY—ILDOREF

HH 1L, HEAD GHE ICxd D IEISE D
E E A PR A L, 2% 2007 G FFRT
6925 L4k, ZoOEETFEEZRAANTERD
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7% GSHP Xab-PERETHY — L& LTHIHTE S
NRylr—v7 a7 5 “Ground Club (GC)” %
Visual Basic IZTBHZE L, #ECHHHATE DL D1
TA B AEENP LR EIToTER [2]. BEIC
PAZE S 10 FREPFHL, AT 0T T LD
Version up 23R LTz, BARMIZIL, EH
DNRE D% T > TE -2 OEEHRE, #
ZANTW AR DN B 70 5 1 e vl D b, Hi P B
FROFEFHOHN, 2258 e — MR oM AEE &
WO TZZBREBTE DA TV RURT A, il
WK 53 O BRHE - AR B A B I 72 & O FTHERE 2 F5
HL-Tu T 0% JAVAICEDIEVE L. [H
IRFLZ, GUI D, HiBR AR i & D H X 0,
770 MMExtiSE L2 ENVAT AOKREZ Rk
BEATHhD (Fig. 14 (a)~(c)). ZDH L\ Version
D 23— K4, % “Ground Club Cloud (GCC)” & L T,
ZDBIREIHZ—F—IZFIi L TE-> TV 5.

(a) Appearance of GUI of “Ground Club Cloud”

Air Conditioner | I

' '] ] | B L] 1 ] | ]
Alr Source Heat Pump GSHP Cooling Tower
Flow
control
pumE

BHE

(b) Possibility for multi heat source system

Borehole  Energy pile  Spiral

(TRRRRY_ ¥
000U

(¢) Variety of BHE to spiral type heat exchanger
Fig.14 New functions of “Ground Club Cloud (GCC)”
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(2) I BFREZFRALIARTY v ILEEHEF A
S~y T DER

Fig.15 [ZRT v vy b~ v 7OMERT 0 —47R
I, [HbssmE, EROmz &2 o5
T, (L, HEIFmRNE S TV DK 6300 ADEH:
Fr—2ZEL, HESFHEZR I 8 I
ATEMLEL, 7—#—x2{kL7. ZLT,
AT 4 r—F—- 7 VX T REEEHA LT 3
WoLZEMHM ZITV, (EEMEOHESF, 8 fE
DHE DFEWR TR L. T—F =21k
WO RREIXTHBRICRETE 20, &bitfind
DI I 250 mX 250 m, TEEE 7 1 m TR
LTW5. ZOWEROFIEMEEREZ LIS, 8
OB DREN L ANBIRERE 525 &
T, REROANMROER~ » T 255, AT,
H A4 [ O Hivss 4 D R 5 g Hi s o0 Hi iR B &
ABLE W EOEE) HEE L CHIRE A D~
v T ET. F, RBRT — XTI A ARBEES
DYPERRT A X AT —H %, A2 OWEVKHE Xk
FEOWMAE = R LIS LT EE 5 2 ThlE
BAARRIRZITV, £ OO E O RO FEH %)
MR L MR, F USRS B AR 2 AJE
L L TCTHRITHEA L2 “Ground Club” —C 3 fEEE DO
hE gy (BHE) &% 5 2T 3 4Efd GSHP
BIEEFHE TV, F0 & & DRAK « ik
THIRENHRSENTH D Z L 2R L L,
%= (APF) 28 BAZfELL | & 72 % BHE &
S&ROT-. FDLHAA AR LTZH DD Fig. 15 ND
FFTHD. HPBRHRT vy i, BRE
frigER, MRS, MK - i & RO B
NHY, TNbE~vy b5 LbEZHND
D, EE D IR A SEEEEICBWTH
HE APF UL EMREG OB G R S 2R
~ TN, BWEFESLEN, gt —F—lct o
THEEHNT—FELLV S NHDEEEZ TS,
Fig. 16 (a)lX H 1% APF % 4.0 &£ L7234 @ BHE &
BHEXZHAALE10km 7'V v RTERLTWVWA.
AL CIZ BHE & &3 120 m 75 140 m LETH
5 Z ENbDD. Fig. 16 (b), (o)l XRIH O L2
W-HF O BHE B R S5 4i% 500 m 7'V v R TFH
RLTEHDTHS [3]. HHRANLE BHE £ & 725 80
~100 m, /\EF7>5FHROJELEH TIX 60~80 m,
£t R L TIE 80~100 m, IR BLTHEL Tl 60
~80m MLETHDHZ ENREMNLHARND.
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Probabilty colima
of wellrock types

Ground thermal conductivity e Healing and cosiing loads

Fig. 15 Production process of some potential maps
for shallow ground thermal energy resource

L* [m]

=110
- 120
-130
- 140
-150
- 160

(b) Kanto area (500m grid)

T

(c) Noubi and Osaka plane (500m grid)

Fig. 16 Distributions of needed BHE length for
standard detached houses in each climate zone [3]
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4. £L&H

AR TIE, 2014~2018 F-E D 5 [, NEDO O
FRA AT R L — BRI B BR R S D Lt %
ZFTEBL MR A b - @EhEREEB T 5
BRI E e — FAR 7 U R T A OBHZE & B
MM AR U7oikEh - ERe Tl R 2 b—3 g
UY=L e IRT U VR AT LADOBRFE @
T2 4THH ORI THRI Lz, AEARE
B - BREFFE & REOFEEEE RN S E RS
g S~ v 7ORA, R7E—AAEEIa2 A kD
B, R U F a— 72 kP EGSHEE X o
R, mhRIE 2 R b 60kW FRaEHE A b — R
YTFT—, N AT DO AT Lo
v hue—I—, KREFES XT AMT HR-GSHP &
AT LY, ZNOEHMAEDLETHLIL, EH
THZ LIV A=V vaRr s, ToA=0T
TR NEZNEN 20 %HIHTE S RIARTHS.
%I, DO AE A L7z GSHP v A7 A
DFFERER L M 21T 9 TETH 5.

BE
AWFFEIE 2014 4EE~2018 4EE D 5 4E [, NEDO
O FERTRE = 1L X —EUH| FHH B s 2 (BF%E
RFE BB ORRO—HE2ELDIZHLDT
& 7%. NEDO J#%, ¥ I OMbHEE KSR F P Taear
JebE b AR, B R EkEeh L, WFIERHsE =
V=7 LMIEbN AR HEER L ET.

SE
[1] NEDO: F4: ] fE = 3 /L 5 — BRI F 9l B %
ME= R b - EghaR 2 SEELT 2 [ B e
— MR TV AT KORFE & HEEHUR 1 A
MM LG - Ty I 2L —va vy
—b e RT X VA AT L ORISR
Jif 26 AFRE~RK 30 AREERRCR VS E, NEDO
(2019).
K. Nagano, T. Katsura and S. Kindaichi:
Development of a design and performance
prediction tool for the ground source heat pump
system, Applied Thermal Engineering, 26, 1415,
1578-1592 (2006).
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Fig. 1 Flowsheet of typical GSHP
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Fig. 3 Changes of COP, output power, and power

consumption in cooling operation
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Fig. 4 Changes of COP, output power, and power
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