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Fig. 1. Global growth in fossil fuel consumption(1860-1985).
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Fig. 2. Worldwide energy use(Quadrillion Btu, 1970-2050).
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Fig. 3. Growth in CO; in the atmosphere(1800-2000).
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Fig. 4. CO, Emissions comparisor.

Table 1. Status of electricity production from renewables, end 2001

Renewable Energy Current energy

Potential future energy Tunkey investment

cost(US€E/kWh) cost(USE€/kWh) cost(US$/kW)
Geothermal 2~10 1-8 800-3,000
Hydropower 2~10 2~10 1,000-3,500
Biomass 3~12 4~10 500-6,000
Wind 4~8 3~10 850-1,700
Fossil Fuel 5~15 - -
Tidal Force 8~15 8~15 1,700-2,500
Solar PV 12~34 4~20 5,000-18,000
Solar Cell 25~160 5~25 2,500-6,000
Nuclear(ROK) 4 - -

Source: Ingvar B. Fridleifsson, 2005(data extracted from Table 7 of 2004 update of World Energy Assessment, WEA, 2004)
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Table 2. The ratio of the renewable energy among the global total primary energy consumption(2001)

Energy Biomass Large Other Renewabl Energy Total
Hydro  Small Hydro Wind Solar PV  Solar Cell Geothermal Ocean Sub Total
MToe 1,080 2227 9.5 47 4.2 432 0.05 61.85 1,364.5
% 79.2 16.3 (15.4) (7.6) 0.3) (6.8) (69.9) ©0.0) 4.5 100

Source: EREC, 2004
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Fig. 5. The “covered lagoon” used in the first half of the
19th century in the Larderello, Italy, extract the boric acid.

Source: Geothermal Education Office(2004)

Fig. 6. First geothermal power plant and prince ginon conti,
July 15, 1904, Larderello, Italy.
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Fig. 7. Schematic diagram of geothermal system.

Table 3. The half-lifes of the radiogenic isotopes
Mother Daughter

Element Element Half-life
B8y 206pp 4.5x10°(459d)
B5y Wpp 0.71x10°(79 1A )
*2Th 208ppy 1.39x10'°(13928 @)
MK PAr 1.3x10°(139 )
¥Rb 875y 5.0x101°(500%1d)
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Fig. 8. Temperature gradient in the crust.



Aol A 58 7eEd 405

I A2 ol BaglemhE Holue
AR =e] vehted, =2 A7 7iuige] & 3
dote] @ BA7E Ad R ve- 3 HAE
E 0] e ZAte AP 10°C/kmE 2
& 7 UL, el ofE A HoM = ARG Bt
He} 108 o} & & glor, of2dk Aoo] wig
“A| BRI Rolrh(Fig. 8).

X2 A|AES
%] AlzEe @ A2
7}

gul

T7heo] BE EE oyt
=2 AFojAY, @ 53] AF7H80] ey
= B9 7Pkl Bashed, MR AE A
He A2om AN 1 27t BE A
o2 7t 7hsd Aok 100°C olstel]wt, $21e)
Y 2w A2oM L, ARolE 400°C oA
A g
Ag Alsge «dh, “AE ARF
A iR A F 37}*\ TE 8aw S
=0, G9& v=E A7 AT s A9dA
olf, AE ARF e.r-a—r/‘* Al HEH A3,
XLEM & G dFHe slon, A 2
< O B dpoln, S99 2 ARS
94 UFO w2} B (@) e VABHEST R &
AstH, Qg Folle thdd 5Eda CO, HyS
& ieke A9t ik
o])\}z—}o} ;(]0:] ;(.]x}/\}:_ E~

ol B¥3l3 1 sl &4

o

§>~—\1J

S22, 2

Trke) EA)9h Bz obA g W Y4 7F B3 A

Y €4 2482 3, Ax V‘i A3} ARAA A
Bhe o] wELRE FAICER)e HE BE 4

< M HDHth 7; Fig. 9).

AG Alzdoly ZHE3keE MAYES F2 A9
ifel e, F2 45 AladdAY dife 7t
g3t oo wE S el A9 G o
AT (Fig. 10).

#3AI2E ) BRN FHEE Fo] A2RE

Fohe oA, 7kasle] Wwst Rol Al 4
Fafelsha Aagel FozRY Bojer Ay Y
=7 B HA7 2 ARE A S8, Axde
SRONE LEE R, A PP LEE
$/71elE 4ol UckWhite, DE., 1973)

NG Azge) Bde ofF Rolel Vgt B 4
¥ Waw svl, Rt AR, B9, B9
Bigo] 28 H94E N Yol Ze) H98

£0]

ade 7 St gl wdol glvh
SERECE 88 E 2T fUsP A

on

erm&m

|
|9, ol 270l Al b ¥ 7 a4
AFSS fAE AT WE F o
AQurdsel 3¢ AFEOZRE Bol 29 A
FAE A F A5E BLEEAFIDE T3 A
FooE Al FUT2EN ARIA F(recharge)™l
c»o].n.;ﬂ zﬂ-cb’o) q"ﬂ;f_ E}‘g Q.:L 3 Eo} x)a
WAL 7hgel] me Wgolel $4S A dsAR
 UgeE AAALR gl ol&HI it

¥

Source: Mary H. Dickson and Mario Fanelli, 2004
Fig. 9. Schematic representation of an ideal geothermal system.
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Fig. 10. Model of a geothermal system. Curve 1 is the reference curve for the boiling point of pure water. Curve 2 shows the
temperature profile along a typical circulation route from recharge at point A to discharge at point E(From White, 1973).
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Table 4. Classification of geothermal resources by temperatue(°C)

Geothermal Resources(°C)

Reference Low Enthalpy Intermediate High Enthalpy
Muffler & Cataldi(1978) <90 90-150 >150
Hochstein(1990) <125 125-225 >225
Benderitter & Cormy(1990) <100 100-200 >200
Nicholson(1993) <150 - >150

Axelsson & Gunnlaugsson(2000) <190

R >190
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Source: Geothermal Education Office 2004.

Fig. 13. When hot water and steam reach the surface, they can form fumaroles, hot springs, mud pots and other interesting

phenomena.
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Source: Geothermal Education Office{2004).

Fig. 14. Hottest known geothermal regions, especially countries along the Circum-Pacific “Ring of Fire”, spreading centers,

continental rift zones and other hot spots.
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Table 5. The types of geothermal reservoirs in the world
Hydrothermal Hydro. W.

Region water & Steam Steam Sub-Tot
Asia 20 1 3 24
N. America 16 1 1 18
S. America 4 3 0 7
Oceania 5 2 0 7
Europe 5 1 2 8
Rusia 0 1 1 2
Africa 3 0 0 3

Total 53 9 7 69

Source: Ruggero Bertani, 2005; Oh, 2006a; b; c.
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Fig. 15. The characteristics of geothermal reservoirs in the
world.

Table 6. The characteristics of geothermal reservoirs in the
world

Continent Prod. Inject.  Reservoir Reservoir

Hole(#) Hole(#) Depth(m) Temp.(°C)
Asia 562 219 200-3,000  140-360
N. America 851 220 200-3,500  150-300
S. America 84 46 300-3,000  180-300
Oceania 101 44 300-2,800  160-330
Europe 279 41 300-4,000  150-350
Rusia 24 4 300-2,500  180-300
Africa 36 0 500-2,700  250-300
Tot.(range) 1,937 574 (200-4,000) (140-360)
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Fig. 16. Global 2005 net electricity generation
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Fig. 17. Diagram showing the utilization of geothermal
fluids(derived from Lindal, 1973).
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Fig. 18. Geothermal direct applications worldwide in
2003, distributed by percentage of total energy use.
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Fig. 19. The trends of annual applications for the patents of the geothermal energy(1986-2009).
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Fig. 21. The trends of ranking major applicants for the patents of geothermal energy(1986-2009).
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Table 7. The ranking 1st-14th IPC codes and shares(%) for the patents of the geothermal energy

PC Ranking/ International Patent Classification
Share(%) Section Subsection Class
Performing Operations;  Separating; BO1: Physical or Chemical Processes or Apparatus
BOID 16 ©/1.8 . e .
Transporting Mixing in General

CO2F 21 @23 Chemistry; Metallurgy ~ Chemistry C02: Treatment of Water, Waste Water, Sewage, or

Sludge
E0OIC 18  @R2.0 E01: Cosstruction of Roads, Railways, or Bridges
Buildin, - i i ing: ions: Soil-
ERD 25 ®n8 . . g E02: H}fdr'auhc Engineering; Foundayions; Soil
Fixed Constructions shifting
E2IB 44 ®/49 Earth or Rock E21: Earth or Rock Drilling; Mining

Drilling; Mining

FOID 22 ©R24

i F01: Machines or Engines in General
FOIK 30 (@33 5&%1‘;:5 or ¢
FO3G 128 ©@/14.2 F03: Machines or Engines for Liquids
F16: Engineering Elements or Units; General
Engineering in Measures for Producing and Maintaining
FI6L 13 @14 General Effective Functioning of Machines or Instal-
Mechanical lations; Thermal Insulation in General.

Engineering;
F24D . N .
45 ©/5.0 Lighting; Heating;
F24F 75 (/83 Weapons; Blasting F24: Heating; Ranges; Ventilating

F24] 296 (D/32.8

LighFing; F25: Refrigeration or Cooling; Combined Heating
F25B 48 @553 Heating and Refrigeration System; Heat Pump Sys-
’ tems; Manufacture or Storage of Ice; Lig-

uefaction or Solidification of Gases.
F28D 12 @13 F28: Heat Exchange in General
ETC 109 12.1% - - -
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Source: DWPI
Fig. 23. The distribution of the patents for the geothermal energy of the major countries.
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Fig. 24. The annul distribution of the major citing applicants for the patents of the geothermal energy(1986-2009).
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Fig. 25. The annul and national distribution of citing for the patents of the geothermal energy(1986-2009).
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Table 8. Most important citing patents of the geothermal energy

R Applicant # of Citation IPC Nation Patent Number

1 UNION OIL CO CALIFORNIA 187 4] Us US 5656172 A

2 TIAN J 66 F24D CN CN 1807996 A

3 KIMURA KOHKI CO LTD 64 F24F P JP 2009036413 A

4 MAEKAWA SEISAKUSHO KK 55 F25B IP JP 2009036415 A

5 RHEE S W 35 FO3G KR KR 2009119118 A

6 AC SOGO SEKKEI KK 24 F24) JP JP 2004333072 A

7 NIPPON STEEL CORP 24 F253 JP JP 2005048972 A

8 HYEON J L 23 F24] KR KR 2009070157 A

9 OCHSNER K 2 F03G AT EP 2025931 Al

10 MITSUBISHI MATERIALS CORP 20 GOIN Jp JP 2001329943 A

11 FISENKO E V 20 F24]) RU RU 2341736 C2
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