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Table 2.1.2 GDP by Economic Sector (Cutrent Prices)

© (Milltons of Balboas)

previous year {%)

5.5

Economic sector 1080 1981 1982 1983 g4  Share
RN 989 - 19 (1984)
l.AgdcuLuKe,fbnﬁtny,shxk .
farming and fisheries 354.1°  401.1 413.0 . 434.4 442.1 10.0
2. Mining and quarrying 6.3 8.1 9.1 7.7 6.0 0.1
3. Marufacuring '371.2  375.5°  401.2  401.8 405.9 9.2
4.Elaﬂzipity,gasand}%ﬂ3r 109.1 119.8 132.0 147.6 149.5 3.4
5. Construction 253.4 273.6 345,0 242.0  218.1 4.9
6. Trade, restawrants, hotels ~ 522.7 - 539.2 550.8 . 544.4 556.5 12.6
7. Trensport and comunication  780.9 863.3 1,016.5  1,128.2 .1,100.3 24.8
8. Fnrxning, insurance and :
 tuisiness services 463.1 519.2 563.4 597.4 624.4 14.1
9. Comimity and personal :

Bervices - . - 290.7 320.0 364.2  383.9  408.4 9.2
10, Government services . 410.1 475.3 517.6 547 ,2 573.6 13.0
11, Damestic services 36.1 - 39.4 43.0 44,1 46.2 1.0
12, Tmport duties . 57.3 59.1 66.2 74.4 71.6 1.7
13, (Less) Bank service charges -96.2 - -115.6  -152,1 .~ ~173.7 = =178.6 ~4.,0

Total GOP. 3,558.8  3,878.0 4,278.8 4,379.4  4,429.0 _ 100.0
GDP at 1980 prices 4,558.8 3,707.6 3,911.1 3,926.7 3,878.4
Growth rate over the L '
15.1 4.2 4.0 ~1.2

Note: _Vaiues shown in the above table were calculated from:

- International Financial Statistics (IMF) which show the total
GDP at both the current prices and 1980 prices.

- Statistics published by the Banco Nacional de Panama which

show sectorial GDP at 1970 prices.
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KR OB . B L4 MK, # % 5 — & w64 8K, 5 4 — € 180, U,
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255 IMMCE T LC W4, @)%, Bahia Las Minas SEEH D 2 % &f‘mﬁ& ey
s HRRC, EREBELTOS,

ﬂﬁ%@&ﬁfﬁd)nﬁjﬂi Table2 3. 1 KRTBHTHY . MO J:')kif?ﬁ']én

% B & B ) ) TRERER
(MW) (MW) (GWh)
KT B 5516 | 50&0 24230
K H B : |
"noh 144.0 1345 9950
ﬁzywky  6 4.8 54.5 1432
74— 80.2 6 6. 1 3512
K F gl 2890 255, 1 1,489.4
KD & _84&6- 7611 33,9024

B, ER T RHEORENBAI, Panama@ﬁ%ﬁé (Panama Canal Commission-P

CC) DRUWHANH 0 . BIBH AN SN, KAy 115,500, &7 210 0HKTH

2.3.2 AR
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Table 2.3.1 Existing Power Stations

Unit cap. Installed  Effective  Annual " Commissioning

Power station B R .
x Number capacity capacity generation year
(Mw) - : (Mw) (Mw) - {GWh)
Hydro
Bayano - .. 75.0 x 2 150.0 160.0  ~ 605.0 1976
Los Valles 23.5 ¢ 2 47.0 A7.0 272.0 1979
La Estrella- 21.5 x 2 43.0 43.0 i 237.0 . 1978
Fortuna 100.0 x 3 300.0 255,0 1,242.0 1984
Yeguada~Chiriqui - 11.0 11.0 57.0 1967
Total hydro . . 55L.0 . 506.0 . '2,423.0
Thermal
a) Steam -
Bahia Las Minas
BLM 1 24.0 x 1 24,0 22.0 154.0 . 1964
BLM 2,_3, 4 40.0 x 3 120.0 112.5 841.0 1967,72,74
Sub-total 144.9_ 134.5 - 995.0 :
b) Gas turbine
Substation Panama 21.4 x 2 42.8 . 36.0 ' 94.6 1983
Mount Hope 22.0 x 1 22.0 18.5 48,6 -
Sub-total _ _64.8 54.5 143.2 .
¢) Diesel
San Francisco (PIEK) 7.0 x 4 28.0 24.0 171.7 1976
Diesel "GM" 2.5 x 11 27.5 20.0 122.6 1975
Chitre - 12.4 1972 .
Capira - 6.4 22.1 56.9 1972
Pto Armuelles - 5.9 _ 1961
Sub-total _ 80.2 66,1 _351.2 L
Mini hydro
Coclesito 0.25 x 1 0.2% - - -
Santa Fe 0.35 2 1 .35 - - -
Sub-total . 0.6
Grand total - 840.6 761.1 3,902.4
Note: No.3 and No.4 units {11.0 MW and 12. OIMW) of San Francisco powsr

station are not included in the above table due to their superannuatlon
(Commissiening year: No.3 in 1955 and No.4 in 1964).

Source: IRHE - Plan Maestro de Expansion - 1986.
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Table 2.4.2 Energy Consumption by Category of Consumers
and Rate of Access to Electricity

Ttem 1981 o 1982 1983 1984 _ 1985

Energy consumption by category {GWh)

Residential . - a74. 499.0 527.9 - 521.6 559.6

Commercial _ - 498.1 $32.0 567.9 574,4 609.8
Industrial R 188.4 218.0 218.8 228.7 252.4
Public building 281.2 . 287.4 311.3 337.2 326.6
© Public lighting . ' 32.7 3407 36.8 - 37.1 37.7
Other systems 46.5 51.4 - 132.8 98.8 104.9
Sales in block 25.1 26.8 27.5 - 29.3 29.7
Total R 1,522.7 1,673.3 1,848.0 1,816.6 1,944.1

Share (%)

Residential = - C31.1 . 29.8 28.6 28.7 28.8

Commercial _ 32,7  31.8 30.7 31.6 31.4
Industrial = - 18.5 17.2 16.8 18.6 16.8
Public bu1ld1ngs & others, 17.7 21.2 23.9 : 21.1 23.0

Total. ) . 100.0 100.0 100.0 100.0 100.0

Rate of access to électricity

Total population : 1,874,000 1,926,000 2,089,000 2,123,000 2,180,000

No. of families : _ 374,800 385,300 417,700 426,800 436, 100
Residential consumers ' 209,627 223,251 229,537 238,432 249,232
% of total population 55,9 % 58.0 % 55.0 % 55.9 % 57.2 %
Urban area - 85.5 % “96.5 % 87.7 % 87.7 % 83.2 %
Rural area ' 17.2 % 20.2 % 21.2 % 22.6 % 29.7 %

Source! IRHE - Plan Maestro de Expansion - 1986
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Fig. 2.5.i Typical Daily Load Curve-3rd Wednesday
of January 1985
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3.1 BAHEETH
3.1 FER
BHOMAITHOR L BRAFHETFNAM CLI28SICE. BRI S3HEOH M L

YERNREBT A RFKRASOERE 2RI S T ERLTRE SN S MBPMII

METHETUALBL TS0, MHECRMOBMABIHMORE L 2FREF M. KL

TEEA~NLZEHHPULTRLER I 200 L LEBEbh s,

(1) Bk

— MR, S OMEICH Y AWMBERIRNG LEKROMBELTEL Y. ROBREX T

kbashid,

Di=f (Pi, Pw, Y)

CCTLDI MK LARE

P1:M& 1 OWK
Pw : —B¥@ESTEREINS Z O T ok ke

Y (HEROWG

kg 2 Ficd L TR BERBRBEHEOREEZ R T O T, L oBERXR&KO L

ANBHDAELENTEE,

Di=f (Pi1i ./ Pw, Y/ Pw)

COZEE. BEIEHTAFERSIMEOHMABEIFTREFOXKEREBEITL -

THEZNZ %L, BHCHI2ZEHEBLRAKFORE E 5,

Table 3.0 1 R19T04EAH & 1984k cORBE IR & . [WBUEME TCHES LG

DPHLCKNR M oREBFHFRABE AL RKY, OFCEHT, ENFAL DS & &

DY LT85,

y o= —387‘4 i'O_ 27551){ ] {98 93 X2

RAIBENY R = 0.972

y HmEEMNE (GWh)
x, :GDP (AAB/. )

X BRI (Cent/kWh)
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4005 19794 % T O IEME DT ORMMWIKERRE 198045 & 19844 3 €T
RO AR ERRTH D, MBEORMICERERZ Lo, SOk BIBIERLT
B, KO 2 RERAMEST B, - |

y= a+b, x+b, x?
N O |

y: WERHE

x: GDP

a: JE¥
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RERERD  BXCDb, REASEREMOT, ROBLFERERO BN
. _

Suub +S,:b2 =5,y

Sizb| +Sng2 :SIZy

I
I
A
’

Su=Ex:? - (Bx: ) n  (n:8g¥)
s“;z(xiaz—(zxizyz/n
S1:=5%,° -~ (Ex,;) (Sx; %) /n
Su=2x: vy - (Zxy) (BEy«) /n
Sey=Zxi 2 yy —(Lx1 2) (By,:) “n
Flh, ERARKRORILELN B,
a:‘y_——b'.x%_bz (x5 %) .
uMe&Llmﬁﬁntﬁ$%gabf\ﬁﬁ@ﬁﬁe&ézm@ﬁﬁﬁ%méﬁ"
B, |
a) m7&~19maa:y4:—16053+15¢45x+¢1&93x2r-. RZ. =0, 04
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Cb) 1980~ 19844 1 y = - 645 44+ 404, 15 + §4.29%*  R* =071
©) 1970~ 1984% ¢ y = — 1. 513,50+ 1, 302, 12x - 120.23x ?
| REU. oy BERAR (GHN)

x 0 GDBP (10{& Balboas)
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KT B> THEAARIECMPT 2L 0IRBERIDOTH D, /2. b) i
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MEBEC (104)  MBHRKO B Lo, a) ORRAXEACTHETMNET S

& ET A,

3.2 AT A—9 0%
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RTHRROBO TH D,
) Gﬁpmﬁﬁ' _
BEICBTSGCDP OEFHRER, 1980~ 19834 11 3. 3 9%. 1980~ 19844 i1
2292 1E<, 198EOCD P WHHFLLL 2 %O~ 1 5 2ILETH > Fco 19855
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_ﬁ%%ﬁb\ﬁ%@GDP%$%&E$%&@;5KEi?60

| | 1985~ 19874¢ 1987~ 1895
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s R 5 0l ‘o 3.0%
ERETH " | 2. 8%

© EEEEXF o |
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1988 "
1989 | g
1990 o
1991 16.09%
1992 -
1993 ,
1994 ”
1995 ”

@ #& " E
FU24 3B LES I, BFEE LR EFMFEYTE 8% THE. BT,
A2y F  RRBAFEO6%E LT, RERBEARS SRMATHERMT 5,

313 BEFNORE - o
E&E%M\EKE%M\¢E%M®%n%nﬁ%m%¥ﬂﬂwm&L3&%1&0
THEN, D IHEOTHOS B, PMFHEBAWAHBO~—2 & LTHL B,
J1CABERMBI - 2 PITFUR KIKRT &>, I RHENT - L BEFHD
REEEDTHEL T,

£ .. & JICAYH (M) . LRHEOFH (W) -~ W - =

(A) (B) (A)/(B)
1990 5390 5485 0983
1991 5710 5809 0.982
1992 5980 Cos1s1 0.972
1993 6420 6514 0986
1994 6760 689.8  0.980

1995 7180 7306 (L9802
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S . A - CRA2BOARMY

1986 © 37, 5(BLMY + 22, 0(BLY-1) =59, MK

19871 7. 5 (BLU) + 18, 5 (ownt Nope) == 56. ONK
1988~-91 ' 37.5¢BLY) + 40. 0 (Combined cyele) =177, MW
19025 B 40 0(Combined cycie)+ 70, 5{Coal~Tired) = 110, SHK

BT, BOABB N 2102 THARKOMY 2125,

F K SREAR (P) PX15% BA2HE B A
(MW (MW (MW) (MW)
1986 1360 65 4 59,5 654
1§87 460.0 69 0 56,0 6 9.0
1988 1870 731 7.5 775
1989 5130 770 115 715
1990 539.0 8 0.9 717.5 80.9
1991 571.0 85. 7 775 8 5.7
1992 598 0 897 1105 110.5
1993 6420 96 3 1105 1105
1994 6760 1014 1105 110.5
1995 7180 1071 1105 110.5

3.2.3 BRADREHAOFBEGEIILHK

PlEORECH - TEAFRE N7 »2&2ERT A& Tabled 2.3 0)F 232300
MY EHD, CORICRKRENS LS, Fortuna ll MEEBACERE TE XN T 51990
TETARRDLRIBL SO X BEL SN B ko, Fortunall MBI O5EH & I E
B U AT 4 - e REH AT R S B W B R L 7S
O &L RICRT S K 199 BB I I AAR T 5 b0 2 TRE N,

1993BED 3 5 > 2 {4K)

CWAERER ) (RRRTAT eI (A) 7122
BATEEERD 7 6420
S ﬂ(ﬁﬁ%%%ﬂL&?) 9 6.3
NS o (B) 7383
';.\*5‘/2 (A)—(Bj' —26. 1
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WA EEMET 5 O & RBE L, |

M (MW A () i B
LER 750 . 70.5 19924108
R I 750 70.5 19934 1A

TableS, 2 3 (& & GFig. 3.2, 3 1k, 1995, 19964 814 B0 e #F L v 5 B o i 42 DR

PRECH B ERFRLT B,
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Table 3.2.2 (1) Firm Capacity of Hydro Power Plants

_ : _ . (Mw)
’ . Yeguada La Los ’ Bayano  Fortuna SyStem
.Poqer plant. ‘Chiriqui Estrella Valles ' ' Total
Installed capacity 11.0 43,0 47.0 1.50.0 300.0 551.0
1986 - 1989 .

January 3.6 13.0 15.1 148.7 62.1 242.5
February 3.8 15.7 17.0 140.1 138.9 3155
March 3.3 12.3 15,1 138.6 84,9 254,2
April 3.2 11.9 13.2 130.8 50.1 209.2

May 5.2 19.4 26.8 - 123.9 140.1 315.4
June 6.9 26.1 38.9 118.5 112.8 303.2
July 6.7 25.1 38.9 116.7 99.0 286.4
 August 5.6 20.9 30.2 114.8 125.7 297.2

~ September 9.5 35.9 47.0 114.8 167.7 374.9
October 11.0 43.0 47.0 122.3 171.6 394.9
November. 8.2 31.4 43,4 135.5 181.5 400.0
December 11.0 43.0° 47,0 150.0 171.6 422.6

1990 and thereafter :

January © 3.6 23.9 24,1 150.0 300.0 501.6
February 3.8 15.7 14.7 150.0 .300.0 484,2
March 3.3 11.4 12,4 145.8 299.1 472.0
April 3.2 20,7 21.2 140.1 294.9 480.1

May . 5.2 17.2 19.1 137.1 294.0 472.6
June 6.9 22.3 27.6 137.1 289.8 483.7
July 6.7 17.0 19.6 137.1 289.8 470.2 .
August 5.6 22.1 28.0 134.0 288.0 a77.7

' September 3.5 26.1 30.8 132.3 288.0 486.7
 October 11.0 2g.1 36.9 132.3 288.9 465.2
November 8.2 30.9 . 35,3 134.0 289.8 498.2

1.0 30.1 33.1 135.5 288.9 498.6

December

i

Note: Calculated from "Generation Expansion Plan' - 02/05/86.
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Table 3.2.2 (2) -Firm Energy of Hydro waér'Pla‘ntS‘?‘-- IR

: _ . (GuWh}’
N Yeguada La Los .- Bayano. Fortuna = System
Power plant Chiriqui FEstrella Valles . : o Total
1986 — 1989 S

January 2.6 9.7 11,2 80.2 46.2 149.9
February 2.8 10.6 11.4 30.5 93,3 .. 148.6 -:
March 2.4 9.2 11.3 . 67.3 63.1 153.3
April 2,3 8.5 9.5 88.6 36.2 - 145.1
May . 3.8 14.4 19.9 94.5 77.4 210.0
Jiune. 5.0 18.8 28.1 7741 81.3 1 210.3
July 4.9 . 18.7 28.5 80.5 73.7 - 206.3

August 4,1 15,5 .22.4 73.6 a3.6 209.2
September 6.9 25.9 33.8 20.3 120.7 207.6

' October . 8.0 32.0 35.0 13.1 127.7 . 215.8
November 6.0 22.6 31.3 15.5 130.8 - 206,2
December 8.0 . 32,0 35.0 55.4 . 127.7 ©  258.1
Total 56.8 217.9 277.8 696.6 _ 1,071.7 . 2.320.4

1990 and thereafter

January 2.6 17.8 18.0 63.0 . 103,1. . 204:5--
February 2.8 10.6 9.8 44.8 ©130.7 198.7
March 2.4 8.5 9.2 48,4 127.6 -7 196.1
CApril 2.3 14,9 15.2 - 44.9 119.4 ‘196.7
May 3,8° 12.8 14,2 44,1 118.2 . 193.8
June 5.0 16.1 19.9 52.3 108.3  201.6

- July 4,9 12.6 14.6. 50.6 118.4 201.1

" August Can 16.4 20,8 38.5 112.4  -.192.2
‘September 6.9 18.8 22.2 41,7 112.1  201.7
October 8.0 21.7 27.5 a4 .4 102.5 . 204.1
November 6.0 22.2 25.4 38.3 110,6 = 202.5
December 8.0 22.4 24.7 - 43.8 106.2 = .205.1
Total 56.8 194.8 221.5 $54.0 1,370.2 2,398.1

Source: IRHE- "Generation.Expansion Plan" - 02/05/86
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Fig. 3.2.3 Power Demand and Supply Balance

(MW)

{MAIG'OL) JIUN ZON Sd Pall}-|Do] +

{MWS'QL) Jun {'ON Sd Pa4i}-1D0D +

98l

\ A
\
hY
\ // /§§.®9m>..88 ploo U] jday Sg 19sa)Q~— ‘P3RIdwOd [ asDud DUnjio4+
| \ _ i
m = V\ / papdwod UoDLIHGoUY  (MWGLE) Jjun auo NTg+
= _ N _ ,
g g ST _
x o \ (MNO'C8) 8[2k0 PaLIqUIOd +
o .
F .
| E > > (MNO'22) | 8-
L. w .w :
a = UCHD}INGDYRS 404 (MINGZE) JIun BU INTIG~
| &) [¥] .
8} 2
el od
[ id & &
T 8
= S
® 5 ,ﬂ _
A " ..
| ..IU-.. /
?
fal
2 /
(@) o) o Q o) O (&)
§ S S S 3 S g S S

93 94 95

92

1230 9l

83 84 B85 86 87 88 89
' —— Yeqr—-

82

3 - 11



3.9 SEEEIS & UAMAXNEBHOTRRENAEE
3.8.1 ANREIHROFMAT R o
1RHE®‘I‘=E;7)¥NHVGE¢ Fortuna . Bayano\ La Estrella | Los Valles, ‘ieguad-a
%JU%HWM$®mb%imﬁﬁ£bw¥ waﬁMﬂ&ﬂb*%Lftb K
ﬁ%m%ﬂmmn% %ﬁ®&¥ﬂ®$m%wmdamt@ﬁéntw ouwiog
R%mrmmeMJE®x&hﬁ TE&%®mﬁﬂ%<nﬁC@<&f1bn%o
BTy KHE @bﬁkﬁ%%%@&%ﬂ%@%wﬁi B o o I ik k1 56 B T RE 0 4 1
SRR T LIS 5 |
waaﬁiU%wmm®ﬁmﬂ%?WH$h éi@%?%f&@ m%%ﬁM%
®M%%T®§E&ﬁﬁ%%f&éﬁ MFMmHaBiUMSMHm®ﬁ%¥W®@
Fﬁﬂﬁ%nb®LfLﬁﬁﬁéhnma%E%@@ﬁw—wki T%@%mﬁ
VAE%Mmﬁiﬁﬁé &L& T#ﬁ%ﬂ$&0%bﬁ%%mbio&fé
Fortunaﬂﬁéﬂﬁuulggﬂﬁi WY D J:onﬂllé:n‘(b\ao «_O)HJ’E}]nfTﬁwysbih_ﬁ‘o
T\mﬁﬁmna$$ﬁmqMH%ﬁﬁ%W@HN@&bﬁ&@%%%ﬁﬁm?BOI
RHEDBABRERGWIZ LN, Bavano?ﬁ%rﬁ@éﬁﬁxw—n{ip Ef)l”tl!ﬂ:ﬂﬂ_ﬁﬂﬁ'f@iU)
ST > TEEANITE énrma - | o
LB A mebnthHE® ELEC Thf-&—zuiénrwéa
Kﬂ%%ﬁ@ﬁﬂﬁﬁmbﬁiﬁzﬂ%m %n%nTmm%22m$¢6%22®@
B TH5, u'ﬁb@f{luﬁ-_'ﬁb‘f\ Fortunal]}ﬁiéi‘@li:ﬁié’i@]kb?ﬁiﬂﬁﬁ%%%\éL
tﬁwﬁﬁmﬂ\kiﬁﬁﬁﬁibtﬁﬁmWQﬁﬁ%ﬁ%ﬁm?%&THMK&Im
CRTWY 2155, | |

Table3. 3. | (M HT £ 510, ANREHFOTHAKD 3l Y OW S E B 12 K4S &

nz, - |
Y _ BMREE 45 4 W B
A' - Y%m@;dan- |
| ~Los Valles, la Eélfclla 1 6634
B ERRER - o o
_ -Bay.a_nozlz 7 ﬁi-‘.prluna 7 | 3 60 H
© . akpm®W . 1627H

o
E_lal‘l'

356 H

3 -18



‘Tabled, 3. 1(l)fDHF}IItﬂ}Jézi’ﬁﬁtﬂfla)ﬁhH'fﬁﬂ (Hﬁi&“ﬁ) . MAHOKREF VI

. &W?éc‘: fabIPS 3 1(3)?5‘{%&»31\ im\ \_muz&fw'cm 3. 3 LIART & 3K

0 3 TG 0> 4 T 8 4 5 0 o g 1 6:150

3.9.2 SRRHEL

RS REMARE K. ARTMOGRANREHCME S S TERANNE, | B8
”mwwﬁwﬁ;zﬁmmmmwlﬂfﬁao

 KARBAROEEI DT B O RROBORMAACY 3R IR LR E,
”r%anwﬁﬁ@@nén,auzﬁanm$®%m%$mﬁﬁcxam@ﬁ%én\
P, 3EH. 4HHL. DROWK R TEEIN, KDREFCRRLEUDS L
BEORD BAK 0o KHREHIICE > TRTHA S0 5E TERENTON S,
"ﬁﬁ@@EQKﬁ%%ﬁﬁgﬁ@%Lﬁ&wkﬂ%%mﬂmﬁﬁﬁﬁa;&ﬁ@@ﬁ

ﬁﬁi)\b@(@&?hh%&i—‘it’on%

1 ﬁﬁ.:'md ®Eﬁkﬂ%§%(m0wm
'g'ga':'5y~4yrxv4yw%§mwwﬁW)
3R B : Bahia Las Minas 2. 3, 4B (112540

4 FH : 'Pan"am'a. SS #'J:UM()unt H.opeifz & —E ¥ (54, 54W)

RF by €y ORAE ST EE BN D50% & HUE LT 19934 3 % 0199548 0
 REHEEBETH L, PFig. 33 2MB LRG3 2QIRTBEY LD,

3.3.8 EBAHREAOFARMAAE
mgaazmﬁ;éaa2@@5*¢ﬂm@a&kw%$mu 19934 1 42 #63% .
19954 12 12 68.5% D i RHFATCEECE b0 L MEE DD, '
BHBEDMAL N TLE“@%%%H&@E(H% EbELONG 2. KED
Dﬁkxwfaﬁkﬂ%£%®£%ﬂﬁ$ﬁﬁ<&Em/m&féé EEEET B L.
kdtm %?M@&ﬁﬂmﬁuﬁﬁ$ﬁ%%5%&@@?5®ﬁﬁ%15690g®&ﬁ
_ﬁmxu\hﬁmﬂ1wnwnﬁurm@%%mwo%§@nbnaLk%gﬁféo

3-19



Tabie 3.3.1 (1) Monthly Hydro Firm Capacity and Duration .
After Completion of Fortuna Phase Il Project

Yeguada, la Estrella and

Moath los Valles Bayaro . Fortana
{Guh) () (Days) (Gh) (M)  {Days) {Quh) (My)  (Days)
Firm power and energy by plant '
January B4 5.6 31 63.0 150.0  17.5 1031 %0.0 4.3 (1)
February 23,2 4.2 B 4.8 1500 . 124 10,7 3000 182
March 20.1 271 3L 8.4 1458  13.8 127.6  299.1  17.8
fpril 3.4 451 0 44,9 140.1 13.3 19.4 2949  16.9
May 0.8 4,5 31 44.1 137.1 13.4 118.9 294.0  16.9
June 41.0 56.8 0 52.3 1371 159 08,3 289.8 15.6
July =N 43,3 3 50.6  137.1 15.4 118.4 289.8  17.0
fugust 26.3 55.7 3l 38.5 1#.0 12.0 2.4 288,0  16.3
September 47.9 6.4 30 41.7 132.3 13.1 12,1 288,0 16.2
October 57.2 77.0 3L 4.4 103 14,0 2.5 283.9  14.8
Novenber 53,6 74.4 0 8.3 134.0 11.9 110.6 289.8° 15.9
Decesber 55.1 74,2 31 43.8  135.5 13.5 106,2  288.9  15.3
Total 365 166.2 195.2
Operaticn of Yeguada, Operation A + Bayano or Operation of the 'total
Moorth Estrella, Valles only Fortma | hydro power system
(Operation A) {Cperation B) {Operation C)
(M)  {Days) (M) (Days) (Mw)  {Days)
January 51.6  13.5 201.6 3.2. €01.6  14.3 (2)
February 4.2 9.8 33,2 5.8 4842 12.4
March 7.1 13.2 6.2 4,0 472.0  13.8
fpril 45,1 1341 0.0 . 3.6 480.1  13.3
May 45,1 14.1 3.5 3.5 4726  13.4
June %.8  14.1 193,9 0.3 433.7  15.6
July 43,3 14.0 333.1 1.6 4702 15.4
August 55.7  14.7 33,7 4.3 4777 12.0
Septerber 6.4  13.8 354.4 3.1 486.7  13.1
October 77.0  16.2 365.9 0.8 465.2 14.0
Novenber 74.4 14,1 ‘U2 40 498.2 . 11.9
Decenber 74.2 15.7 363.1 1.8 48,6  13.5
Total 166.3 6.0 162.7

Note: Method for calculating load duration in days is as follows:

fixample:  Bayano - Jamary

(1) 63,000 dh + 150.0 My = 24 howrs = 17.5 days’

@)

56.1 MY operation :

31 days — 17.5 days = 13.5 days

501.6 MW (56.1 + 150.0 + 0.0} cperation : 14.3 days

'201.6 MW (S6.1 + 150.0) operation :

14,3 days |

17.5 days

200.0 bW
150 ¢ M
56,1 MW

3l

days

3-20
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Table 3.3.1 (2) Hydro Power Duration After Completion
of Fortuna Phase Il Project

Duration

Load Duration Load Duration Load
No. . (MW) Days Hours No. (MW} Days Hours No. (Mw) Days Hours
1 501.6 14.3 343 13 365.9 0,8 19 25  77.0 16.2 389
2 °'498.8 13.5 324 14 384.2 4.0 96 26 74.4 14.1 338
3 498.2 11.9 2886 15 353.1 1.8 43 27 74.2 185.7 377
4 .486.,7 13.1 314 16 354.4 3.1 74 28 6.4 13.8 331
5  484.2 12.4 298 17 343.7 4.3 103 29 55,8 14.1 338
& 483.7 15.6 374 18 340.0 3.8 86 30 ° 55.7 14.7 353
7 480.1 . 13.3 319 19 335.5 3.5 84 31 51.6 13.5 324
8. 477.7 12.0 288 20 334.2 5.8 139 32 45,1 13.1 314
g 472.6 13.4 322 21 333.1 1.8 38 33 43.3 14.0 336
10 472.0 13.8 331 22 326.2 4.0 36 34 43.2 9.8 235
11 470.2 15.4 370 23 2001.6 3.2 77 35 41.5 14,1 338
12 465.2 14.0 336 24 193.9 0.3 7 3 27.1 13.2 320
Total! 365 8,760
- Fig. 3.3.1 Hydro Power Duration Curve After Completion
of Fortuna Phase Il Project
(MW} :
501.6
e
e |
~—|4652
400 : [
=
200 Vli53.9
100
1
_"_"—\-——
—
0 {000 2.0C0 3,000 4000 5000 6000 7.000 8000 8,760
' — Hour—
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Fig. 3_.3.2 (2) Power Generation Program for 1995
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Table 6.1 Coal Specification

Grévsa No.l
Iten Designed Coal Rio Indio
Calorific value (kecal/kg). 6,600 .(AD) 5,273 (AR)
Total moisture (B 9.0 (AR) | 17.59 (ar)
Surface moistﬁre (B 5.2 (AR) -
Proximate analysis
Inherent molsture (% 4.0 -
- Ash 13,0 8.96 (AR)
- Volatile matter 35,0 33.05 (AR)
~ Fixed carbon. 48.0 40.40 (AR)
Total sulfur (2) 1.0 1.15 (AR)
Total nitrogen (%) 1.5 -
H.G.I. 45 = 55 -
Fusion temperature -(°C) 1,300 - 1,400 -
(ID)
Composition of ash
510, 58.3 -
A1505 26.4 -
Fey04q 6.5 -
Ca0 1.6 -
MgO 1.6 -
Na,0 0.8 -
Ky0 2.2 -
P05 0.3 -
304 1.3 -
Ti09 0.8 -
Others 0.2 -
Note: AR: As-receifed AD: Air dry

ID:'Initial deformation



6.2 Coal procurement Mix
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Table 6.4.1(2) Proposed Coal for Panama P/S

Brand ' - ' Ashland . - C - Noranda Drummnond
Company name ' Peabody Ashland : Westmoreland "~ NERCO Noranda Drummond
Location of coal name Kentucky 'Eiizzi;:gaz;eiegiigky Wes;e:;zgi;xa East Kentqcky Kentucky - Algbama
Loading port New QOrleans New Orleans New Qrleans New Orleans New Orleans Mobile
Standard of quality
Moisture - (%)| 8 Max (A.R.) 10 (A.R.) 9 (A.R.) 11 (A.R.) 10 Max (A.R.) 8.0 (A.R.)
Fixed moisture (%) 2.5 {(A.D.) _ 1.5 (A.D,) : . _ 3.0 (A.D.)
Ash ()1 11 - 13 (A.R.) 15 ¢ ") 10 (A.R.) 14 ¢ ") 14 Max ¢ ") 12,0 C ")
Volatile Yy 34 ¢ ") 1 32 B G| 35 or ) 34 ¢ ") 32 Min ¢ ") 31.0 ¢ ")
Fixed carbon (ZY] 45 - 47 . (C ™) 46 - (M) 48 Max ( ") 48.0 C ")
Calorific value (%)) 6,390 { ") 6,280 ") 6,666 -( ") 6,500 ( ") 6,375 Min ( " )} 6,390 (A.R.)
Sulfur ()] 1 Max- ¢ ") i 1.0 (A.D.) IMax ( ") 1 Max ( ") 1.0 Max (") 1.0 ¢ ")
H.G.I 45 Min | a5 - 52 | 46 47 50 45
Ash fusion Temp. (°c)| 1,409 (1.D.) | 1,399 (1.D.) 1,397 (1.D.) 1,492 (1.0.) | 1,280 (1.D.)
Ash compesition
analysis (%} : .
8i0y S4 - 56 - 55.0 54,23 _ : : 57.64 40.4
Al203 24 - 33 33.2 28.57: ' 26.23 29.5
Feq03 ' ' 6 - 13 4.7 6.49 : 7.13 13.5
Ca0 1 -3 0.8 2.37 1.59 : 4.7
MgO 1 -2 1.3 0.78 1.14 1.5
Naj0 0,2 - 0.4 0.7 1.15 0.23 0.5
K50 1.2 - 2.5 2.2 1.94 2,93 2.1
P05 0.1 - 0.2 0.2 0.40 0.28 0.4
503 0.5 - 1.5 0.4 - 0.72 1.09 4.9
Ti0 1.0 - 1.5 0.7 1.82 0.90 1.3
Blend coal o/c Rland coal Blead coal 0/C¢ (Mountain Top | 0/C
- , . Removal) : :
Reabody Inc. ‘Total production of | Westmoreland Inc. | NERCO : Mine production Drummond Inc,
Production - 64,5 | mine lot Production - 12.51 | Production -~ '81 - 0,61 mil, Production -
million toms ('84) | '81 - 4,74 mil, tons | mil, toms ('84) 16.34 mil, toms tons ' 1.22 mil.tons ('82)
No.l in the U.S.A. | '82 - 4.60 mil. tons No.17 in the USA ('84) _ 182 - about 0.3 Sales ~-

Remarks Sales ~ 94% of : . ‘Sales = 17,51 mil. { No. 1¢ in the USA | mil. tous 1.23 mil.tons ('82)
production is for ‘tons {('84) o : including exports
domestic electric _ including exports o of about 0.3 wil.
power _ ' | of 3.0 mil. tonms. tons,

" | (The difference
with own produc-
tion is purchased

| coal) .







Table 6.4.1(3) Average Coal Quality

Cerrejon Coal-Total North quck Area
initial 5 Years of Mining

TYPE: High Volatile B. Bituminous

. Proximate Analysis. Ultimate Analysis
"As Received” (2) Dry Dry Ash Free "As Received” Dry
Z Moisture 9.0 - % Moisture 9.0 -~
% Ash : 9.6 10.5 - % Carbon 66.5 73.1
Z Volatile 33.2 36.5 40.8 % Hydrogen 4.5 4.9
% Fixed Carbon - 48.2 53.0 59.2 Z Nitrogen 1.2 1.3
100.0 100.0 1060.0 % Chlorine 0.07 0.08
% Sulphur 0.7 0.8
. - : Z Ash 9.6 10.5
% Sulphur 0.7 0.8 Z Oxygen (diff) 8.43 9.32
- 100.00 100.00
Calorific Value o (gross) :
MI/kg : 27.50 30.22 3.1
keal/kg 6560 7210 8055 )
BTU/1b : 11810 12980Q © 14500 : _ Mineral Analysis of Ash
: : o (% Weight Ignited Basis)
. {net) . L S N
MI/kg ' 26,30 29.21 32.64 - - Silica, $i0y 61.6
keal/kg _ 6280 : 6970 7800 Alumina, Al504 ' 19.5
BTU/1b 11300 12550 = - 14020 Titania, TiOy 0.9
' : Ferric Oxide, Fe;04 3.3 .
Lime, CaQ" 2.2
_ _ Magnesia, MgO. 1.8
Fugion Temperatures of Ash Potassium Oxide, Ko0 2.1
Reducing Oxidizing Sodium Oxide, Na,0 0.9
°F °c. °F . °C Sulphur Trioxide, SOj 2.1
o L . Phos Pentoxide, P50g 0.3
Initial Deformation 2270 1240 - 2370 1300 - Undetermined 0.3
Softening (H=W) 2410 1320 2520 1380 . 100.0
Softening (H=1/2W) 2480 1360 2570 1410
Fluid 2590 1420 _ 2610 1430
Other Qualities
Hardgrove Grindability Index- 48
Equilibrated Moisture, weight Z 8.0 : ' _ :
Air Dried Moisture (approx.) ' 4.0 : : : Note: 1) Analyses by ASTM Standards
Base Acid Ratio - 0.18 . 2) As Received Basis” as defimed -
~ Free Swelling Index 3.0 - in ASTM D-3180 '

T250 2800°F 1540°C
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7.2 %Eﬁﬁmmﬁ
7.2.1 RBRMOWEEART

K70V rORBRMORF AT ETable 7.2, 1 OHY,

Table 7.2.1 Basic Factor of Designing for Generating Facilities

(5

(6)
%))
(8)

2) At kWh

Gross calorific value of
coal (Air dried base)

Cépéciﬁy of coal vessel
Capacity of coal storage yard
Utility

1} Raw water

2) Electricity for construction
(maximum)

Items Description
{1) Installed capacity 150.0 MW _
: R - (75.0 MW x 2) .
.(2) Annual capécity féctor 68.5%
(3) Thermal efficiehcy
1) Net thermal efficiency - 36.0%
at 100% load
2) - ditto - 35.0% -
Annual average
{(4) Station service loss factor
1) At kW 6.0%
7.1%

6,600 Keal/kg

110,000 D.W.T.

1.5 month of 2 units

.63,600 t (as received base)

500 t/day
500 kVA
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Table 7.2.2 (1) Cvil Structures

(2)

(3)

Port Facilities

10,000 D.W.T. coal unloading
jetty

a) Type
b) Dimension

Mooring dolphin

a) Type
?) Number

Condenser Cooling Water
Facilities

Intake & pump pit

a) Type
b) Dimension

Intake Pipe line

a) Type
b) Dimension -

‘Length-mean

'itéﬁs' DeSéfiptiOn_
(1) Land Reclamation

a) Site arvea Total 620 x103p?
: -Power station . 81 x10352
Coal yard 26 x103p2
Ash disposal area 230 %1032
| Others -~ 283 x103,2

b} Site formation level Power station +4.0 m

: Coal yard 4.0 m

Steel piped-pler

| Length 150 m
Width 17 m
Depth : 9@

Steel piped pier

2 .

Reiﬁforced-hdncfeté*structure

Width ¢ . 10,0 m:
Height 9,0 - 11.2 m
Length 26,0 m

.Embedded steel piper.

Inner Diameter 1.20 m
130 m x 2 1lines




Items

Deécription

(4)

Quclet pipe line

. .a) Type o _
b) Dimension

Discharge pit

a) Type
“b) Dimension

Discharge channel

a) Type
b) Dimension

Qutlet

" a) Type
b) Dimension

Coal Storage Yard’

Coal storage yard

._Va) Dimension

Coal draw—-out culvetrt

a) Type

(5) Ash Disposal Area

~ a) Area
" b) Capacity

Embedded steel pipe
Inner Diameter 1.20 m
Length-mean 166 m x 2 lines

Reinforced concrete structure

Width 6.40 m
Height 8.40 m
13,40 m

Length

Re;nfqtced concrete structure
Inney width- 2,00 m

Inner height 2.00 m

Length: ©120.0m x 2 lineg

Reinforced concrete structure

Width 6.0 - 12,40 n
Height 6.00 m
Length 18,60 m

i60m x 160 m
Reinforced concrete structure

230 x 103m?2

1,280 x 103m3 25 years




Table 7.2.2 {2} Architectural Works

Ttem

Description

(1) Powerhouse

(a) Structure
Foundation
Frame
Exterior wall
Roof

{b) Size
Ground. floor area

Building volume
Height :

(c) Appurtenant facilities

(2) Foundation of Equilpment

{(a) Foundation of Boiler

(b) Fdﬁndétion of
Transformer

{c) Foundation of-Eréctro-
static Preclpitator

(d)} Foundation of
Induced Draft Fan
(3) Administration Building

(a) Structure
Foundation

Frame

Precast reinforced concrete plles
Reinforced concrete footing

Steel structure

Corrugated asbestos cement sheet

(1]

3,020 m2

67,700 o3
Turbine room 24 m
Bunker room 29 m

Air conditioning and ventilation
system

Plumbing and sanitary system
Extinguishment facilities

Fire alarm apparatus
Lighting system

Precast reinforced concrete pile
Relnforced conérete fodtiﬁg
Precast reinforced congrete'pile
Reinforced concrete footing
Precast reinforced concréte pile
Reinférced concrete footing
Precast reinforced concrete pile

Reinforced concrete footing

Precast reinforced concrete pile
Reinforced concrete footing
Reinforced concrete construction -




Item‘:_

Description

(b)

()

(d)

Size
Total area
Rooms Accommodated .

1st floor

2nd floor

Appurtenant facilities

(4) Other Buildings

(a)
(b)
(c)

(d)

(e)

(f)
(g)
(h)

Hbrkshop
Warehouse

Coal Handling Control
Building

Demineralization House
01l Drum and Cylinder
Storage

Worker's Room

Garage

Guardhouse

(5) Stack

(a)
(b)

Foundation
Outer Tube
Diameter Top

Bottom
Height

1,510 m?

Chemical laboratory, Dining room,
Rest room

Alr conditioner room, Storage
Office, Conference room, Plant
manager room, Locker room, Library

Air conditioning and ventilation
system

Plumbing and sanitary system
Extinguishment facilities
Fire alarm apparatus
Lighting system

Reinforced concrete construction

1 floor 800
1 floor 1,000
2 floors 270
1 floodr 250
1 floor 200
Reinforced concrete construction
1 floor 300
1 floor 150
1 floor 50

Precast reinforced concrete pile

Reinforced concrete comstruction

mZ
m2

m2

m2




Item

Description

(¢) Inner Flue

Diameter
Height
Lining

Stéel gtructure

om |

9501- X : .
Acid resistant cementitious coating

710



Table 7.2.2 {3)

Mechanical Equipment

Itens

Desgfiptiom

(1)

Boiler system .
a) Boiler
Type
Evaporation
Maximum continuous rating
(MCR)
Economical continuous
rating (ECR)
Steam pressure

Steam temperature (SH/RH)
Number

b) Ecoﬁbmiéer

Type-
Number

¢) Air preheater

Type
Number

d) Steam air pfgheatér

Type
Number

e) Soot blower

(2)

Type:

Number _ .
Boiler long retractable
- short retractable
Air preheater  Swing

Draft'systém_
a) Induced draft fan

Type
Capacity
'Number

Single drum, ﬁatural circu-
lation, outdoor type

240 t/h
228 t/h
105 kg/cm2g

541/541°¢
1 set / 1 boiler

Horizontal multi—lodp type

1 set

Rotaliy regenerative type
1 set

Cu—fined steel pipe type
1 set

Steam blowing type with
electric motor drive

8 sets
6 sets
1 set

Centrifugal type
8,300 m /min.
1 set
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Items

Description

b) Forced draft fan

)

(3)

Type _
Capacity
Number

Gas recirculation fan

Type
Capacity
Number

Fuel unloading system

a) Coal unloader

b)

c)

Type‘
Capacity’
Number

Unloading

Capacity
Number

Heavy oil

Type

Number

(4) Fuel storage

a)

Coal yard

~Gapacity
" Number

b)

c)

Goal yard

Type

Capacity
Number

Bulldozer

Capacilty
Number

berth belt conveyor
- (BC-1)

unloading system

and handling system

supply cdnveyor~l
(BC-2)

supply conveyor-2
(BC-3)

Centrifugal type
3,400 m3/min.
1 set

Centrifugal type
3,300 w3 /min.
1 set '

Level lufting type
250 t/h-
2 sets

600 t/h
1 set

Loading arm type with
transporting piping
1 set o

600 t/h
1 set / 2 units

Stationary stacker type

with tripper
600 t/h
"l set [ 2 units

35 ¢ _
2 sets / 2 units
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Items .

Description

(3

d)

e)

£)

g)

.

i)

1)

Coal yard draw-out hopper
Number

Coal yard draw-out conveyor
(BC-4)

Capaclty

Number

Powerhouse supply conveyor
{BC-5, 6)

Capacity

Number

Coal bunker supply conveyor

Capacity
Number

Coal bunker

Type
Capacity
Number

Heavy oil tank
Type
Capacity

Number

Diesel oil tank

Type
Capacity
Number

Fuel firing system

a)

b)

Coal feeder

Type

Capacity
Number

Coal pulverizer

Type

Capécity
Number

(BC-7A, 7B)

3 sets

250 t/h
1 set / 2 units

250 t/h
2 sets / 2 units

250 t/h
1 set

Steel plate type
300 m3
3 sets

Steel plate, cone roof type
2,000 kf
1 set / 2 units

Steel plate, cone roof type
200 kf
1 set / 2 units

Gravemetric type
16 t/h
3 sets

Vertical, balls. and race

type
16 t/h
3 sets

T -13




Items

Description

c)

d)

e)

£

g)

h)

1)

1)

k)

Primary air fan

Type
Number

Sealing air fan

. Type

Number
Coal burner
Type

Capacity
Number

Heavy oil pump
Type
Capacity

Number

Heavy oil heater

Type
Capacity
Number

Heavy oll burnexr

Type

Capacity

Number

Diesel oil pump

Type

Capacity

Number

Diesel oil light-up burner
Type

Number

Diesel oil start-up burner

Type
Number

Centrifugal type
2 sets

Turbo—blower'typé.
2 sets

Circular burner type
(with flame detector)
5,0 t/h
9 gets

Rotaliy screw. type
10.6 t/h
2 sets / 2 units

Horizontal u-tube. type
21.0 t/h
1 set / 2 units

Steam atomizing type
2.4 t/h
9 sets

Screw type
10 t/h _
2 sets /-2 units

Electric oil lighfér type
(with flame detector) -
9 sets

Air'atomizing_typé
2 sets

7T -14




. Items o Description

(6) Ash handling system
a)} Chain conveyor

Capacity 1.5 t/n
Number 1 set

- b) Crinker crusher

Capacity 2 t/h
Number 1 set

c) Boiler bottom seal water pump

' Capacity 20 t/h
Number 2 sets [/ 2 units

d) Bottom ash carrying conveyor-]|

Capacity : . 2¢t/h
Number -1 set

e) Bottom ash carrying conveyor-2

Capacity 5 £/h :
Number 1 set / 2 units

f) Fly ash silo
Type _ Steel;plate-tybe

{(with cyclone separator,
bag filter and fluidizer

Capacity 100 ¢
Number ' r 1 set / 2 units

g) Vacuun blower

Type Rotally blower type
Number 2 sets / 2 units

h) Dustless unloader

Capacity . 10 t/h
Number ' 7 1 set / 2 units

i) Fluidizer blower

Type B Rotally blower type
Number 2 sets / 2 umits

T -1%




Itenms Description
j) Fly ash carrying conveyor
Capacity 15 t/h
Number

(7) Turbine system

a) Turbine

b)

c)

d)

e)

Type

Rated ocutput

{at generator end)

Steam pressure

Steam temperature
At main stop valve inlet
At reheat stop valve inlet

Number o¢f extraction

Exhaust wvacuum

Rotating speed

Governor

Type
Number

Protective device
Number
Hydraulic control system
Number
Lubricating oil system
Auxiliary oil pump

Type

Number

Emergency oil pump
Number

Main oil tank
Number

011 cooler
Number

5 sets [ 2 units

Tandem compound, impulse
type, two-cylinder, single
flow, exhaust reheat
condensing turbine type-

75 MW

102 kg/cng

538°C

538°C

5 stages

700 wmHg
3,600 rpm

Mechanical hydraulic type
1 set -

1 set

1 set

Vertical centrifugal type
"~ 1 set

1 set

1 set

1 set
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Items ~ Description

Vapour extractor
Number 1 set

0il purifier
Number 1 set

0il storage tank
Number 1 set / 2 units

f)} Turning gear device
Number _ ' 1 set
g) Grand seéiing system
Grand steam seal
regulator

Number _ 1 set

Grand steam condenser
Number 1 set

{8) Condenser cooling water system
a) Bar screen

Number : 1 set

b) Chlorive injection equipment

Number . 1 set / 2 units

c) Rotary séreen

lNumber 1 set

d) Screen washing pump

Number 1 set / 2 units

e) Mesh.écreeﬁ

Nﬁmﬁer _ _ 1 set

f) Intake crane

Type Gantry type
Capacity : : 15¢t

" Number ' 1 set / 2 units
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Items

Description

(9)

(10)

Condensate system

a) Condenser
Type
Cooling seawater inlet
temperature (Design)
Cooling seawater quantity

Cooling seawater discharge
temperature {Design)

Material of condenser tubes.

Number

b) Condenser cecoling water pump

Type

Capacity

Number
c)

Main air ejector

Type
Number

d) Condensate pump
Type

Gapacity

Number

Boiler feed water

a) Low pressure feed water
heater

Type .
Number

b) Deaerator

Type
Number

¢} Boiler feed water pump

Type

Double pass, divided water
box type, surface condenser
29°C

14,200 m3/h
36°C

Aluminum brass

1 set

“Vertical diagohal flow tfpe
5 m3/s
I set

Single—-stage steam jet type
1 set - :

) Vertical type
100 t/h
2 sets’

U-tube type
2 sets

Horizontal,

tray type
1 set ' -

Motor driven, horizontal
shaft, barrel, multi-stage

turbine pump
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Ttens. Desc¢ription
Capacity 120 t/h
Number 2 sets

d} High pressure feed water
heater
Type. U~tube type
2 sets

"Number
e) Make~up water pump

Type
Number

(11) Miscellaneous facilities

a) Réﬁ.watér tank
.Caﬁacity
Number
b) Raw water pump
Number
¢) Drinking water head ténk

Capacity"
Number

d) Miscellaneous water
head tank

Number

e) Auxiliary cooling water
cooler

Type . .
“Inner of tube
Outer of tube

. Capacity
. Number

f)_Cooling'#ater pump
- Type

Capacity

Number

Centrifugal type
-1 set

600 m3
2 sets / 2 units

2 sets [/ 2 units

5¢t
1 set

1 set [/ 2 units

Seawater
Demineralized water
600 t/h
2 sets /. 2 units

Vertical, volute type
600 t/h _
2 sets / 2 units
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Items

Description

g)

h)

i)

k)

1)

Demineralization plant

Type
Number

Demineralized water tank

Type
Capacity
Number

Neutralization tank

Type
Capacity
Number -

Boiler chemical injection
equipment '

Kind of chemicals
Number

Fire protection equipment
Air foam type fire
extinguishing equipinent
water type fire extinguisher

fire extinguishing pump
Powerhouse crane

Type

" Qapacity

m)

Number

Bouse service boiler

- Type .

Steam condition
Capacity '
Fuel

‘Number

2 bed 3 tower type
“1l.set-/ 2 units

Cone roof type
600 m3 '
2 sets / 2 uits

Concrete type
150 w3 .
1 set / 2 units

Phosphate, ammonia, hydrazine

1 set

1 set

1 set / 2 units

Overhead travelliﬁg'crane
40/15 t
1 set '/ 2 units

Package itype

10 kg/em?g

10 t/h -
Diesel oil

1 set./ 2. units
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Items

Deeeription

{12) Enviroﬁmehtal protection
facilities #)

a) Eleetrdstetie'precipitator

Type

“Number - :
-Treated flue gas capacity

Inlet temperature
Outlet dust concentration

Dust removel_efficiency

Number of section

b) Waste water treatment

‘d)

Type

Number

Treatment caﬁécitff
Outlet water quality

Caal yard'wetef'treatment
Type”

Number

Treatment capacity

Waste water treatment

‘for ash deposit area

Type

* Number

'Hmmmtmmkw'

Dry type eleetrostatic
precipitator

‘2 units

282 x 103 §m3/h -

140°C

0.1 g/Nm3 or less
99,25% or more

4 sectidﬁs/unit_'

Sedimeﬁtation,'filter,
neutralization methed
1 unit
210 m3/day
PH 5~9 _
Suspended solid (S8S)
200 mg/{ or less
011 5 mg/{ or less

Gravity sedimentation method
1 unit
140'm3/day

Gravity sedimentation method
1 unit ' '

800 m3/day

%) For the env1ronmental protection measurement for coal fired
thermal power ‘station, and only the installation of each .
environmental equipment (i.e° ESP, sound proofing wall, etca),
but also the consideration of the basic design and layout of
power station s major equipment including boiler, turbine and
S0 On must “be taking into account upon the economical reason.

Following table (supplement table) shows the measurement list
of environmental protection measurement of this power station
devided into each item.
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Table 7.2.2 (4) Electric Facilities

Items

Description

{1) Generator

a) Type

b} Rating
Generator output
Voltage
Current
Power factor
Short circuit ratio

¢) Exciter

d) Number
(2) Main transformer

a) Type

b} Rating

Capacity
Voltage

c) Connection method

d) Number
(3) House transformer

a) Type

b) Rating

Capacity
Voltage

c) Connection method

Indoor type, horizontal
shaft, 3 phase, totally
enclosed, hidrogen-cooled
turbine generator

75,000 kW, 88,250 MVA

13,800 v
3,692 A

85%

0.58 (Minimum)

Thyristor direct excite type
with AVR

2 units

Outdoor. type, 3 phase, oil
circulating, air~cooled
transformer

85,600 kVA
13.8/230 kv

Y- connection, neutral
point direct earthing

2 units

Qutdoor type, 3 phase, oil

circulating self-cooled
transformer

7,500 kA"
13.8/4.16 kv

A=A counnection

722




Items

Description

d} Number
(4) Starting transformer

a} Type

b) Rating

Capacity
Voltage

¢) Connection method

~d) Number
(5) Switchyard

a) Method
b) Circuit breaker
Type
Rating
Number
¢) Disconnecting switch
Type

Rating
Number

~d) Others

(6) 4 kV house switchgear

a) Cubicle type

2 units -

Qutdoor type, 3 phase, oil
circulating air-cooled
transformer

7,500 kVA
230/4.16 kv

¥-4 connection, neutral
point direct earthing

1 unit

Qutdoor double bus bar
method

Porcelain~-clad type, air
or vacuum type circuit
breaker .

262 KV, 1,200 A

31.5 kv (Interrupting
current)

6 units

Porcelain-clad type single
or double breaking switch
242 kVA, 1,200 A

14 units

Steel structure

Bus bar

Instrument transformer
Ingtrument current
transformer

Arrester

Compressor

4 6 o 90

(-]

Indoor, single bus,
enclosed type power board




Items:

Description

b) Circuit breaker

Type

Rating

¢c) Number of group
(7) 210 V Power center

a) Cubicle type

b) Circuit breaker
Type
Rating
¢) Number of group
(8) 210 V Control center

a) Cubicle type

b) Ciréuit breaker

Type—
Rating

¢) Number of group

(9) Power center transformer
a) Type
b) Ratiﬁg

Capacity
Voltage

¢) Connection method
d) Number

(10) Emergency power source
a) Type

b) Rating

Vacuum type circuit

breaker

4,76 kV 1,200 A

20 kA (Interrupting curreunt)

4 groups

Indoor, single bus, enclosed
type power board

‘Air blast circuit breaker

600 V 1,200 A
20 kA (Interrupting current)

3 groups

Indoor, single bus, enclased
type power board

Magnetic-blast breaker
600 v

11 groups
Indoor, 3 phase, dry type

1,500 kVA
4,160/208 v

A~f connection

3 units

Diesel-engine generator




Items

Description

Qutput
Voltage
Current
Power factor
¢) Fuel
d) Number

(11) Control and instrumentation

a) Boiler, Turbine, Generator
control board

Type

Kind of automatie control

° pther local control systems

250 kW, 315 kvA .
208 v

875 A

80%

Light oil

1 unit

Encloséd, selfstanding bench
type board

® Automatic start up and shuf]
down control equipment

Automatic boiler control
equipment (ABC)

Boiler master control
Fuel flow control
Combustion air flow
control

- Furnace pressure control

i

° Feed water comntrol
equipment (FWC)
- Drum water level control
— Deairator water -level
control

° Steam temperature control
~ Superheater steam
temperature control
- Reheater steam tempera-—
ture control

° Automatic load regulator

° Turbine automatic starting
speed control

° Generator automatic
syanchronizer

° Qperation supervisory and
alarm announciator systems

|
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i)

hermetically-~sealed system
control board

Type
Number

Supervisory television

Type
Purpose, Number

Iltems Description
Number - 2 sets
b) Electronic computer
Type Digital type computer
Memory method Magnetic disk method
Number 2 sets
c¢) Auxiliary operation board
Type Enclosed, selfstanding type
Number 2 sets
d) Auxiliary relay board
Type Enclosed, self standing type
Number 2 sets
e) Coal unloading and
handling coutrol board
Type Enclosed, self standing
bench type
Number 1 set
f) Ash treatment control board Enclosed, self standing
' bench type
Number 1 set
'g) Water treatment contrel board
Type ‘Enclosed, selfstanding type
Number 1 set
h) Generator hydrozen

Enclosed, selfstanding type
1 set

Industrial color television -

for drum level 2 sets
for furnace 2 sets
for stack 1 set
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Items

Description

(12) Miscellaneous equipment

al
b)
c)
o d)
e)
£)

DC power source

Compressor for control air
House lighting system
Paging system’

Private telephone system
Private telecommunication
system for coal vessel
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Table 7.2.2 (5) Transmission Line and Substation Facilities

Item

Description

(1) Transmission Facilities

(2)

Section

Length

Voltage

Electrical system
Conductor

Overhead ground-wire
Insulatoer

Supporting structure

Substation Facilities

a) Circuit breaker

Type
Rate
Quantity

b) Disconnecting switch

Type

Rate
Quantity

¢) Protection equipment for
transmission line

230 kV transmission
line protection equipment

Power line carrier directional
comparison system with single
phase reclosing

d) Other facilities
Potential device

Current transformer
Lighting arrester

Telfers iéland.— Panama II $/§
72 km '

230 kv o
3 phase 3 line, 60 Hz
ACAR 750 MCM

7 x No.8 AWG, 2 lime
250 mm standard dis¢
suspension insulator
strings

2 circuits, vertical
angle steel tower

type
l4~unit

arrangement

Gas circuit breaker
242 kV, 1600 A, 31.5 kA
9

Insulator type, horizontal onme
or two breaking disconnecting
switch

242 kV, 1200 A

24

2 circuits
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Item

Description

(3) Telecommunication Facilities

Central
Specification | Dispatching Panama | Telfers
office 11 §/S | island
Power line carrier 4eh Type, 20W 2 sets 3 sets 1 set
equipment
Power line carrier relay Farth return 2 sets 2 sets
equipment coupling system
Power line carrier equipment 4 c¢h par 1
Dispatching and maintenance 1 ch
telephone circuit
TM circuit of CDT system 1ch
Data circuit 2 ch

7-29










ASH DISPOSAL AREA

FERVT OIL ARG LIGHT O
TANK_YARD

COAL_HANDLING CONTROL. BUILDING -

.- /oa_mmn.\n cmgm/mmnmw

0

Fig. 7.2.2 Detailed Plant Layout’

T EURAZATON BASN T GEMCAL TR AT
Al WASTE WATER TREATMENT FLANTL_J L. (
IZATIONY | Y ilﬁ .
. HOUSE i
| ]
= “\¢ il
C&0
ALZED WATER TANK
- PARKING AREA
LY “‘““‘ﬂ
STACK. IDF: - EP . e ™
: T ot w e ety _
-4 T i i+ ]
1 il _
il T e < 8
- 51T} |ia R SWITCH YARD D
A 0 uir . B 10
EMW = 1 -
I P ; = 1o TN
THREATENG 1 1 "Ne.2 {-.__-._-:.—.J»I', | B u_,_..,.l
. FACIUT‘I' . Il 71 __—_-._-:-; : uJ_————L;.-—L‘J-—-L.
: . Tcoal ) '
N\ L A= \ 85.00 2400 s000___ ) {Jl. e
8000 : 78.00 : \
' N
g 4 i N /7
' EXTENSION AREA
f
: . li 4
- WAREHOUSE
EXTENSION AREA . EXTENSION  AREA I BOMIISTRATION
1: _ - BUILDING
li
|
]
i o ]
) _ if DISCHARGE PIT
> Lt & — —) —
] Y ( carace
GATE HOUE e
s o
~4~—l. e

SCALE 1 : 1,000
C 0 X0 X 40 %"
OSSN WS S T

7-31







7.3 HBRMBORHAR
7.3.1 RBHOEFHT
() RWH ORI G TR DA LA IR
GRMBMORNR, RERMETLYRSLET AR TR L ONET 5,
a) BB ORI F

FMMPOHTRALUTOHEDTH 5,

Fc : RERMBOFHAE (%)

Pe - s HOBRMING 15 (HK)
My : ERMIIRI3K 8,760 (h)
P EBREE (MWh)

Fig. 7.3.1 {1} Duration Curve

7= 36.0%

100 % —aﬁx\\\
50 %1 \\\ 7=33.8%
Daytime \

Night - time

0%

{ Load )}

b 2200h . 3, 600h ————s] 960h fe
B,760h -

Duration Curvell k¥ 100% v — FOFHRE 4,200h, 50% o — F ORI
3,600h Td 5,
X, AT R 2
Hs :hs-+ht
Hs : 4M@ESE (h)
hs : FHESEHM =240 x 30days
= 720h
ht ¢ F#Ek= (Hs —hs ) x0,03 = 240h

7 -33



——
o)

{ Efficienc

W v 2 ) 00 2 0 S0 3R 4

(T5MWX 4, 200R) + (37.5MWx 3, 600N)

Fc =

X '100
T5M% % 8, 760h .

450, 000MHh

e X 100

657, DOOMWH

~68.5
b)) B4 R T BB

TSMHER KA OBA RN~ TRIKOEY Th B,

Fig. 7.3.1 (2) Partial Load Eificiency curve

36.0%
.
35.0% \\\\\
| U
34..C.)°/o \\
| \
33.0% L 4
100% 75% 50% 25% O {Lood)
S B 6 S AD 4
(.v.mx ha) + (v}s.ox h.,,) ,
Mg = : X 100
Hyoo
ne EVHREEDE (%)
7ioo ¢ L00%BR IS 4 R 4 36 (%)
ha Daytine OWEWME 1,200 (n)
Tae 0 SOKRBICRYZREESE 308 (%)
ha Vighttine OFGSME 5,600 (h)
e | | 7,800 (h)

45 [ 1 5 1S R K



i
(0.36 4,2008) + (0,338 3, 600h)

Ve = > 100

7.800h
2,728, 800

1.800h

=34, 98%
1 =35.0%
¢ ) BET O HHAR

' Fig. 7.3.1 (3) Duration curve :
o ’ (Include Station Service Power Ratio)

%| . 100% _Load e

00— _ - . : 1
_6.0% SSPR \ o ' 46

\4.7% SSPR. 8
© R ) l =
8 50r | 50% Load 43
06% SSPR o
0 - - o9
4200 3600 950
' 8760 .

SSPR:Statien Service Power Ratio
T BT A R

(Rd th)+ (Rn th) + (Rs xhs)

Ry =
Hy XT.

Ry : FimlbE (%)
Ra : Daytime OFrHHH 6.0 (%)
he o EEERIIH 4,200 (h)
Ra @ Nighttime ®BNEHE 47 (%)

e s o EEEBSEIE 3,600 (h)
R. : BLBORALE 06 (%)
he @ PR 960 (h)
Hy : EMEEHR 8,760 (h)
DR mERAE 685 (%)

7 -35



(0. 06X 4, 2000) + (0. 047X 3, 600W) + (0. 006X 3601
_ x 100

Ru = -
8,760h x0.685

=71%
© FRMORHS
mﬁﬁmfﬁmﬁaawm\mNMM$;UxEm%ﬁ%mefﬁm¢éﬁm
TH b, | |
FRoWEB%I 2 L, BT 2REICL0ERT 5,
Db, KMREHAT LT BE, HROL %0 OH LREREMOT 50 e
& B, | | |
| Lﬁbﬁﬁkﬁ%w&K@ﬁb%ﬁﬁﬁ@ﬁﬁﬁ%u<agwwnru<,%@
@L@&ﬁo,k@ﬁ%@e%\xﬂwﬁ&é@a%aimi$é@m;kﬁ%&
m\fﬁ%@@;ﬁ&%ﬁ@%ﬁ%@ﬁ%&@@m%m%ﬁfL£E&@ﬁxru
BB, | - o -
PLEG® 75, MEE 10,0000, 0,7 560,000,871 BT 5 & Hkic, 2hic
HORETORBROBE R L, M+ BER=FRREI A P2 LT
NOBENALRE R L, o
COBR. AT 0T s VERNTH. ARBOME 0, 0000 T AR EH
WIThBLFWTE D, ' | B

7 -36



COAL HANDLING COST

8/t
30"

25 |-

o

o

Fig 7.3.1 {4) Capacity of Coal Vessel

TELFERS ISLAND SITE
(T5MW x 2u )

N
o -

CAPACITY OF COAL VESSEL

737

\ L=
1/*‘9/ L
Optimum Design Point me“\
+
— artion Cost| B
LT 20 30 40 50 60
o : (x 10 DWT)



7.3.2 WARE
AR . Cristobal DO Picr|6O MM | knd MM TOrilla S, ADE it O
Shipbreaking factory*T*fr—.“'ithi:F#H& L‘(’E'If_[ﬂu“g“_&o .
75 76 7 00 FR B 4 panama@?ﬁr;miimwjt'm\wnzm: fw-tfrhcﬁ-casb\ I B 5
CEKBAMKE. —E YR, K47, KRS, RBEBOBTERERET 5.
10, 0000, .1 0T BMA R TR Jotly 13, I 818 0 7 169 500005 i T T
Dmumnganem%Lrﬁﬁiéo‘ |
(O FeT e TR
REHFLRECLEAMBAIL 20itsMO7 5 > b= ) 7881, 0000, KF B
26, 000n7 . WK %159 230, 000w 36 B BE | gaéf 337, 0000 T &5 40 k2. AN, A0
mﬁmoﬁﬁ%%ﬁbt%é‘TﬁymeT‘WﬁE‘w%mz&4z$%éa
% 620, 000m TH 5,
@ BB
%%mm%@ﬁﬁm®ﬁmﬁxmﬁ?é,
@ HUKDTE A
B A DI D ABEIILF 57 b, WAE S kO EUKI BI85 B Cristobal
B EE L. Ei?k[](i%ﬁi‘ti’.ibié’ﬁ@l“r’enﬁh Canalkc MBI 5, , L
Linb, o3, ik, BESOEE. REATRBCTALD -2 ) 27 ) —
Y. Ay e R~ 7%";@@7RD$§'€2§E&‘/&_§EUSE< lCiI;}“U'f;iﬁlJ}(Iﬁ g IR
T 5, o
@ FEHAG
REH AN R BOILTOBH KRB L., TRORHMIHBR ~— 2 & ZH T
. | o | -
x%mwm%&uraaavﬂﬁ\¢kﬂm§;EWNyn—®a%m§L\ﬁ.
A5, HECRS KOO EA KR IS L TRE Y .
6) M |
%@ﬁm\%@%EM&K%&%%xweb®@¢f#1\ﬁ%ﬁ@@%x&f

AOHBEHEERT S,

7 -38



© kMR b |
KB VS MKMEREE, B v s BARMENEOKMIEORWG. T
Nf%@fﬁyrmmMK%&TMEbtg
m_ﬁ&ﬁm@mmm@m__
FRELEAEEM . FROSTAA, K. ML, KOBM @
Rize Bitdotty . FFRIBOLSRNS bIE R ICRET 2,
(8) AN R B O
1) B
_Z—Jb‘i&:t.\ Jetty ICRef Lv‘;%}ﬁé&ﬁ“ﬁi‘f%!f Lo mwvbayay —CTlRREK
Wiy 5.
B O % B2 63, 600 ¢ IASH D O EBE L. 926, 000m o i 1 O 5%
Wk BT B
2) &
._Eﬁhhtl’anamaﬂ?:hﬁ}iib?ﬁﬁf HR=THXU, AR Jetty IWRE LB IMEA
BERMLCEMSY ¥ 2 LT 5.
W v Jetty B S CERBOBIERET 5,
© KEg
TYYA =Ty val 7347y v bKSREBKICT, A bary
KR LTKIBIBIE %D,
B O SmE N 1. N2 Unitsy T# 230,000 E b0 . By 7+

—F. HRIEOBMEMICEET S,

7.3.3 ARBBEE
) s—tv. REEDXCEMERRNT. ~vh—, BHRE. ~<—F—
BAM. #4595 ~REARE T 5,
@ y-ty, REBORFEUALI 5 —CHLTTHERET 5.
-@_5—»~yﬁ€m7nyrﬁyﬁ—ﬂ&15o
@ Sﬁ%mmﬁ\ﬁW%%ﬁﬁ%ﬁmﬁéﬁég
m.kﬂ®ﬁ§®mkvﬁm®tbm1%MKL\2%%@@%Ad%$ﬁ\ﬁﬁ
CRAIU—vh . 2RIMCEATE B L LTS,

7T -39



O WABRS — €y MEERACRRT S &I, BART o — 7 05l w5
F o T OIS WS RRAT & B RO RN A~ TR OR A
Wi B, | | |

M BEBE. KA S EAR Y TOERADRAKTOHEOLD KOS F LI
BET B, N |

@ mmm\%mny?vVv—,#ﬁM¥4%€»$;§£4a;mmﬁvfu\
ﬁﬁﬁw@twmﬁmuﬂﬁwa; |

© IFLOBOESBER, BARY T RUKRY T, BHAI —F—. 9 -
Evthy v ETH B, |

O 2FLOEHKER. ERMBE. 77 v FREEKE, B, EERKMAR
RA o FEN T —KTH B

W 3P LE. RS -y RO, BAHEE, ) L% m s —E. v
V-EETCH S, _ |

0 REAEEMICH. & EBNEEY Y. TEEER. WAEER. &£
BENEEREY S, | | |

9 ~Nvh—@TuybAya-E U, BRHRE. BRE. BRERAKS | oK
%

il
BRI A K4 5 RO ECSFCRET 30T, BHREESORHEO
ERERDBBATE B, |
W RO REKS I LD — bk CBREOREAN L 575~ 7

-FRHEBEHEZHT S,

7"—_ 40 .



	第2章　経済的背景および電気事業の現況
	2.1 自然的、経済的背景
	2.1.3 エネルギー資源および政策

	2.2 IRHEの組織
	2.2.1 歴史的背景
	2.2.2 組織

	2.3 既存電力設備
	2.3.1 発電設備
	2.3.2 送電設備

	2.4 電力需給
	2.4.1 発電量および尖頭負荷
	2.4.2 電力消費量および電化率
	2.4.3 負荷率および送配電損失率
	2.4.4 平均売電単価

	2.5 負荷変化の特徴
	2.5.1 日負荷曲線
	2.5.2 月尖頭負荷の変動
	2.5.3 年負荷持続曲線


	第3章　電力需要予測および電源開発計画
	3.1 電力需要予測
	3.1.1 予測方法
	3.1.2 パラメーターの条件
	3.1.3 需要予測の結果

	3.2 電力開発計画および石炭火力発電所の所要運転開始時期
	3.2.1 電力開発計画
	3.2.2 電力需給バランス
	3.2.3 石炭火力発電所の所要運転開始時期

	3.3 発電計画および石炭火力発電所の予想設備利用率
	3.3.1 水力発電所群の年間負荷持続曲線
	3.3.2 発電計画
	3.3.3 石炭火力発電所の予想設備利用率


	第4章　発電所計画地点の選定
	4.1 候補地点の調査
	4.2 発電所地点選定基準
	4.3 発電所地点条件比較と発電所地点の決定
	4.3.1 地点条件の比較
	4.3.2 発電所地点用地の取得
	4.3.3 発電所地点の決定


	第5章　計画地点の立地条件
	5.1 位置
	5.2 アクセス
	5.2.1 道路
	5.2.2 海上交通

	5.3 気象・海象
	5.4 地形
	5.5 地質
	5.5.1 地質概要
	5.5.2 計画地点の地質
	5.5.3 地質調査結果


	第6章　石炭調達計画
	6.1 Panamaの国内炭
	6.2 Coal Procurement Mix
	6.2.1 石炭の調達
	6.2.2 長期安定的な供給の確保
	6.2.3 経済性を保った供給の確保
	6.2.4 石炭調達関連参考事項

	6.3 海上輸送
	6.4 Recommendation
	6.4.1 石炭
	6.4.2 輸送


	第7章　石炭火力発電所の概念設計
	7.1 設計についての基本的考え方
	7.1.1 発電所規模およびユニット規模
	7.1.2 設計基準
	7.1.3 機器設計条件
	7.1.4 基本設計上特に配慮すべき事項

	7.2 発電設備の概要
	7.2.1 発電設備の設計基本諸元
	7.2.2 発電所設備概要

	7.3 発電設備の検討内容
	7.3.1 発電所基本諸元
	7.3.2 構内配置
	7.3.3 本館機器配置



