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[Outline]

Low enthalpy geothermal resources has not been utilized in the past. However, 
since vast tracts of low enthalpy geothermal resources exist as energy in the form of 
differential temperatures, the reserves are estimated to be enormous, As a result, there is 
growing interest in the utilization of this untapped energy in order to reduce carbon 
dioxide emissions which is the main cause for global warming, one of today’s most 
serious issues.

The purpose of this feasibility study is to investigate the different aspects of 
problems in relation to cost, technology and measures affecting the introduction and 
widespread acceptance of geothermal heat pump (GHP) systems. Specifically, the 
investigation was conducted by collecting information from relevant literature, random 
surveys, discussion forums and expert groups.

(1) Present situation

Currently geothermal heat pump (GHP) installations number 300,000 in the 
United States and 50,000 in Switzerland and are increasing at an annual rate of 
10%. With even more favorable temperature conditions, the introduction of these 
systems in Japan has been found to be feasible. The geothermal heat pump (GHP) 
with vertical ground heat exchanger (Fig. 1) is considered to suit the requirements in 
Japan from both topographical and environmental viewpoints.

(2) Costs and widespread acceptance of geothermal system

Cost evaluations have shown that if the drilling cost for the underground heat
exchanger can be reduced with wider acceptance of the system, the additional 
installation costs (the difference between a conventional heating system and a 
geothermal heat pump (GHP) system) of the geothermal heat pump (GHP) system 
can be recovered by the average residential in two years with a cost subsidy of 50%, 
and 10 years for 30% (assuming that the subsidies are available during the initial 
stages of GHP introduction). (Table 1) When the costs are viewed over the 
operating life of the system (typically 24 years), a saving of 2,050,000 - 3,490,000 
yen can be achieved with a 30% subsidy (Table 2)

When the system is evaluated in relation to an installation at an elderly
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home construction cost), and recoverable in 5 years when the subsidy is increased 
by additional 7%, (Table 3). When the operating life is extended to 50 years, it can 
be shown that savings of 46 million yen as life cycle cost are possible even without 
subsidies (Table 4).

It can be shown that if all of the residential in Japan install a geothermal heat 
pump (GHP) as an overall acceptance of the system, a reduction of 52 million tons 
in carbon dioxide can be realized (a reduction of 4.3%) (Table 1). In addition, as 
almost no waste heat is exhausted into the air, the system is expected to contribute 
in holding down the heat build-up effect and reduce peak consumption of electric 
power

(3) Technological problems

Although there are no specific technical or technological problems, several 
aspects remain including the development of small scale drilling rigs specialized for 
the installation of geothermal heat pumps (GHP’s) and for drilling into soft rock 
formations as well as the preparation of drilling manuals.

(4) Methods for the introduction, promotion and widespread acceptance of 
geothermal heat pumps (GHP’s)

Methods for the introduction, promotion and widespread acceptance of the 
system include the gathering of geological data, system standardization, preparation 
of manuals, demonstrations, establishment of a distribution network, and the 
provision of a system of subsidies. Proposals relating to systems in Japan have been 
based upon examples in Europe and the United States.



Table 1 Comparison of initial installation costs, operating costs and carbon dioxide reduction effect for the average residential

Conventional system GHP system Cost difference Number of years required to 
recovery costs Subsidy (%)

Carbon dioxide 
reduction effect 

Note 1)

Initial costs
Operating costs 

(annual cost), Initial costs
Operating costs 

(annual cost), Initial costs
Operating costs 

(annual cost),
Without
subsidy

With 1/2 
subsidy

For 10 years (Ten thousands 
tons/year) (%)

Hokkaido 1.1 million yen 225thousand yen 2.7millon yen 102thousand yen 1.6million yen 123thousand yen 13.0 2.0 14 490 0.4

Tohoku 1.1 million yen 169thousand yen 2.7millon yen 70thousand yen 1.6million yen 99thousand yen 16.2 2.5 23 380 0.3

Hokuriku 1.1 million yen 189thousand yen 2.7millon yen 77thousand yen I.Gmillion yen 112thousand yen 14.3 2.2 18 310 0.3

Northern
Kanto

1.1 million yen 156thousand yen 2.7millon yen 63thousand yen 1.6million yen 93thousand yen 17.2 1.5 25 510 0.4

Southern
Kanto

1.1 million yen 154thousand yen 2.7millon yen 64thousandyen I.Gmillion yen 90thousand yen 17.8 1.4 26 1100 0.9

Tokai 1.1 million yen 159thousand yen 2.7millon yen 64thousandyen I.Gmillion yen 95thousand yen 16.8 1.5 24 580 0.5

Kansai 1.1 million yen 160thousand yen 2.7millon yen 64thousandyen I.Gmillion yen 96thousand yen 16.7 1.5 24 980 0.8

Chugoku 1.1 million yen 133thousand yen 2.7millon yen 54thousand yen I.Gmillion yen 79thousand yen 20.3 1.2 30 280 0.2

Shikoku 1.1 million yen 133thousand yen 2.7millon yen 54thousand yen I.Gmillion yen 79thousand yen 20.3 1.2 30 150 0.1

Kyushu 1.1 million yen 107thousand yen 2.7millon yen 44thousand yen I.Gmillion yen 63thousand yen 25.4 1.0 36 430 0.4

Average "total 1.1 million yen 159thousand yen 2.7millon yen 66thousand yen I.Gmillion yen 93thousand yen 17.8 1.6 25 5210 4.3

Note 1) Carbon dioxide reduction effect, all households installed



Table 2 Life cycle costs (LCC) per residential for a GHP system (30% subsidy)

Total LCC of an 
assumed system 

Area installation (Ten
thousand yen/24 

years)

Total LCC of 
the GHP system 

facilities (ten 
thousand 

yen/24 years)

Operating 
costs (ten 
thousand 
yen/year)

Number of 

years for the 

evaluation 

notel)

Total LCC 
(ten thousand 

yen/24 
years)

Cost reductions relating 
to expenses for fuel, 

electricity and heating 
following introduction of a 

GHP system (ten 
thousandyen/24 years)

Hokkaido

50— 100m

8~15°C

0. 2~0. 3 mVh

Fig 1

General layout of Geothermal heat pump (GHP) 
with vertical ground heat exchanger



Table 3
The initial costs and operating costs of the existing heating, cooling system and hot water supply system, compared with the GHP heating, cooling and hot water system 
for an elderly people's home, cost of investment for facilities required for reducing carbon dioxide emissions, and the carbon dioxide reduction effect when GHP systems

Existing system GHP system
Number of

years

Necessary subsidy 
rate for the assumed 
time of recovery (%)

Carbon dioxide 
reduction (ten thousand 

tons/vear). Facilities
investment

Facilities
investment

Constr 
-uction 
costs 
of an

Heating, cooling 
and hot water 

supply systems

Direct oil
combustion/absorption 

type water heater/cooler 
(two units) (Capacity: 

181,440Kcal/h)

Heat pump (60 refrigeration 
tons capacity: 2sets) 

(Underground heat exchanger 
(200m: 17 sets) (inclusive of 

the drilling cost)

Cost difference required for 
recovery of 

costs For 10 years (ten thousand 
yen/ton) (%) (ten thousand 

yen/ton)

elderly
people Initial costs 20.05million yen

Without new 
subsidy 37.2million yen 17.15million yen 28

’ -s 
home

With new 
subsidy 18.6millon yen -1,45million yen 0 30

Operating costs 2.9millon yen/year 2.3million yen/year O.Gmillion yen/year —

80 30

2/3
subsidy

available

Initial costs 6.68million yen
Without new 

subsidy 12.4million yen 5.72million yen 9.5
0.07 18

With new 
subsidy 6.2million yen -0.48million yen 0 0

Operating costs 2.9millon yen/year 2.3million yen/year O.Gmillion yen/year —

Table 4 Comparison of the life cycle costs (LCC) of the existing system indicated in Table 4 and the GHP system (for 50 years
of the evaluation)

1) Unit 
cost (ten 
thousand 

yen)

Life of the 
system

Number of 
systems

Number of 
years for the 

evaluation

Number of 
system 

replacements

LCC Note 3 (ten 
thousand-yen/ 50 

years)

Total (a 
hundred million 
yen/50 years)

2) Oil supply facilities 265 10 1 50 5 1325

3) Existing system Boilers 775 10 2 50 5 7750 2.45
Piping 190 10 1 50 5 950

Operating cost 290 — — 50 — 14500

Heat pump 490 10 2 50 5 4900

4) GHP system
ground heat 
exchanger 2550 50 1 50 1 2550 1.99
Plumbing
system 190 10 1 50 5 950

Operating cost 230 — — 50 — 11500
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Fig. 3: Ground temperature profiles at a distance of 0.5 m from the BHE in Elgg/ZH. For detail see text.

TIME [YEARS]
WJE 91

Fig. 5: Modelled ground temperature changes (relative to the undisturbed case) from 1986 to 2000 for a 
103 m long BHE at different horizontal distances at 50 m depth.

m 1. 3-5m (Rybach et al. , 1 992J:U)
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Technical description of the BHE/HP system at Lufingen

tfHE : Borehole Heat Exchanger 
HP: Heat pump

Object
BHE

ino. oi arinnoies 
Depth (length) 
Contractor

Speciality

4 multi-family houses
GRUNDAG-DUPLEX (polyethylene double U tube, 40 mm 
outer diameter, 3.7 mm thickness)
7
253 m
EKZ (Electric Utility Co. of Canton(=Prefecture) Zurich) 
Dreikoenigstrasse 18 
CH-8002 Zurich, Switzerland
Contact person: Mr. Christoph Wehrli, Tel. 004171/2075365 
Energy contracting (heat and warm water will be delivered to 
the flat tenants and sold at a prefixed price)

Object data

Input for dimensioning

Heating demand 
Delivery temperature 
of heating system 
Warm water supply 
Warm water temperature 
Operating mode of HP

77.8 kW (according to the Swiss norm SLA384/2)

45 oC
9000 liter/day 
55 oC 
monovalent

Energy balance

Heating demand total 384.8 MWh per year
of which for warm water 175.0 MWh per year 
Heat produced by HP 384.8 MWh per year
Geothermal heat from BHE 239.2 MWh per year

1 . 3-1 m XTX ^zl-U (f-Ol )



BHE dimensioning results (option B)

HP:
Heating power (B0W35) 130 kW
Geothermal power 91.8 KW
HP running hours 2587 hours
Longest running time 
per day 17.4 hours
BHE:
BHE operating temperature 0 °C out, -3 °C in
Simulation period 25 years
Rate of fluid circulation 
in BHE 23700 liter per hour (in all BHE's)
Fluid composition water with 20 % ethanol (to prevent freezing)
BHE type 40 mm Grundag Duplex
BHE number 7
BHE length 253 m
Average distance 
between BHE's 15 m
Deviated boreholes yes (tilted with about 20 degrees from the vertical

Pressure drop per loop
direction, drilled to the side)
116.5 kra

Reynolds number of 
flow in loops 4931 (=turbulent flow)
Total pressure drop 16.2 mWs
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1) ;]x-y/k#± (-7>d/g ^ : fL<#rfT) 

®100m%^:10^:(C-C^#LTV\6o 

04O#^)(Db— h^>ytCT18^[C#^.
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6)

(DCHF) &m l 'Tci#%MM 7 2s (#32. 2 - 1 L^J) '.

^#:,%t#^fl/cy7yA(j\ ^$150mCODCHF3&, b— h^yy^l^T#^^

tlTV^6-, f-#J#B4nx ^#65m^ @#266m3"C$)6o

4 MfttcofemitMttR (x>rx0^i)

GHP, —y7%A(7)my, joj:

U(3 7MMy(7)l:k^&^2. 4 - 1 #~# 2 . 4-4#(C^f, 7^^, ^^##b-

h/Kyy^x

^2. 4-i#e^6&. ^M#mb-h4i>y<kGHPr(D_%#ik^##aim^o 

y^6:, ctwi, 77%y(i##(±7K^](!:^yy(D^^(7y\ 

j^-Z^ibW^^W^V'Tc^Tdb^,:, 7^7K#6V^C(1, GHP(7)y^^%^Mb — 

p^>yiK)spp^Ai^y\GHP(Dy^#^%#m^^6&#y6^L6o y% 
yA(c^#^^@#^rt)GHP(D^^/j\$ < yyt?o

#2. 4-1# -^#-##(D#gy(Dltg((:%4'7T(D#'J)

(Warmepumpen Expo’ 98%# t H )

^Mm#HP GHP 4W 7 —

48, 960 48,960 48, 960

(%) 95 95 80

spf (VSfiKEffiS) 2.9 3. 5 —

17,771 14,725 61,200

#$4 (L/f) — — 1,703

Ay%y^ (m3) 6. 5 2.6 23

coz#^# (hy/# — — 3.8

#2. 4-2#y;±. ^mmmHP^-#^<^

yA#A^^LT. c(D#m&

l^<^. GHP^-#i^V^C^(C^i9,

GHP(l#(D2c^j:b^<'5^^8000SFr (^64^M)



2 . 4 2 # nxDffl ^ F "Tf <Z) PP( 7 'Y 7 ~C ^0 ffil) (Warmepumpen Expo' 98%# Z *9 )

SMBSHP GHP 7-

AU77A#% (SFr) 16,090
(VI, 287, 200)

12,730
(VI, 018, 400)

16, 300
(VI, 304, 000)

HSTB8iMs«S (SFr) 11, 010
(V880, 800)

—

(400SFr/m^) 2, 600 
(¥208,000)

1,040 
(V83, 200)

9, 200
(V736, 000)

(SFr) 1,470
(¥117,600)

1,620
(V129,600)

1,600
(V128, 000)

^S+ (SFr) 20, 160
(VI, 612, 800)

26, 400
(V2, 112, 000)

27, 100
(V2, 168, 000)

0 8*M^## (m.L, #^lx-H4lSFr=#mn (1999^2^24 8%))

B2. 4 — 3# 3.^/1%^—37, F T(7)PP#X (7^7-C(7)mj)
fWarmvpumpen Expo' 98 %# 1 V )

7 > ^ ^ 7 F ^SiSEHP GUP 4W 7-

*Sft (Sffl) (SFr/if-) 407. 56
(V32, 604)

337. 40
(V26, 992)

49
(V3, 920)

(^^) (SFr/# 271. 70
(V21, 736)

224. 95
(V17, 996)

22
(VI, 760)

(SFr/# 102
(V8,160)

102
(V8,160)

8
(V640)

((33. 35SFr/100L) /# — 568
(45, 440)

^S+ (SFr/^) 781. 25
(V62, 500)

664. 35
(V53, 148)

647
(V51.760)

^ >7^7737 F GHP 4W 7 —

## ' A##m (SFr/^) 150
(V12, 000)

150
(V12,000)

370
(V29, 600)

(SFr/<^) — 180
(¥14, 400)

(SFr/^) 150
(V12,000)

150
(V12, 000)

550
(¥44, 000)

0 ^(7)^1^, 8^M&## ({BU ##l^-H±lSFr4080M (1999^2^24 8%))
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3. 7f^rm

m2.4-4# xjxizmz>®:%&mmt'')3it!sb

SSBSHP GHP ?tW5-

B#3XK 1,612,800 2,112,000 2,168,000

7>->^3Xh

(H/%)
62,500 59,148 51,760

»T"f->X3Xh

m/m
12,000 12,000 44,000

10%#^3XH

(M/10%)
2,357,800 2,763,480 3,125,600

-mmmmnm
(ton/10#)

— — 38

#2. ^

#^L7hj:5e, Me, %

p oT$)5,

aijiD, GHP/^<m9-c^\

Wc^oT#-e$)5c^Xi^X)^,

fLTV'5.:. C^L/)\ #T#f$^(D8 0%^GHP^#ALl:V^mA^#XL^^L6,

2. 5 B*lcfcMt£>e,^14!¥tiB (-tt«g)

^e, GHPez^^mm

' ^o#C/^f'A(Dj;(:#^rfT'3yCo

m2. 5-1 me, m^(D^#m.^#^:#^GHpej:5^#g'$^#m#(Dm
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#2. s-imui.

ms. m2. 5-1

jo. #2. 5-2#(DGHPiy^TA(0%^3^H±.

(m^(D#mj#%(Di/2) ^e#LT^6o

—^ —4-^. 5%{S^b. ASi"^TC(D

(2)^T3>(tl5^M/^ (BUB^IO^). (i#

(M##10 4k 6;L^

Z6——(1997) #3:4;/^

(A"%)

m Ub#m. ^jb. jb#)

(fT0) 77^k —:^.T3> (%M) =2 : 1

LTbo

$Yc.

Ht. (1997)

Wi±Ujfelt,

E^tDSo* : ("il#m) X (IbWtffi : 17 R/kWh)

: (-^^^/^^r-m##) x (####) / (^&mm)

:(t. (^T#) : 10.35kWh / L

13* (UWU*) : 9.01 kWh / m3(5.23 ~ 12.79kWh / m3 (D^ify)
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3000 R-2^R)

GHP(C§@LT(1^^^(7)$^J (#2. 4-3#) &#

©GHPcD^^^^Hl, b-F^^y^70^R (@2##tf),

@#m 400 ^M (100m %%X 2*) #^^(7)^$##%

(±m). (mm#i/2:

T#)

® GHP (7) SPF (##^###) (1 3.5 (:%/ ;%(D#J : # 2 . 4-1 ##RB) ^ L

tz.o
® (GHP(7)^$/kjr—3^^) =

(^R (1997) (7)@g.^M'$^#(D—###(D^g+)

X (S^Sfffi : 17 R/kWh) / (GHP <D SPF : 3.5)

^2. 5-l#e^5^, GHP

6 1 160 ^R(7)#^^CTV'6o 2iT,(±, GHP

R/^a±^< ^6

y=[^ h-ri±GHP(7)^^^<

#2. 5-2#(7)[Bllj%^(i, GHP {^"e

^.#(7)^:#^^:# - F —F F ^ 7>->

^3^F(7)###) ^<^6^^^Lybt(7)-e$)6o

(tmiR^m) =

{(GHP^TA##^/^) - (#^(7)^:#(7)%m^^h)}
/ {(m^(7)^:#(7)7y^^yzi^ F) - (GHPi/^^A(7)7>z2>^3^ F)}

T$)6o

CfU:j;6^ [E]it%#m(l##miJ^^#V\#^-C13.0-25.4^^^6o 1

/2#%^^:lt6^ GHPC/%f-A(7)%^3% F^##t##(7)%m3^ F#^2 5^



2-3^#(:(±,

:% > 3 ^ h ^(c j: 6 / V v h T# 6 C & LTV ^6,:.

$7t:, %)2. 5 - 5^FM

1|%T36-4X%. 10^^4%-ei4-36%&^6,

^6(c^ (@i^^TA(C^V^-C7/7^/^/lxzi^h (a#LCC^i-&)

/Co #2. 5-3 #x#(7) LCC : 24 , B 2 . 5 - 4 #(C GHP

y^-fA(D#%^L(D#^(7) LCC (##4^#:24 ^) #5 2. 5-5#[: GHP

y^TA(D30%#%$)i9 <7)#^(DLCC(##^#: : 24 ^#) ^,#2. 5 - 6#(: GHP 

A(Z) 1 / 2 ##$) 9 ##&(%> LCC (##^^:24 #:) ###(!, M

2. 5-2#(D^^##$(D#e##(C30%. 1/2(D2@0^^^L^:,

-C&60

(f. #WEWS 24 10

#2. 5-3#-#2. 5-6#^M,T^5^,mTm^^(DmM#m^#&10

GHP 2 4^^

(O LCC z)^ -%t\ %/ ^ 1 jj n

-C$)60(C#L, GHP ^^TA(7)LCC^6 5 5^M6, 2 4^^T2 2 6^M (^

^^9. 4^m) ##&#%-#-

^m#(D@mmno%#%-c3 4 9^m (^%^i4. s^mx 1/2#

%-C3 9 6^M 5^M) <L#5,
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SSvXtA
issices-ra

*□ ntLCC 
(^R/24#)S,)

GHPvXtA

o'S+LCC
(FR/24^)*2)

=3Xh
(75M/%)

Ea3)
o’S+LCC

(3R/24$)

GHPvXtASS

8ME
(FR/24#)

881

240

10.2

24

485 396
$+b 747 7.0 408 339
itm 795 7.7 425 370

jbMH 715 6.3 391 324
711 6.4 394 317

mm 723 6.4 394 329
US 725 6.4 394 331

660 5.4 370 291
ran 660 5.4 370 291
AM 598 4.4 346 252

;±1) g^vX-rAESI-Mf-i>LCC|j:S2. 4-8S#!®0

;i2):GHP->XTLAMl2M1"5>LCCIS«T0)tll2'E$Uc,
# e mm 1SSEE LCC

(5R/d) ^s3> 05R/24^)
l—h7t<>:? 70 1 10 24 210

(35) 3 (105)

200 1 50 24 1 200
(100) (100)

£t+ 410
— (205)
TfSSffl

;±3)Fatt^(*s)(7)a$stffl^B(24^)<kufc0

;$4) : GHPvXTAl2Effl-r5t-h^>^(Dfflffl#lttt.
i=—s7#>^izEm^TL'^=i>^wy—

;$5) «!T&3SfiSSroWK WJX^U»©

;16) GHP0)M%$|j:1/2$mtLf:



6 (£A*-A)

(m2. e-urn c-;v'T, m2. e-iA

h(7)j:k#^;]<i-, $A, %#(7)%#U - ^ . ^r(Dm#^GHPy%-TAU#

(^%&LAGHPAX7-A^^

^2. 6-2 Aum-h

m2. ^AA —A-U12—PA>AA2A, 200m%^1 7A

hd%\. UrAL 7>zz>^3% Hi GHP ^/%TA(7) 

/ymmmue 0 9-^##co^;+m^ GHP 2-

PA>AA*2^^(7)&#iA^U#L^%>^^, GHP y%^A^#&##^-±6 

AAA(1. GHPmf^^##g(Dmm#m^AU4:#mT# 6/)4CX)U^jTV^..

m2. G-2#eM,66,m#CT(7)f;jm]z:^hK^LT(l, m2. 5-1#^#, 

m9mmj#mc A ^ . GHP 2/^AmAA%#imm:iu<-c

1715AMA<A6^%^^6-, L/)^L. GHPU^TA(7)AA7>'>A3XHA 

%60 AP]'Al'2^X)^,#%AL(7)#^'C$'j2 8m-C[Hp^"C#6A>AA6, 

1/2#%(D#^A(1. GHP

(7)A\ A jo, A

#& -e^

LTU6 .

^6Um2. 6-2#AA-tgAA-A#^A^A^T(i, #%#A# 

h (/) 2/3 ms,

572 AMAA^, [R]l(Xm0:t)2 8m/)^6^3^(Dl (7)9. 5A^

"C^a#T# 6r,

^AA-A 1 77#ZP GHP U^TA^^AA^# 

&9 80AK://m (N##M:0.07%) (7)^iJ0#M^^#^fL6o A#ib^##m

-e$9i8 77m/p>^A6. z^,6(7)#m(i, ms. i-smtms.

^ ^-<5 ^ ^ 1 / 3 -1 / 5mm (k
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X x T .A m ^ L T? t 4600 ^ M

^YcL. ^im^Lcccos+m^. -oTb6#Lv#&m 19

LT#y^, 97^r5^

d)GHP(7)&^T^K<^6^Ll:(/^W H%—i/g>)

%t.#t 6^,6,
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3.

3. 1

%3>) ##%^##L-cv^5o

GHP GHP

/h%,

F^>y(D'|^#ll C0P=3-5#^ (JIS #& 

### mmio r-em^L^#^) = #3. i-i^M) %?^6o

GHP h^^yd C0P=4-5

(#3. 1-2^) T^)5. W^-fCL

C0P=4-5Tt). ^(D^T^^TAZ %

L< d^^m±(D+t#g^(D-c, mfkDt- LTt)^

GHP^mDA^6^V'7h^&$om^i\ $yc. t-F#

>y(D±#^t)x %, B*(D^

(^T^xD^#) z^±#v\ (#3. i-iirn).

-e(±^iy\ i-e^^mmc-s^>y-rM^^^^#^GHP(:

GHP me— ^

7TA^^>LT±iiim^^#m##7'7y^mm$^6o

>yy^7Aj;i9 GHPy^TA(D[$9^7>-yy=i^ h^@<.

u ^ p^me&#%.6^6o ^##b-

COP

GHP cop

mk- h^>y<k GHP(7)#mk^&a7>^>y=:^

COP T:'(t < „ SPF[Seasonal Performance Factor : L^A

X#mw ^ T (7) COP 4^#)#:] -CFk#i- 6 $)6^#y6^L6o
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RAS-225LDR
(RAS-225LADR) (*7)

MOO
3.2

0.9—5.0-
3.6

5.96
'8*13.5,

590
75-1.050

99
17-24.2

5.42 39 41
2.2

09-3.0 #*10.8 (85-710!
93

9.9
'2.0-16.3

5.12 35 38 5.96 750 30 40 1.2 10 38 0
1 1 !

125-1516 35(9 52' © i

i RAS-225BV
(RAS-225BAV)

n

(*7)
1-100

3.2
10.9—3.9)

2.8
11.67

(#±14.8)
1,050

'260-1220)
90

24.2
(6.4-28.1

3.05 39 45
2.2

(0.9-2.5!
9.78

(#*12.8)
880

(320-1.150!
90

20.2
(7 4 -26.5)

2.50 39 45 11.67 500 16 15
d

8 " ©
125-lsj 6.351 9.5z|

7 j

R i RAS-221JH1
(RAS-221JAH1)

1-100 3 0/3.6 2325 9.89/11.2 890/1.120 90-00 20.5/25.813.37/3,21 4242
 i .... !

1843 2 0/2.2 8.5/9.35 765/935
!

90/100! 17.6/21.5 2.61,-2.35

1 !
37 37

I
4646140,36 750 18 20 1 1 13 8 30 © '25-15 6.35; 9 52- 4 |

17

RAS-255LDR
(RAS-255LADR) (*7)

1-100
3.6

(0.9—6.2)
4.5

6.97
(#*14.8!

690
75-1,390:

99
15.9

17-32.0
522 40 0

2.5
(0.9-34;

5.38
a*io.8;

500
(85-890/

93
11.5

(2 0-20.5.
5.00 36 39 6.97 750 30 “ 10 38* 0 125-15

6.3sj 9.521 3! |

* RAS-255BDR
(RAS-255BADR) (•*7)

1-100
4.0

.0.9—5.8;
4.2

9.55
(#*14.8!

945

90-1.380,
99

21.7 

'2.1-31 7
4 23 39 42

2.5
'0 9-3.0

6.13
#*103

570

(90- 900!
93

13.1

2 1-26.7,
4.39 35 39 9.55 750 19 40 1.4 10 38 0 125-15 6 35 9 52 3

RAS-255BD
(RAS-255BAD) (*7)

1-100
3.6

(0.9—5.5)
4.0

9.22
(#*14.0)

830
(105-1.320'

90
19.1

2 4- 30 4
4 34 40 41

2.5
(0.9—3.0)

6.66
1*10.3)

600
(105-930) 90

13.8
'24-214,

4.17 35 39 9.22 750 19 40 1.4 9.5 33 © 125-15 6.35
1

95j
3: :

X RAS-255BV
(RAS-255BAV) (-*7)

1-100
3.4

2.9
13.00

#*148:
1.170

280-1.245
90

26.9
6 4-28 6

2.91 39 45
2.5

.0.9—2.6
1.000 

320-U50.
90

23.0 
74-26 5.

2.50 39 45 1300 500 16 15 14 8 29 0 125-15 6 35:9 52; 3 !

19

* RAS-285LDR
(RAS-285LADR) (*7)

1-100
4.2

(0.9—7.5/
5.4

8.48
'#*19.7!

840
(75-1810!

99
19.3

(1 7-41.6,
5.00 42 43

2.8

(0.9-17:
629

'#*11.4)
585

93
13.5

20-22 3,
4 79 38 40 8.48j 750 30 40 16 10 38 © 125-20

j

6.35 9.52 J7!

RAS-285BDR
(RAS-285BADR) (4 7)

1-100
4 5

09-6.3
4 6

11.1
#*19.7

1.100
90-1605.

99
25.3

21-369
4, 43

2 8
.0.9-32

7.63
8*110,

710
(90-940,

93
16.3

21-216
3 94 37 40 750 19 40 1.6 10 % ,25-20 6.35-9 52 3 ; I

RAS-F285DX
(RAS-F285ADX) (*7)

1-100
4.2

0 9—6.6;
4,

10.71
'#*19.7!

1,060
120-1.800,

99
24.4 

2.8-41 4
3.96 lL 42

2.8
(07-3.2/

8.17
1*107)

760
' 95-995;

93
17.5

(22-22.9
3.68 37 40 10.71 750 19X2

t
1.6 15 58 ® 125-20 6.35 9 52!L&! I

20

e
V RAS-F325DX

(RAS-F325ADX) (47)
MOO

45
0 9-6 5

48
12.02

#*197
1.190 

120-1 800
99

27.4
3.78 42 43

3.2
0 7-3 5-

10.15
8*11 0,

995 
95-1 090

98
22 9

2 2-25 1
3.22 39 l! 1202 750 is/; 40 16 15 58 125-20 635 9 52

: = : ;

RAS-285BD
(RAS-285BAD) (*7)

MOO
4 5

:0 9-6.3!
4.6

11.1
8*197)

moo

90-1605!
99

25.3
'2.1-36.9;

4 09 41 43
2 8

(0.9-3.2:
7.63

'8*110;
710

(90 — 940;
93

16.3
2 1-21 6

3.94 37 40 11.1 750 19 40 1.6 9.5 38 © 125-20 6.35, 952
|, ! L-!

M
-V

RAS-285BV
(RAS-285BAV) (* 7)

MOO 3.3
13.22

-8*148-
2^-U,0 90

27.4
3 36 41 45

2.8
07-3 1;

11 33 
1*12.4,

1.020
90

23.5
4 5-25 3

2 75 39 | 44 ,122'750 19 15 16 75 33 0 125-15 6 35 9 52 3

21

RAS-286T
(RAS-286AT) (*7)

1-200
4.2

(07-6.2!
4.5

7.22
(**12.3!

1.300 

'270— 2.085;
29.9

'6.2-48 0'
3.23 42 47

2.8
:o.7~3.2)

5.45
'8*6.67)

980
(300-1200:

90
22.5

(6 9-27.6:
2.86 40 46 7.02 750 " 25 1.5 8 38 © 250-15

6 35J9 52 71

RAS-289T m-100 4 2
4.5

1.32 120(270

90
157

3.23 42 47
2 8 1.10 300

90
12.9

2.86 40 46
71

25 15 8 38 0 125-15 3
- 1- (RAS-289AT) (4i7) 713-200 0 7-62: 3 71 **6 58’ 1.180 2.085

3 0- 22 9 0 7-12. 2 32 **3 99 880 1.200
36-144 3.78: ! \T

>
RAS-325SD
<RAS-325SAD)

1-100
4.5

(07-6.3)
4.6

13.0
(**19.7)

1.170
(105-1.885

90
26.9

3.85 41
3.2

(0.7—3.5/
10.78

'**110:
970

.95—1 090;
90

22 3
'2.2-25.1’

3.30 38 42 13.0 750 19 40 ,6 9.5 35
©j 125-20 6,15 J 9 52M!

22 m RAS-406LDR
(RAS-406LADR) (-^7)

1-200 6.0
$ !

4.0 $ $
j 1

© 250-15 6 35 952

R

0 RAS-406BDR
(RAS-406BADR) <*7)

1-200
so

(0.9—7.5)
5.4

'#*124; (135-2.240!
90

(3.1-515!
3.06 43 50 4.0

'0.9-461
7.83

(1*10.4)
1.4

(155-
10
1870!

90
32.4

(3 6-43.0)
2.84 42 48 10.89 750 19 40 22 10 38 © 250-15

1-----
|6.35

1-----
! 12 7 3

!
k

23
-f

RAS-405BD
(RAS-405BAD) (*7)

1-100 6.0
(0 9—7.5;

5.4
17.17

'#*18.84,
1,700

105-1865
99

39.1

'2 4-42 9
3.53 43 50

4.0
0 9-4 6;

13.63 
'#*16 16

1.350
105-1600

99
3M

24-368-
2.96 42 48 17 17 750 19 40 2.2 9 5 39 0 125-20 6 3519.52

H

RAS-406LT
(RAS-406LAT) (*7)

1-200 6.0
(0.5—6.9!

5.0
12.33

(#*13.5!
2,220 

'290- 2.430;
90

51.1
6 7-55 9

2.70 43 50
40

(0.8-46!
9.33

(#*10.4)
1.680

(310-1870
90

38.6
(7 1—43.0'

2.38 43 48 12.33 750 19 - 2.2 8 37 © 250-15 6.35 12.7

1
31

RAS-409T mi-100 6.0
5.0

1.30 120 290
90

259
2.70 43 50

40 1.25 1,5 310
90

21.4
2 38 43 48 750 19 25 2.2 8 38 125-15 635 12 7

24
(RAS-409AT) (4-7) 7)3-200 0 5-6 9 5 74 #x7 34 2.100 j 2 430 3 2-26 7 0.8-4 6, 500 **620. 1565 1870

3 7-22 4 6.74 ui

r
*- RAS-506BD

(RAS-506BAD) (*7)
1-200

7.1
(1 0-9.8;

13 45 
(#*171)

2.420
(175-3.075!

90
55.7

'4.0- 70 7- 2.93 45 50
5.0

: 10-5.8!
10.61

(#*12.5)
1,910

(205-2250'
90

43.9
(47-518-

2.62 45 49 13.46 750 19 40 2.6 9.5 46 © 250-20 6J5 127 3

NT RAS-503PTR mi-ioo 7'
5.8

1.55 140 420 90 32.0
2.57 47 50

50 155 140 420 90 29.7
2 13 45 49

7f
1,00 30 50 28 12.5 52

...

125-15 6 35 127 3
(RAS-503PATR) 7)3-200 :t 0-80 14 1*101 2.62013,250 90 4 6-35 8 1 0-5 8; 725 »*8 2210 2.640 88 5 0-3, 7 8 4 ©y

.{ 1 RAC-T181LH 1 = 100 12.4/13.5 1 170/1 335 94/59 26.9,30.7 2.14/2.10 49/50 51/52 1.6/1.8 7 6/6.3 @95/320 32/39 16.0/18.9 2.30/2.20 iy*i 48/49i 39 600 15 15 1.0/15 32 © 125-15 - - -

25 RAS-F251LV
(RAS-F251 LAV)

MOO
3 8

1 5-42.
30

15.17
'#*178

1,365
395-1610

90
31.4

9 1—37 0
2.78 49

2 5
15-2 8)

10.94
#*14.2)

985
'435-1295

90
22 7

100-29 8
2 54 39 47 15 17 750 18 21 38 © 125-20 6 35 3

ii
X RAS-F403LV PS1-100 4 8

4,0
2.04 185 660 91 22 1

2.65 47 53
4.0 1.33 120 695 90 256

1.98 45 49
w

600 ’*T,i 29 2.2 22 43 © 125-12 635 1Z7 3r 7 (RAS-F403LAV) 7)3-200 (19-5.5) 52i:l*7 4; 1.625 2.495 90 (73-27.4! (19-4.0) 61!#*6.1l 1.900 2.020 90 (8 3-24.2! 6.09

! '< RAS-2815ST
(RAS-2815AST-GZ) (4-8)

MOO
4.0

03-46
33

13 60 
#*148-

1240
190-1370.

9-
28.5

4 1-31 5,
323 45

28
0.3-3.1;

12.56 
#*13 8)

U30
(190-1.240, 90

26 0 

44-28 5
2.48 I 37 43 ,360 750 15 40 16 7 5 32 © ,25-15 635 952 3

26
h

K

RAS-4025ST
(RAS-4025AST-GZ) (*8)

1-200
6.0

(0.5—6.8) 49
12.78

(#*13.6!
2.300

290-1600!
90

52.9
(6.7-59.8!

2.61 45 50
4.0

'0.5-4 6!
9.33

(#*10.4)
1.680

(310-1870!
90

386
(71-43.0!

2.38 48 1278 750 16 25 2.2 8.5 38 © 250-15 6.35 12.7 3

RAS-502PTR
;BAS-502PATR-GZ) (*8!

1-200 5 8
15 33 

'8*178:
2.7‘60

3.250,
90

63 5
I'9 7-430, j 2.57 47 50

5.0
10-58'

13.00
'1*146)

2.350
420-2.640

| 90
54 1

9 7-60 7
2.13 45 49 1533 1 100 30

L
2 8 |l2.S 53 © 250-20 6 35 127 3

ftSU ——--------------------------------------------------—— ---------------------------------------------------------------------------------
(i$) i±©£»JlS$«IC<£2>Ii|SfilZ:T. lC©tt««iP5El 0^9^5S5©fc©r-^ 2>ZtW&0$?, J*SX7,Zl>$ejiBUZ:u^*5*±Iiei3JISB2E:I*«l«R^Ii«"CT,
(ifl@g**SrF5J^372042S)('Sl X >l3$tta-'yHDB€T-'g-.(*2) 1 B5Ma5^;D0D«9C<tlCOU'r :i7,3>Uyi<D;M*e^ie$Sto. EMSIt280kWh£«fflUfi:8ii<Dm<l*23A/kWh<i:UC SfSilBtilK 
rttWL/^rorT, EmamicoL^i). 12m* kWh. #*931 m/kwhTm&urzsmr. #**4£i23A,-a,'st*A,. u.
K, iSKSeiC^OiHSlSXeSICRrefOSTCDTCiiSC^SVX, ;«*#5l33$ni:U'$tt/v,(*3)l^;BI!g7]l3;,^H9eQ«"CT,(-*4)aicei3JIS*ff(C961 2)IC<j:9'*i]$Ur:$^-55^<tB9aaicSe(DateerT, aK8 
i$6Eroy>9uwe5r»i$u^KfflrT. Rmc«gmi7A:t(«Tm3T%<±.miB0m@rsE#%RE%$i7.
E««$2(COP)t$;S*at! 1 kW35K:D<n^HI!6tl- HH*»*6tl¥8bLn:t)(DTT.(-'ii7)$9V#l$EEttf±«T9',(*8)$^#l3ffiBiaWft«TT.
• ^«WI2«^¥;H»LSTfl)r. *B^M®fflL«LlK5ICI3«a3r5^^3Vt2^h/5'Effil^<nfffL'.

ms. 1 (X7=J» (D#%# Cm^tDW
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ghp -yAT-Atot— btfy^t lt.

GHP WfAoa$ (COP) &*<t6A*IC|i, ESfflC0#3®*7t

lifiJB, ftHfflCi^**fcltmro?BSSrliJ|g7kPSl9ffi< x t L< (±i*<

ii'„ cfui. 5ic, #£i|6z)s*t< Tkdi: COP »sfi< 7kd»>br*fc

5 (SS4C®4@)„ ss. 2 — lie, k-^yym*s&<DN#

6^1", GHP '>xf il;Sl+5S!SoE# OffitpeoSS) lift 10 ~ 20 tT'fc-5 

<DT\ S3. 2 -1 Hi 9, t— h/tfyy^BcDttSSfeSli 20 ~ 60 TX'fevWl 

ttOb- htf yr/lc^oTiES-CibS

S3. 2 - 1 *ioT. GHP ->if At*WftiB?r#ifcS^. 20 ~ 60 Vi??*

**< wfA r. i ^frjgx-fc'S i%x. 6>
tv-6. *ifcli^tv£*ij)8 Lfcfl;ft8*Ryx7"i.^y T> =

yA-yxrA&ir^xtixS, S3. 2 - aXlc^a^SBWftyx^Aco-®

2

3. 2-2*

(IEA K— h^yy-ey^— (1994))

ftlSife-yifA

S58,«i£
USTkS-y^yA

#JsE@5i

ftS

mm

SSCtoB

««s

(J

i*ra «$*a>

:W®5l-£*

ftip*

#%m* rc>

30 ~ 50

30 ~ 45 

45 ~ 55

60 ~ 90

70 ~ 100

100 ~ 180

10 ~ 15

15

8

fcoxt +^ES8b*»sM'#X-15<DT\ 7ry = 'fyvy 

y x a ©SSfttgjferi > 6> » 0 Aio 6> ixT v' 5 QmmffiT* t #®« &ffi < if £ *. -6 r t 

z)iT*$ ZtLtt)s COP SrTlf a C t i(5|x:P»h.5„



15
0



£* Iff %P b fiLA AJ* EBt± # & L T t '7t^ ^ ±b_L^ V (D#5%IX ifc 7t #?/k *uA

^c-c.

t«9^#(D%#, [p]±egl6c^^#^^^i:v^o (#) -f

—k> I#]#(D#XL^(C j:6-k>

il^rAIrli LTl/^6 (S3. 2 - 2 Ei)0 i?y h 7/Hr—A <> d\

^tcm^T6/<^rb°yyyy- Hc^mzk/^^y^^L, y^- hTmcam#

$)<), (/j'y*7-j*kc7j:<«n mzkvjmixux fftm^f it> ~ 11 us zd 30

%%-C&6o C(D#^,

(ai^6^V\(DT, COP

fcTm\^?£%%:’mmmM'JG c t id j: v s CcdB^ejhxx;'# g £0 [zfc&tceb. e

^ (DC ^ "C$)6o

C(Dt5K\ GHP y^yA(D#%^^7)>i-y^TA^(Dm^t''dr(D^t)4'# 

cdeet^^o ;etL;e'tuD^ES^E(t"f~'e(cro^tLxv>^(D-c\ ghp axt-a
, f? 1. -4- -7 -h, vK /L'4? A<* irsHS U 4> %

3. 3

'{ T ilxW / A tcfljffl o i^”C vx- <5 (S 3 3 - 1 m) It, ^rf

$)5o y-y^y/<^ye#AT5C2:d'6mmz$t)^dSd'9 2:%5

(S3. 3-2EI).

tsktSESiy V y 1/y 2 jBIF (nmiS 56mmx ttIFIe 90mmn o 100m : ) 11 A&

#^L-CV^6o V/-H:°TA##-C(t, ^^13mX152^:(D%^:(:^###^L 

T^f->y%%yy/yU#:#^^V^TV^6o U^##m^7904m-C$)6o
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on/'5i%^.e>tL5„

GHP -yxiASrijlA-f dtcSfcoT. ftAoMffl-SlttBTESB^toEBlci: t, 

^5$fflT*fc-6„ Zji&V'A4c&< 9 |C7k6My GHP y

irV'oTfcii*-t-«^y0 #'SJy- h;P$cSrSbi-r ir 

tBWJ^^ h<Dffi«lcEISi"5„ C(7)tAIC. itt=f"E$S$to8fl*T y 

yemmf fcxct. msssroe&^ms&ggroaipT.yyt-

#5t@SiJ#®te#tt±K^'3fcror-iia*^^vxo jt,t,

SiffitESJ## (S3. 3-3®) £ t>-LeTro^A hr y AT*Ai|@ftE5#5W 

^#6jT,5E3#*(Dm%^4'm(0M%g#&^'3-C< 5. JWMKIt. ge«*|SJ 

w#gg#@@. ?v*uw (S3. 3-3H).

(RWE&##)

te-i:t.$$T'fc5„ y-yyf/i-f

XJ'-fXt K7A|c###lj-TKgi--5 Z &T=^B*Mlcy yy h—;p-c#6c

tt-kcosmtxi; 9 , i^T*# GHP yx

HSi$7)s*9#5tLa„

GHP y^xAT-li. E3;##

(* - ^m##) oss^m-a^tis. t:t, 

«&&#ai-6y%T-A, WA«S3. 3-40®«*ea • saaysse^ ghp 

•yxA^lcttAiAti-r jr fc£-$T-$)5 i:#Ae>n-6„

3. 4 ||ffl7-i7lHt

fcfe^6S@iT*#»JWtg7£AS;T*WJL J: 5 ir-f-5 ir. fc5t6KS#T-ttS»bT 

t@B'J=i^ hroiSi/'gt# t TioT Li 5. ^(7) J; 9 Xtr ir^^Tg^fcfeiCt, JffiRgfe# 

• «T7KAtt • *TIlltt*J:'ia?. SSX£tBSiJ*ffiro^-3.T/Ht:z)i4'$i7) 

R«-c-fc5„ z<D-r~a.r>K±#^(Li-?>c ttci ►). aSXeSiTE5g##i7)ES+ 

J; 5lc$e^5iLTV'5„ Lfc^oT.

j%5r jrlxiy. 5$A5tLd GHP y7AAlC!£;.S7£ttTES##Sr*(6(D3X hr* 

m&i-5$ds-e# 6 i 9 lc%6. WAIi. fcxTg

SSraoSi-f. #!T*roSiii^fc5SI$

ttv = a7;HW
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ftTvfttf, S«£«*LTi8D*ifi: tic£?>=■* h*. &mmti&>±.<r>M%&
$<DfMc/=et'%|%<*ci:»$T*6x tt*totc=-y=. kZZ.btiZ,

etjxLii, x'fxvi±, B3. 4-mroi5ic,
<>:mmsttfrtktauf,

#SX^ -5 i 9 H*oTV'5fcJ6, SlUcoMa-t, V atro^jteib-f\ E*4-(0#Nm 

jaro^(c*jv'Tt, tsfflft, *m»*#xm:4i:m#Lx, BfsroEttdj**# 
*X#6Z5CLXk6. a^HIcii-a-LfcXWJ; 5 h (? = =-
T/V) C0{f(&t>£®-C'fc6 5.

$rc, me - A<D#MijR*(Da Mb, wm*

<£.S/l$fc50

J4JLI n'4 SJ 14-X

faa^ m* (jhem)

(-WE^SS 300 ~ 800 kg/cm 2 til±, filkg • %lilSffiiS) 

: ^-r^y-r-mmoT h 'J =>yt^-y h

M@A: m#m*,

©SIS ("I6E#5SS 800 kg/cm 2 &.±, ]£ Wgfgg) 

m TV'V-7—tBffl

isb/S m##m, h-> hs#
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5.2. NOMOGRAMM ZUR BESTIMMUNG DER ERFOR- 
DERLICHEN SONDENLANGE

F/gur 72; TVomogramm zur Besf/mmung der edorded/chen Sonden/ange. Zu 
deacdfe/i s/nd d/e F/nscdranaungen /n Kap/Ye/6.3. aufSe/fe 36.

ms. 4-10 ttii^^^tslxlKDycdsdtT)^^-(XdXTtDW
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(4) mmmnmn

HP %£#SJi-5#SiR#ttE*T*«ro 

HP %&miT5#a"CB, *t> = x h/»y)»S0*v5#S!l#tolS:$t»W#5» 1"

6£S:r-6ii)-ft5iLfc*a do t*~ h u-7—

tBS'if$r*fc5i7)KML, KST-7)>o^®pJSg/j;/hgs (4 t*X2^}g

$W y--y) SS9J#^a* rcoj; 5 lc, HP ijtiaMWB V ?<d

»«■•+1-1+9 —-v-/ kA

(5)

i) RSI 150 kg/cm 2 «T, EES, ®S, ZESffiS)
• : * —#—+ h y =■ y t"y h , ifrKiotliiT^Vy--
. BfliM 6 • K#m m7k l'tt)IS*n.TS’l

ii) RSn (-WEISSaS 150 ~ 300 kg/cm 2, #S I &E@S(0EM)

• jS'dil ~fr■ K ii n v K' >v K nr t 'r' /\V-7-4/i-U N J/V |J

94



iii) ESS (-|6E®5$$ 300 ~ 800 kg/cm 2 «_k, ?ES • SUiSflS)

• #91*6 : ^T/Nyv-lBSlJor HO =ytfy h

• B8«^: i&mmm, nw*t»

• W«ro®,-6:ttl3ff<ev'roT-#iiWj;itiLitoSito$ffl^#NiJ=Jlg

iv) SS (-«6E*§§SJg 800 kg/cm2y_t, «WSffl3)

• #IU*8i : IBSIJ
• raait «###, t*-y

v) ##

• #—or * *—iS-—)

• : mm, m* (sms)

vi) I5K5

• #@J*£fe :

• rusm : mm, ad* (#*%#), e#it*

• SfltoWJttBH?

(6) ES#SU*ft#®

® xT^yv-ISNU

• gnmw!<D^>-?-)z£otBBu,

• bttmLX iV'

• He-t $Sb^ftt>*SV'



(D h y =iye-y h»J (o-^ y-Sorxf> k/lS»iJ)

• t'.y Mcffimtate&Jj-x.-ciBM, z>E*fcL< its%-eaii#is

• m 1 7Jm4-t:-tB9JnJ|g

• ZE*(£fli toS-S-S* ftltiSlL/tto "TIB,

• neit$?Etoa#/is81, iiiv'

® 3i--#-tnflj

• 7"L— Kfy h jB =fcr>'^ A y a —□ y KT'tSS'J, *9 ') 3—?@###
• ti'Rftft® ittiui 50 ~ loo mrotBgiJSEfcy

• As I ~n@!$$xM£ffl Bits

Sil, xa y a--el®Ji#is 

• 50myi*ro#s9J*#L/)*v 

•.-!,/? •r.iAi’i'mni1- l *; ■

(7) i@SJi£&agB 

® a—s

• HP g!7*i)S L/c/J'□ f$IT) t, (71*81^5 

■ 77!) 3 — o y KUSSjoAVflSijlSrogcAjILtelst^rB®

L / --f 7 y :/ Kfe

• h >; =>t-y h*g#L, =HKS*T-OttlS i:#1#I&<7>8!j

- **#(/## (±*5C*/ci±^-y y^roiiKS)



(8) i8»J#6®K:l+

hp s&safi'Jtds^-T-it, 6t,=* -t

7kbt,ifiS'it, is^r-asj-ftsjxfc*® do ts~
#9]Sr*fc5®KML, K5<T*7)'0#!SBTfig&/hS (4t»x2^g

HP KiBfi'JVffl y y<7)

Es+intj'-y-y hrogs^aw-efcs.



4. G H P vAfAlBIA • fflit ■ W%.<DXm 
CHI’->x=r A#&<@ii~<oxyy=y (A'tSfkrki) <0# v./tiISTtibti), £«#«li£SC

a ) ffiffiWft

bi ‘Mmtmt

c i #&(§®J

iCtitSSIVA

a ) se*6W|S).hlciS)lt-C. tit j"i 6tiict> 44£ W%i±«rc$ ii 5 tiffit7ti54, S-fiM-titilttiUtT 

lilt 4 1513'* T L 4 i' 5, «lc ft A H o Jft* T It, a FS 74#8s £ ire £4 5 a 'F lc fB i" 5 ti‘f # A !R« 5 

it Tv -4i' l > /tiff* £7)7" u-4 ir 4 6 »Jfi6ttAfc t>, B#£& <'£•#)>$ *> 5 t ®*>ti 6*

b ) t>, @;!tiT(iiai3*T t'fct , 6:&ffi|t]!cy-f yASffLTV'5, L AL4Ab,

SAIFT*. ycfcnt141*4, -? = = %,wo##. t'ty^ h b - 3 > !c t 5 % f 14 A * a* T 

A 6
c ) t&SBA LTit, GHPtot&sitj • b ti-fey 7-Jgiz;, Mfft&fti'Jffi»{**A

£-n-h 4 5ti,

Ami Tit. #A • tititit • *&ro*$Sr<b ti E F *5

4 i J6S»titi0 ■ JftTTkti-SB ■ 16HEI

(n ss$ef% : KitftattwarottTiaa. a F/ktit,

GHPyX7-A56#(OI$S+tt#FT(Ol*3*Tfc5« aitcMLTIi, iMcottiBlSA X A A > |S] C T 

45 titoT, GHP->x7A3isftwtteT»fia^47xA»Ss+ • Jig t ti 1C £.g4tf * Sr SIS t Ttia 

< .: FAflfST'fcS,

S!Z##-yx^A<oeiHctt. «T1 OOmg*tT©«#45K (#4. 1 - 1 SI##) titi.Bti 

454A, a F/k<7)7kti/:, • itiEiitWnitISft(c#a4tf«F 43, cti6io##&#

L 4 7 -/ 7“ »$## 6 tin If, S8KJ(STESE##<0# s+ A Ftiglc 4 5 4 It T 4 < , If « A 41 > 4 * lc 

t-'i-cba tiAttH-tiZcoT Li 7 & #7##ti:#lt5,
3 4, #»jn x Mo##*, 9 #T*(3S##*«#-r6«6E (1 OOmBS) »*f

««;tifltufl®»|3X HcgaLT4il9]4«K5r«a4< tiFfiKT* 5 j: 7 4 4 5, »IW = x h<0*tti

ic£.$*##-?*>6<or. *®*<oW*. WJB<owst, %##<o###^##& LTtt»-c*yi-e#>
A



Vaco'S! S ITaitSfgtfcS (JlJtSSClSl, 1 9 9 8), let, /k-fit 1C M L T 

i±, -<o rv'ifCO'lrj *5Rf l+twiBWaWS J: b £*5 vatu1*!
(Col'T, ft#|Scru! (1 9 9 8) 'tnfr-td,

Vaco'S! SrfiUnka S 554 ■ 1 " 2 KltoEB/jUJind, ZCTX-A1N'X&#3BL. ttS

coSECWa 3 K7 V a 0 W3C. y T/Sffi£-esa„ 'IkV 0 EV- y TWroseiii

Kro'k/j'bStk0"5, EWW a-S LTI49lS<o0f, ###@# • iWR • WJUfi

B • tmiHfcE • It WrEBias^ 7 *>w ETfliSSiiTva, r*te>©<t*?>£■»}*L W

4. 1-30), iE(cffFT-k*B*g;WoV'-r, BEfeSUES • BSEfeSJES • f'7t;i hfe»*

(/V^bO-a-o^iSR-ta a , *4. I -40<oeBil$*^S*L5. B8E6»JSEtf • BISfegiJE^t- 

88 UTtt, !**■»$»-fa Kfr^tt^-CRBro*# 6*60*6 AlcEXTSS (IB4. 1 -5, 60), 

tt0±fc7itSHfcttSro#75fcovT<o«Wj$s&*-efciitt. 0B±<o#7*BB*7 v

h f -y 7 V 4 y KVS5U1, L. <-#L-e*lK.ov>T©B0*

w - ? * $ w -a a 0 > a 0 7b f„i w n a (#4. 1 - 40), ko-o#^-

-70),
(Vaco'S! i±, «*wwve bjh'tawtiM'lSii'TV'aco-o. irctvo-efcfflffl-csa 

9 icTiavtVbif < W

(D fi)£

ttmssit, m±wv *i$ae<, me;fcaaifi (?*) ©■ft-t, a®»*iiSo 

/;H±(c*ftA'i>a, web (1 9 9 s) i±, ?«*¥SfWco4 1 ^0fwnay#-esij®^)-fo/c (S4.

1 -80), tt*w<DS«6>#e.> £ i > «*0©>»ilK#evfc*6*-efesfrA/if*«$«;»$ 

BtobiL*v'aa»v. #pf>s<D^mis.n7KU^mm<Dm<pnmksifj:Ltz, $v sssvirFs 

S0>*lcit. tvB<o*®X®(.: aaBW'giiia, -«£, *T2 Omfc
7c 6 4T-B83rS.Vh„ ©JS'XEtVO. l SCCCF ic&aiSS 5rfifil a LtS 9 Si \ ^SStoro

i@.ii7cV'tlSS«SrofiS^*K-our^t0L7a, it a ISfiJfi*It tt, iiliiot#
!>(7)iSlz~|tfca^W2 Omt-fcoa,

154-1 -9 0li. iTF- 1 0 0 mKlta¥a®)$5>S0T-foa„ JSTSItlMilt. VSHtHSM' 
toHft< (14ICHT), #T0-aic%E\ Vlfroti^t-CsIST-iMlt, 2 lg

cyatcfta, atitt, JliiT7k7)s¥Sfro*g|iT*S*Slx, TlfW-OSB,
aa#x:ana, aiivffv, JtT®*iii®#«T*e<, =p-i>sii-e;ei< *a a a^avofc.

isi«7e«£^'S-fflm7)MiBL-a'a¥»• ftttr-ir5^-s^fca, ae^rosisititefl• ittoas 
fa7SE«ff^e:aLT*ii9, a-<(xtt«-«m-t-a(D< aE'<o»a'jjf7)sfca©csrw^t.j'La, mice#



’v’ .... ...

PSP1E3
mmufUd

^4. 1-2i }M®@(*yy a>L':i- • 1H / KO T*6ta£>lMR U , %®E5fxO < / KO (C#F5Hl<7)S¥lffl£;
tj^S)

Fig. 1 Initial window (destlnated area Is selected In the position-view window, well distribution will 
be shown In the map window)

4 . 1_3[g] E^xU"!' -V-tDigiRO < > KO, ZtUZ

"j htt-A-H' £ -ti & 
i&IS]Ly<-V-^S^T^o 
IS,

Fig. 2 Select window of the showing layer, you 
can select the kinds of over-layered map. 
Green line shows the boundary of the 
cities, blue Indicates rivers and waters 
and red Is active faults In the map.
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1-41
an*'-ocD#Fzm%tat#ft-? fev?o<>k1^*'na)0

Fig. 3 Sample of the output of map Including wells, dots Indicate the well points. If you click one 
dot, you can see the data topic window of the dot point.

□ }ctiT

KQ-OHJc

11.1 [—112.0 he

12.1 - 13.0

13.1 ~ 14.0

n,1 M'5-Q~Tu

15.1 16.0
WM
m 16.1 17.0
«■1 17.1 18.0

mWT
51.1 ~ 60.0

60.1 ~ 80.0

80.1 ~ 110.0

110.1 ^ 130.0

130.1 160.0 m

160.1 170.0 m

i-5i s®g'j7'P7 fh^-t > „

Sample output of the mapping accord
ing to water temperature. Range of the 
tone will be arranged by your needs.

Fig. 4

Fig. 5
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£), [5]-16^0#F*K$:ErxL> f Mt'

if iaaoCGoTua.
Sample output of the data topic win
dow. If there are some wells In a point 
(e.g. factory), the window shows how 
many wells In the point, and after the 
selection, you can see the detail data 
and log data of each well.
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14. 1-71 <7)#k 16/8(7)^7 7 -f -y 7
Et^7 > Wtf 6 ntfe lJ > h U-+(4S4 >') £*m<bTS*6

Fig. 6 Sample output of the detail data window of each well, this window Is also useful for data 
Input. This window have button link to log data.
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(2) GeoExchange

M ZL % ^ (DOE) t: “ E zK > (The Geothermal Heat Pump Consortium,

Inc., l^PGHPC) r±j##.mc-E^>y(D-f^>^Elx-y3>m#(Dyn^

7 A (Geothermal Heat Pump Demons trat t i on Market Mobilization Program) J & 1 9 9 5 ^131 Xi^Z 
#C) (The President’s Climate Change Action Plan) (D — 0"Cfc •5DOECO f ff W)%\
ill 2 6# : 1? hj tt§ zr ^ ;P Ap'— (7) rfi —i:### E:— E zh° > "7° (Action No. 26: Renewwable En

ergy Commercialization- Geothermal Heat Pump) J t L/c0 7.

1 9 9 5^-2 0 0 ($tll 2 0#M)

Ccom, GHPC^6 5 0 0^E7P^D0E^3 5 0 0^K/P^#mi-5C^C^-oT^6o %

2 0 0 0^$-e(c40^-^(c$-e%^Lj:9«ki-6;+imi-r^6o Z(D#+

<>##^3 0 0 0MW8iJMi#G-?&3^##L-CV'5o
GHPC11. GHP#ie##, (DOE, EPA^^f)



DOE Residential Energy Consumption Survey (RECs) Climate Zone

□ Zone 1 is < 2,000 CDD and > 7,000 HDD [g] Zone 4 is < 2,000 CDD and < 4,000 HDD
0 Zone 2 is < 2,000 CDD and 5,500-7,000 HDD (g] Zone 5 is 2,000 CDD or more and < 4,000 HDD
[T] Zone 3 is <2,000 CDD and 4.000-5.499 HDD

14. 4-10 E P A &R L f: 6
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1
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1. #a
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3.

s.
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7. &tfmz.7-3 >?<< '> 3
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6

6
10
19

34

37

44

51
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United Slates Environmental Protection Agency 

EPA 430-R-93-004 

April 1993
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Exhibit 3.8

Total Annualized Cost of Space. Conditioning Equipment
Current Pi* ices - - Not I no I ud i ng Environmental External (ties.

EMERGING GSmp cslINK'O 

Adv ASHP cLow Coot)

Location

EMC AGING GSHP (VERT I CAL) __ Ai— ACv . ASHP

Adv Gas —w:— GFhP

Exhibit 3.9

Annual Carbon Dioxide Emissions from Space Conditioning Equipment
Reyionai Electricity Generation Mix
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6#%.6fL6o C(Z)^%g;M^^GHPC j:

1

^B (1997) %

#(D^##^:#^GHPi/^TA(C#X.6C^(Cj:c-C,

#5. 1-1#CA ^B (1997)

'a* (^####), jo (zMikv<

:#) ^B (1997) (C(j\

(^#^#E) (l^B (1997)

L. ^"B (1997)
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SS5. 1-2# ^x^;u^-(7)-E<kmS^ttiJ^StiL(-^bMS^SE)
Wlsj : /feiH5?^) 0. 33 kg/kwh

#A(#^^ : 0. 36 kg/kWh

frn 2. 53 kg/L

2. 35 kg/m3

#5. 1-3#(C, #5.
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(GHP =

(-^3:$/!/^-^##^^) / (GHP (D SPF : 3.5)

X (m^#m(:Z5Z#{k###mm#f&:0.11537kg-C/kWh (^B (1997)))

X 44 / 12

(^B (1997)

- (GHP

ms. i-3m&^5«&x (#m-m#) (^mm-^m)

%\ c^u±. ms. i-im

,kmL (ms. i-2##m) *m

^L5o

ms. i-4mc,

(%) #aT#j:9K#tuLf:o

: %) = ca&^##amm*)

/ 12.2# F> (1995)) X 100

4M%m5,2ooAs> (^jm^m4.3%)

:#x.6^,5o

TOj:!,
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IEAL—(1994) ,

IEA L — F /K 2/ % L'/K'" F, p. 141

Medici. F. and Rybach. L. (1995) : Geothermal Map of Switzerland 1995 ( Heat Flow Density )

(1998) : 7/

.. on.ci

Rybach, L., and Eugster, W.J. (1997) : Borehole Heat Exchangers to Tap Shallow Geothermal 

Resource : The Swiss Success Story. Proc. 19th NZ Geothermal Workshop 1997.
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Rybach, L., Eugster, W.J., Hopkirk, R.J., and Kaelin, B. (1992) : Borehole Heat Exchangers :

Longterm Operational Characteristics of a Decentral Geothermal Heating System. 

Geothermics. 21. 5/6. p.861-867.

SATAG THERMOTECHNIK % : t - h y 7°^p°p # # n y'

mm-, p.256

p.24

(%) = 1 p.92

3 y n y '98-10

(1998)

#28#, #2^-, p.45-60

Warmpumpen Expo' 98 V y h

(M) MSI (1998) : , 23, 3,



gu^e* (1998) :CCk- 9 (K#@) , (ft) ilHiSSSttd, p.1088

(St) (1998) : ir-f-cms## 1998 4# p.510



c&Lf7t\—Ix^—v

JICST STN mT#^mb-F^>ys%%f-A^cb^

mT#3c# c NT 6 ^cm#m $: e o ^.

HI 1 #HZ% F^^ijffit:— h#>"7 IdDtAT (keyword : Heatpump & Ground & Source> 

%1" & b— h 4^ > "7 X W> 2 & (keyword : Borehole & Heat &

Exchanger^ %T & ^ 3 0E(C%l^#0&(C|Wir(keyword : & b—h

^>y)

6 C b^T#6.

1) IEA (international Energy Agency) b—h^>7°'t>'57— (^7s¥) 

http://www.heatpumpcentre.org/

2 ) IGSHPA (international Ground Source Heat Pump Association) (USA)

http://www.igshpa.okstate.edu/defauit.htm

3 ) GeoExchange Information Center (USA)

http://www.ghpc.org/

4 ) Richard Stockton Collage (^f*> ’7 4' >7t —7“/!/) (USA)

http://www.geo-journal.stockton.edu/

5 ) Geoscience li (-f f U X)

http://www.earthenergy.co.uk

6 ) Oregon Institute of Technology (Geo-Heat Center) (USA)

http://www.oit.edu/~geoheat/
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22 Lakes as a Heat Source for Residential Heating: A Survey of Costs 

in Comparison with Different Systems and Ecological Consequences. 
(RE-ANNOUNCEMENT - see notes field for explanation)
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1 A study on the thermal output characteristics of a downhole coaxial heat exchanger 
- Studies on the downhole coaxial heat exchanger. (2nd report).

2 A study on the thermal output characteristics of a downhole coaxial heat exchanger.
3 An Experiment for Prool of Concept of the Downhole Coaxial Heat Exchanger, 

international Cooperative Experiment in Hawaii.
4 Apparatus for separating salt from mineralized water
5 Arrangement for effecting an energy exchange between earth soil and an energy exchanger
6 Artificial Geothermal Reservoirs in Hot Volcanic Rock.
7 Basic Study on Silica Scale Inhibition Study for Direct Use of Geothermal Brine in Kazuno, Akita Pref.
8 Soil physics, engineering and hydro-geological investigations of the storage and extraction

of low temperature heat in the soil zone unsaturated by water, with vertical heat exchangers. (Diss.)
9 Borehole heat exchangers: longterm operational characteristics of 

a stand-alone geothermal heating system
10 Coaxial Heat Exchanger (DCHE) system.
11 Control of road surface temperature and thermal energy storage 

using a bore-hole heat exchange sysytem.
12 Corrosion Tests in the Marchwood Geothermal Borehole.
13 Deep well utilized automatic roadbed snow melting system.
14 Determining effective soil formation thermal properties from field data 

using a parameter estimation technique.
15 Development of a snow-melting system using heat source of well water 

which is to be returned to the ground depth from which it is taken.
16 Development of an equivalent diameter expression for vertical U-tubes 

used in ground-coupled heat pumps
17 Development of insulated inner pipe for the downhole coaxial heat exchanger (2nd Report).

Materials and welding conditions. (I).
18 Development of insulated inner pipe for the downhole coaxial heat exchanger (3rd Report).

Materials and welding conditions. (II).
19 Development of Insulated Inner Pipe for the Downhole Coaxial Heat Exchanger. (4th Report).

Second Test Production and Performance Evaluation.
20 Effective and environmentally benign utilization technology of natural energy.

Development of Gaia snowmelt system by ground and solar heat source.
21 Energy underground storage project of the Netherlands.
22 Construction and development of a high pressure drilling equipment 

for installation of vertical heat exchangers. Final report.
23 Exchanger (DCHE) System.
24 Field tests and life time studies one-family house heat pumps 1982-1989.
25 Fluid Conductors; (2) Heat Transfer Effects in Forced Geoheat Recovery Systems.

Reporting Period: July 1, 1976—December 31, 1977.
26 Foundation design to no splinkling snow melting.
27 FROM THE BOREHOLE TO THE TREATMENT ROOM 

- A NEW PROCESS FOR MINERAL-WATER DISTRIBUTION IN
28 Geothermal heat exchanger
29 Geothermal R and D Project Report for Period April 1, 1975—June 30, 1975.
30 Geothermal R and D Project Report for Period July 16, 1974—September 30, 1974.
31 Geothermal utilization at Rotorua public hospital.
32 Ground heat storage. Thermal analyses of duct storage systems. Theory. (Diss. (TeknD).)
33 Natural Convection Heat Transfer Models for Downhole Heat Exchanger Applications 

in Shallow Geothermal Systems.
34 Properties and application of duplex stainless steels.
35 Prototype insulated inner pipe and evaluation of its insulation performance.

Development of insulated inner pipe for the downhole coaxial heat exchanger.
36 Required snow removing and melting facilities responding to multiple purposes.

Development of a snowmelting system using the thermal capability of the earth.
Exploiting bless of the earth and the sun for melting snow.

37 Research on a Novel Geothermal Energy Extraction Method the Downhole Coaxial Heat
38 Research report on the development of geothermal gathering technology hy coaxial heat exchange

using thermal insulation double-pipes.Fiscal year 1991.
( Sponsor : Engineering Advancement Assoc, of Japan )

39 Research report on the development of the geothermal evergy extraction technology based on 
the coaxial heat exchange system using a thermal insulation double pipe.
( Spnsor Engineering Advancement Assoc, of Japan ).
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40 Secondary Recovery Method for the Extraction of Geothermal Energy.
Final Report Consisting of Two Sections: (1)
Short Review of the Technique of Forced Geoheat Recovery from Sheet-Like

41 Semiannual Progress Report for the Idaho Geothermal Program, April 1-September 30, 1979.
42 Snow Melting and Control of Surface Temperature

at Car Park Using Borehole Heat Exchanger System(BHES).
43 Snow-melting without sprinkling water in Yokotani.
44 Studies on the Downhole Coaxial Heat Exchanger(4th Report).

Preliminary Considerations for Power Generation Using a Downhole Coaxial Heat Exchanger System(ll).
45 Studies on the Downhole Coaxial Heat Exchenger(5th Report).

Analysis of the Results from the Proof of Concept Experiment in Hawaii.
46 Study and research on the development of geotherm gathering technology 

to adopt a coaxial heat exchange system using thermal insulation double-pipes.
( Sponsor : Engineering Advancement Assoc, of Japan ).

47 Study on the optimum design of a coaxial heat exchanger in geothermal well.
48 Targeting Heat Extraction from Magma. Development of the Downhole Coaxial

Heat Exchanger (DCHE) system.
49 The effect of major design parameters on the performance of a downhole coaxial heat exchanger 

- Studies on the downhole coaxial heat exchanger (1st report)
50 The groundwater return type snow melting system.
51 The snow melting system utilizing groundwater heat.
52 The Swiss Experience Indicates Another Possibility for Geothermal Energy.

Utilization of Shallow and Low-Grade Geothermal Resources (I).
53 Thermal Analysis of Heat Extraction Boreholes. (Doctoral diss. (Tekn D))
54 Thermal enhancement of bentonite grouts for vertical GSHP systems
55 Time-continuous dynamic models for heat exchangers.
56 Utilization of geothermal energy
57 Working Performance of Shallow Downhole Heat Exchanger System.
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