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ABSTRACT

Combining t h e d a t a Sekioka, one o f t h e au-
t h o r s , h a s c o l l e c t e d w i t h t h e d a t a b a s e
r e c e n t l y d e v e l o p e d by t h e NEW ENERGY

t h e coun t r y update r e p o r t
of d i r e c t uses of geothermal energy i n Japan
as o f J u l y 1994 presented. as a
background t h e p resen t S t a t e of sources of
geothermal energy . r e i n j e c t i o n of geothermal

and a c q u i s i t i o n o f f r e s h w a t e r f o r
hea t- exchang ing a r e e x p l a i n e d t o p o i n t  o u t  
problems i n f u r t h e r Promot ion of  d i r e c t uses.
Secondly. ana lyses a r e c a r r i e d o u t f o r  v a r i -
ous a s p e c t s o f d i r e c t u s e s of g e o t h e r m a l
energy , F i n a l l y , t h e recove rab le energy of
low t e m p e r a t u r e  g e o t h e r m a l  r e s o u r c e s , t h e
t o t a l hea t  d i scha rge  f r om e x i s t i n g w e l l s In
t h e 120 b i g spas, t h e e x t r a c t a b l e hea t from

and t h e annual mean thermal energy used
a r e compared, i n c l u d i n g e f f e c t  o f  t h e o i l -
saved,

1 . I n t r o d u c t i o n

Japan has a b o u t 200 v o l c a n o e s i n c l u d i n g 83
a c t i v e ones, which a r e 4 and 10% o f those i n
t h e  w o r l d  , r e s p e c t i v e l y , i n he r narrow t e r -
r i t o r y o n l y of t h e l a n d a rea of t h e
wor ld . There fore , Japan i s b lessed w i t h much
geothermal resources h o t s p r i n g s .
Moreover. h o t water c a r r i e d from sedimen-
t a r y bas ins a l s o abundant. They a r e
b l e sources b o t h f o r p r o d u c t i o n o f e l e c t r i c i -
t y and t h e  d i r e c t - u s e of geothermal energy.

On t h e o t h e r hand, as t h e Japanese e n j o y
n a t u r a l ba ths , which a r e a lmost n o t balneo-
the rapy , t h e businesses o f h o t e l s and i n n s in
s p a s o f f e r f r e q u e n t l y  o p p o s i t i o n  t o t h e
development o f h i g h tempera ture geothermal
ene rgy f o r t h e p r o d u c t i o n o f e l e c t r i c i t y ,
because they a r e a f r a i d o f d r y i n g UP of h o t
s p r i n g w e l l s , w h i l e low tempera ture geother-
mal ene rgy o r  h o t  s p r i n g w a t e r i s e a s i l y
d e l i v e r e d t o h o t e l s and i n n s f o r b a t h i n g .

Because o f a v o l c a n i c c o u n t r y , Japan has a l s o
much b e a u t i f u l s c e n e r y o v e r t h e c o u n t r y .
There a r e 15 n a t i o n a l  p a r k s  w i t h v o l c a n i c
scenery o u t o f a t o t a l of 28. The whole a rea
of n a t i o n a l Darks i s 2,051,400 ha,  which 
5.4% o f t h e domain o f 37,773,771 ha, Env i ron-
mental p r o t e c t i o n a c t i v i t i e s i n c l u d i n g  t h e  

ronmental Agency do n o t 1 y ap-
p r o v e geothermal development because o f con-
s e r v a t i o n of n a t u r a l scenery.

T h i s i s t h e p resen t background f o r develop-
ment and 1 i z a t i o n o f geothermal resources
n Japan.

S ince most o f t h e d i r e c t use f a c i l i t i e s a r e
of sma l l s c a l e t h a t a r e easy t o s t a r t - u p and
s h u t d o w n o f o p e r a t i o n s , a n d b e c a u s e o f
f r e q u e n t l y t h e  l a c k  and incomple te measure-
ments of  w a t e r t e m p e r a t u r e and f l o w , t h e

s y s t e m a t i c c o l l e c t i o n o f i n f o r m a t i o n t o
a n a l y z e v a r i o u s a s p e c t s of d i r e c t uses of
geothermal  energy  i s v e r y d i f f i c u l t . B u t ,
making an endeavor t o c o l l e c t t h e d a t a o f
geothermal d i r e c t uses,  Sekioka has pub l i shed
Several s t a t i s t i c a l papers i n t h e GRC Annual
M e e t i n g 1984, 1986 ,  1989 .  1990,
199'2 and

Recent ly t h e New Energy Foundat ion has
s t a r t e d t o produce a database o f geothermal
d i r e c t i n Japan f o r t h e purpose t o pro-
mote d i r e c t uses l o c a l communit ies. Syn-
t h e s i z i n g t h e d a t a Sekioka has c o l l e c t e d and
t h e NEF d a t a b a s e , i t became p o s s i b l e t o
i n v e s t i g a t e more comple te ly v a r i o u s aspects
o f d i r e c t uses.

As t h e NEF database progress , however,
i n v e s t i g a t i o n i s n o t d e f i n i t i v e and l e a v e s
much t o be d e s i r e d ,  b u t  t h e p resen t r e p o r t
t h e  b e s t  a v a i l a b l e as of J u l y 1994.

A p a r t o f a n a l y s e s w i l l b e s e p a r a t e l y
t a b u l a t e d t o p r e s e n t S e p a r a t e l y t o t h e WGC
1995 I n December 1994.
2. Bas i c of geothermal d i r e c t uses

sources

One of t h e geothermal r e s o u r c e s f o r d i r e c t
uses wa te r f r o m h o t s p r i n g s . w h i c h a r e
l o c a t e d w i t h i n h a v i n g many t o u r i s t s .
Ano the r s o u r c e h o t w a t e r
steam from p r o d u c t i o n w e l l s o f g e o t h e r m a l
Power P l a n t s . o f t h e h o t water i s due
t o g e t harmony w i t h l o c a l s i n and around t h e
deve lop ing s i t e of t h e p l a n t which has r e l a -
t i v e l y sparse p o p u l a t i o n (Sek ioka and

water c a r r i e d UP f r om sedimentary bas ins
o v e r l y i n g c i t i e s and t o w n s i s r e l a t i v e l y
abundant, b u t u t i l i z a t i o n l i m i t e d t o
smal l s c a l e , t o p r o t e c t t h e land from subsid-
ence.

Moreover, waste h o t s p r i n g water from h o t e l s
and i n n s i n spas a r e sources o f snow m e l t i n g
systems i n many spas a f t e r f i l t e r i n g ,

2.2. R e i n j e c t i o n of geothermal water

AS geothermal f l u i d f r e q u e n t l y  c o n t a i n s  arse-
n i o u s and t h e o t h e r  n o x i o u s  i n g r e d i e n t s
w e l l as and ones,
f o r conse rva t i on o f environment and p ro tec-
t i o n from p lugg ing o f p ipes . f r e s h water
s u p p l i e d t o d i r e c t u s e f a c i l i t i e s a f t e r
t r a n s f e r r e d t h e hea t i s from t h e geothermal
wa te r t h r o u g h  h e a t  e x c h a n g e r s .  Then, t h e
geothermal water from t h e power p l a n t s must
be back i n t o t h e e a r t h . I n d e e d ,
r e i n j e c t e d w a t e r s e r v e s a s r e c h a r g i n g of
r e s e r v o i r s .

A l t h o u g h r e i n j e c t i o n w e l l s  w i t h  good
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i n j e c t i v i t y a r e d e s i r a b l e , t h e a b i l i t y o f
w e l l s i s lowered year by y e a r by means o f
p l u g g i n g w i t h d e p o s i t i o n o f and
ca lc ium carbonate. For preven t ion o f S i l i c a
Scale d e p o s i t i o n , adjustment o f geothermal
water has been t r i e d by adding s u l f u r i c a c i d
before i t s r e i n j e c t i o n .

when a heat exchanger s t a t i o n accompanied by
r e i n j e c t i o n  w e l l s  i s s e t t l e d near consumers
remotely from a geothermal power P l a n t , coo l-
ed geothermal water r e i n j e c t e d through
i n t o t h e e a r t h can n o t f r e q u e n t l y r e t u r n back
t o r e s e r v o i r . because f i s s u r e s c o n n e c t i n g
t h e w e l l s w i t h t h e r e s e r v o i r a r e n o t
c i e n t . Thus, t h e success r a t e o f r e i n j e c t i o n
w e l l s i s n o t necessa r i l y 100

I n a d i r e c t uses p r o j e c t , t h e success r a t e
up t o 80 w h i l e another p r o j e c t up t o 6 3
% .

On t h e o t h e r hand, d i s c h a r g e o f  was te  h o t
s p r i n g wa te r i n t o  r i v e r s  a r e t r a d i t i o n a l l y
pe rm i t ted , even if t h e water con ta ins some of
t h e chemicals t y p i c a l geothermal wa te r .

2.3 . A c q u i s i t i o n of f r e s h water

s i n c e a g r i c u l t u r a l and assoc ia t i ons ,
waterworks and h y d r o e l e c t r i c power p l a n t s
have a l ready invested i n va r ious water r i g h t s
on a lmos t a l l t h e r i v e r s i n Japan a
l a r g e i n her l i m i t e d area,
f r e q u e n t l y d i f f i c u l t t o g e t water from those
r i v e r s t o e x c h a n g e h e a t w i t h g e o t h e r m a l
water , p a r t i c u l a r l y t o l a r g e sca le p r o j e c t s .
E x t r a c t i n g underground w a t e r f o r h e a t ex-
change a l s o  n o t  good from t h e v iewpo in t of
ground subsidence. 

I n a system, d u r i n g phases of water shor tage,
and i r r i g a t i o n take over

d i r e c t uses. I n a n o t h e r case . w a t e r f rom
some slender mountain s t reamle ts  a re  gathered
t o t r a n s p o r t ove r a b o u t 7 km t h e h e a t
exchangers. A way t o s o l v e such d i f f i c u l t y ,
a c losed c i r c u l a t i o n system o f  f r e s h  water
s e l e c t e d i n t h e e n o w- m e l t i n g ,  t h o u g h  t h e
p i p i n g  c o s t  became t w i c e .

There i s a system which has been
w i t h  h o t  water w i t h o u t heat

exchange, because o f i t s good water Q u a l i t y .

3. Ana lys i s

3.1. The year o n l i n e

The t o t a l number o f geo the rma l d i r e c t use
f a c i l i t i e s t o be a n a l y z e d i s 208 i n
i tem. It found Table 1 t h a t t h e f a c i l i -
t i e s Concentrate on Hokkaido and Tohoku d i s-
t r i c t s  i n  t h e c o l d c l i m a t e where demand
f o r h e a t i s S t r o n g and t o i s
b l e s s e d w i t h an a b u n d a n t g e o t h e r m a l
resources.

Table 1 a l s o shows a o f t h e year
when t h e f a c i l i t i e s went on l i n e . The o l d e s t
one i s t h e t r o p i c a l b o t a n i c a l g a r d e n o f
Kagoshima U n i v e r s i t y i n Kagoshima
Pref . , was i n 1918.

Moreover. Table r e v e a l s t h a t t h e number of
t h e f a c i l i t i e s i s more than doubled every 10
y e a r s , 10 b e f o r e 20 i n t h e

52 i n t h e and 121 t h e
P a r t i c u l a r l y . a r a p i d i n c r e a s e

found i n t h e which r e f l e c t s  t h e  
i

3.2. A d m i n i s t r a t i v e system

There a re many k i n d s of a d m i n i s t r a t i v e

f o r geothermal d i r e c t f a c i l i t i e s . Syn-
t h e s i z i n g those systems. Table 2 Shows t h a t
t h e number of p u b l i c systems i n c l u d i n g  t h r e e  
n a t i o n a l g o v e r n m e n t ones
H o s p i t a l , P re f . , a na t i ona l p r o j e c t
of supp ly ing h o t Water, A k i t a P r e f . and a
t r o p i c a l b o t a n i c a l g a r d e n a f f i l i a t e d t o
Nat iona l U n i v e r s i t y , P re f . ! i s more
t h a n h a l f o r 123 of 244, f o l l o w e d by
p r i v a t e systems o f

A body c o r p o r a t e , wh ich p r o v i d e d
f r o m l o c a l g o v e r n m e n t s and p r i v a t e
e n t e r p r i s e s , i s 2.5 6 o u t 244.

Predominance of p u b l i c Systems may character-
i z e d i r e c t u s e s o f g e o t h e r m a l  e n e r g y  i n
Japan.

3 . 3 . Dis tance between source and
S t a t i o n

geothermal power p l a n t s are genera l l y
located In remote and secluded places among
t h e mountains, long d e l i v e r y  p i p e l i n e s  of h o t
wa te r make economics t o u n p r o f i t a b l e . Fo r
example, d i s tance between t h e Matsukawa Geo-
thermal Power P l a n t and Matsuo, Iwate
P r e f . .  t h e  consuming community, i s 12.8 km.
I n case of Hatchobaru GPP. O i t a , and the

GPP. A k i t a  P r e f . .  t h e d is tance 3 . 9
and 1.5 km, r e s p e c t i v e l y . Excep t iona l l y ,

as a greenhouse complex was b u i l t near
t h e Mor1 GPP, zero d is tance was obtained.

c o n t r a s t , p i p e l i n e s f o r the Water o f ho t
sp r ings  a re  f r e q u e n t l y  s h o r t .  A k i t a
P r e f . . Naruko, P r e f . ,
Shizuoka P r e f . , Kagoshima P r e f , , and

Kagoshima P r e f . . have zero d is tance.
I n general t h e d is tance may be l ess than 2
km .

t h e NEF database, a d i s t r i b u t i o n o f
d i s tance between t h e h o t s p r i n g Wel ls o r t he
p roduc t i on w e l l s and t h e ho t water d e l i v e r i n g
s t a t i o n w i t h or W i t h o u t h e a t exchangers is
i n v e s t i g a t e d and Shown i n Table 3. Far d is-
tances less than 1000 m, about 81% prov ides
genera l l y an economical ly reasonable c o s t f o r
d i r e c t uses. C o n t r a r i l y , t h e g rea t p a r t s or
72 o f t h e d is tances more than 1001 m are
found i n depopula ted and
d i s t r i c t . The d is tance l e s s than 100 m gives
p r o f i t a b l e circumstances i n on ly about 50 %.
Because t h e database does n o t c o n t a i n t h e
d i s t a n c e b e t w e e n t h e s t a t i o n and
consumer, t h e t o t a l l eng th o f p i p e l i n e may be
beyond these data .

3.4. Depth o f w e l l s

A d i s t r i b u t i o n of depths i n c l u d i n g product ion
w e l l s of which supply water f o r d i r e c t
uses as w e l l as h o t s p r i n g w e l l s Shown i n
Table 4. The depths from 501 t o 1000 m form
t h e peak. fo l l owed by those f rom 101 t o 300
m. The deepest w e l l o f 2000 m f o r a pro-
d u c t i o n w e l l of t h e G P P , w a t e r f r o m
Which t o a greenhouse complex .  
The depths l e s s than 5 0 0 m i n c l u d i n g  t h e  
second peak o f d i s t r i b u t i o n from 101 t o 300 m
are convent iona l ones t he m a j o r i t y o f the
spas.

3 . 5 . I n s t a l l e d thermal power

Many u n c e r t a i n t i e s make accurate eva lua t i on
of the i n s t a l l e d thermal power or t h e
maximum u t i l i z a t i o n o f uses.
d i f f i c u l t . Nevertheless, an est imate o f t h e
I T P attemptad and t h e r e s u l t summarized
separa te l y i n each Pre fec tu re and each use as
shown Table 5 . I t can be found t h a t t h e
t o t a l 318.80 t h e maximum i s
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of P r e f . c o l d c l i m a t e ,
by 34.75 and 34.67 o f O i t a and Kagoshima 

b lessed w i t h much geo-
t h e r m a l r e s o u r c e s . Space h e a t i n g h a s t h e
maximum I T P 1 8 2 . 3 6 b e c a u s e
c o n t a i n s h o t water supp l y , f o l l o w e d by 51.56

of greenhouse,

3 . 6 . Thermal energy used

t h e I T P each by
own l oad f a c t o r  ( t h e  r a t e of t h e number of
workdays t o t h e ca lenda r d a y s ) , t h e thermal
energy used can be computed f o r each
f a c i l i t y . S i m i l a r t o T a b l e t h e TEU
l i s t e d s e p a r a t e l y i n each P r e f e c t u r e and each 
use i n Table The t o t a l TEU
w h i l e  t h e  maximum a l s o 2319.5 o f

P r e f . Because of low load f a c t o r s
w i t h m i l d c l i m a t e  t h e  TEU Of bo th

O i t a and Kagoshima P r e f s . are n o t t h e second
h i g h e s t consumers. The second. 659.7
found Pre f . Which a
c o l d r e g i o n .

The maximum o f 4632.3 by u s e f o r
space h e a t i n g i n c l u d i n g h o t w a t e r

by 864.6 f o r f i s h a n d o t h e r
animal fa rming.

3.7. Load f a c t o r

The average load f a c t o r of each use Shown
on t h e l a s t of Table w i t h t h e whole
average 6 9 % . It seen t h a t n e a r l y a l l
year-around garden, Space h e a t i n g
i n c l u d i n g h o t water  supp ly  and f i s h farming
have l o a d f a c t o r s of 85, 81 and 78
r e s p e c t i v e l y .

3 .6 . Rate o f t h e Saved

A comparison o f TEU w i t h t h e f u e l volume
from January t o December 1933 each

P r e f e c t u r e and whale coun t r y o f
I n t e r n a t i o n a l Trade a n d I n d u s t r y , i s
shown on t h e 12th column I n Tab le 6 . I n t h i s

f u e l o i l o r 1
conve r ted a TEU o f 27941 based

t h e c a l o r i f i c v a l u e o f f u e l o f 6 9 0 0
and t h e b o i l e r e f f i c i e n c y o f

The maximum r a t e i s found
P r e f . , f o l l o w e d by of Kagoshlma P r e f . ,
wh i ch a r e  n e a r l y  e q u a l 1 t h e
t o t a l TEU o f 6941.6 n o t  y e t  Only 0 . 1 1

t o t h e  y e a r l y  f u e l s e l l i n g volume
226.0 t h e whale of Japan.

3 .9 . Geothermal hea t pump

The database has o n l y two cases, where
h e a t pumps a r e u s e d . A S was m e n t l o n e d
a l ready . s i n c e h o t s p r i n g water a tem-
p e r a t u r e above e a s i l y a l l over
t h e c o u n t r y , t h e r e i s a lmost no demand t o use
hea t pumps.

3.10. We l l s r e c e n t l y f o r d i r e c t heat
u t i l i z a t i o n

The number of w e l l s d i r e c t
1990 and 1991 i s n i n e . As was ment ioned i n

1 , i s d i f f e r e n t t o p r o c u r e a l l
a a t a a t p resen t , s p i t e of e x e r t -
i n g a l l p o s s i b l e e f f o r t .

4 . tempera ture geothermal resources and
uses Japan

e t a l . es t ima ted low tempera-
t u r e geothermal resources and e f f e c t i v e re-

between 42 and t o be
MJ and f a r t h e  r e f e r -

ence t e m p e r a t u r e of by
means of a volume method a n a t i o n w i d e

s c a l e . The e f f e c t recove rab le i s
e q u i v a l e n t t o 87x10' 30 Years.

NEF c a l c u l t e d t n e t o t a l h e a t d i s -
cha rge of ( f o r t h e r e f e r e n c e
tempera ture o f from t h e h o t s p r i n g
we115 in t h e 120 spas which a r e  s e l e c t e d ,  
from 23,037 w e l l s 2382 spas as of March

under a Standard t h a t whole w e l l s in a
have hea t d ischarge more than 5

a t a f l ow r a t e o f 2000 and ove r .

On t h e o t h e r hand, computed an
h e a t o f 1512.32 f o r d i r e c t

f rom t h e 6868 w e l l s m e n t i o n e d above ,
emphasis on coex i s tence w i t h n a t u r a l

b a t h i n g . The t h r e e assumptions used here was
i l l u s t r a t e d i n t h e p rev ious paper

Based on t h e d a t a syn thes i zed here , t h e t h e r -
mal energy used as o f J u l y 1994 i s computed
t o be 220.12 as Shown i n Table 2. Th i s

14.6 t h e  e x t r a c t a b l e  h e a t , of
t h e t o t a l hea t d ischarge f rom t h e b i g spas
a n d 0 . 2 5 o f t h e e f f e c t i v e r e c o v e r a b l e
ene rgy . Moreover , t h e  h e a t  o f 220 .12
corresponds t o 0 . 1 1 o f t h a t d e s i r e d from
t h e f u e l o f 228.5 i n 1992 i n
Japan.

The 1-saved r a t e of geothermal d i r e c t uses
w i l l i nc rease t o 0.76 i f t h e e x t r a c t a b l e
hea t can be f u l l y p rov ided , t o 1 . 2 i f t h e
t o t a l hea t d ischarge be ob ta ined and
43 i f t h e  e f f e c t i v e  recove rab le energy can
be u t i l i z e d .

F u r t h e r prospect- - -Combinat ion d i r e c t
uses w i t h smal l sca le b i n a r y c y c l e e l e c t r i c
power gene ra t i on

I n recen t years. t h e New Energy and I n d u s t r i -
a l Technology Development Organ i za t i on

deve lop ing a 100 and a 500 b i n a r y
c y c l e e l e c t r i c genera tor (NEDO, 1994). NEDO
a l s o r e p o r t e d t h a t t h e t o t a l p o t e n t i a l Pro-
d u c t i o n of e l e c t r i c power from t h e 63 e x i s t -

geothermal and h o t s p r i n g w e l l s h a v i n g
p o t e n t i a l Output  f rom 100 t o 500 i s

t o 15,527 w h l l e  t h e  t o t a l
p o t e n t i a l p r o d u c t i o n f rom e x i s t i n g 1 2 w e l l s
hav ing p o t e n t i a l o u t p u t above 500 as-
sessed t o be 11.251 and t h u s t h e grand
t o t a l IS 23,178

On t h e o t h e r hand, t h e a v e r a g e  t e m p e r a t u r e  
and f l o w r a t e o f geothermal water  d ischarged 
a f t e r t h e use o f b i n a r y c y c l e e l e c t r i c power
gene ra t i on a r e and 1 2 5 respec-
t i v e l y (NEDO, 1994). Those water hav ing a
t o t a l h e a t o f abou t 9 i s S u i t a b l e f o r
var ious geothermal d i r e c t uses. D i r e c t uses
o f geothermal energy i s expected t o f u r t h e r
e v o l v e by c o m b i n i n g w i t h b i n a r y  c y c l e  
e l e c t r i c power gene ra t i on .

5 . Conc lus ion

Al though t h e in- Progress NEF database and t h e
not- necessar i l y- su f f i c l enc da ta
c o l l e c t e d a r e used t o ana lyze v a r i o u s aspect
of d i r e c t uses of geo the rma l e n e r g y , t h i s
coun t r y update r e p o r t based upon t h e a n a l y t -
i c a l r e s u l t s may he t h e b e s t v e r s i o n as o f
J u l y 1994. t h e r e i s no o t h e r syn the t-
i c and q u a n t i t a t i v e d a t a d i r e c t uses i n
Japan.

It must be emphasized t h a t a r e l a t i v e l y l a r g e
i n c r e a s e t h e and TEU o b t a i n e d h e r e
from those as o f A p r i l 1992 (Sek ioka. 1992)

due t o p rog ress of t h e NEF database, n o t
t o e v o l u t i o n o f t h e d i r e c t uses i n Japan i n
o n l y t h e two years .
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