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Fig.3 The advanced installed capacity of world geothermal power

plant
3 A & x & MW
JULY, 1979 1758.9
JULY, 1980 2110.5
JULY, 1981 2493.1
JULY, 1982 2558.9
JULY, 1983 3190.3
MID, 1984 3769.7
END, 1985 4764.0

&N ER—ZADREIITON T ET, X, REX—ZATHORELITODNTET,

B, 74V EXRUAL Y PR TOBRFRAEFAN—-BELTEMLZLNT, WEN X
WE—BEFIIOWTBFE N LLET, £2974 )V TTH, Tabled IcHEL ALY —HER
BICEHLAHBNLEDEZ, Tabled ICHBBMANKTILE L EHNEOBFEIE2RLELL, 74
NEY T, FRUEXENEFVBELL THELNEZ LD EDNT, INEZBRVWZIR
WX —ZHEIRANX—LIFATVET, ZORTHBOLEDSHAIL, 0BEFICEBITE
T, B—RAML 3 v 7HRDITAFLIEIIAMAELENICL ), ABILEIBHICHAL, ¥
BHSICEREEEZ TR aNE T, B2KRAMY 3 v 7 DIFERITHBIILEI—
BREBALTVWET, 740 3ZnkHic, HORERELED L IZHNDTEILERET L
Y258, ABMNOBMARINKL, ABXLEIHZ, BHNZEIBLLL TSI TT, Zn
ERREMBYILHIC, K, ik, ARFEENZAINX-—OHELEHTITE, 198651211,
AB~NDIKFEZ45%I1CF TIRT S5 HE2B CF L2Y(Tableb), 74 Vo4 PRy
THENGEER T3P REFHFRL D B FFIHEN T RANLX —HBFEE L THRBET XL X -3
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Table 1 World Geothermal Power Plants (operational)
(of July 1984)

Installed Capacity Installed Capacity
Country, Area Total Made in Japan Country, Area Total Made in Japan
MW MW (%) MW MW (%)
United States New Zealand
Geysers 1402 1132 80.7 Wairakei 192.6 0 0
East Mesa 12.2 0 0 Kawerau 10 0 0
Brawley 10 10 00 T sea |1 sme | o | A |
202.6
Salten Sea 10 10 100 Total 0 ’ 0
Rosevelt 1.6 0 0 El Salvador
Hammersley 0.9 0 0 Ahuachapan 96.1 96.1 100
Canyon | | | [T T T
Puna 3 0 0 Total 96.1 96.1 100
""""""""""""""""""""""""""""""""""""""" 1 Iceland
Total 1439.7 1152 80.0 Namafall 3 0 0
S Krafla 30 30 100
Philippines .
Tongonan 115.5 115.5 100 Svar:tsen,gil ,,,,,,,,,,,,,, 8, ___________ 6 __________ 7 5
Tiwi 330 330 100 Total 41 36 87.8
Mak-Ban 221.3 221.3 100 Ind =
Palimpi 115.5 115, 100 e s
,,,,,, T e 0 || TR | g 30.25 30 99.2
Total 782.3 782.3 100 Dieng 2 0 0
Ttaly Total 32.25 30 93.0
Larderello 169 0 0 Kenya
Castelnuovo 50 0 0 Olkaria 30 30 100
Serrazzano 47 0 I i o e e e B oy
Lago 335 0 0 Total 30 30 100
W (... W S O] Soviet Union
Total 4571 0 T L O N L 0 ]
Total 11 0 0
Japan
Matsukawa 22 22 100 China
Ootake 12.5 12.5 100 Yangbajing etc. 5.136 0 0
Oonuma 10 10 100 I mea | &8sszl & o A |
Onikebe % 25 100 Total 5136 0 0
Hatchobaru 55 55 100 Taiwan
Kakkonda 50 50 100 Chingshui 3 0 0
Suginoi Hotel 3 3 100 [ omas T T e T
Mori 50 50 100 e e 2 g
Kirishima Portugal (Azores)
Kokusai Hotel 0.1 0.1 100 Pico Vermelho 3 3 100
Total 227.6 227.6 100 Total 3 3 100
Mexico Tur}qu
Cerro Prieto 180 180 100 | Kizildere 05 | | B | 1 B
Los Azufres 25 25 100 Total 0.5 0 0
Total 205 205 100 Grand Total 3536.286 | 2560.7 72.4
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Table 2 Japanese Overseas

MR L Eih R

Cooperations in the field of Geothermal Energy

Items Terms Details
Group Training 1973~ Acceptances of trainees from UDC
Joint Research 1980~ Hot Dry Rock R & D Project by USA and Japan
Survey of Resources (G—G base) 1973~ Japanese Technical Assistances for UDC

Survey of Resources (by private company)

Surveys on Private company base

International Exchange (a learned society)

Joint meeting of GRC and JGEA

International Exchange (a research group)

Events by NEF and JGEA

Power Plant Construction

Construction of Power Plant by receiving the order

Table 3 The consumption of Commercial Energy and its ratio of oil in Philippines
(Unit : Oil million barrel)

1960 | 1965 | 1970 | 1973 | 1974 | 1975 | 1976 | 1977 | 1978 | 1979 | 1980

. amount 19.1 | 339 | 546 | 68.3 | 64.1 | 70.2 722 | 78.6 816 | 826 | 775

ol ratio (%) | 93) | ©3 | @9 | ©6) | 00 | 95 | ©3) | 04 | @9 | 02 | @8)
Others amount | 15| 26 | 35| 41| 42| 41| 51| 46 | 54 | 67 | 110
(coal, hydro) | ratio(9) | (7) [ (D | (&) | (& | (&) | (5 [ (D | (6) | (6) | (8 | (2
Total 206 | 365 | 581 | 715 | 682 | 743 | 77.3 | 832 | 87.0 | 89.3 | 885

Table 4 The Balance of Trade & Payment of imported oil in Philippines
(Unit : CIF, million US$)

1973 1975 1977 1979 1980 1981
Payment of imported oil 231.00 83300 | 1,040.00 1,597.00 2,516.00 2,567.00
Trade Balance 30900 | —1166.00 | —406.00 —192000 | —186300 | —2,930.00
The ratio of imported oil payment - 7100 256.10 83.00 135.00 87.60

FEEBONET, HIC 74V BHAIANLNT-RBICHEA2BE, HAEXEDRR1980
FNAEMWAh 519834 1ZI8UMWNMBRENRMBELZFTIHRAE 2 LoBAE L 40 Y,
INLDEIEA 100 % HEL T iU, BNERENEN 2HIE 2B ALY —THRIETE
LERFHDES b TT, L2rL, BEAFLRHA=LVIZBRET T, EENRRICIIGEFHL
Th otk T,

74 ) EORBRFEIZELNROKILENTH L BEICEEL, MAMEKERISHNE 2 ITHK
HELTWET, 22 i3, 2EMNLEIIREEN 74 ) LT AL R LE—
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Table5 The National Ist Energy Program 1981~1986 and its Results in Philippines

(Unit : Oil million barrel)

1980 1981 1982 1983 1984 1985 1986
Hydro 6.19 7.10 8.09 11.85 14.07 15.29 16.01
Geothermal 3.84 5.34 6.28 7.89 8.58 13.97 16.64
ditto. (%) (4.3) (6.1) (6.8) (7.9) (7.9) (11.9) (13.5)
Coal 0.97 1.36 6.25 11.64 14.20 20.57 25.58
0il 77.49 73.08 71.14 67.98 69.93 61.64 56.38
Nuclear —— — —— —— s 2.81 5.61
non-convensional 0.02 0.65 0.86 1.13 2.19 2.74 2.96
Total 88.51 87.53 92.62 100.49 108.97 117.02 123.18
Growth rate 1l 1 5. 8 8.5 8. 4 7. 4 5.3
ratio of imported oil 83.29 81.34 71.33 63.42 62.01 51.34 45.13
RESULT Total 83.92 78.68 78.79 81.83 i
Geothermal (MW) (446) (446) (556) (781) (894) (894)
ditto. mil. barrel 4.20 4.20 5.23 7.35 8.41 8.41

ELTOHBIANT—DRETHEELRL T T, B]E, LY BTMAK-BAN (330
MW) & TIWI (330 MW) v 4 7 B 7 TONGONAN (115 MW), #7wz&c PALIMPINON (115
MW) 7> 4 BB HE L T\ &7, (Table 1 BR)

T4 ) EINT A BDENMG NI, BY, VWO BDTXT AR TITHILE LAY, H

FRELERL 2B THBDOBERRBILOZHTMDOILEG L ZICEY L2, 2WT, 74
DEYRINERICE), VBT 780 - A P ICHXTHENMIAETI 2L LY, RAEH
BEIZTERTLELR, 777850 -4 b2l 0nIDIE, H&L)/— T XA OEEIC
LETHHROZLENIILT, HiNL2 5 100CLLENERED Yz v P EEE-TEBLTED,
FTER—"1) > 70025 5°CHOBREHIIEIFL I H T T, ORI, ROFEOHRTE
HOT—=Th b EHMBR L IEMBARICEEL 2E—NDFETH N FLT, 2 TRAEIHFEL
Twa bt tT,
HEAC I, Fig. 4 oEETE X & O Fig. 5 D FEHGEL ~VEORT & ) ISEULN T by
7T TEMENET =4 P OERVEBEAL LERBOWREICEBNELTHIFET HE
ITY, S E LTh, BEBHL T2 BKknBICHBEES B E N T, :iRA2LHE K
UL, MINOEERE»ZFL(EWEINILITTT, BRaLHsH, OO BHREIIKEIIL T
BHEHA,
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Fig.4 Schematic geological section of Acupan mine

KICAMNELETHE 4 > FALTICEEE2BLET, Table 6ic 4 > FAL TOERES
WXP%RLET, ROEMIABZSUHETT, KBO7 1) 3L G, 1K
AN 3y 7DOIBFELIRIIAHMAEENOERIC L), ERNZORBFESKRMICHEMNL TvW$
T, —H, AlERCE, ROGMICRLN2 & 5 ICHEM20E FLRIBORFEIHECTW T,
INEIE, A FRITICBWTIL, Al ARE»CCEELRBETH-> T, ENTIIRS
NCHBUNDZANX—RBELZERT 2 LEHIH 2 bIT T, Table 712, HKE, Kh,
HFOENZANLX—TCENHERZ2 TEL 2T £ 4w, ABRALTL S EBICmIT LS W
ITRLWTYRENLZRANX—FEHEYTT, LHL, MLAEAES,110km, #dk1,888km
DEUZHED H HRBEANEGBER T, KNAbED LIS TTNDERPLERENTE, AnE
ATVWBEIITTLHG6,000 52 2ZbNTENET, EREZRTLAN BRI Lo T34
A, HBREOBRMEEILERLLTWEL5TT, LaL, 4> FRALTICREBENFE LS
A=r7, %7, N, 70—V R, h)erPr, AT7T7zv i EFBEEBIC L 0H
L, BRRPHEIILLEHSHL T2 T, B, PxT7BDAES + > ET 4 L2 THEBBREH
EDLNTED, ZOMERDERMHIET SN T ENT, FRMBARENMUI KD LFS
NBEN1DICEIFSNTWET,

BAENENGNIE, A=t ThREOLY 7—LHE TITbNE LT, 2= SHEHOME
K% Fig.62IcRL E L7z, 2= 7OBRBERNOBEICIE, HLL 770 b7 kUdd) 23,
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Fig.5 Plans of main gallery level in Acupan mine
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Table6 The Balance of Trade in Indonesia

(Unit : CIF, million US$)

Including Oil Excluding Oil
YEAR

Export Import Balance Export Import Balance
1966 678.7 526.7 152.0 475.3 319.2 -43.9
1967 665.4 649.2 16.2 425.8 636.6 -210.8
1968 730.7 715.8 14.9 433.2 709.7 -276.5
1969 853.7 780.7 73.0 470.8 769.8 -299.0
1970 1,108.1 1,001.5 106.6 661.8 986.8 -325.0
1971 1,233.6 1,102.8 130.8 755.7 1,082.4 -326.7
1972 1,777.7 1,561.7 216.0 864.6 1,531.4 -666.8
1973 3,210.8 2,729.1 481.7 1,602.1 2,685.3 -1,083.2
1974 7,426.3 3,841.9 3,584.4 2,214.9 3,658.9 -1,444.0
1975 7,102.5 4,769.8 2,332.7 1,791.7 4,516.3 -2,724.6
1976 8,546.5 5,673.1 2,873.4 2,542.4 5,235.4 -2,693.0
1977 10,852.6 6,230.3 4,622.3 3,554.8 5,498.3 -1,943.5

Table7 The long term Plan of 1st Energy Sources and its Results in Indonesia

(Unit : Oil million barrel)

1977 1978 1979 1980 1981 1982 1983 1984
LNG ( 9.45) 14.06 18.59 22.89 25.47 3115 37.72 39.08
LPG ( 0.28) 0.37 0.43 050 0.58 0.66 0.77 0.89
coal ( 0.83) 0.89 119 1.53 186 2.45 3.02 5.88
hydro ( 1.03) 146 1.87 2.39 2.42 2.44 2.57 5.08
geothermal — - — — 0.03 0.03 0.03 0.07
oil (10155) | 11114 | 121.38 | 13283 | 14727 | 160.34 | 17530 | 192.30
Total (113.14) | 127.92 | 14346 | 16014 | 17763 | 197.07 | 21941 | 243.30
share ool 89.8 86.9 84.6 82.9 82.9 81.4 79.9 79.0
RESULTS | Total 17402 | 18571 | 18322 | 19208
share of oil (%) 8320 83.70 83.30 85.50
geothermal — — 0.04 0.04 0.04

22 7OERICIIHEZ LEKU»FHLTCEY, ZHRENEREALSL Y + 7 7L — F HiLAs
RAATORIDEBREINTHET, Lo 7—AHIKIE, Bl 7)) > F10 (FEE 3,800m)
DERIICHEL, £ 7> SHEHRL LN —t—FNH 5 BHT, ECHNLEMICIHRS
BRILFRoNnE T,

4> FALTHERREEEETIE, 2 TLZ29TT, ZOEL 2 »7EBLUMNMI ADEEHV
B, EXLRELLDOH LT, A, REL TLEFEEIECE - 2255 bIT T
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P, 2 D7) FIUDWBIZERTFEL#ED D), EIFOEMA LA > TE ) T, ZLHII,
T4 —ENRETTH, AlrEI IIICFICALLWES, Lk - EEL TR TR
DENTHE L >TET, ZOTHICEELBIVBBTENTHEANOMELAREE: L2 b
TTY, v 7= L@z NO# 5 FADEERA > 74 X —LHb L, £ LERED
BbEbE, EC0—ANIANX—E L THAREIS > ZbiF T, 2 TlE, BARMA
DN FAET, HWEFAAD S AT EAEA Z C2FE/L, RICEAEHE R TB) £7,
Pk, PEMEEIEEmEE ) &G0 RL D 2 »HORREZER R LUICHEMNL L2,
WIZEZL 5> T TLRDE ) Gl E 28> Twa k) icBbnEd,
(DEADL Y ICEEEZED KL T &) X EEI»BEEL Ty,
2> THANDE Y, 1 #FTTHENT kW ORENHNTE CHIFEHTE Vv,
BINODEEED LY, EEOREDL L - TLH, H0RW5 T kw gD T —7 L DHES
BT EHTEDLZ DY, ZNHOEZTIREED L) TT,

(@I DA T DRI »Y, BRDENEFTEEA TWLHR, L, BERDH 5 AETE~EIRT
52 LI & BEERRADN LA EENRKE KON FHEAHRIIRENLEEZ 5NB,
LEn &9 e sEE EEADRO—EBRE LT, 29 LEAREREROFMTZ2TE L
&), BRDEBRBHIDEREZCEEPTOLRT I LY, SHBELA KRB L -TLBILLEE

ZbnET,
15

X oy

1) S - b EBIF R (Geothermal Development Review) p.1 #5248, 19864

2 ) Ronald DiPippo : Geothermal Electric Power, The State of the World-1985, GRC
“1985 International Symposium Geothermal Energy, International Volume” (25 & #L
72F L) X1k,

3) () HEHES BARD X — A=A L 2 HROMBFEERTICOWT p.23~80 iz
Vol. 21, No. 4 (Ser. 84)

4) HEEAN D THWTATHIENT, p.92~p. 99 Hi#T 20 %¥— Ser. No.34, Vol.11
No.2, 1986 7 o THEMEA | TP TRED T AL X —FHiG & BN 1L X —gIRFEZE

5) TP TREMERN | T THENOT ALY —FH L ERNT 2L X —RIFEMFE 19824 3 A

6 ) Benguet Corporation: # N&¥ L 1) X1k,

7 ) BIRO PUSAT STATISTIK BUKU SAKU STATISTIK INDONESIA (Statistical
Pocket book of Indonesia) 1977/1978

8) (B BEA > FALTHE 4> FA2 L THIRKET S 4510 1979/80—1983/84

9) PLN : Area of Operation of PLN Operation Units (Region III), PLN in 1979/80
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10) AT ALY —Hizt, MBH6OEER (REZRALX—FFH), Tableb R 7 DEMHIZOWT

" B I %
MOEH (ER HNKFEAEERFFREN) LN ILI TSR,
RERY AL LRIDIT) BHELLVATTIINRYE, MARENHEL W) NIE, FHfhyicit
EIVIRELZATL Y I », BRIL LR T 2R ZHAT 200, Z0ENITDH0EHY
FEDH D NDTL ¢ 5 »,
Il RN TETEE, BEREBAPHTS DI TT, 20 bOERTE2FAL
FLT, aNE2I—ELICE-T, TNTI—E>2FbLTRET S &) HHAIBENK
MTY, REMENICIE, LIHITILERENMEBEL»Z IV ) bOLHAETEL AT LEH
RPTTEET,
hF I HEE LIPS BERNOEELEITA2NE2FAL T30 TT D,
R D MEE LA TELREATIE, BEREBBIZIREL TWEbITTYT, £ % EoEks T&
REBBICTHLET, BENIIH)BTLETTLLILRTHICRLET, /S — LK
RIETE A T4 2BLTREMCL - T ->TI—Er20ILET, KARETT L #HE
TKEDSLDTEREFE->TI - 2ALETIINEDL, TOBEI1OEEENE, HT
EREEVZOZTEFHEINET,
HBEH 7 ) v o Baguio ik { @ Acupan SLILNE TlZ, FAIZERL2RTWEHA
P, MINTERRLANDEZ A0 LHENTTH,
gl il A TLIch, BRIZENELLTTWETY, EREBIFOLNTHFET, ERH
BRLLBITEEF T BvnET,
Kil@gx Indonesia H7: ) DKRELFENLWEZATIR, KEHLN2ELZINIZIONY
DERZLBAEDLIZ Ik ng k2 hvE Ly, ZRIZEROEMBHNIT ) nE
ZEMZIINEZ E—BLTWbbITTTH,
P RELAFND F LB TII—BL T bITTT, LERREIIZZICDENENS
HEBNFLTC, ZIHEECRY P7—27 vnETh, RERLZEI KL TEHEIZL>TH
NET, TTHHZ5 V) REMITRLARATIE, BEANL SIS, KELREMEIELZ L,
ZI)VIENERETLILDTEICE>TEN ETITRED, £1UdH < TLIFRETET
HoT, TCENMDERTEILECINIE, ENTOHPLVEBWEYT, TTH2LH, 443 %
FVINOADNEANREIRTEL L > TV RITIPRENTLHL W) Z e EBWET,
REEH D KEFMORETT D, 2L FADEZLATTINRE D, HFL VAW, 72& 218,
BREBNL I % XkUT, MBARBICHATENIERECANZAOTR TN LV LI LRBLT
BATTIINED, FELICEN £ &, EFICEEI»E TL O L WEWI Z 2L A TTH,
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FLOKILUDOFHE V) DI &EDFRRE F THRMICTEEL A TL & 9 b,
Pl Z20BIC % 5 OB FTOT, BHIACHZ Tw2i2&F Ly ), #AEMT
WHNWHLFELIFRINTEN ETTOT,
BBE= AT Wwanld, T4 ADOWENT, HiLWAKILDEWNFNIH b= 7D
BiE BT T, 20 ETHF 2> TTTh, ZLTKEEALT, BBICL>72KER
DT LI LI RATLEEST, ZAAXF—2F8BLZLVDTIZ R wd, W) ET, Z
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Abstract

This paper examines the reasons why the nonoil producing Republic of the Philippines
and the oil producing Republic of Indonesia in the South Pacific, are both developing
their geothermal energy. The related technical assistance of Japan in each country is
briefly reviewed.

Because there are no known oil reserves in the Philippines, the use of imported oil
greatly affects the balance of imports and exports.

Therefore, the Philippine Government is planning to develop its domestic energy such
as hydro-electric, coal, geothermal and renewable energy and to decrease its consumption
of oil.

As a result of her efforts, the Philippines had become the second largest producer
of geothermal energy in the world by 1983.

Japanese technical assistance on geothermal energy began in the Buguias area, Luzon
Island, the Philippines in 1980, but it has stopped because of domestic unrest and restarted
at Acupan-Itogon area near Baguio city, Luzon Island.

Acupan and Itogon are the names of two gold mines. Acupan is one of the largest
mines in the world and hot water and steam are presently spouting out of fractures and
testing bore-holes on the walls of the galleries. A project to divert the steam and hot
water from the mine, and thereby improving the underground environment by means of
a geothermal well, has not yet been completed.

In Indonesia, the balance of trade is continueing to be positive because of the export
of oil. However the Indonesian Government is making an effort to promote the develop-
ment of hydro-electric, coal and geothermal energy etc. in order to export as much oil
as possible.

The development of geothermal energy in Indonesia is not advanced at present, but
is promising because of its large geothermal reserves throughout her many Islands.

Japanese technical assistance on geothermal energy had been made use of in the
Lempur area, Sumatra Island from 1979 to 1983. The Lempur area is located at the
south-east of Mt. Kerinch, one of active volcanoes along Sumatra in parallel with the
trench of the Java plate. In this area, the construction of a geothermal power plant is
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expected to help meet the demands of a tea factory and of the general public.
Although the Philippines and Indonesia are different from each other in respect to
domestic oil reserves, both countries have following common characteristics;
(1) They are composed of many islands and have no systematic networks of high
power cables
(2) They have no huge factories consuming large amounts of electric power and no
large cities with big civilian demands, and therefore
(3) It would be advisable for them to make many rather small 50 MW class geother-
mal plants for local energy demands.
Japanese technological assistance has helped some in the past and we expect that
it will be more helpful in the future as these countries continue to develop.





