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Fishing Boat on the road




DIstripution or Volcano

|We are here




Geothermal Potentl

Japan is'3

L Geothermal 35.000
USA 160 30,000 f_;U 25,000
Indonesia 146 27,790 g
Japan 119 e 2
Philippine 47 6,000 oo
Mexico 39 6,000 & 4
lceland 33 5800 B9
New Zealand 20 3,650 O >
Italy 13 3,270 0

Stefansson (2005)
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Geothermal Development in the World
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Lost
Decade

In

Geothermal
R&D
In JAPAN

Last geothermal power plant
was only 3.3 MW in remote

Island since 1999.
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Turbine in geothermal power plant (after 2000) was

Made In Japan Single flush

Others
France

No new domestic geothermal
power plants after 1999, Israel
but 70% market of single flush 2

type is occupied by three
Japanese companies. Binary

(Bertani, 2008)



R&D budget for geothermal per capita

Figure 15: Public RD&D budget for geothermal energy, 2006-09 average
(million USD per capita)
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Note: Where available, 2010 estimates are also included. US Recovery Act Spending for geothermal energy in 2009 are not included.
IEA countries without geothermal RD&D spending are not included the graph.

Source: ( www.iea.org/stats/rd.asp).

(IEA, 2011 Technology Roadmap on Geothermal HeatRaower)






Drastic Change after 3.11 !
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® Even now, more than 100,000
people cannot come back to
their own home.

® \WHO reported (Nov 2012)
there is no statistic increase of
cancer due to low level nuclear
radiation in generally, BUT
some amounts of increase can
be estimated for thyroid cancer
of children (not clear still now)

® Geothermal is most promising
sustainable and safety energy.




Tohoku (Northeast Japani it
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(D Mori, 50 MWe, 1982

2 Onuma, 9.5 MWe, 1974

@ Sumikawa, 50 MWe, 1995

@) Matsukawa, 23.5 MWe, 1966

Power generated by
Electric power company
Private company

®) Kakkonda 1&2, 80 MWe, 1978, 1995

® Uenotai, 28.8 MWe, 1994

@ Onikobe, 15 MWe, 1975

Yanaizu-Nishiyama, 65 MWe, 1995

© Hachijojima, 3.3 MWe, 1999

10 Suginoi, 1.9 MWe, 1981

1D Takigami, 25 MWe, 1996

1@ Otake, 12.5 MWe, 1967

13 Hatchobaru #1&2, binary, 112 MWe, 1977, 1990, 2006

14 Kuju, 0.99 MWe, 1998

1 Takenoyu, 0.1 MWe, 1991 (closed)

1© Kirishima-kokuksai, 0.1 MWe, 1984
[currently stopped)

1D Ogiri, 30 MWe, 1996

18 Yamagawa, 30 MWe, 1995




COz2 emission
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Yes!, no CO2 emission from
nuclear reactor, but we know
serious emission comes out!
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OTEC: Ocean Thermal Energy Conversion



| Geothermal Power Plant in the world

« HEkl  (@ctve valcana)
*E R (hot spring)
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Cooper Basin
Hot Dry Rock

Heat

GPP is not only active continental
margin,
Granite Is heat source.



WGC 2010




Conventional geothermal resources 439% 1n Tohoku

Liquid dominated Geothermal Resources

Central Japan West Hokkaido

San-in East Hokkaido
1% -

North Kyushu
11%

North Tohoku

South Kyushu 21% %
3% .. - | South Tohoku

Middle Tohoku
6%




Exploratlon of Geothermal R

S e

“ Heat Source(ﬂ‘ﬁ)

‘ri—p._q-._*.ﬁm

]




Heat Source

Temperature of
thermal water

High-T area

Low-T area
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Quaternary volcanoes
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Geothermal Fluid

Chemical Reactions
Dissolution
Precipitation

Equilibrium

Kinetics

State of Equation




Fluid flow through Fracture

Preference (Channeling) Flow 3D model

10l .1

102 -1071

1073 - 1072

Normalizec
flow rate

Tortuous channel flovamms

Log [Flow rate (mm3/sec)]

-4.5 -3.725 -2.85 -2175 -1.4






Table 1. Long-term power density achieved in some
. 19986).

exploited geothgrmy fields (after ra

. Reservoir

Field Temp.(°C)
Larderello 250
Wairakel | 250
The geysers 2320
' Ahuachapan | 240
| Tiwi 280
| Hatchobaru 260)

Japan: Area is small, but density is great.
(maybe Chinese Taipei is the same setting....)

Italy

NZ
USA

El Salvador
Philippine

Japan
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Not so large,
but so many
Moderate size based on geology:

10-30 MWe

Caldera Structure
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FIT: Feed-In Tariff

JPY/1 kWh NT$ /1kWh Duration

<10 kW 42 13.13 10 yr
= 10 kW 42 13.13 20 yr
<20 kW 57.75 18.05 20 yr
=20 KW 23.1 7.22 20 yr
<15 MW 42 13.13 15 yr
= 15MW 27.3 8.53 15 yr
<200 kW 35.7 11.16 20 yr
200 - 1000 kW 30.45 9.52 20 yr
1000 - 30,000 kW 25.2 7.88 20 yr
several resources 17.85-40.95 5-12 20 yr
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ONSEN owners have economical benefit
(save energy and sayCRulsleEN)N
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apan Beyond Brittie Project
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hydrothermal-convection
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zone (380 °C, 24 MPa) .
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Depth [km]

Permeability gap in the Earth ’'s crust

Temperature [°C] Quartz solubility, Si [ppm]
. 0 200 400 600 0 100 200 300 400
Hydrothermal- ?l?&
17 convection zone 7
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=
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T Drilling dataT Calculated data =

(lkeuchi et al., 1998 (Saishu et al., 2023



Classical Definition of B-BDT-D

STRENGTH

oW
,cﬁﬂdg, 1
o®" g, = éA,exp(Ep/RT) 'N

DUCTILE

Kohlstedt (1980), Kirby (1980)



Geothermal Frontier
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Beyond Brittle - Estimated future

High enthalpy (High energy extraction)

-Weal water-rock Interaction (Prohibit silica scale )
-Universal Design (Site independent design)

-Low Risk for Induced Seismicity (Ductile Rock Mass)

Aseismic zone due to

Drastic change of silica solubility ductile behavior

in supercritical condition
(380-430C) High geotherm Island Arc and
ko subduction zone
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Estimated Fractures in ‘Beyond Brittle

1 . HydroFracking

£
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57 Sheared stress
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Single fracture

Thermal Stress

Energy Extraction: Low

Great Sheared Fracture: FRACTURE
High Risk for CLOUD
k Induced Seismicﬂ;/
4 At = N
Energy Extraction: High || - /Q\ng/;
Small Extensional Fracture %\ |
Low Risk for 7 /%?;/%2% =

\ Induced Seismicity o /




12-17 March 2013
Tohoku University

International Continental Drilling Program
Japan Beyond Brittle Project




nhanced or
ngineered
eothermal
ystem

Deep structure
of Volcano

Mechanisms of
Earthquake
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Geothermal Frontier

Deeper Extension of |solated Fracture Cloud
DeepSeated G.R. In Ductile Rock Masgiydrothermal
Fracture ~Type 2 W .
Type 1 Cloud yp
o
350-400°C 500°C .
Undevelope
-High Performance & -High Enthalpy A0 et ] 300
Sustainability Universal Design
-Low Silica Scale “Low Risk for Induced
= Cost effective Seismicity Approx.
-Deep far from Onsen sicasoi 400°C

JBBP Reservoir

Realistic Science Dream (Type-1)
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