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Fig.2.1-1 Employment Sructure
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Fig.2.1-2 GDP Sructure by Industry
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Fig.2.1-3 Mining and Manufacturing Output
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Table2.2-1 Historical Key Economic Indicators

2007 2008 2009 2010 [Average |
GDP growth rate (%) 10.2% 8.9% -1.3% 6.1% 6.0%
Inflation rate (%) 9.6%| 28.0% 8.0% 10.1% 13.9%)
f;?ggf;gce 260%| -452%| -5.20%| 003%| -18%
Fiscal balance
excluding grants 2.24%| -4.77%| -5.49%| -0.39% -2.1%
(of GDP: %)
Current account
balance of payments 6.80%| -4.50%| 12.16%| 13.80% 7.1%
(of GDP: %)
Current account
balance of payments | 00l 51306 10.86%| 13.04%|  5.8%
excluding grants
(of GDP: %)
Foreign exchange
reseves - 46 2.0 5.6 6.1 46
(months of import
amount)
Debt service ratio (%) 2.1% 2.7% 4.7%) 5% 3.6%

(Source: Mongolian Statistical Yearbook, 2010 and Bank of Mongolia & World Bank database)
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—

71 2,000

1 1,800

4,200,000
3,200,000 -
2,200,000 |-

-

3 1,600
71 1400

1 1,200

1,200,000 ._/J\.’/,.
200,000 1,000
2007 2008 2009 2010
—— GDP in million Tg. 4,956,647 6,555,569 6,590,637 8,255,061
at current prices
—=— GDP in million Tg. 3,639,988 3,963,960 3,913,673 4,153,973
at 2005 constant prices
—a— GDP per capita in US$ 1,436 1,837 1,817 2,251
at current prices
—— GDP per capita in US$ 1,054 1,111 1,079 1,133
at 2005 constant prices

(Source: Mongolian Statistical Yearbook, 2010)
Fig.2.2-1 GDPand GDP per capita
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250 /\ 1 1450
‘—___741_F:3r__74:::::>§§- 4 1400
20% NG 7 1350
15% /.\’L 1,300
. -— _— 4 1250
o — .// S 4 1,200
5% = 7 1,150
0% 1,100
2007 2008 2009 2010
—e—Inflation rate, annual average 9.6% 28% 8% 10.1%
—8— Interest rate 8.11% 11.30% 9.87% 10.32%
(Central bank’s bills
Interbank market)
—&— Lending rate 21.83% 20.58% 21.67% 20.07%
—l— Exchange rate against US$ 1,169.85 1,166.06 143791 1,355.93

(Source: Mongolian Statistical Yearbook, 2010 & Bank of Mongolia)

Fig.2.2-2

Inflation Rate, Interest Rate and Exchange Rate
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4,000

2,000

3000 -

million US$

M

1,000 (/‘\%—.
0 W "
A/”"\A
-1,000
2007 2008 2009 2010
—&— Export (general merchandise) 1,715.80 1,908.70 157240 2,720.20
—#— Import (general merchandise) 2,003.10 3,121.90 2,044.20 3,148.40
—4— Trade account balance 57 -738 -332 -557
Current account balance 171.8 -690.1 -3418 -9315
—%— Capital and financial account balance 3287 1,232.1 7688 2,1488
—— Overall balance 288 —-2326 5555 9064
(Source: Mongolian Statistical Yearbook, 2010)
Fig.2.2-3 Balance of International Payments
Table2.2-2 Foreign Exchange Reserves
2007 2008 2009 2010
Forex reserves: US$ million 972.4 637.2 1,145.3 2,091.2

(Source: Mongolian Statistical Yearbook, 2010)
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Fig.3.1-1 Power Sector of Mongolia
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(Source: Report on Mongolian Power Sector by Japan Electric Power Information Center Inc., 2010 Jan.)
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(Source: Presentation Material of EA General Director in May 2010)
Fig.3.2-1 Generation Mix of Mongolia
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Table3.2-1 Coal-fired Thermal Power Plantsin Mongolia

System Power & Installed | Available | Sart Year Expected
Heating Plant | Capacity | Capacity of Years of
(MW) OMWO | Operation | Retirement
CES Ulaanbaatar 21.5 18 1961 - 2014
TPP2 1969
Ulaanbaatar 136.0 105 1968 — 2015 -2030
TPP3 1982
Ulaanbaatar 580.0 580 1983 - After 2030
TPP4 1991
Darkhan CHP 48.0 39 1966; After 2030
1986
Erdenet CHP 28.8 21 1987 After 2030
1989
Subtotal CES 814.3 763
EES Choibalsan 36.0 - 1969; -
CHP 1979
Dalanzadgad 6.0 - 2001 -
Plant
Total 856.3 —

(Source: ADB TA NO.7502-MON 2011)
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5,000

4000 |

3,000 M B ]

2000 |

1000 |
il 0
million kWh 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
B Generation | 2844 | 2898 | 3004 | 3028 | 3195 | 3320 | 3433 | 3594 | 3874 | 3874 | 4127
B Supply 2208 | 2274 | 2375 | 2429 | 2585 | 2718 | 2832 | 3002 | 3250 | 3260 | 3483
O Station Use | 616 | 624 | 629 | 599 | 610 | 602 | 601 | 592 | 624 | 615 | 645

(Source: ERA Statistics 2010)
Fig.3.2-2 History of Generation, Supply and Station Use of CES
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30

25 ———W —

e
W

1‘2 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
——TPP2 19.56 | 18.68 | 18.34 | 18.22 | 17.76 | 1701 | 1715 | 164 | 16.21 | 16.35 | 16.07
—=— TPP3 2783 | 256 | 254 246 | 2557 | 23.74 | 22.75 | 21.03 | 20.68 | 20.54 | 20.76
——TPP4 20.11 | 20.71 | 19.89 | 18.27 | 17.17 | 164 | 1578 | 148 | 1444 | 1409 | 13.84

Darhan TPP | 19.06 | 17.67 | 17.75 | 18.78 | 18.79 | 18.39 | 1865 | 185 | 18.89 | 1947 | 19.18
—x— Erdenet TPP | 25.38 | 25.62 | 25.84 | 2586 | 23.82 | 2298 | 2293 | 228 | 21.37 | 2159 | 21.57
—o— CES Total 22 22 21 19.78 | 19.08 | 18.13 | 175 | 16.47 | 16.11 | 15.87 | 15.62

(Source: ERA Statistics 2010)
Fig.3.2-3 History of Station Use of 5 TPPsof CES

gbobo200000000000000o0oooooooooooooooooooogonDg
gooo




EVIVE D3VIN—FIVE 4 NDHERBIE S IG DEREE
P4 FI - UIR—k

Oo0oDOoOoboOo00DbOo0obb Fg32400000000DO0O0ODO0OODO2010000ODO
goboboond ek 00D ooobbooboooboooboooboooboooboo
U4b000b0bo0boooboooobooabboobuoobbooboobbooboooboo
040000000000000D0ODO0O0O0O0 4000000KRg32500000000000
goboobudgbbooobooboooboobooboooboobbooobuooboboan
gooog

MW %
1000 70
71 60
800
7 50
600 - 1 40
400 -—__k’k__././—/. 1 %
1 20
200
71 10
0 0
2000 | 2001 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
—o—Installed Capacity | 7743 | 7743 | 7743 | 7743 | 7743 | 7743 | 7743 | 7743 | 7943 | 8143 | 8143
—®— Utilized Capacity 325 330.7 | 3425 | 3465 | 363.7 379 391.9 | 4103 | 4422 | 4423 | 4711
—&—% of Utilization 422 429 444 449 46.9 489 50.6 53 55.7 54.3 57.9

(Source: ERA Statistics 2010)
Fig.3.2-4 Utilization of Installed Capacity of CES
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40 [—&
30

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
—e—TPP2 50 46 56 57 56 57 60 62 63 69 72
—=— TPP3 44 45 | 46 46 47 47 49 49 56 55 56
—a— TPP4 40 41 42 43 45 48 | 50 53 57 57 60
Darhan TPP | 48 48 | 53 55 57 57 60 62 60 59 61
—%—Erdenet TPP | 44 46 51 52 54 54 | 56 57 58 58 58

(Source: ERA Statistics 2010)
Fig.3.2-5 Utilization of Installed Capacity of Thermal Power Plants
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30
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i /"‘\e - * * . . * 23
0 *
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
——NETGCO | 0 353 | 425 | 365 | 357 | 347 | 344 | 334 | 33 | 331 | 318
—=—UB Disco| 336 | 347 | 333 | 329 | 3067 | 2869 | 2539 | 2307 | 2167 | 221 | 214

(Source: ERA Statistics 2010)
Fig.3.2-6 Transmission and Distribution L oss
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(Source: NDC Statistics)
Fig.3.2-7 Import from Russia
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Table3.2-2 Import Power Max

MW
Years 2008 2009 2010 2011
TPP4 planned maintenance 202 175 175 175
Normal regime 104 112 147 120

(Source: NDC Statistics)
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thousand Geal
7000 -
6,000
5000 -
4000 [
3000 [
2000 [
1,000 ~

0 |
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

O Water 4,623.1 | 46630 | 47875 | 4548.3 | 4839.2 | 5046.1 | 4986.5 | 51214 | 5359.1 | 5537.0 | 5620.7
B Steam 2612 | 2649 3122 | 4444 | 3369 3477 | 3582 4114 | 4220 | 4207 397.5
O Heat Total | 4884.3 | 4927.9 | 5099.7 | 49927 | 5176.1 | 5393.8 | 5344.7 | 5532.8 | 5,781.1 | 5957.7 | 6,018.2

(Source: ERA Statistics 2010)
Fig.3.2-8 History of Heat Supply of Central Region
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O Capacity Geal/hour 55 485 1045
B Usage Gceal/hour 50 485 960

(Source: UB Disgtrict Heating Co. 2011)
Fig.3.2-9 Heat Supply by 3 TPPsin Ulaanbaatar
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million Tg.

15,000

10,000 |

O!%W
N

5,000 \//

-10,000
-15,000 |

-20,000 |

-25,000
2002 2003 2004 2005 2006 2007 2008 2009 2010

—— TPP2 106 32 -651 -139 =17 2 90 -545 0
—=— TPP3 67 458 5,422 4,597 1,676 -1,430 | -8,030 | -17,369 1,754
—&— TPP4 -145 1,057 -3,085 175 256 -234 -10,357 | -22,024 | 13,594
UB Disco | —203 -344 22 87 16 167 156 -1,856 3,659
—*—NETGCO 360 381 400 99 103 89 -2,610 | -7,093 | -2,508
—e— UB Heat -56 -791 2,516 771 975 112 -1,007 -2,308 3,716

(Source: ERA Statistics 2010)
Fig.3.2-10 Profit and Loss of Main Energy Companies of CES
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Revenue: million Tg. Profit./loss
140,000 7 15%

A < 10%

120,000 M
100,000 g o 5%
n / 4 0%
80,000
¢>< 4 5%
60,000
\ 4 —10%

40,000 1 159
20000 | 1 -20%

0 —-25%
2007 2008 2009 2010 2011
—&— Revenue 67414 84,400 96,102 115,892 124,168
—8— % of profit/loss -0.35% -12.28% —22.92% 11.73% 0.31%

(Source: JCA Survey Team)
Fig.3.2-11 Profit and Loss of TPP4
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15,000
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Receivable|Payables |ReceivablgPayables |ReceivablePayables |ReceivablgPayables |Receivable/Payables |ReceivablgPayables
million Te. TPP2 TPP3 TPP4 UB Disco NETGCO UB Heat
2002| 123419 23544 11,1592 | 7,191.2 24,8328 | 26,7829 8,189.5 16,954.1 100.0 927.3 19725 48328
2003| 12464 2,666.4 10,1435 | 35470 24,7462 | 240778 8,720.7 18,433.3 8.7 769.7 34228 6,427.4
2004| 1,1616 3,177.6 102017 | 27345 23,6018 | 28,196.6 9,6685 | 21,3993 58 943.6 2,277.3 6,361.1
2005| 1,1265 3,466.6 10,0145 | 39108 19,6526 | 22,180.1 | 10,8569 | 21,9518 194 628.2 1,884.2 6,287.5
2006| 1,154.1 34684 5,981.1 3,603.4 15,1982 | 20,8469 | 11,9173 | 14,0843 20.6 480.2 1,665.4 2,985.3
2007| 1,1629 14124 5,378.1 47786 14,7426 | 16,9395 | 11,7619 | 13,446.3 174 269.5 2,615.8 2,779.1
2008| 15462 2,6580 75759 13,096.7 | 153430 | 17,1580 | 157039 | 14,1840 4149 33217 4,044.6 3,653.3
2009| 15212 2,667.6 7,294.3 11,9059 | 129204 | 146530 | 153939 | 13,7769 1,253.6 3,062.2 5,869.2 2,801.6
2010| 1,172.6 2592.2 6,289.9 2937.6 8,777.9 7,369.5 11,7409 | 12,9782 2778 11714 4,169.0 44838

(Source: ERA Statistics 2010)
Fig.3.2-12 Receivablesand Payables® of Main Energy Companies
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(Source: ERA Statistics 2010)
Fig.3.2-13 Composition of Receivables of Energy Companies

Bank interest

T
5.0% ax

8.3% Transportation
0.1%

Project loan

interest
9.8%
Supplicoers Coal mines
21.0% 55.8%

(Source: ERA Statistics 2010)
Fig.3.2-14 Composition of Payables of Energy Companies
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7500 \
e R S—
-
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¥ ’IV v
0 \l— - =
2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
—e—TPP2| 15831 | 19773 | 20746 | 25633 | 30906 | 32855 | 13248 | 25622 | 25421 | 2542.1

—=—TPP3 | 43119 | 39406 2233 -194.7 33.9 0.0 0.0 24709 | 24690 | 16959
—&—TPP4 | 18,7159 | 20,531.7 | 17,0141 | 19,052.1 | 16,000.5 | 154146 | 11,3816 | 10,8214 | 9480.7 | 59623

(Source: ERA Statistics 2010)
Fig.3.2-15 Payablesto Coal minesof Main Energy Companies
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

—— Baganuur 19,677.3|19,702.3 | 11,7056 | 12,139.1 | 11,7496 | 12,110.2 | 6,352.0 | 9,425.8 | 9,063.6 | 6,019.9
—8— Shivee Ovoo | 50336 | 6,747.3 | 76064 | 92816 | 73754 | 70926 | 7,1135 | 69886 | 65799 | 51286
—&— Shariin gol 396.5 3271 2334 279.6 323.6 154.8 906.5 7898 | 10066 | 877.0

(Source: ERA Statistics 2010)
Fig.3.2-16 Receivablesfrom Main Energy Companies of Coal Mining Companies
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Table3.2-3 Subsidy from the Government, 2011 (Unit: million Tg.)

TPP2 TPP3 TPP4 Darkhan TPP |Erdenet TPP| NETGCO | Darkhan Heat
1,080 2,980 3,738 2,280 2,280 1,800 500

(Source: Financial and Economic Analysis 2011, ERA)
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Te/kWh 30 o000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
—e—Residential | 35 | 45 | 47 | 47 | 47 | 51 | 51 | 532 | 68 | 68 | 798 | 84
—® Industrial | 41 | 45 | 47 | 47 | 47 | 51 | 51 | 532 | 68 | 68 | 798 | 84
—&— Ger 35 | 45 | 47 | 47 | 47 | 488 | 488 | 51 | 66 | 66 | 77 | 81

(Source: ERA Statistics 2010)
Fig.3.2-17 History of Power Tariff
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(Source: ERA Statistics 2010)

Fig.3.2-18 History of Heat Tariff
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Table3.2-4 Tariff of Main Energy Companies’
TPP2 TPP3 TPP4 NETGCO |UB Disco
Capacity Energy tariff Heat tariff  |Capacity Energy tariff Heat tariff|Capacity |Energy Heat tariff|Energy Energy
Tarifs tariff Tg/kWh Tg/Geal tariff Tg/kWh Tg/Geal |tariff tariff Tg/Geal  |tariff tariff
an million Tg million Tg million Tg |Te/kWh Tg/kWh  [Te/kWh
/month /month /month
2001 32.21 3,550 32.94 3,950 23.05 2,550 2.04 5.94
2010 64.05 8,700 60.9] 8,700 35.85] 8,700 315 _ 16.23
2011 262.8 54.94 * 652.7 64.52 * 1,554.80 31.95 * 443 20.94
(Source: ERA) note: *2050-8700 Tg./Gcal depending on season for hot water and 10,600-11,870 Tg./Gcal for steam.
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—— Total payment to Russia (US$
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3,659.213,956.0 3,286.1/3,998.54,003.4/3,981.9/3,975.0 3,980.45,338.9 5,135.39,552.0
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(Source: ERA Statistics 2010)

Fig.3.2-19 Historical Import Pricesfrom Russia and Paymentsto Russia
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(Source: ERA Policy and Trends for Regulating Energy Prices and Power Market, 2011)
Fig.3.2-20 Cash Management System of Single Buyer Modéel
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(Source: ERA Policy and Trends for Regulating Energy Prices and Power Market, 2011)
Fig.3.2-21 History of Revenue Collection Rate of CES
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Table3.3-1 Power Supply and Demand Balance of CES

(Unit: million kwh)

BEENE i AE LS
(HE) BAR WoE | Emassg | T

0 @ 3 @ G8 | ® O+t@D)
19994 2,740 195 59 136 2,876
20004 2,844 150) 25 125 2,969
20014F 2,898 157 18 139 3,037
0024F 3,004 115 8 167 3,111
20034E 3,028 131 7 124 3,159
20044F 3,195 131 8 123 3,318
2005°F 3,320 130 15 115 3,435
20064E 3,433 125 16 109 3,549
20074 3,594 130 14 116 3,710
20084 3,874 132 16 116 3,990

(Source: Report on Mongolian Power Sector by Japan Electric Power Information Center Inc., 2010 Jan.)
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2005 | 2006 | 2007 | 2008 | 2009 | 2010 [ 2011 [ 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 [ 2020
high 557 585 638 649 695 747 803 863 928 997 | 1072 | 1153 | 1239 | 1332 | 1432 | 1539
medium 557 585 638 649 695 733 773 816 860 908 958 | 1011 | 1066 | 1125 | 1187 | 1252
low 557 585 638 649 695 719 744 770 797 825 854 884 915 947 980 | 1014

(Source: JCA Report 2010)
Fig.3.3-1 Power Demand Forecast of CESby NDC

Table3.3-2 Power Supply and Demand Forecast of CES by ADB

Years | 2011] 2012] 2013] 2014] 2015*] 2016] 2017] 2018] 2019] 2020] 2025 2030
Central Energy System
CHP-2 (MW) 10 10 10 0 0 0 0 0 0 0 0 0
CHP-3 (MW) 120 120 120 120 80 30 80 30 80 80 80 | 80
CHP-4 (MW) 510 510 510 510 510 510 510 510 510 510 510| 510
Erdenet CHP (MW} 15 15 15 15 15 15 15 15 15 15 15 | 15
Darkhan CHP (MW) 40 40 80 80 80 80 80 80 60 60 60 80
Total generation (MW} 895 695 715 705 665 665 665 665 665 665 665 665
Original CES Demand (MW) 762 819 862 934 | 1,003| 1,074| 1,141| 1.214]| 1.200| 1,376| 1,661| 1,933
CHP-5 (MW) 0 0 0 0 450 450 450 450 450 820 820 820
Import/Other sources (MW) 67 124 147 229 112 -41 26 99 175 109 176 448
Gobi Mining Area
Ukhaahudag CHP (MW) 36 38 36 36 40 40 40 40 100 150 150 150
Oyutolgoi diesel plant {MW) 24 0 0 0] 0 0 4] 0 0 4] 0 0
ImportOther sources (MW) 83 128 181 196 270 280 302 290 235 202 219 238
Gobi area demand (MW) 143 164 217 232 310 320 342 330 335 352 369 388
Power Balance

Total generation of exisitng
power plant of CES (MW) 695 695 715 705 705 705 705 705 765 815 815 815
CHP-5 (MW) 0 0 0 0 450 450 450 450 450 820 820 820
Total Balace of CES (MW) 67 124 147 229 158 239 328 389 410 93 395 686
Total demand of CES (MW) 762 819 262 934 1.313] 1.394| 1483 1544] 1625| 1.728] 2030 2321

(Source: ADB TA NO.7502-MON  20110J
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(Source: UB District Heating Co. 2011)
Fig.3.3-2 Heat Demand Forecast
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Fig.3.4-1 Planned Interconnection of CES
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Fig.4.1-1 Organization Chart of TPP4
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Table4.1-1 Number of Operation and M aintenance People of TPP4

NO. DEPARTMENT OPERATION MAINTENANCE OTHER TOTAL
1 |FUEL TRANSPORT 80 57 119 256
2 |BOILER 105 110 78 293
3 |TURBINE 90 80 27 197
4 |ELECTRICAL 40 60 37 137
5 |CONTROL & INSTRUMENT 40 50 8 98
6 |CHEMICAL 38 14 13 65
7 |MAINTENANCE 0 106 11 117
8 |TOTAL 393 4717 293 1163

(Source: JCA Report 2010)
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Ministry of Mineral Resources and Energy : 49%
State Property Committee :31%
Ministry of Finance : 20%
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Table4.1-2 Salesand Production of TPP4

2007 2008 2009 2010 2011

Elec. sent million kWh 2,118 2,305 2,329 2,533 2,691
Heat sent thousand Gcal 2,873 2,942 3,053 3,106 3,129
Sales revenue million Tg. 67,414 84,400 96,103 115,892 124,168

Elec. million Tg. 55,388 69,937 78,283 90,888 103,177

Heat million Tg. 12,026 14,464 17,820 21,517 20,991
Cost

Elec. Tg./kWh 21.62 25.38 29.57 32.55 32.54

Heat Tg./Geal 7,497 9,313 10,708 11,896 12,792
Fuel consumption Ton 2,497,296| 2,616,962 2,635911| 2,880,042| 2,899,685
Station use million kWh 369 389 382 407 411
Price

Elec. Tg./kWh 26.16 30.34 32.93 37.87 39.17

Heat Tg./Geal 4,070 4,070 5,700 6,777 6,576.6
Total expenses million Tg. 67,317 85,914 101,560 118,571 127,587

Elec. million Tg. 45,778 58,513 68,874 81,616 87,564

Heat million Tg. 21,539 27,401 32,686 36,955 40,023
Profit/loss (total) million Tg. 98 -1,514 -5,455 13,594 412
Profit/loss (power) | million Tg. 9,610 11,424 9,410 24,151 19,416
Profit/loss (heat) million Tg. -9,512 -12,938 -14,865 -10,557 -19,004
No. of employee Persons 1,386 1,390 1,399 1,482 1,463

(Source: TPP4)
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Power; GWh/Heat: thousand Gcal million Tg
3200 7 130,000
3000 - 110,000
2,800 ’7 -1 90,000
/e/
2,600 - 70,000
L1
2400 - 50,000
2200 - 30,000
2,000 — 10,000
2007 2008 2009 2010 2011
I Power sold (GWh) 2,118 2,305 2,329 2533 2,691
[ Heat sold (thousand Geal) 2879 2,942 3,053 3,106 3,129
—%— Power revenue (millionTg.) 55,388 69,937 78,283 90,888 103,177
—A— Heat revenue (million Tg.) 12,026 14464 17,820 21517 20,991
Sales revenue (million Tg) | 67414 84,400 96,103 112,404 124,168
(Source: JICA Survey Team based on TPP4's data)
Fig.4.1-2 Salesof Power and Heat of TPP4
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N Power Tariff (Tg./kWh) 26.16 3034 3293 3787 39.17 B Heat Tariff (Tg./Geal) 407000 4,070.00 5,700.00 6,776.96 6,576.60
[ Power Cost (Tg./kWh) 2162 2538 2957 3255 3254 B Heat Cost  (Tg./Geal) 7.496 64 931292 10,707 60 11,896.21 12,791.55
—&— Power Tariff Hike in % 160% 85% 150% 3y A Heat Tariff Hike in % 00% 400% 189% -30%
—#— Power Cost Rise in % 174% 16.5% 10.1% -003% —#— Heat Cost Rise in % 242 15.0% 11.1% 7.5%
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(Source: JICA Survey Team based on TPP4's data)
Fig.4.1-3 Tariff and Production Cost of Power and Heat of TPP4

200700 20110000000000000S0% 0000000000000 62200000
gooboboobooooo s NMwdoooobogooooooboooboon
0 200 0000000000000 0O00O0O0OO0OOOOOOOOOObOOOObOOOObO
00000000000 0OFRQg41400000000000DO0000O00DDOOODOOODO
gobodboobobuooboooboobooood




EVIVE D3VIN—FIVE 4 NDHERBIE S IG DEREE

P4 FI - UIR—k

(Source: JICA Survey Team based on TPP4's data)
Fig.4.1-4 Profit and Lossof TPP4
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Table4.1-3 Main Production Cost Components of TPP4

Unit: million Tg.
Fuel (coal & heavy oil) | Maintenance works | Salary & bonus | Depriciation &Admmlstratlon Total expenses
other expenses

Total 35,329 3,519 5,325 14,543 8,601 67,317

2007 | Power 23,387 2,463 3,721 10,180 6,021 45,778
Heat 11,942 1,056 1,597 4,363 2,581 21,539

Total 46,172 2,965 7,785 18,423 10,569 85914

2008 | Power 30,693 2,075 5,450 12,896 7,399 58,513
Heat 15,479 889 2,336 5527 3,170 27,401

Total 53,474 2,854 10,642 23,561 11,027 101,558

2009 |Power 35,214 1,998 7,450 16,493 7,718 68,873
Heat 18,260 856 3,193 7,068 3,308 32,685

Total 65,348 2,553 12,375 27,680 11,964 119,920

2010 |Power 44,360 1,787 8,662 19,376 8,375 82,560
Heat 20,988 766 3,712 8,304 3,590 37,360

Total 73,453 3,902 16,067 23,340 15,022 131,784

2011 | Power 49,670 2,731 11,247 16,338 10,516 90,502
Heat 23,782 1,171 4,820 7,002 4,507 41,282

(Source: JICA Survey Team based on TPP4's data )
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Fig.4.1-5 Composition of Production Cost of TPP4
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Table4.1-4 Fuel-related Costs

Heavy oil Baganuur Shivee Ovoo Transportation (millionTg.)

ton amount (million Tg.) ton amount (million Tg.) ton amount (million Tg.) "
2007 2,070 1,095 1,331,503 16,161 1,187,242 9,225 5,759
2008 2,134 1,721 1,382,017 19,949 1,262,134 12,515 7,033
2009 594 536 1,361,896 24,036 1,183,351 13,564 7,984
2010 1,059 858 1,521,024 28,138 1,464,012 20,149 11,179
2011 1,236 1,062 1,478,343 29,921 1,408,533 21,162 13,828

(Source: TPP4)

Fig.4.1-6 O Baganuur 0 O Shivee Ovoo OO DO OODOOOODOOODOOOOOOODO Baganuur
0000 10%0 0 shiveeOvooO OO OOODODODOOOMmMOOOOOODOODODOOODO 40%
080wl 00 BaganuurD DO DO ODO00OO0O0OOO0OO0MMODOOOODOO0OO0O0OO00O000O0000O0
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Ton million Tg.|
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1400000 | 1 30000
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1 25000
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4 15000
600000
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0 — 0
2007 2008 2009 2010 2011
BN Baganuur coal: ton 1331503 | 1382017 | 1361896 | 1521024 | 1478343
== Shivee Ovoo coal: ton 1187242 | 1262134 | 1183351 | 1464012 | 1408533
—A— Baganuur coal: million Tg. 16,161 19,949 24,036 28,138 29,921
Shivee Ovoo coal: million Tg. 9,225 12515 13,564 20,149 21,162
(Source: JICA Survey Team based on TPP4's data)
Fig.4.1-6 Coal Purchase and Payment
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Coal Tg. Heavy oil Tg|
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(Source: JICA Survey Team based on TPP4's data)
Fig.4.1-7 Fue Unit Costs
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Table4.1-5 Balance Sheet

Unit: million Tg.

2007 2008 2009 2010 2011
Asset
Current Assets
Cash 958 964 650 3,811 3,693
Receivables 14,434 14,822 12,490 8,038 5,359
Doubtful Receivables -199 -399 -379 -579 -579
Other Receivables 508 521 430 740 871
Inventory 8,231 10,151 9,412 9,706 9,344
Prepaid expenses (to maintenance co.) 1,271 4,488 4,500 1,147 8,067
Total Current Assets 25,202 30,548 27,103 22,863 26,756
Non—current Assets
Fixed Assets 877,534| 881,363] 800,468 818,645[ 835,520
Less Accumulated Depreciation Cost -562,687] —576,537| -515,754] —543,389] —556,906
Other Fixed Assets 2 0 0 0 0
Less Accumulated Depreciation Cost -1 0 0 0 0
Construction in Progress 2,490 1,025 305 652 376
Intangible Assets 22 21 64 55 63
Investment and Other Assets 0 0 0 0 0
Total Non—current Assets 317,361] 305,872] 285,084| 275,962| 269,053
Total Asset 342,562| 336,420| 312,187| 298,826] 295,809
Liabilities and Owner’'s Equity
Liabilities
Short—term Liabilities
Accounts Payable 14,363 12,818 10,415 7,362 4,063
Corporate Tax Payable 2
Withholding Personal Income Tax Payable] 49
VAT Payable 252 0 93 0 0
Social Insurance Payable 49 7 0 0 0
Short—term Bank Loan 2,250 4,308 4132 0 0
Other Payables 22 15 0 0 0
Prepaid Income (from small customers) 3 10 13 8 3
Total Short—term Liabilities 16,939 17,158 14,652 7,369 4116
Long—term Liabilities
Long-term Loan 100,410f 108,515 129,395] 108,472 89,605
Total Long-term Liabilities 100,410] 108,515 129,395/ 108,472 89,605
Total Liabilities 117,349] 125,673| 144,048 115,842 93,721
Owner's Equity
Equity (state) 66,380 66,380 66,380 66,380 74,023
Equity (private) 0 0 0 0 0
Total Equity 66,380 66,380 66,380 66,380 74,023
Additionally Paid Capital 7 7 7 7
Assets Revaluation Reserve 166,324 165,435| 146,686] 146,413| 145,110
Other Parts of Owner’s Equity 7,498 7,560 7,643 7,643 7
Accumulated Profit (Loss) -14,761| -28,634] -52576] -37,459| -17,052
Current Period -234] -10,366] —-22,024 13,594 391
Previous Periods -14,527| -18,268] —-30,552| -51,053] -17,443
Total Owner's Equity 225213| 210,747] 168,140| 182,984| 202,088
Total Liabilities and Owner’'s Equity 342,562| 336,420] 312,187] 298,826 295,809
(Source: TPP4)
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Table4.1-6 Income Satement

(Unit: million Tg)

2007 2008 2009 2010 2011
Revenues from Main Activities
Sales revenues 67,414 84,400 96,103] 115,892] 124,168
Total Revenues 67,414 84,400 96,103] 115,892| 124,168
Cost of Product Sold 64,795 82,659 98,807] 116,100 126,553
Gross Profit (Loss) 2,619 1,741 -2,704 -207| -2,385
Operating Expenses
Salaries and Wages 313 381 565 617 729
Social Insurance 68 51 74 82 99
Repair and Maintenance 3 14 4 3 2
Travel Expenses 4 13 12 8 9
Transportation Expenses 0 0 0 0 0
Raw Materials Expenses 73 9 12 27 29
Depreciation Expenses 47 47 39 44 48
Advertisement 2 0 0 0 4
Post and Communications Expenses 10 8 7 5 8
Fuel for Vehicles 6 8 6 7 9
Doubtful Receivables Expenses 200 200 0 203 0
Loan Interest 658 508 925 277 0
Other expenses 58 56 53 41 98
Total Operating Expenses 1,441 1,295 1,696 1,313 1,034
[Main Activities Profit (Loss) 1,178 446 —-4,400 -1,521 -3,418
Non-main Activities Profit (Loss)
Revenues from Non—-main Activities Sections 1,340 978 1,732 17,622 8,028
Penalties and Loss from Discounts -9 -169 -92 -5 -43
Dividend 0 0 0 0 0
Currency Exchange Rate Profit (Loss) -804 -8,664] -17,026 -197 -192
Other -1,940 -2,957 -2,237 2,306 -3,963
Total Non—main Activities Profit (Loss) -1,412) -10812] -17,623 15,114 3,831
Profit (Loss) before Tax —234| -10,365] —-22,024 13,594 412
Corporate Income Tax 0 0 0 0 21
Profit/Loss after Tax —234] -10,366] —22,024 13,594 391

(Source: TPP4)

Table4.1-7 Cash Flow Satement

Unit: million Tg.
2007 2008 2009 2010 2011
From Operating Activities
Cash Inflow 65,997 78,965 95,507] 116,993| 126,507
From Sales and Customers 65,007 77,267 94792] 114571] 125,108
From Non—main Activities 990 1,699 715 2,422 1,399
Cash Outflow 63,240 78,451 93,904] 108,260] 123,481
Salaries and Bonus 5,998 8,480 11,671 13,207 15,900
Social Insurance 2,155 2,533 3,218 3,672 4,449
Raw Materials 26,733 33,389 40,468 50,374 50,121
Fuel, Transportation and Spare Parts 19,066 20,586 20,586 25,272 33,033
Payments to Suppliers 5,921 8,125 12,856 9,989 15,391
Interest Paid 640 525 798 298
Taxes Paid 2,727 4,812 4,306 5,448 4,588
Net Cashflow from Operating Activities 2,757 514 1,603 8,733 3,026
From Investment Activities
Fixed Assets Purchased -505 -2,436 -1,557 -1,413 -3,144
Total Cashflow from Investment Activities -505 -2,436 -1,557 -1,413 -3,144
From Financial Activities
Bank Loan 7,000 7,914 3,217 0 0
Loan Repayment -9,052 -5,986 -3,578 -4,159 0
Net Cashflow from Financial Activities —-2,052 1,929 —-361 —-4,159 0
Total Net Cashflow 200 7 =314 3,161 =117
Cash and Cash Equivalents at Beginning of Year 757 958 964 650 3,811
Cash and Cash Equivalents at End of Year 958 964 650 3,811 3,693

(Source: TPP4)
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Table4.1-8 Financial Ratio

2007 2008 2009 2010 2011
I Profitability
1 Return on assets —0.07% -3.08% —7.05% 4.55% 0.13%
2 Return on equity —0.10% —4.90% -13.10% 7.43% 0.19%
2 Gross margin ratio 3.88% 2.06% -2.81% —0.18% -1.92%
3 Operating profit ratio 1.75% 0.53% —4.58% -1.31% -2.75%
4 Net profit ratio -0.35% -12.28% -22.92% 11.73% 0.31%
5 Working ratio 55.02% 74.38% N/A N/A N/A
6 Operating ratio 98.25% 99.47% 104.58% 101.31% 102.75%
II Financial soundness
1 Current ratio 148.78% 178.04% 184.98% 310.26% 650.05%
2 Quick ratio 100.19% 118.88% 120.74% 178.55% 423.03%
3 Fixed assets to equity ratio 140.92% 145.14% 169.55% 150.81% 133.14%
4 Fixed assets to long—term capital ratio 97.46% 95.81% 95.82% 94.68% 92.24%
5 Debt ratio 52.11% 59.63% 85.67% 63.31% 46.38%
6 Debt service coverage ratio 159% 132% 55% 937% N/A
7 Interest coverage ratio 179.03% 87.80% —475.68% —549.10% N/A
8 Equity to total assets ratio 65.74% 62.64% 53.86% 61.23% 68.32%
III Asset turnover
1Total assets turnover ratio 0.20 0.25 0.31 0.39 0.42
turnover period 61 months| 48 months| 39 months| 31 months| 29 months
2 Fixed assets turnover ratio 0.21 0.28 0.34 0.42 0.46
turnover peirod 56.5 months| 43.5 months| 35.6 months| 28.6 months| 26.0 months
3 Accounts receivable turnover ratio 4.51 5.50 1.44 13.20 19.93
turnover period 2.7 months| 2.2 months| 1.6 months] 0.9 months| 0.6 months
4 Accounts payable turnover ratio 4.69 6.58 9.23 15.74 30.56
turnover period 2.6 months| 1.8 months| 1.3 months| 0.8 months| 0.4 months
5 Inventory turnover ratio 8.19 8.31 10.21 11.94 13.29
turnover period 1.5 months| 1.4 months| 1.2 months| 1.0 months| 0.9 months

(Source: JCA Survey Team)
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Table4.1-9 Receivables of TPP4

Unit: million Tg.
2007 2008 2009 2010 2011
Total 15395] 15342] 12920 8,778 6,230,
Residential Total 0 0 1 0 1
Apartments
Ger houses 0 0 1 0 1
Industtrial Total 117 0 0 0 0
Erdenet mines
Monrostsvetmet Co. (metal
Khutucement Co.
Darhan Iron facotory
Other, 117 0 0 0 0
Commercial Total 0 0 0 0 0
Housing Administration Co.
Other
Total 0 0 0 0 0
G _ State level
overnment-owned Aimag/ ity lovel
establishments Imag c_ltyleve
) URTRY Soum/district level
incl. schools and hospitals
Other
Power companies Total 14,312 14,822] 12,489 8,038] 5,359
Ulaanbaatar Disco. 5,209 2,726 193 193 0
Darkhan Selenge Disco 2,646 1,324 1,069 869 620!
Erdenet Bulgan Disco 0 0 0 0 0
Baganuur South—east Discg 0 0 0 0 0
Single—buyer (Transco) 4,278 9,143| 10,504 6,631 4,505
Ulaanbaatar Heating Co. 2,105 1,346 385 0 0
Darhkan Heating Co. 75 75 75 75 Al
Other 208 264 270 162
Other receivables Total 966 521 430 740 871
Companies 387 407 281 282 366
Individuals 44 30 31 29 30
Employees 1 65 90 156 426
Other 534 19 29 274 50,
(Source: TPP4)
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Table4.1-10 Payablesof TPP4

Unit: million Tg.
2007 2008 2009 2010 2011
Total 17,303| 17,158] 14653 7,369 4116
Coal mining Total 11,382 10,821 9,481 5962 3,131
Baganuur 4,268 3,833 2,901 834 0
Shivee Ovoo 7,113 6,989 6,580 5129 3,131
Shariingol 0 0 0 0 0
Aduunchuluun 0 0 0 0 0
Tavantolgoi 0 0 0 0 0
Other 0 0 0 0 0
Transportation Total 0 0 0 0 0
Ulanbaatar Railway 0 0 0 0 0
Other 0 0 0 0 0
Taxes Total 337 32 93 8 53
Corporate income tax
Personal income tax 49
VAT 293 0 93 0 0
Other taxes 26 0 8 4
Social insurance 45 7 0 0 0
Subsidy
Loan and interest Total 2879 4,308 4175 0 0
Project loan principals 629 0 4,132 0 0
Project loan interest 0 0 0 0 0
Domestic short—term loan principal 2,250 4,308 43 0 0
Domestic short—term loan interest 0 0 0 0 0
Other shor—term debt 0 0 0 0 0
Other Total 2,705 1,996 905 1,399 932
Suppliers 2,680 1,996 905 1,399 932
Individuals
Wages
Other 25 0 0 0 0

(Source: TPP4)
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Table4.1-11 Source and Application of Fund

2008 2009 2010 2011
Total Source of long—term fund 7,254 -82,511 21,556 13,754
Depreciation 13,849 -60,783 27,635 13,517
Capital stock/reserves —-827] -18,666 -273 -1,303
Retained earnings -13,873] -23,942 15,117 20,407
Long—term borrowings 8,105 20,880] -20,923|] -18,867
Long—term notes payable
Long—term allowance
Long-term fund L Other long—term debt
Total Use of long—term fund 2,363] —-81,572 18,515 16,607
Tangible fixed assets 3,829] —-80,895 18,177 16,875
Land
Intangible fixed assets -1 43 -9 8
Construction in progress -1,465 =720 347 -276
Deferred assests
Overs and shorts 4,891 -939 3,041 -2,853
Total Source of short-term fund 219] —2,505 -7,283 -3,253
Notes payable
Accounts payable -1,545 -2,403 -3,053 -3,299
Short—term borrowings 2,058 -176 -4,132 0
Short-term allowance
Income taxes payable 0 0 0 51
Other current liabilities -294 74 -98 -5
Allowance for bad debt
Short-term fund Notes discounted/endorsed
Total Use of short—term fund 5,344 3444 -4,240 3,892
Cash 6 -314 3,161 -118
Notes receivable
Accounts receivable 188 -2312 -4,652 -2,679
Securities
Inventory 1,920 —-739 294 -362
Other current assets 3,230 —-19 -3.043 7,051
QOvers and shorts -5,125 939 -3,043 -7,145

(Source: JCA Survey Team)
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Table4.2-1 Commercial operation year of Boiler and Turbine

Boiler Year Turbine Year
#1 1983 #1 1983
#2 1984 #2 1984
#3 1984 #3 1985
#4 1985 #4 1986
#5 1986 #5 1990
#6 1987 #6 1991
#7 1990 - —
#8 1991 - —

(Source: JICA Survey Team based on TPP4's data)

Table4.2-2 Major Specification of Boiler

Item unit
BKZ-420-120-10S
Maker / Type (Russia)
Steam generation t/h 420
Pressure M Pa abs 13.73
Temperature °C 560
Baganuur #1-#4
Cod Shivee Ovoo #5 - #8
Mill number per boiler 4
Firing system Direct
Draft system Balance
Burner Corner firing
(4x3 stage)
Air preheater Tubular type
ESP
Dust collector EGA2-58-12-6-4
Russia
Number of Stack 1
Stack height m 250

(Source: JICA Survey Team based on TPP4's data)
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Table4.2-3 Major Specification of Turbine

Item unit #1, #5, #6 #2,#3#4
LMZ URAL
Maker / Type PT 80-130 T-110/120-130-4
(Russia) (Russia)
Extraction condensing | Extraction condensing
Type
type type
80/ 100
Rated / Max. output MW #5 and #6 were 100/ 120
modified to 100 MW
Steam flow t/h 500 500
Pressure M Pa abs. 12.75 12.75
Temperature 0 555 555
Extraction pressure MPa abs. 1.27 —
Speed r.p.m. 3,000 3,000
Condenser pressure kPa abs. 2,942 5.688
Condenser cooling Cooling tower water Cooling tower water
Condenser cooling water flow t/h 8,000 16,000
Condenser cooling water oC 20 20
temperature
(Source: JICA Survey Team based on TPPA4's data)
Table4.2-4 Major Specification of Generator
Item unit #1, #2, #3, #4 #5,#6
Type TVF-120-2U3 TVF-110-2U3
Generator Capacity kVA 125,000 137,500
Generator Output
Rated / Max. MW 100 110
Power Factor 0.8 0.8
Voltage kv 10.5 10.5
Frequency Hz 50 50
Excitation System Thyristor Thyristor
Cooling System Hydrogen Cooling Hydrogen Cooling

(Source: JICA Survey Team based on TPPA4's data)
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Table4.2-5 Major Specification of District Heater System

Unit LMZ Turbine URAL Turbine
(1) | NO.1 Heater
Number 3 3
Hot water flow t/h 2,000 3,500
Inlet water temp. °C 50 50
Outlet water temp. °C 80 80
Heating capacity Gcal/h 60 105
(2) | NO.2 Heater
Number 3 3
Hot water flow t/h 2,000 3,500
Inlet water temp. °C 80 80
Outlet water temp. °C 120 120
Heating capacity Gcal/h 80 140
(3) | Axialy Heater
Number 8
Hot water flow t/h 1,800
Inlet water temp. O 70
Outlet water temp. °C 150
Heating capacity Gea/h 144
(4) | NO.1 Pump Number 5
Flow t/h 3,374
(5) | NO.2 Pump Number 5
Flow t/h 3,474
(Source: JICA Survey Team based on TPPA4's data)
Table4.2-6 Major Specification of Cooling Tower
Unit 1 2 3 4
(1) | Country of origin Russia Russia Russia China
Type Natural draft | Natural draft | Natural draft | Natural draft
Number 1 1 1 1
Water flow t/h 22,500 22,500 15,400 22,500
(2) | Cooling water pump Large pump Small pump
Number 7 3
Water flow t/h 12,500 3,200

(Source: JICA Survey Team based on TPP4’s datall
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#1B #2 B #3 B #4 B #5 B #6 B #7B #8 B
Boiler evaporation
Rated Opearation
ot/h 462t/h 402t/h 431t/h 419t/h 416t/h 433t/h 415t/h 3360t/h 2,978t/h
| Main steam header
I Turbine output
XD Rated Opearation
84.0MW 108.4MW 115.8MW 580MW 582MW
#1T
80MW Hot water supply

Capacity Opearation
1,431 Geal/h| 640 Geal/h

@ NO.2 :
. Hot water pump

R e e EE T

4
1
1
1 H : H H :
*1: *1; *1; ! NO.1
v : v H : v i v ! - i ; : : Hot water
ey AUX. — E__» AUX. — E__» AUX. . E__> AUX. — L AUX [ ! @ @ @ @ @ Pump
HEATER| : HEATER| HEATER| HEATER| HEATER ! o - i H- o
i i i L AU SO SR SRRSO DA A
R ) A | A, ZS. i : :
: L e Db b
A B cae et e » Hotwater 4 '
supply 1 Hot water return
9,982 t/h x 119C ' 9,150 t/h x 61C
1
i
1
|_ _ _ 16ata steam header _ __________________________________________________v_'
| | I . 1
1 v v
| Station use Evaporator Food
______ Factory
S
| |
1 1
I : 13 head
ata steam header
rJ__v____-\________l_________i-______l-_______I__________l_____JI
1 1 1 1 1 1
v v v v v v
Aux. heater (¥1) Heavy fuel oil heater Deaerator Coal mill Demi water system Coal wagon
TPP 4 PLANT FLOW BALANCE
HP : High pressure LP : Low pressure  DH : District heater 2011 WINTER MAX

( 7 Boilers operation, 1Boiler stand-by)

0 Source: JICA Survey Team based on TPP4’s datall
Fig.4.2-1 Flow Balance (Max. power and heat supply in 2011 winter)
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#1B #2 B #3 B #4 B #5 B #6 B #7B #38 B
Boiler evaporation
Rated Plan
410t/h 410t/h 410t/h 410t/h 410t/h 410t/h 410t/h 410t/h 3,360t/h 3,280t/h
| Main steam header |
| Turbine output

ZD Rated Plan
T 100.0MW 100.0MW / 100.0MW 85.0MW 85.0MW 580MW 555MW
1
i v
. #1T HAT
: | 80MW | 100MW ' : | Hot water supply
! : ; ; ; : ; : ; Capacity Plan
| | ; : ; ; : h ; : M ; : 1,431 Geal/h| 1,130 Geal/h
! 1118t/h | ; ; | "118t/h | '118t/h |
A i i i i i N : i i : i i
1 1 . . . 1 . .
| i i : GOND COND i i ; COND | i : | i :
| | ! [ ! ! [ | ! [ i ! I
1 1 1 : 1 . 1 . 1 1 . 1 1 .
| | i ! | ! [ ! | [ ! i [ !
' : ! | i ] i H ! i : 1 i :
: : i ! i ! i ! ! i ' ! i !
! ! e e—e— | P T S ey | Lem e—e— | ! Lem e—e— 1 ! L e I
| | ! : ! : ! : ! ; | ! ; : ! :
! ! v v v v v v v v ! v v ! v v
1 1 HP DH LP DH HP DH LP DH HP DH LP DH HP DH LP DH 1 HP DH LP DH | HP DH LP DH
: : PR - 3 DR, .. e DR > o DR - : ----- PR ¢ : : PR ¢
1 1 H | |
1 1 1 1
1 1 H H ! : ! :
| i 12,300t/h x 115.6C ,500t/h x 120C 3,500t/h x 120C $3,500t/h x 120C | i 2,300t/h x 115.6C | i 2,300t/h x 115.6C
1 1 H . 1 - 1 H
: : Fenssressssennnnnnnnns s ————— ................................................. e h e EEEEEEE s EEEEEEEEEsEEEEEEEERsEsEEEEEEEEEEEssEEEEEE - I ........... s I“ ........... x ..... e“ ........
! ! : H H H H
! N S et et s SRR .1 X S SO AT e senes L S oo reersnete Tt teees s st s SIS A -
! ! H : H : I
A @ NO.2 @ .
' ' Y Hot water pump . !
: T Vegasssassssassssassssssesssssssseegessseeed T Tecesssssssssssssssesssssssssgensssssssssssssss Nossssssssssssgeessssesssssssssssssssssssssesee e Tereennnnnnnnnsnnnnnnens !
1 ! : : 1
| | *! *! ! *1! *1! *! *! *1; : NO.1
: | v v ; v v v v i ' Hot water
' ' AUX. . AUX. | AUX. | . AUX. L AUXC L AUX. | i, AUX \ ! Pump
' ' HEATER HEATER]| : HEATER| : HEATER HEATER HEATER| HEATER !
! ! H i 1
1 I H H
! ! SR ) S ) AT, AR ( Voeveeeesssseesnssas S ST S - |
: | rereessssesssssss s sssssaans B eeeeeess s R AR HOL WALEr qu....vvvuusseeesssssessssssssssssssssssssssssssnneees TN i !
! ' supply 1 Hot water return
1 ! 17,400t/h x 135C : 17,400t/h x 70 C
| | :
| | !
A 16ata steam header y_ |
T T |
| ! v v v 55t/h
: 1 Station use Demi water system Evaporator Food
L 71t/h 28t/h Factory

TXD

| |

| 460t/h 1 200t/h

1, v 13ata steam header

|1_______-|________l_________l-______I-_______I__________I______

1 1 1 1 1 1 I
v v v v v v
Aux. heater (x1) Heavy fuel oil heater Deaerator Coal mill Demi water system Coal wagon
583t/h 5t/h 30t/h 5t/h 30t/h 12t/h
TPP 4 PLANT FLOW BALANCE
HP : High pressure LP : Low pressure  DH : District heater MAX HEAT SUPPLY PLAN
( 8 Boilers operation)

0 Source: JICA Survey Team based on TPP4's datall

Fig.4.2-2 Flow Balance (M ax. heat supply plan)
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(Source: JICA Survey Team based on TPP4's data)
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Fig.4.2-3 Shut down by Trouble
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Fig.4.2-4 Boiler Availability
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(Source: JICA Survey Team based on TPP4's data) Availability = (operation hours + stand-by hours) / 8760 (%)

Fig.4.2-5 Ratio of Shutdown Hoursby Major Trouble

BREAEKRISH



EVIVE D3VIN—FIVE 4 NDHERBIE S IG DEREE

P4 FIL - UIR— b

Table 42-70000000000C00DOOO0OOOOOOODOOOOOOODOODOO1IO
goboboobboooboog3sbuognoooooboboonobooobobooobboon
oob4othd000000000000000DOO0O0O0sS0000002380000000
gobogdisbzoeeccobogonod

Table4.2-7 Boiler Operation Data

ITEM

Unit Design 1 2 3 4 5 6 7 8

Time 19:00 19:00 19:00 19:00 19:00 19:00 19:00 19:00

Date 2011,12,25 2011,12,25 2011,1225 2011,12,25 2011,12,25 2011,12,25 2011,12,25|] 2011,12,25

Main Steam Pressure kg/cm2(a) 140 140 139 138 140 140 139 139

Main Steam Flow t/h 420 433 333 423 393 416 424 412

Main Steam Temp DegC 560 545 540 550 553 560 559 534

SAH Inlet Air Temp DegC 37 35 28 33 41 33 38

AH Inlet Air Temp DegC 37 35 28 33 1 48 38

OW\ICDO‘IJ}WN—‘%

AH Air Outlet Temperature DegC 292 264 261 258 299 301 296

o[>

DegC 283 264 259 279 281 305 307

AH Gas Outlet Temperature DegC 167 145 123 131 148 168 145

Eco Outlet Flue Gas 02 (Ave.) % 4.3 3.1 3.8 3.6 3.2 3.8 3.9

Coal flow t/h 27.2 0 26.6 22.4 21.8 21.7 24.2

t/h 21.4 24.5 26.6 22.3 21.5 21.8 144

t/h 0 12.3 0 0 21.8 21.4 18.6

(wl (@] [v¢] b-3

t/h 27.5 24.6 26.6 22.6 21.7 21.7 23.9

Total t/h 76.1 61.4 79.8 67.3 86.8 86.6 81.1

(Source: JICA Survey Team based on TPP4's data)
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Arrangement of Soot Blowers (original design)
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Fig.4.2-6 Arrangement of Soot Blowers
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Fig.4.2-9 Scrap Valves

(4 0000
0 40000000000000000000000C Fg4210000000000000
0000000000000000000000

0400000000000D0O0O00DOOO0O0O0O0 Phase-101995-20020 M OO0O00O0O0O
OO00000DOO0bOo00DOoOoboboOob0oboOOdPpPhese202001-20080 0000 0DO0O
gbobooboobbooboobobooobooo

oood

Fig.4.2-10 Cross Section of Mill
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Fig.4.2-11 Mill Roller before Maintenance
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Table4.2-8 Water Analysis

. Boiler feed water Boiler water
Item unit

TPP4 JIS TPP4 JIS
Conductivity pS/cm 3.1 0.05 - -
Hardness mg/| 1 0 — -
0, mg/l 0.005 0.007 - -
Fe mg/l 19 30 — —
SO, mg/| — — 2.9 0.3

(Source: JICA Survey Team based on TPP4's data)
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Fig.4.2-12 TurbineAvailability
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Fig.4.2-13 Ratio of Shutdown hoursby Major Trouble
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Table4.2-9 Turbine Operation Data

NO. ITEM
1 |Unit Design 2 3 4 Design 1 5 6
2 |Time 19:00 19:00 19:00 19:00 19:00 19:00 19:00
3 |Date 2011,12,25] 2011,12,25| 2011,12,25| 2011,12,25| 2011,12,25] 2011,12,25| 2011,12,25
4 |Unit Load MW 108.4 87.5 115.8 84 93.1 92.8
5 |MS Pressure kg/cm2 (a) 130 127 132 125 130 124 128 128
6 |MS Temperature Deg C 555 537 546 558 555 531 550 532
7 _|MS Flow t/h 444 504, 630} 496 475 475
8 |HPH — 7 FW Outlet Temp Deg C 231 225 236 252 253 246
9 |LPH - 4 FW Outlet Temp Deg C 163 156 163] 159 180 167
10 |Condensate Water Flow t/h 164 265 349 260 178 205
11 _|Condenser Pressure kg/cm2 (a) 0.8 0.82 0.8] 0.82 0.76 0.79
12 |Condenser Hotwell Water Temp Deg C 41 42 29 35 49 35
13 [Condenser Cooling Water Flow t/h 10229 10443 8668 6681 6118 4412
14 |Condenser Inlet Cooling Water Temp Deg C 15.5 16.5 17.5 16 15 15.5
15 |Condenser Outlet Cooling Water Temp Deg C 26 27.5 31.5 27 31.5 26.5

0 Source: JICA Survey Team based on TPP4’s datall
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Fig.4.2-14 LPRotor Fig.4.2-15 HP Nozzle
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Fig.4.2-16 LPLast Blade before Repair Fig.4.2-17 LPLast Blade after Repair

gobooboobbooboobbooboobbooboob 40000000000
oboobooobooobooboooobooobooooooboobooboboboboboboboboon
goobooobbbooobboooobboooobbooooobooooboooon
gbob0ewdbobobmooo sboboboboobobon 76%0

oboobooboomoboboobooobmboobb 200b000b0b0o0oboonon
gbobooboobooooboooooooooooooooooooooooooooooo
gboobooboooboobon

424 0OD0OO0OOO0OC&IO

g400000000000000000 8000000000000 eLODOODODODO
gbobobobobobobobobobobobobbobbobOobOb s dn 200700
000 300PhasellPhese20 0000 00OO0DOOOOOOOODOOOOOOODDOOOOO
gbooboboopcsbobooboobooonoonooooooeccrRUbDboboooooobooDo
O0000000DCSOO0000000D'0000000D 400000000000000

! DOOO0O0OO0D0400000000000000000000 000000000000, 20029

BREAEKRISH
4-30



EVILE BH5VIN—bIVE 4 NHEEABISS LR HERRE
T2PA4FI - UIR—

DCSOOOU0O0DO0OODbOUO0DOOORg42-180Fg42- 10000 000000DOO0OOOOO
CCrROODOO

Fig.4.2-18 Boiler Control System before Fig.4.2-19 Boiler Control System after
M odification M odification
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Fig.4.2-20 Turbine Control Panel in CCR
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Fig.4.2-21 Original Russian Control Valve and New Chinese Control Valve

Fig.4.2-22 Diverted Devices from Phasel Renovation

Table4.2-10 Maintenance Work and Frequency

Maintenance Work Item Frequency
Adjustment/calibration of instruments and controls Once every two years
Zero and span check of field devices Once every year
Function check of impulse piping, control valves, and shutoff

valves Once every four years

While the turbine is shut down for three

Check of control and protection systems d
ays or more

Check of deviation in critical data from baseline (and
adjustment where necessary)

(Source: JICA Survey Team based on TPP4’s datal]

Once every month
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Fig.4.2-23 Number of Control & Instrument Malfunction

Unexpected Turbine Shutdown
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Fig.4.2-24 Numbers of Unexpected Turbine Shutdown
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Table4.2-11 Details of Reasonsfor Turbine Shutdown

Year Times | Turbine Cause of Shutdown
2008 1 #1 Wrong interlock action
2 #3 Malfunction of protection controller
3 #5 Malfunction of main steam temperature sensor
4 Unknown | Unknown
5 Unknown | Unknown
2009 1 #3 Step#1 Exchanger pressure transmitter
2 #4 Vacuum drop
3 #3 Malfunction of protection controller
2010 1 #6 Governor cable break
2 #6 Malfunction of Vacuum transmitter
3 #3 Malfunction of Oil temperature transmitter
4 #4 Cable noise
5 #1 Malfunction of protection controller
2011 1 #1 Malfunction of protection controller
2 Unknown | Wrong action of shut off valve

(Source: JICA Survey Team based on TPP4’s datal]
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Table4.2-12 ESP Dust M easurement Result

Boiler .. ESP outlet | ESP outlet

NO.| DATE |UNIT| load Coal E(S/Pmlg,'\f)t Eﬁp /z;‘;:\j’)t Eﬁ'?ﬁ”‘:y @100% | @50t/h up
(%) £ € o (mg/m3N) | (mg/m3N)

1 Mar. 21 7 86 Shivii Ovoo 3.9 13 99.7 20 27
2 Mar. 22 6 75 Shivii Ovoo 4.6 14 99.7 30 41
3 Mar. 23 3 100 Baganuur 7.5 163 97.8 163 203
4 Mar. 24 5 97 Shivii Ovoo 7.8 81 99.0 87 112
5 Apr.24 2 98 Baganuur 7.1 112 98.4 117 148
6 Apr.25 8 98 Shivii Ovoo 9.5 47 99.5 50 67
7 Apr.26 7 94 Shivii Ovoo 8.6 233 97.3 260 318
Regulation 200 200 200

Average 95 98.8 104 131
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Table4.2-13 ESPInlet Dust

No.| Year unit Unit—1 Unit-2 | Unit-3 | Unit—4 | Unit-5 | Unit-6 | Unit-7 | Unit-8
1 2004 | g/m3N 3.0 — 9.8 7.1 — 9.9 — 10.8
2 2005 | g/m3N 0.0 94 12.2 9.5 7.6 5.1 — —

3 2006 | g/m3N 6.8 3.3 — 48 — 6.9 6.0 8.3
4 2007 | g/m3N 50 3.2 4.9 48 6.2 40 25 5.9
5 2008 | g/m3N 10.0 6.7 6.5 13.2 50 7.5 6.2 5.9
6 2009 | g/m3N 2.6 17.6 4.6 3.3 3.8 3.6 3.1 44
7 2010 | g/m3N 5.9 3.4 9.8 5.1 6.9 45 41 7.1

(Source: JCA Survey Team based on TPP4's datall

Table4.2-14 ESP Outlet Dust

No.| Year unit Unit—1 Unit—-2 | Unit-3 | Unit-4 | Unit-5 | Unit—6 | Unit-7 | Unit-8
1 2004 | mg/m3N 117 — 152 106 — 110 — 70
2 2005 | mg/m3N — 444 334 1,486 164 812 — —

3 2006 | mg/m3N 106 143 — 233 — 213 343 31
4 2007 | mg/m3N 285 76 167 50 185 120 67 40
5 2008 | mg/m3N 520 124 231 193 122 158 241 33
6 2009 | mg/m3N 163 66 165 40 18 91 59 7
7 2010 | mg/m3N 295 3 375 9 49 216 32 25

(Source: JCA Survey Team based on TPP4's datall
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Fig.4.2-25 #4 ESPInner Parts
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Table4.2-15 Emission Standard of TPP4

For New Environmental,
Item TPP4 Power Plant | Health, and Safety
in Monaolia Guidelines(World
9 Bank,2007)

co 180 mg/m® (144ppm) 180 mg/m® N.A.
SO, 1,200 mg/m? (420ppm) 400 mg/m® 2,000 mg/m®
NOXx 715 mg/m® (364ppm) 1,100 mg/m® 650 mg/m’
Dust (SPM) 200 mg/m® 50 mg/m® 50 mg/m®

426 OO
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Fig.4.2-26 Safety Enclosure
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Fig.4.2-27 Replacement of Boiler Water Wall
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Table4.2-16 Major Specification of Shunting L ocomotive

Item unit
Type TEM-2
(Russia)

Year of manufacture

NO.1255 1983

NO.1280 1987

NO.1291 1990
Track gauge mm 1,520
Weight ton 138
Axle arrangement 6 axles (Co-Co)
Height of coupler mm 1,050 — 1,060
Tractive effort kN 350
Rated engine power kw 515
Engine capacity cc 157,260
Cylinder 6
Max. speed km/h 100
Major dimension

Length mm 16,970
Width 4,437

Height 3,120

(Source: JICA Survey Team based on TPP4's data)

/("iﬁ'!.!:ﬂ“-.. i __].
Fig.4.2-29 Coal Unloading Facility of TPP4
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Table5.2-1 Comparison between Mechanical-hydraulic and Electro-hydraulic Governor

No. Item M echanical-hydraulic Electro-hydraulic
1 | Speed sensor Centrifugal weight Magnetic pulse
Centrifugal hydraulic
2 | Speedsignal Displacement/ail pressure Pulse signal
3 | Speed signal transmission Linkage/oil pressure Analog signal
4 | Speed signal amplification Qil relay, linkage Electronic amplifier
5 | Signa converter Hydraulic pilot Electro-hydraulic converter
6 | Valvedrive Hydraulic cylinder Hydraulic cylinder
7 | Valve position feedback Hydraulic pilot, linkage Linear voltage differentia

transformer
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00000 Tableb.2-20000

Table5.2-2 Scope of Modification Work

No. Item Remark

1 Turbine shutdown / turning operation

2 Removal of casing / Insulation material Reuse

3 Removal of control valves and accessories Ditto

4 Removal of bearing with bearing-stand Ditto

5 Governor valve checking (maintenance work) Ditto

6 Extraction valve checking (maintenance work) Ditto

7 E/H convertor bracket/temporal deeve & flange set-up New

8 E/H convertor set-up (installing) New

9 Removal work of existing pipeline (existing pipe cut) Reuse and modify
10 Servo-motor set-up (installing) New

11 Modification work of existing pipeline Reuse and modify
12 Installation of new instrument piping New

13 Installation of EH control panel New

14 Installation of control desk, OPS, EMS, ACS New

15 Installation of local panel New

16 Installation and/or modification of conduit pipe, tray Reuse and modify
17 Modification work of existing cables, terminals and control Di

itto
panels

18 Cabling work Ditto

19 Pre-commissioning (cable check, loop test)

20 Re-assembling work of casing, insulation material Reuse

21 Qil flashing

22 Hydro pressure system, valves adjustment

23 System step response test

24 Interlock test

25 Turbine start-up / no load test / synchronization

26 EH performance test

gbooobooobooboboobboobbooobbooobooboboooboooo
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TPP4 Turbine #1 to #3 and Aux. Control System Configuration

CLJ CLJ Data Server
b B ! )'_[
. E |
N o I
: : : e To Boiler #1 to #4
I I I I ETHERNET SWITCH
| | 1 1
ETHERNET SWITCH
! I I : |
I ........................... JI_ e — s — s — ™ — = Y T s o e e s e e e I, 0 1 L L L L L o e e e e m
Control T . I I
lpanel ' o milmimlmi :
! Large .: !: Large Large ;
| Screen I [ Screen Screen [
l'_—.'_—.'_—.'_—.'_—.'_—.'_—.'_—.'_—.'_—. : .I'_—.'_—. : ':."_—.'_—.'_—.'_—.'_—.'_—. i el ey ool I
I
jControl HMI[ 1 HMI| 1 HMI OPC;  PIMS
iDesk ! I I | I
. | | | | { l I
i 39 29 2.9 !u L I . Ji
I U I -
i { I‘ ‘ ‘ I _____ I
GW [—
To Boiler
#1 to #4
Control Bus
L Z Z L L Abbreviation
Turbine |Governor(Turbine Turbine |Governor(Turbine Turbine Governor|Turbine Turbine CLJ : Color Laser ‘]_et Printer
Control |Control Protection Control |Control [Protection Control |Control [Protection Auxiliary HMI : Human Machine Interface
EWS : Engineering work Station
PIMS: Plant Information and Management System
GW : Gate way Controller
Note

1. This drawing shows the turbine control system of #1 to #3 and ,for #4 to #6 turbine, the control system is similar .
2. This drawing is only for reference and subject to change in future.

Fig.5.2-2 System Configuration of Turbine Control System

5-7
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Table5.2-3 General Figures of New Devices
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Table5.2-4 Control Valve List of URAL T-110 Turbine

ood oooo oo
RN TAGNo | 00O DN PN 000
L PHeater#1 Level M-513 ooo 100/80 25 1
ooo 100/80 25 1
L PHeater#2 Level M -514 00 80 o5 >
L PHeater#3 Level M -515 ooo 80 25 1
L PHeater#4 Level M -516 ooo 100/80 25 1
H P Heater#5 Level M-510 oo 100 25 3
H PHeater#6 Level M -511 oo 100 25 3
H P Heater#7 Level M -512 oo 100 25 3
Drainage LP Heater #2 level M-519 oo 80 25 2
Heating Water# 1 Level M C -500 ooo 200 63 3
Heating Water# 2 Level Mn cC -501 oono 200 63 3
Sealing Steam M -509 oo 150 63 2
Condenser Level (aux) M -520A oo 80 25 2
Condenser Level (main) M -520 oo 300 25 2
Turbine Oil Temp M -325 oo 300 25 2
From water storage tank to LP
Heater#2 M -558 ooo 50 25 1
0 Source: JICA Survey Team based on TPP4's data)
O
O. LPHeater#flLeve OO0 O Levd DD OO0 OO0 NO2O0O OO OO DN100
O. LPHeater#2 Level DO OO NO3ODODOOOOOODODO
O. LPHeater#4Leve DO OO OODODO NO4O OO OOD DN8O
BREAGISL
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Table5.2-5 Control ValveList of LMZ T-80 Turbine

ooo ooono oo
oo TAGNo | 00O DN PN 0oo
ooo 150 63 1
L PHeater#2 Level M-519 0o 150 o5 5
ooo 80 25 1
L PHeater#3 Level M-518 00 80 o5 >
L PHeater#4 Level M -517 ooo 80 25 1
H P Heater#5 Level M-516 oo 100 25 3
H P Heater#6 L evel M -515 oo 100 25 3
H P Heater#7 Level M-514 od 100 25 3
) odo 100 25 1
Drainage LP Heater #2 level M -522 00 80 o5 1
Heating Water# 1 Level n C -500 ooo 150 63 3
Heating Water# 2 Level nc -501 ooog 150 63 3
Condenser Level M -523 oo 200 25 2
Sealing Steam M-513 oo 80 40 2
. oood 250 25 1
Sealing Steam(outlet) M -550 00 250 o5 >

O Ooood

0 Source: JICA Survey Team based on TPP4's data)

. LPHeater#2Levd 000000000 NOAODO OO OO PN63

. LPHeater#2 Levd D0 O#3Leve 0000 NOAOOOOOOOOOOCO
. Drainage LPHeater #2levd 0000 NO1OODOOOO0OOO0OO0O0O0O0OOOO DN100
. Sedling Steam(outlet) 0000 NO.AOOOOOOOOOOO
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Table5.2-6 Control Valve List of Turbine Common

ood oooo oo

RN TAGNo | 00O DN PN 000
Deagerator Pressure ny-500 gd 300 25 3
- ditto - 2ny-500 oo 300 25 3
Deaerator Level MU-557 oo 200 25 3
- ditto - KU-557 oo 200 25 3
- ditto - 2KU-557 oo 200 25 3
Pressure Reducing 140/13K
Pressure PO-501 ooo 175 140 1
Pressure Reducing 140/16K PO-500 ooo 175 140 1
Pressure
Pressure Reducing 140/13K PO-502 ooo 175 140 1
Pressure
Pressure Reducing 140/13K PO-504 ooo 65 230 1
Temperature
Pressure Reducing 140/16K PO-503 ooo 65 230 1
Temperature
Pressure Reducing 140/13K PO-505 ooo 65 230 1
Temperature
Pressure Reducing 14/12K
Pressure PO-506 ooo 250 25 1
Pressure Reducing 16/13K PO-507 oo 300 o5 3
Pressure Nol
Pressure Reducing 16/13K PO-508 oo 300 o5 3
Pressure No2
Pressure Reducing 16/13K PO-509 oo 300 o5 3
Pressure No3

O

0 Source: JICA Survey Team based on TPP4's data)
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Table5.2-7 Remote Controls I mplemented in DCS
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goooogno
goooooopgooo
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Table5.2-8 Instrument List for Turbine Performance M easur ement

for 6 turbines

NO. Item Unit Q'ty
1 HPH - 7 Steam Temp Deg C 6
2 | HPH - 7 Steam Press kg/cm® 6
3 HPH - 7 FW Inlet Temp Deg C 6
4 HPH - 7 FW Outlet Temp Deg C 6
5 HPH - 7 Drain Temp Deg C 6
6 HPH - 6 Steam Temp DegC 6
7 | HPH - 6 Steam Press kg/cm? 6
8 HPH - 6 FW Inlet Temp Deg C 6
9 HPH - 6 Drain Temp Deg C 6
10 | HPH - 5 Steam Temp DegC 6
11 | HPH - 5 Steam Press kg/cm? 6
12 | HPH-5FW Inlet Temp Deg C 6
13 | HPH - 5 Drain Outlet Temp Deg C 6
14 | LPH—4 Steam Temp Deg C 6
15 | LPH —4 Steam Press kg/cm? 6
16 | LPH—4FW Inlet Temp Deg C 6
17 | LPH—4FW Outlet Temp Deg C 6
18 | LPH—4DrainTemp Deg C 6
19 | LPH—3 Steam Temp Deg C 6
20 | LPH —3 Steam Press kg/cm? 6
21 | LPH—3FW Inlet Temp Deg C 6
22 | LPH -3 Drain Temp Deg C 6
23 | LPH—2 Steam Temp Deg C 6
24 | LPH — 2 Steam Press kg/cm? 6
25 | LPH—2FW Inlet Temp Deg C 6
26 | LPH —2 Drain Outlet Temp Deg C 6
27 | 13atasteam flow t/h 3
28 | HPH - 7 outlet feed water flow t/h 6
29 | Condenser Hotwell water Temp Deg C 6
30 | Condenser Inlet Cooling Water Temp DegC 18
31 | Condenser Outlet Cooling Water Temp Deg C 18

0 Source: JICA Survey Team TPP4's data)

04000000000000D0 sOODOOODODOODODODODODODODOD
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Table5.2-9 Number of Soot Blower (new plan)

L ocation Type Number
Furnace Wall Deslugger 33
Front 9
Side (18)
Rear (6)
Superheater Long Retractable (one side) 12
Economiser Rotary 12
Air Heater Air Heater Cleaner 16
Total 69
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Stand—hy

In operation

Fig.5.2-3 Long Retractable Soot Blower

Rotary Soot Blower

Fig.5.2-4 Rotary Soot Blower

Air Heater Cleaner

Fig.5.2-5 Air Heater Cleaner
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Ceramic inserts High chrome cast steel
Thickness is
optimized for

Ceramic bl s
embedded
layer :

Fig.5.2-7 Cross Section of Ceramic Material
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Existing roller Ceramicroller

Shrink fitting

Journal housing

Journal housing

Loosefitting

Fig.5.2-8 Comparison between Existing Roller and Ceramic Roller
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Fig.5.2-9 Cost Comparison
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HITRFIC RIS U THRBh & RIBWERBIC. 200 7 L- 4 L—FRICRE—RERBHE L THES € TR T R
RO ATE-2EBLTETLEY, FoEWMATRNF—ICERLTHERHICHLET,
Pl Ouring the acceleration mode, the optimization of the power Braking During the deceleration mode, braking power created by
Mode source could be automaltically achieved between the modes Mode traction motors operated as generators, could charge the
involving both battery and generator power or battery power battery by converting the kinetic energy into electrical
alone. energy.

O Source: Toshiba brochure)

Fig.5.2-10 Hybrid System

HD300O OO OODO Table52-100000

Table5.2-10 Major Specification of HD300

ltem unit

Type HD300
Track gauge mm 1,067
Weight ton 60
Axle arrangement 4 axles (Bo-Bo)
Height of coupler mm 880
Tractive effort kN 196
Rated engine power kw 500
Max. speed km/h 110
Major dimension

Length mm 14,300

Width 2,950

Height 4,088

O Source: Toshiba brochure)

0000000000000 0DODOO000O00DODOOTableb2-11000000000000

ugbbooobuodoboboobobuodoboobo 40b00bboooboobboobuoobbon
googno

Table5.2-11 Comparison of Fuel Cost

Item Operation Fuel consumption Fuel price| Fuel Cost/year
Locomotive (hr/year) (2/h) (Yen/2) (1000Y en)
1.Diesl type 4500 17.00 95 7,268
(Existing type)
2.Hybrid type 4500 10.88 95 4,651
Balance 2,617
ERREMIASK
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Tableb5.2-12 Maintenance Cost
Y ear 1 2 3 4 5 6 7 8 9 10 Tota

Maintenannce cost | 1 5y [ 5900 | 6,500 | 5,200 | 6:500 | 1,200 | 5,200 | 6.500 | 5,200 | 6500| 49,200
(1000 Yen)
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SCHEDULE OF THE ULAANBAATAR 4TH THERMAL POWER PLANT REHABILITATION PROJECT

2013 2014 2015 2016 2017 2018 2019

1]2]3lafs|e|7]8]owofulwffi|a]a]als|e][7]8]o]wo]u|wffi|a][a]a]s|e][7]s]o]w]u|wffi|a]s]a]s|e[7[a]o]w[n|wf1]2]s]a|s][6[7]8]o]w0|ufwfls]2]3]a|s|6][7]8]o]w0|u|wafls]2]3]a]s]6]7

-

Loan Agreement v

N}

Preparation of procedures for Selection of
Consultant

w

Selection of Consultant :jvc ntriact

Preparation of Bid document for selection of
EPC —
(including JICA's concurrence)

3}

Submission of the project documents to MNET|__|
for generral EIA 7

o

General EIA (by MNET, max 12 days)

~

PR

[Detailed EIA, if required as a result of
General EIA]

©

«|--

[Review of Detailed EIA for project permit (by
MNET, max 18 days)]

DR
'
T
'
'
'
'
'

©

Selection of EPC Contractor  Ycpntrag
Tlender fan:

Eyatyatior

JICA's concurrence =

vZ-G

11

Turbine Governor
Turbine DCS

EPC

Mill roller
Soot blower

Turbine Shutdown (one by one) J
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Fig.5.2-11 Project Schedule
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= " B 1Z{E (2021 )
HR% C N ¢
ERS—EY #1| BEE® 58.0 61.5
EEBInFEEE (GWh/4F) 252.9 270.1
BRRA—EY #2 | IFEBE® 93.6 97.1
EEBmMFEEE (GWh/F) 699.0 7248
BRRA—EY #3 | IREBE® 71.6 75.0
EEBIHFKEE (GWh/F) 426.8 447.8
RRA—EUKEH #4 | BEBE® 96.5 99.9
EEBinFEEE (GWh/F) 615.1 638.1
RRA—EUKEH #5 | BEBE®® 90.4 93.8
EEIRFEEE (GWh/HF) 369.0 386.1
REA—EUKEH #6 | FEE®® 90.0 93.4
EEInFEEE (GWh/4F) 428.7 4472
RAS5— #1 BEE% 79.0 80.5
RAS— #2 FRBIEE%) 77.4 79.0
RAS— #3 BEE% 425 434
RAS— #4 BEE%) 86.4 88.1
RAS— #5 BEE% 69.1 70.4
RAS— #6 BEE% 87.8 89.5
RAS— #7 FRBEE%) 62.7 63.9
RAS5— #8 BEE% 93.7 95.6
000000000000 0o0O0oooooon
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Table5.4-1 Common Termsfor Appraisal

(1) Yen/$
(2) LC/$
(3) Yen/Tg

Price Escalation
(1) FC

Physical Contingency

Construction

Us$ 1= Yen
uUs$ 1 = 1394.8]Tg
Tg1=  [___006]Yen

LC

Consultant

Base Year for Cost Estimation: Schedule
2012/11 Start 2013/1 End] 2019/12
Billing Rate of Consultant
FC Yen LCT
Pro—(A) | 2,562,000] 0|
Pro—(B) l 0] 8,540,000]
Supporting Staff | 0] 1,670,000}
Others
Rate of Tax
VAT 10.0% Import Tax
Rate of Administration Cost
Rate of Interest During Construction
Construction 1.40% Consultant 0.01%
Rate of Commitment Charges
0.1%
Payment Method for Interest during construction and Commitment charge
loan—covered
Fiscal Year
SRBEAKINSLL
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Governor, DCS

Table5.4-2 Cost Break Down for Package

Unit Price Cost Total
item unit | Quantity Foreign Local Foreign Local
yen Tg yen Tg yen
Governor 1 1 426,400,000 0 426,400,000 0 426,400,000
DCS 1 1 1,149,000,000 0] 1,149,000,000 0 1,149,000,000
Erection 1 1 90,262,000 6,017,300,000 90,262,000 6,017,300,000 451,300,000
Transportation 1 1 24,000,000 600,000,000 24,000,000 600,000,000 60,000,000
Civil 0 0 0 0 0 0 0
Total 1,689,662,000 6,617,300,000 2,086,700,000
Soot blower
Unit Price Cost
. . . - - Total
item unit | Quantity Foreign Local Foreign Local
yen Tg yen Tg yen
Soot blower 1 8 190,000,000 500,000,000 1,520,000,000 4,000,000,000 1,760,000,000
Erection 1 1 0 4,000,000,000 0 4,000,000,000 240,000,000
Transportation 1 1 30,000,000 1,000,000,000 30,000,000 1,000,000,000 90,000,000
Civil 0 0 0 0 0 0 0
0 0 0 0 0
Total 1,550,000,000(  9,000,000,000 2,090,000,000
Mill roller and table
Unit Price Cost
. . . - - Total
item unit | Quantity Foreign Local Foreign Local
yen Tg yen Tg yen
Eﬂifa”dtaNEfor#StO#g 1 4 60,000,000 o| 240,000,000 0 240,000,000
Erection 1 1 0 4,000,000,000 0|  4,000,000,000 240,000,000
Transportation 1 1 10,000,000 330,000,000 10,000,000 330,000,000 29,800,000
Civil 0 0 0 0 0 0 0
Total 250,000,000(  4,330,000,000 509,800,000
BRRAKISH
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Table5.4-3 Project Cost (Cost by Item)

Unit : FC, Total (Mil Yen)

LC (Mil Tg)
Foreign Currency Portion| Local Currency Portion Total
Breakdown of Cost JICA JICA JICA
Total [Portion| Others| Total |Portion| Others| Total | Portion| Others
1 |Governor, DCS 1,690 1,690 0 6,617 6,617 0 2,087 2,087 0
2 |Soot Blower 1,550 1,550 0 9,000 9,000 0 2,090 2,090 0
3 |Mill roller and table 250 250 0 4,330 4,330 0 510 510 0
4 |Price Escalation 304 304 0 7,668 7,668 0 764 764 0
5 |Physica Contingency 190 190 0 1,381 1,381 0 273 273 0
6 |Consulting Services 198 198 0 1,848 1,848 0 309 309 0
7 |Land Acquisition 0 0 0 0 0 0 0 0 0
8 |Administration Cost 0 0 0 5,026 0 5,026 302 0 302
9 VAT 0 0 0] 10,053 0] 10,053 603 0 603
10 |Import Tax 0 0 0 3,319 0 3,319 199 0 199
11 |Interest during construction 330 330 0 0 0 0 330 330 0
12 [Commitment Charge 45 45 0 0 0 0 45 45 0
13 [Total 4,556 4,556 0] 49,242] 30,844| 18,398 7,510 6,406 1,104
Table5.4-4 Project Cost (Cost by Year)
Unit : Mil Yen
Breakdown JICA
Total : Others
of Cost Portion

2013 46 41 5

2014 1,331 1,127 204

2015 1,578 1,345 233

2016 2,087 1,772 315

2017 901 771 129

2018 936 803 133

2019 632 548 84

Total 7,510 6,406 1,104
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Table5.4-5 Annual Fund Requirement

Unit : FC, Tota (Mil Yen)

5-31

LC (Mil Tq)
Iltem Total 2013 2014 2015 2016 2017 2018 2019
FC LC Total FC LC Total FC LC Total FC LC Total FC LC Total FC LC Total FC LC Total FC LC Total
A. ELIGIBLE PORTION
1) Procurement / Construction 3,983 28,996 5,723 0 0 0 764 4,819 1,053 741 8,646 1,260 1,175 8,040 1,658 492 2,673 652 502 2,913 677 308 1,905 422
Governor, DCS 1,690 6,617 2,087 0 0 0 338 331 358 253 993 313 0 993 60 422 1,654 522 422 1,654 522 253 993 313
Soot Blower 1,550 9,000 2,090 0 0 0 310 1,800 418 310 4,500 580 930 2,700 1,092 0 0 0 0 0 0 0 0 0
Mill roller and table 250 4,330 510 0 0 0 50 1,732 154 100 866 152 100 1,732 204 0 0 0 0 0 0 0 0 0
Base cost for JICA financing 3,490 19,947 4,687 0 0 0 698 3,863 930 663 6,359 1,045 1,030 5,425 1,355 422 1,654 522 422 1,654 522 253 993 313
Price escalation 304 7,668 764 0 0 0 30 727 73 43 1,876 155 89 2,233 223 46 891 100 56 1,120 123 40 822 89
Physical contingency 190 1,381 273 0 0 0 36 229 50 35 412 60 56 383 79 23 127 31 24 139 32 15 91 20
11 )| Consulting services 198 1,848 309 25 160 35 36 287 53 30 264 46 34 295 51 28 306 46 25 300 43 21 235 36
Base cost 174 1,246 249 23 140 32 33 230 46 27 194 38 29 199 41 24 190 35 21 170 31 18 122 25
Price escalation 14 514 45 0 13 1 1 43 4 2 57 5 3 82 7 3 102 9 3 115 10 3 101 9
Physical contingency 9 88 15 1 8 2 2 14 3 1 13 2 2 14 2 1 15 2 1 14 2 1 11 2
Total (I +11) 4,181 30,844 6,032 25 160 35 800 5,106 1,106 771 8,911 1,306 1,209 8,335 1,709 520 2,979 699 527 3,213 720 329 2,140 458
B. NON ELIGIBLE PORTION
a |Procurement / Construction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Base cost for JICA financing 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Price escalation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Physical contingency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b [Land Acguisition 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Base cost 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Price escalation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Physical contingency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
¢ |Administration cost 0 5,026 302 0 29 2 0 922 55 0 1,088 65 0 1,424 85 0 582 35 0 600 36 0 381 23
d |VAT 0 10,053 603 0 58 3 0 1,843 111 0 2,176 131 0 2,848 171 0 1,164 70 0 1,200 72 0 763 46
e [Import Tax 0 3,319 199 0 0 0 0 637 38 0 618 37 0 979 59 0 410 25 0 419 25 0 256 15
Total (a+b+c+d+e) 0 18,398 1,104 0 87 5 0 3,401 204 0 3,882 233 0 5,252 315 0 2,157 129 0 2,219 133 0 1,401 84
TOTAL (A+B) 4,181 49,242 7,136 25 247 40 800 8,507 1,310 771 12,793 1,539 1,209 13,587 2,024 520 5,136 828 527 5,432 853 329 3,541 542
I
C. Interest during Construction 330 0 330 0 0 0 15 0 15 33 0 33 56 0 56 66 0 66 77 0 77 84 0 84
Interest during Construction(Const.) 330 0 330 0 0 0 15 0 15 33 0 33 56 0 56 66 0 66 77 0 77 84 0 84
Interest during Construction (Consul.) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
D. Commitment Charge 45 0 45 6 0 6 6 0 6 6 0 6 6 0 6 6 0 6 6 0 6 6 0 6
GRAND TOTAL (A+B+C+D) 4,556 49,242 7,510 31 247 46 821 8,507 1,331 810 12,793 1,578 1,271 13,587 2,087 592 5,136 901 610 5,432 936 419 3,541 632
| (1000 US$) 58,255.7| 37,781.9] 96,037.6 401.1 189.3 590.5| 10,494.1] 6,527.4| 17,021.5| 10,360.3] 9,815.6| 20,175.9] 16,258.5| 10,424.6] 26,683.1| 7,576.7| 3,940.6( 11,517.3] 7,804.8| 4,167.6] 11,972.4] 5,360.2] 2,716.7] 8,076.9
E. JICA finance portion incl. IDC (A + C + D) 4,556 30,844 6,406 31 160 41 821 5,106 1,127 810 8,911 1,345 1,271 8,335 1,772 592 2,979 771 610 3,213 803 419 2,140 548
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Table5.4-6 Project Effects

Rehabilitation Project 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2040 2041
Power (GWh) 89.3] 1439 198.5] 2258 225.8] 225, 2258 225.8 2258 225.8) 2258 2258 225.8) 2258 225.8) 2258 2258 225.8) 2258 2258 225.8] 2258 225.8]
Hesat (Geal) 92,000.0| 152,000.0] 212,000.0] 242,000.0] 242,000.0] 242,000.0 242,000.0] 242,000.0] 242,000.0 242,000.0] 242,000.0 242,000.0] 242,000.0] 242,000.0[ 242,000.0] 242,000.0] 242,000.0[ 242,000.0| 242,000.0] 242,000.0|
Coal consumption (1000 ton) 88.2) 1437, 199.2 227.0 227.0] 227. 227.0 227.0 227. 227.0] 227. 227.0 227.0 227.0| 227.0 227.0| 227.0|
Water consumption (1000 ton) 2520 372.0 492.0| 552.0f 552.0] 552 552.0 552.0 552 5520} 552 552.0 552.0 552.0f 552.0 L 552.0f 552.0f
Heavy oil (1000 ton) -0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06 0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06 -0.06
OM Cost (Sthousand) 1,066 1,066] 1,066] 1,066 1,066) 1,066) 1,066) 1,066] 1,066] 1,066] 1,066] 1,066] 1,066 1,066 066
Decreasein OM Cost ($thousand 0f -41] -41] -41] -41] -41] -3.0@' -41] -41] —41 -41] -41] -3.08__5| -41] 1]

Diesel Power Plant
Power (GWh) 166.3 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 2180 218.0 2180 218.0
Heavy oil (1000 ton) 38.0 50.8 50.8 50.8 50.8 50.8 50.8 50.8 50.8 508 50.8 50.8 50.8 50.8 50.8 50.8 50.8 50.8 50.8 50.8 50.8 50.8 50.8 50.8 50.8
OM Cost ($thousand) 2,145.5 2,813 3| 2,813.3| 2,813.3| 2,813.3] 2,813.3] 2,813.3 2,813.3 2,813.3] 2,813.3 2,813.3| 2,813.3| 2,813.3 2,813.3] 2,813.3| 2,813.3] 2,813.3| 2,813.3| 2,813.3] 2,813.3| 2,813.3) 2,813.3| 2,813.3] 2,813.3| 2,813.3|

HOB
Hest (Geal) 92,000 152,000 212,000 241,994 241,994 241,994 241,994 241,994 241,994 241,994 241,994 241,994 241,994 241,994] 241,994] 241994) 241994) 241994 241994 241994 241,994 241994] 241994 241,994] 241,994
Codl (1000 ton) 39.0 64.4 89.8 1025 102.5 102.5 102.5 102.5 102.5 102.5 102.5 1025 102.5 1025 102.5 1025 1025 102.5 1025 1025 102.5 1025 102.5 1025 102.5
Station use (GWh) 6.4 129 129 129 129 129 129 129 129 129 129 129 129 129 129 129 129 129 129 129 129 129 129 129 129
OM Cost ($thousand) 1300 1300 130.0 1300 130.0 1300 130.0 1300 1300 1300 1300 130.0 130.0 1300 130.0 1300 130.0 130.0 1300 130.0 130.0 1300 1300 130.0 1300
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Table5.4-7 Sandard Conversion Factor

Standard conversion factor
2007 2008

2009 2010

Import amount

(US$ million)

2,062

3,245

2,138

3,200

Export amount

(US$ million)

1,948

2,535

1,885

2,909

Import duty

(Tg. million)

96,262

132,056

111,233

193,132

(US$ million)

82

113

77

142

Export duty

(Tg. million)

6,218

8,782

4,755

190

(US $million)

5

8

3

0

Export subsidy

(Tg. million)

0

0

0

0

(US $million) 0 0 0 0

Standard conversion factor 0.981 0.982 0.982 0.977
Exchangerate] 1,169.85 1,166.06 1,437.91 1,355.93

Average SCF= 0.98

(from Mongolian Statistical Y earbook 2010)
doooooooooooooboooooon
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00000000000 Baganuur OO OO0 Tg.4,523/ton O Shivee Ovoo 00O 00O
Tg5032ton OO D ODODOOODOODODO US$ 343ton DO O ODOOOOOODO
US$3343ton00 00O
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2011000000000 Te777930ton0 0000 OO US$S58/ton D 00O 0
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oot ooooboooooooooooo
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ADB 00O 5000000000000CO0OO0DOOO Tgl1000ton OO OODOOO
US$0.72/tonC0 00 O

(2 0000
00000000541000000000000000000000000000000CC
00000000000000000000000000000000000000

(3) OO
000000000 IRROOOOOOOOOOONAVOOOOOOO0OOOOOO B/COO
0o

OO00000oDOoOobOo0o0oOOoO Tables4-80000000ODO0O
> 00000000 100%=US$69.19millionl 00000 OO US$69.58 milliond O OO
OSCrFO0noooog

> 0O0000000D 100%=US$415milliond 0000000 US$41.86 millionT O O
gb scrObnogonoog

0000 =US$33.43/ton
0000 =US$558/ton
000 =US$0.72/ton
OO0 =10%
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Table5.4-8 Economic Evaluation with Alternative Diesel and HOB

(Unit: US$ in thousands)

Cost Benefit
No. of years (D) - (A)
from Calendar Rehabilitation Project Alternative Diesel Power & HOB (B) Other Benéfit (C) Total
Congraction | o year Consir. 0&Mm Fuel Total Constr. | O&M Fu Total Decreasein (gféei'é) NET
Cost Cost Cost (A) Cost Cost Cost Maintenance Costs BENEFIT
1 2013 445 445 462 462 462 17
2 2014 13,685 13685 4634 4634 4634 -9,050)
3 2015 15,157 15157 24381 24,381 24,381 9,223
4 2016 19,588 0 0 19588 12,024 0 o 1204 o 12,024 -7,564)
5 1 2017, 7,816 768 2,913 11,497 2,273 2490| 24,763 41 24,804 13,307
6 2 2018 7759|1334 4,767 13,860 2,941 30485 33425 41 33,466 19,607
7 3 2019 4784 1,420 6,621, 12,785 2,941 31334 34274 1] 34,315 21,531
8 4 2020 1,463 7,548 9,011 2,941 31,758| 34,699 41 34,740 25,729
9 5 2021 1,463 7,548 9,011 2,941 31,758 34699 41 34,740 25,729
10 6 2022) 1,463 7,548 9011 2,941 31,758| 34699 3,085 37,784 28,773
1 7 2023 1,463 7,548 9,011 2,941 31,758 34,699 41 34,740 25,729
12 8 2024 1,463 7,548 9011 2,941 31,758| 34699 41 34,740 25,729
13 9 2025 1,463 7,548 9,011 2,941 31,758 34,699 1] 34,740 25,729
14 10 2026 1,463 7,548 9011 2,941 31,758| 34699 41 34,740 25,729
15 1 2027, 1,463 7,548 9,011 2,941 31,758 34,699 41 34,740 25,729
16 12 2028 1,463 7,548 9011 2941 31758| 34699 3,085 37,784 28773
17 13 2029 1,463 7,548 9,011 2,941 31,758 34,699 1] 34,740 25,729
18 14 2030) 1,463 7,548 9011 2941 31758| 34699 41 34,740 25,729
19 15 2031 1,463 7,548 9,011 2,941 31,758 34699 41 34,740 25,729
20 16 2032 1,463 7,548 9011 2941 31758| 34699 41 34,740 25,729
21] 17 2033 1,463 7,548 9,011 2,941 31,758 34,699 41 34,740 25,729
22| 18 2034 1,463 7,548 9011 2941 31758| 34699 3,085 37,784 28,773
23 19 2035 1,463 7,548 9,011 2941 31758| 34,699 41 34,740 25,729
24 20 2036 1,463 7,548 9,011 2041 31,758 34,699 41 34,740) 25,729
25 21 2037, 1,463 7,548 9,011 2941 31758| 34,699 41 34,740 25,729
26 2 2038 1,463 7,548 9,011 2041 31,758 34,699 a1} 34,740) 25,729
27 23 2039 1,463 7,548 9,011 2941 31758| 34699 a1} 34,740 25,729
28 24 2040) 1,463 7,548 9,011 2041 31,758 34,699) a1} 34,740 25,729
29) 25 2041 1,463 7,548 9,011 2941 31,758| 34,699 a1} 34,740 25,729
TOTAL 69,194 35717 180,350 285061) 41,500 72,851 782,989 897,311 10157] 907,498 622,237
Present Value 98,564 241,063
EIRR 84.65%
NPV 142,698
B/C 245
ooddoodoooooooooo
00 00
EIRR 85 %
NPV USS$ 143 million
B/C 2.45
TRERKINSH
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000002013000 20410000000000000000000000000000
0000000000000000000000000000000000000000000
) 0000

00000000000000000000000000000000000000000
0000000000000000000000 201400000000 Pricelndexatiord 0 O
O0000O000O000ERC 000000000000 O0O0O0O0O0O0O0O00NO0O00NO000O0n
000000000000000000000000000000000000000000
0000000000000000000000@OUNO0000000000000 10%0
0ooooooooo

a OO0

2011 0000000 Tg39.17kWh(US$ 0.028)0 0000000000 Tg.33kWh

OUS$ 00240000 200000000000000000000000000000O
0000000000000000000000000000000000000000
00000000000000000 106000000000 US$ 00260 201100 O
0000000000000 2017000000000000JdCAOOOOOOOOO0
0000 2100000000000 US$0.0290 2017000000000000

b) O

2011 O O0O0OD0OO0O0000 Tg65766/Geal(USS 47000 O0O0OOOO0OODO
T9.12,792/Gcal(US$9.17)0 0 50%0 0 0 0O 0000000 000oooooooooo
OO0 10%000000000000000 uss 1000 0000000000000DOAO
2060 00000000000 0000D021%0 0000000000 Us$1140000

1

WACC=CAPM x E/(E+D) + average debt interest x (1-tax rate) x D/(E+D)

(WACCODOODODOODO cAPM:OOO0O0O EOD D:O0O) (E:D=Debt Equity Ratio 0 40 0000000 2011000
E:D=7:3)

CAPM=Riskfreerate+f x Riskpremium 0 4000000000000000O0O0O0OOOOOOOOOOOOOOOOOO
000d00O000oobOOoooobD CAPMOOOODODOO0OOODODOOO 2000000 20100000000 11%0 0000
00000000o0ooooooon 11%0 71000000 77%0 00000000000 00ODOO 400000000
000000000000 000D 14%00000000((@%) OCO000Qo00000O0 1%wOOoooooooooooo
000 31000000030 000000000000OWACCO 80000
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00000000000000000000000000000000000000000
0000000000000000

2011 0 0 Baganuur O O O O O Tg.20,083.8/tond Shivee Ovoo 0 0 Tg.14,9934/ton0 000 O
00000000 1:10000000000000000 US$ 1257ton0 2017000000
0000000000000 21%00000000000 US$1424ton0 00000000

oo

000000 USs3.7ton0 000 US$1794/ton0 2016 0000000000

OO000O00D0CO00D0OO00DOO0O0O0O0DOuUSSssgton OO0

gbooooomobAbO0OOO0DOOoOOoooooomobobobobobobomoboo
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oono
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> OO0Ooooon =11%
» O0oO0O00d =25%
> 000 =8%
Table5.4-9 Financial Evaluation
Unit: US$ in thousand
Commercial
Y?;f;?m Yearsfrom| Calendar Cash Inflow Cash Outflow Cash Balance loan coverage IRR
" CcoD year Fund After-tax . Total . Debt Total Yearly . DSCR Calculation
construction . . . Disht it
Injection Profit Depreciation A) isbursement Repyment| (B) (A)-(B) Accumulation for loan
-1 20134 590) -43] 0 549 598 0l 599 -50] -50] -598]
1 2014] 17,021] -39 0 16,623 17,316} 0 17,314} -693 -743] -17,316
2 2015} 20,176| -900| 0] 19,276 20,798 0 20,798 -1,522] -2,265] -20,798]
3 2016 26,683 -1,55] (o 25,132 27,748 0l 27,748 -2,616] -4,881] -27,748]
4 1 2017} 11,517] -4,424] 3,424 10,516 12,765 0f 12,765 -2,248] -7,129] -11,738]
5 2 2018| 11,972 -3,417| 3,424 11,979 13,407 ¢ 13,407 -1,428) -8,557] -11,068]
6 3 2019 8,077| -2,392| 3,424 9,109 9,630 0 9,630 -521} -9,078] -6,019)
7 4] 2020 0l -1,034 3,424 2,390 783] 0 783 1,607 -7,471] 3,464
8 5| 2021 0 -1,204| 3,424 2,220) 0l 356| 356} 1,864 -5,607] 1.78 4,247
9 6 2022 ¢ -1,165] 3,424 2,259 0) 356 356 1,903 -3,704] 181 4,247
10 7 2023 ¢ 1,439 3,424 4,862 0l 3,320 3,320 1,542 -2,162] 1.29 6,811
11 8| 2024 0 -1,045| 3,424 2,378 0f 3,320 3,320 -941} -3,103] 0.82 4,247
12 9| 2025 0 -965) 3,424 2,459 0f 3,320 3,320 -861 -3,964] 0.83 4,247
13 10 2026 0 -884 3,424 2,540) 0f 3,320 3,320 -780] -4,744] 0.84 4,247
14 11 2027] ¢ -803] 3,424 2,620 0l 3,320 3,320 -70! -5,444] 0.86 4,247
15 12| 2028 o) -723 3,424 2,701} 0f 3,320 3,320 -619 -6,063] 0.87 4,247
16 13| 2029 o 1,801 3,424 5,225 0f 3,320 3,320§ 1,905 -4,158] 1.40 6,691
17 14 2030} 0 -561 3,424 2,862 0f 3,320 3,320 -458| -4,615] 0.90 4,247
18 15] 2031} ¢ -481 3,424 2,943 0Of 3,320 3,320 -377) -4,992) 0.92 4,247
19 16| 2032} 0 -400| 3,424 3,023 0f 3,320 3,320 -296) -5,289 0.93 4,247
20 17| 2033} o -320] 3,424 3,104} 0f 3,320 3,32§ -216) -5,505] 0.95 4,247
21 18] 2034} 0 -239 3,424 3,185 0f 3,320 3,328 -135| -5,640] 0.97 4,247
22 19 2035} 0 2,164 3,424 5,589 0f 3,329 3,329§ 2,268 -3,372] 1.53 6,570
23 20] 2036} ¢ -78| 3,424 3,346 0f 3,329 3,320§ 26 -3,346 1.01 4,247
24 21 2037 0 2 3,424 3,426 0f 3,320 3,324 106 -3,240] 1.03 4,246
25 22] 2038 s 63 3,424 3,489 0] 3,320 3,320 166 -3,073) 1.04 4,226
26 23] 2039 Q 123 3,424 3,547 0l 3,329 3,329§ 227| -2,846 1.06 4,206
27 24 2040} ¢ 184 3,424 3,607 0f 3,329 3,329§ 287 -2,559 1.07 4,186
28 25] 2041 ¢ 244 3,424 3,669 0l 2,964 2,964 704 -1,856] 120 4,166
96,038 -17,008] 85,591 164,621] 103,044 63,432| 166,476 -1,856 <1%
Present value -11,820 29,012 81,521 NPV -47,296 Average DSCR= 110
B/C 0.42 Minimum DSCR= 0.82
FIRR (after tax) <1%
(before tax) <1%
NPV (after tax) US$ -47.3 million
(before tax) US$ -46.7 million
B/C (after tax) 0.42
(before tax) 0.43
DSCR (after tax)
Average 1.10
Minimum 0.82
DSCR (before tax)
Average 112
Minimum 0.82
SN B
EREIAKINSH
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000b00b0obOobOoD Tablec.120000000000000O0O0O0O0O0OOOOOO0OO
gopbooboboobooooo

Table6.1-1 Land UseChangesOccurred in Ulaanbaatar City Before 1990 and in 2008

Before 1990 2008 Changes
Land Use Class 2 2 2
(m’) (m”) (m’)

Houses 7120 5214 -1906
Ger Districts 82730 147862 65132
Commercial Areas 1772 21241 19469
Central Government and Public Organizations 3850 5107 1257
Warehouse Areas 1920 55668 53748
Roads 9521 19508 9988
Dams 18000 16000 -2000
Water 23758 20758 -3000
Free Area 231001 54520 -176481
Overall 380886 380886 -

(Source: Amarsaikhan et al., 2011 Journal of Geography and Regional Planning 4: 471-481.)

Table6.1-2 Land Degradation of Recent Yearsin Mongolia

2007 2008 2009 2010

Area affected by degradation 14076.6 123414 11167.6  7359.6

Cultivated area 350.1 184.3 250.5 184.5

Pasture and other wood land 12305.4 11379.8 100154  6775.3

Cities, villages and other settlements 17.4 28.1 13.3 8.5

Forest resources land 1356.9 696.5 834.2 375.7

Water resourrces land 3.6 2.4 8.5 0.9
Digged and damaged land

Due to geology exploration and prospectiong 1.7 2.6 2.7 1.9

Due to mineral resourses exploration 14.6 22 16.9 16.1

Due to defence and security operation 25.5 25.2 25.3 0.3

Due to construction of buildings 0.3 0.3 0.1 0.1

Due to construction and repair of roads 1.2 0.3 0.6 1

(Source: National statistical office of Mongolia., 2010 Mongolian statistical yearbook.)
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O00D0D0000 40%00000000000030%0000000000020% 00000
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2007)°0

*Guttikunda, S. (2007) Urban Air Pollution Analysis for Ulaanbaatar, The World Bank Consultant Report.
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000000000000 000000000000000000 100000000000
0000000000000 000000000000 2e690000000000000 70%
00000 1889000 000000000000000000DOO0O0O0O0ODOOOOOO0O0O
00000000 (Larix sibirica) 0 0 0 0 0 O O (Pinus sibiricall] O 0 0 O 1 0O (Picea ovobata) ]
O00O0O0O0D0D0O0O0 (Pinus sylvestris) 1 00000 0O0O0O0ODO (Populus tremula) 0 00000
(Betula platyphylla) 00 O O (Populus diversifolia) 00 0 O O (Salix spp.)0 0 000000000
ooooooo

0000000000000 00000000D00000O (Lopus tola)D OO0 OO OO (Mus
musculus)DO0 00000 OO O (Microtus brandtii)) D0 O 0 0O O O O O O (Microtus gregalis)d O
00000000 (Ochotona daurical 000000000 ODOODOO (Buforadde)d O OO0
0000000 (Hynobius keyserlingi)) DO 0 000 0O OO (Hylajaponica) DO OO OO OO OO
(Rana amurensis) 1 0 00 00 00 OO (Musca domestica)[d 0 0 O O O (Dendrilimus superans)[]
0 O 0O 0 O (Lymanthria dispar) 00 O 1 0 (Orgya antiqua) D0 OO0 0000 00O O O O O (Erannis
jacobson) D0 00000 DODODODODOOO (Monochamus sutor)DJ 0000000 OOOOO0
(Acanthocinus carinulatus) D 0 0000000000 DO (Ips subelongatus) D0 0 OO0 OO0ODO
(Scolytus morawitzi) D 00 0000000000000 OO0O0OOONO (Milvus migrans)d 0 0O
0 O O (Eremophila alpestris)(0 0 0 0O 0 0O O O (Corvus corone)d 0 0O O 0O O O (Corvus corax)d
000000 (Corvus frgilegus)0 0 0 O O (Pica pica) 0 0 0 0 O O (Columba livia) D 0 0 O 0 O
(Passer domesticus) [ 0 O O (Passer mnotanus)(] 00 0 O O O O O (Pyrrhocorax pyrrhocorax) [0 O
O O (Accipiter nisus) 00 0 00 00 O (Corvus dauuricus) 1 00 00 000000000000
00000000000 D00000D000000OJ (Thymallus arcticus)D 00000000
(Nemacheilus barbatus toni)J 0 0 0 0 O O O (Esox lucius)J O O O O (Brachymystax lenok)[1 O
O00O00D00O00 (Cobitus teania) D 0 OO0 OO0 O (Lota lota)D OO0 OO0 OODOODO O (Perca
fulviatilis) D 00000000000 OO (Hucho taimen)J 0 0 0 0 0O O O (Rutilis rutilis) 0 0 O
(Cyprinus carpio)d 0 O O (Parasilurus asotus) 0 0 0 0 0000000000 DOOOOOO0ODO
O00o000000oo0oooooooo00oooooooooooooooooooon
00000 199000000000000000000000000000O00000000O
000000000000 00000o00oooooooooe06000000000000
20200000000000000000000000000900 500000000000
O00000ooooooooooooon

613 OOOOOOOO0O

gbooobooobgooboboooboboobboobooobooboboooboooo
(aimag)0 3000000000000DOOOOO0OOOOODOOODOOODOOOODOODDOO
UboobobobO0obOobobOobOobObTable 6,130 00000000O0O00O0O0O0O0OO0OO
ooobobobobob spbobobobobobobobobobobobobobobo
gbobooboobobooooboboobooooooboooooooboooooooobooon




EVILE BH5VIN—bIVE 4 NHEEABISS LR HERRE
DPA4FI - UIR—

gboboboboboboboboboobooobobbobobooboboooboobooOoobo
gobobobobobobobobuobobo

gbobobobobobobobobobOobobOobOob Figel-1O0OOOOODODOD
goboobooobooboobooobbooboobobooboooboooon

Table6.1-3 Major Ethnic Groupsin Mongolia

. Population, | % of
ST ErEN thoguu;rgc?s ’ pgr?ulgjttiiln
Mongolian citizens (all) 2,365.4 99.7
Halh 1,934.7 81.5
Kazakh 103 43
Dorvod 66.7 2.8
Bayaad 50.8 2.1
Buriad 40.6 1.7
Dariganga 31.9 1.3
Zahchin 29.8 1.3
Urianhai 25.2 1.1
Others 82.6 3.5
Foreigners 8.1 0.3
Total 2,373.5 100

(Source: Population and Housing Census 2000 Mongolia)
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Fig.6.1-1 TheAreasWhereMajor Ethnic Minorities Inhabited
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Table6.1-4 Key Social and Economic Indicators of Ulaanbaatar

Item Indicator
. Total population in UB: 1,151,500 (total population of Mongolia:
Population 2.780.800)
Land Total area: 1564,9 km” with the urban area of 46 km®
Administrative divisions|9 districts and 132 khoroos in UB ; 329 soums, 1,568 bags
Economy = GDP: 8255060.9 million tug (Per Capita 2,968.6)

* Major industrial products: wool, cigarettes, pharmaceutical
* Major crops: wheat, barley, corn, oats, potato,

vegetables, fodder crops, technical crops
= Major mineral resources: coal, gold, molybdenum, copper
Education and medical |- General educational schools in Mongolia: 751 (732,000 students)
service * General educational schools in UB: 207
= Vocational schools: 63 (46,100 students)
* Higher educational institutions, colleges and universities:

108 (240,400 students)

= State hospitals: 362
* Private hospitals: 1,113
= Family hospitals: 218

(Source: Mongolian Economic Yearbook 2010)

Table6.1-5 Poverty Incidence (%) by L ocation

L acation 1995 1998 2002 2006 2010
Urban 38.5 39.4 30.3 27.7 322
Ulaanbaatar 35.1 34.1 27.3 20.1 29.8
Aimag center 41.9 45.1 33.9 36.2 36.2
Rural 33.1 32.6 43.4 38.0 47.8
National average 36.3 35.6 36.1 32.6 39.2

(Source: Mongolian Economic Yearbook 2010)
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Submission of the project documents for screening to MNET

Max 12 days
can be extended by MNET if necessary

Screening Conclusion
*No Detaild EIA is needed
- Approved with conditions

*Conduct Detailed EIA
‘ -Rejection of the project
Detailed Environmental Impact Assessment
l Authorized company conducts Detailed EIA

according to General EIA determined by MNET

Submission of Detailed EIA
l MNET holds the reviewing committee

Max 18 days

can be extended by MNET if necessary
Analysis on Detailed EIA

*Approval

*Revison of Detailed EIA

-Disapproval

Fig.6.2-1 Environmental Impact Assessment Process of Mongolia
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Table6.2-1 Table of Current Environmental L egislation

T Date - English
Official Title of the Law Revision | Trandation
Adopted
Satus

Mongolian Law on Environmental Protection 1995 2008 Official
Mongolian Law on Special Protected Areas 1995 Official
Mongolian Law on Buffer Zones of Protected Areas 1995 N/A
Mongolian Law on Air 1995 2010 Official
Mongolian Law on Water 1995 Official
Mongolian Law on Land 1995 Unofficial
Mongolian Law on Forest 1995 Official
Mongolian Law on Natural Plants .
Inclu%iing List of Very Rare Plants 1995 Official
Mongolian Law on Hunting 1995 2000 Official
Mongolian Law on Wildlife 2000 N/A
Mongolian Law on Protection of Livestock Genetic Fund and 1994 N/A
Health
Mongolian Law on Protection from Toxic Chemicals 1995 Official
Moqgohan Law on Hydrology, Meteorology, and 1997 N/A
Environmental Monitoring
Mongol}an Law on the Protection of Forests and Grasslands 1996 N/A
from Wildfires
Law of Mongolia for Forest Harvesting, and Wood 1995 Unofficial
Procurement and Use
Mongolian Law on Underground Resources 1994 Unofficial
Mongolian Law on Mineral Resources 1994 1997 Unofficial
Mongolian Law for Water and Mineral Use 1995 Unofficial
Mongolian Law on Land Use Fees 1997 N/A
Mongolian Law on Fees for Use of Water and Mineral Water 1995 N/A
Mongolian Law on Forest Use Fees 1995 2000 N/A
Mongolian Law on Natural Plant Use Fees 1995 Unofficial
Mongohan Law on Fees for Hunting and Trapping and 1995 Unofficial
Licenses
Mongolian Law on Use of Natural Resource Utilization Fees 2000 N/A
for Environmental Protection and Rehabilitation of Resources

(Source The Asia Foundation (2009) A Mongolia Citizens Reference Book)
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Table6.2-2 Ambient Air Quality Standards

Maximum allowable concentration | Environmental,
ltem of air poIIutantsir_1 l_eran areas, Heglth., and Safety
adopted by the Ministry of Health Gwdglmes(WorId Bank,
of Mongolia (M NS4585, 1998) 2007)
NO, 0.085 mg/m’ @day 0.2 mg/m®> @hour
0.085 mg/m’ (absolute limit)
SO, 0.15 mg/m® @day 0.125 mg/m® @day
0.5 mg/m’ @20minutes 0.5 mg/m’ @10minutes
CO 1.0 mg/m® @day
3.0 mg/m’ (absolute limit)
Dust (SPM) 0.15 mg/m’ @day 0.15 mg/m’ @day
0.5 mg/m’ (absolute limit)

*World Bank (2007) Environmental, Health, and Safety Guidelines for Thermal Power Plants.

Table6.2-3 Emission Standards

Maximum allowable level of air Maximum allowable level in flue gas of Environmental,

pollutantsfrom TTP and new thermal power plant and thermal
Item Thermal stations adopted by the | plant adopted by the Ministry of gﬁtg”?;d(vs\/a;ﬁg
Ministry of Health, and MNET of | Health, and MNET of Mongolia (MNS Bank, 2007)’
Mongolia (MNS 5919, 2008) 6298, 2011) '
20% <Vdaf : 450 mg/m’
NOx 715 mg/ m’ 10% <Vdaf<20% : 650 mg/m’ 650 mg/m’

Vdaf<10% : 1,100 mg/m>

Population density > 10/km? : 600 mg/m’

3 3
50, 1,200 mg/m Population density < 10/km? : 400 mg/m?> 2,000 mg/m
3 Population density > 10/km?: 300 mg/m’
co 180 mg/ m Population density < 10/km?: 180 mg/m™
Dust 3 3 3
(SPM) 200 mg/ m 50 mg/m>- 50 mg/m

N.B. Excess O, content is set to 6 % for solid fuel plants
Currently MNS 5919 is applied to TPP4. However, MNS 6298 will be applied when a boiler is modified
Conditions applied to the case of TPP4 are underlined.
Vdaf : Volatile Matter (dry ash-free basis)

*World Bank (2007) Environmental, Health, and Safety Guidelines for Thermal Power Plants.
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Table 6.2-4 Surface Water Quality Sandards of Mongolia (MNS 4586, 1998)

S.No Chemical elements Tolerance S.No Chemical elements Tolerance
1 pH 6.5-8.5 15 Mo 0.25 mg/l
2 Dissolved oxygen (O,) 6 >4 mg/l 16 Cd 0.005 mg/1
3 Biological Oxygen Demand 3 mg/l 17 Co 0.01 mg/1
4 Chemical Oxygen Demand 10 mg/1 18 Pb 0.01 mg/1
5 NH,4-N 0.5 mg/l 19 As 0.01 mg/1
6 NO,-N 0.02 mg/1 20 Cr 0.05 mg/1
7 NO;-N 9.0 g/l 21 [ 0.01 mg/l
8 PO,-P 0.1 pg/l 22 Zn 0.01 mg/1
9 Cl 300 mg/l 23 Hg 0.1 mg/l
10 F 1.5 mg/l 24 Mineral oil 0.05 mg/1
11 SO, 100 mg/1 25 Phenol 0.001 mg/1
12 Mn 0.1 mg/l 26 GINB 0.1 mg/l
13 Ni 0.01 mg/1 27 Benzo [a] pyren 0.005 mg/1
14 Cu 0.01 mg/1

Table6.2-5 Mongolian Sandard of Limit of Radioactive Materialsfor Building and Construction

(MNS 5072, 2001)
No Radium equivalent| Gamma ray dose Type of building/
) (Bg/kg) (moP/h) construction
L <370 <20 LlYlIlg house, all kind of public
buildings
I < 740 < 40 Only for mdusjcrlal building and
road construction
Road, building far from populated
1. = 2220 =120 area and underground construction
with 0.5m depth
Only road and underground
Iv. = 3700 = 200 construction with 0.5m depth far
from populated area
V. = 3700 1200 Sh:dll.not be used for any kind of
buildings
Table6.2-6 Noise Standard
Maximum allowable
level of noise adopted | Environmental,
ltem by the Minister of Health, and Safety
Health, and MNET Guidelines(World
of Mongolia Bank,2007)
(MNS5003, 2007)
Industrial Daytlme (700—2200) 60dB 70dB
Area Nighttime (22:00-7:00) 45dB 70dB
Residential | Daytime (7:00-22:00) 60dB 55dB
Area Nighttime (22:00-7:00) 45dB 45dB

*World Bank (2007) Environmental, Health, and Safety Guidelines for Thermal Power Plants.
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(Source: ADB (2011)Mongolia: Ulaanbaatar Low Carbon Energy Supply Project Using a Public-Private Partnership
Model)

Fig.6.2-2 Organization Chart of the MNET
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Table6.3-1 The Prediction of Environmental | mpacts
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Fig.6.3-1 Efficiency of Thermal Power Plantsin Mongolia
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Fig.6.3-2 Location of the Rehabilitation Project

Adiyasuren and Tseyen-Oidov (2011). National Process to Establish New SO, Emission Standards in Mongolia.
Presentation for Workshop of Trans-boundary Air Pollution in North East Asia)
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Table6.4-1 Implementation Plan of the Environmental Monitoring

Responsible
Item Contents . Frequency
section

Survey on SO, NOx_temperature, pressure, wind

velocity, wind direction at the distance of 0.1, 0.5, 1, | Boiler 4 times / year
1.Air Quality 3.5km from the flue parameter

Survey on SO, NOx, CO,, CO, O,, dust at the flue, Section dust: twice /month,

and entrance and exit of ESP of each boilers residuals: once/ week
2. Water Survey on pH, EC, suspended solids, COD, SOy, Chemistry 4 times /vear
Discharge POy, crude oil at the ash pond or conjunct pipelines Department Y
3.Soil Survey on pH, SO4 heavy metal, crude oil at the Chemistry 4 times / vear
Contamination | distance of 0.5- 1 km from the crude oil tank. Department Y
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Table6.4-2 Natural Environment Protection Plan for the Year 2011

Necessary
No. Content funds Period
(million Tg)
Measures to prevent air pollution
1 Plant 200 trees around the ash storage sites 5.0 2011-
2 Restore the original conditions of the ash disposal site, plant 75 2011-12
trees
As a measure of nature preservation, plant trees along the
3 . . . 7.5 2011-12
retaining wall of the ash disposal site.
4 Install emission and wind velocity measuring equipment. 15.0 2011-15
Countermeasures for soil contamination
1 Conduct chemical surveys of water in pits of the wastewater Power plant
treatment facility every month; publicize survey results. research Every month
laboratory
2 Cover the floor of ash storage sites with asphalt. 20.0 2012-13
Conduct a survey to identify the sources of soot and dust
3 generated by boilers and turbines. As the sources are - Every month
identified, monitor the conditions of soot and dust generated.
While doing restoration work, remove soil from surrounding Second
4 contaminated areas, and monitor the conditions of 0.5
L quarter
contamination.
Conduct audits by taking note of the amount and storage of
5 harmful chemical substances. Do work to ensure that leaks - At all times
do not occur.
The heavy oil section conducts surveys to collect data
6 necessary for installing a system which screens heavy oil 1.5 Third quarter
coming from the drainage hole.
Monitor, survey, research, and training
Do research on components of flue smoke; extract materials
1 generated from the 4th thermal Power Plant, and confirm the 0.5 Every month
flue smoke standard for the plant.
Have a research institution do research to verify whether the
quality of underground water and that of drinking water
2| comply with the human sanitation guideline. Publicize the 0.5 Every year
results of this research.
Conduct continuous monitoring on the electrostatic
3 precipitators to ensure that they always operate as specified in - Every month
the operation standard.
Prepare and display a poster about natural environment
4 protection to enlighten employees on the importance of 3.0 Third quarter
environmental protection.
Conduct monitoring to collect data on the 4th ash disposal
5 site. Based on collected data, determine the number of years - At all times
the ash disposal site can continue to be used.
Corporate social responsibility
1 Produf:e the TV programs reviewing the cause of the air With MMRE 2011-12
pollution around Ulaanbaatar.
) Make a brochure about the relationship between the air With MMRE 2011-12
pollution and the human health.
3 Inform the mass communication medias about the i Every vear
achievement of the energy conservation in TPP4 vy
4 Il}stall a new heating pump for the residents around the 15.0 2011-14
airport.
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(Source: Photo taken by a TPP4 engineer)
Fig.6.4-1 Vegetation Cover on Filled Ash Pond
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Fig.6.5-1 Resultsof SO, and NOx Monitoring by TPP4
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Fig.6.5-2 Resultsof SO,, and NOx Monitoring of Boilersin TPP4

*Dashed lines indicate the emissions standards(MNS 5919, 2008)
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