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HB (vfie) 8.3
keHfch (8) 2,34

'%K%ﬁ&ﬁzfﬁuﬁim.mkuomru,%@ﬁﬁﬁﬁﬁﬂ,ﬁxy,
BFUHECIBRIEN - C03, HRHODTHANRONARS L, HKER
DEKTHBEOBANBRITE S (ABETSS) . RRMOBAL R LT
REUY2T7EHEBLTCOLLODOHKOKUNBTORELHRL, BROBAR

ELI(MPLCNS,

WMABMHTH, REEMORARKI Ry x TESEDCOLMR, 1) 7H
CMMMAR R OWK T 5 v b AE L Adedb, 19834 BIBE T 1 AR B A s
EUBNMOBAKYDRAGRCVS, LLENS, BRABISDZHY
M (M) OBMABRZOBORHICALNTOZIR, 19825 027% 2 & 1984
DU HE CHRARG KIS DN BEOER I bininh 5T HHOA S RER

fBiBEH L, T3,

2--7

1982
31i.1

16
18

33,
60.
0.

26.
433.

60, 1
29.
190.
1h3.
22,
10

2.

Source :

= L G
[T=N= W

L= o)
= o

-3 =)

Economic Survey,

1984

279.
16.
16,

91.
1.
1.

10.9
236. 17

16.
22.

183.
123.

13.
4.
2

MPEA



#£2-6 W A % B (1981-1984)

($ Hillion)

& H 1981 1932 1983 1984
W " § 136.1 113.8 127.8 112. 0
£ 0o & 30.5 4.4 75. 2 60. 3
B ANy 6.3 5.1 1.2 8.1
¥ A 75 12 Bt 16.0 9.5 14.2 12,2
FE Bt A B 21.5 18.0 23.2 22.9
WX B K 58 6.8 8.0 8.5
oA WM 39. 6 95. 6 90.6 T159.5
B W o= 141 46. 4 35.6 39.1
X iR B 23.17 25.0 24.6 17.6
3 ot 21.8 24.2 30. 4 18.8
B ¥ H 251.9 213.0 193. 0 175.7
I . T 129. 6 94. 1 - -—
FEE Y 16. 1 16.3 16. 1 11.6
O i 106.0 i08.6 1771 164.1
& S 177. 4 428 4 411. 6 363.2
Source : Economic Sur vey, MPEA 1985

Yy TOEXERBMTEAS S EXE, Filh, TOROECHEEN T
Bo MEMIFINE LCRARMR | BT RHARE O L RRIE TS S L5,
KEMERICEN T B, BAHTFFRECKEARR & 2 7% 5%, AlAROT
EERAR LB >C0 D, BRI, MAXRSLTR, BAMKS Y7 ShT03
B, MIBIBTFEEILCR, TRRHALHS 7 vy~ vy 2ARHFEI N LT 3,

® ERNE

YY) TORBEREOH S, WRAHOMENISESKHEEADI T ERML
O, EHNKRAMABALERD, HBNER, BFRALRE-TVE, o h
KHL, RBAWNERFFAESNICES, 20RRESNEREFRTCoh
ZRMEMAKOGATH E2H > MEMRES - B1E, HBWXHETHA
T, HAORKERDP SRANDA S BEFRAMESEE blo, HBH

MEGAREERL, BERFRBFREL VS (£2- T88) .



£2-7T ¥ B W ¥ (1980- 1985}
(& Million}

1380 1981 1332 1983 1984 1985
e dli (F. 0. 8.} 600. 4 929.2 4174 427.6 452.1 435. 6
WA(CLF) 5339 477. 4 428.1 411.6 363.2 284.4
H B 0 X 66. 5 51. 8 49.0 16.6 88.9 151.2
& % W X -104.4 -11.3 -48. 6 -91, 5 11.0 81. 4

Sovrce : Economic Survey, MPEA 198§

L LIRS, RREENHEHDERBRABKEH T 2RBIBROREREEET
BREESD, BEARBEOPLCHS - KERBERO TRRECHL, TEK
ROWAIB A LIRS 5 522, BHRMIITEA EBILT £ RBICH 5 (%
2 - 88K,

£2-8 ® 5B 5 B (1981-1985)

(1981 = 100)
1981 1982 1383 1984 1385
¥ i) | : 100 .108.4 101.3 99.9 99. 4
] A | 166 105.4 160. 3 109. 7 101.7
ZEEH 100 _ 107.8 101.0 91.1 97.7

Source : Statistical Bulietin of Liberia, MPEA {987

ééu.mﬁﬂﬁmﬁwmﬂmﬁmébrﬁgﬂuinmu5ﬁﬂﬁ&«@£
HMORFIXHE B EWAOH N RENS 5. IR BN OB T 50
BHELCTE2RMULCED, BRRBLSENRL LS55, 2 CHRUE®
RAEIEENZEC, SPWHE » KERFEROREEEL LTS, —HiE
WA RBH O BELAKRARCH >k NEHO 198 IFOBRHDAN S LTI b
'bﬁbewlmxmuﬁﬁmmmewwmﬁnﬁao
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(S Hillion)

1580 1981 1952 1983 1984 1985

& 8 X 1A -23.% -20.2 -37.1 -58.6 1.8 -1
1 E WY 10. 7 20. 1 29.6 24.5 23.5 23.5

Source : Economic Survey, MPEA 1985 _
Statistical Bulletin of Liberia, MPEA 1937

ZOMR, PRARTOARERMDEEY, T <) yRARETE, 19854
£ IEHEA, IMFOANTHLSNH F A CBMULTUE » T3,
@) BHEBRBINEE T2 ¥ — BR
@ BHRBANE |
U Y TR B CABHBMBIEMRE XN ORIGENSON | KK
HABHEBRS » WEB (1976 1980%F) K BB, TO®, B2 RIRAFEME
I RABERELTINBIEISR Y — b 2FRTCH LS AH7 -F o -k
BHEDRZIGS T, Kl | FHER S0, W 2 BRI ER 19815 519
854D 5 4 EHERRE LRI S 0t
YR TEAFRBIKS » ENBORTICN:, BMIKRMAABLHFT 2K
FTH I, BREMOAREEHC X DR BOBTHERPI S, »
LY ICHEMNMBRHEE LT EAMRIE " (Bcononic Recovery Prograa
(1986 /87— 1988/ 89)) AARE4E 9 i B & e, Uil AN, KL
KB THEST, BEAZAUIRBNCHE, ARShATVL " BHEEAY
W Lse, HHORARHE LCRES AT IMRABERKOED T 5.
- MBEROERIL
— EREBMERT B O RS OB &
- BuRBONH |
(i) RikkEOEEAL
FEAFOBNT, KRT A, AY, 2OBRBERRKOBR L 2RBELD
MHERBRICHIEL, B ARBEARE > —KERCH SRR A4, 3 —
E—, 237, F4 YT Y FORIBEESLHS, BRELOEELENS &
EEAHELTHE,



Cii ) BOR R BOR R B O R B 2 O 88

# 5 MBI OB BRAR , BHEEOREN OB O—-REWD , —F
BRXHE, ABAOURSXNSAMLTHD , REOKFQ HEAT 50
Kb be COWNEDF v » 72RDEFHRL LT, AARDOREHGA L
7o R, RBRBAET L, BFHEORERERBCR - T 5, 207
oA ERIE T, BRMAREHEE NS . EHEHOREREY, A
BAOHN, BRAOMAOLDOREENORIECEBBHOREL , &
S, ARRERORERE BYHROBRHER T b,

Ciit) RERBONE

ARRRAOBRY, BARFOBLKHEOEFRM LY, ®ifnpam
BORELRI~L, BEAROLDOBABELBREL TS, 201D
FREILTI)<YITAMMEERK] (LIFZA) OBE, BRESRERAER
DOKIL. EABRH  FARAHEORE, PhAZOWR, CEROER,
VHRBENHOMR (T4, a2k —, -, ¥, KHWMT, 7 amT.,
BRE%) 2BY T3,

BEO (BHURIE ] ORBRLIBMBBANEOXRE, BARBORRO

HBLYELDTCHZETROBOCHS (£2 - 93881) .,
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%2 -9 HERERNBOMERAL .
(% Hillien)

1986/ 87 1987 / 88 1988 / 39
B A 246 275 300
AN 193 215 237
AN 53 60 63
KXalA
B 129 135 142
ABRKY B ¥ 90 83
z D it 5% il 32 15 59
R 2 1) 28 28 28
A8 A 194 187 119
HELS S -49 -19 167
MENES v 90 113 82
et 13
HRE e 10 20 1
M4 ow e 50 B S
4 44 4 75 $E 0 41 -94 -149
B

LM, SHLk TREEMIE] OLRICY i, BEALEL,
READ ML 10% BLED MAE AR € 5 A0, B0 BRI ® I i 4 204
FRCOBAEERHAYE &, SN CALEADEARE AW MM Bk
LT s, BRRAOFHONARORBAL » FRESKLUEBLRLET X
BLrbAvoe, RREBSHNEORROFESBEBE LOBDOYA I KEFE
XHABBVIER, HAFMAEROOOSLFEIKE - T S BDABRS
BLEHRLTAHCROIEERETONE, chl, KIHOBEHEDE
Bebbt, SHOMAORFER A HASHETA LS, 5, BHZIOM
RBAESHEL, BENY, FRBEDY, =44+ — DI 250 B RN M
BRCOD, CONCHIBENTE, FoAURO SN [RO%E] (Green
Revolution) ZHMEL ., TAOKDAKER ., AKBHOLdOT L, a7,
N A MEOREEYOMERB AT B L TY 3,

2-12



%E@&Eﬂﬁuiz—mwﬁbféﬁoﬁﬁ@k%ﬁ%*@@ﬁ&&@(?
Ldwﬁ)tﬁégé%ﬁﬁmtm,%mumE%%ﬁﬁ%ﬁﬁL¢K$%k&‘
CORHABREAR AN EORBICASBHMOEE L T3,

£2 10 BRURABEUSE ($¥illion)

1986/ 87 1987 / 88 1988 / 89 & 3

Hy EA O BEA EHA  EN EA ER EA
Agcicullure 9.6 25.8  3.1°251 3.1 25.1 158 76.0
Indusiry - L0 0.2 05 0.2 0.5 0.4 2.0
Energy - - 1.0 120 L0 12.0 2.0 24.0
Transport & 13 19.0 2.8 193 9.8 154 16.9 537
Communicalion
Water & Sewer - 50 6.4 3.6 6.4 3.6 0.8 12.2

Regional & rban 0.5 2.8 0.5 2.8 0.5 2.8 1.5 8.1
Developrent

Education & L4 31 L4 90 L4 8.0 42 201

Training

Health & ' 0.7 9.3 0.4 9.3 0.3 - 1.4 18.6

Social ¥Welfare oo

Manpower 0.3 25 0.6 37T 0.6 37 15 9.9

State Enterprise - 0.5 - 0.5 - - - i.0
N 16.8 69.0 104 85.8 IT.3 721 445 226.9

M B oK B Lro- L - - - 22 -
8 17.9 69.0 1.5 85.8 17.3 72.1 467 226.9

® xAA¥ —EE

VY TIRBFEIAF B, 198V 6 HAKESHEALTHLHES
=2 n¥ ~HH4 (Natioral Energy Commission :NEC) X THEBRAT 3 4
4’-‘~§.{rﬁj (Integrated National Energy Program : I NEP) 2 RELTCWHS,
COINEPRY~X) TOEBEL A ¥ — B E LT

- ﬂﬁﬂxiw¥h%?EMKﬁ%15ca

- ERICB Y A RFMAROHBIEN R CBHOBE BN X 5T MEAA

Wetitn 5 ORI



LA -RRBMOMBRNOREL EXODELL

DOHESRREL TS,
zLC, toAKMBELLT,

(i) BRI ALY —EEERETAHLY [n2 0¥ -] (Bnergy Planning
Agency: EPA) ORIHE

(ii ) GMBRAOEDTH 2 I Y 7 HMHNARL (LPRC) . HHARKBOER
BRETHE2 ) <Y 7HEARHE (LEC) ORF&H - DRMEY

Ciii ) PR FIAM , ATH (AAK) , RIEOGH - KRS AR, R x2n
¥ (PlAtwR) SOENE Y - AROMRRE

(iv) A RILREOLHD TRATIARFI (Rural Electric Authorilies) DE]

B

MEREL., ZORBIE SV TRARBIEERD TS,

PRy TBYA T ALY - BGREREE, FRER 1Y -ZRAOM,
i%%m1$w¥"§,éﬁﬁﬁ%.U&V?Emmﬂﬂu.uﬁviﬁﬂéﬁ
s s NELKSHOHHBER N ERFAHVRRECS 5,

S UABREAREA, (BHERHIE) CHKORRABEBT TV,

p YT IR AN NS O RATEAOMA

- KDRBRERBLAPF-HREC I35 4¥ - KAOKAKX

Y <Y P EAREOBEED N L L HLBROR R
BB BINOWE & i - FRKM e 2 (AR ORH

!

GWMER - RROBHORE L RBRMONENER

- YR THMHEMABRRE YR THOATOREL
) HHs B O3 & X4 B
@ MEE |

MEOEBD, V<) 7TORERBEEF—BELOHEMNCHY , BAOKELR
Boobbe VU THEOBEMAER 2 - INGRT M, €O BANHYFIH
ﬁﬂkf&éoﬁﬁﬂk@éﬁfuﬁﬂﬁ&mﬁﬂ¢btﬂb,ﬁﬁ%é%®m
A BB TS, HEBRE, WAREEAKEI Y <4 PERL, KABRREE
@ﬁ$$ﬁ%&&uﬁmuﬁw%ﬁurwa;#cmw¢ﬁﬁxwﬁ®1@%ﬁ
B EABMAL IS, 5 MEE CHBAL, —~HHHELC O

2-14



bb%%ﬂhL&@%@ﬂthéamﬂﬁﬁﬂﬁﬁﬁ®§ bS8 LR
ELCHFERAL (National Reconstruction Ta) A RIZ LEAOCZHMILER S
ﬁﬁ%*ﬁﬂ%?&Aﬁ&ﬁﬂﬁkifﬁmbfwaom&u.ﬁAwﬁ.ﬁA
FHHBANEZLRBERD, TROEEMDORELL, BIF IS 8, 0307 ¥
MNTH S Lﬁ@#”%ﬁkﬂS?Wﬁfwif$ofh% %@MTRﬁEﬂA
ABIE LI k5 KRR RRIC S 5.
THOURMBEEHENG Y <Y TR ARER P AR Y RERD S
AN ot, UAULENG, AMEDOhC b FEO G H kL AE LS K
HELCHRDL, 20 BRINEDICHHL RO T2 RETH 5,

#2-11 B B ™ A (1980-1985)
(% Willion}

1980 1981 1982 1983 1984 i985
Donestic Revenwe . 2i1.7 202.9  216.8 210.3  183.0 192. 0

Taxes on Income (72.4)  (75.3)  (84.9) (94.0) (73.¢) (90.2)
& Profits

Taxes on Property (3.1} ( 4.0) (40 (57 (53 (3.9
Taxes on Doaestic  {(28.7) (19.3) {26.8) (31.5) (32.4) (28.6)

Transactions

Taxes on Fofeign (69. 1>  (80.3) (67.3) {(60.3) {56.9) (57.%5)
Trade -

Non-Tax Revenue (23.5) (1.1 (3.0 (9.5 (&3 {58

Other Taxes (14.9)  Q@2.9) @0 (3.3) (820 (6.0)
Maritime Revenue 1.7 20. 1 2005 21. 2 18.3 18. 0
Total Revenue 222, .4 223.0 237.6 230.0 201.3 210.0

Foreign Loan 126 49.4 310 265 451 . 570
Grants ' _ 25.0 67.0 711 80.5 36.0 23.0
;';);l Governament 360.0 339. 4 345. 4 337.4 282.4 290.0
Revenue

-~

K MBEMAER 2 - 12CRTN, BEEHREE M EERYHENNT
Vh, BEXHONRRIFENIEES, B5XITHED, 108ECHETHAK
DEIIYICELTO S, COLDEMHABRRASOBME ¥R FERTL

2-15



THEY, SHBEEDOCRI~ AL HOBREREREOTV S,
FAMAUBKA I AP TFEROAIUHBRABICH > T 5, 19845
2,210 I F Ak 5%, BREEMBHOILESEEL TS, BREMIARED
ARBELCOBIENSHELORLERL, 19806® 5 7800 F v & 19844E
(13,9000 FAKBIME N TV B, BREMODTHEA LR - KHAHF~

DOEMPAI Y TEHD T B,

#2212 &t g ¥ i (1980-1984)
{$ Million)

1980 1981 1982 1983 1984
Recurrent Budget 197. 0 241,06 257.5 214.9 196.5
Nages & Salaries - (116. 8} (152.7) (1543 {126.8) (121 1)
Goods & Services = (33.9) (42,3 (53.8) (293 (28.2)
Capital Formation (32 (30 (69 (26 (3.2
Interest (239 (20.2) (18.1) (300 (229
(External Debt) o
Transfer (157 (19.5) (201D (25,8 (21.3)
Unallocable (35 (33 (43 ¢ -y  -)
Pevelopment Budgetl 571.8 57.1 54.7 55.1 39.0
DeblL Amortization 24.7 4.9 5.6 6.0 6.1
(Principal, Internal
Debt)
Tatal Government 279.5 303.0 317. 8 . 276.0 . 24].6'

"Expenditure

Source : Economic Survey 1985
& Statistical Bullet for Liberia 1986, MPEA

ZOMR, 1Y TP SARUBNER, ABRDALIKARLTELEL

RRKHD, BAOKELAAZLCHGL, EBOUVOEDBEBEILTVE LOD,
AFRBHARC EHENERARMEENEEOCH S,

-2-16



B B W % (1980 1984)
{% Million)

1980 1981 1982 1983 1984
W R & A 360.0 3394 5.4 3374 282. 4
(A MR (222. 1) (223.0)  (237.0)  (230.0)  (201.3)
B % & 279.5  303.0 317.8 2160 241.6
HE 52 I B 80. 5 36. 4 21.6 61.4 40.8
(BRAAMEEY) (5710 (-80.0)  (-30.8) (-46.0) (-40.3)

O WAk
BHEERFORAR., )2) TERHOBADCOBADLE —BHASEE - & ¢
o fco 190 R L CHIDMBARY Cor BT 7 U 7 Bi— 184 (0 A
U)®U£UTT®WE%&5kﬁ®ﬂk$%%%HL.ﬂﬁ%&%%$ﬁﬁk
SUBHREN 20, 19THFO 1B T,6000 ¥ A DISARER I, 19509 1c 5 (&
3300 77 ¥ (WIS EE T 1000 Fa) EBOAK. 208, 19804 (&1
ADUMHBADEM KNG, HARD~OREENS LD, HRALOREHE
M B 5 DIARICHS EEE oty € OB, 10854 4 ok AL B 1213
ﬁPW(mmmﬂﬂHQSJwﬁF»)K&L.mmﬁﬂciééﬂﬁmm%F
MEBATOBEEDNG, SO, U< )7 HH GO R H I 5B o
BOEAEBH, XECEALCILMN, HROHRRABARRL S5, Wi
ITAXEY 2 vy BEREAS ) OB, RREDLRSEABERRYA TS Y
BERE, KEBRWREN 10, TORKMREF » > 2 YARELEDR
BBYT 220 lREN, 2000 D XIRIITAN SRS HXEFIRA 19875
EECHRATHEAPHL, BAOHKOUANLETREFA BT 52

P S QN AN
1980 1981 1982 1983 1984 1985
: Loan 112.6 49. 4 31.0 26,5 5.1 3.0
Grant 25.0 67.0 1.1 80. 9 36.0 23.0
Total External 7010 8151 869.3 969.8 1,033.4 L.155.0

Debt Outstanding

Source : MPEA, 1986 and [BRD World Debt Tables, 1987
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Budgetary Expenditure for Debt Services, (1980-1984)
(% Yillion)

1980 1981 1982 1983 1984

Principal 23.9 4.4 5.5 56 28

lnterest 23.9 20.2 18.1 30.4 22.1

(Extesnal Debt)

Internal Debt 0.8 0.5 0.1 6.4 0.3
Total 18.6 25.1 23.7 36. 4 28.8

PR TREMTIAMBHORABROED, (FE~—RCRE2 - 130M¢
R, 1 MBI X505 AUE B CH D, Ko CRINE ¢ TN T R BT
WBe XT. TIYAKBYBEARBMOT 7 9 AMANGT b&< . 198081
R2EK 7 27 SRTO A, WIRHE (75 ¥ 1) <—2CHE2 - Uom*
Bt Ly 7Ch D, AR - COK - ik~ 3 — 0y <M (B C) AL

EHEBTO 5,
#2-13 AEG&OBE RS (1982 1984)
(% Willion)
1982 1983 1984
PR, I MF 60. 4 6.4 54,1
x i3 17.9 16. 8 16. 6
77 Y AR - 1.6 12.3
P ¥ 12.2 11.5 7.5
o 53] 2.1 N.A. 15. 0
#£2 14 WEWHEHORR (1982 1984)
‘ {S$ Million}
1982 1983 1984
* 5 18. 1 59. 8 61.1
13 i 5.8 6.0 3.2
E c 3.9 1.7 2.5
i 3 1.5 6.0 4.8
A & 8.3 5.9 2.1



2.2
)]

2. HaBR

AR

y «*"J70)%{1”-.1%&!116%}3&:&\:‘91%&3t_zrhé? ERBKRBI vk, ¥,
7, Yy AKBEREY, KERERNBECRFELTCCE, —H, 72V A
ééﬂuﬁmbkéﬁ%AHTfUD-adﬂuTy&Wﬁn,ﬁﬁkums%%

GBI BERON, RSERBBREERL., B0 ) - FEERL W,

B~y 7 DRAINZISGERIER 2225 AE Shh., 1974 LR O A MUl
lﬁ%&T?0ﬁﬁﬁ®¢f§$hb(%w@5%0fﬁéoﬂ?*ﬁﬁﬁﬁﬂm
Aﬁﬁm%ﬁbfhéﬁ,ﬁﬁ%ynEfmﬂKAQﬁ$¢bth6®ﬁﬁée%
vuaT@bafvr&ﬁFHAWﬁAnéb,%Xumm%#ﬁﬁb,cnux
BHBLH T L =B, ¥VER, o7 7ﬂs%ébﬁf; AT EHO G HN EE
LA, %yut‘?iia}?nt“f’kﬁﬁi@ {Greater Monrovia) &0fifdn, 19364
B 464 000AEHA . RAND 2 EBLEMEHL T3, ORR, 1910
BIELA L2 (204, 210A) SIRRIC T.7%OF FHMMEER L, XK, H%
S, NGRSO B SR EARESE LT D, |

AVTOEGBIER I, XU F#43%, HHADDISF S FHI9%, 5508
ERB RS, EARAOHSIF EBOARLSD , FHHANSTCH B,

1 ZEMDOFHBRAUBHBCI~5 A, BHBTS~6AETbh, 1985

EDOLARNDGNPR VA THES,
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215 ADowbsad (1962 1986)

Census Year
Country/Territery - : 1986 {Est.)
1952 1974 1984 |
LIBERIA 1.016. 443 | 1,503.368| 2,101,628 | 2, 221, 280
Bomi Counly 39, 388 62, 140 66. 420 87,276
Bong County 130.405 | 182,199 255,813 268,138
Grand Bassa County 99,566 |  123.400| 159,648 166, 898
Grand Cape ML, Co. 32, 190 56. 601 19,322 3. 366
Grand Gedeh o, 18.256|  71,823] 102810 109, 007
Kiv Coast Territory 21. 280 27, 115 35, 267 A 36, 897
Lofa Counly 131,554 180,737 247641 261,022
Marshall Tecritory 12,664 20, 732 31, 190 33, 282
Marylaad County 54, 805 64, 483 85, 267 39, '4_24
Nontserrado Co, 168,757 |  321,808|  544.878| 582,430
Kimba County 162,855 | - 249, 692 313, 050 325, 722
Rivercess County 28, 756 21, 746 stet0| 39, 870
Sasstown Territory 9, 540 9, 952 11,524 11, 383
Sinoe Counly 14, 639 57, 642 64. 147 65, 448
Gibi Territory 31 970 47,298 66, $02 70, 703
Greater Monfovia 80.992| 204210 421.058) 464, 428
@ MEAD

Ny TOHBRALANIR, 19864 150 C 659, 000A xR s, codb
syﬂkﬁgnman@ﬁbffayf~vay%§.ﬁmma$m&$brw6o
KOCHS SHMBREHICRIL, TEL2 4 - A BA DS E LI B IY
NONEOUBECHEEMGRBADRAZ O, KFRAR, Wi LT %K

CHREARIGH TR0 LA EB T BEEbNS (X2 - (6214) .
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2.3

2.

2.

£2-168 BHBAOOIEIE (1932 1986)

1982 1983 1984 1985 1985

<] | 479,216 496,229 513, 459 530, 694 548, 267
T E'S 10,380 | 10,149 11. 356 11, 495 11. 875
4 % 46, 716 48, 369 19, 996 51, 728 53. 435
B OHE B8 B8 40. 373 '_}1,300 13,410 44,705 46,179
Ca &t 576, 746 55?.14? §18.221 | 638622 659, 696

Source : Housing and Pepulation Census, MPEA 1984

U~X)7ROBHES
31 & #H

VS TREY B AHMBRELMICH S, 926 B, COEKMEET 1 4
YAt - YHOFL LD CAMDAKANKAREN R S 01, Wik 1947
4 ANND KA SRR S 0, 19615 - 635 12 1 IIMND K ) SR A8 I S 1, &
%KWM¢K@U&UTK&oTEM®*$mkﬁ&Kﬂ%%ﬁ(wawfzxﬁ
W) oy ra-b—-FapkEORHIOTL Y - F—paMicBshi,

~ %, ERTRHC S LARERBOMMIING, 7y v a vy FREFE DL
JERBAEZET A& 2N, BEDE »ul 75tk (Monrovia Power Sysiem)ic
gL,

COR, EAMRERARTESE, cvorTRALGEFSHBAED ., 19135 K
BoT, BTRBVORELEELLCY <Y 7RIHAH (Liberia Eleclricity Cor-
poration: LEC) ¥&w Lk, 2OMY, BE, LECRINYITEIFIRIHO

Fh EH BEANLTAHMIBEME L TAMBOEABEOTEEIR TV 3,

3.2 WMANMFEOBREBHFEH
) EFz2A¥-FRS, LRBBL2 L —H
YRY TR AR BB D0 TCHR, LEOBOLECHEVEMEE LUmy
LT, UALBHS, 2208 —REORAHSHARMAMER2L LT
GESS ib*'-i;ﬁ% { National Energy Connission: NEC) &b, x 7%
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— OARMOMEIE 2O CANTNISASOBMEFFI TS, NECRR, HNOEHH
OERATHY, TOHNI, $i§%§'i’}ﬁ%iﬂﬁ$ﬁllll2\)1'#'*@& . ﬁ%@ﬁ%ﬁ
&, BEE, BEE, BHBRY, BRIREERE. ¥ <Y Tli?difﬁééi‘:ﬂ, ik
MR, Z2LTLECDIBBOREN DR > T B, '

g l72edh, HHEx 2 ib'*'—gé'ﬁ%fil%ﬁﬂ.‘lﬁ}} Ly TODEKﬁ-T« A n¥F -
Bé%t'-‘/“a yELTCITEHERSG o AL F—3FE 1 (Integrated National Energy
Program : INEP) A#REL. INEPORBIZ DV TAHAKLRBANLEENE
T -7

LECH, chesiy, Wik [BAMAS » il ) (Five-Yoar Development
Plan) OERICHT L, AERBLASBIE - TS,

@ vy TrEIA (LEC)
Q) BREZHSL
g ) PAHRUL ., AUHOBED PR L EBET ) ARERUCTEZ,

LECOABRMEENHIZ >0 TR, RBBMELTIH#EEAS]) (Board of

Directors) @ty o CH b, A 4 H % THEBARE (Minister of Defence)

FEHE (Chairman) 28T, THEEEAL]) OHERY.

1. ZAE: HBEKRE

2. & B :HASAKEB (Joint Security), HE

3 F B AKEHEHAE {Mintster of Public Works)

4. F B BUTEZENHE AL (Minister of Commerce, Induskry and

Transportation)
5. £ B HRZEEITEHTEMM (President, National Housing and Saving
Bank)

6. Z& B: Y~y 7H%ER (Liberia Broadcasting Systea)

. H i KHHIAL (Efecutive Mansion)

8 £ R:LECEHRK

CH 1D, IBVPBEANRCKELUERS N, HABEHRZARENITG

ERTHEL,
L #H 1

L E CHEM (Hanaging Dircclon A B & L 4 AOBREMEK L, SEIRK
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{ Deputy lianaging Director) OF, KO LS - R eHBIXNTOE (F2
- 118K .
R
4RI (Public Relation Division)
B F (Internal Audit Division)
BiErr (Training léslitute)
2. EIIB4% (&) : Operation Division
% MiE (Generation Department)
(. A o' (Transmission. and Distribution Department)
3. BR#E (3%Hi#B) : Technical Division |
Wi (Corperate Ptanning Department)
B E 1672 (Commercial-Technical Departaeat)
5 EILE (Rural Elecirification Jepartment)
A, BB (RIFE) : Adoinistration Division
EH %R (Procurenent epartment)
Mg (General) Service Deparlmeal)
AHMENE {Humaﬁ Resource Development Departaent)
RS (Legal and lasurance Service Departament)
5 ENRH (WIKEB) : Financial Division
BHERE (Firancial and Hanagément Account Department)
B E5 12 53 (Commercial-General Department)
%’——577‘u-tzz.%¥ {beta Processing Departiment)

Lo Task Force & LT, Block Mapping Project E&b b, 07 n
Y22 b, LECOBEAERO - RELTHBIRTHWHAEEOHE, » -
y - RROE, HOBEORBRREF « » 7 THHBT, BEHGMNE K
BHULECOMBHHGHEO —2CHob, BLRHBEHRIUBTRERON
FEEBLTHWS, _

X, BHBABRAKLECOFE RN, ERCEENH 5L ECHER

ERTVALIBRBECH L, oo lalaidsiTn3,
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2.4 B/HERB
240 AHTHRRORE |
YY) TESYSENRMORRRLE CHAARME RBAZMRWINY SR 5,
X2 - BERIBEHEORTRMEHOAIL 366.200C, TOHIBLECETR
CEEER 193 ANCE D O3B ICIBNT 5, Kbi3, AHCEMARN RS
EUTRET 2RIA T 2L D 5. < ORMHOWRRAMAKIE RN S
HTHLBMC (Frpabfith) 958K, XE: 29 —FryrEZRNSEHLAMCO
(7 Aa3RINAH) MEMK, TAT I v F v avaB7,4 ¥ —R b Va8
MM, KEOKBIERY. 0. A. 4 5. 0ERALTO 3. coll, X5KRMAR
OHFEMBMALECEBLTOLEEDbABY, F— 272 LTRIBBCEHL,
COEIK, VY TEFOCHRAEBARHO ) SARATHEMBEROIL TR
FODHTHL, VNI TEHBPHEIZBHUBMPERIBEERTOL T NN A,

F2-18 vy pHAHBRBABOHE

. E C 193.4 MK (53%)
(™A BERE) (9.1 MK}
BEHRRER i72.8 UK (47%)
B M C 95. 0 Md
LAMCO 63.0 MW
Firestone 9.8 WK
V.O. A. 5.0 MK
& it 366.2 MW (100%)
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242 v Ry 7EIAUNOTHLMNEE
LECR, RAEHOFAGMBCIIE L, 1961 LI RRSEE R T & 2, B
HOFRBRWENI, 18K CHED, RES 4 T BREIEH 2 EROMADC

b5,
K hH o & 64.0 M8 (34.7%)
Foa4 ¥ s 52.3 M¥ (28.4%)
WAy - YRR 68.0 uw ( 36.9%)
= H| 134, 3 MH (100.0%

(WHBHBEMES 9. MKLER )
) KARBRG

Yy T RAABRICEENAETE S, EBEHMRT Y0 €T EBERNS €
FR-AEERLELD YV aryH, 07 sH, ¥R VAH, Y- L4 -2 &
OHBFN T 0, ZFHREOFEBHANE + "3 MOEAHMMES, ThET
DY F R AHIEHEORIGUEI T2 9 H A I DOEBOTF T <1 7 &Y
DURNABDY LRKAREH (w9 ¥ b a—E—Fa) REBEIOI, XYRH
7R I0MNT & o 72 A 19726 BHR O IR BYIC 1 b B AT & RIMMEA IR S h, B
DB I AL T B,

Ui LEHG, v b # -, HENNOKBEMRLL T LEORE
RERCART 5, COLDEMORRIE LI MYERY, CORKHREIX
DM - TBONBKkChS, £2CLECKR (EMMRIEI OhcBBOAR
REHELTCv oY~ —~FLAOEHKTKBORBERH LTS,

SDES, BEDHMAKNRE~OERELBD SV LICH, T2 2 b ORY
mﬂﬁﬁﬂﬁktvﬁréﬁtm(caﬁ%&®LEC®aﬁ&§iéo

2V ba—b~¥A

ERERN S RDEER (MK FEMEAES () 3 E F

1 35 Bk 15.0 15.0 1964
2 5 B - 15.0 15.0 1965
3 5 K 17.0 17.0 1972
4 5 B 17.0 (7.0 ' 1972
a it 6.0 64.0 )
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@ KHHERM
LECORMRMDI BANRBRMOLEH2IEHE V., 2REERO 6 YL
LESDTCOE, SOIBF 4 —CARBRWARAE, FAF -y RERNH
BEIEH->TWa, LECELTHIDMHOBON 27 — € v RTLMEIBD
Mi.Eﬁ%&WLk?{h%w%$%¢bébkh§ﬂmé%#,%ﬂ%ﬁﬂ%
mﬁékbku,ﬁxﬁ—ﬁ?%%ubﬁ%ga%ﬁﬁhw&u$ao
LECORHABHAMOMBL I LD32%2 - 190D TH B,
FRENLL - 202 BHK2 - | CSRBHOTEREAERL L.
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#£2-19 LECORTBREGONT _
W OB & Wiyt BEL BN FhoRGR - B M (i

) (W) {M1)
F oy vanqg ¥
Fa-¥ar 2 1961 2.0 - -
3 1961 2.0 — —
4 1963 2.5 — —
5 1963 2.5 1.5 1988
6 1963 2.5 1.5 1988
g 115 3.0
HRy—€y 1 1966 15.0 — 2001
2 1968 15.0 14,0 2001
3 1973 19.0 17.0 2001
4 1973 19.0 - e
ot 68.0 30
n—
Fa—Yn 1 1980 13. 6 12,0 —
2 1980 13.6 12.0 —
3 1982 13.6 12.0 2003
bt _ A0.8_ _36.0
SR 1 1964 15.0 15.0 2014
A 7 2 1965 15.0 15.0 2015
3 1972 17.0 17.0 2022
4 1972 17.0 17.0 2022
b3 64.0 640 |
o 184.3 134,0
KARBUAA DR : 120. 3 70.0
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M-FREBRIOCOLR, BB FOKDBHBELMKLCED, A7
MAREIR TR0, B2 - 2EINERAEOC vo by EHEKRK. 92 - 3
KEERr - FPRERLL, BH K2 AKX XBBRO—~BERERLAE,
@ EEH
£2-2RTIHHO | REEHFSDEIVE D12 SVERIEX 5, 2AE
HEREDE 200ALIBHEL, BBBH 21V 2 SOB BB LEN AR
EH LT b,
©® BREHR
BIERERIZSKVORTEGRMT, BIE3MABR, BIELHO0, 230V TH
BRI SN B, TIFBRD > 7 ) — b E 2 QAL C, DA IS
HRCH B,
f, RERRDENE ., AREAORNR, TROEMARSORKCEE, &
EEHGRERL, BER S —C 2 LE OMMABENTE S,
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%2 -22 69/12,5KVE B

- | PROJECT

RATED 1985 PEAK 1996 PEAK
: _ TRANSFORMER BEHAHD DEMAND

SUBSTATION CAPACITY/MVA MU/MYA MYA

Bushrod 2 x 3 x3,125 12.2/ 14.4 T
Krutown 2X15/20 8.9/10.5 : 13.7
Newport 2%15/20 8.8/10.4 13.5
Capitol 2 X 15/ 20 10.8/12.7 16. 5
Congotonn 2 %15/ 20 9.0/10.6 13.8
Paynesville 2X15/20 9.1/710.7 13.9
Gardnersville 2x15/720 6.6/ 1.8 10.2
Virginia 1x 6.3 . 3.3/ 3.8 5.1
Kle L X 5.0/7.5 1.7/ 2.0 2.6
Bomi Hills 2% 5.9 1.3/ 1.5 2.0

Todee 3% 0.333 0.2/ 0.25 0.33
Kakala 3% 0,833 2.3/ 2.1 3.5
Robertsfield I x5 /17 2.1/ 2.5 3.3
Buchanan _ 1% 7.5/10.5 2.1/ 2.5 B i
Ht, Coffee 1x 2.5 : 2.4/ 2.8 3.7
Bong Mines 2 X190 | RATED VALUE 30.0

© AR
Lacﬁ,mxwﬁﬁ%m(mmlmmunmummuowr%%amﬁaﬁﬁ
BAERURBLCO S, HRWKE, s Vo ThodBORANSBCS 5, &
CWERITAI O INKT 1, 000BL F OB E O MRS 4 - YA BHILT OB, &
Ay PHBYLARCEESOATHD, RUALTCE-TOML (X2 - 238K) .
BUAES TOE T ARKEOBHBALIE L B WA LA, 0004 & I & T oo
Ho MAHBIUOMHBAR, ¥4 -~ VYARBLEBAL O SLHIRBORMYE, WK
2R MAMBALIEY, WHOBAR X B & 198348 2 C 20 BEA T 3 - 9 12 630
HEADaREEBEL, ~HHNART ¥ sk b 2318 5305 ¥ v ok e
ﬁorm5:&f55oc®%$®iﬁﬁmu,mﬁfuﬂ—%ﬂELrwéaﬁ
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PEUDDBELBES, 2 -4 —ORORER - RRIEHE S S HANRGC & i
B2CRahde, ZOMRTFHHERNA (.5 ¥t /KN 20 bo b LHKIE
(233 ¥ R /KEM RN AR B STV B o Eich B,

THEEXRAF S0y (INEP) G, Githy 4 ~¥nic B2, AKs
B DKARTEBELCO IR, BOMBEN» S KRB hCOAL, &6
CEIRY NN TRBY LIRS OBNERAED TCHERTE D AHTNAEOR
ELTHEIXRTOS,

#2-23 EBWUOBATLDW (1983)

REFONE 22,18 BEER PO REEIH  #Myun

(kW) (GWh) {FUSH 1 >)
Harper 2 1. 300 1, 058 12 102
Gbarnga ; 1,580 1,050 6.0 576
Greenville 3 1,000 1. 000 3.9 368
Yoinjama 2 : I, 300 700 2.9 271
Iwedru o 1, 300 640 3.0 288
Sanni welli 1 950 524 3.2 299
Kolba City 2 285 245 1.2 106
Robertsport. . ’ 305 320 1.5 143
Betlafanai 1 333 100 1.0 92

() ABBBERLEE,

Source : Issues and Options in Energy Sector, IBRD 1984

@ HYRWAL - ) <Y T ENR OB R RYE

LECRIBIFKAMILBHIFTELHGI 2D AMBRABIEAEE T2 2
YEMAH (BMC) SBNZMBELRELHECRHED ORBI A RE Y
6C&EEqkoLEC@H%KEH®7¢VFJ—EH¢A®%$%ﬂE?%%
RYLLHBMCIOENNRBEIEG, —HBMCH, BHMCERENILECD
ANRBIOBHRBR AR VEOOF 4 ~YARBIORL IR LBIZTICARS
CEMMAAT EMD, MBI o CRSIS Y 9 b ICBBbDCHS, BMCH,
TR LD -BLECIDHTULTHAN, AWELER, LECIIKHULEBM
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CR LIDHETCHAKEHRB T A It of, 201 : 1.3 OHE, 74
ZROHBIR L OHENSREINE GO TLECOANREB R M ICH~B M
COF 4 —¥nRAIALHHREC, JOBMCHREXBAEZIY B 2 M e
I NH-CVD, HHBHAERBIR PORBLAITY, ZiBELHEDOL
s — A RTEHHINCOEN, ROEBONBRAE B LORB R %2 L
k%ﬁm&ﬂ%ﬁﬁ?&ﬁ&#%ﬁﬁu&b@?:&ﬁﬂ%&ﬂquéo
BBMCHR, REGMRCET SENE AL THACIBLCED, K2 2
DML AIHRWERIMO T « — ¥R RBRUNAEHL TV 3,

£2 -2 EYRhAHORHRBE

A=y b ZEE (U EARBIL
1 8 1965
2 8 1965
3 8 _ 1964
1 8 1968
5 ' 9 1970
6 9 1970
7 9 1970
8 9 1972
9 9 1977
10 9 1977
i1 5 1977
- 95 m

18R EBROLEC - BMCOBIUFRRRRROBY ¢h 2,

BMC X © LEC~ (GHh) LEC X b BMC~ (GKWh)
1981 6.9 20. 5
1982 32.9 21.9
1983 38.5 32.3
1984 26.6 33.2
1985 26. 4 38,5
1986 35. 4 34.6
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2.4.3 WHRPICHIT ZAERY

)Y T ORABRIC OO CRARS S ORBNAS KREERLCS fee

DN FOBNBIUCHID ARG X 0l O IIEPED L ¥ b « R —
ORNBEBIHB(~D YL 2~k ~FA) KBTS, XFHOUSA I DMK 25005
FAOERARKL, REERIM (15NX 2) ORARAL RS 2S5k, ML
-rmﬁm%&%bw%?nﬁx}rfaqto%o&%ﬁkfy—ﬁ&ﬂﬁﬁﬁmu
ﬁ%iacamﬁo,wmﬁm%{m%aagx1mﬁrw%m5L.vovr-n
b AOWE, NN (1TREX 2 ) AR, ﬁz'z‘mﬁmuwmvlg?auc 16077 ¥
AEREUF RS — & v R WEI (9NEX 2) 22 L. 1975508 3 RIBK TR
ﬁﬁ&%%ﬁ&u4ypnquayr%ﬁﬁﬁg%—habfﬁaoaauwm@
RIEENOBAEES DT AREEH E LT 10005 ¥ L AR, HiEDn—
9?4#€wfivﬁij{wﬁux3l%ﬁﬂbfh6o%J&ﬁakﬁqtm
WHHE, YU VKe, 75 FHIT, 9—0, RANTLOBFRAL L - TR
L0 ¥ BELLbDTCH L,

%@@@@fm.ﬁﬁ(KFW)ﬁ%%-E$m®ﬁﬁqu;¢rmwﬂbtﬁ
b, 770V 7BRET (AFDB) /Ry - 73y ISOBHERE L T
%, |
BHRAORGCH, bREI I CA~N—AT [ERIBRERHEE ) & 19T 2%
'ﬁb,&%rvavﬁwﬁﬂ%%m%mﬁm%ﬁéﬁqrwaoit.mé(uwn
P)RWBIBIL, MBI )RV PO 2A4F 42 7 ~ORAEE (Issues
and Dptioas in Energy Sector) % £, HER, =7 H¥HEMIRRBEELT, 3
HOEKH (BB - £ A - B&) FLECKRRLTY B,

PLE, E5AHICOBYETEDELDO0EK2 -25CH D,
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USAID
188D

AfDB

[BRD

KF¥

KFR

1BRD
IBRD/F1B/BADEA
H A
JICA
UNDP/IBRD

7}

4 EHEHBRA
ROTHE o MR
{8 BHTH

#2-25 VAR I L FARAEHRED

19634
197041
197047
1971/ 734
1974 / 164
1978 / 824F.
13755
19784¢

19744
19844
19844F -

Kﬂ%%ﬁ(?byt-ﬂ—t—ﬁh)wga
WIREXR (KDRBEHERDER)
ﬁzy—ﬁyf57r®ﬂﬁ
H2RBEE(H A2 —-E¥T 5 Y LOFER)
REBOBMH

AERBD MR

HIKEXR (BHABOLDOFIRE)
BAKRBEA N -2 74— ¥NT 53 ORE)

WA EN
cAAE s s - RARK
B 1A BEOGPIHORE

LECHEMZORERMIC L bAAMAIGHME EXRETBENEH LTV,

UL SINBIERICADZBOENEL, BH2 R POBHRICEL, F24%4E

WAHBGETU, 98623 CRD L, Y XV TFESHAEHRBD

ﬁﬁu%%ﬂ#ﬁ%éﬁ%hibkﬁu¥+viﬁib&ctmbéo1ﬂb5,

BBRFJMEDIOATEL ELDE YO s D~ —FLRENERZOKER

ROSHREAEO LS HACE BN RTRBICN 270 CH S (£2 - 2681) .
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BHAI X5 RBRE (1979 - 1936)

£2-26 LECOKN/ XAR

{ G¥h)
1979 1980 1981 1982 1983 1984 1985 1986
KARER 106, 0 126.7 116.0 100.8 104.2 1043 108.5 96 2
% 2.5 2906 2.1 267 284 210 28.4 9256
KARTER 3268 3020 282.8 216.8 262.8 282.1 276.3 279.8
% 5.5 0.4 0.8 1.3 7.6 730 7.6 4.4
5w B 1328 198.7 198.9  377.6 367.0 3864 385.8  376.0
% 100.0 200.0 100.0 100.0 100.0 160.0 100.0 100, 0

%@t&LEcm%ﬂ¢%h$£%m5~<mmmﬁbBuc¢®f%ﬂﬁ&

BEICXDBOIRBERZY vz i, RUTINEUNTIALCVRRKESS (%

2 "27%?‘3) 43
#£2-21 LECOJRTERH (1975 1936)
{Ehn)
1379 1980 1981 1982 1983  198( 1985 1986
L E € 4328 4287 398.9 370.6 367.0 386.4 385.8 3760
BMCLEb — - 6.9 329 385 266 264 35.4
O ()
a it 132.8  428.7 405.8 4105 405.5 4130 412.2 4114

ELCY)RY)TUEBYIBABRONT YRERTEEI - 8OBOTHL,

1977
1978
1979
1980
1981
1982

£2-28 INRYTEBYABAHKRS v 2 (1977~ 1985)

RE B G (GHb)
399, 1
104.7
432. 8
428.7
105. 8
110.6

2-37

He75 "8 72 51 2 (GHh)

278.8
282.0
285.3
285. 8
274.3
274.8

Rl 7 VR

6. 700
0. 700
0. 659
0. 667
0.676
0. 669



1983 405. 5 272.0 0.671
1984 £13.0 2171 0.647
1985 112.2 252.0 0.611
1. %m%ﬂﬁcu%mmecmémﬁﬂMﬁﬂ%ﬁb
2. ﬁ%ﬁﬂﬁcumﬂmBmcﬁmﬁﬂﬁﬁﬁ%ﬁt

Sovrce : Five-Year Jevelopment Plan { 1987 - 1991) . LEC

U&UTKEU%@ﬂM%@Pi;OQﬁﬁH“%ﬁﬂx’#ﬁ%K%wcé
CTHB. SO KRB R LU, BHEOBBHOTRMNIEN S 54 12 PR 1552
REo AWM, HOREHM ., BAMS LB, BAHNSHOLBEESE
DL HEAHIMI IS Rt " FERHIIR " M5 A ETHY . £ ol n

i R B TR I G A SR A O

1977 1978 1979 1980 1981 1982 1983 1934 - 1985

L ALTE v = (G%h) 40 41 50 58 57 53 58 7.0 1.3
% Lo Lo L2 3 14 13 1.4 1.7 L8
MU0 2 (GRR)  116.3 118.6 142.5 137.7 125.8 130.5 127.7 138.9 152.9
% 23.0 29.0 32,9 32.0 310 31.8 31.5 33.6 37.1

“HL VRS Y RBYIWABEC OO CH, 19805 0285, S6HME ¥ — 4 o F
%ﬁ%@bﬁ%¢mu%%%uiﬁ¢$%2ﬁ%?ﬁﬂﬁﬁﬂﬁ¢bfw6o;
PHRFRANORFEOOTR L EENBRONBAS L & bic . Flm
BEAOHAR GBI ANES LOMGE (BH 2 2 v, BHOEKLS) 5o
RABERESML . 0H 7 b ALBLESRICNE S Bbn s,

f iAo b | '

B2~ 4 1984~ 198D T ¥ v U T RUDBETH RO LG L 2 NA LIS L
1REHRERLIELbOCH S,

E7B2 -5 K2 - CREMBOEND | HOBELY LRBEANE DI
UL COBDERUIACHS. M2 - 4 CHSABRBIZHEEID | ~3
BAENBIBNBRORSBELRLMASOZ M, CARATRORLI L b

2-38



JBIA /GO

988! , 86! t L R6!
_Nq N OL._ m k-] h w n W n N _ .N,._ ._,_ nv__ & B FA ° S * E b4 [ 4B B o ]| 6 g A S 4 o] % Fad _“
101
“m/ M
m
o
/ N\ =
/ \ Wu_amo_ umJu/ T z
f \ e / \ &
f N\ / \ /
f N\ - [ \ /
, : , /w\ , ; R , .\_ - : : : : >\, _ _ _ :. P—
1
P S
g 937 % SH87 /] i
1 \
! § i 7 A s
- H
N
70X
z
=]
2
ré <
° o
o T
. e &
[=9
18
™
=
2
[¥~3
-
toz |D
ve
-3
3
fa]
‘g 2
L0g
e
WD

EcmEm::a@m. AbJauz s DIAGOW  DPUD abuduax ABJaug uzm.\ums_
NOILYE¥3N3D  AD¥3N3I o310 t-2°'6id




MEGAWATTS LOAD -
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301

201

101

Fig. 2-5 SYSTEM. LOAD CURVE
( RAINY SEASON )

TUESDAY NOV. 18. 1986

OLD DIESELS

LEC SYSTEM DEMAND

2 4 6 8 10 12 14 16 18 20 22 24
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MEGAWATTS  LOAD

)

Fig. 2-6 SYSTEM LOAD CURVE
( DRY SEASON )

Tuesday Mar 31. 1987

60| B
50} - - H
acl GAS TURBINES |
L
30F HYDRO B / | %
g // HYDRO / BM?Z
' 1L
20} | |
LP 2
of —
LP 1
| | 1 |

2 4 6 8 10 12 14 16 1B 20 22 24
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@ BHBROWETH
VNV TRBULBEABTHRTIUR, chichEBavy L, 7729 40
ST, IRSIKEDITbRTICV A, 1980 HBEBE R bDIKONTH B
., KW CLMain a9y bRERSY~T%%ETHL, (AR Sofrelec i3
3.3U~50 %, 77U ABMES BAEFF B, LL, ST ChiLI,
LECOBAWRL, G245 2ARESD, LEARBYUALTHEENCS -
ﬂé?iﬁokﬁb,%ﬂﬁﬁﬁﬂhfﬁ.ﬂbhﬁﬁﬂﬁfﬂﬁﬁ%ﬁéﬂfh

BLENSHALORAMBOBENNA SR TV B E b HECS .

1978 1979 1980 1981 1932 1983 1984 1985
AERDEOREER (%) 1.4 69 -0.89 -53 1.2 -1.2 18 -0.2
BAOMBRONER (%) L1 L2z 0.2 -40 0.2 -1.0 -1.8 -57%

%cfmmm,%E@ﬁﬂ%%ﬂi?x%gﬁkwiﬁﬁ%Mﬁ%mbfw&o

1984 - 1993 1994 - 2003
RIEBHBORELTH 1.2% 1A%
B2V R OB T 3. 0% 2.8%

—Ji, LECH, BHAMBMMEA A+ ARECHD, T4 880 t Ris
HBESNCOLRBEA G, BAY — 2 BB E%T, BA Y OWE S o s
VPTHET - C0 B, 2OBWTWARI, 82 I58ME LT 5,

LOBE, SROTNBTOMUAE? 30T 2 HHL TS,
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#2-31 LECoOZTTH

BOABE (M) BHRE (Ghh)
1986 / 87 66. 6 ' 432
1987/ 88 68. 1 141
1982 / 89 69.6 451
1989/ 90 1.2 462
1980 /91 72.9 ' 173
1991/ 92 4.6 184
1992/ 93 76.3 495
1993/ 94 78.0 506
1994/ 95 79.8 517
1995 / 96 81.6 529
1996 / 97 835 541

(FE) SERa B 120, 742 Ha5p

245 EAHBIRS 4 EitE
LECRAEIRAYNYIFEBGLIMPBEHMARBE(~27—735 ) 2 LT,
P54 EBATEE ) (Five-Year Developnent Plan : 1987-1991)% 3 Ui, AZHH
RLECHAHZBEMMI 20T, HBHIERREES < RIANAFHDITE TS S
D, BT b BOXEEEBL T B,

A2y —75 vOEXELABRORTEROWRI LABENE QRNORC
FUEHBEHHEORNME L 2 EEXRAGHA BLECREORAOMLE WEM
HEOLDOFE  HREBOTEES 3,

TLC, IVFFSI CORUNBEELTROLI BT VY L F P ERT TS,

(@ KAFBHIEE (304K )

O oIk FADEE - SEIE (2000

© w~¢7ﬁyhéﬁﬁﬁ

@ ARBEHONE - WIENE

€ FPWTWAH% (Conmnercial Loss) Idk it il

(

—

) ff;’fﬁfﬁ'%fiﬁ {Mini Load Dispatch Center) <y 2bi
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YOYEA-C-KDRBAOBBERE, 15X 25, ITHIX 2 5054 42
Mo Crait, RItBCHISEBBROKZICL D IS = o b O hE) % 2084 { 2
X5UHEAM) 7 v 7T B LA RHLT OB,
B r—275 v EHHE
W=7 TR, ARRRSRMA LR EGICRERELCO D, £ 0T, R
BOREW S, FHUEFPEY ~, KOBHOKELHBEL T 5,
-~ B AFA |
- BB S 2 7 4
- BEMRHELE
- MHERY 2T AR
W) RREBOXE - HiEiE
BEDKBE (6kY) 05 5, KMEREBINT BB >0 CL DXL S,
ERMKEERI TROBY,
- ROV MI—b—FA~Syvany FRETH
LA E RPN 3 3 1
- Vﬁyrn%t—}A~BMCm
- m4zzren~F ¥ e om
- HIbnXEBHS ‘
12, SIVRLE R, EREBI PV COEEKMLL, SELTSHEICS S,
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12 SR EITA A 7 v o (GHSHA A BT 2.
(5) I bk thi M 78 2 B2k A M 21 i |
W, LECOUBY SHHMMRIAFEANRL (Coanercial Loss) 419854
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ERLINIRCECEL, SSUBLAHGORURITIYOARELE LT - T B, %
SeAIE TR AROEMEBNEORMEAHIEL, IINEICRIRZRY,
IR K I CHETZ2HBLH OV, +DLDOHFE LT,
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- nyggwfévth®§A%
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EERVL2bOCHSE,
ZOW, LECABORAHBRUILE COME - WAREE LT, KOWRAH
B ShTVA,
SNV~ A S AR BRUERBAARB S Y 2 7
ABEBEHoHELIE
C RmEMS (Tarifl) @A 0T <ot
- EBABEORMER (laterconnection)ffzt 7o <« 7 ¢
0 Kastm |
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#£2-32 LEC S#%RBEAY Y.~ (TFR)

1987/88 1988/89 1989/90 1950/91 199:/92 & &t

@ Kk Jr B ¥R 10,060 10,006 19,000 ' 30, 000
W X REHE K 3. 600 3,600 3.600 10,800
© -7 e@EmEl L61T ' 1. 617
@ % ® BB %R L600 1,500 200 3,300
@ v 2 @ ® 2,300 100 976 3,676
() Mini Load Dispatch 959 680 1,630
@ A H % W 820 895 765 250 2,730
W LECABRER 1. 625 2,222 3, 847
G #ox - oo 1,500 1, 000 750 3,250
6 a 2300 Jﬂwz 20, 193 16, 265 4,530 60, 850

A6 Ty rawn, FREHF

TYOETORARBHEANMEODD 9 v ok — KHRBHIC L bR
ENLH, EMRADBERWRO T v v 2 v o PREF X bEicitphchs, 74 >
2By FRBEFRAGERO T Yo U 7iliiORBIEEBRELAE Y 9 S ap o FEIfr
ZLCHD, TEORBRNEURLBHHSF LTIV S,
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@ HRAy&-—-vr7s v

HAZ-CYRERE, ABAVIOTVEN, 1B - Yo7 L — PR
CTHEROHERL - C0liv, LHhbAoK IRVPEDTHENRROLDERT
Rhich b, REFEAEL ~ s R 2BOLTHS,

HARE —CYRBR, 74~ VAREI I LTI & 0 7o T 15 1A <
(Zyvany FORSE, kil 2023505, KEXTORICIL UE) LECEL
CHHRY -~ EYDOFERPOTEERARBEIL TS,

B - Fs—-—¥nrsrvt

CHMOEANBBECHIAT 2 v bHRBRUBASHTE 5 T oRg <, BIEHD
LTHAELIEBLTORVIZ L2 0b ST 13 6o Rk A 3 U 120N i %
BUCERL VS, LECTR2ZAS5EREEOMS ANBERNBEETHAEHL
Thb,

W@ REZBM
B AEHEESEGE

Fyvavy ¥73vHH 3. 125MVAX 3R X 24 = 18, T5HYA
R —EH 23 MVA X2iH= 46 WA

- 28 VA X2%8H= 56 MVA
n - 2 F ik R 18 uvaA - X3&= 51 MVA

it 174, 75MVA

© SHRXER
69KV TR B 7 g
12, 5KV & & 3 o
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247 IHBEHOKR
VS TR A AR BIEROBR " TR B EHOBLOEAR
REGHLCEY, chAERMT AN, BERMRCTMEAMRHEE LR L CHE
M RO L BN LD,
CONRWRNS, VY TEAFQDRE ARG E CEHE LTV A I0NND F 4
¥ ARBRBOS B, RAST I3 1M D0 T AARBHFCRIARS £ SR L
TERbLODTCHB,
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2.5 ®|/hHEE |
251 LECRAOHN
LECH, IBMEIAKBE, LRIAORALSHT 2. 2ONNERT L RDE
DThs, |

W P B (Professional & Manager) S0A
B R (Supervisory) 134 A
WHE  (Skilled) 996.A
FEREX  (Unskilled) 123A
- a éf B h B 1,32};L

COXINYMEBRANLARBDS RBEEEUZO L O, AMERRAASLEDY
ﬁa@otwao%:fLEc&qu,mﬁmaAHﬁ&%E&~<.$¢Eﬂﬂ
L ECHHER (Training Institote) 2HBI L., AMBERABRET 2481045,

2.5.2 EABEFEHEAQ
Lécmﬁmamu.ﬁﬂamvzfA%ﬁ<&,ﬁﬁ%vu57%¢@¢Lt$
EaOMEBONEEEBHCHO A TS, BERES D E AN IANE, b
bﬁ%ﬁ%uﬁn@%ﬁwocmmﬁau.knﬁﬁﬁ@ﬁﬁ.ﬁ%ﬁ%.%ﬁ.ﬁ
AEND, —RICY YT TH, BHBORERMFELS ~6 AL bh, BHRkC
u&~5A¢ﬁﬁénrh6céb&%ﬁ&%@&ﬁAD%ﬁﬂ?%&aﬂmlmo
AGED, BADOKW 8.9%C¢h b, chIZBHEIL 27 A 0B AIH40, 000A
%Mifﬁ%Au@%l%#ﬁﬁ@ﬁ%%%ﬁrwacﬁéﬁwo
Uit BEROUCR, 1982ELE, FH10.0% 5 o MG ER LT 5,
.ﬁﬁ®$ﬂ%¥§®%mMH%&6&&®EDo

1981 - 1982 1933 1584 1985 1986 1987

WEHOK 20,200 23,800 27,200 34,900 35300 37,800 39,300
WOoR (%) - I8 M3 83 L1 LI 40
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253 LECHBRN
N |BIHE
LECO@EhHHGH, AHETEOMMKEHEVChE TRITREVE, BAORH
H&R, REN. TEMSIHhdSTH—HE (Unifora tarilf) MRE ST
Hh, THRIZBAMFRIE (Fuel Adjustnent Charge) MU E R B{LE AN - C
w5,
#--H & : L5t > /kih
MHmSR 5 v b /KN
CHITORIHEOLBELIEIDILKOBOTH S,

ME R R 197931 19824F BT 19844F- 3T 19855 3T
# Bt i 0~ 408khh]
401~ 1, 500k¥h’ 10.1 ¢ 10.1 ¢ 11.6 ¢
1, 50ik®h El Lk 9.4 ¢ 1.5 ¢
LTER/BEM 0~2,000kkh  10.0 ¢ 10.0 ¢ 1.5 ¢
2, 001kWh 2L L 8le -

—Ji . EMEARAREEBINGUA L AR R CARLCH2 2 Firok

2B,

1984/ 85 1985 / 86
BHH WA (L) 36, 290, 000 35, 289, 000
B A | N B (xub) 224, 500, 000 212, 700, 600
¥ B M AE (b RN 16. 16 16.6

() LBUFEIELE CR TJ - 61 OMIH4E M AR U A 7 5 198446 B & Bt
e, it B ond s, ILEATHRCHBUCHREAREE v,

THOE, FHBRARB/TLHE0E¥D, LECOBHHL16.54 > } /kNhCH,
FRIR P EA AL BEERBULLUEDDOE RN Do ., © & TRER
m#&m%ﬂ%ﬂ&UHﬁxﬁﬂﬁ.%Uuﬂ¥imh%®ﬁﬁ&ﬁmﬂkénf

Wi,
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@ ®BHHBRA |
LECOMBRAR. ABABHIHENATCEE, LECOFHERENMT 2L
MEOBY , —RFH ., WL, OF, EHBHCANIN, BARMEOLTR,
BAHT L ARERBCSSUNMTE 5, ARGERZI, KBALL, HXE.
EUMEETHI. ORNMEIDBANEOBMNRRES B S . —BFHH 4
FLLLED, ROCHEM. B, 2REEE, ZLTTENECV RS S,

BICHRBRGARETRMAETIRA DY, BALBOC KM D,

LECEEZMENHSRMNOMHR {1985/ 86)

&9 RE M % & M & 3R B A e
{1-¥ ) {Frnr)

O 15, 216 £3.1 9, 991 65.7
BOE M 7,902 22.4 7. 718 _ 97. 7
T OfE A 2,48 6.9 2. 866 18.3
A ik 4,020 11. 4 1,108 21.6
B Hy 5133 16. 2 1,422 BT
& 8 35280 1000 23105 65.5

L LENS, HEMNKSUTH, A8 2 — A He&NAZE-TE6¥, #
REVOVOEIBMIN TV BT IHLORRKES S,

B R R A S R OBAER 3 L FCH YD | B O EREA IR L |
BESENADN S, IOLENBMNBERZZENE L, BER» HOEHORIE
H—REHEL T D, |

1982/83  1983/84  1984/85  1985/86

i B & H(Tra) 34, 391 34, 195 36,290 35,289
# o e MITFA) 26, 665 23. 629 21,360 23, 105
Mo # (%) 76.2 69.1 28.9 65. 5

CALABANGOERNERIE, LECOMIAEMEMETHY ., chECl
KOBMBEEMLBVY I LECOUHLLA{LODONSREBRLILTHBENRT

Wb,
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A2 - MBI BREON GRS LR Y,

£2 -3 FUBOBREBHOESLNELS (19854)

{ )
LF K WA 7. 000, 000
J F KIE B 1, 660, 000
y o~y T AR 601. 000
m KA 745. 000
P 138. 600
X % % A 445, 000
A I 189, 000
X 8 % 194, 000
O S 134, 000
WooB H " 132, 000

@ WhHEEHN

LECORES WA, MHE, SERTR, BREDEF LB ARSOE
HCHB, MHRRTEMN, 74 —¥AWOBMAILT TSN CH b 4AE 2 HNEO N
WER LT3, LECORTHIRMNCGEHOAMXDE]REE Tsc i
SHHROBAMBLECKE 5 TRUCHE L, L ULAEEDR I AT
AOHBHEPSA ALY CEITATN » P ERBLCOARACH S,

EaR  RTHR, 3HUEESHRBARBOZN B REORNEETTWE, A
BRI, hPOTHBOBEILED ARNMRICRNILLYR, 20BTARLME
WMmBIMIch b, EDANCORKRECAHET L CHBEBRI~DHEERCoH
Do CHECERNENRMEAMNPCOBRIE IO TERIEMhS, D
BOKFHREF | MU LOME CUHREFIEAL T3,
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LECoMB X3 (1984/85)

(T v a)
®oH o' | 5,193 (13%)
EE - R 12,962 (31%)
i 5 6.454 (16%)
M i 6.85% (17%)
£ W H & 3.472 ( 9%)
BAEH & 5.200 (13%)
© @ 450 ( 1%)
- & 3t 40,581 (100%)

COREK, LECORAKMIIIIY/8FERRAKIARE LY 5000 P rokvt

LT s,

Mo N A 35,590 (T-¥ )
B o X b 40, 581
HENE (RF) 4, 991

() HERAILQABARAMUADZOROUALETL

254 LECEEGAIABAGME

LECHABHAFMNELAZANLELIREC, ABRHEABASALH , kOl
iﬁﬁidiﬁzf{%%&@ﬂ%i:;ao LECORY, B BFE&ET L, HEOEXO
T -4 FEF— 4" (Managenent Support Tean) E LTHA v IFDa v
Fwy b (Tata Consultant) HiX DAT N/, Tata Consultant BT NEC
LEcé&EmowImﬁm%ﬁ%ﬁw.mﬁ%%%$o%@Eﬁﬁ@%ﬁ@t&.
BEA » ¥ AH in-house-consultantE LT HESHIKEE T E, T —27
7Y rORBE, HAOMBAKEL, BBY S 54 v —Cdb 2 ILED 3 (BLN. ASEA)
POoEMEERBMULTH S, BARBHWBON -2 C 27 AR ENIABRLEL
TCob, AEZBLELECOWERIEZ DO THREMMBMORHCA ¥ FADHER
%E%Gii\ﬁf:o

THOLEABAENER, LECOE v v YOREOE 1 EAANLTH L,
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LEC&LCHR, A¥ ¥V adbtv—=vy2lmiblL, oA 2% 5 7KXBH
EEELAHEL S,
N, LECHEALAABAYHEORRIAEN X2 -I50odbTHr s,

2-60



2.5.5 Fhic RFHMN
COBREENLED, LECORMBMRBARBK AN, 20MI X 5KERE ABIC
IDTFROLS CHMEIRCE 2,

O Féofgssional —— Hanagéng Director

- {60%)

i
i

Deputy Managing Directior
— Mabager

L Assistant Manager

@ Supervisory —y— Supervisory A3
usdny o~ A2
L u Al
I B2
—- 2 51
[ 9 c3
.
@ Skilled — Highly Skilléd 2
{9904) *—; # i
L Skilled A
.y

L Semi-Skilled
@ Unskitled
123%) |
LECOEKRMOMMAR 2 - 121077
LECORBDMOEL ANLBA LARMAD S Blighly Skilled 20 AT (Su-
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Fig.3-1  TYPICAL DAILY LOAD CURVE
As of 1985

LIBERIA ELECTRICITY CORPORATION
CORPORATE PLANNING DEPARTMENT
SYSTEM STUDY SECTION.
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Fig.3-2 DAILY LOAD DURATION CURVE
As of 1985

MWs

62

53

7MW (12His) |

40+
301
Base Load (24 Hrs )
20 46 MW
101

4 8 12 16 20 24 HOURS



( MW )

Demand ond Generating Capacity

Fig. 3-3

DAILY LOAD DURATION CURVE
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DAILY LOAD DURATION CURVE

1992/ 93 Dry Season

Max Demand 76 MW
80 L.oad Factor 74 %
76 Total Energy 1,353 MWH / DAY
70
o7
60 Gas Turbine
57
"""""""""""""""""""" 52
501 48
40
New Dieset (30)
30
20_
Luke (24)
{0
0 T L] | L L)

14

T T T T
16 8 20 22 24



Fig.3-5  PEAK DEMAND AND GENERATING CAPACITY
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Fig. 3-6  PEAK DEMAND AND GENERATING CAPACITY
( Rainy Season- Forecast )
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- g
BIRATE (5)
MINUTES OF DISCUSSION

_ON

THE PROJECT FOR IMPROVEMENT OF ELECTRIC POWER SUPPLY IN MONROVIA
IN

THE REPUBLIC OF LIBERIA

in reéponse to the request madeé by the Government of the Republic of
Liberia for the Project for Ymprovement of Electric Power Supply in
Monrovia in the Republic of Liberia (hereinafter referred to as "the
Project"), the Government of Japan has sent, through the Japan Inter—
national Cooperation Agency (hereinafter referred to as UJICA") which
is an official agency implementing the technical cooperation of the.
Government of Japan, the team headed Mr. Seiichi Kanai, to conduct the

survey for 27 days from April 19 to May 15, 1987.

The team carried put a field survey, held a series of discussions and
exchanged views with the authorities concerned of the Government of the

Repubiic of Liberia.

Both parties have agreed to recommend te their respective governments
and the authorities concerned ro examine the attachment herewith toward

the realization of the Project.

April 28, 1987,

/&/«Z ka/hﬁj |

“Mr. SETICHI KANAL M Chirstopher 2. Ngfo
Leader : rActing Hanaging Dirgctgr
JICKe§tudy Team ‘Liberia Electricity Corporation






Attachmeﬂg

The objective of the Project is intended to increase the dry season
generating capacity on the Monrovia Power System in order to moderate
the intensive load shedding currently being practiced and decrease

the dependence on highly expensive gas turbine operations.

As one solution of the above-mentioned difficulty, the Government of
the Republic of Liberia planned an additional total 10 MW diesel
generating unit(s) and requested the Grant Aid to the Government of

Japan.

The Team will study and propose the most suitable plan for the Project,
after careful investigq;ions on the present electrical power system

situation.

The Team will convey the Government of Japan the desire of the Govern-
ment of the Republic of Liberia that the former takes necessary measures
to cooperate in implementing the.Project and bears the cost of the

items requested by the latter shown in Annexure-1 with in the scope

of Japanese economic co-operation program in grant form.

The Government of the Republic of Liberia will take necessary measures
listed in Annexure-II under the condition that the grant aid:

assistance by the Government of Japan is extended to the Project.

Both parties confirmed that the Survey Team explained Japan's aid

programme and the Liberia side has understoed it.






ANNEXTURE-1

The Government of Republic of Liberia has requested to install at

Bushrod Yard 10 MW of diesel generating capacity as grant aid assistance
from Japan.

The Japanese Mission is to compare and contrast the following
options:

1) Slow-speed units
2) Medium-speed units
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ANNEXTURE-11

Demaxcation of HWorks Between Ehe Government of Liberia and the

Government of Japan.

I_ .

: Covered by
. COVEIEd,by Gowe:nmentl
No. | Description Grant Atd_Yof Liberia
_________________________________________________ o - '|'
1. To remove the defunct diesel engine l 0

generators fxom Bushrod Power Stationl

2. To bear the following commissions to i
I the foreign exchange bank for the
banking service upon the B/A

1) Advising commission of A/P 0
ii) Payment commission | 4]

3. Te ensure unloading and customs

| clearance at port of disembarkation |
p

| in Liberia |

i) Marine transportation of the 0
equipment arnd devices from
Japan to Liberia 3

|

|

|

|

|

ii) Tax exemption and customs !
¢learance of the equipment and { [+

{

I

!

[

devices at the port of dis-
embarkation

iii) Inland transportation from the | 0
port of disembarkation to
| project site.

A —

4, Installation o |
5. 1) To accoxd Japanese nationales | o
whose services may be required
in connection with the supply of l !

equipment and devices and the
saervices and the services vnder
the verified contract such
facilities as may be required

| for thelr entiy into Liberia
and stay thereiln for the per-
formance of their work.

I ; ii) To exempt Japanese nationals fro
| customs duties, internal taxes
-and other fiscal levies imposed
in Liberia with respect to the
supply of equipment, devices and
services under the Contracts to
to be executed for the Project.

—— e R e
=}
—— e o e e B e . o e
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1 No. I . Covered by Covered by|

| Description . Government |
Grant Aid . <

S U U At | of Liberial

| 1 o T . 1

| 6. To maintain and use properly and effec- 0

| tively the facilities procured and :

| installed under the Grant Aid,

| _

| 7. To bear all the expenses other than - 0

| those to borne by the Grant, necessary

| for the execution of the Project,

The Jépan International Cooperation Agency (JICA) will send 10 copics
of the basic desipn report to the Government of Liberia around end

of August 1987.
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Selection of Piesel Engine Type {Drafe)

1. Purpose

To select the most suitable diesel-engine type after compariag low-
speed and medium-speed engines technically and economically.

2. Conditions

(1) Output : 10 MW (5 MW {7,080 PS) x 2 units)
{2) Fuel 0il : Heavy oil -~ Class €
{3) Place to be installed ! On No.2 aad 3 foundations in the

existing power house

(4) Starting year of operation: Each engine will start operating by
the end of fiscal 1988 and 1989.

(5} Budget : There is a budgetary limitation for
the Japanese Government graont.

3. Sample of Diesel Engine

A sample is shown in Table 1,

4. Limitation of Existing Overhead Travelling Crane

Height Erom floor level to existing crane rail: approx. 6.5 m

The low-speed engine cannot be serviced by the existing crane as the
crane requires 7.7 m from the floor level to pull ocut the piston (see
Table 1}. The medium “L" and '"V" type engines can be serviced by the
existing crane as the height is within the limitation {see Table 1).

5. Weight Limitation of the Existing Foundation

Weight of the existing foundation {see Fig. 1): approx. 400 ton

The following equation is used to caleulate the weight limitation for
the foundation:

WE = 0.15 W/N~
Poundation weight (ton)

W : Engine-generator weight (ton)
: Engine revolving speed (rpm)
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The rough estimation of the necessary foundation weight is as follows:

Medium speed "V" engine : approximately 260 ton
' * No problenm

Medium speed “L" engine : approximately 410 ton
to be studied for details

Low speed engine ! approximately 450 ton

impossible to use foundation

For a low-speed type, the existing foundation should be reinforced,
though reconstruction or reinforcement is very difficult.

6., Size Limitatican of the Existing Foundation
The engineé anchor bolt size of the existing foundation is approxima-
tely 1.8 m wide by 7.2 m long. Thevefore, the low-speed engine is not
suitable because its base is too wide. The same is true of the
medivm-speed "L" engine {see Table 1),
7. Runniag Cost €Comparison
For operation and maiatenance conditions, see Table 2. Assuming that
the personnel cost and lubricant consumption are equal, the spare
parts cost is estimated as shown below for 75,000 operating hours and
5,500 startup/shutdown operations,
Ttem (USS) Medium speed "V  Madium speed "L Low speed
Spare parts cost 662,000 622,000 102,000
(¥98,000,000) (x92,000,000) (%104 ,000,000)
Spare parts cost 33,100 31,160 35,100
/year (¥4,900,000) (¥4,600,000) (¥5,200,000)
Difference +0 - ~40,000 +40,000
(+0) {-¥6,000,000) (+¥6,000,000)
On the other hand, Table 3 shows the fuel consumption based c¢a the
basis of medium speed "V":
Medium speed "L" Increase of US$31,000 (¥4.6 M)
Low speed engine Decrease of US53872,000 (¥129.1 M)
8, Operation/Maintenance Techuology

Low speed engines, such as Bushrod, lLuke, etc. are already familiar to
the operators and therefore advantageous in operation and maintenance.
However, it is the first time that this type of engine of a Japanese
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10,

il.

12.

eagine of this type is introduced, so operation/maintenance technology
will have to be learned for any type of engine. Operation/maintenance
technology can be gained by training the instructors after installa-
tion, test running and operation startup. Whatever Lype of engine may
be adopted for this Project, it should be considered to arrange for
instructor(s) to be stationed in Bushrod New Plant before and uatil
the maintenance staff of LEC may acquire techniques of operating and
maintaining the diesel-engine set to be provided under the grant aid.

Couparison ¢f Construction Expenses

As shown in Table 4, the construction expenses are approximately
Us$103 x 4,289 (¥635 M) for the medium speed "¥" engine. Based on
this figure, the construction expease increas will be:

Medium speed "L" Us$103 x 1,069 (¥158 M)
Low speed engine us$103 x 3,996 (¥591 M)

Simple Comparison of Total Expenses

Taking the medium speed "V" type as standard, expense increases will
be:

Medium speed "L" Us$103 x 1,060 (¥156 M)
Low speed engine 7 us$103 x 3,164 (¥468 M)
Expediency

As shown in Fig. 2, alleviation of electric power shortage is of prime
importance. To adopt the low speed eagine, 1L is necessary to modify
the power house and foundations on a large scale or construct new
ones. Consideration the various preparations invoilved, we estimate
that there will be a delay of about one year.

General Evaluation

Consideripg the gratuitous donation budget, the above comparison and
investigation lead, to the conclusion that it is very difficult to
adopt the low speed engine and that either a mediuve speed "V" or "L"
engine should be adopted, as shown in Table 5.

It is difficult to transport the medium speed "L" type with full
accessories because of its height. This type of engine should there-
fore be transported as a knock-down kit, thus being disassembled after
the plant test-run. This fact imply the necessity of a test-rua to
confirm the performance prior to the normal field test after re-
assembly., This disassembly and reassembly will increase cost and
time.
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13.

Suggestion

It is believed appropriate that a "medium speed" and "W! type eagine
be taken up for the Project. Even if any type of englne is selected,
it will be essential that necessary guidance be made in operation and
maintenance of the diesel-engine set for a veasonable period of time
with the full-fledged cooperatlon of parties concerned,






Table 1

Comparison of Diesel Engine Generator {Example)

(g/ps.h)

Medivm Medium
Speed Speed Low Speed Low Speed
Item "y Type | “L" Type Engine En%ise
Engine Engine (1)
Capacity Class (kW) 5,000 5,000 5,000
Engine Speed (rpn) 720 ctass | 500 to 277 to 400} 150 to
600 class class 160 ¢lass
Total Weight (ton) 76 110 240
Necessary Installation
Space (m)
Length 10.3 11.5 | Not avail- 10.5
able in
Width 1.3 2.0 | Japan 2.6
Height from Common Bed 2.8 4.5 7.7
for Piston Overhaul
Fuel Consumption Rate
Engine End (g/ps.h) 137.5 138.0 124.0
at 80% output
Generator end (g/kW.h) 194,7 195.4 175.6
at 80% output
Generator Efficieacy (%) 96 96 96
Lub. 0il Consumption Rate 1.0 1.0 4.8
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Table 4 Couparison of Construction Cost {Example)

Us$t = ¥148
Medium Speed | Medium Speed
I W' Type - "L Type Low Speed
tem - s -
Engine _ Engine Engine
(x 103 ys$) | (x 103 us$) | (x 103 ys$)
Engine & Aux. Equipment 1,980 2,575 3,169
Generator & Aux, Equipment 729 878 1,460
Packing Cost 142 176 244
Insurance & Sea Transpor-— 581 695 872
tation
Inland Trausportation 88 109 135
Installation Work 405 486 608
Civil & Architectural Work 87 81 1,351
Design & Supervising 297 358 446
Total Construction Cost 4,289 5,358 8,285
(635 x 106Yen) (793 x 106yen)] (1,226x106ven)
Surplus +0 1,069 3,996
(+0) (158.1x108Yen)| (591.3x106ven)
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Table 5

Comparison of Each Itenm

Medium Speed

Médium Speed

Item "' Type "L Type Low Speed
Engine Engine Engine
1. Ext. Crane Possible Possible Iwpossible
2. Bxt. Foundation Possible Possible Impossible
3. Suitability of Size of Good Wide is No good
Ext. Foundation no good
4. Comparison of Fuel Cost 100 101 90
(%) )
5. Comparison of Construc-— 109 125 190
tion Cost (%)
6. Surplus of Total Cost _
(x 103 us$) +0 +1,254 +3,182
(x 10° Yen) (+0) (+186) (+471)
7. Urgent Repair Possible Possible Impossible
8. Budget Ceiling In Over Way over
9. Overall Judgement Suitable There are Unsuitable

some problems
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Evaluation of the Existing Concrete Foundations

Sufficient data are not available to explain how the existing concrete
foundations were desigaed and built, since they were coastructed about 25

years ago.

Therefore we must include our own opinions in our evaluation of their

design and construction.

The field surveys did not reveal anything appareatly abnormal such as une-

qual sinking or structural failure.

We assume that the said foundations can be used again, by takipg of the

following observations.
(a) Structure and weight of the concrete foundation
The outline of the concrete foundations is as follows:
1. Size (width x length x height): 4.0 x 12.5 x 4.5 (m) approxi.
2. Volume and weight : 180 m3 & 400 tons approxi.
3. Ferroconcrete:

We assume half-inch iron bars were buried in 6-12 iach pitches

around the foundation.
4. Concrete-made supporting pile:

Although their width and length are unkaown, we assume eighteen

piles were used in each foundation.
5. The soil streagth:

The result of studies on the soil surrounding the building indica-
tes that an efficient supporting layer is about fifteen meters

below the surface.
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(b} Weight of the existiag engine generator

{c)

The weight of each of the existing No. 4, 5 and 6 diesel eagine
generators has been recorded as 140 tons. We can assume from this

that the weight of the No. 2 and 3 diesel genearators is arvound 110

tons on average.
Adaptability of the existing foundations a new engine geanerator

Although there ave various theories, the required weight of the foun-
datiuon should be three to five times the equipment weight. As a

guideline, this weight can be caleulated by the following formula:

wE = o.15wf/ N

whera,
Wf: foundation’s weight (ton)
W : equipment's weight (ton)

N : engine rotation speed (rpm)

The required weight of the foundation is as follows, based on the

estimated total weight of the eagine generators in our draft.

Medium- Medium-  Low-speed
speed speed engine
V type L type
Item engine engine
1. Diesel engine generator's
total weight {ton) 65 110 260
2. Rotation speed (rpm) 720 500-600 150-160
class class class
3. Foundation's required weight
(ton) 260 400 460
4. Estimated existing foundation's
weight 400 400 400
5. Evaluation Satis- Needs Must be
factory detailed rein-
study forced

As is obviocus from the above chart, the low-speed engine will require

the foundation either to be renewed or to be reinforced, thus

- iavolving problems in construction.

A-27






The Medium-speed V or L-type engine is feasible as far as the foun-
dation volume is concerned. Rowever, the Medium-speed L-type is not

recormended in view of its size.

As a conclusion, it is most appropriate to adopt the Medium-speed V-

type engine because of the foundation's limitations.

As for the foundation for the equipment provided by this paper, if
both the engine and the generator are assewbled on the same frame, at
least the existing anchor bolt on the engine side can be reused. With
regard to the foundation on the generator side, we plan to use the
existing concrete and anchor bolts as much as possible. However,

miner renovatioens may oecur if necessary.
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(1)
(2)
(3)
(4)
(5)
(6)
7
(8)

Heavy

MEDIUM~-SPEED DIESEL (V TYPE)

Nominal Rating (MW)

Load Factof

Net Rating (MW)

Gapital Cost {103 Us$)
Investment per kW (US$)
Heét Rate (kg/kWh)
Genevator Efficiency (%)

Net Heat Rate (Kg/kWh) (6}/(7)

Fuel 0il:

(9)
(10)
(11)
(12>

(13)

Specific Gravity (kg/()

" {kg/gal) (9)x3.78541
Heavy Oil Consumption (gal/kWh) (8)/(10)
Heavy 0il Cost ($/gal}

Heavy ©Oil Cost per kWh ($/xWh) {11)x(12)

Gas 0O1l:

(14)
(15)
(t6)
(17)

(18)

Plant

Specific Gravity (kg/{)

" (kg/gal) (14)x3.78541
Gas 0il Consumption (gal/kwh) (8)/(15)
Gas 0il Cost ($/gal)

Gas 0il Cost per kWh (§/kWh) (16)x(17)

Gperation:

(19)
(20)

(21)

Operation by Heavy 0il (hr)
Operation by Gas 0il {(hr)

Total Operation Hours (hr)

A~-29
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(1/4)

10 MW (5 MW x 2)
0.8

8 MW

9,210

1,151

0.1869

96

0.1947

0.9775
3.7002
0.0526
0,543

$.0286

0.85
3.2176
6.0605
¢.708

6.0428

61,050
3,950

65,000






(22)
(23)
(24)
(25)

(26)

(27)
(28)
(29)

(30)

Gross Generation by Heavy 0il (GWh) (3)x(19)

Gross Generation by Gas 0il {GWh) (3)x(20)

Total Generation (GWh)

Average Annual Generation by Heavy 0il (GWh)
(22)/20

Average Annual Genération by Gas 0il (GWh)
(23)/20

Average Annual Generation (GWh)

Annual Heavy 011 Consumption Cost (US$) (13)x(25)

Annual Gas 0il Consumption Cost (US$)  (18)x(26)

Annual Fuel Consumption Cost (US$) (28)+(29)
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488.4
31.6
520.0

24,42

1.58
26.00
698,412
67,624

766,036






COMPARISON OF GAS TURBINE VS. MEDIUM-SPEED

OPERATION AND MAINTENANCE COSTS

Specific Consumption (kWh/Gallon)

Fuel Price - March 1987 {(Cents/Gal) (3)
Fuel Cost {Cents/kWh)

Maintenance Allowance (Cents/kWh)

Total Operating Cost (Cents/kWh)
Comparison Index

Annual Gross Energy (GWh)

Annual Cost of Production

Annval Savings when using Diesel

(3/4)

Note: (1) Based on Five-Year Development Plan, LEC

(2) Computed by Mission

(2)
(1) Medium-Speed
Gas Turbines Diesels
6.8 18.4 *}
70.8 54.3
10.41 2.95 *2
2.00 1.00
12,41 3.95
3.14 1.00
26.00 26.00
$3,226,600 $1,027,000
(Y477,536,800)  (¥151,996,000)
$2,199,600
(¥325, 540,000)

(3) Quoted from LPRC Concession Price at March 1987.

*1 54.3 ¢/gal x yige kWh/{ = 18.41 Kin/gal

*2  US$766,036/26,000,000 kWh = 2,946 ¢/kWh
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(4/14)

COMPARISON OF GAS TURBINE VS. MEDIUM-SPEED DIESELS

Fuel Savings:

(1)

(2)

(3)

Gas Turbine
Fuel Cost {Cents/kWh)
Annual Gross Energy (GWh)

Annual Fuel Consumption Cost {(US$)

Medium-Speed Diesels

Annual Fuel Consvmption Cost (US$)

Annuval Savings when using diesel

18.41
26.00

2,706,600

766,036

2,706,600 - 766,036 = US$1,940,564 (= ¥287,203,472)

Production Cost Savings:

(1)

(2)

Annual Production Cost

Aonual Energy Sales
Annual Generation (GWh)
Increment in Sales (GWh)

Sales Revenue (US$)

Net Revenue (US$)

A-32

$1,027,000
(¥151,996,000)

26.0
18.7 (Loss 28%)

3,088,800
(457,142 ,400)

2,687,256 (Efficiency 87%)
(¥397,713,888)
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Table 2-29 LOAD SHEDDINGS IN MONROV

IA POWER SYSTEM

{ JAN. - MAY, 1986 )
Subslation Bushrod | Virginio § Krulown | Newport | Copitol [ Corgotowny COdners— Paynes-§ "¢y )
________ _ . Yilte Vilte Remacks
MNumber of Feeders (A)] 3 4 5 4 5 3 3 5 33
JAN. 4 96 322 3 10 * Not
- 02 X 68 '_94 862 Avairable
g. FESB. 128 ase 412 152 230 1z 10 154 1676
£ — - . -
g MAR. 75 254 524 102 162 94 56 194 La12
2 . - -
5 APR. 82 50 406 t66 192 134 a2 165 1437
E MAY 62 2 220 32 156 5 43 26 652
£ _
z Total {B)| 394 L0530 1,944 486 852 344 274 733 | 6109
@ 0.a7 1.80% 215 0.6 1.12 0.949 0.60 Q.97 1.23
¥ Not
- JAN. 3 189 810 200 aze * 268 | a12 2,789 Avaitoble
§ FEBD. 313 | 8p2 1085 547 613 243 372 464 4659
b ' . o - -
g -; MAR. 114 494 999 306 359 393 d22 583 3,630
¢ . .
3>
kg APR. 282 755 LO50 523 568 218 123 630 4209
g — — — . —_
% MAY 110 200 299 69 282 1 147 107 1,225
g Totel {C}{ro08 2620 4303 | 1,645 | 2,143 925 1,232 2596 (16472
@ 2.2 4.34 4.75 2.72 2.84 2.60 2.72 344 3,30
: ‘ ¥ hot
JAN. 238.37 106.43] 846434] 187617 SSLIF—_”* 509.11 IJSEf? 330717y aabte
fFEB. 553.69. 591.67] $10361] 54234] 79145 408.78 583.14] 55622 %.230.90
. s I i =z : o
g MAR. 301,56 302,06 95108 35327 408807 678.66] 736.208] 70370 4.514.68
& -~ Ity i1 i A BN I i IR R _
v g APR. 483,16 ar3.84) 94301 51672 67517 455.09 287,82 698.7% 4,234.54
§ - MAY 198.26] n7.17 30483 &681 39355 19.5 331,200 12895 1.561,93
4 . P I
B Tolol (0} | 1,775.09 1551.77) 4,148.97} 1,666.87] 2,707.01 1,563,03] 2,447.55] 3,523.5819,423.02
@ 22,650 79366 21,852.7] 11,451.8] 25476.7 14.083.2] 10002.2] 21,744 |r3s5197,2
folio of Stedded Enecgy | .\ 1 .1 . R 16.2 £4.4
U (orE) (%) 1.8 20.01 ;3.0 ] 14.6 10.6] 1. 24.5 :
Max. Shedded Hours / Day 19 21 22 22 24 20 23 24 —
MOTE : XX Tolol Days = 151 Days excepl Congalown
= 120 Days for Congolown
@ Number of Switching ( 8 )
Oay « Feeder A «Talol Doys %X
@ Shedded Hours ( < )
Doy + Feeder A - Told Days XX

Estimoted Engrgy will be fronsmilled throngh
oll Feedars during JAN. — MAY 1986 (E) (Mwh)
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