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Operction Reult - on

Eth, Sest, 1987

Ca0p4

Discha Fairg

: Discharging
- cpr g 7
m}}% Gusification //,2 =
- : 1560 i ]
. . i : iy
temparatyre ' /. . :
- - L ; 1390
. -]
Flow rale of -~ 0 A T |
= B & - oG -
pulvenzed coal 20, 1 13%0 I
- S |
Ko/ 1° i
’ 10 :
_ . i N :
Flow rale oT .10 , 0; — e
02 2 Na L = 7
(Nm¥ar) |
over bath surface 100 1 = |
(mmn) 2 *
Froduced gas 190 7] f;’\/"\:\ |
temperiture 49
[ .5'0 - _ )
at Cyclone ¢°C) ' ; .- statting Na-purge
Volunie of 150 - 7 | i
produced -gas  jpp - | } |
(/) 30 7 x
Y0 — ! Nz x ;
Composition ot 07
. - 30 -— e
produced aas Lo e |
';%) 2.0 | ; Ha lr""‘"./ * -'”
07 a (02 ® i
| i e
'y : 90 IJD 00 ! 25
Time 1 /! 12 /2
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Operation Results on Alth, Sept, 1987

i  Gasifialion o
071077 o Reimoving /  (12"2%)
Gasificdlion  glag ¢ Dischargina

Discharging

Mollen iron

] 1550

. ! 1500
Lempemiiir? _ /
(2) o o 1440 |
— 52,6%7° 5_5:6,0.'5‘."’:17"1 ~ 55 rpm|
Flow ralte of s el v Voo \pw
pulverized coal 4 o __
20
(Kg/br) -
Flow rale of 5 A . — o
02 2 N2 /0 b 42 ~=--7 =T
(Nm/lir) ] N 10
sition 0% ML 200
";”"D'f?i ML 00 w | wo
above bald ' : g
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SC0 -
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(0 20 1 ] starfing Nepurgen— TN
00 ‘/&\f\‘\*
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Produced gas : ’\72_0_/ _
(NmS i) 166 X |
S0 A N
Compesitios: 5 yp y X Nz
precuced gas 35 * s 0
) o
) 0 L Bp. on
/6 1 f'v"\--'A\ o
Ha \
. " -’ 1
! D Gpe=se l
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Operahion Resulls an 1bth, Sept. (CG006)
Discharging ischarging
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R e e @ -
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Produced-gas i Gos sampler ot GF Gas sampler a7 GF
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" A N '
b /%) * 0
oy L T | el T
| i W ARV e 3
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PN AT
T _"'1 T = i =
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Operatior._Resuils on_22ed Ot - (c5007)
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ATTACHMENT §-3

1. Material Balance Based on Gas Sampled from Inside to

Gasifier

2.  Material Balance Based on Gas Sampled from Position
just before IDF






1. 7' Material Balance Based on Gas Sampled from Inside to

Gasifier






1. Material Flow

Coal ——

Ny

&

. As shown in material flow, coal, Ng and Og beceme generated gas by gasification.
We want to know an information of generated gas, however air from the

¥

Gasification

Ailr

» (Gas

Generated gas

L ]

Gas sampled

HqO

étmosphere mixes and reacts with generated gas before we get gas sample.

Furthermore we anaiyied gas componeht as dry.
Therefore we should estimate real gas component by material balance caleulation.

2.  Assumption

1 Oxygen in the air from the atmosphere reacts with CO and Hg in the

generated gas, generating COg and HpO.

Z  If summaticon of each content of gas components such as CO, COg, Hg, H9O,
Ng and so on would not be 100%, N9 content would be modified to make the

summation 100%.
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3.

Caleculation Method

By making material balance for Hg, Og and Ng around gasifier we can know the

following unknown values.,

Unknown valuess 1)

2)
3)
4)

Known values: 1}
2)

3)

(1) Hydrogen balance

gas components in generated gas (CO, 002, Hg, O9, N9,
Hg0, HgS, COS)

amount of generated gas

amount of air from the atmosphere

HgO content in sampled gas

property of coal (ash, moisture, C, H,_O, N, 5)

operation conditions (coal feed rate, carrier gas flow rate,
oxygen flow rate) .

gas components in sampled gas (CO, COg, Hy, O3, Ng, HyS,
COB) ' ' '

HSUI + HGEN = HGAS + HJO

22.4

HSUI = 18 xCFRxMoi/100
22.4 ey g
HGEN = T—-xCFRx(lﬂﬂ - Ash - Moi)/100xH/100

HGAS = (Y + 0.79Z - X)x(HoGS + HgSGS)/100

HI0 =X

(2) Nitrogen balance

NGEN + 0.79Z + CGFR = NGAS

22.4
28

NGEN =

xCFREx{100 - Ash - Moi)/100xN/100

NGAS = (Y + 0,792 - X)xN2GSD/100

(3) Ouxygen balance

08Ul + OGEN + OFR + 0.21Z = OGAS + QJO

11.2
i8

22.4

OSUl =

xCFRxMoi/100

QCEN = -éE-xCFRx(IUO - Ash - Moi}/100x0/100

OGAS = (Y + 0.79Z - X)x(COGS/2 + CO2GS + O2CH + COSGS/Z)/lG{l

0JO = X/2
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€Y

‘(Gas compositions in generated gas

CO : YxCO/100 - 0.21Zxncoxd = (Y + 0,797 - X)xCOGS/100
COg : YxCOg/100 + 0.21Zxncox2 = (Y + 0.79Z - X)xCO»GS/100

Hy ¢ YxHg/100 - 0.21Zx(1 - neo}x2 = (Y + 0.79Z ~ X)xH2GS/100
Oy : Yx09/100 © = (Y + 0.79Z ~ X)xO2G8/100
Ng : YxNg/100 + 0.79Z = (Y + 0.79Z ~ X)xN GS/100
HgS : YxI98/100 = (Y + 0,792 - X)xH9SGS/100
COS : YxCO0s/100 = (Y + 0,792 - X)xCOSGS/100

HgO :  YxH0/100 + 0.21Zx(1-neo)x2 = X
Assumption:- neo is given under the following assumption

_ COxH20 _ COGS:X

K .
COgxHg = COgGSx(Y+0.79Z-X)xHgGS/100

X, Y and Z can be calculated by three simultaneous equations of (1), (2) and
(3). '
Therefore gas composition in generated gas can be also calculated by the

upper equation (4).

Ash Ashincoal (%)

Moi Moisture in coal (%)

C Carbon in coal (%) (d.a.f.)
H Hydrogen in coal (%} (d.a'.f.)
0 Oxygen in coal (%} (d.a.f.)
N Nitrogen in coal (%) (d.a.f.)
S Sulfur in coal (%) {d.a.f.}

CFR Coal feed rate (kg/h)

CGFR Carrier gas flow rate (Nm3/h)
OFR Oxygen flow rate (Nm3/h)
COGSs CO content in sampled gas (%)
CO9GS COg content in sampled gas (%)
-HoGS Hg contént in sampled gas (%)
09GS O9 content in sampled gas (%)
N9GS ‘Ng content in sampled gas (%)
H3SGS HgS content in sampled gas (%)
COSGS COS content in sampled gas (%)
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co CO content in generated gas (%)

COg COg content in generated gas (%)

Hg Hy content in generated gas (%)

Og . Og content in generated gas (%)

Ng Ng content in generated gas (%)

HoS Hg$ content in generated gas (%)

COSs COS content in generated gas (%)

HoO H90 content in generated gas (%)

Y Amount of generated gas (N m3/h)

7 Amount of air (Nm3/h) _

X Amount of HoO in sampled gas (N m3/h)

AA Summation of gas components in sampled gas (%)

N9GSD Ng content in sampled gas after modification
(N9GSD = NgGS + 100 - AA)

Yoq Amount of leakage gas (Nm3/h)

NgP Amount of purge Ny (Nm3/h)

HSUI Hydrogen amount in moisture in coal (N m3/h)

HGEN Hydrogen amount in coal (Nm3/h)

HGAS Hydrogen amount in sampled gas (Nm3/h)

HJO Hydrogen amount in HgO in sampled gas (Nm3/h)

NGEN Nitrogen amount in coal (N mo/h)

NGAS Nitrogen amount in sampled gas. (Nm3/n)

05Ul Oxygen amount in moisture in coal (Nm3/h)

OGEN Oxygen amount in coal (Nm3/h)

OGAS Oxygen amount in sampled gas (Nm3/h)

QJo Oxygen amount in HoO in sampled gas (Nm3/h)

neo Utilization ratio of oxygen in air to burn CO

FI Recévering gas flow rate (m3/h)

po Design value of density of recovering gas (kg/ m3) -

p Actual density of recovering gas (kg/ m3) :

To Design value of temperature of recovering gas (°C)

T Actual temperature of recovering gas (°C)

PPI Pressure difference in bag filter (mmHg0)

Po Design value of pressure of recovering gas (mmH30O)
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2. ‘M'ateriél Ba_l__anée Based on Gas Sampled from Position
B juét before IDF '







1.

Material Flow

Coal wey Ajr Purge Ng

2.

¥

Recovering
T gas

Hq0O

T-

L 4

Gasification

I

— Leakage gas

3

Gas sampled

e : Generated gas
i1 ¢ Gas flow meter

As shown in material flow, coal, N9 and Og become g'enerated gas by gasification.

After that, air from the atmosphere mixes and reacts with generated gas and then
a part of gas leaks from the space between hood and gasifier. Furthermore purge
Ng comes in from main lance hole and bag filter. After taking these change, gas
passes through gas flow meter and is sampled at the position just before IDF in gas
recoverin.g' duet. ' _

In this material flow, we would know about an information of real generated gas.

Assumption

(1} Oxygen in the air from the atmosphere reacts with CO and Hy in the
generated gas, generating CO9 and IipC.

(2) If summation of each content of gas components such as CO, COg, Hg, HzO,
Ng and so on would not be 100%, Ny content would be modified to make the

s_ummation 100%.
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3. Calculation Method

By making material balance for Hg, Og and Ng around gasifier we ean know the

following unknown values.

Unknown values: 1) gas components in generated gas (CO,_ 002, Hg, O9, Ng,
HqO, HgS, COS) - ' '
2} amount of generated gas
3} amount of ajr from the atmosphere
4) amount of leakage gas
5) HoO content in sampled gas

Known values: 1) property of cosl (ash, moisture, C, H, O, N, S}
2) operation conditions (coal feed rate, carrier gas flow rate,
oxygen flow rate, recovering gas flow réte)
3) gas components in sampled gas (CO, COQ, Hg, 09, Ng, HgS,
CQOs)

Generated gas After gasifier Gas flow meter Gas sampled

Gas amount (Nm3/h) Y Y+0.79% Y+0.79Z-Yo+NgP =/

co (%) co col con COGS

CO9 (%) CO9 COsl - COgll - C0O9GS
Hg (%) Hg Hol Holl H9GS

Hg0 (%) He0 HyOl HoOll /

09 (%) 09 _ 0gl 0gl1 Q9GS

Ng (%) Ng Ngl NIl N9GS

HyS (%) NgS HoSI HoSII  HgSGS
Cos (%) Cos T cost COSII COSGS

Air Leakige Pu[ge Ng .

Z Nm3/h  Yg Nm3/h NgP Nm3/h
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(1)

(2)

Hydi"ogen balance

HSUI + HGEN

Yx({Hg + HoO + H98)/100

(Y + 0.79Z)x(H 9l + HoOI + HySI)/100

Yox(H gl + HyOl + Ha$1)/100

| + (Y + 0.79Z ~ Yg + NgP)x(H9ll + HgOII + HgSI)/100
YxH 9/100 - Zx0.21x2x(1 = nco) = (Y + 0.79Z)xH gGSxAxB/100

£

£

Hg

HpO : YxHgO/100 + Zx0.21x2x(1 - neo) = (¥ + 0.79Z)xHy0lIxB/100

HoS : YxHgS/100 = (Y + 0.79%)xH 98GSxAxB/100

Yx(Hg + HoO + HgS)/lOO = (Y + 0.79Z)xBx(H oOII + Ax(H 9GS + HgS5GS))/100
..... (1

Y + 0.79% - Yo + NgP = FIxD
To+273 | ,104-PDI
)x( )
T+273 Po
A = (100 ~ HgOID)/100
B = (Y + 0.79% - Yo + NgP)/(Y + 0.79Z - Yg)

D = SQRT (29 ),
[0}

QOxygen balance

OSUI + OGEN + OFR = Yx{CO/2 + COg + Hy0/2 + Og + COS/2)/100

OSUI + OGEN + OFR + 0.21Z = (Y + 0.79Z)x(COI/2 + COgl + Hy0l/2
+ Ogl + COSI/2)

= Y2x{COI/2 + CO gl + HgOl/2 + 04l + COSI/2,

+ (Y + 0.79Z ~ Yg + NoP)x{COIl/2 + CO gl
+ HyOli/2 + Ogll + COSII/2)/100

CO : COI=COGSxAxB

COg : COgl = CO9GSxAxB

HoO : Hy0I = HaOlIxB

Op : Ogl= 0yGSxAxB

COS : COSI = COSGSxAxB

« OSUI + OGEN + OFR + 0,21Z = (Y + 0.79Z)xBx(Ax(COS/2 + CO9GS
+ 09GS + COSGS/2) + HgOI1/2)/100

vevens (2)
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(3) Nitrogen balance

NGEN + CGFR = YxNg/100 .
NGEN + CGFR + 0.79Z2 = (Y + 0. 792)xN21/100
NGEN + CGFR + 0,79Z - YgxN 21/100 + N3P = (Y + 0.79Z - Yy + NZP)
: Cox Nzﬂ/lﬂﬁ
(Y + 0.79% - Yg)xNgI/lﬂO = (Y + 0,792 - Yq + NgP)xNzII/lﬂﬂ N2P
Noll = NoGSxA

'NGEN + CGFR + 0. 792 ={Y + 0 7SZ)><Bx(AxN2GS/100
- NzP/(Y + 0.79Z - Yg + NzP))

From equation (1) and (2), Y and Z can be. calcﬁlated, if HQOII could be
assumed a certain value. I ' -
After that we check whether both sides in equation (3) are egual or not, if

they are OK, we can have all components in generated gas.

Ash Ash in coal (%)

Moi Moisture in coal (%)

C “Carbon in coal (%) (d.a.l.)

H Hydrogen in eoal (%) (d.a.f.)

0 Oxygen in coal (%) (d.a.f.)

N Nitrogen in coal (%) (d.a.f.)

S Sulfur in coal (%) (d.a.f.}

CFR Coal feed rate (kg/h)

CGFR Carrier gas flow rate (N m3/h)
OFR Oxygen flow rate (Nm3/h)
COGS CO content in sampled gaas (%)
C05GS COg content in sampled gas (%)
HyGS Hg content in sampled gas (%)
09GS Og content in sampled gas (%)
NoGS Ny content in sampled gas (%)
H9SGS Hg¢S content in sampled gas (%)
COSGS COS8 content in sampled gas (%)
CcO “CO content in generated gas (%)



AA
N9GSD

NoP
HSUIL
HGEN
HGAS
HJO
NGEN
NGAS
08Ul
OGEN
OGAS
0JO

neo
Fl
po

To

PPI
Po

CO¢ content in generated gas (%)

Hg content in generated gas (%)

Oy content in generated gas (%)

N9y content in generated gas (%)

HeS content in generated gas (%)

COS content in generated gas (%)

H90 content in generated gas (%)
Amount of generated gas (Nm3/h)
Amount of air (Nm3/h)

Amount of HpO in sampled gas (Nm3/h)

Summation of gas components in sampled gas (%)
Ny content in sampled gas after modification
(NoGSD = NgGS + 100 - AA)

Amount of leakage gas (Nm3/h)

Amount of purge Ng (Nm3/h)

Hydrogen amount iﬁ moisture in coal (Nm3/h)
Hydrogen amount in coal (N m3/h)

Hydrogen amount in sampled gas (N m3/h)
Hydrogen amount in HgO in sampled gas (N m3/h)

Nitrogen amount in coal (NmS/h)

_Nitrogen amount in sampled gas (Nm3/h)

Oxygen amount in moisture in coal (Nm3/n)
Oxygen amount in coal (Nm3/h)

Oxygen amount in sampled gas (Nm3/h)
Oxygen amount in HpO in sampled gas (Nm3/h)

Utilization ratio of oxygen in air to burn CO

Recovering gas flow rate (Nm4/h)

Design value of density of recovering gas (kg/m3)
Actual density of recovering gas (kg/m?3)

Design value of temperature of recovering gas (°C)
Actual temperature of recovering gas (°C)

Pressure difference in bag filter (mmHgO)

Design value of pressure of recovering gas (mmH9Q)
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ATTACHMENT 9-2

1. Production Cost Comparison between Methanol and

Methanol/Urea Co-produets

2. Comparison of Electricity Generation Cost






1.  Production Cost Comparison between Methanol and
Methanol/ Urea Co-products






1.

Production Cost Comparison between Methanol and Methanol/Urea Co-products

Objective of the Study

This study has been carried out to grasp the cost comparison between methanol

production and methanol/urea co-production from Banko coal on the basis of the

master plan established in the 2nd stage.

(Note): The results of the study is cited from the Interim Report {(Stage II), March
1988,

Outline of the Case Study

Fuel methanol production and fuel methanol/urea co-production are taken up out of
possible produets for the Proposed Project and the following two cases have been set
up.

Case 1 is to produce ohl_y fuel methanol of which total plant capacity is 5,000 t/d
and can be defined as a base ¢ase, since fuel methanol is expected as the most

prospective derivatives of coal in Indonesia.
Master plan and overall block flow diagram of Case 1 are shown in Iig. 1 and 2.

Case 2 is to produce 4,060 1/d of methanol as well as 1,750 t/d of urea through
ammonia. Since a demand of urea in Indonesia will still grow up, this case is
selected. However, a viability of this case will mainly depend on a sales price of
urea afier a decade and possibility of natural gas supply for a new projeet in
Indonesia, since PUSRI has urea production facilities starting from natural gas in
Palembang and there is enough amount of natural gas resources {o produce urea but

not enough for export.

Master plan and overall block flow diagram of Case 2 are shown in Fig. 3 and 4.
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3.
3-1

3-1-1

3-1

2

Assumptions for Financial Analysis
Master Plan Case 1
Production Schedule _ 7
(1) Annual Production; 1,600,000 t of chemical grade métﬁanol_

(2) Plant Construction Period; 1990 - 1993 (4 years) _
where 30% completlon at the end of 1990
60% completion at the end of 1991
86% completion at the end of 1992
100% ebmpletion at the end of 1993
(Note); In this financial study, it is assumed that escalation factor is out of
considerations. Therefore, time schedule such as 1990 - 1993 is
B assumed only for reference. s
{3) Project Life; 1994 - 2023 (30 ygars)
where 70% of full operation in 1994
85% of full operation in 1995
- 100% of full operation in 1996 and after
{4) Anrnual Operaticn Days; 320 days - |

Finance
(1) Debt/Equity Ratio; T5/25
{2) Curreﬁcy

For Annual Revenue/Expenditure; Rupiah

For Capital Investment; Yen

Exchange Rate; _ 0.18 Yen/Rupiah _
Accordingly, debt is repayed by exchanging Rupiah for yen at the above

exchange rafe.
(3) Debt Repayment Schedule

Terms of 12 years after commitment, including 4 years of grace period with 8

years equal payments of principal.
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3-1-3

3-1-4

{4) Interest
1) Long-term Loan; 8% per annum

Assumed _supplyer's eredit (7.2% p.a.) pius bank loan and project risk

premiom, -
2) Short-term Loan; . - : 8% per annuin

A short term loan would be raised commensurate with annual cash
deficiency and would be repayed after development loan.

3) Interest during Construction Period

In aceordance with a general rule in similar projects, interest paid or
acerued during construetion period is capitallized and amortized over a

10-year period from 1994.

Escalation

No escalation is assumed.

Pfice and Costs
(1) Sales Price of Methanol at Plant Gate; 194 Rp/kg (35 ¥/kg, 175 $/t)
(2) Capital Investment Costs

1} Fixed-eapital Investment;

108 Rupiah (106 Yen)

Coal Gasification 301,900 (54,500)
Coal T'raﬁsportation 43,800 (7,900)
Methanol Synthesis 188,400 (34,000)
Air Separation 89,200 {16,100)
Power Generation 99,700 (18,000)
Support Facilities 159,600 (28,800)
Equipment Transporfation 63,700 (11,500)
Contingency _ 4:1,600 (8,600)

Total 993,900 (179,400)

(Note); Construction cost of each plant was reviewed based on the
revised master plan, As the result, total fixed-capital



investment cost was slightiy increased in comparison with that
of previous estimation in the study of FY 1985,

 _108 Rply (105%/y)

2) Working Capital; 50,216 (9,064)

(Note); Working capital is added as cash-flow at the end of the project.

3} Start-up Expense; ' 6,882 : (1,242)
4) Operator Training Cost; 2,508 (469)
5) Investment Schedule; Shown in Table 1

Table 1 Investment Schedule .

1990 1991 1992 1993

Fixed Capital 30% 30% 20% - 20%
Working Capital - - - 100%
Start-up Expense - - - 100%
Operator Training .- - : - 100%

{3} Annual Expense
1) Fixed Costs

i} Depreciation and Amortization

Peried Amount
Years 108 Rp/y (108 ¥/y)
- Boiler, Power 15 13,702 _ (2,473)
Plant, Cooling .
Tower, Buildings _
- (thers 10 94,296 - (17,020)
ii) Maintenance 23,172 - (4,182)
iii} Insurance 9,269 {1,673)

{Note); Capital investment for the plant construction ineluding expense
and interests during construetion period is depreciated . and

amortized based on straight line method.



108 BRp/y (108 ¥/v)

2) Variable Costs
i) Raw Materialsl)

-~ Coal 67,895 (12,255)
- CaCO3 | 665 (120)

ii) Superviser and Operating Labor

- Foreign Staff?)
- Local Labor 2,715 (490)

iii) Catalysts and Chemicals 3,413 {618)

(Note); 1) In the study of preliminary evaluation of economic feasibility
in FY1985 and FY1986, $14.85/t~coal was assumed as raw
material cost. In this study, coal cost was assumed to be
$14.48/t on the basis of the study on coal mining cost in
FY1986 {for details, see the Interim Report 1Il, page 71 -102).
Cost of lime stone consumed in gasification plant and
fluidized-bed boiler  was estimated to be $4.83/t assuming
that it was one-thrid of coal cost.

2) Foreign stalf decrease in number as the project proceeds.

Table 2  Costs for Foreign Staffs

Op. Year ist gnd  3rd  4th  5th  6th-30th
Year | 1994 1995 1996 1997 1998 1999-2023
% on 1st year 100 70 50 30 10 0
Cost, 106 Rp/y 7,900 5,530 3,950 2,370 790 0

(Cost, 105 ¥/y) (1,426) (998) (713) (428) (143) (0)

106 Rp/y (109 ¥/y)
iii) Plant Overhead Costs 10,615 {(1,918)

iv) Administration Expenses 5,307 (958)
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3-1-5 FHvaluation Criteria
(1} Financial Statement

1) Profit and Loss Statement
2) - Cash Flow Statement
3) Balance Sheet

{2) IRR on Total Project Cost before Tax
In accordance with the folloWing equation, cash flow is discounted to the

present value as of 1985,

(Cin, i - Cout, i) _

" g
(14r)

n
i=0
where, _ o -
Cin, i; cash—infl_ow at ith year from 1985
Cout, i; cash-outflow at ith year from 1985

r; discount rate (<IRR)

n; project life (1990-2023)

i=0at 1985

Cash-inflow Cash-outflow
+ Sales Proceeds "~ + Investment exeluding interest during
construction period.

Residual vajue of + Total operating expenditure excluding
investment depreciation and interest

3-2 Master Plan Case 2

3-2-1 Produection Schedule
(1} Annual Production;

Methanol 1,300,000 £ (Chemical grade)
Ures 560,000 t ( Ditto)

{2) Plant Construction Period; Same as with Case 1
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(3). Project Life; . Same as with Case 1

(4) Annual Operation Days; - Same as with Case 1

3-2-2 Finance

Same g5 with Case 1.

3-2-3 Escal_ation

Same as with Case 1.

3-2-4 Price and Costs

(1) Sales Price of Products at Plant Gate;

Methanol 194 Rp/kg (35 ¥/kg, 175 $/1)
Urea 166 Rp/kg (30 ¥/kg, 150 $/1)

{Note); Sales price of methanol is same as that in Case 1. Sales price of urea at
. plant gate was assumed referring to the preliminary evaluation study on
urea production cost executed in FY1986 in which international FOB price
and transportation cost of urea from plant to Palembang were estimated
to be 170-180 $/t and 25 $/t respectively.

(2) Capital Investment Costs

1) Fixed-capital Investment;

| 106 Rupiah (108 Yen)

Coal Gasification_ 301,900 (54,500)
Coal 'l‘ransportatfon 45,400 (8,200)
Methanol Synthesis 162,900 {29,400)
Ammonia/Urea Synthesis 154,000 (27,800)
Air Separation 89,200 (16,100)
Power Generation 139,600 (25,200)
Support Facilities 164,600 (29,700)
Equipment Transportation 63,700 {11,500)
Contingency 56,600 {10,200)

Total 1,177,800 (212,600)

(Note); Construction cost of each plant was reviewed based on the
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3

2)

3)
4)

5)

information in FY 1987. As the result, total fixed-capita
investment cost was almost same as that of estimation in
FY1986.,

106 Rp/y (108 ¥/y).
Working Capital; 57,839 . (10,440)

(Note)}; Working capital is added as eash-flow at the end of the projeet.

Start-up Expense; ' 7,490 {1,352)
Operator Training Cost; 3,202 (578)
Investment Schedule; Same as with Case 1

Annual Expense

1)

2)

Fixed Costs

i) Depreciation and Amortization

Period Ambunt
Years 105 Rp/y (108 ¥/y)
- Boiler, Power - 15 16,952 {3,060)
- Plant, Cooling
Tower, Buiidings
- QOthers 10 110,614 {19,968)
ii} Masaintenance 27,770 {5,012)
iii) Insurance 11,108 {2,005)

(Note); See the relevant note in 3-1-4 (3).

108 Rrp/y (108 ¥/y)

Variable Costs
i) Raw Materialsl)

- Cosal 72,825 (13,145)

- CaCOj | 715 o (129)
ii} Superviser and Operating Labor

~ Foreign Staff2) _

- Local Labor . 3,346 {604)
iii) Catalysts and Chemicals 3,328 (600)

(Note); 1) See the relevant note in 3-1-4 (3).
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2} Foréign staff decrease in number as the project proceeds.

Table 3  Costs for Foreign Staff

Op. Year 1st ond  3»d  4th-  5th  6th-30th
Year 1994 1995 1996 1997 1998 1999-2023
% on 1st year 100 70 50 30 10 ]
Cost, 106 Rp/y 9,651 6,756 4,825 2,895 965 0
(Cost, 108 ¥/y) (1,742)  (1,218) (871) (523) (174) (0)

o 108 Rp/y (108 ¥/y)

3) Plant Overhead Costs 12,997 (2,348)

4) Administration Expenses 6,499 (1,173)

3-2-5 Evaluation Criteria

Same as with Case 1
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Results and Evaluation
Results

Results are summerized in Table 4.
Profit and loss statement and cash flow statement are shown in Table 5 to Table 8.

Table 4 Resuits of Financial Analysis

Case 1 : Case 2

Case (Methanol (Methanol/Urea
Production) Co-production)
IRR on Total Investment 13.0% ' 12,2%

First Year to Have Profit
before Tax (Year from 3rd 3rd
Operation Starts)

Cleap off of Aceumulated
Loss {Year from QOperation 6th “Tth
Starts)

Pay off of Ali the Debts

{Year from Loan Raised) 12th 12th
Minimum Sales Price Methanol Methano! 194 Rp/kg
(IRR=Interest Rate (8%)) 148 Rp/kg (35 ¥/kg)
(26.7 ¥/kg) | Urea 37 Rp/kg
(175 $/1) (6.7 ¥/kg)
{33.4 $/1)

{Note); Minimum sales price of urea are caleulated under fixed price

of methanol.
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Table 8 Cash Flow Statement of Case 1

(Unit: 109 Ruplah)

(IRR: 13.0%)

op L Profit |Depreciation/ | Interest | - : . DCF
Year Year Investment Before Tax | Amortization | Paid Cash E;ow {Base; 1985)
1990 -298.2 - - - | -298.9 ~161.6
1991 -298,2 - - - -298.2. -143.0
1992 ~198.8 - - - ~-198.8 -84.4
1993 -258.5 - = - -2568.5 -97.0
1994 1 - -70.6 108.0 70.4 107.8 35.8
1995 | 2 - -27.8 108.0 65.7 145.9 1 42.9
1996 | .3 - 17.8 108.0 57.5 183.2 47.6
1997 4 - 29.9 108.0 46.9 184.8 42.56
1998 5 - 43.0 '108.0 .35.4 186.4 37.9
1999 8 - 55.5 108.0 23.7 187.2 33.7
2000 7 - 56.7 108.0 13.5 187.2 29.8
2001 8 - 74.7 108.0 4.5 187.2 26.4
2002 9 - 79.2 108.0 0 187.2° 23.3
2003 | 10 - 79.2 108.0 0 187.2 - 20.7
2004 | 11 - 173.5 13.7 0 187.2 18.3
2005| 12 - 173.5 13.7 0 187.2 16.2
2006 13 - 173.5 13.7 0 187.2- | 14.3
2007 | 14 - 173.5 13.7 0 187.2 12.7
2008 15 - 173.5 13.7 0 187.2 11.2
2009 16 - 187.2 0 0 187.2 9.9 -
20101 17 - 187.2 0 0 187.2 8.8 -
2011| 18 - 187.2 0 0 187.2 7.8
2012 19 - 187.2 0 0 187.2 6.9
2013 20 - 187.2 0 0 | . 187.2 6.1
2014| 21 - 187.2 0 0 187.2 5.3
20151 22 ~ 187.2 0 0 187.2 4.8
2016 | 23 - 187.2 0 0 187.2 4.2
2017 | 24 - 187.2 -0 0 187.2 3.7
2018 [ 25 - 187.2 0 0 187.2 3.3
2019 | 26 - 187.2 0 0 187.2 2.9
2020 | 27 - 187.2 0 0 187.2 2.8
2021 | 28 - 187.% 0 0 187,2 2.3
2022 7 29 - 187.2 0 0 187.2 2.0
2023 | 30 - 187.2 0 0 237.4 2.3

Total| -1,053.7 4,022.1 1,148.5 . | 317.6 | 4,484.8 0.0
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Table 3 Cash Flow Statement of Case 2

_ (Unit: 109 Rupiah)

(IRR: 12.2%) _

1 OP | nvacts ‘Profit  |Depreciation/ |Interest |, - DCF
Year Year Investment Before Tax | Amortization Paid Cash Fl_ow (Base; 1985)
1990 -353.4 - - -~ | -353.4 | @ -198.4
1991 -353.4 - - = | -=353.4- -176.7
1992 -235.5 - - - ~-235.5" ~105.0
1993 -304.1 - - -1 =304.1 ~120.7
1994 | -1 - ~94.9 127.6 83.8 116.4 41.2
1995 2 - -47.3 127.6 79.3 .- 158.6. - 50.3
1996 3 - 3.4 127.6 70.8 201.7 36.6
1997 4 - - 16.3 127.6 -59.8 ‘203,? 51.0
1998 5 - 30.3 127.6 47.8 206,86 45.8
1999 6 - 44,4 127.6 - 34.6° 206.6 | 41.0
2000 7 - 58.5 127.6 20.5 206.6 | 36.5 -
2001 8 - 72.4 127.6 6.6 206.6 - 32.6
2002 9 - 79.0 127.6 g 206.8 29.0
2003 10 - 79.0 127.6 1] 206.6 25.8
2004 11 - 183.6 16.9 0 206.6 23.0
20051 12 - 189.6 16,9 0 206.6 20.5 .
2006 13 - 189.6 16.9 0 . -206,6 18.3
2007 14 - 189.6 16.9 g 206.6 16.3
2008 15 - 189.6 16.9 | 206.6 14.5
2009 16 - 206.6 0 0 206.6 12.9
2010 17 - 206.6 0 -0 206.6 - 11,5
2011 18 - 206.6 0 0 "206.6 - 10.3
2012 19 - 208.6 ] 0 206.6 9.1
2013 20 - 206.6 ] 0 206.6 8.1
2014 21 - 206.6 0 0 206.8 7.3
2015 | 22 - - 206.6 Q U 206.68 6.5
2016 23 - 206.6 0 0 206.6 5.8
2017 24 - 206.6 0 [ 206.6 5.1
2018 25 - 206.6 0 0 206.6 4.6
2019 26 - 206.6 0 0 206.6 4,1
2020 27 - 206.6 0 0 206.6 3.6
2021 28 - 206.6 0 0 206.,6 3.2
2022 29 - 206.6 N -0 206.6 2.9
2023 30 - 206.6 0 0 '264.4 3.3

Total| -1,246.4 4,287.1 1,360.4 403.1 4,862.7 0.0
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4-2 Evaluation

(1)

(2)

(4)

Profit and Loss

- From the viewpoint of profitabiiity, both projeets of Case 1 and Case 2 are

financially viable. After the projects record defieit for the first two years, they
record surplus from the third year onward.
The cumulative defieit of Case 1 is cleared off in the 6th year but that of Case 2

is in the 7th year.

Internal Rate of Return before Tax

As far as IRR is concerned, the resulting 13.0% of IRR on Case 1 and 12.2% on
Case 2 cannot be considered as a high rate in general standard due to large
investment costs. However, if low cost funds such as the interest rate of 8%

assumed in this study is arranged, both cases are considered to be viable.

Debt Repayment

Debt repayment is accomplished in eight years from start of plant operation in
both cases. This pericd is not so long term in consideration of thirty years of

project life.

Evaluation

Profitability of Case 1 is superior to that of Case 2 from the viewpoint of IRR.
Provided that the crude oil price rises higher than 30$/bbl which corresponds to
35¥/kg of methanol price at plant gate, the viability of the project Case 1 would

be enhanced because the nonecommerical Banko coal is not affected by oil.
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2. Compariéon of Electricity Generation Cost






1.

2-1
2-1-1

)

(2)

(3)
(4)
(5)

Objective of the Study

This study has been carried out for the purpose of preliminary evaluation of
economic feasibility on the case of electricity generation from Banko coal by using

the fluidized-bed boiler (FBB) in order to compare with the economic evaluation of

coal gasification combined-cycle (CGCC) power generation.

As a matter of convenience for cost comparison between this plant and CGCC
power plant, the same gross generating capacity (900 MW), and assumptions of
economic factors such as electricity generation schedule, finance, sales price and

raw material cost were selected in this study.

Note): These results are absiructed and compiled from the Interim Report III (FY
1986) and the Interim Report, Stage Il {March, 1988) on the Feasibility Study
on Effective Utilization of Banko Coal in the Republic of Indonesia. For
details, refer to these reports.

Outline of Power Plants

Coal Gasification Combined-eycie Plant (CGCC)

Design Basis
Type of Power Plant : Combined Cycle Generation

Generatiné; Power

Gross Generating Power : 900 Mw
Availabie Generating Power : 855 MW
Net Generating Power 1 835 MW

(Power to Gasification Plant @ 20 MW)

Annual Operation Days : 320 dfy
Plant Logcation :  Tanjung Priok
Eleetricity Transmission : Switchyard of Power Plant

Note*): Eleectricity will be sold to PLN.
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(6)

@
(®)

2-1-2

Feed Coal Specifieaﬂon !

C, % : 27.4
V.M., % s 32.8
Ash, % ' : 4.8
.Mo., % : 35.0
Total, % H 100.0
HV, Keal/kg @ 4,430

Bunker Hopper at Mine Site

-

Coal Receiving
Utilities : All the utilities except raw water and coal are generated
inside the plant

Conditions:

HP St'm 480°C, 65 kg/em2G
MP St'm  : 2500C, 40 kg/en2G
LP St'm 1559C, 3.5 kg/em2G
BFW () 1109C, 5 kg/em2a
BFW (1) : 1109C, 55 kg/em?G
C. Water

300C (Supply)/37°C (Return)

Plant Configuration

Fig. 1 shows the scope of coal gas'ification and electr.icity.generatioﬁ éomplex
devided into seven blocks each of which has its individual funetion, The
component facilities in each block are listed in Table 1. '
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1)

2)

3)

4)

Table 1 Plant Configuration

Belt Conveyor System

Primary Crusher/Feeder
Overland Coal Conveyor

Coal Gasification

Coal Storage and Handling
Coal Pretreatment

Coal Gasifieation

Gas Cooling/Dedusting
Caleination |

Air Separation Plant

Air Separation
Liguid Oxygen Tank
Liquid Nitrogen Tank

Power Plant & Utility System

Gas Turbine/Generator

Steam Turbine/Generator

Heat Recovery Steam Generator (HRSG)
HP & LP Steam Circuit

Power Distribution

Water Cooling

Raw Water Intake/Pretreatment
Instrument/Plant Air Supply

Pollution Control/Safety System

Waste Water Treatment
Solid Waste Disposal
Flare/Blowdown

Fire Fighting
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6)

Service Facilities

Administration Office
Laboratory

“Warehouse

Accommodation
Canteen
Cafeteria =

* Leisure Center -

Mosgue
Communication System
Maintehance Shop -
Potable Water Supply
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2-1-3
)

(2)

(3)

Electrieity Generation

Process Flow Diagram

See Fig. 2.

Process Description

n

2)

3)

The plant comprises three combined cycle blocks. Each consists'.of two 100
MW eclass gas turbines, two heat recovery steam generators (HRSG) and a

steam turbine,

The gas turbine/generator packages convert about 31% of the fuel energy
into eleetric power and release almost all the remainder as waste heat in the
exhaust gas at about 530°C. This wasted energy is recovered for use as heat.
The heat recovery steam generator (HRSG) positioned on the exhaust paths
reduce the exhaust temperature to about 130°C and recover the gas turbine
losses by converting them into steam., The stream is used to drive steam
turbines to generate additional power and process steam. Thus the gross
efficiency of power plant becomes about 45%.

The HRSG is of dual pressure system and produces two different pressure

steams.

HP steam: 65 kg/em2G x 480°C
LP steam: 3.5 kg/em2G x 155°C

The feedwater is first. heated in feedwater tank and then in the LP
economizer, Lvaporation takes place in forced circulation LP evaporator and
transferred to the process. HP part of the HRSG has the same system as that
of LP part, though superheater is furnished in this case, and is placed in
series In the exhaust gas stream. A part of HP steam is transferred to the
process and the remainder is used to drive steam turbine. MP steam (40
keg/em2G x 2500C) Is input to the intermediate stage of the steam turbine.

Major Equipment

Specifications and the number of units of major equipment are listed in Table 2.
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Table 2 Major Equipment (CGCC)
Description Q'ty Specifieation

Gas turbine/generator package 8 00 MW

Heat recovery steam genérator 8 HP: 65 kg/em2@ x
480°C x 188 t/h

LP: 3.5 kg/em2G x

156°C x 46 t/h

Steam turbine/generator unit .3 100 MW

Steam condenser 3 390 t/h x 722 mmHgy

YVacuum pump 3 722 mmHgV

Condensate pump 9 215 m3/h x 100m

(3 standby)
Feedwater tank 3 10 m?
HP feedwater pump 9 200 m3/h x 750 m

LP feedwater pump

Cooling tower -
Fuel gas compressor unit
Demineralized water plant

Raw water puinp

Feed water pump for gasification

(3 standby)

9
(3 standby)

1
6
1
3
(1 standby)

2
{1 standby)

250 m3/h x 75m

100,000 t/h

115,000 Nm3/h x 17 kg/em?
100 t/h

1,630 t/h x 30m

640 t/h x 550 m




See Table 3 and Fig. 3.
Téble 3  Utility Requirement
Cosl 495 t/h (external supply)
Raw Water 2,960 t/h (ditto)
Eleectricity 835,000 kW (outside supply)
ditto 20,000 kW (internal supply)
Cooling Water 119,100 t/h (ditto)
BFW 1,703 t/h (ditto)
HP Steam 189 t/h (ditto)
LP Steam 273 t/h (ditto)
[~ — = —- 835,00 kW
: IPS HERDER
I I
{
i
i
: COAL 395 ¥/h BELT P
I & CONVEYOR s
@ e F
| N
L POWER . PMBNO0EW 4 G ASIFICATION
- PLANT
[ ) £
COOUMNG |- £ &
TOWER 119,100 t/h g : :
g s . MPS IEADER . ”§
A LATLR N vy &
WATER >|TrREATER ] LPS HEADER
I — ll
BFW 1,703 t/h y
TREATER Candensate
S—

2-1-4  Utility Requirement

Fig. 3 Utility Flow Diagram (CGCC)



2-2 Fluidized-bed Boiler Plant (¥FBB)

2-2-1
(1)
(@)

()
(4)
(5)

(6)
(7
8)

2-2-2

Design Basis

-

Type of Power Plant Thermal Power Plant with Fluidized-bed Boiler

Generating Power
Gross Glenerating Power : 900 MW
Net Generating Power' 't 818 MW
(For Home Consumption : 82 MW)

Annual Operation Days : 320 dfy
Plant Loeation ¢ Tanjung Priok
Flectricity Transmission '= Switchyard of Power Plant’

(Note): Electricity will be sold to PLN.

Feed Coal Specification "¢+ Same {o the coal for CGCC Plant
Coal Receiving ¢ Bunker Hopper at Mine Site
Utilities

All the utilities except raw water and coal are generated insdie the plant.
Drying of coal is earried out by utilizing the heat of boiler flue gas.
Cooling water for main condenser is supplied at 30°C and returned at 37°C.

Plant Configuration

Fig 4 shows the scope of power plant devided into five blockes each of which has
its individual function.
The ecomponent facilities in each block are listed in Table 4.
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Table 4 Plant Conflgurstion

1)  Belt Conveyor System
Primary Crusher/Feeder
Qverland Coal Conveyor

2) Coal and Limestone Handling
Coal Storage and Handling
Coal '_Pretreatment
Limestone Storage and Handling

~3)  Power Plant & Utiiitj System

Gas Turbine/Generator

Steam Turbine/Generator

Coal Fired Fluidized Bed Boiler
Power Distribution -

Water Cooling

Raw Water Intake/Pretreatment
Instrument/Plant Air Supply

4)  Pollution Control/Safety System
Waste Water Treatment
Solid Waste Disposel
Flare/Blowdown
Fire Fighting

5}  Service Facilities
Administration Office
Laboratory
Warehouse
Accommodation
Canteen
Cafeteria
Leisure Center
Mosque
Communication System
Maintenance Shop
Potable Water Supply



2-2-3  Rlectricity Generation
(1) Process Flow Diagram

See Fig, 6.

(2) Process Description (Fig. 5 & Fig. 6)

1) The plant comprises of three' frains. Each train consists of 300 MW single
- peheat steam turbine generator set and 3 unlts of fluidized bed boiler.

2) The fluldized bed boiler is especially suitable for burning the difficult-burn
coal such as lignite with high water content and anthracite.

3) The feedwater is heated by 3 units of LP feedwater heaters, deaerator, and 4
units of HP feedwater heaters. The steam for heating of each feedwater is

extracted from the respective steam turbine bleeding point.

{3) Major Equipment

- Specifications and the number of units of major equipment are listed in Table 5.

2-5 Utility Requirement

See Table 6 and Fig. 7.

Table 6 Utility Requirement

Coal 478 t/h (external supply)
Raw Water 1,680 t/h (ditto)
Electricity 818,000 kW (outside supply)
ditto 82,000 kW (internal supply)
Cooling Water 155,000 t/h (ditto)

CaCo3 15 t/h
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Table 5  Major Equipment (FBB)
Deseription Qlty Capacity '
1. Coal Handling Segt.ion
1,1 Primary Crusher 3 200 t/h
1.2 Dewatering Drum 3 160 t/h
2, Thermal Power Plant Section

Fluidized bed boiler 9 310 t/h

" Steam turbine/generator unit 3 300 MW
Steam condesner 3 603 t/h x 700 mmHgV
Vacuum pump 3 708 mmHgV _
Condensate pump 9 360 m3/h x 200 m

{3 _standby) :
Feedwater tank 3 10 m3
HP feedwater heaters 12 928 t/h
Deaerators 3 928 t/h
LP feedwater heaters 9 702 t/h
Boiler feed pumps 9 510 t/h x 198 at
{3 standby)

Cooling tower 1 155,000 t/h
Demineralized water plant 3 35 t/h
Raw water pump 2 1,900 t/h x 30m

{1 standby)
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3. Financial Analysis

Financial viability and profitability of the Project was evaluated by means of
financial statements* and internal rate of return (hereafter referred to as iRR) on
total project investment. -
* Projected Profit and Loss Statement
Projected Cash Flow Statement
Projected Balance Sheet

3-1 Assumptions

(1) Flectricity Generation Schedule
1} Net Generating Power : 835 MW (CGCC(C), 818 MW (FEB)

2) Average Load Factor s B6%

e

3) Plant Construetion Period 1990 - 1993 (4 years)
where 30% Completion at the end of 1990
609% Completion at the end of 1991
80% Completion at the end of 1992
100% Completion at the end of 1993

4) Project Life t 1994 - 2023 (30 years)
where 70% of full operation in 1994
85% of full operation in 1995
100% of full operation in 1996 and after

5} Annual Operation Days : 320 days

(2} Finance
1) Debt/Equity Ratio : 75/25
2) Currency

For Annual Revenue/Expenditure Rupiah
For Capital Investment i Yen

Exchange Rate 0.18 Yen/Rupiah

-



(3)

€Y

3)

4)

Accordingly, debt is repayed by exchanging Rupiah for yen at the above
exchange rate.

Debt Repayment Schedule

Terms of 12 years after cotamitment, including 4 years of grace period with 8
years equal payments of prineipal.

Interest

i) Long—term_ Loan 8% per annum
-Assumed supplyer's credit (7.2% b.a.} plus bank loan and project risk
premium,

ii) Short-term Loan ; 8% per annum
A short term loan would be raised commensurate with annual cash
deficiency and would be repayed after development loan.

iii} Interest during Consiruction Period
In accordance with a general rule in similar projects, interest paid or
acerued during construction period is capitalized and amortized over a 10-

year period from 1994,

Escalation

No escalation is assumed.

Ex-Power Plant Price of Electricity

Supply to Jakartas

Case E-5,7 : 43 Rp/kWh (1.76 ¥/kWh)

Case E-6,8 : 53 Rp/kWh (9.57 ¥/kWh)
Supply to Adjacent Area:

Case E-4,% 64 Rp/kWh (11.55 ¥/kWh)

Case E-1,10 : 78 Rp/kWh (14.08 ¥kWh)

Note*) Ex-Power Plani Price was assumed referring to the electric rate in
Indonesia as of April 1984 and estimated sales cost. Estimation of price

in each case is shown in Table 7.



‘Table 7 Sales Price and Cost Estimation of Eleetricity

(Unit: Rp/kWh)

Case Case E-5,7 | Case E-6,8 | Case E-4,9 Case E-1,10
Average Sales Price of 08
PLN .
Administration and '
Distribution Cost of 30% 20% 20% . 20%
PLN :
Transmission Loss 15% 15% 15% - 9%
45% 35% 35% 20%
Sub-total @ 4 34 34 20
Transmission Cost 11 11 _ -
to Java
Total D+@=@ 55 45 34 20
Ex-Power Plant Price _ 43 53 64 78
3-2  Capital Investiment Costs
3-2-1 CGCC Plant Case
{1) Fixed-capiial Investment:
108 Rupish (106 Yen)
Coal Gasification 461,500 : (83,300}
Coal Transportation 41,000 (7,400)
Power Plant/Support 304,200 (54,900)
Facilities N :
Equipment Transportation 89,200 (16,100)
Contingency 44,300 (8,000)
Total 940,200 (169,7090)
(2) Working capital 39,100 (7,058)
Note): Working capital is added as cash-inflow at the end of the project.
(3) Start-up Expense: ‘ 4,300 (777)
(4) Operator Training Cost: 2,400 {430)

Note): Table 8 shows the investment schedule.



Table 8 Investment Schedule

_ 1990 1991 1992 1993

Fixed Capital 30% 30% 20% 20%

Working Capital - - - 100%

Start-up Expense - - - 160%

Operator Training - - - 100%

3-2-2 FBB Plant Case
(1) Fixed-capital Invesiment:
_ ' 108 Rupiah (108 Yen)

Coal Transportation 39,900 (7,200)
‘Power Plant/Support Facilities 736,800 (133,000)
Equipment Transportation 74,200 (13,400)
Contingency 42,700 ' (7,700)
Total 893,600 (161,300)
{2) Working capital: 33,820 (6,105)

Note): Working capital is added as cash-inflow at the end of the project.
(3) Start-up Expense: ' 4,160 (750)
{4) Operator Training Cost: 2,070 (374)

Note)i lnv'estthent schedulé i_s same as thé CGCC Plant Case.



3-3 Annual Expense
3~3-1 CGCC Plant Case
(1) Fixed Costs

1) Depreciation and Amortizationl)*

Period o Amountl _.
Year 108 Rupia/Year (100 Yen/Year)
+ Boiler, Power Plant, 15 © 18,986 (3,427)
Cooling Tower, Buildings
+ Others 10 79,900 (14,422)
2) Maintenance 21,163 (3,820)
3) Insurance 8,465 - (1,528)
{2} Variable Costs
1) Raw Material (Coal)2)* 41,285 (7,452)
2} Superviser & Operating Labor '
+ Foreign Staff3)* o
- Local Labor 2,476 (447)
3) Chemicals ' 404 (73)
(3) Plant Overhead Costs 9,934 (1,793)
(4) .Adminis'tration Expenses 4,970 (897)

Note): 1) Capital investment for the plant construction including expenses and
interests during construetion period is depreciated and a amortized
based on straight line method. ' - - _

2} In the strategic study in FY1984, mining cost was estimated at
$13.88/ton-coal. In this study $14.85/ton-coal is assumed as raw
material costs by adding 7% to the mining cost as overhead.

3} Foreign staff decrease in number as the project proceeds. (See Table
9)



3-3-2
Y

(2)

(3)
(4)

Table 9 Costs for Foreign Staff

Op. Year ist 2nd 3rd 4th 5th 6th-30th
Year 1994 1995 1996 1997 1998 1999-2023
% on st year 100 70 50 30 10 0
Cost, 108
rupiah/year 7,457 5,220 3,729 2,237 746 )
(Cost, 106 | . .
yen/year) (1,346) (942) (673) (404) {135) (0)

FBB Piant Case
Fixed Costs
1) Depreciation and Amortizationl?*
Period Amount
| Year 100 Rupia/Year (106 Yen/Year)
+ Boiler, Power Plant, 15 49,269 (8,893)
Cooling Tower, Buildings
¢ Others 10 29,086 (5,250)
2) Maintenance 20,388 {3,680)
3) Insurance 8,155 (1,472)
Variable Costs
1) Raw Material (Coal)2}* 39,867 (7,196)
2) Superviser & Operating Labor
« Foreign Staff3y*
* Local Labor 2,166 {391)
3) Chemicals 1,224 {221)
Plant Overhead Costs 8,748 {1,579)
4,377 (790)

Administration Expenses

Note): 1-3: Same as the CGCC Plant Case.



3~4 Evaluation Criteria

1

2)

Financial Statement

a) Profit and Loss Statement

b} Cash Flow Statement

¢} Balance Sheet

IRR on Totsl Project Cost before Tax

(For details, see the Interim Report I} (FY 1985), page 218 - 219.)

3-b Results and Evaluation

3-5-1

Results

Table 10 Results of Finaneial Analysis (CGCC Plant)

Results of the financial analysis for CGCC Plant Case and FBB Plant Case are
summarized in Tables 10 and 11 respeetively. Profit and loss statements and cash
flow statements for Case E-4 and E-9 are shown in Table 12 through 15.

Suppiy to Jakarta Supp 13". ;ﬁ- id]aeent
Case it
E-5 E-6 BE-4 E-1
Ex-plant Price of 43 Rp/ 53 Rp/ 64 Rp/ 78 Rp/
Electrieity kWh kWh kWh kWh
{7.76 ¥ (9.57 ¥ | (11.55 ¥ | (14.08 ¥
[kWh) /kWh) /kWh) /kWh)
IRR on Tetal Investment 6.9 % 10,3 % 13.5 % 17.0 %
First Year to Have Profitl
before Tax (Year from 11th Tth C3rd 2nd
QOperation Starts)
Clear off of Accumulated :
Loss (Year from Operation 28th 13th 5th 2nd
Starts) : -
Pay off of All the Debts :
{Year from Loan Raised) 28th 15th 12th 12th
Minimum Sales Price 46 Rp/kWh

(IRR = Interest Rate)

(8.31 ¥/kWh)




Table 11 Results of Finaneial Analysis (FBB Plant}

Case

Supply to Jakarta

Supply to Adjacent Area

" Raised)

Minimum Sales Price
(IRR = Interest Rate)

23th

BT ~ E-8 E-9 E-10

Ex-plant Pfiee of 43 Rp/kWh 53 Rp/kWh 84 Rp/kWh 78 Rp/kWh
Electricity (7.76 ¥/kWh) | (9.57 ¥/kWh) | {11.55 ¥/kWh)} | (14.08 ¥/kWh)
IRR on total Investment 7.4 % 10.8 % - 14.0 % 17.5 %
First Year to Have
Profit before Tax 11th 4th 2nd 1st
(Year from Operation
Starts)
Clean off of Aeccumu-
lated Loss (Year from 24th 9%th 3rd 1st

~ Operation Starts)
Pay off of All the
Debts (Year from L.oan 14th 12th 12th

44.7 Rp/kWh
(8.08 ¥/kWh)

3

-5-2  Evaluation

‘As for economic comparison for power gencration, generating system by

fluidized-bed coal-fired steam cycle is slightly superior to that by CGCC though

the difference in IRR between two systems is narrow.
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Table 13 Cash Flow Statement of Case E-4
(Unit: 100 Rupiah)
op INVESTHENT Profit Depreciaiton/ Interest CASH FLOY DCF
Year Year Before TAX Amoriization Paid (Base; 1985)

1990 - 282.1 - - - - 282.1 - 150.0
1991 - 282.1 - - - -~ 282.1 - 132.2
1992 - 188.0 - - - - 188.0 - 7.1
1993 - 273.8 - - - - 233.8 - 85.2
1994 1 - - 58.7 98.9 65.8 106. 0 34.0
1995 2 - - 17.2 60.9 142.6 40.4
- 1998 3 - 27.0 52.6 178.5 44.5
1997 ] - 39.1° 42.0 180.0 39.6
1998 5 - 51.3 31.3 181.5 35,2
© 1999 6 - 1.9 21.4 182.7 31.1
2000 7 - 70.7 ! 12.6 27.4
2001 8 - 79.1 4.2 24.2
2002 9 - 83.3 0 21.3
2003 10 - 83.3 98.9 18.8
2004 11 - 163.2 19.0 16.6
2005 12 - 163.2 , 14.§
2006 13 - 3.2 ( 12.9
2007 14 - 163.2 I 1.3
2008 15 - 163.2 19.0 10.0
2009 16 - 182.2 0 8.8
2010 17 - 7.8
2011 18 - 5.8
2012 18 - 5.9
2013 " 20 - 5,3
- 2014 21 - 4.7
2015 72 - 4.1
2016 23 - \ 1.6
2017 24 - ) 3.2
2018 25 - 2.3
2018 26 - 2.5
2020 27 - 2.2
2021 28 - 1.9
2022 29 - 182.2 1.7
2023 30 - 182.2 0 0 221.3 1.8

Total -~ 986.0 3,969.3 1,083.8 29¢.8 4,397.0 1]
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Table 15 Cash Flow Statement of Case E-9

~ (Unit: 109 Rupiah)

op . Profit |Depreciation/ |Interest . DCF

Year Year In_vestmept Before Tax | Amortization | Paid Cash Flow {Base; 1985)
19940 _ ~-268.1 - - - -268.1 ~139.4
1991 -268.1 - - - ~268.1 -122.3
1992 -178.7 - - - ~178.7 -71.5
1993 -218.8 - - - -Z218.8 ~76.8
1594 i - ~33.8 78.4 62.0 106.6 32.8
1995 2 - 7.0 78.4 56.8 142.2 38.4
1996 3 - 50.0 78.4 48.7 177.1 42.0
1997 4 - 60,5 78.4 39.6 178.4 37.1
1998 ] - 70.9 78.4 30.5 179.8 32.8
1999 6 - 81.1 78.4 20.9 ig0.4 28.9
2000 7 - 90.1 78.4 12.0 i180.4 25.3
2001 . 8 - 98.1 78.4 4.0 180.4 22.2
2002 9 - 102.1 78.4 0 180.4 i9.5
2003 10 - 102.1 78.4 0 180.4 17.1
2004 11 - 131.1 . 49,3 0 180.4 15.0
20056 12 - 131.1 49.3 0 180.4 13.2
2006 13 - 131.1 49.3 0 180.4 11.6
_ 2007 14 - 131.1 49.3 0 180.4 10.1
2608 15 - 131.1 49.3 0 180.4 8.9
2009 16 - 180.4 0 0 180.4 7.8
2010 17 - 180.4 0 0 180.4 6.8
2011 18 - 180.4 0 0 180.4 6.0
2012 19 - 180.4 6 0 180.4 5.3
2013 20 - 180.4 0 0 180.4 4.6
2014 21 - 180.4 ] ] 184.4 4.1
2015 22 - 180.4 0 0 180.4 3.6
2016 23 - 180.4 b G 180.4 3.1
2017 24 - 180.4 ¢ it 180.4 2.7
2018 25 - 180.4 0 0 180.4 2.4
2019 26 - 180.4 0 0 180.4 2.1
2020 27 - 180.4 - ] 0 180.4 1.9
2021 28 - 180.4 0 ) 180.4 1.6
2022 29 - 186.4 0 ¢ 180.4 i.4
2023 30 - 180.4 0 0 214.2 1.5
Total -933.7 3,590.1 1,029.9 274.86 4,394,7 ¢
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ATTACHMENT 11-1

1. Figures for Conceptual Design of On-site Facilities

2. Equipment List (Gasification Plant)






Figures for .Con'eeptual' -‘Des'ig'n of On-site Facilities

'F‘ig. 11-1-4 . :Ba._r'lko Coal Gasification Plant, Top View of Gasifier Building

Fig. 11-1-6 _ Banko Coal Gasification Plant, Cross Section Vies of Gasifier

~ Building (Section B-B) |

Fig. 11-1-7 _ Banko Coal Gasification Plant, 'L_ayout of Eleetric Room

Fig. 11-1-8 'Banko'_. Coal Gésificétion' Plant, Single Line Diagram

'Fig; 11—i~9_ ‘Banko" Coal Gasification Plént, Piping and Instrumentation
. Disgram

Fig. 11'—1—-10'. 'Bahko C'o'al Gasification Plant, Process Building (Elevation)

Fig. 11-1-34  Administration Office |

Fig. 11-1-35 Dining Building

Fig. 11-1-35 Dining Building

Fig. 11-1-37 Gate House

Fig. 11-1-38 _-Maint‘_enance Office |

Fig. 11-143_9 ) Warehous & W orksho;i (Mechanical)

‘Fig. 11-1-40 Warehouse & Workshop _{Elec'trical & Instrument)
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9. Equipment List (Gasification Plant)
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