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Sunshine Project opened the door for geothermal

In Japan
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Japan as top three geothermal resource countries

World ranking of geothermal power development
Trends of geothermal power development in the world
History of geothermal power development in Japan

Lost 15 years in the geothermal stagnant period
Hot spring power market is gradually glowing

Global outcome of the Sunshine Project: a deep well
penetrated magmatic heat source

Global outcome of the New Sunshine Project: The
success of Indonesia remote island exploration project

NEDO kept the IEA-GIA activity after the New
Sunshine Project ceased

Conclusions: Japan should aim for the top geothermal
utilization country!
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Japan as top three geothermal resource countries
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There are 1,239 subaerial Holocene volcanoes (A) in the
world, 30 % of which are distributed in USA, Indonesia and
Japan. These three countries are probably top three
geothermal potential countries.
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There is a positive correlation between the number of subaerial
Holocene volcanoes and estimated high-temperature geothermal
resource potentials in the world. Japan is probably no.3 potential
country in the world (Muraoka, 2020)
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World ranking of geothermal power development
Installed Capacity Installed Capacity
Rank| Country in 2020 (MWe) Rank| Country in 2020 (MWe)
1 USA 3,700 6 Mexico 1,105
2 Indonesia 2,289 7 New Zealand 1,064
3 Philippines 1,918 8 ltaly 916
4 Turkey 1,549 9 Iceland 755
S Kenya 1,193 10 Japan 550

The data are as of 2020 (Huttrer, 2021)
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Top-ten geothermal power production countries
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History of geothermal power develo

HAROHMEAFKEBERHFER

pment in Japan

Y v A VEHEHERE HhBAR TR F(Z LE
o) Sunshine Project Inaguration Geothermal R&D terminated
= s xrwi]  NEDO HE HTRDSHIRN HEAAESR
= First Oil Crisis NEDO Inaguration Excluded geothermal from policy Great East Japan Earthquake
> A 4
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development evelopment evelopment of geothermal %
R 300 1965 ~ 1973 1974 ~ 1996 1997 ~{2011 development ﬁﬁ mﬁbi&t%
Kl after the E) 202~2 .
g 200 earthquake EITPER
o 2012 ~ The data of this
45 . . B _ e lagram was
£ 0 Sunshine Project | New Sunshine Project quoted from
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FE Fiscal year (2023)
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Lost 15 years in
the geothermal
stagnant period

EF B DT
Change of geothermal
budget

#EEANKARFARERIMG
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20224 &L EITHERL
The data of this diagram was
qguoted from Kagenkyo (2023)
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Lost 15 years in the geothermal stagnant period

FY2001 FY2003

FrEBEEERERG

Geothermal Reservoir RG *
EFREEAA1FTIUARG

o Reservoir Dynamics RG
e aARG U

Geo-Energy RG

FY2007

HEEERG
Geothermal Resources RG

hEAEIRRG
Geothermal Resources RG B Hh B ERG

Geothermal Resources RG
TOTHERG

Asia Geothermal RG

EERAHE ., #hE &R
IR HAZEERFT IS
BT 5 ERR
PRI D fE /N

History of decline
on geothermal
research groups
In the Institute for
Geo-resources
and Environment
(GREEN), AIST

Geothermal researchers used to be more Which finally declined into 5 persons in during 1997-
than 30 persons in FY2001 FY2007. | was the group leader at that time || 2010
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Lost 15 years in the geothermal stagnant period

Electricity (100°C<=Reservoir Temperature)
[Reservoir Bottom Depth = Gravity Basement Depth]
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(FTREIZ A, 2008),

150°CLL LD EREBKZRERIZDOWNTIL 2,347H
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| was a group leader of the Geothermal Resources
Research Group, AIST, in the geothermal stagnant
period.

Then, we have done 1-km grid GIS-base
geothermal resource assessment in Japan by a
relatively small budget (Muraoka et al., 2008)

23,470 MWe - 30 years were estimated on the
high-temperature resources more than 150 °C
which implies the 3rd ranking in the world.

} Hirosaki University

Establishing a Global Identity Creating with the Community

FRIRIEL, B EI28ET 2

AR K

ey




RIB BB TP

E G R IRREAD K HNT=155

Lost 15 years in the geothermal stagnant period
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Hot spring power business model
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Kalina cycle
power generation
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Market for hot spring
power business
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145°

-~ | Matsunoyama 50 kW Kalina cycle project (GERD, AIST, Hirosaki Univ.)
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1= (%R, 2007),
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| was a group leader of the
Geothermal Resources Research
Group, AIST, in the geothermal
stagnant period.

| have proposed a hot spring power
business model on the Journal of
Institute of Energy (Muraoka, 2007).

As the large-scale geothermal power
development was stagnant, | aimed
for “better than nothing”.
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Hot spring power market is gradually glowing

® F=BII2007FE, EREEBEESRAETIL
FIRELE-EOD ., ChIZ KB EFKEFTD
FENEFLTWAHRTOERDE TH o=,

® LAMLELEMNS, 202238 KBRE. £ET
1,000kW R i D /NBY $h A3 T ER B V69 HFTE
FEL TS (NER, 2023),

PR : 1T ‘ Miyva iPI‘ef.,
Akita Pref., 1 site 1)s/itg ® HAKRIIH27000ELLLDERRIEFELDH
R 1 ﬁg—jtd),my'i*llﬁﬁ@'f&%)@’c DN
o SEBEOERENHAFING,

Tottori Pref., 1 site
Nagasaki G
Pref 1 site

Pref., 1 site ® We have proposed a hot spring power

business model in the year 2007, this was
~ nggno Pref., aimed for “better than nothing” during the
o RER R stagnant period.

S‘hlzuoka Pref., 1 S|te.

ta Pref., 49 sites. " However, 69 small power plants less than

- Kumamoto é'ifd'ﬁref 4 sites 1,000 kW are now operating in Japan
y e Pref 6 sites (Kagenkyo, 2023).
| 5 s o S o¢ Kagoshima Pref., 1 site As of March 2020 @ AS there are hot spring sources more than
: = ‘"t’) 20 6 ' s 27,000 in Japan, this market will be
B2 : BEAE (EBEHD - 1, 000kWR ) .
Photo:-on November 15, 201 Small power plants less than 1,000 kW in Japan glowing.
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Global outcome of the Sunshine Project: a deep well penetrated magmatic heat source
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Chemlcal compound tablets wuth known
melting point temperatures (One for 500 °C was
melted but one for 505 °C was unmelted)

NEDOIZ1992F E M 52000 EE T, 5iEH
hEHh IS TR B E RAEEEEL =,

19954 [ZE 1B Hith Eh iz (=, WD-1aFELVS
HhEVRE H 4 FEES3, 729 mETHEAIL, TDHt
&R E A500°CHFE % 1= (Ikeuchi et al., 1998;
Muraoka et al., 1998)

CO&IGERDERL, COHFH2,860 m
MNoERBEEREEVSERLEENMN DTS
TRBYZEWN =IO THSD,

NEDO conducted the Deep Geothermal

Resources Survey Project in the Kakkonda
geothermal field during FY1992 to FY2000.

The exploratory well WD-1a was drilled to
the depth of 3,729 m in the Kakkonda
geothermal field in 1995, which exceeded
500 °C (lkeuchi et al., 1998; Muraoka et al.,
1998).

Such a high temperature was attained by

the penetration into the Kakkonda granite

below the depth of 2,860 m which was still
under a cooling process from magma.
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Global outcome of the New
Sunshine Project: The success
of Indonesia remote island
exploration project

(Muraoka and Uchida, 2002) ,

FI=BIL1997TF N O5FRM, BERAVERI T2
ER#EHHELT, TO—LRBIZHENT, /I
R BRERMFAEOTADT

HrEELE B

ZfmEE S D=8 #iEHILIZNEDO MT-2H LR E B8
H9 H162.35 mizhn, BRHERICEIILE, |

We have done a 5-year Japan-Indonesia
cooperative project for the small-scale remote
island geothermal exploration in Flores Island
from 1997 (Muraoka and Uchida, 2002).

The NEDO MT-2 well was only 162.35 m deep

because of the remote island, but the flow test
was successful (Sueyoshi et al., 2002).

JERS-1 SARE
JERS-1 SAR imagery in

Flores Island (Muraoka et

al., 2002).
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NEDO kept the IEA-GIA activity after the New Sunshine Project ceased

2008 IEAH:EA IEAEIF /N IZKREFELEEIRILXF—HEDZETHD. F
EHHTEEES, T-.GIALIXIEADBERIREN_ETH S,

B or T e IEAMMEBETIE. EATERO, ) RERERS

™ BYT. 20, BELETo>TLS,
o ® NEDOD{KIET. FAl£2005~20124 % T, IEA-GIAD B A
Committee 1%%—% (IE$) éi’%&)f:o

aleeingln e BERTI, HE. SMEEN AEOBRERLSKRE
10, 2008 |ELTLSA. BRGBIMERBOT-0. ZOHEIK
| WNZEHLT=,

IEA-GIA means the Geothermal Implementing Agreement of
the International Energy Agency.

® |EA-GIA held the executive committee meetings at Paris
or other cities every twice a year.

® | was in charge of a representative of Japan requested
by NEDO from 2005 to 2012.

INSEARRTILDEELOEE, R KR~

: 10A11H
Executive Committee Meeting in Excursion to Pohang, October 11, ® As Japan already entered to the stagnant period, we
Paradise Hotel. 2008. were so hard to report.
(K\j Establishing a Global Identity Creating with the Community FRICBRIEL, R EICAET S o
o {7

) Hirosaki University 14 AR K



20104 H23B A k=2
Sl S /SR T
et i R 7 it~ 2D T

4 ;\.- s . \; o : tllorway A“SOI’] : .l‘ - 2 % / _
S § A&Aﬁ'tgr];t'g%w;\i Thompson T2k LeadeF EEES THhn1=523[E IEAlH
% I3

Representative l»}

cancEA GS¥ o8 RXEHEESER,

Xy ”
¥

£ SY00RHO'SONG ' Loy Al kN sapan

mimie e P ~ i . \ 7, y T \
==-Representative g s ‘ i 2= Zlia~fze f t.‘ ' : - £
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(el i || & . J s 4 Committee Meeting of
o lEge g™ | _ the IEA-GIA in Bali
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Guiiersez 4 . - ) "‘ | simultaneously held
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Y . Altérnate

ﬁ _MeXiCO’>F’ " 3 - ‘ ‘ — Chris Bromley = _ - ‘ With the World
heoatebg, _— : == ___ Representative =5

e i — B Geothermal Congress.
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NEDO kept the IEA-GIA activity after the New Sunshine Project ceased

® 20084 L, FAIXIEAKMEAE M1 E Hh A E 1 F|

14 —
T e | P [ 'y 1 | FI0 [EROBES 1 1D Task) —5 — £ HHT
i bbb bbb B ] ool || g [Lateolana] i T PTG £Y, SEROBKROLEET>TLM:,
® Korea L& A :It:: ¥ ::‘ . . o EREEHMBRDKEOCHRLE DEKDpHIH
R NN % S IR TR MEBMETHEDISHL T, TRAEHROT AR
10 |-+ S A el < 100 (g7 2 ER8 ol gt Sl D0 SYRQHKDPHIERS~11ET LAY THHE
-4 S R BRI RN WY, et O hHh ot (Muraoka et al., 2010) ,
s 3 e R e L st A, ¢ ChELREBEMBROERSHEINITEVIT/IE
I o S - ST el (. ZDT=HIFEELOTUVEEOHE DI,
: AR . LR g - Na*-OH D& SERHA DML LDDEE R
J ' bhd,
PR 07 DU & T ST SRR SO SRV SO SO 01 1ot L ra R AR S s ® | was in charge of the Task leader of the
‘ Resource Characterization of the Direct
Mo 3o L b : - B : Geothermal Use of the IEA-GIA, where hot water
2 JRE XTI A A R S .01 e i ey A S T e chemistry was compared among the countries.
AR R T ' ' ' S ® Hot water of the granitic crust such as USA and
0 Nl——_b .y ————————— 0.001 : : 1 : - Japan has neutral or acidic pH but that of the
0O 20 40 60 80 100 120 140 160 180 200 gi 1 10 100 1000 10000 100000 1000000  hasgltic crust in Iceland has alkaline pH 8-11
Temperature (°C) Cliimgla) (Muraoka et al., 2010).
ifﬂ-?&ﬂ(pH (Muraoka et al., 2010) #.7k CI-BX (Muraoka et al., 2010) o 'I_'h|_s IS gscrlbed tha_t the chloride content Is very
Temperature-pH diagram of hot water CI-B diagram of hot water (Muraoka et al.,  'Mitéd in the basaltic crust. As a result, cation
cannot be dissolved as saline water, and is only
(Muraoka et al., 2010) 2010) dissolved as a shape of Na*-OH-.
f\j Establishing a Global Identity Creating with the Community FRIRIEL, B EI28ET 2
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Conclusions: Japan should aim for the top geothermal utilization country!

® ORIIHAFEMLDMBAERZFOTLS,

@ AXIITIZ2ZTHAEULDHEHREZKDER
SEERALTAY. TAEDEBDEVUD®

E1E R

L RAMLTNS,

® HRIIHFADIBNDL 7 #ELMEET
F—EEfERF->TLS,

o AXRFIHATRLMELNLDOKFIZEHL

HoNTHY.,. TN AIZ. BEELGHESTE N

W EVWDBERE BT TLVS,

® tlL.

ZTDFFRBML LGB LR BARD

YA URTECHER R ERE

HEAFEE (L300 FKWEEZ T, KEPLAUF
ROTEHR—FBONESH-OTWVITT TH S,

Japan has the third rank of geothermal potential.

Japan has more than 27 thousands hot spring sources,
number one in the world, and is familiar with their
senses of blissful joy and happiness.

Japan has geothermal steam turbine technology which
shares 70 % of the world market.

Japan was frequently tormented with earthquake and
volcanic hazards, and got the advanced geothermal
exploration technology as seismology and volcanology.

If the Sunshine Project and Geothermal Development
Promotion Survey are continued, the geothermal
power in Japan will exceed 3,000 MWe, probably
being competitive with USA and Indonesia.

o
5
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toeg: AR T HAZKOMBFNAEZBIEE

Conclusions: Japan should aim for the top geothermal utilization country!

® LA EHEIFFNDEZEEER/LDDOH-=HA. @ The Sunshine Project was realizing the dream,
TRETEMN52000FEIZ#EHH>TLFE-T=, but unfortunately ceased in FY2000.
® HANBRARKNDBAITHBAIRILF—HAEDLE  ® The greatest weakness in Japan is to be unaware
BRI RAEOS M MMEEN 2 IZEBEINTLVAL of the high-added-value such as the cascade
ZETHD, utilization of geothermal energy.
® LEMNSTHRLTELILGWL, BARZHERZK®D @ Itis not too late. Shall we make Japan a top
HEBFEFIAEICL LS TIEXELD, geothermal utilization country?
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Photograph of the NEDO geothermal members taken in 1993.
ek " | was waving the NEDO flag.
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