R+
RyD+BAM

RYTFE

EILT—ILKAFEERI/NEY RS

EXERHAE

RiIRMEE (ER)

ERk23F11A8
(20114F)

WMILITBUEAN ERRT D QICA)

BAIE#A&#t
EHAERERIVYILAVIMER S
KRS =ZFR SRR

B2

CR (5)

11 -052




Ry FE
RYD+BAHLH

RYTTE
EILT—ILRKAFEERI/NEY) - BRIEEXE

RITWEE (B

ERk23%F11A8
(20114E)

BMIITEBUEAN BRI (JICA)

BAIE#HX&4
ZHAERERZRIVHILAV MRS
KXEH =L SRR



El. HB#

mg

ELT—ILARBHROENEARGRE AR ELBrEL. SUEFELIRBHEMICEAL . AERES
BMRELI-FSZEET 5.

BIEFHE DL T VA DRE . BLUOFHMTRIEEE RED 4. JICAHERL2011FD3A~5A(3

SHOEBEZPFELIMFLEPOHRZDOZHERELZ, CD

PHRERICESEEROTIU0EE

EOREEERERIERER VU EEE L, £ FUA DBMBECTH . 3RO

TRE-1IZFED D,
REL1BELTIA
B FIF BREES0%T HEEHNA EMmEHR WiETH IHEH
DEEREH

A1 7 WK IRERI0% ZTEMH 154 29 7R 134 BAXKFIL
(IMRESE) . TO®%SEMTIN £T (109{&M)

BRARIZIETLISEB THRIF

L35,
FIF 2a S % IF B ERB0%% 15F 31+A 197 BAXKFIL
(REESE) 15 £ . TO®RSERTIONE 20% (160{&F)
F)A2b THRAIZIETL20EE THE 24 7 A 181 BAXKFIL
(REEHE) FEd B, (148{8H)
FUF 3 254 [ E3R80% F25F M 36 v A 336 HEAXKKIL
(FRER) (274{8H)

I VA 2 KRB E) 22 & 2b D 2 FEIA AT T %, ATH 13 2 S EICHEL, B — 7 FRHEFHIITE % 2 T THHS

Lt D, — % T A A RIRHIUAEY T D,

UFUA 3CHTREERR) B - I AT LEER DO 7= D IR 2 AN BT — )L BREATOBEZ I AN B REL THEL,
JICA FAEIZ XL 1ERR

E3. REBEXRHES

BROEROAEHHREERSSUVEEREDRFIELZRE-2ICFE LD,




BT F FENT KT FEBFTINEY RGN F F R B HE

RE2HHRESSUHHELE

N/C: BSFL TR

C: By - FRilfadEL

e e - HiEE HIE
RE | R BERE e mr T mgo R B | #R | AEOBER
SO, | mg/Nm?® 4,091Y 3,293 2,000 N/C N/C NE
NO, | mg/Nm® | 1,453 & 1,709 750 N/C HE
Dust | mg/Nm® 115 154 50 4 c N/C | RENRE

1)

2)

3)

Y 2004-2005 40 H DI KABD SEHEMED 1~4 55D -1

2 TR [E ] 24 /5 (DWMPC : Department of Waste Management and Pollution Control) (&2 3 &
3 Pollution Prevention and Abatement Handbook (1998)

D PERR DI EFTOUAE TIE 100mg/Nm3 (F51Z 150mg/Nm3 & ZF45)

JICA FAEIZ I ER

BREBIEY SO, H

FHRIEN=SO,DHEH B E(F4,091mg/INmM THY ., IR |EZE#3,293mg/NmMEB L UVHEEEED
2,000mg/INmM%Z#B:BL TV D TSO,DHEH I RABE TH S, SO.%90~95%FRE TE S HEIE
R E (FGD) DHRENZ L THS,

ZEFREREY (NOX) xt K

BERURNOXICEAT AR EFEMSHEELIAINTOEL., K AEHBPICETORIKRRK
DOMEHZEYBIELI=NOXDHEH B 31,4538 £ U1,709mg/Nm> THh o 1=, WK | EE %
[THEIESNTUOERNAS, HEREAED750mg/NM*EBIBLTEHY . NOXHH A EABETH D, 1
NEIZ TS 2MH0 5K ORI E £ NOxHEH B H3400mg/Nm 52 BE LU T [ Hlif T& S IENOX
MR RN—FICRYBRADIENZETHD,

EEE (PM10) 3t

BREREFFHASATOVEOOTEREGEL, REBREERN/INE)RTHY, BEBFD
EEREHREME (A D EE42.1g/Nm ., HOREE115mg/Nm) ICEESINA TS D T, B#E
115mgINM U T ERESND . AHE LT R IEREEDISAmMg/INmM [EEEL TS A, HEED
50mg/NmIZ#2:BL TS,

LML, RE20FRICEHDESY . HEROAFR L KR/ VT v (1998%) TIX“BERDT
SRDNE[E100mg/Nm (FH12150mg/Nm) AERHEN D" EEEHIN TS, [TRIE DR H
LFTHADWMPCLIHE LR . RIEBOKNEKEFROLASHHEEFHREELSRIC
2014F FTITHESNEH ., BERDEBAICOVTIIRELREEBFTH L. F-HHEESE
FYZDIRHIEILBINTELILEHERL TS,

HEHERRHFMEDSOMgINMEBRESNIHE (T, ERKERITHME T ILI—ICRIBTIVLELND




E4.

Y. 100mg/INmABEREINA NI, IREBPCICTHIEFT DRI RNDEREEM (ESP) AT HE
ME[EETH S,

REMBLS T

ERE2IZRLIZADD L FIAIE INE)DRIE, FRGOVICEDHRELTRIBSNLH1ERE
PEGD, BHEAIE. o4 DD FIFENENIZOVWTEREL=. A TERALIEHTE
DERIF.UTDESYTHD,

> LWIThOLFIAZFEALTH. ATODHMEBENICEERZTHY, oTEITARET
Hd. BENLCEEMREE 20%DFIRPC20%DERENHHIEL. BEMITHERS
nd,.

> TOVIOMEEDORODERETHETHETHEE. WTHOIFTIFERALEISELH
BHIZHR TG o TEITAIRETIHGL, 175, BfEH O #EAF ISR FEENE
F(CCTIREFRMISIFIBARICESAMERT, hEER I THIKIREME, EXOEME
ANORGITERAESNDBAEEHA T aL2) DFREEELIB AKX 2 FUA2b, 3 L5
YIZ2a (BFEHIR) IS DL TILEA RIS RITRIBEIS A,

> BAORBHREERALTHBHICKRTARICGSEETHoTH, MBHARRILRER
LDTRGABDERBLISENVAREMETHS, LA - T, B, ERREFOEER
TERADOEBMGEERELERESTOBR. MBHICRTRAIRICELSESELH o 1=
COEIGRREBFEZ . AT OC IO B, F TR ZHR T 51=0I2(F, &5
BHIRADHER. BERBIROATREEIC DN TEIEMERFAINEZENEELLY,

R E-3 BENKRTARICET IV B. EERET—RABOHERR

2 LT CBR NPV EIRR
(BAXKKIL)

SF)A INRIRUNE Y 2.32 628 N/A

217 2a KEFBUNE) (ERFERIERE) 2.34 713 N/A

7 2b KIEFBINEY (—FEHE) 2.41 740 N/A

1A 3 RI—REDREMEHHESR 2.12 714 N/A

JICA FRAERNZ L IER

K E-4 MBHERTAIRICEHI SV TIAE. BEAET —ABOFERR

BT FIRR BEFEET—X CBR NPV(B G KKRIL)
SFA 1 1.3% (1) IRR=12% | o082 | -8
(2) IRR=WACC=2.3% 0.98 -14
FIA 2a 5.5 % (1) IRR=12% 0.83 -90
(2) IRR=WACC=2.3% 1.09 88
17 2o 66% | (MWIRR=12% - 086 -75
(2) IRR=WACC=2.3% 112 118
FUF 3 47% | (MWIRR=12% 075 -157
(2) IRR=WACC=2.3% 1.10 129




BT F FENT KT FEBFTINEY RGN F F R B HE

ES.

1)

2)

E6

1)

2)

B REr — A
(1) FEEBTTHICTHRE (EAIANIR YU F OREHER 25 SRS E 12% L 485E)
(2) 85% 1% H AD P&k, 750 15%I 34t fis o TFE QWRIEIIXR 1)

JICA BRI L ERL

ADDIFIF (FIFL F)A2a, OFVF20E IV F)A3) LY BHETAIREE DR
=T A2k (ARIF D KRRLE) EHEET S

L/A R OSERETOMELM 4178
aVY VAU NERERAR . ARLEMREAR . EF AR 174 A
A TITEHM :245 R

BXE
RE-SDEBY148EMEAEEINT-. COKNBSWND126(E MM EREELL D,

KRE-5 EX#H
(HHMH)
aviRRUk EBEE fEFREE (B E D 85%)
LUNEY-BEXNREAISEE 14,010
2. YAV LE 788
EXB(0+2) 14,798 12,578

) BB, Wi EHRITEBEL D,
JICA FAE NI 1ER

thDBERTRESEREH

UNEYIEHMPOFEE

DNAEYIEBHEFDEILT—ILARERLYRHEANDOEBENILL F A 2205 E40MW, &
FUA20DIEEEOTHS. COHBE TIENENTEWFZE—I8) . MAEHF(E.
FINEEBRADTA—EILREEBHDOERICKYRELEITRIELRSEEL,

KFEDIEE

IRBEREEDHREIZLY . #H1-12250,000m3NKMNHEELELY  BILT—ILARERNERBIZKLE
LENBKEILERIBS30,000m3E4: 5, S ITIRE D KFIHE TH H657,000m3%173,000m* 8 8
THDTERBESDKIEDEENDHELLS,




el e R 1T | T
= R e " Y

[ Aoorrnm | - e =

.......

AFRICA |

NV FHFE

FE/LT—/LA
KR ELT

VAV iV=E S
@




RYTFHE
ELT—IVRAREMINE) - RENKEFRERRAE

KRSk 2714 FIILLR—F(EH)

B &
TRACIMIER
F1E EEHE
I 5 17> 1~ OO 1-1
1.2 EFEDHEE ettt 1-1
121 FEFEDEB oottt 1-1
1.2.2 BB DG oot 1-1
1.2.3 BEBEICEREINIZFS DFEF oo 1-2
1.3 BB DERIEL oottt 1-2
F2E ERT—2-H®
21 BAIBABEETE oo, 2-1
2 N =5 =R 2-1
212 ELT—ILARERMREEENEESIUCRFEENEM. ... 2-2
213 FEEBIFETTE ..ot 2-2
2.0 h B IR oottt 2-4
b 11175 ] N ar RO 2-5
221 EIWT—ILBHEEBRTDOAUR—FUR e, 2-5
222 BB BRI DD R T — e 2-5
2.3 AR R DR oottt 2-6
231 TaRIE R RIEBE R ..ottt ettt ettt ettt tene s 2-6
2.3.2 —HEEIERTRERDTEIR oottt ettt eaneees 2-6
233 ELT—ILAREIROERAREE R ..ot 2-6
2.3.4 A RBE I IEIE I ot 2-7
2.35 A ERIEK oottt ettt ettt 2-7
236 BT —ILABERDBREER ..ottt 2-8
R S SVAD b ai= 1 3 B/ 3 (=] =03 F buten T A OO 2-9
241 BPC DAREE ..ottt 2-9
2.4.2 BPC DB TEIRII oottt ettt ettt re e 2-9
25 I T Il A BB R T DR ..o 2-12
251 FILT—IL ABBRTABEE ..ot 2-12
252 FEILT—IL ABEBRTDBEZER .ot 2-13
EIE REMERAE
B B BT ettt ettt 3-1
3.2 R BRIEIER et ae s 3-2
33 BEEREBEETEETUOBERE oottt en et 3-3
B4 TBEREE IR oottt ettt ettt 3-4
B R I ettt ettt 3-7
I T R L e O 3-7



3.5.2 ATHEEBE TR oottt ettt en ettt 3-7
KRR ) S o bl s - = - O 3-5
EL4E a2
O R (8 G X 1 OO RRRRRR 4-1
410 TRATI T DIRIT oottt es ettt neena e 4-1
O B = s 5 1 R 4-1
413 TRATIEEED coooeeoeeeeeee ettt ettt ettt ettt ettt ettt et e an 4-2
.14 IN—F =B ..ottt 4-4
A15 BEEBIREE oottt ettt ettt ettt etens 4-5
4.1.6 RSB ST TR/ N I oot 4-5
A LT RE BRI oottt ettt ettt ettt eaenn 4-6
418 ARBEVER/N—FT B RIEE .ot 4-7
419 N—F—HAZERBEIUAAETBERBE ..o 4-7
4.1.10 BABEZE RIS S U T R BRI oot 4-7
O R 1 G k- -1 =R 4-8
4,112 RA—F IO E (EMEIEE ) oo 4-9
4113 KB R R B B LB BT A E e 4-9
4114 FREEIRALIBIET ..ottt 4-9
4L 1S B R R R RS ittt ettt e et neeaens 4-10
R Y T <R 4-10
i R 1 G k-3 - OO 4-10
4.2 2 B R R e ettt 4-11
B3 B ettt ettt 4-11
3.1 B AR oo 4-11
432 BETK R oottt ettt 4-12
A4 FEBHE oottt 4-13
441 FEHEBE (EEET . BITET) oot et ee et e et n et es et ee et seaens 4-13
R -k RO 4-13
45,1 220KV T B RS o ettt e et et ne et neeaens 4-13
452 12KV -B.6KV BRI ooeoeereeeee ettt 4-14
T = OO 4-15
R O G ] Bk - TS 4-16
BB BB ettt ettt ettt ettt ettt e et e et et en et aene s 4-16
A.8.1 TBEREEE ..ottt ettt ettt e ettt eneenann 4-17
4.6.2 FATKALIBEE ...ttt 4-17
463 I5AT Y aliEEBE EUIRBETRL T oo 4-18
46.4 ITU B RBIE R AR B e 4-19
4.6.5 HKINUTEEUIKIEIKIRU T oottt 4-19
4.6.6 HE R T B oottt 4-19
T A =R RURRR 4-19
ELE BAFHE LUV AREFT
Lo R = -3 OO 5-1
5.2 JKEBIEETEL...cooiieceoeeeeee ettt ettt ettt ettt ettt ne et anas 5-1
LRI g i - TR 5-2
N D A R OO 5-2



5.5
5.6

R B DT oottt e e ettt et e e e 5-2
B T R oot ettt et ettt ettt aes 5-2

H6HE RIFHSEE

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12

6.13

6.14

6.15

6.16

BRI REC B DMIEE . ..ottt ettt n ettt 6-1
BV :R =g = P N == OO U R UURRRRRRTO 6-1
L5 s =2 OO 6-1
B (- 1 OO 6-1
155 =TT 6-1
SETTER oottt ettt ettt ettt ettt et et ettt n ettt ettt e 6-2
/)= = TR 6-2
RYDFEICE T ARE R E RO e 6-2
BREEEZEEETAM (EIA) oottt ettt e ettt 6-3
G =11 Uy A GO U 6-3
E e R 6-3
BRI D R B AT S DRI R ettt 6-3
6.12.1 HE KL IR KU T IR B et 6-3
B.12.2 BB I U REN ..ottt 6-4
B.02.3 BE B B I ettt ettt et 6-4
B.12.4 TRALGY ..ottt ettt ettt ettt ettt et ettt et e e re e 6-5
B A B DB B R U T ..ottt 6-5
I o R O === 1 OO 6-6
Lo T AN ) B === = OO 6-6
B.14.2 BRI .ottt ettt ettt 6-6
B w1 L AU 6-7
6.15.1 BRIEEES AU IRIR oo 6-7
6.15.2 UNEYIBFEEUPRREBEFDOEZRUD TR ..o 6-8
R O = | BT 6-10

BTE BEEE D RE

7.1
7.2
7.3

B R D e A R D) I T oottt 7-1
E L ) L AN el =<3 7-1
AN VB s i = n 3= S i TR 7-6
731 IEHEBBADENEIR/INTUR (U TUZ 28) oot 7-6
732 ITEHBFDENER/INTUR (U TUT 2D) i 7-7

®8E IREBERMER

8.1

8.2

8.3
8.4

B T ) R RV oottt ettt ettt te bt te bt ene et 8-1
8.1.1 IRIED AT D ARG o oottt 8-1
8.1.2 IRTEDIEZEMDDEEIE ..ot 8-1
R T T B oottt ettt et ettt n et n ettt en et 8-3
8.2.1 B IR T (SO0 TR ittt 8-3
8.2.2 BEFHRFBIEIIINOX)TIER ..ottt e ettt a s s s e nen 8-3
8.2.3 HEEE (PMLO) FE B ..ottt ettt ettt ettt ettt ettt enaan 8-3
FEHITERE MU ILZ LT oottt 8-3
b N n D% by N bl % = ey 1 <SOSR 8-4

EIE BF MBS, ERiER0RE

9.1

BB BB AT DI ..o 9-1



9.2

9.3
9.4
9.5
9.6

9.7

9.8

10.1

10.2

111

11.2

12.1
12.2
12.3
12.4

S a0 b == OO 9-1
ST Y VAN Y B el b | = = SRR 9-1
0.2.2 BRI oottt 9-2
9.2.3 UNE Y BICHIS I A EN D E IR e 9-2
A m O Xy A /% = = OO 9-2
7 D Ly N b Y O 9-3
I D0 ey N bl Y ) SO 9-3
= I =L el K-t /) o i1 TR 9-3
eI T 1 = OO 9-3
NI 3 - T = <SOSR 9-4
0.6.3 B I T oot ettt ettt ettt ettt teeees 9-4
B T T AT B E DD AT oottt ettt 9-5
0.7 L T T R oottt ettt 9-5
0.7, 2 BT T B ettt ettt 9-6
0.7, 3 B T oottt ettt 9-6
B B BT T D a R oottt ettt ettt 9-8
EI0E ERERE
IS B E BB DR B EUBIE e 10-1
10,11 FRA SE R ABE ..ottt ettt e 10-1
10.1.2 B ettt 10-2
10,03 BB .ottt ettt ettt ettt 10-4
(O i - U 10-5
10,05 B R R B oottt ettt ettt reetens 10-6
O R SO R 10-7
10, 0.7 TR R R S ettt ettt ettt en 10-8
B 8 N 4 o OO 10-9
BUE  EERMHE
BT R R TEETE ...coovovoeeee ettt ettt ettt en ettt ena s 1-1
1111 BEEMERT DAL oot ettt 1-1
7 B [T 1-1
BB DB oottt 1-1
B e = U 1n-1
11.2.2 TUHILAURE oottt 11-2
10,2 3 BB ettt ettt ettt 11-2
B B DT HHETE ..ottt ettt 1-3
B12E WREREE
N R R D HELR T oottt 12-1
e B = - OO 12-2
BPC H R B I TRDIUIE LI . oottt 12-2
AN B X 1 E 3= 1 RSO 12-3
L2.4. 0 R ET oottt ettt b ettt h ettt a ettt ettt ae et et ettt ere et et 12-4
L2.4.2 TBEER ..ottt ettt ettt ettt enetene e 12-4



Appendix 1-1
Appendix 3-1
Appendix 3-2
Appendix 3-3

Appendix 8-1
Appendix 8-2

At EH (ArPENDIX) DY R+
Contrast of the ToR in Minutes of Discussions and the Report

Frame Failure Trip
Drum Level High Trip
Stream Temperature Control on Unit No.1 Boiler

Study on FGD (Flue Gas De-sulfurization)
Study on Low NOx Burner

Appendix 10-1 Schematic Outline of Main Process Flow

Appendix 10-2  Single Line Diagram

Appendix 10-3 System Process Flow of Semi-Dry FGD
Appendix 10-4 Layout Plan of Semi-Dry FGD
Appendix 10-5 System Process Flow of Wet FGD
Appendix 10-6 Layout Plan of Wet FGD

11
*2-1
%22
% 2-3
% 2-4
%25
% 2-6
* 2-7
% 2-8
£31
z4-1
% 4-2
*®4-3
%= 4-4
*&4-5
*® 4-6
x 4-7
* 4-8
% 4-9
& 4-10
% 4-11
® 412
& 4-13
% 4-14
% 4-15
% 4-16
% 4-17
% 4-18
% 6-1
* 6-2
% 6-3
% 6-4

FIRb

BT Il A BB R TR AR RE oo 1-2
ELT—ILBREFSIVEEIVR—RUEDEETE .o 2-5

ARBEEEREE BEUBETE A oottt 2-8
Bl = =X [ TR 2-8
BT I A B ER T AR B R ..o 2-8
2y Ol Sy == OO 2-10
2l O = =5 - 2-11
BPC a0 mTE 3R oottt ettt 2-11
EILT—IL A BERIDERECE ... oot 2-13
BB A T D TR B AR oot 3-1
TR R B 3 T ettt ettt ettt te et 4-1
[l = 2 ik = <SR OUUUUUR 4-3
b do - JOE A1k -1 <R TRTPRTP 4-6
g B S N =1 <SOSR 4-6
ARBEVEM/N—F— AR B OB EIRER e 4-7
N—F—HAERBS LA ELERBEDEEIRER oo 4-7
e AR e I 5 N =1 <SR 4-8
NP E T £ O L1k 1 SRR 4-8
AN T O B D T R oottt et 4-9
R LU E R E AL B DI E .o 4-9
KR IRALIREETE .......oooeeceee ettt ettt ettt ettt ettt eaene s 4-10
TR S R R D E I B oot 4-10
A R R B O I R R e 4-11
e e N 7. NV E & = SRR 4-11
220KV ZE B B D I MTIE R oo 4-13
12KV - 6.6KV R R D aBTARE R oo 4-14
[ ok s T <O 4-15
TR D B I R BE D E B TAE B oottt et ettt ettt ettt ettt 4-16
B B A B BB A DA .ot 6-2
JNE ) LER B LU BB R DRI R s 6-5
JNEYTIEFRDEZRYUT TR oottt 6-8
B BB KU BB D BT et 6-9



£7-1
% 8-1
%= 8-2
% 8-3
#9-1
=92
% 9-3
% 9-4
%95
% 9-6
%= 9-7
% 10-1
% 10-2
% 10-3
% 10-4
% 10-5
% 10-6
% 10-7
% 11-1
% 11-2
% 11-3
% 114
®12-1
= 12-2
* 12-3
= 12-4
% 12-5
% 12-6

X 1-1
X 2-1
2-2
2-3
X 2-4
2-5
2-6
2-7
2-8
2-9
X 3-1
3-2
3-3
X 3-4
35
6-1
6-2
X 7-1
7-2

R 1 =ik = = [OOSR 7-3
R=RSA B REDTEME ..o 8-1
B R DR ARIESEUBIEEEE s 8-2
DNEYIRICEDHEHATREFIR (FBENR) oo 8-4
BE-MBATOEZOHDADDUNEYDUF A i 9-1
RN ST AN BERIE IR oo 9-2
B I T A R E S AT DD FEAR .ot 9-3
BEMETAREICET AT ) B ERR 9-4
R T T AT B D B T ettt 9-4
HMEMERTARICET VT IAESLUVESRET —REOMHESER (e, 9-6
B T T AT B D R T oottt 9-6
A S B R U D RS K UBIE ..ot 10-1
e DY a1 X OO 10-3
B B D AR B T B R e 10-4
B R B DI R B KU B E .ot 10-5
B R R B D AR LT B s 10-6
R S R R D R B R U BE o 10-8
a0 D SO 10-9
BBEEMERT D a )L oottt ettt 1-1
[ 3 = == PP 11-2
B T ettt ettt ettt ettt n et aeaea, 11-2
==k 0 %2 -y i OO 1-3
i3 ) b OO OO 12-1
B b ey g p o b =R 12-1
g m R 2y RO 12-2
BB ettt ettt 12-2
BPCEHBERIZEDTADITR e 12-3
% 12-5 D &HEEB (Control and Instrumentation Field Equipment) DAER.................... 12-3
B Rk
ELT—IVARBAMBEREETEARIEE oo, 1-1
=S L= 2-1
i =S OO 2-1
ELT—IL AREFRRBEME KU BPC EAFHIRTEEM ..o 2-2
SH 10 ERDBENFIB/INTU R 2011~2020 ..oooviiiiecrereeeeeeeeee e 2-3
S a3 5y T OO 2-4
ELT—ILARERN FHARBEESITEEE e 2-6
BPC DARBEI ..ottt ettt ettt ettt ne 2-9
EILT—IL A REFTOMEBE (2010 FBELLRT) .oooviiiccececece s 2-9
ELT—IL ABLU B HEFTHEBEQR0LIL FELFE) oo 2-10
R R B B B D R oot 3-1
L5 - 2RO 3-2
FTEFLE HEMELESICBBEDER ..o 3-2
(NI {12k i3 - 2T 3-3
(R A 17 - OO 3-4
FHEFAAIZEITAD SHE DBIRIERE] ..ot 6-2
SHE TR AUMEBEDIREE oot 6-7
DNEYERFOERBAFB/NTUR(DFTIF 28) i 7-6
DNEVEIRFROERNEAFR/NTUR (T VA 2D) i 7-7

vi



AH
AfDB
BCL
BOBC
BOBS
BOS
BPC
BOD
BOP E
BOP M
BSI
CBM
CBR
CCs
CEO
Cé&l
COoD
CONCAWE
CSP
DC
DCF
DCS
DE
DEA
CPI
DPT
DWMPC
ESP
EHS
EIA
EIAA
EIRR
EMP
ESIA
EU

FC
FGD
FCB
FDF
FIRR
FY

FS
GOB
GLC
HGI
HFO
HTS
HV
IBRD
ICBC
IDF
IFC
IPP
IRR
JBIC
JICA

i &
Air Heater
African Development Bank
Bamangwato Concessions Ltd
Bank of Botswana Certificate
Botswana Bureau of Standard
Bureau of Standard
Botswana Power Corporation
Biological Oxygen Demand
Balance of Plant Electrical
Balance of Plant Mechanical
British Standard Institute
Coal Bed Methane
Cost Benefit Ratio
Carbon Capture and Storage
Chief Executive Officer
Control and Instrumentation
Chemical Oxygen Demand
Conservation of Clean Air and Water in Europe
Concentrating Solar Power
Direct Current
Discounted Cash Flow
Distributed Control System
Driven End
Department of Environmental Affairs
Consumer Price Index
Dye Penetrant Test
Department of Waste Management and Pollution Control
Electro Static Precipitator
Environmental, Health and Safety
Environmental Impact Assessment
Environmental Impact Assessment Act
Economic Internal Rate of Return
Environmental Management Plan
Environmental and Social Impact Assessment
European Union
Foreign Currency
Flue-Gas De-sulfurization
Field Circuit Breaker
Forced Draught Fan
Financial Internal Rate of Return
Fiscal Year starting on 1% April ending on 31% March in Botswana
Feasibility Study
Government of Botswana
Ground level Concentration
High Grove Index
Heavy Fuel Oil
High Temperature Superheater
High Voltage
International Bank for Reconstruction and Development
Industrial and Commercial Bank of China Limited
Induced Draught Fan
International Finance Corporation
Independent Power Producer
Internal Rate of Return
Japan Bank for International Cooperation
Japan International Cooperation Agency

Vii



L/A
LC

Lv
MCL
MMEWR
NDT
NERSA
Nox
NPV
O&M
ODA
OEM
PAF
PC
PGA
PM
PM10
P/S
RCC
SABS
SANS
SAPP
SDR
SBU
SHE
SO2
SOx
SS
USGS
WACC
WB
WBG
WHO

yr

Loan Agreement

Local Currency

Low Voltage

Morupule Colliery Ltd

Ministry of Mine Energy and Water Resources
Non Destructive Test

National Energy Regulator of South Africa
Nitrogen oxides

Net Present Value

Operation and Maintenance

Official Development Assistance
Original Equipment Manufacturer
Primary Air Fan

Pulverized Coal

Peak Ground Acceleration

Project Manager

Particle Matter of aerodynamic diameter less than 10 micro meter
Power Station

Referential Cost of Capital

South Africa Bureau Standards
South Africa National Standards
Southern African Power Pool

Social Discount Rate

Strategic Business Unit

Safety, Health and Environmental
Sulfur dioxide

Sulfur oxides

Substation

US Geological Survey

Weighted Average of Cost of Capital
World Bank

World Bank Group

World Health Organization

Year
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Length
mm
cm

km

Extent

Volume
cm

Nm?®
Weight

kg
mg
ton

Time
sec.
min.
hr.

Temperature
°C

Currency
usD

JPY

BWP

Electric
\Y

kv

A

kA
W
kw
MW
Wh
kWh
MWh
GWh
VA
kVA
MVA

Millimeters
Centimeters
Meters
Kilometers

Square-centimeters
Square-meters
Square-kilometers
Hectares

Cubic-centimeters
Cubic-meters
Normal cubic-meters at 0°C and at 1 barometric pressure

grams
kilograms
milgram

Metric ton
Metric ton

Seconds
Minutes
Hours

Degree Celsius

United State Dollars
Japanese Yen
Botswana Pula

Volts (Joule/coulomb)

Kilo volts

Amperes (Coulomb/second)
Kilo amperes

Watts (active power) (J/s: Joule/second)
Kilo watts

Mega watts

Watt-hours

Kilo watt-hours

Mega watt-hours

Giga watt-hours

Volt-amperes (apparent power)
Kilo volt-amperes

Mega volt-amperes
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FT1E EBEBE

EBOER

BEEILT—ILAREFRLI2MW (3BBMWx4AE) [ZTR I ERICR—RBEHERBL T DHE— D F
B CHH, 1996 F [EERAIA SN R ERTIX25F ~30FE D FinIZKiTsh TLNS,

2009FEENDHRAFTEENFFODSS3IMWEHIGT 51-0IC, RIEI1ZD87%ERET7 IV /T —T
—IJL(SAPP) &Y LS Z A A& THMAL Tz, LAL. A7 DRMBNSUANEELTES:
CENSHTIEBENBMEEZELTIF TS, MABNEHIRICKIYIRIBFEATRICHRSS
LERET B0, IRILF—BRE. ERNREENT70%. MAEN0%ET SHL5 REL=. £
NEEBRIETEOIC. BEILT—ILARBERDYNEYEEILT—ILBEEF600MW(150MW x4
E)DEFEFEL=,

CHIZKYRYITFEEH L (BPC) XEILT—ILAREFRORAS—. 4—EthD S Fa2
BrEEMELz, LML, 3R N\EVERH., IREZE. AT P1—ILOKREMNSLITKRO N, Tz
REBAE(ICENT 5O DMEMLTIRER REFZOBERAEHAET S ENBETH =,

NODEL(CHIET H1=8122009F9 A IZFERIFSHIICAIZTERS N, #28/N\EVHBLUVIE
B MR CRAT AFSD - DREEHRIE BT EIICAD B THREE SN =,

EHOBE

EBHDOEM

AR EICROE ENEAMKEIREEZ

LEMELT. ELT—LARBROUNEUE .
BEENICE T SFSERIET 5. Morupule “A” BF5,
[Omaere ".’.
%HEO)%FE Jwaneng O 4 L Matimba
Thamagagr—

FSO)W%(i%%B/VﬁD*&U %lgzgokmjt(:ﬁll_. ikanye Cdoatse Spitzkop
BIHEINT—ILAFKER (LU L, /% oy oY — econ —

— 400 VTransm@ss@on L@ne Ex@st\ng)
IR THS, Heuningulei | —. : 1320 Tranamisdon Line (Exising

Scale f——: 100km | Q : Substation
=]

: Power Station

JICA FAEFNIZ XV ERL

H1-1 ELT—ILARERMUERB LUVEARHKE

Bulawayo
0O

eeee 1 400kV Transmission Line (Future Plan)
e oo :220kV Transmission Line (Future Plan)
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BEEICRBINFSOHEIEIKANTNITILTDIEBE THY. FEM#IEAppendix1-1ITHFT9
%o

- ERER. BEOKRORHER

- UNEYBSVRERMEREOBRE

- REdSERE

- BIF—0ORHE

1.3 HBREOEXRASE
AERKLYICADIRE., -, 41T a3V LR—MITBPCIZERBAL-SAEDEARAEIZLUT
DEBYTHD,

ek

- UNEVDEBEORE
- REXMERHESBOMERL
- RRHSEEORE

REREFEFETERL-LUTY,

K11 EIT—ILARKERTEAREE

55 EEE%;;F HEE EEnhie | RERE ARRE AREN BEE
RAT— Lentjes
No.1 H—E NEI Parsons 33 MW FyY
%
j%iz%&i Parsons I?eebles 2005: 86.0%
RAT Lentjes 2006: 70.5%
No.2 H—t NEI Parsons 1986 33MW 62,
JE R Parsons Peebles 008, &5 o3¢
it i 528 °C 10.9 Mpa 2008: 57.5%
RAT— Lentjes 2009: 51.8%
No.2 = NEI Parsons 33MwW 2010: 37.8%
FEH Parsons Peebles
AAT— Lentjes
No.4 H—r HE 1989 33MW
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211 BHE

BPCOEEREE2004~2009FEELLUPETIT Q0105 E) n (X E—VFBEIIE 4B
LTHY. BEEBDIENEMEE5.5%THo -, K1-1LIZFDRELTILERT,

FHRFTEENELEL/EMBERICLTHY., BECFEREOFEMEIL4.4%TH o=, 2009FE
1£3,151GWh. {BL. 20104 E (X #R L 3,118GWhTH > 1=, H1-2IF DB FELILETT,

600 r

500

400

Peak Power Demand (MW)

300

2004/05 05/06 06/07 07/08 08/09 09/10 10/11

Fiscal Year

Hill: BPC 4F £ 7 3 2004 4F £ ~2009 4F %, BPC 7V~ 2010 4R

2-1 FRIRKENFE

3,500

3,000

2,500

Total Sold Power (GWh)

2,416

2,000

2004/05 05/06 06/07 07/08 08/09 09/10 10/11
Fiscal Year

Hidt: BPC AR & 2004 42 ~2009 £REE, BPC £77 U7 2010 4R
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2.1.2 ENT—IVAREMEEE N BIliE S TR E 1 B i

ELT—IILAREFOEEGREEMEBPCOIEHNEARFTEMEILT—ILARERBLYV
SAPPMLDEIAE H) F#F2-3I127RT,

T H AR ST B (M L2004 E )0.25 BWP/KWHY20094 E )0.36BWP/KkWh & EFL. #E(X
AEICHLLAMETH D, —H. ARSIHREEMIZ2004FEE 0D0.14BWP/KWhH2009F E (X
0.72 BWP/KWhEXIBIZEF L., BEFFRIEICHHLE.IMETHS.

0.80
== Average selling price

0.70 == Generation cost

0.72

0.60

0.50

040

030

Pula / kWh

020

0.10

0.00
04/05 05/06 06/07 07/08 08/09 09/10

Year
~
Hiih: BPC AL Ri5E 2004 42 ~2009 £, BPC &7 Y7 2010 4

2-3 BNT—ILARERFEEME L UBPCE HFHERFTEM

2.1.3 REMKEIHE

RIEBORETFEFROKUTHEIBPCOHAEINTHEY., /ATRFICLI2MWDELT—
VAR ERICATALTLVS, 2009 EIXRAKEEENED553MWEHEST-DIC. TOEBEHED
87%%SAPPLYEIAL TS, ZDMNB0%IEFE 7 7 AEDEskomd&kY ., EY7%ZEZ DD
SAPPIIAEKYEALTLS,

7 I7UN#EEIRESERXEEFRICEBLTLWADT. (RIEBOERNEEEHDOER(ILE
BB THD, COREELELT00MWDEILT—)ILBREMEEZDTHY . ¥ EH#(F20124%
EFTICRBRIZBASNEFTETH D,

1,200MWT I TS F [k X HFEEFT (Q00MWZESAPPABILE . 300MWZET R IERIZ##3) ZIPPE
FEICTEZRINDGHELEI STV OT. [RIEBOEN B EIRBMREREEINKES
RICBETEAIOWUESNT-, REREZTEEFDSEIXAIREL G oT-AY, T DIRFTMIEDIRE
EETRIEBRFOSBATRIILEF—KERENRELTNS, £ BPCIICDIPPEXEDHKE
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BNOHE—DEAETHD,

YT SHREMITBEARAT—HMTZBERALI-600MWx2EDHE TH=A. 7 I7VHAD
EskoméEDNBENBRFTEHRENRBILDENICEYTOCHFEEORBNHELISER TV, £
D#%2008FIRICHRELIZ)—To2avIIKYIPPADERERIEBIIZGY  ERIENEEH
KRR ELZYDDH D,

BPCIZ2009F LY 70OMWD Tr—EIILRE/MZ) —ALTLSA, COEBL2011FERICIE TN
%, ) —REHIZIIBPCHOERY DERRLEEH L THAHN . BPCIFERYEZEZTLVEL, Ff=
IO BRHAEAATRERIOMWR B EA S/NICEEDTHD, DFEYLBHET—E LA A
WEFERL, BRBAIVHRERBTENENVEZ S,

LHL. CNS7T0MWE KVIOMWD TS MEIT A —E LB EFERALTOWAOTHREDREREIRX
FE1.75~2.1BWP/KWhERBH TEL, COIARRE2009EEDEILT—ILAOFEEIAXLD
0.72BWP/KWE - BR 55 B @ D 0.36BWP/KW ELLE L THBH THLNEE 25,

S IR —KEREICKYEREIN-“10FERDEAEB T 20105F~2020F " I2& N (X,
S#H10FERMLII2MWEIL T—ILAKEFR. 600MWEILT—ILBREEFRE LUOMWA S/ K ER/T
DIBEMHEEMDAMNERNDREREXRFEELTETEISN TS,

F-RIEXSAPPLY B NEMAZ2012FEEHR TR T THETEEILTHY. 2013FEUEFIFHRK
EEEHE.EILT—ILADIOOMW, EILT—ILBDS528MWE KUV A S /8D 8OMWD & 5t
708MW (B REENIEIREFMATNE N REFERICERICHEIMETESE D) THIFTEZLT
AV

10 Year Supply Balance (2011-2012)

K2-4&Y, 2013FE(CEILT—ILBRE 1000
DAL THEEGRIEIhNIEERNI 900
800 /

BT REERICLOEEENIL20135F ~
2015 D3FEMIIEANRKRENFTEE

700

600

ﬁié:tﬁiﬁ\é ° Capacity (MW) 500
LML, COFREIEEILT—ILARERR 400
P2012F FTTSMWHERS . 1220134 800

LIRS 100MWI I TTRETh D EICHE

100

SO THS. 11
0
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

HEDEILT—IARKEFRDOIRREFE == 90Mworapa 80 | 80 | 80 | 80 | 80 | 80 | 80 | 80 | 80 | 80
_ E70MW Emergency| 70 0 0 0 0 0 0 0 0 0
RLEHER. 2011FD5A~7TAD&KRXK = mports 150 | 150 | © 0 0 0 0 0 0 0
EEE N ORI L4 D24 D A == Morupule B 0 | 264 | 528 | 528 | 528 | 528 | 528 | 528 | 528 | 528

= \orupule A 75 | 75 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
AAMWODFEEMNTTEETHY . FTNE % |~ Demand 580 | 609 | 638 | 666 | 696 | 726 | 758 | 792 | 827 | 863
BREFAOMWD A NE N RMICHEE T HL: S = RV R — KRS 10 4RI B4 T3
RETHoT=, H2-4 $#%10FEMDENFHHE/ 152 RX2011~2020
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ELT—ILAKBEFITZTORBESLCEERIIHERELLTIU O BENFEL (RREIFEIEICT
HARD)IZKYFETA>TOSIDTRALGNEV)IENRETHD,

BEh&R#

W, EILT—ILARERTIZ4EED220kVE B TR HBIICEEL TS, ZORN2E R/
RORFIDANBHRIBTE-OIZFEA . thD2ER (AL ET) 7 IZE BB T B-DIZILEA~
EBRINTWS,

ELT—ILBREMERICHN. ZOREENZEOEERS LU LRGN EHLT L5120
[CEBERMIIKIFICHERSINTIND, ATRENEE00MW KLY ERLVZ528MWZE400KVEE. X E
R RHI105kmIZ &Y AL ER 4B I S BEERA00kVPhojeke ZEEFT~ . £1-400kVEE. ZEHXREH
215kmIZ &Y BRI E T SlsangEEBATICEEL . TN o EERTIZHE LI TIX400/220kVE E 5
[CTHRELEDHKICEHERET IHETHS.

ELT—ILBREFMOEERIEBICEVTIE. RFREREARERNII220kVOXEHR TERIN
220kVIZHNZ400kVIZEf i EN b, Lo TEILT—ILAOREEHDEEDEE T IXELALT
o

To Zimbabwe

Morupule A

e

Botswana

.......

Planned Power Station
: Planned Sub-Station

Existing 220kV
Planned 220kV
Existing 400kV
Planned 400kV
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221 EIT—IBREMODIAVKR—RUM

ELT—ILBRERMERPIUVEAEDIAR—RUMMIICBC(RE T X£EEIEIT) . IBRD(1H4R) .
TFIUNREBITELVRYIFTRFOELIZEYERSNTEY . FORNRER2-1ITRT .

#®2-1 BT —IBREMBLIVEEIVR—RUCDELTR
B75 US$
Project Component Total ICBC BPC/GOB | IBRD(WB) AfDB
Component A Morupule Generation Expansion (BPC)
A(1) Power Station 1,211.3 825 346 40.3
A(2)Transmission (include. 400kV S/S) 275.3 35.9 77.2 162.2
A(3) Water Supply 53 6.1 46.9
Total A 1,539.6 825 388 124.1 202.5
Component B Alternative Energy Development (MMEWR)
B(1) Low Carbon growth strategy study 0.5 0.5
B(2) Preparation of CSP project 1.0 1.0
B(3) Coal/CBM strategy development 4.0 4.0
B(3) CCS pilot feasibility study 1.0 1.0
Taxes 0.3 0.3
Total B 6.8 0.3 6.5
Component C Institutional and Capacity Building
C(1) BPC 10.8 7.3 35
C(2) MMEWR 3.1 0.8 2.3
Total C 13.9 8.1 5.8
Total Ato C 1,560.3 825 396.4 136.4 202.5
Interest during construction 102 102
Fund Total 1,662.3 825 498.4 136.4 202.5
Share of Fund (%) (100) (50) (30) (8) (12)

H #: Project Appraisal Document Report No: 49183-BW prepared by World Bank

Notel: EPC contract amount of power station is 968 million US$ except taxes and duties.
Note 2: Air quality monitoring and management 0.5 million US$ is included in the package of C(1).
Note 3: IBRD partially guarantees in the amount of 242.7 million US$ to the fund of ICBC.

222 RE. EEFBFA~OHDOFF—

RE. R EILT—ILBHESE
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2.3

2.3.1

2.3.2

2.3.3

BEER220kVLL T DEBIR DGR, A5/ \DIOMWREFEZZFMDTATOTODIMNIBPC
FEMRIEOBHEERICTTRBEIN TV,

AR EtEOFHEN

IMIEAREESE

RIEDOAREBEIIEXTHY., 212,000BALVEEDLNTWS, —A. REDAREES
ITEFPBRF DA THY . FORD50%LL EITEILT—ILARKEFRIZTEHESN TS,

— R R RO R

MRIEBOAREHFEFRTCEBRMEVRDBLIVHEES (RA2%EE)ZHL. RE=(TH22
t0 26 MIkgTH D RADEBR(FEFEMILILPOREICES>THLELLIN ., RRMLGBAKRIE KD
DEFHEIL18%~20%TH D, F-EH KD NS RIMICTEREBEEALIZCLIC
FOTRAKDBELLESTND, Tz, —BMICIEBERFEALOTVVEEEZE OBERTH S,

ELT—ILARBHROEHMBREEE

ELNT—ILARBFROEMAREEEORELRILER2-6IIRY HEEFXREEHROBREE
BT (EIEITHRAD) ICHBILEA TRIERIZH D,

2010 EDHEMRERIFLI0NUT THL-OT. COENREMARITEBEEITIA ML
T=o

700,000 ~—+— COAL RECEIVED TONNES
- 4% - COAL STOCK TONNES
~=@— COAL BURNT TONNES

580,872

600000 557,785

499,671

500000 | 545436 444,491

= 485,628
%@ 400000 F 347,250
= 401,858 415,936
o
= 300000 -
284,211
200,000 146,348
a
78,267 77,504 81,881 91,147 .-
100000 | 58,477 - .
- W------ w0 .. 38,009 .
- .— - o . -
‘m
0
2004/05 05/06 06/07 08/09 09/10 10/11

. 7/08
Fiscal \Pear

High: BPC 4R L AR —h
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2.3.4

2.3.5

BRitiaremt

BRITELT—ILERFABMCLEYEAEINATEY., K2-512R7FESYIREE(F0.68BH M ~0.35
BATHD, EILT—IIBREMICIFIINIZEMLER26BAMN NBELEEESINTINS,

MCLIZERIID . HE ., BEEFEEEEP THSH. 2004F(ZIF2HDOEHBOIEHIBE L RV
RIVAABRIED =D DB EEA L=, 2008F(IZILERMI00F M DIIBREHEH DA R
HHEB AL, ELT—ILBREMICHEBT 57012, 28O IREIKE . BRELIEMRERK.
DOt TELIVEREAROBELHICH 2B FMOBERNERFE Lz, ChIZKVRIERE
FIADI00H b M 520125 FTIZ400 A b IO T B TH S,

REPRAT VT ELTHI- LI ERFE S HEICEY2015F ETICFMIZBER N DEERENET D
SEFEFYSDBRNEFTEDIOF LR RRMBOEALIBE SN TV,

BPCEMCLIZ2004FIZH it ic DN E AR EMICEBAZ. MEEHEMAEEICHEL.
2005118 KYAEDIEL =, TFEFNIZIFXARDERSBPCOERIZHE T -HWNEGEDAF
ILTaHBESNT=,

LAL.MCLOAREMIIMMOET7IVHILUEHDEMELELLMTHY. 2009F5H8HIZ
BPCEMCLIZEEEMEREZEITL. 2009F7H18 &Y H71-1122.68BWPELT=,

BICHEFETRBREIL T —ILBREMNDEEHRE D ADEKFEREICDOVT, MCLOREIR M
EEITDIILEEHLLT. TOIRINEEETHILICEEL. 2010F4A 1A IEEILT—ILA
HER~DRBFE2023FN2AFE T, FE=EILT—ILBRER~DHIHEFE2032F9A T THIAT
BN ELRIEL =,

MOTDOHRIEEEN—RELTHESNSARfMKE. OIREEZAE. OQEEALE. QESE
MD3ARILTELT=,

BRHFZAZICT, BLT—ILARER~NDBRDOBMBIZICOVTHE2023FEFE T, FEILT
— LBREMAIF2032FEFEFTERLSEAM DA RINMEBRIN DI ENTEZ SN TS,

ELT—ILAFEBFI~DHIEF2023FETHESN TLSA, EoLAIER I+ AT REEHIE
nad.

B B fili4E
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1] 2z
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" ERHORERZMIZENIEBPCEYMCLAD BEXILVENAUTOEERICTEHEINS,
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@ E%E A%E- ryUBERER (R 2-2 5H1)

Q@ HEAHE BARORARNOI—IZLYEE)
= IR AR E x (RBEAE - (-4 RZE) x ZB)H{f]
I EAREXRROEAHO)—IE 20.751 to 22.25 MJ/kg & 100%&EL . 0% (19 MJ/Kg LL )~
110%(22.751 MJ/kg LL L) ORI TEENT 5 (X 2-3 BH),

22 ARREEEAE SLUVEERSE

G EE A & E & H 7R
(1,000 BWP/ton) (1,000 BWP/ton)
~Jan 2011 to Feb 2012 5,300 4,500
Mar 2013 to May 2019 4,000 3400
Jun 2019 to Feb 2023 - 2400
Mar 2023 to Sept 2032 -

JICAFRERNIZEOIER

*& 2-3 ARMEEHEM

PR ~<—2A VeI 1% FE R~ — 2
(BWP/ton) (BWP/ton)
Jun 2010 to May 2019 66 6804
Jun 2019 to Sep 2032 84 85.59

JICAFHAERNCEVIER

FREEXZRANT. ARERALL THERMS00,000b %A LT

EIBE.

SE DI H-YDIfiEZERE

{DF%EEZERA%EE 4,000,000 x 127 A+ QA EEEE 3,400,000 x 1248 +Q%E%E (66 X
500,000k>//4E)} /500,000~>/4E = 243.6 BWP/k2 THY . DM (X ATH 200941 B LIAT D22
$9%8122.68 BWP/k D#921ETH 5.

236 ELT—IAREMOAKHER
FHARHEERLIUERMRBEICEDTARIN HE-YDREELEELR2-4ITRT,
R2A4EILT—ILAREFMARHEER
FHARHEES FHEHRREEE TMWhEET 518 | 1 HE-VDOREE
e DERARRE
(ton) (GWh) (ton/MWh) (MWh/ton)
a b c=alb d = bl/a

2004 545,436 941,665 0.58 1.73

2005 576,013 977,100 0.59 1.70

2006 485,628 821,525 0.59 1.69

2007 401,858 694,052 0.58 1.73

2008 415,936 620,554 0.67 1.49

2009 355,366 536,577 0.66 151

2010 284,211 437,081 0.65 1.54

Hi#t: BPC FEFEFTH RL-aR—b

FALYEMRERNSVERRE ISV OMENA LT BCELYRRIM LEYORER

AEBINT HEN DD,
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2.4 HRYITFEHLH(PBC)IZDINT

2.4.1 BPCO#R#:

BPCOMMER 2-7I279 . REPTRETHACEOD FIT. 5D2NDEDRRI= Y (FKE. #
E.BEERMBT—ERX MABHHB. 2 —FER)DEE. BLUTERHBEE . ASHLHEER

BENEESN TS,
BPC
[ T Chief Executive —I
Officer General
Manager Corporation Manager
Internal Audit Secretary Strategy and
Performance
Director Director Director . Director Director Chief Financial General Manager
G ti Transmission Customer Service Rural Corporate Officer Human
Cneraion and Supply Services Resources

H#l: BPC A KLAR—hk

2-7 BPCO#E# X

2.4.2 BPCOHMBEIRR

BPCOEFEKRIRIE., BEILT—ILBRERMOFHRIZHESIEBYANLGLVICEEREIZHEVD EEX
ECELTWS, BREMERDI-OIZ825B FUSDDIEREZIT-#HEE. 2 ILEEAEIL
LUBID3EIZFETEMLTILVS,

BE2FEEDOBEFEEICINE, BPCIR2ERMERL THRFRELLS>TIND, Z024FFHEST
RFOHER. KEFIESURITHF v 2 REDRDITESTINS, CMBEAD DD S<IEEFER
BlICRUBEINI-EERTHD, T FFREODNBEAHDLE. EXEBIAEELLER L THRF
Lo TLSH CHIEBERHEABERMEVKEICHIZ oI RANEEXERZTEH->TVSS
EISEEREL TS,

S5HIZ2010F EDHHEREL T, BPC [£10{8BWPE LREISIEXEET EL TS, CHIEELT
—ILBREMERDO-OIZICBCHEY ANT825BAUSDEAZ ) R VEIEEDI=HITAYIL
300, AEHANLYMBELSIHRNI-=OITHKELIBRTHS, COFEER. 2010FED
BRIF12EBWPIZDFEF->TWS,
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% 2-5BPC &5t EE

2009 &£ 2010 &£

[K BWP] [K BWP]
TOTAL OPERATING INCOME 1,094,774 1,191,890
7 Revenue 1,069,559 | 1,135,474
Other operating income 25,215 56,416
TOTAL OPERATING EXPENSES -1,471,204 -1,755,463
7 Generation, transmission and distribution expenses -1,237,437 | -1,477,887
Administration and other expenses -233,767 -2717,576
OPERATING LOSS -376,430 -563,573
OTHER INCOMES 242,807 -1,008,596
7 Finance income 268,075 | 128,753
Finance costs -25,268 -14,116
Other gains and losses 0 -1,022,638
Impairment of standard cost recovery 0 -100,595
LOSS FOR THE YEAR -133,623 -1,572,169
OTHER COMPREHENSIVE INCOME 30,285 344,537
Surplus on revaluation of property, plant and equipment 30,285 344,537
TOTAL COMPREHENSIVE LOSS -103,338 -1,227,632

HigiL: BPC 2010 421 % fm 4

LERD2010FEENEL(T, EEMBRICBEVDTIERBEBEOEMEVSHTRI-RENTINS, [
BREHHETELT—ILBRERERD-ODSEDEAS LI LS TWS0. BEKRE
AKRIBITHEML TS, 2010F E(CH T2 REMEEIISIEBWPTHY ., BIEEDL19EBWPHS
KIBIZEEML TS, EAREEILFADLTEY. 2009F EIX65EBWPTH 1= DD, 2010FE
[ZIZ53{EBWPELSTLNS,

FryadO—REHADE, 2010FEITEITEHF vyl aT70—KEIX. SIEEDI9EBWPH L
BEBWPICKIRITH AL TLAD . CHIFEARAYDIBRICEDEIENKREN, F-, BILT—
ILBHREMBERZICETSF vy a0EAYIK FTXHBFHCLS5F vy a70—0FDOE
HEALERIZ14EBWPH R LN THEY. ChIERREFRERDODEAS DI LTHS,
fthh. ChEHTLT REFBOH, TS5 MAEDIEE TILEBWPOF vyl adiE Lt E
ENTLWSN(CHITHIEEDREE DRV EI4EBWPELL L THEIHICI7EDIELEE) . 22T
AR LENEZRIATOSIEN DA D,
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#2-6 BPC EfgxtiBR
2009 4EFE | 2010 4EJE
[K BWP] [K BWP]

TOTAL ASSETS 8,375,053 10,589,931
anfcurrent assets ] 6,081,111 | 9233986
Current assets 2,293,942 1,355,945
EQUITY AND LIABILITIES 8,375,053 10,589,661
EQUITY 6,466,499 5,269,867
| Capital and reserves 6,466,499 5,269,867
LIABILITIES 1,908,554 5,319,794
Non-current liabilities 825551 2,921,005
Current liabilities 1,083,003 2,398,789

Hif: BPC 2010 4 LR — Mtk

5#%.BPCOMBKIKRIE. UTOEREZEE T HLMF8T AL HFIND, £T (& BEICER
HEDOKIBLELIFNERLTEY. SEREMIChI-YEKLTELIFA
VEDDERATHD, CO—EDELIFIZHEL. BPCOEEERE+ 7 I LRIZIRAZENHFT
25, 35V EDDERELTIE, EALT—ILBREFROBIHEEIAHTOND, ARE
FIRICKY  BALDRENEL DALEST . LANEALBRMBVMAENTEES BHD
RBICLDBNHRFEENEMT S, ChoDERABPCOMBKRADIFEICES 5 ENH

FFEEh TS RA

FEnd,
% 2-7BPC ¥vvyayn—%

2009 #F 2010 4

[K BWP] [K BWP]
CASH FLOWS FROM OPERATING ACTIVITIES: -141,587 -221,580
Cash used in operations -135,844 -216,221
Interest paid -5,743 -5,359
CASH FLOWS FROM INVESTING ACTIVITIES: -1,111,994 -2,974,397
Interest received 268,075 128,753
Proceeds from disposal of property, plant and equipment 1,425 2,101
Purchase of property, plant and equipment -1,381,494 -3,105,251
CASH FLOWS FROM FINANCING ACTIVITIES: 1,282,864 2,056,823
Repayment of long term borrowings -13,861 -37,038
Proceeds of long term borrowings 1,378,593
Decrease in consumer loans - hire purchase scheme 3,025 31,774
Increase in consumer loans - rural collective scheme -8,163 -9,748
Increase in consumer deposits 4,230 7,168
Increase in standard cost recovery -226,702 -138,427
Increase in deferred income - consumer financed projects 22,407 731,947

EFTDIREN




RITFFEN T =K TG TEBTTINEY RIS R FFE R E

Decrease/(increase) in investments held-to-maturity -2,572 32,554
Decrease in available-for-sale investments 4,500 60,000
Irredeemable capital contribution from the Government of the 1,500,000
Republic of Botswana
Net (decrease)/increase in cash and cash equivalents 29,283 -1,108,154
Cash and cash equivalents at beginning of the year 1,895,393 1,924,676
Cash and cash equivalents at end of the year 1,924,676 816,522

Hifi: BPC 2010 AF LR — MR

25 FIILT—IL AREFROEZHFH

2.5.1 EILT—ILAR EFiEEER

ELT—ILAREFROHEBRER2-8IZRT . BEEILT—ILAREFRDOAHHBPCE FIZHS.
BEFRED TIZ2010FE £ TCHEFTOIBEIMNEESNTLVS,

Director
Generation
[ [ [ |
Manager Manager Manager Manager
g_ . Y Projects & Technical HR & Financial Controller
Production Maintenance ) A
Services Support Services
Operation Electrical Performance & Efficiency
Laboratory Mechanical Project
Coal & Ash Handling| Instrumentation Technical Services
Planning

Higi: BPC H KL A—R

X2-8 EILT—ILARERT DR (20104 E LIFT)
EILT—IILBREEMRD1B#OIAZT VI a= T BR2011ERLYBIEENE T ETHAD T20114E
ELSHERIER2- 0N EBYETEELS,

EEREDTICEILT—IARERTSUINEREEEILT—ILBREFRITSUMEEELTT=IC
BXN., BEILT—ILARERICH =3 DD IHIMEM (KE. RF. STEB IUEHMIY—ER) X
=E)L7°—/I,B% S N i b= 2 g

BE. \BRBERRBSUMBRHBRETL I IWVARENSLUVEILT—ILBRERN AL
EETHELELD,
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Director
Generation

Plant Manager Manager Plant Manager
‘A HR & Financial Controller ‘B’
(Morupule "A") Support Services (Morupule "B")
I [
I I | I [ I
Manager Manager Manager Manager Manager Manager
96 "anag Projects & Technical Projects & Technical "anag o
Production Maintenance . . maintenance Production
Services Services
Operation Electrical Performance & Efficiency
Laboratory Mechanical Project
Coal & Ash Handling Instrumentation Technical Services
Planning

High: BPC H KL —b

2-9 BEILT—ILAB FUBHRERMEMK (2011FEE LK)

252 BRILT—ILARBHROKEER

2011 F4ABATHDELT—IILAREFTOREE(X3268THY . KEFA~NDEE AZRITFR2-5

DEBYTHS,
K28 EILT—ILAREFMOESRE
&R AN#(4) SER
IR 8 Executive:2 Manegement::6
TERFY 139 OperaItio-r.'n:73, Chemical Services:25, Coal & Ash
Handling::41
Mechanical:64, Electrical:27, Control and
HEEEY ’ '
R EEA 128 Instrumentation:31, Planning:6
FASTHR- B —E X 13 Admi.n.:I Per‘For.mance & Efficiency 4, Technical
Services:7 Projects:1
ANE - 6 HR Office: 5 SHE Coordination:1
7% - 25t 25 Accounts:6, Supply Chain 19
Total 319

Hi#: BPC A KLAR—h
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3.1 HEMOBIE

RETETEMBTHIL~ASRASIERAVEL, 1 ~3B58—EL-HEH(T 1 F)RE 4545—
Er-REMIIBARETHD, Tl-. 1~3 SH#(F19864F . 4 SH#IX1989FICFNEFNERLTL

5,
% 3-1 REFTORAHETHE

ER 1 S 2 B KE=7 ] 4 S5
EERRAIR A 1986 1989
RASEESE LENTJES
RASBE=E 160 t/h
ERERIEN 109 bar
ERATEE 513 °C
A—E - RERIESE NEI Persons / Persons Peebles Toshiba
A—EVEKRE A 33 MW 33 MW

JICA FAEIZ I ER

ER7EEOREMEFMBEEHNEDHIEE K 3-112RF, 2005FE L 977GWh THof=M
FERFAL, 2010FE L 437GWhIZ FTHALTLVS BPCIZLAFPHEAEELDEF LR TS
E.FDEIFERLMNY, 2009FEL2010FEENDHEBE T FTEICHL TEEXSE%ITAELL,

1,200
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o
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942 977 870
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S 800 -
° 822
3
2 600 694
. 621
g ——F Gen.(GWh) 537
3 400 — orecast Gen.
o —=— Generation(GWh) 437
200

0
2004/05 05/06 06/07 07/08 08/09 09/10 10/11

Fiscal Year
Hiflt: BPC A RLA—h
-1 FHRBEENEDHD
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32ITRITATANER(REEICHLITATHEET S2ENENES) (X, B 3-4[TRTI=VbY
TORBIEMCLEPBBENETLI-CEIZEST, 2005FEN11.3% M 52010FEE D 15.0%

(2L TS,
16.0
150 | 149 15.0
140 +
130 12.9

= 120 I-I_U\113/".y

11.0
100 r
90
8.0
2004/05 05/06  06/07  07/08  08/09  09/10 10/11
Fiscal Year

(i BPC H KR —h

FRRE =

3-2 FTAEDHT

X3-3[22004FEMNH2010F EEFTOFEROFEFEILLE, SHENMEEESIUBRBEDHEE
T, FRBBEL, 20055 E(286.0% FiLERLI-LEELFEAL. 2010FEIXH T H37.8%
[CETEBIAAUTNS, STEELERFIHNSNTHRBLTWADIIZHL., STEIMEIEEIT2004FE

D10%H 520104 (21E59.1% FTRAMKIZEMLTLNS,
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—a— Forced Outage(%)
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3.3

BBRZETIETVSEREA

REFMARLR—MIEHEINTOBMN Y TRBRICE IV =FEROMN) v TRBERS-4ITRT,
CDOEMS2009F E L2010FEDEMMN v THAZBITEML TSI EA LMD, 2010FE
D) THIZ308EFREFL TV,

350

308

300
/

250 /

(1)
o

Trips(Time)
N
8
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50
24 23 24 2‘/
- -

2004/05 05/06 06/07 07/08 08/09 09/10 10/11

Fiscal Year

it BPC H KL A—h

X3-4 M)y TEIBOHTE

201143 ICEHLI-E—RAEIZHULVT, 20094F LIEBIHIZR) v T A &ML= e D, AE
M. 2006 FE A 52009F M T THLLEASNT-DCSE., BERDIRGETRAIBELED (U 4—TT
—ZADTREEIZES>TRYTIERBI>TWAEHERIL TULV -,

2011FARMS5RICERLEE - RARICENT. EH BKRE. ERARELEDEERDIEL
BIEHEDOHAEEN—BMLTULVENIEITEST, NIYTHAFRELTWSENSTEXFRH LT,

B3-412, RSLLANILEE  RATRKK, F—EREEBEE, sRHFLE. Foa—THIL. £
DOERRBICHELIN Y TREERT . CORMNS, BE5tOMIYTREADS L., FSLLAIL
BELRASARRNENENZ2D—F D2EHEHTNSEN AT,

BELT — A OEBOREISHE T HE, Z<DT—ADNEBOLIENONEDTIFLEL B
ERTOFROERWLGRTFHLEEINTOGOOMNREEHE RIS D, FF(Z, 2009, 2010F (2=
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BICHEMLEERE, #HEOSIEIVLHERSBOREENOT NP, Vb A—5FERAD AT EEME
AEWNEHERIT 5, —BICIXBE U ERTFHAENTUOGEN=DICHENBEITLGE>TLHHHELH
%o

LTI BEEEEASOFEME, FEICE>TRIYTIZ D> TWNDEBEFIIET 5,

BH. BERTFEIEGFILPICRETEIRBRETHERENRFEL2EICRHE LTS,

(3%
20
7%)
O Flame Failure
44 W Drum Level
112
(14%)
(36%) O Turbine Protection
O Others
30

B Tube Leak
10%

O Forced Outage

JICA FA I LR

X3-5 rJYTRES$E(2010FE)

3.4 EEEHE

A GEEREEDT—2EEICN)yTORAZFE LIz, DCST—AN—X([ZFRFEIN TS
Dy TRIZROEN. HBKRE. RRRE. BHERE. KL, E—2—EFRLGLEOBABELET—4H
5. RKKEFSLLRNLEREICKDMN) YT RRD S E{To7=. Appendix 3-1., 3-2, 3-3[&. DCS
T—AR—ZAMWERKLIZF LU R T ST DI TH S,

BPCTIE, hL YR T —RZRICLEGMIXIFEAETHATUVEVESIZBLNHI AL, DCS
PR T—2ZFESRADBNEEICIT o T IEEHET B,

ITNENDEE/NTA—R(CDOVWTH, BB, BHOEILFLEB TS LIZL-T. TSUMDEE
HIRREBRHICRDITADI/RIDIENTES,

BRIZEWTIE, SETELGEBE/NFA—SDERENRDONA TN, BEANENEFREL
THAL, TELGHBOERREBZEICEEL TS, BPCIZB W\ TH, AHRGHEEHET S,
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T, AZYMERERRE R T A LT HET D, XA E SLORREBRDT 22 RDT5
CENTEGA Ofz, TIE, REDIILOYMFEEAOHEA B A EINENIEN BT TER
W THD,

MIYTHREC ST-BF IV DL B REH LT H-0IC BRRRREZRELDELENRETHD,

UTICHIETHELON =T —4&Y. RRERHEL-HEREHAT 5,

(1) RATRAKRKIZEDN) VT3

BUHERITEIASNYITREARRASREDIEDRATAKKTH D, KXDE H—FTL—
LDBEEZFIVILTRBRAEETHAEEZERL TS, TDE H—DNEEORBEED
ZRALT, A=Y T DIETERT HEHHA THS. (Appendix 3-1)

CORERMNL MREBEELFINVADOEFYNRELHER S HBELHEYSIEL TSI ENS
RREDBENDETHHEHIMT B,

(2) FSLLANLBERIYTHH

FSLLANILONREICEMLUI-F, $HKREOHEI. BETHNTHKREZRLSEILE
BHd, LHL. BKRENSHMADEETHDLEN=OIZ FSLLANLIFEEN ) vTLRIL
[CHEMLI-3DTHS, F-. HKRERH RSB RTFSIATWERNDIZ NILTDRT L
(EAER D) MO ZEDEIDNR/N T U=, COBRITRHBELIZRT—IL (F) [CEH> T REESH
AL THLEMELTELGLD . WNIILITZRFAT A7 0F 21— 2 (BB AE—2) OFE SO ATREMHED
H5, (Appendix 3-2)

CORBRMNS BKREFNERDOINS VAIVAEORES SRS F DI HERBREMET D,

() BRJEBEDOERKEELA
AABEBRRAEDTIALCLNODOHEBZHBREECE. BRRENHFAEREELEALT
WAIEMNRESh TS, BRBEDREBRBE. EMOBEMERERIL. BEZETIE.
DWNIRFFa—TY—IDREEGD, Z[BREHEOKEEHEZE T 5701, DCSIZEREINT-
T—AEFE-T BRFHOBRE. HKRE. BKRTL—RE. HEFATL—RE. TRKE
NELURER AR OREEER -,

HBAKREIX. BERARICERLTWV:, £ BKRTL—RELE L RERICRERIRICELLTL
T2 BBBRATLU—RERFELTWVEL o=, REIL, EFMNICEKEDTHENS, BELRIR
KTHD,

CORELGRERRZRDTL-OI2. REOREFDIREEHR LIz, LOADTI/Fa1IT—2(F
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FTTIZHLOLEDICTKRBEINT ULV =, LHL. TRTOREFTFORKIL, HERBRIN TGN
fzo SAEIF DR T LEE5)ICIEX RT—IL () NMFELTEY., LICEREHLHKREDREERIK
DENEEBIER LTS EHERIT S, (Appendix 3-3)

CHOEBEMSEOIC. B AEEHNICTRR/IRT HEEHET D, BATIE, DER2E
[CTEIFEEL TS,

SRR, AEFALOOMNIBLKESICAT L (B) ORADFNEERET LI, RERY—
DEBRCTEOIZ NILTO— MUY EBET DIIITRBE T HLEHET D,

(4) R—FITADERICEDZFa1—THI

W mEERAE. A—FJOUALDEEEENDRRICEKOTEAENDRAME LN, BHEL-T
WHIZEBRINHOND, CNEHCT=HI2, RREHATFFOEBRIARAILETHD. R
—rIODERKENRGFIE. REBS B EABRINTULELL,

BE 3-1 A—FTATEKICE - THELI-ZRE FE 3-2 2—FJ 07 EKREF (D ERIBRSATUOELY)

(5) KABECAFLIZVV AR DEE

ROBRRNMET I HEKAEECHBLOIGIMERAH D, KAREITAFLIZIKIZEST
FRTORBNEN SRS VEHEEL, KIFIRBZNEHETL., BRBETORMISZEIZMN
SEDH COFEICE T ARDEAREENBLTHELHLICBRRERNDDEREN LRI HI1E
I35, CHICK> T BEBADRTL—KREMNEMT 5,

LIZRRE=BNSOZADEILERET S1-. A—rTOJDERIFEEFEOTH ., M/ \—F—
NoDRRERELREFRARTIRHAEIRETHS,

Flo  ABELERAEANELR FREDEBZSISEL. MY TAREL TV S LEDIER
/TS,
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3.5

351

3.5.2

RFEH

fRFRCER

SR, MR2EVWSIRFEERERYVIIITDEHF O, ESLEALTNLURIDRTFRE T AT
ERELIz LEA ST BEEREDTFEAREZ LR T S EFIRARETH S,

RYIZrII7 DEFHLUBRDRFREFSEYICREFEN TS, LML, TNIENSTIL ORI
BRIRIASN TG, F2ERE SILORERIT, FEAREZ T oM EVIRBDATHSD.
O—SOXGEE. O—SDERENEIL. AROMBEERE T 2T OO EDRE
HELEBMLTRERT 5o LEH#ET D,

X REE

RMERIEEICAT IUADSEBEINTIND HRTIYNORTY T DEEA—N—EHERT D
EBRHUICREDORVERZEHREL TSR DE I A—H—TH5H, LI=A > T, RIEHHED
MEDOEEANTILORETIENERESNDS,

R BDRFORECHREDEERL. TRTORMAMA I ESN TEENCEARLRES
nTud,

HEREDELAFNRESN, AVE1—2ZF->THAREZEEL TS, ROEMICREIIRoN
20N,

3.5.3 MEIZKBNBAE

FEMBDOAERRIE, FEAERTIVAICH DY — AV A ATVIDEILZDEO-RHEIC
HHESN TG, LD T B RBRORMLAILIE, —EULDKETHEHER DD,
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4.1

411

4.1.2

RASELUHHH

RASTVT7 DRR

TRTORAFRMT. EEAFTEUTHST =
HREEREND, FIZETREDARKNES
SERBFDOE—2EMaVIO—F BEDIFE
AEDHBOLEIZHBLTWS, Rhi-ERE
IROHIRREAREY  FIFAR YO ZD RO
MHUEREFLEAEDHBICHBELTNS(S

:B-ﬁ . 324'1)0

BRSSO

ARDEDDPHERER 4-1ITR T, TRThORS .

FIE RED

W

B

TH 41 RS EREEEMORE

NI, LIS o T ARA SDIRBEIC T EAEL,

K 4-1 BRAED S

BRERRDEDEFEAERLEFTRS

AREA7IER EILT—IL A FKERT iR B EtTix
April/2011 F—ZA —2 B

E A K5 %) 6.9 55 46
JR 53 (%) 21.4 18.2 20.1
BRSO — 21.9 22.2
HHEEE MJ/kg) 23 24 23.67
HGI(R ik D TEHE) 60 — 64
R %) 60.2 62.8 60.94
KE®%) 362 34 3.05
mED % 1.25 2.0 1.06

JICA FHAENC KRR

SEOMAETE. REDKOBMADT—2ER/[HENTELGA oI, LLIKRDRRAYETLTLY

NIE KABREADIRDAEDRREG TS ENBEESND,
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4.1.3 RASWEER

RA2ITRASTHERDEZWHERETS . RASMERMOREBIIENIFEBILGL, ZRXEEDH
AEEICARBEOMATREL, TNIER—FMIOJEKICLIERENIA—T3V (RE)
[CE-TEISTWA (BB FHA-2), A—rJOJERKENDORBLETOTIIDRELHET
%o

BRFEHANVE FEENAODEIJRENRDOANOTNVD, CHIFBEISEISES (VLK
FHREEHTET D,

FEIBEBREDREAFIVEEILERBES48° CEIBBLS67° CERIEHL TN, LIzAH T, £k
DAY RBMICITHAESIERIT . REETONHER L. BRBECIFXI)—TZ0k
RIFRonGHISTM, EREEDBEBBANBESIN TSI L, WILLE-EDOHB KM SHIEL TS
J—TRENERISTWIERTET B, BiEEAVEEEEEEHRET (BB 5H4-3),

BE 42 AF—LAYMILYRAL-BRRE BH 4-3 REBBICKYBEFLIBRRE

FILACLDBRERRICEDETA/T(T—EDREE RV ERER/T (TN TS, LAL, 85
R EERBRICIIBANHRREEL TS, COBRRERE S H-OICEBROII/ A
H—EDNEERE (RIELKKREOHER) IT+2EBTHLEHET D,
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R 4-2 THEMDBHIER

No. HH R R
1| kP RiF —
2 | »3—7—10.500m (A L) Bh -
3 | /3—7"—13.000m (B L ~1) BAF, (212U A EA*12 2 ) —
4 | /X—7—15.300m (B L) RAF, (2720, REAE *3%4%5 & -
1)
5| K74 =54 —
6 | K7L, HTS2 A~v& | i T =¥/58 J=¥i58
B BT yRAAN—R
7 | HTS2 / HTS3 O~y X Ry 7N =Y/58 8 fEFT K fadb
A
8 | IRFAGRE BAF -
9 | By SRR BHFE LA EE*6 2 H) AL Bp o T AR DB 2 .
WLECT SR
10 | RiEB XA+ T HTS3/ HTS2/3 RAF(=7Z LA HA*8 2 HR) -
Ll 29200) HTS2 kD JEfEH D (*9 Z /)
11 | 7erh3AF YT 4 HTS2/3 BAF(IZLAREE*10 /) BaiRt  YASaYtun IO g bl
HTS 2/2 L~ 32050) U-T = — 7 DK BE L B fi
12 | 7y SR BE HTS2/1 27 | FFRTE e (REAG*11%12%13 | R BR T RO E 2 H
+4(L L 34950) ZH)
13 | YT /82 LES HTS 1/3 ¥t 7« | B2 LAREA*14%15 2 R) RAF
(L~ 36800) (FXETHEFIL)
14 | V7% ¥E T HTS 1/2 - HTS 1/3 Tk FE(*16 2 R) RAF(=Z LA EAE*1T 2R)
(L1 34650)
15 | U7 /8ZAHTS 1/1 —HTS 1/2 (L) Bt (72721L*18) & R RAF(F2Z LA EAE*19 2 )
JL 31550)
16 | V7% +¥ET 4 ECO - HTS 1/1 (v RAF(*19 1) =58
~L 28450)
17 | #ak -7 Z T BAF (772 LA EA+20 2 HR) —
18 | r— 7 ZFreH =2 BIF(lZ LR EE*21 1)) -
gy HAR
19 | RAZLIER BAF (F2 LR BA*22 2 H) —
20 | AT kSRR R B (LA EA*23 2H) —
21 | RZ2L~Litde P E (LA R E*24 2R) —

HTS &iRiEaes

S

ECO:x=a/~ A% —

L0 kT a—T A

*2 MBS AR

*3 1 fRA—THhTNICER

*4 o KB ER AR

*5 YU LR R E L

*6 1 RS AEHY

*7 o T RTOBE AL

*8 L LANFESBDY

*9 L {EEBEEOEHHY

*10  : HTS2/2 53 CiaL- K HY

*11 HBENGR H P TR

*12 VRBETD fk 48

*13 HTS 2/2 B =)V ARIZ L~ ChRrESN 2 er a2 RTHLEHY
*14 No.13 | 14 FRIKGEEZ IRE T 4oy 2R — PR — NI R
*15 1y A—hT a R

*16 A=\ kDK E DEFEDHY

*17 e KEEFE S 1mm

*18 A—hT BB T OREEREDHY
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*19 ¢ RKEERER 0.7mm.

*20 . —E—T L OREE N
*21 o SRR DR

*22 o LT OEEB RSN

*23 1 B
*24 . BELSRFIE

JICA FHA M IO R

4.1.4 N—F—R2

BNHLEHRABRERHENSBHU-EREESYE>TNA—F—RBID R/ yFRYIRP
SYUE—ITHEL TS (SR BHA-4), KK MBI DB EET BT/ —F
— LR RM O EHE RS H(B R FH5),

BE 4-4 RAFHIDFENAFE LRV FRYIR BH 45 N\—F—hboRhi-EH

4.1.5 PR

RA-SBITWN R RTLOZWHERETRT . HGIDE W (BRDESERTHEHTHFELEL

FEPHOMY) BREFERL TS ENSHMIR RAEDIKREILELLL, BPCORAYTIZENIE,
MBEOO—3ET—TILIE3INAIT—ERBLTNS, ERICEIERMNREMBELLIZENE

A7 A)ADSTELTRBELTLD, BATE2EFETRIB|LTO D, RIAZ O HBREEEALL

B&YIEE>TETLVS, FWdEESZRREIE. A—5—T—JILOMENEHL->TNSS

LERTET D, FHEEETOICIE. ToLEVMEDEDEEI, . ARBEICL>TEETS
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A +/-; Significant positive/negative impact is predicted

B +/-; Minor positive/negative impact is predicted

C +/-; Extent of positive/negative impact is unknown. Further examination is needed and the impact could be clarified as the
study progress

D; No impact is predicted
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7.3

7.3.1

7.3.2

UNEVHRTIEPDOREE

BIRLIzERBY . UNEYTOD VDO RIRIEL) A Y ILAU L DEE . 2) AFLEIEVERK. 3) AFLHEA
fEl. ) AALERE. 5) MR SOEBMERMETNIEO—2TJ ) — AU MEED 18, AR5,

UNEVYEIR X, 2#EI2N\EY L5831y B %, AERICUNEY L1588 (324y A2 ET 3
EHXE SN, 2013 FEDREICTIELZHALI-S S, BB DB A (X2016FR/EIC, BEDBE
2015F B FICTEMNRT TS,

COIRBICTENBEADZHNTVAERTT 5,
ITEHEPOBAFR/NTUR(F)H2a)
YANEYEAR B D2013F ~2016 F DR ANEERFLIC(L. 28EIEELLFI4OMWE R B LK (TS,

R7-1IZRT ERBY. RREEZRHHICSVLWTERREERLA HH2014F(218MW, 20155F(1248MW,
2016 FEIC7TSMWA BT DT, COBAITWMABENFX. A/ \ DT —EILREFIEEKTS
ZEICKYBEOIHENH D,

10 Year Supply Balance (2011-2020)

Projectimplementation Period (31months)

[ \

Capacity (MW) 500

2013 | 2014 | 2015 | 2016

B 90 MW Orapa 80 80 80

m=—70MW Emergency| 70 | 0 o o o o o o o | o
—mports 390 | 225 | o | 18 | 48 | 78 | o0 o o | o
mm==Morupule B o 264 528 528 528 528 528 528 528 | 528
= orupule A 40 | 40 | 40 | 40 | 40 | 40 | 116 | 116 | 116 | 116
—Demand 580 609 638 666 696 726 758 792 827 | 863

JICA AN IO ERL

B®7-1 UNEVERFOERNENZB/ NS R (P FF2a)

ITEHRMPOEBAFR/NTUR(F)FA2Db)
A5 HERCYNEY)TEOTIERB T D2013F ~2015FE DB D FHEILZFATEETH D, .
H7-212 R EBY. RREERHICEVLWTERFEEHRIG HH2014F(258MW, 20155F(288MW

FRIBDDT.COBNIMABAF(E. A DTA—ELREBEZBHRT S LICKYEIL
BENHS.
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10 Year Supply Balance (2011-2020)

1000
900
Projectimplementation Period (24 months)
800
700
600
Capacity (MW) 500
400
300
200
100
)
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
EEEE 90 MW Orapa 80 80 80 80 80 80 80 80 80 80
mm—70MW Emergency| 70 o] o 0o 0 o 0o o 0 0
S mports 390 | 225 0 58 88 0 0 0 0 0
m===Morupule B o] 264 528 528 528 528 528 528 528 528
= Morupule A 40 40 40 o o 116 116 116 116 116
—Demand 580 609 638 666 696 726 758 792 827 863
JICA i & MUKV
= = 5 NS S,a°
72 UNEVHRP OEREAFHR/NTVR (FT a2 20)
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%8 E RIEAEME

8.1 HAEMDKREH

8.1.1 MEDEBDOKREHE

EILT—IAREFROEDRREIZET 2T 20D EN =0 KABTIETEILT—ILARERR
DR—RASAVEMBEELT, BEILT—IILBREFDESIASREZICEEHIN-BHEELSE
L/T:o

HFEMIZ, BELT—ILBREFRDOEHRRTICEITEIOC UMD —IR T, PalapyekSerowe% &
CHyAICKREE=RIV Y RANRBESNEFTETHS.

FESNIAK[EFMIREERS-LZTT,

£8-1 N—RASAUEHEED T AIE

HAEH] i EEEDORKIE B
Fal . REmE Palapye Serowe | Botswana? WB? WHO?
125(1T-1)
24-hour | pg/m? 557.9 70 7.4 300 150  50(1T-2)

SO, S 20(guideline)
1-hour | pg/m® - - - - - -
1-year | pg/m® 155.2 35 0.9 80 | 80 -
24-hour |pgim® [ 196 | 26 | 03 | - 10 | -

NO, | 1-hour | pg/m® - - - | 400 - 200
l-year | ug/m® 5.5 | 01 | 0.04 100 | 100 | 40

150(1T-1)
24-hour | pgim® 366.6 3.4 1.2 - 150 %ggq.-ré)z)
N ~_50(guideline)

Dust | 1-hour | pg/m’ - ] - - 40

70(1T-1)
lyear | pgim? 189.2 0.2 0.1 100 50 28%3
20(guideline)

YBotswana National Laboratory
2 Thermal Power: Guidelines for New Plants, World Bank Pollution Prevention and Abatement Handbook 1998
JWHO Air quality guidelines for particulate matters, ozone, nitrogen dioxide and sulfur dioxide, Global update 2005

JICA SAEMIZ&KYERL (Morupule B ESIA Report 2007 2 8)

8.1.2 WEDEEMDHE

FELTWAEILT—ILAREFRDSO,IZETHIE=R T T—A(%, 2004F H KL U2005F D1
DTHY . FnoDT—4h LA EHEFEHL-FERERS-212RT,




BT FE E T — Ik T FEBFYNEY  BREE R B R

#®8-2 HHHREDRKEL IV ERLE

RAHHRE" B
L IFC EHS
I5H B Unit Unit Unit Unit Botswana? World Bank  Guidelines
No.1 No.2 No.3 No.4 Guidelines®  (Solid Fuel
50~600MW)
SO, mg/Nm3 4,159 3,900 4,519 3,841 3,293 2,000 900-1,500
NOy mg/Nm3 N/A N/A N/A N/A - 750 510
| Dust mg/Nm®* | NA | NA | NA | NA 154 | s50% 50

2 2004-2005, maximum monthly average
3 Maximum allowable limit value stipulated by the Department of Waste Management and Pollution Control
e Pollution Prevention and Abatement Handbook (1998)

Rehabilitation of existing plant 200mg/Nm3 (In rare cases,150mg/Nm3 PM is acceptable)

JICA SAEMICKYIER

(1) ZEILHRE (SO,)

RB-2[ZTRFT LS, SOHHEREEIX, HEBEHARSAU B LIURYTFHEHLE (DWMPCIZKYERE) .
$HIZHBBLTND, SO,DHEHEE DR AMEL4,500mg/Nm*EL->THEY  HEBHARSIUE L
URYIFREEFFERTBIZIE. TNEFN56%, 27%DSOHIENNELLS,

RYITFHIZIZERDSOXHFHBEEN G BEILT—ILBEEFMDRELZORHRICEHLE TR AR
BFOBHEENERTONDGFETHY . ABEENEILT—ILARBFRICLEREINS,

(2 ZEFREEY (NOx)

WE. RYTFIZIEINOXD HEH E# (T4, DWMPCOET )V s, tHERR# (25> T2014
FFETIZKOREEFRAITONOXBEHEENFZTE SN DD NOXD FRAIEN S5 K& HhiR E LB
BEREEFZFHRELTWS=H. BBREADEEIIGNEEZIOND, LAL.2011F5A14BE &
VRIE4A28BICHEHICE >TEBINZA=VMOBH AT XEHBIE TIE. NOGEEM
1,453~1,709mg/Nm*&73Y) | HERE#ED750mg/Nm*E#BBLT=,

(3) EE (PM10)

EREEM (ESP) DEBABPCIZEYBIENEHONTEY . ESPOEENR(FEZUFOL
ARJVIZETEEL, RYTFEEDI5AMgINM* EFH R T D L5121 HH, R E#ED50mg/Nm?®
[FB@LTLD,

DWMPCEMEEL ALY, 2014F £ TICHH IR HE (50mg/Nm?®) [E I HFKEFRTEIT DB
HEENRTONAEZN, HEEDREEILT—ILARBERMAOBERICTOVWTILERIEELED
EMEBEEIEICR IR BERDEZRINORSINEINEEIETHD,
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8.2

8.2.1

8.2.2

8.2.3

8.3

REERRER

ZERIERRE (SO XK

HEREEF(IRYIFEELZBETA-OIZIXHERBEE (FGD) DREN L EELD, 518
HOAKXDFGDAEZONSD ., TR, MEAIR L, EE R+ RELGER WELGKESE
[ZAppendix8-1I1Z52 &L TL VS,

ERERIEW (NOX) XK

HEBEAZED750mg/INM ZESFT 5=, BEFEDEE L= BN R R/ \—F ZENOX T /N —
FIZEHFHTHIEITEY . 400mg/NmPF2EE TNOXEIER T A ENAIRETH D, TDIEED M
[ZAppendix8-2IZ52 &L TLVS,

B8 (PM10) X4

BPCIZ2010~2011FIZ. £1 =y D EBEXRBEL. REMNEZLYDORTETHIHOERE
115mg/Nm’ (A OB E42,100mg/Nm®) [ EB B ESHELTLSH ., HBORFETHS
50mg/NmM* A EREN 1B S 2L, BEEN-BEHFEDESPTHRIGT A EIERAEETH B,

HEREELETTDEOICE2DDENEZ NS, 1D B IEERDESPEHMiM T 1)L 23— IRE
BRI TBE., 2 DB ILESPEHIS0NIERTIETH D, LOLEEFIIRR—ZAHBRENTLNS
F=OMIBRICARTHETHY . FIE DA N AEETH S,

BEHEA100mg/NmM EZE LN, BFEDESPEERXE DOFGDEMEA B HE S ET, PM10D
B EAE50%IE EHIH TE . TR 115mg/Nm3 A #60mg/Nm BB E IR Al seTH S,
EHEEDSIAL—IaY

ARBASEBIVREMEROEANTKREBLEH T, FGDEEDEASREEEMIZFREL
T=o

EHBICAEERENERLDIIEND ., EHT LIS —R1(4~68) . 5r—R2(7~98) . 5¥—A3
(10~128) . 5—R4(1~3A) 2+ THEI L=, BMIE. E=2YL T T—E05, BE-IEHAE
LEEDABNZERHTHD,

FGDEBRTMD SO, 2 E%4,500mg/Nm3E T 5 &, FGDERE % D SO HEH B E X =
80% & T T. 900mg/INm*&4: %, ZDHR. EEHERLI-SO,NBEHEE L, RETALE




BT FE E T — Ik T FEBFYNEY  BREE R B R

RICKY MHEREESIVRYDFREFZE AT SERLE Iz REEVWHIEZRLIZDIEY—
A1TH-T=,

FGDZ#RELGLVRE, D METALDLNEEZFE T TOSOFHEE (X, EfM%ELTH
BERAEZNDSLTHRBTIRRELG D BRENTEHIY BN IESHELBIBIT S, EHhiEE
NEKIEZTT O, EEHS2,500~3,000mEEnt-HmTH5,

ULDIERMNS . RETALDZENH>I-I5E TLFCDERE I H_ETEEZHET HLEN

Dhotf=,

8.4 ARIODIIMIKHHHREHIESR
ATODIIMILDBBIBE LVRERMREBOREICLYBONLEIHMRERS-3ITRT,
ARDLSZ. KTADTHPDEMEIZKY, CO,. SO, NOx, PMI0D T R T D HHH XD HIE
MARAEND,
% 8-3 UNEYIBITLDHAREIBNR (EEMR)
wE | Hf IR U/\Euﬁﬁgpmé DBV Y
CO." | t-COulyr (3‘62‘.11002) 1,693,359 1,657,259 REVNEM L. &
50,2 | Mg/Nm? ‘(‘Aoiz:gslt;; 5,746 (f 5 AIE 8) 287~1724 | FGD(HIE:EEh)
NOx? | mg/Nm® (ifji:s_z;) T?sg(?zl(.)‘:lewV\/:;B:) 400 E NOx/$—7—
PM10? | mg/Nm® A %;3 550%) 115 60 BX FGD REBME

l)Draft Final, Chapter 6 Environment and Social Consideration, 6.8.2 Global Warming, page 6-29
2 Draft Final, Chapter 8 Pollution Abatement, 8.3.1 SO, Abatement, page 8-6
®Draft Final, Chapter 8 Pollution Abatement, 8.3.2 NOy Abatement, page 8-7
“)Draft Final, Chapter 8 Pollution Abatement, 8.3.3 Dust Abatement, page 8-9
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FIOERBRE-MBIH. ERIEREOKTE

9.1 BF MBIMOME

TOCIIrDRITAREMNE RABERITHRESNDID. TOPTLERMWLERITETH0HH
ETODAIRF-MBANTTHS BFHULGRITAREOAFTEE. TOC I EALHFT
EHNERFLEOBLEVNROP. ERMEMRELLOETOCIIIDOBIRMELERL. #
RMRTHALGERISYFTEINES N T HLDTH D, UBHRERITRRRED ST ER,
Tz OMDRTERNERTED 2RSS, IISKRERTLERL. FITEARELTRE LM
B, BEFE LRI EI T 5D THD,

PHHERORAELTIE, FTTRFHGRITATEEADHHENFH LD, RIZ, HFHIGRT
AN RSN DN E N E M BRI ERITRIME ST TREEL . DLMBHEITRIEMEA RS
NEWEEE RTEDRIICT A-ODEY (BFICELMHF) ZREFATIDESHHEND
LR AN

9.2 LFUF

glg

E

9.2.1 UYNEVYIFIALERIRIE

DAEY DG, BIFSNIBEROKRES, UNEUFEIZEST. 42DV FIAEREL, B
RAEIZDLVTIE, UNEN D BRI DAvailability rate 3RE1R) #1512LT 5 ENEZLN. B
NWEHEDEBEESZEEI NI, HiTICRSEITELN80% L EEFZETHIENTEELS, ¥
FUAIZEH T, COBEBIFIETH IR RN MR INIYENEL>TLIHRITEENDE

THb5,
RO1LBEF-UESTD=HDADDYNE)DF)F
LEZE ERMERE VHRE YNnEY | Fadzsk
(EEEIE1E) HAR HARE
INRREYNEY BB 80% & 7 £ 134 19 &
F)F B, Z0O®ISERIZIE B UsSD 29 B
40% £ TEBD
R KIFRINEY (B | BREIE80%Z 15 F Rk 197 24 &
¥ A 2 BEBOEE) G 7 USD 31 R
R KIFEYNEY (— 181
¥FVE HEH) B USD 24 A
R FR—BEOHEER | &EZE 0% % 25 FLL 336 30
ZTIES SRR s B USD 36 A

JICA FAEIZ I ER
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9.2.2 BRA&H

BPCOSHBDBENFMRRBLEMET 5L, ERIEREL TRESN-REEL0% DEHEERN TIE
EREBHATORENMTON. - THREBEBTEDOREIIELT . RRICHKEBEISBENE.E
BH 7 < RBRE (REBE=1F/MD80%) THHEEELT-,

—H®MLoad factor (BfER) (X, IREDBPCOAFRI/\F—2(ZHELV85% &L=, BEATORE
HAEEBI5%IZDNTIX, CNESAPPORYRT—Y(CEIE T AHIEICKY ., RAZBIEEL
Ltz BififE R ERIT, RERRFEZ12%. EEORAE10%ELT=,

9.23 UNEVRITTIGICHBIISENE

9.3

RESNERFHICESEEHIN-HBRBENEL. TROEBY. 733 GWh/EFLEL S,

® 92 HEHANOHIGICHASINIFRENE
BRRUVER BhE ik
ERE A 1,156 GWh/year 132 MW
x 24 hours
x 365 days
REERHER 925 GWh/year 80 %
TRFI A ER 814 GWh/year -12%
EEOREIER 733 GWh/year -10 %
|
\ 4 L 4
ERTGZICHEShIBEHE: SAPP Xk —4(CHIHSNBEHE:
At 85% load fa tor 15% remainder
623 GWh/year 110 GWh/year

JICA FRAEFNZ L0 ERR

oo ER

BREERAELTIL, MHARELEBMIRENH S, AR ELEITXINE)DLFIATEIZENTEN
134 B USD. 197 &5 USD. 181EAUSD. 336 B/A USDELTLVS, BINMAIREIL, LNV
NOLFIABLEBLT, UNEYRIIEENDER25 BABWPHARET HELTLNS,

EEEROGMER)ICIE. AR, RAIFORAEM. NEE NIBEFESHTD, OME
RIE. O FIFLUDNTIRD U FUF KYBEL FH301BABWP, 1S F )4 TILERK286
BABWPEL TS, UNEYREREFRDABGEENAIRELEHIE, EBITIFELT—ILB
REFED—HEEOHFLENEDONSEREL. EEERADOH. ABREITONTIE, REL
YEEMSNDLDEBELTS,
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9.4

9.5

F UNEVHEPICREFRO—BELELTOREROBRBEFELTHLICHELN., EE
O SEMERABBELESNDIBADIRNMT—EILEERHODEBMBIEERE) . IOICIE
RBEEZFLELTLEATLLTRETIHBENTOANGE, BHE (Take or payRRfIOHE L. A
REFRALGKEL—EBEELVRITILENH D) FICONTH. RUNE)TOS VD ERE
LTetELT=

TACIMNKBHERE

TOCIHNMIKBERIE. HEDEIKITHI>THRETHIENHFTESD, O, SHBEN
AR ERELTIE. BILT—ILARERD LGN SIS RITBBELINS T —EIILEERKIZH
MBHIRM RRFENCHBINSGENDERATRBMELLTREL -, HIZIX2014/15FF I
. CORBEMLEE208.3 BHUSDESESNT=,

TOPzHMEBINE

TSI SBLNLINEREIL. ENTIE~DENRFTEEL. SAPPADEHHEELONTH
%, 1=1ZL. 55 L#3%8(98 + 13.9 = 112 BAHUSD) DH, HKEHMIZI/KT LN TESLDI(E. BPC
DIARXMEEDTDIEREBNLFIHISND, TOHER. 7O I/RELTOUREIE. 112EHHUSD
M68% A LD,

BEREMNRARFHEAIBICHESIILOYRELTIE, FERO IR —ERLICHES B
ERFHHEBABZZON DD, AFSNIHBBRRIIBREMNTHLHZEMND . KT TIIEE
LTULVERLY,

9.6 BEMETARMEDOS
9.6.1 K AHE

BRELEITAIREMEE 2479 BFE. Discounted Cash Flow (DCF) Fix#HAL. 7Pz otm
ETCOEHLERL. TNTIREMEICHREL-LOZLEKTEHIEETSH, DCFFATEAT
PIREMGENSIRF, RYTFICETERAMNGEHFOBEFFEY DTN THAHL2% TR ERN
BERPEIRNHGEL, ThEERT S,

BEAERTIREEOS T THEALIIEIZEIL., (1) CBR: cost benefit ratio& U (2) NPV:TH 5B,
EIRR: economic internal rate of returnlZ2WWTIE, 7ASzHFDURGE/A2—DHE £, EHL
TWELD, RESICENTIESEEELTRLTLS,
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& 9-3 BEMRITARMESFTOIER

(1) CBR
n t n t
B C
CBR =
tzﬂ: @a+r)t /tz_l: a+nt
(2) NPV
n Bt n Ct
NPV = p Y ——
= A+r) @+
(3) EIRR

Discount rate which will make NPV=0
n

Ct
NPV = Z(1+ )t 21:(1+ )t

Whereas:
CBR: Cost benefit ration
NPV: Net present value
B' : Benefit incurred during year “t”
c': Cost incurred during year “t”
ro: Discount rate

EIRR(r* ) :Economic internal rate of return

9.6.2 BESTHR

ADDIFIVAENENIZDONT, E5I1FE12%ELV55 4 T TCBR (cost benefit ratio) & NPV
(net present value) ZE &L =, ZOHR. VTIDLFUFITDOVTEREFMIC+ D ITELTH

ETHY.CBRTRLHELFTUA2bD2.42H KL E. RNTELDA L FF2a 02.36TH 7=
TEYIIRDONPY TlE, R FUA 2b ARBEL, 742 BHUSD, RNTYFYA3D71I7H

BUSDTH>T=,
R 9-4 RFNRTAIRICET ST BOFERR
B L CBR NPV EIRR
(&7 USD)

vrUA 1 INRREEYNEY 2.32 628 N/A
vF U7 2a KBREI)NEY) (BREEERE) | 2.34 713 N/A
YT A 2D RBREINEY (—FEM) 2.41 740 N/A
vFUA3 R—BREQREMEHIREE 2.12 114 N/A

JICA AN I ERK

9.6.3 BES#HT

BFNETAREEICH T ARERESTIE. 42D FI)AD PR TREFEHIZHDF)A2bIZD
WT EBRLELSVICHEAREIR L, OAMARMEWTNETOC /DB FHEDMEZELSE
SERIZEHIELEICKYERLT-,

DHERISE, BENETARENZELIES-OICRLFZENNBODXERZDORELTH
é:&b\ﬁﬂbb\!:f;of:o:w[ﬁf}f.m\mbrb\éﬁﬁw;ﬁw(-6.7%)é:(;t 2HREZTHNDIS%E
SAPPHR YT —o Dttt ITx LT, BAZEHE T HEITKDRANFONLZNGEEEEELTL
%
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x 9-5 BEMRITARMEORES T

fE2f = 1EET—R% {E1% -6.7%
(SAPP fth¥t ~DE N
HIRA DG E)
O&M EF +/- 0% CBR=2.41 CBR=2.25
REEE +/- 0% NPV=740 &7 USD NPV=658 75 USD
EIRR= N/A EIRR=71%
0&M ZE F +20% CBR=2.18 CBR=2.05
BB +/- 0% NPV=685 & 75 USD NPV=604 7 USD
EIRR= 81% EIRR=64%
O&M & +/- 0% CBR=2.28 CBR=2.13
&% +20% NPV=711 B/ USD NPV=628 &7 USD
EIRR= 68% EIRR = 57%
O&M EFH +20% CBR=2.08 CBR=1.94
R EEE +20% NPV=656 & /5 USD NPV=573 75 USD
EIRR= 61% EIRR = 52%

JICA FAEIZ I ER

9.7 HABHERITRIREED D

9.7.1 A%

KEAETIE., MBRGRITAIREMZ 279 HFE. &EF 2 T E4RIZDiscounted Cash Flow (DCF)
FEERAWS, BI5IERE EANICITERIRNEEELTEH. CCTRIRIBOR KRN ES
DEAFFIEY THB12% %S EEARIANRCC: referential cost of capital) L TEIG | RIZIRHET
B, BE. ThMSNDELTETIELELIGA X, WACC: weighed average cost of capital % .B475
RIEITRIREEHIBT R B LT B,

WACCIE. L TOHKIZKYEHESI !

WACC = (Z ri ><Vij D Vi
i=1 i=1
—CT
n=ARFETOH
ri = EATOHFFEY
Vi = BR T O 5

BE&PMEFECOVTE. 2207 —X, $4hs (1) £ELEZEATETRET L. (2 E£D
85% #ODAO—2 T, BRYIS%EEATIGTHRZET 27 —RERET D, ChbEThThES
RET—R(1). ()T 5. BLFAET—R(QTEATHO0DAR—V L, HRMIZLRLEFIAE
CEALGEHZIRTTHIAAROAEREEET 5.

HADODAIZ., H EFG/KERR TOMIKIREE . EXEXBMISEA T av2, 4L EF




BT F FENT KT FEBFTINEY RGN F F R B HE

0.60%. {ERHAMISEM OL5EMIFFEABEHM) OFARAZTHEET HH. XMERE. TPy
FaRMEEEDB5%E CHH ATAEAT- . CORERRIBREFRTILDLETH, TOHRR. B2
E7—RQ)DEEREITHTHFEYIEI2%, EEFAEFT—RQ)DIHEEF. 2.3%L7%5 {(0.85
x 0.6%) + (0.15 x 12%)}.

SHTIZEELTE R L-$8421L. (1) CBR: cost benefit ratio. (2) NPV; net present valued & U (3)

FIRR: financial internal rate of return T#H 5.

9.7.2 MBI HHER

ISMETAREME SRR, T UA20040L F) A DHh TIEREELCBR DEETRL
THY. BEEFAET—X(1)TIL0.86. EE€FAFET—X (1) TIFL.12EH>TWND, T o FUA
2blx. BADAER (BBEEHDLD)EFALEISEICOHHBEMICETAREICASTACTY
FCHBEVZ D, BFIZ. ERFZET—RXQ)DHERMSHOMNDELSIC, COTODIMMEHHIC
TRER—RATELAZEETOIB A LMBEMICEITARECIIASHBNEVNS T ELHLN TH D,

DFH)AIKR Va2V TH, ERRDOUFUA2bEGKDER ., Bl BADAEREERT 556
DHEHFFHIICKRITAIREL R D EVVIFERZRL TS, A, L F A LD TIE, BADODAZ
ERALTLMBRICEITRAIRRICIES N ENSRER THo 1=,

&9-6 MBMERITHRICEHT S FTIABEIVERIAET—ABOHERKR

: e NPV
2% g FIRR BEFAET—X CBR (&5 USD)
SFUF IR NEY 1.3% (1)IRR = 12% 0.82 -86
(2) IRR = WACC _
=2.3% 098 "
3T 2a RIHENE ) 55% (DIRR = 12% 0.83 -90
b H== IR ”; wace | o, | ..
(ERREHIZENE) @ IRSZ 3:/’VACC 1.0 88
~FUF 2 RIRHEYNEY 6.6 % (DIRR = 12% 0.86 -75
(—F =) (2) IRR = WACC 112 118
=2.3%
073 FR—SEOXEFH | 47% (1)IRR = 12% 0.75 -157
RS '
(2) IRR = WACC 1.10 129
=2.3%
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BEMEIE. IRABEDO LT MR . O/MERDH T M EEMICHLEREICRISL TSI &AL

%)Q

R9-7 MBHIRITAIREIE D BRE ST

Revenue = +/- 0%

Revenue —12.4%

(SAPP fthtt ~DE HE

HIRAD GG R)
0&M cost +/— 0% CBR=1.12 CBR=0.98
Initial Investment +/— 0% NPV=118 B/ USD NPV=-20 B/ USD
FIRR= 6.6% FIRR= 1.4%
O&M EFH +10% CBR=1.05
REEE +/- 0% NPV= 49 75 USD FIRR< 0
FIRR= 4.2%
O&M E F +20% CBR=0.98
BB +/- 0% NPV=-21 B/ USD FIRR< 0
FRR= 1.4%
O&M EF +/- 0% CBR=1.10 CBR=0.96
REEE +10% NPV=99 7 USD NPV=-39 75 USD
EIRR= 5.8% FIRR= 0.6%
O&M & +/- 0% CBR=1.08
& 48 +20% NPV= 80 75 USD FIRR< 0

FIRR= 5.0%

JICA AN IO ERL

YNEYERIZETAREEIWITDOLTIL, BFICHEEE (PM10) 1 E(ZBIL ., HEBDEHRZH BRI
xt 9 BIRHMESOMg/NmM Tl BERFEERDU/NEYIZx T SR HEL00mg/Nm D& A%
BT BT —RIZDOWTEEMELIz, ShiE. BERDESREEM (ESP)ZZTOFEFFAL., MHAHRE
BEMN14.7TEAUSDERINSZLERELIr—RATHD,

FUA2bIZEDE, COBKRESPEERT A —REBETHE, MR ELEIIIZEST—RAD
181HAUSDM5166.3 B HUSDIZEEFIN S, BRESHTTDIER. FIRRIFEES—RD6.6%H
57.3%(CESN ., ATEHETAIREEN R LT HIEMNBELIIZHEST=,

R9-8 IFEERKEW (ESP)ZERT S5 EICHT M BMRTIRRMEDBRES T

UFUL 2b (FREST—R)

(¥)EA#% & %8 181 B USD)

BMEESEEM(ESP)ZFRTHES
(¥)HA#5% & %8 166.3 B USD)

CBR=1.12
NPV = USD 118 million
FIRR= 6.6%

CBR=1.13
NPV = USD 132 million
FIRR =7.3%

JICA AN IO ERL
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9.8 X -MBEIHOHER

DNEYD=HDADDYFIAITEL, BF-MBATET ol TORR. LT OFERANKERE
LTHBTESRD,

PDANEYTASZIMEIVNVT DL FIF T ONVTERFMICEITAREL AL E S,
OOz OrORFNETAREETEETHY . ZLORAEDOFELOCERADIEKIC
FMAFEEDTHB.

TACIINME TGN LDEEA—RDELAZLBETIHEE. LWT DI FIFIC
DVNTHIHEMICIERITARETIEAL,
ERAREEEICLIA— DR TLEHEHARVDBAROABR (P LARGEEM T
HERIRAE ., EELAERICEEMITA T 2)EERATHI5E . UFMICEITAIEEL
BHGEENH D,

Z O, MEMICETAEEEA TV F)A (X, BB 2b, 3, 22 TH D,
BAOAEREFAL. MHBNERTAERMELLDEETH, RTTRMEEFEEFERRKRL
ThHd. REAMOHER. b MZIRARMADOREE, 0&M BERDIE K TEITAIRET
(FA<H>TLES,

COEIITUNEYTODIMNIFEFHICHLIBHICLRITAREIST LA TESEA DA
f=hN, RITAIREMZ JYRERLDET BB, SHLEHIAE . ERHIBIC OV TEIEHRER
HENBIENEFEND, BERMLGARELTE., BFALICKLFRLERDHIR. U/ \EVEIRE
HOREEBLIREFTBEDENERGENRE AR THSS, SHITRABITONTIE, RE
MMEWRIZTEDH OGN TWSBEAHERRORELEXEDOP T, HEAROBENETODLY
MIRIFTEEITOVTLRIRSNSENHFEND,
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10.1.1  RASHEIVHH

1 #/=E

RASELVHEDBMEZLTITRY

- Max continuous steam rating 1160 t/h

- Fuel

: Coal, Heavy QOil (HFO)

- Type

: Lentjes Front firing Pulverized Coal Firing Boiler

- Support

: Top support by rods and spring washers

(2) HEBLUH=

RT-IBEHE LY ARETRELGRASELVHRICHROITERBOARE L UREEZR

10-1127R9,
& 10-1 RASBLVHEDO KRB L UVHE
R4 T HE/ 1=k
1. Boiler Pressure Parts, Piping and
 casing
(1) Fumace Dimension: 7.6 x 6.9 m , roof elevation 45 m
Heat Exchangers: HTS 3 (13CrMo44, 10CrMo0910) + 1
HTS 2 (15Mo03, 10CrM0910)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, wall: Waterwalls .
(2) Rear-pass Dimensions Dimension: 7.6 x 3.6 m 1
Heat Exchangers: HTS 1 (15Mo3, 13CrMo44)
+ECO
Wall: Steam walls (roof, side and rear)
(3) Drum Incl. : 2 x overflow nozzle towards the supporting 1
tubes
: 6 x nozzle of the arrival of steam water mixture
: 3 x downcomer
: 1 x water feeder pipe
: 1 x safety valve nozzle
: Design conditions: 109 bars at 313 degC
| 2. Coal Milling System — ) A
(1) Coal Mill Vertical BABCOCK Oberhausen MPS 3
Max. Coal Flow : 8,640 kg/hr
Rated Power: 90 kW
- (@Roller | Grinding Roller | 3
3. Fuel Oil Pumping Station and
,,,,,,,, Preparation Systems
(1) Fuel Oil Pumping N/A 1
(2) Fuel Oil Preparation Atomizing steam type 1

10-1
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W H#% 8/ 1=vh
4. Coal & HFO Burners and Ignitors
Systems
(1) Coal & HFO burner skid 6 HFO 3A — 6/40 burner retractable type 6
(it shows existing burner type. For emission
abatement, it should be replaced with low NOx type
modern burners.)
5. Burner Sealing and Cooling Air
Fans
(1) Burner Sealing and Cooling Air AC 380V Motor Driven 2
Fan
6. Air and Flue Gas Systems
(1) Forced Draught Fan ROTHEMUEHLE hlla — 122.5 — ALKK 1
(F.D. Fan) Flow (suction-wet): 52.52 m3/hr at 740 rpm
Diameter of impeller: 2,485 mm
Coupling power: 285 kW at 740 rpm
Rated Power (motor): 740 rpm / 400kW
980 rpm / 800kW
(2) Induced Draught Fan ROTHEMUEHLE DIld — 165 — ALKK 1
(1.D Fan) Flow (suction-wet): 76.58 m3/hr at 740 rpm
Diameter of impeller: 2,330 mm
Coupling power: 257 kW at 740 rpm
Rated Power (motor): 740 rpm / 400kW
980 rpm / 800kW
(3) Primary Air Fan AC 380V Motor Driven 3
(P. A. Fan)
(4) Millsealing Air Fan AC 380V Motor Driven 3
7. Sootblowing System
(1) Sootblower for Fumace Wall deslugger 28
(2) Sootblower for Fumace Wall Long retractable type 11
(3) Sootblower for Heat Exchanger Long retractable type 2
8. Chemical Sampling and Chemical
Injection
(1) Analysis Skid On-line analyzer supplied by sole manufacturer. 1
9. Ash and Slag Extraction System
(1) Sootblower for Fumace N/A 1
(2) Ash Extractor N/A 1
(3) Ash Conveyer N/A 1

JICA AN IO ERL

10.1.2 A—E>

(1 #=E

S—EVDBMEELUTITRT,

Rated Output

133 MW

Inlet Pressure (before ESV)

: 86 bar (g)

Exhaust Pressure

: 150 mbar (abs.)
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Rated Speed : 3000 rpm

Type : NEI Parson Single flow single cylinder reaction type
(Unit-1 to 3), Toshiba Single flow single cylinder impulse
type (Unit-4)

(2) HEBLUH=E

RT-IBEFHE LY ARETRERI—EVICEDAITERBOLHREIVHELKRI0-2ITR
E

R 10-28—ELDREHRELUHE

HaRs4 Tk HE/ 1=V

1. Turbine Rotor

(1) Rotor Reaction bladed (Unit 1 to 3)
Impulse blade(unit 4) 1

2. Turbine Stator

(1) Fixed Blade Carrier HP Blade Carrier 1(Top and bottom, row 1 to 14) 1
(2) Fixed Blade Carrier HP Blade Carrier 2(Top and bottom, row 15 to 22) 1 1
(3) Fixed Blade Carrier MP Blade Carrier 1(Top and bottom, row 23 to 27) 1
(4) Fixed Blade Carrier MP Blade Carrier 2(Top and bottom, row 28 to 30) 1
(5) Fixed Blade Carrier LP Blade Carrier (Top and bottom, row 31 to 33) 1 1
(6) Outer Casing N/A 1

3. Bearing on Shaft Line

(1) Bearing on Shaft Line Combined radial and thrust bearing 1

(2) Bearing on Shaft Line Journal bearing 4

4. Valves

(1) Emergency Stop Valve Control Valve with relay 1

(2) Governor Valve Control Valve with relay s
5. Glands

(1) Turbine Gland 2 sides of turbine rotorend | 1 T
6. Auxiliaries |

(1) Main Oil Pump Turbine driven horizontal 1

(2) Aux. Oil Pump AC 380V Motor driven vertical type 1 1

(3) D.C Qil Pump DC Motor driven vertical type I T
(4) Jacking Oil Pump AC 380V Motor driven vertical type 1 1

(5) Lube Oil Cooler Plate type cooler 2

(6) Rotor Turning Device AC 380V Motor driven gear type | 1 T

10-3
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(7) Oil Vapor Fan AC 380V Motor driven 1

JICA FAEFIZ I ER

10.1.3 ZEi

1 #=
BHROMBEZUTICRY

Rated Output 141,250 kVA
Rated Voltage 112,000 V (Unit-1 to 3)
211,000 V (Unit-4)
Rated Current 11,985 A (Unit-1 to 3)
: 2,166 A (Unit-4)
Frequency 150 Hz
Exciter : 3000 rpm
Type : 0.8 (lagging)
: Brushless Type

: NEI Parson Single flow single cylinder reaction type
(Unit-1 to 3),

: Toshiba Single flow single cylinder impulse type (Unit-4)

(2) MHHEBLUHE

R7-1IHEFHELY . ARETREGRBRICEDIEIERBFOMAKRE LIV HEEZRI0-BITR

ERS
+® 10-3 REHOMAHRELUHKE
- T 4% HE/1=vh

1. Generator Core

(1) Rotor N/A 1

(2) Stator N/A 1

(3) Exciter Brushless type 1

(4) AVR Digital Excitation (Basler Electric, DECS-400) 1

2. Auxiliaries

1) Cfc;bilfhig air cooler Air/ Water cooler 4

JICA FAEIZ I ER
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10.1.4  HHER(E

(1) HEEIUVHE
R7-1ZEFE LY ARE TR EGHBRBIHEOITERBFOAEE SIUVHEEZRLI0-4ITR

ER
* 10-4 BB FEO LR IUHE
A2 T HE/1=vk
1. Water Steam Cycle System
Equipment
(1) Air Cooled Condenser GEA low pressure air cooled condenser
8 x AC 380V motor driven fin fan cooler with pole change 1
speed control
Water injection system for heat transfer tube
| (2) Hogging Ejector Steam ejector for starting-up the turbine 1
(3) Service (Main) Ejector 2 stage steam ejector 2
(4) Ejector Condenser N/A 2
m(>57)”(737|and Steam N/A 1
(6) Condensate (Extraction) AC 380V motor driven horizontal type 2
Pump
(7) LP Feed Heater N/A 1
| (8) Boiler Feedwater Pump | Each of split casing and barrel casing type 2
Driver: Peebles Electrical Machines, AC 6.6kV motor
(9) HP Heater N/A 2
m(ibr)'beaerator (Feedwat‘e?m N/A 1
Tank)
| (11) Desuperheater Each system has two spray control valves 2
(12) Boiler Steam Main Stop N/A 2
Valve
(13) Boiler Steam Vent N/A 1
Control Valve
2. Closed Cooling Water
System
7(1) 7C766I7i7r17g7]7i/7\/7.::&7e7|: Fan AC 380V motor driven fin fan cooler 3
| (2) Cooling Water Pump AC 380V motor driven vertical type 4
3. Air Supply System
(1) Air Compressor AC 380V motor driven compressor 2/plant
4. Demineralized Water 11 x Tanks 1/plant
Supply System Diaphragm type Valves
19 x Water Pumps
4 x chemical injection pumps
5. Black Start Diesel

10-5
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Generator
(1) Diesel Engine Alsthom-Atlantique Semt Pielstick, 1/plant
PA6 3.5MW module
" (2) Generator, exciter | Jeumont-Schneider, 6.6kV, 4,180kVA L/plant
(3) AVR Digital Excitation (Basler Electric, DECS-200) 1/plant

6. Emergency diesel

(1) Diesel Engine Daihatsu, 6DS-22 700kW module Each 1/plant
Mirrlees Blackstone Diesel Engine

" (2) Generator, Exciter | Nishishiba Electric., 380V, 850KVA Each 1/plant
Associated British Power (Stamford), 380V, 850kVA

7. Fuel Oil Station 2 x HFO Of Loading Pumps and Motors 1Plant
3 x Heavy Fuel Oil Pumps and Motors
3 x Light Fuel Oil Pumps and Motors

JICA FRAEFNZ L0 ERR

10.1.5 ERERE
RT-1BEFHE &Y . AFE TR ELGEREHFEIREHLLIETERBOLERE LUVHEELRI0-51TR
ER
® 10-5 ERRFEOULBRBIUHE
L T THR HE/1=wt
1. Power Supply System
(12kv/e.6kv) I B
(1) Main (Generator) Bonar Long (unit-1, 2)
Transformer EMCO transformer (unit-3) 1
42,000kVA, 220kV/12kV, 62.98A/1259.67A, ONAN
(2) Unit Transformer Peebles Distribution Transformers 1
7,000kVA, 12kV/6.9kV, 336.8A/598.9A, ONAN
(3) Field Circuit Breaker Mfg. ABB 1 1
(FCB) Incl. 2 x compressors: Sulzer Burckhardt 150bars
(4) Interbus Transformer Bonar Long | 1

30,000kVA, 33kV/12kV, ONAN

2. Electrical Distribution Panel
and Auxiliary Transformer

(1) Generator Exciter N/A 1 series
Protection Panel

(2) 6.6kV Medium Voltage Reyrolle Distribution Each 1
Switchgear Tamco _ .
Unit Board (each unit), Station Board (common)
(3)6.6kV Circuit Breaker NEI Parsons (unit-1 to 3), Toshiba (unit-4) ' 1 series
Vacuum CB bottle contacts (630A/1250A, 2000A)
(4)6.6kV Circuit Breaker Closing /tapping coil CB for transformers 6/unit
+ 10/plant
(5) 380V Low Voltage Elequip I__td. etc. 1 series
Switchgear Each unit

Condenser board, Turbine board, Boiler board, emergency
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board,
Common
Boiler service board, Water treatment board, HVAC board,
Coal handling board, Ash handling board, Turbine service
board, Lighting board, Workshop board,
(6) 380V Circuit Breaker Novomax G4 / SACE 9/unit
+ 22/plan
(7) 380V Circuit Breaker SACE 22/plant
(8) Auxiliary Transformer Peebles Distribution Transformers 6
(Turbine, Boiler, Condenser) 1,600kVA, 6.6kV/0.4kV
| (9) Turbine Service Peebles Distribution Transformers 2/plant
Transformer 1,600kVA, 6.6kV/0.4kV
(10) Boiler Service Peebles Distribution Transformers 2/plant
Transformer 2,000kVA, 6.6kV/0.4kV
| (11) Auxiliary Transformer Peebles Distribution Transformers 6/plant
1,000kVA, 6.6kV/0.4kV
(12) Battery System 230V / 110V / 24V /DC battery set 1series
| (13) Service Emergency board | Consists of: 1series
220V DC distribution board
110V DC battery charger and distribution board
24V DE distribution board

JICA FHFE I LV ERL

10.1.6  FHiEHgss

FTEEBOMRICOVNTIE, REXEVMATIRB O AT LAIEICERBEFENELD:
O, B RTHRORENRETH S, TN FEFHFLLJFHERENMAT HHHRIC
BHE T, FIERBOLKROREET.
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10.1.7 IRIBEXIEHES

RIEXREIBREL T, SoXDEBD=OITFERXBLIVERD2AREIREL . S, 2K E
ENOXDIER D =D IZ{ENoX/N—F —DRENVETH D, ARETRELG2AXICOVTDIER

B SRR DUERE LVOHEZRI0-612TT,

x 10-6 REMREBOLBREIVHE

HaRd fTEk HE/ 1=k
1. Semi-dry type
(Alternative-1)
(1) Semi-dry Flue Gas | Consists of: 1
Desulphurization System 2 x Reactor (absorber)
(new installation) 2 x Mixer
1 x Agent supply system
1 x Fly ash discharge system
(2) Agent Stock System” Consists of: 2/plant
(new installation) 1 x Lime-hydrate store silo
1 x Hydrator
1 x Agent stock silo
(3) Fabric Filter? Consists of: 1
(new installation) 3 x filter bag (dust collecting) room

1 x flew gas distribution system
2 X pulse air system
1 x Fly ash discharge system

(4) Low NOXx burner system Radial stratification frame core (or equivalent) low NOX firing
(replace existing system) system for pulverized coal

6burners/unit
(2burners/mill)

2. Wet Type (Alternative-2)

1) Wet Flue Gas Consists of:
Desulphurization System 1 x Absorber _
(new installation) 1 x Primary dewatering system

1 x Secondary dewatering system
1 x Lime stone pulverizing system
1 x Agent preparation system

1 o0r2 x Gas-gas heater system

(2) Electrostatic Precipitator Consists of:

(existing system) 3 x electrode (dust collecting) room

1 x flew gas distribution system

1 x electrode/discharge control system (to be replaced)
1 x Fly ash discharge system (to be replaced)

(3) Low NOx burner system Radial stratification frame core (or equivalent) low NOx firing
(replace existing system) system for pulverized coal

1/Plant
(or 2/Plant)

1/Unit

6burners/unit
(2burners/mill)

Y Agent Stock System: SO, &SRS 54 G KA T TEL ST

2 Fabric Filter: Semi-dry J7 20Tl B S ERE THEEE S INL . BERR 0O 3 AL BE A CITARTE | JEUED 154mg/Nm® Z #8975
DT, BERX BRI A E L, FriclciliEa A L7 L2 —4Ei& (Fabric Filter) DR E 1387225, —J7 Wet Type %1
FAUTZ35 B VAR SO AR CHEEE A3 B0%FEE L7eh | BIE D BRI TE, ZOH 1 {RFEE 115mg/Nm3 53 50%7F2

60mg/Nm3 725 Z LIRS LD,

JICA FRAEFNZ L0 ERR
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10.2 FEMIEICHTHSBEROEMOEL

BRI BRAABICETIRRICEZADHZEEEMSESV)—a—LTo/00—DHFICE
WTREREZEA TS, =, BALRIE, BRIZEITHELWVRERH SR GLTRELANIL
DREFREETIRILF—HMfEFLTLS,

ST, BRDHEMDOEAL, SEOREICHLTHBOTHEREEDLNS,

10.3 EXREZEH

AHEOEABZIHEER 10-71277,

% 10-7 Mm@ A+

No. HE & &5
1 Schematic Outline of Main Process Flow Appendix 10-1
2 Single Line Diagram Appendix 10-2
3 System Process Flow of Semi-Dry FGD Appendix 10-3
77777 4 | Layout Plan of Semi-Dry FGD - Appendix 10-4
77777 5 | System Process Flow of Wet FGD ~ Appendix10-5
6 Layout Plan of Wet FGD Appendix 10-6

JICA FAEIZ I ER
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2012 2013 2014 2015 2016
3f 6 9i 12 3t 6; 9t 12| 3F 6; 9 12| 3} 6} 9} 12| 3i 6 9i 12

Work ttem

Preparation Stage
Conculuding Loan Agreement betw een GoJ and GoB -
Procurement of the Consultant -

Design Stage
Detail Design -
Preparation of Bidding Documents

Tendering Stage
Selection (Pre-Qualification) of the Bidders -
Bids Floating | o]
Bids Evaluation =
Contract Negotiation -

Construction Stage
Construction Period e e M b
Outage Schedule s
- Shut Dow n of All Units i‘i
- Survey and Removal for Existing Equipment —
- Dismantling of ESP
- Design of Equipment and Materials —
- Checking and Approval of Draw ings and Documents -
- Manufacturing of Equipment and Materials ——
- Transportation to the Site
- Installation / Construction Work
- Installation / Construction Work for Equipment of Pollution Abatement
- Training of O & M
- Final Test / Commissioning ——
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ltem Direct Construction Cost Total
FC (JPY) LC (BWP) (Equivalent: JPY)

1. Boiler and Auxiliaries 4,262,248,625 19,803,846 4,504,251,625
2. Turbine 1,069,920,400 4,642,095 1,126,646,800
3. Mechanical BOP 687,329,275 3,056,948 724,685,175
4. Generator 41,068,500 218,065 43,733,250
5. Electrical BOP 1,199,166,000 5,479,214 1,266,122,000
6. Pollution Abatement 3,520,994,832 43,905,444 4,057,519,354
7. Instrumentation 523,350,000 3,424,714 565,200,000
8. Civil and Building 9,105,432 10,990,599 143,410,554

Total 11,313,183,064 91,520,924 12,431,568,758

JICA FAEMIZIIER,

11.2.2 avHIL4avrE

BRAT—VICRBELGRNEEREL. AV YAV EOEHEREL =, TOHKR. 2V ILEY
hEIX, BHHEERET THI6.9ME M. A4l AALERME THO0.2M8 M. fET B T5.2{8M. §516.98A%
BELTWS BEB. VLAV EORTODIVNERICEHHEIE(E5.6%THD,

11.2.3 #HEEE

AEEICHEGREEEFRILIICTTT . RBEEINIAMEMAZEELTWS BH. MEN
FIHEINES. B ESEH10%. B LR IEINE R 2%, BthE R 7% TEH EL TS,

R II-3MWEEE
Project Implementation Cost
Component FC LC TOTAL
JPY) (BWP) JPY)
I. Eligible Cost: ODA Scheme Portion 13,240,646,898 127,463,126 14,798,246,295
1. Construction Cost (a+b+c) 12,693,391,398 107,720,128 | 14,009,731,360
a. Direct Construction Cost 11,313,183,064 91,520,924 | 12,431,568,758
b. Price Escalation 226,263,661 6,406,465 | 304,550,660
c. Physical Contingency 1,153,944,673 9,792,739 1,273,611,942
2. Consulting Service Cost (d+e+f) 547,255,500 19,742,998 788,514,936
d. Direct Consulting Service Fee 487,750,000 16,774,000 692,728,280
e. Price Escalation - 9,755,000 1,174,180 24,103,480
f. Physical Contingency 49,750,000 1,794,818 71,683,176
1. Non Eligible Cost: Botswanan Government Portion 0 47,285,272 576,120,975
1. Administration cost | 0 24,219,716 295,964,926
2.VAT 0 15,295,575 | 186,911,928
3. Import Tax 0 7,769,982 94,949,175
TOTAL PROJECT COST (I + 11) 13,240,646,898 174,748,398 15,376,072,324
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AEEIE. R11-1LITRTEY2012E M 520155 D D41 AD IR TERSNG BEBXED
XHEEZERIL-AIZRT , AV IV E DL, 2012FE M 52015F D4EMH . BREDOX
(2013 M 2015 M DIEMICHM OEET T . MIOTE T HICHE TIEIh S, 46,
10%DRTLNEZEEZEL TS,
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Total Cost ODA Loan Amount
Year F.C. L.C. Total . 85% of Total Cost

% JPY BWP % Eq“J""D"’:'(e”t' % | Equivalent JPY

2012 1.4% 191,957,370 | 3.3% 4,208,364 1.6% 243,383,572 | 1.6% 206,876,036
2013 | 10.3% 1,361,180,450 | 11.2% 14,247,576 | 10.4% 1,535,285,829 | 10.4% 1,304,992,955
2014 | 66.6% 8,815,693,671 528% 67,285,098 | 65.1% 9,637,917,568 | 65.1% 8,192,229,933 _
2015 | 21.7% 2,871,815,408 | 32.7% | 41,722,088 | 22.9% 3,381,659,326 | 22.9% 2,874,410,427
Total | 100% | 13,240,646,898 | 100% | 127,463,126 | 100% | 14,798,246,295 | 100% | 12,578,509,351
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& 12-5|ZBPCAEIC2011FEER TS FEDHIELIED) ALEHTT 5,

% 12-5 BPCEB & £IZL3TO I+

in D% 2] NS

B30

Electrostatic Preceptors

Unit 1, 2&3 Precipitator internals have been replaced and unit4 will
be replaced early in 2012

Bunker Lining

Internal damage to bunker surface and to be replaced this financial

year 2011-12

Fire Protection

In this current budget and to be replaced this financial year2011-12

On line Analysers

In this current budget and to be replaced this financial year2011-12

Boiler Re-tubing

Boiler re-tubing of certain parts of the plant as will be determined by
BPC in FY2011

Oil Burner Modification

Unit 1 complete and other units are in this current budget and to be
replaced this finical year 2011-12

Pulverised Fuel Pipe Bends

Boiler 2&2 completed and 1&4 to be completed this financial year
2011-12

Water treatment Plant
Regeneration System

In progress and to be completed this financial year 2011-12

Control and Instrumentation

Control and Instrumentation upgrade completed last year 2010 on

Upgrade all units.
Control and Instrumentation field | One unit is completed all others will be done before end 2011/2012
equipment

Hii: BPC £/ 7 —/L A S8 AT

* 12-6 £12-5M &L IEH (Control and Instrumentation Field Equipment) DA ER

B 20 &5 B2
1 FD Fan Vanes 7 Start-up Steam Vent
2 Primary (cold) Air 8 Superheated Spray Water Valve
3 Primary (hot) Air 9 Desuperheater
4 Oil Flow 10 Hot Air Recirculation Damper for Combustion
Air and Flue Gas Temperature Control
5 ID Fans Vanes 11 Economiser Bypass Damper
6 Secondary Air Damper 12 Economiser Outlet Damper
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Contrast of the ToR in Minutes of Discussions and the
Report

Frame Failure Trip
Drum Level High Trip
Stream Temperature Control on Unit No.1 Boiler

Study on FGD (Flue Gas De-sulfurization)
Study on Low NOx Burner

Schematic Outline of Main Process Flow
Single Line Diagram
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Appendix 8-1 Study on FGD (Flue Gas De-sulferization) (1/14)

Study on FGD (Flue Gas De-sulferizaiton)

1. Design Condition

(1) Design condition of flue gas
Design conditions of flue gas is shown in Table-A8-1, those are based on the flue
gas on Morupule “A” recorded in the Audit report in FY2009 prepared by DWMPC, in
which result of source test carried out on 17" to 18" December 2009 by them at
Morupule “A” are summarized.

Table-A8-1 Design condition of flue gas

Item Value Unit
Flue gas velocity 6 m/sec
Flue gas 130,000 | Nm®nhr
Temperature 120 Degree C
Moisture 10 %
0, 9.67 %
NO 367.12 ppm
NO, 0.01 ppm
SO, 947.65 ppm
CO; 10.70 %

Source: Audit report on FY2009 of flue gas on Morupule power plant by DWMPC

Remark: Gas concentration rate (O2, NO, NO,, SO,, CO,) is used mean value.

(2) Design condition of space
Design condition of installation is shown in Figure A8-2. The clearance between
ESPs to stack for Unit No.1 to No.3 is very short. Moreover, various equipments
are installed around the stack, therefore there is no enough space for installing new
equipment.
The enlarged elevation and plan of No.2 ESP is illustrated in Fig-2 and Figure A8-3,
the clearance between No.2 ESP and the stack has is very short as mentioned

above.
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Prepared by JICA Study Team based on MORUPULE POWER STATION SITE PLAN Dated 3/08/89

Figure-A8-1 Existing Equipment between Coal Banker and Stacks

Prepared by JICA Study Team

Figure A8-2 Elevation around ESP for Unit No.2
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Prepared by JICA Study Team
Figure A8-3 Plan around ESP for Unit No.2

(3) Design condition of water supply

Coal
feeder T =y oy /\
4,750m ESP .
N | | | Chimney
r 1 r 1 r 1 T 1
:> il % % L IDF \/
4,750m
'-l A A A — Basement of IDF and
8,800m 5,310m 5,310m 5,310m 8,070m 12,400mm
Basement of ESP

Since SO2 is removed by a chemical method, some amount of water is needed for

the reaction process. Currently the power station has water intake right of 65

m? per annum only form Paje well field.

7,000

Monthly generated powers and corresponding water consumptions in the past are

shown in TableA8-1, by which the water consumption per MWh is calculated as

minimum at 0.552 to maximum at 0.643 m®/MwWh.

After the rehabilitation project, the plant availability rate is expected to recover 80%

or more. The annual water consumption can be calculated to 580,000m*/year as

shown in Table A8-2.

The margin of water between the right 657,000m3 and the average consumption

580,000m3 is calculated at 77,000 m3/year only.

Table A8-1 Generated power and Water Consumption

Apr May Jun Jul Aug Sep Oct Nov

Water 35,119 43,924 32,264 40,007 45,118 47,630 51,942 57,254
FY2004 |MWh 61,646 73,205 69,832 77,706 78,061 88,559 83,819 87,420
Water 57,017 48,337 59,510 41,596 37,668 43,167 63,867 49,281
FY2005 |MWh 89,451 73,076 91,891 92,976 73,815 82,481 88,613 67,609
Water 47,585 32,422 36,326 32,596 36,019 26,881 51,474 44,910
FY2006 |MWh 89,733 80,576 75,929 71,855 70,508 57,843 62,963 67,641
Water 22,770 37,778 37,778 28,330 39,771 42,554 39,771 33,869
FY2007 |MWh 63,655 56,210 66,268 69,030 71,172 59,276 47,513 40,733
Water 36,502 26,169 24,378 21,964 38,529 30,903 22,763 31,972
FY2008 |MWh 55,255 68,484 63,872 61,011 53,041 46,338 48,551 45,923
Water 25,388 25,893 26,698 29,486 34,472 34,472 36,756 25,124
FY2009 |MWh 42,600 57,202 24,229 44,314 55,868 41,858 37,438 32,418
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Dec Jan Feb Mar SUM m3/MWh| Load ratio
Water 55,296 35,119 43,924 32,264 519,861 0.552
FY2004 |MWh 81,587 91,722 71,621 76,487 941,665 81.4%
Water 50,576 58,403 46,860 63,242 619,524 0.634
FY2005 |MWh 78,206 90,246 65,341 83,396 977,101 84.5%
Water 56,612 37,949 37,949 37,778 478,501 0.582
FY2006 |MwWh 67,668 63,905 47,429 65,476 821,526 71.0%
Water 37,014 27,568 21,558 42,137 410,898 0.592
FY2007 |MWh 48,482 59,758 54,451 57,504 694,052 60.0%
Water 33,235 28,794 22,086 27,555 344,850 0.556
FY2008 |MWh 43,627 40,597 41,579 52,276 620,554 53.7%
Water 28,605 25,388 25,893 26,698 344,873 0.643
FY2009 |MWh 44,119 52,339 45,299 58,892 536,576 46.4%

Source: BPC Month End Report

Table A8-2 Assumed Water Consumption before introducing FGD

Item formula Value Unit
Average water consumption per MWh A 0.59 m*/MWh
Operation time per annum B 8,760 hr
Availability rate (more than 80%) C 85 %
Number of unit D 4 Unit
Rated generator output E 33 MW
Calculated annual water consumption | =A*B*C*D*E | 579,894 m®/year

Round up 580,000

Prepared by JICA Study Team

2. Outline of FGD system
Many types of FGD systems are produced worldwide. Outline of typical 5 types of

FGD systems are introduced.
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(1) Lime-gypsum system (wet type)

v
v
v

Lime-gypsum system is classified into wet type.

Typical flow Lime-gypsum system is illustrated in Figure A8-4.

The system is installed between ESP outlet and stack. Flue gas from ESP
passes through gas-gas heater at first then goes into absorber reaction tank.
The gas-gas heater cools the inlet gas for reducing to evaporate the water in
the absorber reaction tank. Then the flue gas goes gas-gas heater again to
heat the gas again in order to prevent the corrosion inside of the duct or the
stack.

In the absorber reaction tank, reaction is activated to absorb the SO2 by the
chemical reaction formula "SO2 and CaCO3 react mutually and they change to
gypsum, water, and CO2".

Installation of the waste water treatment is also necessary.

Where some trouble is occurred in absorber reaction tank, flue gas from ESP
can flue directly to stack through bypass vane. During the flue gases go
through bypass vane, SO2 is not abated.

Where some trouble is occurred in absorber reaction tank, flue gas from ESP

can flue directly to stack through bypass valve.

Flue gas I % Flue gas
From ESP I > 1
Gas-gas heater To stack
Limestone
Storage Silo > Absorber
Reaction
| Tank Water
e !
Gypsum

| ﬁ Dryer

<

A i * B l ] v [
gmrerstone Waste Water [SSSR)
urry Treatment Filtrate
Mixing Tank
Tank

Prepared by JICA Study Team
Figure A8-4 Lime-Gypsum System
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(2) Magnesium Hydroxide System (wet type)

v' Magnesium hydroxide system is classified into wet type.

v' Atypical flow of Magnesium hydroxide system is illustrated in Figure A8-5. The
system is installed between ESP outlet and stack. Flue gas from ESP passes
through gas-gas heater, at first then come into absorber reaction tank. The
gas-gas heater cools the inlet gas to reduce to evaporate the water in absorber
reaction tank. Then the flue gas goes gas-gas heater to heat the gas in order
not to make the corrosion inside of the duct or the stack.

v"In the absorber reaction tank, reaction is activated to absorb the SO2 by the
chemical reaction formula “SO2 and magnesium hydroxide react mutually and
they change to MgS0O4”.

v'Installation of the waste water treatment is also necessary.

v" Where some trouble is occurred in absorber reaction tank, flue gas from ESP

can flue directly to stack through bypass valve.

Flue gas I it

Flue gas to stack
From ESP I b 1 -
Gas-gas heater
Absorber
id Reaction
Water F» Tank Water _
L —
Steam Mg ¢ ¢ Body Feed
— Tank
Shaker ]
Mg(OH)2 Y
Slurry Tank
. vV 9 v
Oxidization Waste  Water
Treatment
|| Tank Cushion

Tank

Prepared by JICA Study Team
Figure A8-5 Magnesium Hydroxide System
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(3) Spray-dryer system (Semi dry type)

v' Spray-dryer system is classified into semi dry type.

v" A typical flow of Spray-dryer system is illustrated in Figure-6. Spray-dryer
system is installed between air heater AH outlet and ESP.

v" Flue gas goes into spray dryer. In the spray dryer, reaction is activated to
absorb the SO2 by chemical reaction formula “SO2 and calcium hydroxide
react mutually and they change to gypsum”

v'Installation of waste water treatment is not necessary.

v" Where some trouble occurs in spray dryer, the unit should be outage.

Prepared by JICA Study Team
Figure A8-6 Spray-dryer System
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(4) Circulation System (Semi dry type)

v
v

Circulation system is classified into semi dry type.

A typical flow of circulation system is shown in Figure A8-7. Circulation system
is installed between AH outlet and ESP. Flue gas is sprayed in flue duct, then
goes into ESP where is also used as reaction tower.

In the flue duct and the ESP, reaction is activated to absorb the SO2 by
chemical reaction formula “SO2 and calcium hydroxide react mutually and they
change to gypsum”.

The installation of waste water treatment is not necessary.

Where existing ESP is used, the efficiency of ESP down, because reaction is
being activated in the ESP.

Where some trouble occurs in spray dryer, the unit should be outage.

Prepared by JICA Study Team

Figure A8-7 Circulation System
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(5) Utilizing Fly Ash System (Dry type)

v
v
v

Utilizing fly ash system is classified into dry type.

A typical flow of utilizing fly ash system is illustrated in Figure A8-8.

Utilizing fly ash system is installed between the ESP outlet and the stack. Flue
gas goes into absorber, in which solid pellet is contained. The pellet is made by
mixing the fly ash, quick lime and used pellet supplying less water to kneading.
In the absorber, reaction is activated to absorb the SO2 by chemical reaction
formula “SO2 and the calcium hydroxide react mutually and they change to
gypsum”.

Installation of waste water treatment is not necessary.

Where some trouble is occurred in absorber reaction tank, flue gas from ESP

can flue directly to stack through bypass valve.

Flue gas From ESP

T

Ca(OH . .
( F)Izy ash ; Absorbent Flue gas
} Extrusion Storage silo to stack
Molder —+
' Steam K v
cC—— )
i

Water ‘
Pulverizator v
b

Prepared by JICA Study Team
Figure A8-8 Utilizing Fly Ash System
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4.  Basic design calculation
(1) Required Characteristics of FGD
Required characteristics of FGD are shown in Table A8-4.
SO2 concentration in FGD outlet is set 1,500mg/Nm3 as 75% value of WB standard
2,000mg/Nma3.
Since measured maximum SO, concentration at FGD inlet is 5,800 mg/Nm3,

required efficiency is more than 75%.

Table A8-4 Required Characteristics of FGD

Item Value Unit Remark

Flue gas volume per hour 130,000 Nm*/hr Table A8-1

SO2 concentration at FGD inlet 5,800 mg/Nm?® | Chapter 8

SO2 concentration at FGD outlet 1,500 mg/Nm® | Set at 75% of

WB standard

Required efficiency 75 %

Temperature 120 Degree C | Table A8-1
Moisture rate 10 % Table A8-1

(2) Water consumption
Annual water consumption is calculated as 206,000m*/year to 246,000m°/year
which is shown in Table A8-5.
As previously explained the margin volume against the water right is 77,000m>/year,

modification of water right is needed.

Table A8-5 Annual Water Consumption for FGD

Item Formula Value Unit
Water consumption per MWh a 0.21~0.25 | m*/MWh
Times per annum b 8,760 | hr
Availability Rate c 85 | %
Number of unit d 4 | Unit
Rated generator output e 33 | MW
Maximum annual water consumption f=a*b*c*d*e 206,403 | m*/year
~245,781
Round up 250,000

Total necessary water is calculated at 830,000m3/year (additional for FGD

250,000m3 + average used at present 580,000m3). As the present water right is
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657,000m3, obtaining 173,000m3/year, 26% of original right, additional right is
indispensable.

(3) Chemical consumption

Annual chemical consumption is shown in TableA8-6 and A8-7, the former is
calculated from the actual SO2 concentration value and targeted value, the latter is
calculated from contents of sulfur in coal. Both tables shows approximately same
value.

Where the Lime-Gypsum type is applied, 29,000ton of lime stone is calculated to be
needed per annum.

Where the Circulation type is applied, 21,400ton of slaked lime is calculated to be

needed per annum.

TableA8-6 Annual chemical consumption on FGD (SO2 concentration)

Item Formula Value Unit
System Lime-Gypsum| Circulation
Chemical Lime Stone (Slaked Lime
Flue gas volume per hour a 130,000 Nm*/hr
S0O2 concentration in FGD inlet b 5,800 mg/Nm3
SO2 concentration in FGD outlet c 1,500 mg/Nm3
Density of SO2 d 64.07 g/mol
Density of Chemical e 100.0 74.1 | g/mol
Annual operation time f 8,760 hriyear
Plant availability rate g 85 %
Number of unit h 4 Unit
Reaction efficiency i 90 %
Chemical consumption j=a*(b-c)*e/d*f*g*hli 28,873 21,395 ton/year
Round up =29,000 =21,400

Prepared by JICA Study Team

Table A8-7 Annual chemical consumption on FGD (Sulfur contents in coal)

Item Formula Value Unit
System Lime-Gypsum| Circulation
Chemical Lime Stone |Slaked Lime
Content of Sulfur in coal a 15 %
Average of coal consumption (*1) b 535,692
Average of generated power(*1) C 913,430 MWh
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Constant generation output d 132 MW
Plant availability rate e 80 %
Annual operation time f 8,760 hriyear
Weight ratio g 3.125 23125 | --
between S and Chemical
Purity of Chemical h 95 %
Reaction efficiency i 20 %
Chemical consumption (b/c*d*e*f) *a*g/h*i 29,742 22,009 ton/year
Round up =30,000 =22,100
Comments:  *1  :  Average value of 2004 to 2006

Prepared by JICA Study Team

5. Operational Cost
The operational cost, consist of chemicals and raw water, for possible two types
FGD is estimated, which is summarized in Table

(1) Operation cost for Lime-Gypsum water saving type
Unit cost of lime stone is set at 482 BWP/ton (69USD/ton), which is assumed cost
for Morupule “B”, same for low water is set at 10.4BWP/m3 (1.5US$/tm3), which is
current unit cost for Morupule “A”, both are informed by BPC.

Table-A8-8 Operation cost of Lime-Gypsum (water saving type)

ltem Quantity Unit cost Unit Cost Amount
per annum (PWP) (US$) (US$)
Chemicals(Lime Stone) 29,000 ton 482 69 | 2,000,000
Raw water 250,000 m3 10.4 15 375,000
Total 2,375,000

Exchange rate 1US$=7BWP

(2) Operation cost for Circulation type
Unit cost of slaked lime is set at 862 BWP/ton (123USD/ton), which is assumed
based on the lime stone, same for low water is set at 10.4BWP/m3 (1.5US$/tm3),

which is current unit cost for Morupule “A”.
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6.

Table A8-9 Operation cost of Circulation (semi-dry type)

ltem Quantity Unit cost Unit Cost Amount
per annum (PWP) (USS$) (US$)
Chemicals(Slaked Lime) 21,400 ton 862 123 2,632,000
Raw water 250,000 m3 10.4 1.5 375,000
Total 3,007,000

Exchange rate 1US$=7BWP

IV. Suggestion of installation and re-installation of measuring instrument
SO2 measuring instruments have been out of order long time, the measuring
instruments for NOx and PM have not been installed.
Therefore, newly installation of the instruments of SO2, NOx, and PM is highly
recommended.
Although the measuring instrument must consider ambient environment by an
electronic device, the present installation atmospheric condition for the
instruments are quite bad.
Then, the conditions of the spaces in which the instrument will be installed and

the instrumentation system are shown in below.

1) Build the huts for storing measurement instrument at stack side.

2) Install the air conditioner for maintaining at constant temperature in the
huts.

3) Conduct the server for recording the measurement value in the hut.

4) Secure the space for installing the telemeter equipment which transmits

the measured data to DCS in operator room.
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Study on Low NOx Burner

1.

Outline

NOx concentration, measured as 1709mg/Nm2 by portable analyzer during out Site
Works, can be reduced by the replacing the existing burners to low NOx emission
type burner to meet Word Bank standard of 750mg/Nm3, which is simple and
comparatively less investment.

There is also chemical reaction system for abating the NOx. However, the systems
shall be installed between Economizer and AH, where there is no installation space,
and initial and operational cost is so high. Therefore, chemical reaction system can

be neither physically nor financially applied.

Principle of Low NOx Burner

After year of 1990, the unique Low-Nox burner system was developed based on the
concept of “In-frame NOXx reduction” instead of the conventional slow combustion
burner system.

The method of “In-flame NOXx reduction” is burnt pulverized coal rapidly and after
generated NOXx is de-composited N2.

The flame structure and the characteristic of NOx emission are shown in Figure A8-9
and Figure A8-10.

Figure A8-9 Frame Structure (Courtesy: Babcock-Hitachi HP)
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A: De-volatilization zone: Volatile matter is burnt rapidly. ( N—NO)
B: Hydrocarbon radical generation zone. (reducing agent, HC)

C: NOx Reduction zone (NO—Nx—N2)

D: Oxidizing zone (Reduce unburnt matter)

Figure.A8-10 Characteristics of NOx emission (Courtesy: Babcock-Hitachi HP)

Figure A8-10 shows the characteristics of relation between the generated NOx level
and the distance from burner.

Compare with NOx level of the conventional, low NOx burner is increase gradually,

the NOXx level of In-frame NOXx reduction burner increase rapidly after reduce.
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