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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 1s the main cause for global warming, one of today’s most

serious 1ssues.

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



3)

(4)

people’s home, the additional initial costs of the GHP system is recoverable in 9.5

idy of 2/3 of the

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 witho

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

Technological problems

Although there are no specific technical or technological problems, several
aspects rematn 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.

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

Number of years required to

Carbon dioxide

—

Conventional system GHP system Cost difference Subsidy (%) || reduction effect
recovery costs
Note 1)
. Operating costs " Operating costs " Operating costs Without With 1/2 (Ten thousands
Initial costs (annual cost) Initial costs (annual cost), Initial costs (annual cost), subsidy subsidy For 10 years |l "/ (%)

Hokkaido [ 1.1million yen| 225thousand yen || 2. 7millon yen | 102thousand yen || 1 6million yen | 123thousand yen 13.0 2.0 14 490 04
Tohoku || 1.1million yen| 169thousand yen | 2.7millon yen | 70thousand ven || 1 gmillion yen | 99thousand yen 16.2 25 23 380 0.3

Hokuriku i 1.1million yen] 189thousand yen || 2.7miflon yen | 77thousand yen | { gmillion yen | 112thousand yen 14.3 29 18 310 0.3

North - -
zl;tn:;n 1.1million yen| 156thousand yen || 2.7millon yen | 63thousand yen || {.6million yen | 93thousand yen 17.2 15 25 510 0.4

hern - .

S(})(l;tnti 1.1million yen| 154thousand yen || 2.7millon yen | 64thousandyen If 1 6million yen | 90thousand yen 17.8 14 26 1100 0.9
Tokai 1.1million yen| 159thousand yen || 2.7millon yen | 64thousandyen || 1.6million yen | 95thousand yen 16.8 1.5 24 580 05
Kansai || t.1million yen} 160thousand yen || 2.7millon yen | 64thousandyen || 1.6million yen | 96thousand yen 16.7 1.5 24 980 0.8

Chugoku || 1.1million yen| 133thousand yen || 2.7millon yen | 54thousand yen || t.6million yen | 79thousand yen 203 1.2 30 280 0.2
Shikoku || 1.1million yen| 133thousand yen || 2.7millon yen | 54thousand yen [ 1.6million yen | 79thousand yen 20.3 1.2 30 150 0.1
Kyushu [ 1.1million yen| 107thousand yen || 2.7millon yen | 44thousand yen {| 1.6million yen | 63thousand yen 254 1.0 36 430 04

Average total|| 1.1million yen| 159thousand yen || 2.7millon yen | 66thousand yen || 1.6million yen | 93thousand yen 178 1.6 25 5210 43

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 Total LCC of 0 . Number of Total LGC Cost reductions relating
assumed system [the GHP system| “Po o M8 | rstorthe |, oo to expenses for fuel,
Area installation (Ten | facilities (ten costs (ten ' (ten thousand electricity and heating
thousand evaluation yen/24 following introduction of a
thousand yen/24 thousand yen/year) rotel) vears) GHP system (ten
years) yen/24 years) thousandyen/24 years)
Hokkaido 881 10.2 532 349
Tohoku 747 7.0 455 292
Hokuriku 795 7.7 472 323
Northern Kanto 715 6.3 438 277
Southern Kanto 711 287 6.4 24 441 270
Tokai area 723 6.4 441 282
Kansai 725 6.4 441 284
Chugoku 660 54 417 244
Shikoku 660 5.4 417 244
Kyushu 598 44 393 205

Note 1) Legal service life of a residential (wooden house) has been estimated at 24 years

A 7
50~100m ;{‘:
bl

Fig 1
General layout of Geothermal heat pump (GHP)

0.2~0.3 m’/h

with vertical ground heat exchanger

‘iV‘

Residential , Commercial

Heat pump



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 eiderly peopie’ s home, cost of investment for facilities required for reducing carbon dioxide emissions, and the carbon dioxide reduction effect when GHP systems

Carbon dioxide

Necessary subsidy . eus
Existing system GHP system rate for the assumed reduction (ten thgg'sand . Facilities
Number of | yime of recovery (%) tons/vyear), Facilities investment
years investment
Direct oil Heat pump (60 refrigeration | Cost difference| required for
Constr| Heating, cooling | combustion/absorption tons capacity: 2sets) recovery of P (ten th d
-uction] and hot water || type water heater/cooler || (Underground heat exchanger costs For 10 years v L”/L;Ub‘;”u (%) | " t /ius:;n
costs | supply systems (two units) (Capacity: (200m: 17 sets) (inclusive of yenston yenston
of an 181,440Kcal/h) the drilling cost)
elderly -
' Withaut & | 37.:2million yen | 17.15milion yen 28
peoplel Initial costs 20.05million yen T
' ith new . -
S bsidy 18.6millon yen |—1.45million yen 0 30
home SUDSIAY
Operating costs 2 9millon yen/year 2.3million yen/year |0.6million yen/year, —_— 30
Without new - . 80 0.07 18
_ subsidy 12.4million yen | 5.72million yen 9.5
2/3 Initial costs 6.68million yen Wi
subsidy ith new 6.2million yen | -0.48million yen 0 0
, subsidy
available| )
Operating costs 2 9millon yen/year 2.3million yen/year }0.6million 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 ) Number of Number of | LCC Note 3 (ten Total (a
cost (ten | Life of the Number of .
years for the system thousand-yen/ 50 | hundred million
thousand system systems .
yen) evaluation |replacements years) yen/50 years)
2) Oil supply facilitie 289 10 i 50 5 1325
I Boilers 775 10 2 50 5 7750
3) Exist — S —] 2.45
) Existing syste Piping 190 10 i 50 5 950
) Operating cost 290 - — 50 — 14500
Heat pump 490 10 2 50 5 4900
ground heat
2550 50 1 50 1 2550
4) GHP system exchanger 1.99
Plumbing 190 10 1 50 5 950
system
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.
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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.
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BHE : Borehole Heat Exchanger
HP : Heat pump

Object 4 multi-family houses

BHE GRUNDAG-DUPLEX (polyethyiene doubie U tube, 40 mm
outer diameter, 3.7 mm thickness)

No. of drilihoies 7

Depth (length) 253 m

Contracior EKZ (Electric Utility Co. of Canton(=Prefecture) Zurich)
Drelkoemgstrasse 18
I ONNY "7acwms Al Cosrits IS |

Ln-ouus Ldll&,ll, Switzerland
Contact person: Mr. Christoph Wehrli, Tel. 004171/2075365
Speciality Energy contracting (heat and warm water will be delivered to

the flat tenants and sold at a prefixed price)

Innout for dimensioning
w&uﬂm

Heating demand 77.8 kW (according to the Swiss norm SIA384/2)
Delivery temperature

of heating system 45 0oC

Warm water supply 9000 liter/day

Warm water temperature 55 oC

Operating mode of HP 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% RAR Fa—-UveBAONY 74T HTOEG (£D1)
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BHE dimensioning results (option B)

HP:

Heating power (BOW35) 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 15m

Deviated boreholes yes (tilted with about 20 degrees from the vertical
direction, drilled to the side)

Pressure drop per loop 116.5 kPa

Reynolds number of

flow in loops 4931 (=turbulent flow)

Total pressure drop 16.2 mWs

F1. 3-1% RAMR Fa—-UvEBADILY 74 oV RHTOEF (F0D2)
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Figur 12: Nomogramm zur Bestimmung der erforderlichen Sondenldnge. Zu
beachten sind die Einschrankungen in Kapitel 5.3. auf Seite 36.
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Fig. 1 Initial window (destinated area Is selected In the position-view window, well distribution will
be shown In the map window)
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Flg. 2 Select window of the showing layer, you
can select the kinds of over-layered map.
Green llne shows the boundary of the
cities, blue Indicates rlvers and waters

and red Is actlve faults in the map.
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Fig. 3 Sample of the output of map including wells, dots Indicate the well polnts. If you click one
dot, you can see the data topic window of the dot point.
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Fig. 5 Sample output of the data topic win-
dow. if there are some wells in a point
(e.g.
many wells in the point,

the window shows how
and after the
selection, you can see the detall data
and log data of each well.
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face temperature('C) at an alti-
tude of 100 m below sea level.



oAb Al o4 ¢ L) i i EH - x Z b 1= 5= W WoAleds A EE 3 Rttt 2/ HBEH AL B Z
AL AT NN &Y s v/ e NN = A N R A AV YY O DALY =30 OAKRP] 0 7D N2 /I ) 70
H FKOWRE ST — 2R HIE M F RO R FRVIRSR OREHIH A TE L AR

Hi FAAHRZE ORI TH D, M KORHIE, 1~1000cm/ HTHLEZN TS, L

LA E, EEEOESIZHITEN RS TH LV s, HTFARFEO R CHHIEIR 2 msF
HER M « mEAXMETEAHE DA MBIIHET L2ONEENTHAS D

&L LM, B (RE, ) THhoHZ Les, HMEMITEAMAREITIEE AR,
NS, HhoMEE, KEF AEH AT 0 T, MIBLE-S T, HICUD THETILE
B0 ThAH. HL, ZRE2WAIS AAOANTH R CET 2 5510323 BETH S .

OHEEHRLD ., WHIOERRL2HEEL LS LT 556, N EE2s, Thi bt/
v oy TIEEDEIAFELZY, NEBREIEZ, EATLHFIBEL 2o TEBINL2HMATHA D &

s MIEOMBICHINEE T, NfEZ LV ELOH I LITBOTERTH S
Fo. COMBEFRICELTH, MOFHREFKIC, We bibT 5% L TASIEMBIEXS L DI,
REATHILEBHETH L.

—105—



4. 2 GHPYARATLOE#R(

L) CEBHEAEAE ¢ AT ADFERYL L v = o T L

GIHP & A5 Lo R P D ik @A B 1O R OGN ICAR D 2 BERAT A {7 Sl oo gllank « FRA%
AR OMEN B DS EOHIZIE VAT LOEAH AT Y IEID . v = TARE T A ES S S

T Z a T CERE LT A TR LN GHPY AT LA SEE RN oINS LD

N 1[!%EH M ” l"r%

I HEHERR e - R TS
{(International Ground Source Heat Pump Association; IGSHPA)

[GSHPAIZ, 1 9 8 7TARIZA 7 Z R~ N K, 2 O =7 U » MR O Jin Bose #IZIZ LY
B AT

KETIE, TGSHPARRLERY, v==2T 12K (BEEHEBR) LTy, Zov==
T AT, M TR A= F NI (BEERER) ahTnwad, bb—r U
T OEOHAEAZTIRBRIZEE LFICE, ERbLiRE (BEEHESR) LTuws.

Tofth, Al b a—2 VT FORE, EIF—MOEBTREOFEHE, N Ty b Za- AL XD
R AT TV A,

@ KL EHLHETE

KHOKFE (VFr—K- A by b RFE, TIAVINLKRFES), BLHRHR (o7 0 TEY
Bt ss) & K - IRHTR R O BIRER OB B #F-> T b, hb0Mlb 732~ (558
FIBW) OER - D R LDOBEREIZEVENOERIZED T,

Zoofh, KIEZEFHF 2 (ASHARE) . K[EH FAF % (National Ground Water Association Inc.) %,
GHPIZBE T 2 BEA R L TV 5.

3 WMSEC BT AR A
FAEIIBNTE, B, =27 L0ERL2LACLERS D, KETIR, IGSHPALZ DL
(. RE FR. BIMREAESE L TIREL, v 22 T LVOBFEEIZMOVMBEATHS,
BRATHICTEM EN TV A =T Al oI, FNEEATHIZLICLY, FRAHEHOEY A
MR ABOEEDNG, Leh->T, ST, ASINZRY AZ, ZOPT, RPAERE O
BEFLREBD, ZOHSICHO0T, BN FTEZIT> TS RETHS D,

—106—



4. 3 TEVAML—D 3y
CHPO RN AL CRABLTLLHIIL, TEC AL —2a VRO THYHTHS  F
oy TECAR L =23 v ORRBERD E LD —AA YT ¢ — (BHEERSM) & LW RIGHI

WA T, YmWRA ATy hELTRAD TZAR—A) ZRE LR, TZAR—4)
(o

L% OFHERMFIND.

MPREDOETOEHS LY, Fo=r 7azx bORENVLIVEETHS.

2 ARMBBESLET, hOBEEROAEMEN LR THD.

O TREREKM THLIZEVPBEREINDIAEMEOSVHE TH 5.

BONTESRETHY . MRBEOEMIEMERE L2\,

FoEMIZ LY HEGHP AT LEN - (REX RIETZ LR A ER I =Ty N THD LED
nn,

EANR—L~OCHPOEN - REDT-DIZA T 47 (FBN) 252, 74— 3> (%)
BT T THHI . M FRAZHEROERBOMBIBENTHA . ZORICL THRE& AT €
CAPL—Ya B EE LTERTIEN, T2V 07 %210 EROEREELTEED, 7
AABTF 44— LT, #OBEANRT S,

—107—



4. 4 BER{EEL 2~
G AT LBE R D T L BSOS L. e R T A T FREOKRIC G
WU T S T OB s KT BREDY D o xR = B DIESATR KR e

TSI A RR O T OO A (R EI L 1 9 9 8) .

Jd: Fnergy Star iR

HIEERERER (EPA) X, 199 34442, Space Conditioning: Teh Next Frontier— The
Potential of Advanced Residential Space Heating Technologies for Reduction Poluution and S
aving Consumers Money| RO F Lo, NEK L/, FEROEFRHCEL T/ =y La A b, F
fllr s ¥ =il E LM A b LT, REAMNEOMBIZOWT, BX6HT (554, 41
[4) [CBWTRBLS AT LOHFLLMKL TRAZIT7b0THL (ER—1). TOFR, TH

RAEE S AT AL LA GRS EEO HIEERE (B v — MR AT L (Geotherma

~i

I Heat Pump System, GHP 2 F L) AL L EH 2 A X - R AL BEAFNNEV VAT LT

s T P R
b4 YRR

- R L bR - - 2 7
j-f:_; ék)i\—\ '{if‘?K‘U)!‘.}—tbj“\_/)L\ \%)tia%%ll

‘-1

TEY., P AT LENR D ORT

.
>

L LA STOWALHRILE (4. 4 -2, 3K).

"7

inergy Star FREXNRE (Bxx®EOEID) L L.
=)

‘ LHT
WIESNTGHPASET A A~ —% - WAL - L~ T

(2. GeoExchange

¥[Ex fX—4 (DOE) X, HHE#JEE — A 7#84 (The Geothermal Heat Pump Consortium,
Inc., AFGHPC) ORELTW: HEBEFE— MR TOTFE AN —a v 7Ta s

7 L {(Geothermal Heat Pump Demonstrattion Market Mobilization Program)] % 1 9 9 5 HIZK#
BEOO DML ENTTENGE (The President’s Climate Change Action Plan) ¢ —->Td 5DOED [{T@h&EH

26%: HAARET fLF—OHiGRE— HEBFEE — MR 7 (Action No.26: Renewwable En
ergy Commercialization- Geothermal Heat Pump)) & UL TERHM L7z, KIEEBITEI ML, REN R
Pri&oflE, FEXCESHOBER - EREAOBIE. 2L TEHOE— 7 AROERTRAROF
Wb i R S U AERERS T 2 Ve 7 bbb d, LELRERZEFE TERANDBLS .
EMAFEIZ L NIE, 1995FE~2000FEETOGEMTTRITZ. RAMIERFL (K1 201{8M)
Thnb. ZON., GHPCH6500 85 KAL%EDENI S500H FLERABTEZ LIZR-TVD, #
MEROERTBEICEINIE, 2000FFTTIC40FBICETHERLE Y ET2HETHS, ZDE
EAEHRTIIE, FHRETAEHEZ 1505 M AHRTAZEMNARETHY, T, EHov—
7AMEZ 300 OMWHIRATRETH D LHEAIL TV 5,

GHPCII, BhaH, CHPRIEESE, S . RIERE, BUM#ERE (DOE, EPAZRY) EFhb

—108—



Exhibit 3.1
U.S. Climate Zone Map
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(] Zone 1is < 2,000 CDD and > 7,000 HDD [ii] Zone 4is <2,000 CDD and < 4,000 HDD

Zone 2 is < 2,000 CDD and 5,500-7,000 HDD 3] Zone 5 is 2,000 CDD or more and < 4,000 HDD
[7] Zone 3is < 2,000 CDD and 4,000-5,499 HDD
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A study on the thermal output characteristics of a downhole coaxial heat exchanger
— Studies on the downhole coaxial heat exchanger. (2nd report).

A study on the thermal output characteristics of a downhole coaxial heat exchanger.

An Experiment for Prool of Concept of the Downhole Coaxial Heat Exchanger.

International Cooperative Experiment in Hawaii
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Borehole heat exchangers: longterm operational characteristics of
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Coaxial Heat Exchanger (DCHE) system.
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Control of road surface temperature and thermal energy storage
using a bore—hole heat exchange sysytem.
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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.
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which is to be returned to the ground depth from which it is taken.

Developmen"c of an equivalent diameter expre'ssion for vertical U-tubes
used in ground—coupled heat pumps

Development of insulated inner pipe for the downhole coaxial heat exchanger (2nd Report).
Materials and welding conditions. ().

Development of insulated inner pipe for the downhole coaxial heat exchanger (3rd Report).
Materials and welding conditions. (1)

Development of Insulated Inner Pioe for the Pyevinsmbi vl Coaxial Heat Exchaneger. (4th Renort)
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Second Test Production and Performance Evaluation.
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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
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231Exchanger (DCHE) System.
............ 241Field 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 splinkiing 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
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34|Properties and application of duplex stainless steels.
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Research report on the develooment of geothermal sathering technology by coaxial heat exchange
se port on the development of geothermal gathering technology by coaxial heat xchange

using thermal insulation double—pipes.Fiscal year 1991.
( Sponsor : Engineering Advancement Assoc. of Japan )
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Research report on the development of the geothermal evergy extraction technoiogy based on
the coaxial heat exchange system using a thermal insulation double pipe.

( Spnsor :Engineering Advancement Assoc. of Japan ).
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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.
421Snow 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 ).
471Study 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.
511The 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).
531 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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