8.2 Economlc evaluation |
- In order to evaluate Shivee Ovoo rcnovatlon projcct from Mongolian economy as a whole,
taxes, royalncs and dcbt ﬁnancmg costs are all climinated from the economic costs.
| - Economlc valuc of Shivee Ovoo coal with 3 580 kcal/kg is evaluated to be 6,086 Tg/t as a
calonf" ic parity border pncc of the import substltutc from Russia.

- Formula for cash flow used in the economic analysce is as follows:
+ Bcneﬁts
- Total operating cost (payable interest = 0, deprcmatlon O)
- After tax expense (ad}ustment of opcratmg costs)
- Total capital costs
- Increase in working capital

= Cash flow for EIRR on total proj_f:ct (Econoniic Internal R:ite of Return)

Economig evaluation of ea ch case - .

. EIRR on the total project of Case 3 is as high as 67.1% at the economic coal - value of 6,086
Tght. : e S SR S

- Coal price to gai.n 10% EIRR'is -3,728 Tg/t and is chéapcr than 4,743 Tg/t of Baganuur coal.

' Economic price at 10% EIRR(Tg/t) ~ EIRR at 6,086 Tg/(%)
Casel 3200 0 o |

Case2™ 4082 259
Case3 378 - 67.1

Note *1: All capital cost of the surface facilities is included in Case 2.
- Above.rtisults"provc that the rch'ovation project is'adva.ntagéous in terms of Mongolian

“economy and has a sufficient econormc fcamblhty

s +20% changcs in condltlons will not givc a serious unpact on the fcamblhty

R



8.3

Table 14 Economic Sensmvc Analyms (Case 3 :
unit: EIRR %

Condition - Price 'Capital (_)p_cmting Excavation volume 7
.Changing rate cost ~ cost  (nochangeincoal) = (S/R)
12 o 438 483 . . 489 (44
1.1 o 527 564, . 568 BER) I @
Base 67.1 67.1 671 . 671 L (35)
0.9 441 1354 8411 830  (3.1)
0.8 297 o - w - e  (26)

Fmanc1al analysxs

In order to cvaluate economics of the renovatlon pro;ect in view of Sthcc 0voo coal mmc,
several cntcna are addcd as follows:

. Domcstlc debt ﬁnancmg cost :10 '%/inonth rwith a repaymént of 6 months
« Foreign debt financing cost : 8 %/year with a rcpéymc_nt of 10 years .

Formula for cash flow used in the financial analyses is as follows:: |
"+ Cash flow for FIRR on thc total pmject(Fmanmal Internal Rate of Return) -

+ Revenue

- Total opcratmg cost (payablc interest = 0)

- After tax éxp_ehsc (adjustment of opcrating cost's)

+ Dcpreciatibﬁ ' |

- Total capital costs

- Increase in working capital .

+ Project liquidation (retained working capital, equipment salvage gte)

= Cash flow for FIRR on total pf(}ject o

+ Cash flow for FIRR on cqulty

+ Revenue

~ Total Opcratmg cost

- Tax . .
- After tax expense (adjustment of opcratmg costs)
+ Depreciation ' '

- Total capital costs

- Increase in working capital - B
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ot Debt -
- Debt payment o
.+_ Project liguidatibn (retained working capital, equiprent salvage etc.)
= Cash flow for FIRR on .equity - . '

Financial cyaluation of each case

- FIRR on the total project of Case 3 is 10.5% at the economic coal value of 6,086
Tg/t, which i is a critical value in view of investors. _ _
Financial pricc at 10% FIRR(Tg/ft)  FIRR at 6,086 Tg/t(%) -

Casel 525 205
Case 21 6,546 ' 8.1
Case 3 5,998 | 10.5

Note *1: All capital cost of the surface facilities is included in Case 2.

. Sale price (fmanC1al coal pnce) to xeahze 10% FIRR on the total pr()]ect is 6,000 Tg/t and as
high as 160% of the economic coal price (3,728 Tg/t). o

- Results of the above—mentmncd analyses shows that the projeet is critieally viable at the sale

-+ price of BCDHOII}IC value of 6,086 Tg/t under current taxation regimes
. Toi 1mpr0ve the ﬁnancml feaSIblhty of Shlvee Ovoo coal mine as well as to decrease the coal

.sale. pnce from the level of the cconomic value of 6,086 Tgft, mtroductlon of low cost loan_
and/or amendment of Mongohan taxation rates will be necessary.

- Note: Fox reference, the eﬁect of tax exempt:on in case of renovat;on of Baganuur coal mine is
Shown on Table 19 ()f ChdpterI '

Effect of leverage | _ _
- Table 15 1llustrates that mtroductlon of low cost loan can 1mprove FIRR on equ1ty

However higher than 95% of debt/eqmty ratio can hardly recommended due to the large
- amount of loan unrepald at-the end of the pro;ect life.




Table 15 Relation between FIRR, Debt/Equity and I_nferest Rate

Debt Equity ' - Foreign loan interest rate (%)
@ (%) t -2 5. 8 . 10

0. 100 105 105 105 105 105
50 50 14.6 14.3 134 126 121
80 00 249 236 201 175 - 66
951 5 . o e oo (unrepaid) (unrepaid)

Note *1: FIRR on equity is higher than 100, while, in the range of more than 95% dept/equity

ratio, financial unsoundness is unfabourably increased by the amount of loan
unrepaid. : -

Financial sensitivity analysis
- Impact of changes in coal sale 'priee were evaluated by the amiount of loan unrepaid.

The reasonable lowest sale price of Shivee Ovoo coal under assumed ﬁnaneial conditions -
(debt/equity = 80’20) is differed by forelgn loan mterest rate from 5, 180 Tg/t at 2% to 5,430 -
Tg/t at 8%. N :

- . Impact of changes in base case aqsumptmns was evaluated in regard- of FIRR on the total

project and FIRR on equity _ : : :
In the case of 80% debt at 6, 086 Tg/t FIRR on equ1ty is 23 6% wluch 1s shlfted from an

ongmal 10.5% resultmg fram leverage, iZO% of changes in- assumed condltlons w1ll not
- gives a serious impact on the financial feasibility. . ' '

Table 16 Financial éeﬂmﬁve Anélfms’ o
(80% debt with 2% foreign loan at 6,086 Tg/t)

Condition - Capital - Operating Excavation volume

 Changing rate cost - | cost (no change in coal) (S/R)
12 1500 108 a4y
11 186 - 164 166 = - (39)
Base(1.0)  23.6 236 o236 0 (35
0.9 313 31 327 @D
0.8 42.6 454 444 (26)
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9 Conclusions and Recommendation

Issues of present Shivee Ovoo coal mine -
- Coal quahty is sometimes out of specification in terms of morsture content calonr" ic value and
contamination of rocks and metallic materials.

- Dump truck cannot work at expected efﬁcrency due to:

-« Lack of spare parts due to shortége_of the fund

~+ Lack of maintenance facilities

Recommended mining system for renovation _ _
- - After technical and economic evaluation, onc medium-size dragline with supporting equipment
was selected. :

- Fundamental surface delllthS were also planned

hnvrronmental rmgac’r

- No hmltatron on the renovatlon project was not recognized in all environmental aspects

- To prevent from prcmpltatron in the river of Fe exhausted from groundwater a water treatment -

system of groundwater dralnage is planned and rncluded in mvestment

_ ,Major egurpment and facilities

- Ma}()r equrpment is as follows

Equipment . - Existing =~ : . Expansion Major services
Dragline @~ - 0 1- Overburden removal
Shovel - 4 0 " “Excavation(overburden & coal)

. :'Truek S & 0 '-Transp(')rtation(overborden&coal)-
Bulldozer - 4 1. Supporting and multi-services
Grader Y 1 “Road malntenance

Note Above equipment consists of d1fferent typeq and capdcrtles

_ . Most of thc surface fac1l1t1es are not yet mstalled at the present time, and. therefore urgent_
_ mstallatmn 1s requrred ' '
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Coal quality confrol system

- At present, Shlvcc Ovoo coal is sent to users w1th0ut quahty mspectlon Currcnt complamcd
coal qualities are as fo}lows

Unit Scptcmbcr/1993' October/1993 'chucstfpower plant

Total moisture(a,d) % 41.8 h 414 - less 36

Calorific value(a,r) kcal/kg 2,761 2637 " more 3,000

Size of coal - mm (some coal> 300) : less . 300

Capital and operating costs e
- Capital and operating costs for 23 years (1996 2018) of the project penod which consist of
1mt1al cost and replaccmcnt cost, are as follows

Cépaciiy . Capital cost - Operating cost

(mil.t/y) ~ (mil.US$) (mil:US$)
Rehabilitation of existing system 0.7 . 43 : 97 ' _
Expansion of the’ capacxty ' w3 82 -_139 o ' @
Total - . 200 0 128 236 et

- Forclgn currency pomon of the abovc—mcntloncd capital and opcratmg costs for the first -3~
years (1996 -1998) is as follows: R

Capital cost . Operating cost o

-(mil.US$) - (mil.US§)
Rehabilitation of existing system. - 6.4 6.3
Expansion of the capacity ' 359 = O

“Total o c. 423 . 6.3

Results of cconomic cvaluation‘

- Economic cvaluatlon proves that the rcnovatmn pro;cct of Shwec Ovoo. coal nunc is hlghly
advantageous in terms of national cconomy - '

- EIRR, which represents the pomt of view of Mongohan economy, is as hlgh as 67 1% at thc
cconomic coal value of 6,086 Tg/t, and the coal prices at 10% of E{RR shown bclow are.
significantly low oomparcd with the economlc coal value, - '



Coal * Economic coal price EIRR -

production at 10% EIRR - at 6,086 Tght
{m.t/y) - (Tgft coal) . (%)
 Rehabilitation 07 . 3290 | oo
Expansion 1.3 4,082 25.9
Whole system 2.0 3,728 67.1

- £20% c_hahges in conditions will not give a serious impact on the feasibility.

Results of ﬁnan01al analysis _ _ _ .
-~ Under severe Mongohan taxation system, the rcnovatlon proyect of Shlvcc Ovoo coal mine is

cnt1cai in the ﬁnanc1al feasibility.

- FIRR on thc total pr()ject (debt/equlty 0/100), whlch rcprcscnts thc lnvcstorq pomt of view,
is a critical level of 10.5% at the economlc coal value of 6, 086 Tg/t.

- Sale price (ﬁnancnal coal price) to galn 10% FIRR on the total pr()]ect is 6,000 Tg/t and as high

as 160% of the economic coal price of 3,728 Tght, which 1llustratas the heavy taxation rcg;mcs

in Mongolia.
Coal = * Financial coal price "~ 'FIRR _
production ~ at 10% FIRR: - at 6,086 Tght
Cmtyy (Tgtcoal) (%) '
 Rehabiliation 0.7 TS265 205
~ Expansion L3 " C6,546 S 84
Whole system - 20 . .. - 5998 105

- +20% chang,cs in conditions gives a serious unpact on the financial feasibility.

2 To improve the ﬁnancxal feasibility of Shivee Ovoo coal mme as well as to decrcasc the coal
sale price from the lcvel of 6,086 Tg/t mtroductlon of low cost 1oan and/or amcndment of the -

o cum:nt td.X&thl’l rates wﬂl be nccessary

Note Effect of tax cxcmptmn is qhown on I‘able 8:12 of ChaptcrI

. Relatlonsths arnong FIRR dcbt/cqulty ratio; and forclgn loan interest rate indicate that:
. e Introductlon of low interest ratc 1oans can improve FIRR on cqulty

e When thc mtcrest rate is hlgh more than 95% debt/eqmty ratlo causes finanmal unsound-

: ncss duc to the largc amount of loan unrepald



Desired financial conditions for renovation - _
- Desired financial conditions for the renovation project of Shivee Ovoo coal mine that can be

concluded from above-mentioned results of financial analysis are as follows:

~ + Project financing of 80% debt and 20% equity

» Foreign loan of low interest rate

+ Fixed assets revaluation
* Tax deductible of accumulated operation loss
+ Tax reduction;
Import tax for equipment and spare parts
Trade tax for equipment and spare parts

- Ifthe Mongﬂhan government plans to promote the privatization, it is rccommended to crcate the
similar conditions in effect descnbed above.

Improvement of management system
- Improvement of management system in the following sections is recommended:

* Maintenance section:

The section that takes the responsibility for the maintenance of equipment including stock
of spare parts.

Development of maintenance capability is the top urgent subject of a new maintenance
section,
+ Coal quality control section;

The section that takes actions in resolving coal quality troubles and hold good communi~
cation with the coal users on coal quality issues.

+ Environmental section:

The section that preserves the environment through unplementdtlon of the monitoring
plan and the proposed countermeasures.

« Coal sales scction:

The section that sells the product, negotiates the price, manages the clalms from users and-

prepares the sales plan in short and long term,
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1 Introduction |

- In Mongolia, no oil is p_rodutied at present time and all of petroleum products are imported.
- While, Mongolia has an abundant coal resources and is producing 5.6 million t/y of coal as fuel

for electncny and heat gcncratlon mamly

- Coal is expcctcd to.be the most nnportant pnmary energy resources in the foresecable future,
even if oil resources could be discovered. by the extensive ail exploratlon work..

- Objectlve of Part If is tofo:mu_latc the effective coal development and utilization plan for a long
term, . - | :

- Study team of Part II v151tcd Mongoha in August and Dccember of 1994(cach 4 wecks) and -

~ June and Scptembcr of 1995(2 wecks), and prcpdrcd this Final Report..

- Highlight of the Final Report is "Conceptual action plan" including thc master plans for coal -

~ development and utilization.

2 Coai Snpply_and Demand Forecast

2.1 'Pr{eéent Statué of cncrgy supply and dcmand
2.1 1 Economic actmties at present and in the past
- Mongoha is 1n ﬁans:tlon from ccntrally planncd ecnnomy to marke:t cconomy
- Until 1989, economlc growth was high, around 6%/y in Net Matcnal Product(NMP), due to
. wcll mtcgratcd economic actlvmes w1th the former Sov1et
- At prcsent Mongoha is suffcred from the recession and a h1gh inflation rate, howevcr, several
“economic indicators show the startof the recovery from 1994,

- - NMP is mostly supported by. mmcral mmlng 1ndustry and stock ralsmg scctors

2.1.2 Trend of energy supply and demand

¢ - Coal is the main pnmary energy in Mongoha in the past and at prescnt

- Share of 1mp0rted pctroleum products has 1ncreased since 1985

- Trend of pnr_na__ry energy consumptlo_n, including non—commcrcxal energies, is as follows:



Table 1  Estimated Primary Energy Requirements in Mongolia

. 1,000t/y coal of 7,000 kcalkg
_ 1970 1975 - 1980 1985 1990
“Coal - 1,060 1,450 2,380 2,950 3,370
Petroleum 360 520 740 1,080 -+ 1,710
Wood & biomass 190 280 260 360 250.

Total 1,600 2,260 3,410 4,400 5350

- Amount of the primary energy supply and the final energy consumption are as follows:

Table 2 Estlmatcd Energy Balance in Mongoha
o as of 1990, 1,000t/y coal of 7 OOOkcalfkg
C_o_al Wood &  Petroleum Electricity Heat ~ Total -
' biomass products o

Primary energy supply ' 5 . T Pl L N
Production 3,630 . 240 - - - 3,870
Import 40 . - 1,120 30 - 1,190
Total supply 3,670 240 1,120 - 30 - 5,060 .
Export 240 0 - 10 - -250
Stock change - 60 10 - 750 - - 700
Domestic supply 3,380 - 250 - 1,870 20 Co- 5,520

Fnergy conversion o S

" -Electricity & heat  -2,200 - 150 410 720 - -1 210
‘Own consumption -0 0 10 10 - -120 T

Final energy consumption o L S ST :

- Industry 510 30 510 - 220 . ma . _na
Transportation 60 0 800 20 na  nma
Agriculture 80 30 o 240 200 - ma- - nma -
Public/household 340 130 .20 40 - . na - n,a
Other uses 200 40 150 30 na n,a
Total 1,180 230 1,-71'0 330 720_ 4,19(_) _

- Figure 1 illustrates the relatlonshlp between pnmary cnergy consumptlon and NMP, :which -

- presents the clear corrclatlon bctween two 1nd1cators

. ;48_.
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Figure 1 Rela’tionship between Primary Energy and NMP

2.1.3 Trcnd of coal supply and demand : .
- 'Coal demand recorded its peak of 7. 6 million t/y in 1988 and has dccreascd to about 5 Imlhon a

t/y due to the recessmn as well as a hike in the coal price.

' ::_- Export of coal is neghglbly smail due to low coal quallty or lde of mfrastructurc for export.
S Blggcst consumcr nf coal is elcctncny and hcdt gcneratlon Wthh consumed 4.0 mﬂllon tfy
- (77% of total coal), The share of mdustry/constructmn is 15% .
' _*"-Central Energy System (CES) area accounted for 88% of total coal dcmand of Mongoha in
1990, and Ulaanbaatar had the largest shcm: of 79%

- Following show coal consumphon in Mongoha by scctor in 1993

S S - as of 1993, 1,000t/y

Electricity - Industry Transportation ~ Agriculture ~ Public ~ Others  Total
Heat Constructlon ‘Communication - Household '

4050 730 y 9 . 60 . 210 . 120 5,260




- Following show supply and demand balance of coal.

: Tablr: 3 Coal Consumptlon and Supply in 1993
~as 0f 1993, 1 OOOt/y
: Sharyngbl Baganuur " Shivee Ovoo Local mines . Total |

Ulsanbaatar 630 3580 380 10 3,560
(Power plants)  (610)  (2,190) (320) 0 (3120)

Darkhan 260 20 - 0 0 29

~ (Power plant) (210) () N 0 @ (210)

Erdenet 210 80 10 . 10 - - 310
(Power planf)  (130) (80) (10) 0. (210)

Other local areas -~ 20 - 150 50 - 870 . 1,090

Mine consumption -~ 60 80 - 10 60 210
Total 1,180 2,870 450 940 5,450

2.2 Activities of consomption sectors: Dém_and'potcntial on coal
2.2.1  FElectric powcr sector ' ' _ . o
- Electric power gcncratlon and Supply in Mongoha is d1v1ded 1nt0 two systcms, CES and the out
of CES. | - | ' |
- CES is the mtcgrated powcr systcm and composed of ﬁvc 1ntcrconnectcd coal flrcd thermal - .
power plants; about 1,000 km 1cngth of 220 KV and 2,000 km lcngth of 110 kV transmxssxon

lines, and dlstnbutlon lines.

Table 4 Generatlon and Bmler Capamty by POWcr Plant -

Name of power plant = - Gencrdtlon capac1ty(MW) ' Bmicr capac1ty(l;/h)
Ulaanbaatar No.2 - ' o 24 2200
Ulaanbaatar No.3 _ ' ' 148 - 1,950
Ulaanbaatar No,4 _ - 540 2940
Darkhan ’ o S 48 ' 750
Erdenet | 36 450

- Total - B _--796;. e _'6,240 D

- CES arca accountcd for 90% of the total clectric power gencratxon of Mongoila in 1992. Thc -

peak power is 1mponcd from Russia due to no hydropowcr plants

- Trend of electricity consumpnon by scctor is as follows

D es0-
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- Figure' 2 Trend of Electricity Consumption by Sector

Out of CES. is cornposecl of about 800 of the independent srnarll power systems, located in each
local town, with diesel power plants of total capacity of 190 MW.

~ ‘Note: Choibalsan plant, 24 MW, is only one coal fired plant in the out of CES
Out of CES accounted for 11% of the total electric power generatron of Mongolra in 1992
There is no rnedmm and large scale hydropower plant in CES at present time, however, Egiin
-hydropower plant of 220 MW(SS MWx4), located neat- the CES gnd is planned to put into
 CES around in2000. . -~ . . _
- In this study, among electncrty deVe10pment pro]ects in the CES area, the first prionty will be
: _. given to Egnn hydropower plant due to its expected favorablc impact on the economic act1v1t1es
such as mdrgenous constmctron materral manufactures and construction firms as well as the
employment of workers _ . .
'Electrlcrty demand of CES wrll show 5- 6 %/y of the growth mate after the recovery ‘from the

o present recessron

Electricity dernand of the out of CES wrll be affected grcatly by the rural elecmficanon polrcy of
‘the- Govcrnment S : S

E . Possibility of electncrty cxport to Chma, Korea, I apan and other countnes by HVDC

: ltmnsmrssron line should be pursued as one of 0ptlons of effective coal use.

‘ Blectnc power and heat generahon in CES wrll keep the posrtron of. thc blggest consumer of

: '_ coal iti the future, even 1f mdlgenous oil is produced

L '. o :_?'51-%. S
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Mining, industry and construction sector
Mongolia has the abundant mineral resources such as copper, molybdenum, lead and zinc, and
those minihg will play an important role in the industry development plans. -

Most of minerals are: produccd by the jO]Ilt vcnturcs w1th Russia and other forrncr somahst

' countrxes and exported w1th0ut pmcessmg hlghly

223

National Dcvclopment Board projects, to increase the pmductlon in the- sub-scctors of mcta!

proccssmg and building materials with extremely thh speed:

Table 5 Forecast of Production in Mirﬁng/lndustry Sector in Mongolia

o ~billion Tg.

1993 1994 2000 2005 2010 . 2010/1994
Electricity/heat - 33 48 7T 127 27
Coal _ 12 18 - 21 23 38 21

Mining 70 72 119 161 - 167 - 23
‘Metal processing ~ -~ 0.3 42 24 57 136 324
Building materials - 3.2 =~ 32 . 40 62 - . 78 244
Food processing =~ 29 52 92. 104 s - 22
Lightindustry =~ 20 44 134 199 208 4.7
- Others ~ -+ - 5.4 26 . 19 27 .. 38 . 15

“Total industry. 173 267 523 723 907 34
(% of 1994) 65 (0 (@9 (271) NC

Erdenet copper mine, mth the record of 350 thousand tons of concentrated copper in 1990 L

consumes about 250 thousand tons of coal

Itis cxpected that the coal demand in the industry sector will be gredtly mcreascd whcn some of

the projected plans are matcnahzed in the near futurc

Agriculture sector i _ L
Coal consumption in the agriculture sector increased from 322 thousand tons in 1980 to the
peak of 517 in 1987. In 1993 it was only 62 thousand tons, however, such a sudden decrease
may suggest any error or a change of the data system. | ' | | :

Major coal consumption in the’ agnculturc sector is estlmatcd to bc houschold use of farmers

~ National Development Board projects to- increase thc productzon in’ the agnculture sector -

through dcvclopmcnt of agro—mdustnal pro;ccts as tolluws o

: _bﬂlion.’i‘g;f : |

1993 1994 2000 2005 2010 2010/1994 -

“Agriculture K 8 125 . 135 140 12 .




- According to the growth rate of the production in Tug., the expansion of the coal consumption
“will be small. - S

224 Pubhc service and household sector

- Coal consumptlon in the sector increased from 42’7 thousand tons m 1980 to the peak of 784 in

1986. In 1993 it was only 209 thousand tons, however, such a sudden decrease may suggest
 any error or a change of the data system. o

- Ma]or coal consurnptlon in the sector IS cooking and heating.

- Residents in the ger around large cities will be urged.to use coal for cooking and heating due to
shonage of biomass fuels, ‘animal dung and wood althroug,h the increase of coal consumptlon
is cstimated to be small ' o

- Uscof bnquettc in the gcr is recommendcd to mlmmxzc alr pollutlon such as smclt smog and

dust. -

2.2.5 TranSportattonfcommumcatlon
- Coal consumptlon in thc transmrtatmn/commumcaﬂon scctor increased from 42 thousand tons
in 1980 to the peak of 114 'in 1990."

= "Coal i is not used for drawmg rail cars in Mongol, therefore, it is estlmatcd that moqt of the coal

of the scctor is used for hcatmg of the bu11dmg and pamally for cookmg and heatmg in the
: -houschold

- Coal oonsumptlon in the sector cannot bc expectcd to rncrease in the future.-

2.2.6_ Exportatlon
- Coal produced in cx1st1ng coal mines is low calonflc coal whlch is not suitable for cxport and a
largc amount of. export cannot be expcctcd in the future.
Cokmg coal of Tavantolgm is.one of potont1a1 coal resources for cxport but dcchoPnent of the
transportatlon facdmcs in Mongoha and .China will: be the bottlcneck of Tavantolgm coal

development. -

2 3. Supply capablhty on coal
2. 3 1 Prescnt status of coal mining act1v1tles _ _
| Coal mines: m Mongoha are classuficd mto two types, _thrce largc-scalc coal mines w1th large

muung oquipmcnt for supply to CES ] powcr plants and 24 of the small-scalc coal mmcs for :



supply to rural residents. -

- There are many coal deposits in Mongoha, while mfrastructure for coal: u'ansportatmn is
undeveloped. Therefore, the coal consumed in rural area is supphed by developing a small-
.scale coal mine near the demand site. |

- Details of coal mining activitics are rcpmtcd in Sectmn 3.1.3 and Attached Table 12.

2.3.2 ‘Development plans of existing coal mines _
- Development plans of existing major coal mines are schcdulc& as-follov?s:- g
~~+ Baganuur coal r"niné -+ Capacity expansion from 3.7 million ty t06.0°
S (see the report of Part n | | | '_
* Shivee 0v00 coal mine : Capamty expansmn from 0.6 million t/y to 2.0
' - (see the report of Part I)
+ Sharyngol coal mine : No capacity expansion (0.8 million t/y)
K Ulaaﬁ Ovoo coal mine : Under construction with 0.55 million t/y _
The coal’ quahty is cquwalcnt to that of Sharyngol coal.
~ Note: Time schedule of each’ expansion plan will be studied in this Part I (Sectlon 8).

- Development plans of the small Tural coal mines are not clarified, however, the mcreasc of the -

preduction will- be easily lmplemented by extension of operatlng hours :

2.3.3 Coal transportatlon o S

- In the CES area, coal is transpoxtcd by the rallway systcm, while by thc truck in: the out of

" CES. | | |

- In 1991, the coal transp{)rtatlon volumc by railway was 4.9 mllllon t/y and had the iargest share
of 69% in total transportatxon volume of commaodities. . _

- Present railway capacity between Ulaanbaatar and Bagahanga] is. about 8.5 mllhon t/y and can

be increased by i) rchabxhtatlon of thc: cxxsnng rzulway 11) msta]lation of new passmg 100ps -

and 111) modification to the double track line." ' |

- As far as the expansion plan of CXIStlng coal mines in CES is conccrncd thc construcnon of a'._‘ -

~new linc will not be required.
2.4 - Forecast of coal demand

- .Forccast of the coal demand i is madc 1nd1v1dually for the CES a:rca and the out of CES duc to |

different consumption pattems and economic data avaxlablhty




- Forecast of the ¢oal demand in CES area is made for each sector by making regression
analyses. | _ o | -

- Coal demand in the out of CES area is thc estimated value by MGEM due to. no available
economic and trend data, '

- Impact of oil development in Mongolia was out of consideration in this study because such

' important oil would not be used as substitutive fuel for coal,

241 Coal demand in powcr/heat sectorin CES. | _ _

- Forccast of the electncﬂy demand in CES drea. was studied by an cconornctrlc mcthod The
model was ‘built by rcgrcss1on analy51s of the past trends on the relation betwccn NMP and the
electricity consumption.

- Development of Mongohan economy in long term will be charactcnzed by followmg three
steps: S . |

(i) First step(about 3 ycars) : Economic disruption is stabilized.
(11) Second stcp(3 -5 years) Ecorrorrly starts the mild recovery.
' (111) Third step(lO ycars-morc) Economy is in the stage of the new growth

Hence, following two cases were assumcd as the base for coal demand forchst

High case : Fast achlevement of abovc-mentloned cconormc dcvelopmcnt steps.
Low -case : Slow achlevcmcnt of abovc—mcntroncd economic dcvcl()pmcnt StLpS
- Growth rate of NMP estlmated on the basis of the abovc—mcnnoncd cases of economic

: 'devcloprnent is as follows

1993 . 1994 - 1995-1996 1_997-2000' 20'01;-2005' 2006-2010

Highcase 33 25 . 35 45 S50 60
 Lowomse 33 2 30 35 40 . 45

- E.lcctnmty demand (gross consumptlon), gcnerator output (gross gcncratron) and the coal
consurnptlon m thc CES arca were forecasted for “Hrgh casc" dnd "Low case" as follows

o Hence

. Aux1l1ary power ratc = 20%, Transm1ss1on loss = 10%, )
- *2 Encrgy conversxon rate = 35% (heat rate kcal/kWh 2,450,
' Calonfic value of coal 7,000, kcal/kg



Table 6 Forecast of Power Demand and Required Coal in CES atea .

. 1993 2000 - 2005 2010.
 Gross consumption(GWh) 1,780 - 2,240 3,230 . 5,080
~ Industry 1,170 1,520 2,340 3,970 -
Transportation - 90 130 180 - 220
Agriculture . - 50 80 100 120
Houschold 280 - - 7350 © 410 490
. Others . 1% 160 200 - - 260
. Gross generation(GWh)*1 2,610 3,110 - 4,480 7,050
Coal consumption(1,000 t)*2 880 - - 1,090 ‘1,570 . 2,470
Gross consumption{GWh) 1,780 - 2,130 2,850 . 4,020 .
Industry j 1,170 1,430 2,020 _ '3 030
- Transportation -~ - 90 130 160 G200
Agriculture =~ - - 50 - 80 . . %0 110
Household ' 280 340 390 460
~ Others : - 190 . 150 - 180 230
- Gross generation{GWh)*1 2,610 2950 3,960 . .. 5580

Coal consumption(1,000*2 -~ 880 1,030 1380 1,950

- Coal demand for heat supply in the CES area Was fbrccasted on ﬂ'lé basis that; ‘ |
() Heat recovery fmm the electric power generator will sta:t from 2005. T i
(11) Effective heat recovery from the gcncrator as, the avcrage of the year w1ll be 16% of the

thcoretlcal maxnnum

Table 7 Coal Demand for Heat Supply in Power Plants L -
1993 2000 2005 2010

Estimated heat demand - (mil. Geal) 43 - 5.0 65 83

Heat supply by recovery  (mil, Geal) o 0 09 28

Heat supply by heat boiler (mil. Geal) ... 50  s5& 55

Coal for heat boiler *1- -~ (1,000t) - 790 910 1,010 - 980

Liweage - - e e e e

Estimated heat demand .~ (mil, Geal) -~ .~ 43 .. 43 . . .55 .. 69

Heat supply by recovery  (mil. Geal) . : 00822 _
Heat supply by heat boiler (mil. Geal) . N 4.3 R AR W i
Coal for heat boiter *1 -~ (1,000) - * 790 - 770 850 . 840 - - =

Note *1: Caloriﬁc valuc of coal =7, 000 kcal/kg N

2.4.2 Coal demand in mmmg, mdustry and. othcr sactors m CES .
- Forecast of coal demand- in mining and mdustry scctor was studlcd by thc same mcthod as.

- 2.4.1 above. Furthcrmorc takmg the demand potcntlal stud:cd ‘in Sectlon 2 2 mto '



considcration additional demands by development of Erdenet copper mine and unspecitied big

projects were provided.

- - For other sectors, econometric mcthod was not appllcd because there was no relatlon among

past trends of NMP -and coal consumption. - Historical coal demand in each sector was

~ fluctuated frequently without'reasonable reésons In this study, each demand was estimated in

relation W1th the pepulatlon growth based on the data before the economic dlsruptlon '

- According to the above-mentioncd methods, coal demand of mdustry and other scctors in the

' CES area were forecastcd as follows(l 000 ton):

Table 8 Coal Dcmand Forccast by Scctor in- CES area |

1993 2000 2005 2010
Industry : :
High case . 560 . 1,690 - 2,230 2,910
Low case 560 1,650 2,130 2,690
Transportation 40 40 . 50 50
Agriculture 250 _ 290 320 3606
Household 350 . 420 460 510
320 380 470

. Othcrs

420

243 Summary of the coal dcmand forecast

- Followmg is the summary of the coal demand in- Mongoha A master plan for coa! supply,

| hexcaftcr will be studied only for the dcmand 1n the CES area.

" Table 9 Forecast of Coal Demand in Mongoha |

) 1,000 tfy -
| 1993 2000 2005 2010

In CES ngh case 4,800 6,800 8,600 11,200

Low case. - 6,400 - 7,900 9,700

- Out of CES area 700 2,100 2,500 2,500

. Export . 0 400 400 400

- Total nghcase 5600 © 9,300 11,600 14,100
- - 8900 . 10,800 © 12,600

Low case.

L .—.57—:" :



2.5 Required coal supply amount
251 Margm on production capacity
- Actual coal demand shows typical scasonable fluctuation as follows, however, such a change'
will be responded by changing the working volume for stripping and coal excavation. .-

300,000
250,000
200,000 +
150 000
100 000
50,000

 [mElectricity]
O Steam
R Heat

1 2 3 4 5 6 7 8 9 10 11 12
’ ‘ Month .

Figure 3 Coal consumptioh in the Ulaanbaatar Power Plants in 1993 .

- Sccurity of -coal supply needs the user's stock of coal cortcsponding to aboutd.l-S days’
consumptmn agamst coal productmn and transpoxtatmn troubles o '

- In addition to the user s stock, a margm in the production capacxty wﬁl bc reqmrcd to covcr thc '
production loss that may be caused by a trouble of a coal mine.

- Itis concludcd that the Tiecessary margin to bc held in total capacny of coal mines mmde the
_ CES area i around 10% of the production capac1ty of the largest coal mine. 400-600 thousand ': |

t/y of the margin is calculated when a troublc of Baganuur coal mine is assumcd
252 Required capacity for new coal mines

- - Following show total requucd productlon capacaty for new coal mines correspondmg to ngh '

case/Low case of demand forecast. .

- _-.:ff5.8.m' |




’I‘able 10 Total chmrcd Productlon Capacity for New Coal Mines

1,000 t/y of 3,500 keal/kg
High case Low casc _

_ _ 2000 2005 2010 - 2000 2005 2010

Total required capacity ~ 7,300 9,300 11,900 6,800 8,400 10,400

Demandin CESarea - 6,800 8,600 11,200 6,400 7,900 9,700
Margin in capacity = 500 600 . 700 500 - 500 700

Capacity of existing mines *} 7,300 = 9,300 9,700 6,800 8400 9,700

Required for new coal mines 0 - 0 2200 0 0 700

Notc *T:Expansion of Shivee Ovoo and Baganuur and new dcvelopment of Ulaan
Ovoo are included. : - :

- When Baganuur ooal mine is mcreased to 6.0 nnlhon t/y, -any new coal mme is not required -
until around 2008, '

- Best choice for the future development plans shouid be studied in accordance with the
prelunmary economic comparison between the expam,]on plans of Baganuur and Shivee Ovoo

coal mines and the new developmcnt plans whlch would be studied in Scctlon 3.

3 Coal Devclopﬂlent Plan .

3.1 .'Rcview of coal. reso‘urces' -

31, 1 Outline of coal resources - . _ _

- Mongoha is one of the prominent countrlcs havmg large coal resources in thc world. The totdl
~ geological coal reserves is estimated at 150 bﬁhon tons. _

- Most of coals are subbitumninous coai-hgmtc in the East and bltummous coal in the West.

- There are 27 coal deposits as shown on Attached Figure 4.

3, 1.2 Major coal deposits _ _
. Ma;or mfonnatlon of coal deposﬂs is summanzed on A:ttachcd Table 11.
’Ihcre are 27 ex15t1ng coal mmcs 17 out of thcm are bcmg mmcd by MEGM, 2 by local
govemments and 8by pnvatc sectors = S _ ,
e _Seven coal deposns m31dc CES arc partlcularly prospcctxve for expansmn of exnstmg coal mines
L or deve10pment of new. coal mines..

S Tavantolgm deposn is prmpect:vc for cxpon of cokmg coal although there is no infrastructure.



3.1.3 Mining condltlons and equipment of cxxstmg coal mines
- Attached Table 12 illustrates the outline of cach coal mine owned by MEGM, including coal
quality, mining conditions, ex1st1ng mmmg machmes and the estlmated pmductmn capacity,
whlch are obtained by hcanng
- S1mp11ﬁcd estimation method of the actual productlon capacxty of cach coal mine, takmg mining

conditions and equipment data into conmderatlon is devclopcd and used in thxs Sectlon

32 Coal rnme development plans
3.2 1 Selection of potential coal dcposus _ :
14 of the potential coal dcp051ts were selected, a8 shown on Attached Tablc 13 (Long hst),
based on the folIOng examination cntena _
(i) Larger coal reserves more than 100 million tons -
© (i) ‘Simple gcologlcal structure and shallow occurrences

(il Sufficient coal quatity foi""potential use

3.2.2 chui'red. surface facilities for potential coal dcposité _ |
- All of potentié'l: coal'deposits' are located in remote areas, and therefore, the constnuction of
typical service facilities is required; stich as wo'rkshop_ and warchouse With enough spafé parts-
“and consumable. o o | S o
- Coal quality control system such as dcwatenng and crushmg/smlng fac1hties and coal quallty
| andlyzers s R

- Hospital, school and other pubhc facilities mu'at be prepared although such mfrasnucture is .
usually mstalled by the Gov emment ' ' '

3.2.3 Conceptual plan of viable coal mines .
- Among potentlai coal dcposﬂs listed on Table 13 (Long hst), viable coal mines were sclected'_
' based on the following cxammatlon cntena of developmg conditionsi -+ '
(i) Produced coal can bc transferred by the eXIStmg IaﬂWdy or can be usad by atnine muuth .
power plant. SR _' _ _ |
(11) Minable coal rescrvcs ‘which- arc calcuiated on. the: cntena of: 200m as the maxunum..

mining depth or 4.2 as thc maximum stnppmg ratio are cvaluatcd to bc smtablc for

. conuncrmai dcvelopmcnt

80




- Conccptuai plans of the viable coal mines arc developed based on the simplified estimation
| mcthod(scc Section 3.1.3) and following conditions.
(@) Shovc1(12 m?) and truck(80 ton) system is applied to stripping.
- (ii) Maxunum mmmg depth is 200m or cquwaicnt depth to 4.2 of the average stripping ratio.
(m) C‘apltal cost consists of mining equipment, gencrai purp()se machines and service
facilities. Infrastructure is not included.
(1v) Operating cost is ‘estimated based on the .unit operating. cost of US$ 1 43/BCM in
Baganuur cnal mine which is obtained by the study of Part I.

- Attached Table 14 (Shdrt'li's't) 'sho_ws the outline of the viable coal fnines and the results of the
' oonceptual de&gn : | |

.- Khoot coal mine is mfcnor in coal Teserves and mining cond1t10ns but superior in coal qual1ty '
‘ '_Thereforc, itis selccted as thc substltutwe coal mme for Sharyngol

- Ulaan Ovoo coal mine, w}nch is under construction, w1ll supply the subsututlve coal for

: -rSharyngol

3_".2.4_' Requlrcd expioratlon plans e
- _ Four of the sclcctcd vxable coal mines, excepting Tavantolgm and Chcmdgantal nced additional
: cxploratlnn activitics pnor to thc fcasﬂnhty study for commermai devek)pment due to lack of
detailed gcologlcal data '
- ngh-rcsoiutlon selsmic reflection survey as well as -the conventlonal dnllmg survey are
recommcndcd : '
- "All cxploratlon actwmes for one coal mine wﬂl take about 4 years. _
- Rough estlmatlon of cost exploratwn actlvxtxes mcludmg the ficld work, analytns and cvaluatlon

: are as follows

Tablc 15 Estlmated Cnst of Exploration by EdCh Coal Dep051t
Sl Tugrugnuur _ Tsaldamnuur Khoot ~ Shivee Ovoo

Seismic suery ’

. Linclength(km) <~ . 145 _9_0 ! 55
Comcnttonalsurvey B -
Holes = 9 62 45 45
Length(km) 14 o1 8 .8
Totalexploratloncost L T A
o (million US$) o Al g 6 6

5 1._:'-.'.%._761-'-7:? | PRt



33 Infrastru’etﬁre development plans
3.3.1  Infrastructurc _
- Five coal mines, excepting Tavantolgm are located inside the CES area, Therefore necessary
mvestment for mfrastructurcs can be minimized. ' ,
- Addltlonai mfrastructures are transportatmn and transm:ssaon lmcs, utlllty facilities and
township that includes a hospital and a school. '

- Capital costs for the mfrastructures above-menhoned are estlmatcd in magmtude of order as

follows;

~ Table 16 Cost Estimation for the Development of Sociat 'Infras_t'ructure o
_ : . million US$

Tugrug- Tsaidam- Khoot . Shivee  Tavan- ~Chanda-
Lo _ “oonudr 0 Cnuwur 0 o - Ovoo - tolgoii - ganta
~ Railway*! 7 7 61 0 300 110
~ Road 6 2 4 0 4 7
* Transmission line 1 2 3 0 21 7
Township- 18 17 16 17 23 . 21
Others : 2. 1 7 0 33 12
Total . ' 44 29 90 - 17 388 156
Note *17 When coal 5 wsed by a mine mouth power plant’ ()nly, rallway may be-

unnecessary.

3.3, 2 Tramlng Center

- Aecordmg to the renovanon study of Part I thc issues of cx1stmg coal miines are pomted out as
follows:

(1) Lack of spare parts for mining equlpment and ra1lway systcm L
(1) Lack of experts and Skllled Iaborers for mamtenance

(i) Large scale cqulpment causes sometimes long tlme brcak down duc to dlfﬁculty of thc '

repcur by Mongohan specialists.

- There are 25 coal mines in Mongoha whlch are dlfﬁcult to have thelr own workshop and o
_ maintenance specialists. o _ _ : o
- To resolve above-mentioned iss."ues., the ﬁ)'stallatien of a t'rain_i'n:g. cente'r.: wzth the .f(_)lioWing :
functlons is. propuscd B R | _ | . o | |
~ (i) Training of operators and mechamcnans nf rmmng eqmpment
(ii) Dlspatch of maintenance experts to the mine in case of break downs

(iif) Stock and dehvery of common sparc parts '




3.4 Comprehensive study on coal development plans
3.4.1  Social impact of viable coal mine dcvoloprncnt _
= Developrncnt of Tavantolgoi coal mine which can produce coking coal is expected to contribute
to carmng hdl’d currency. |

- Development of otber viable coal mines will contrlbutc to provadmg Chcdp fucl

3.4.2  Sclection of coal mine developmcnt projects
- To supply 4 rmlhon t/ythigh case) of the required coal amount for new coal mmes(scc 2.5. 2),
- prospcctwe coal mines are selected as candidates for development pmJects
- As mentioned in 3. 2. 3, Khoot coal mine should be selected as the substitutive coal mine for

Sharyngol

- Tugrugnuur and Tsaidamnuur are selccted due to good geological- conditions and preferable
location equipped with infrastructure. -

- Cheir will be surrounded by many coal mines in the near future; Baganuur, Shlvce Ovoo,
Khoot, Tsa1damnuur and Tugrugnuur The area is also rich in other mineral resources such as
oil shale, l1mestonc, ﬂuonte uran1um dnd ete. Thercforc, Choir will bccomc one of the mlnmg

_1ndustry oenters in Mongoha

4 Coal Utilization Plan

4.1 Electrlc: power sector including heating system
4.1.1  Present status of coal utlllzatlon _ _
s Present status of clectric powcr sector and thc coal dcmand forecast arc. reportcd in 2. 2 1 and
24,1, Elcctr1c1ty generatlon is thc blggcst consumer of coal _
Ooal is uscd at pulvcnzcd coal fired power plants which are des1gned by fon'ncr Sov1et Old
powcr plants constructed around 1961 1965 are an workmg
Many problems of coal ﬁred powcr plants in opcratlon and rnamtenance are caused by
I '_ followmg reasons b _ ‘ o '
(1) Poor rnamtcnancc and lack of sparc parts

(11) Low quahty of coul 1ncludmg dcllvcry of off-spcc:lfication coal



(iif)  Unsuitable structure of existing boilers to thc present coal quallty
(Poor coal pre-treating and ash handlmg facﬂmes)
- Thereis no hydropower plant
- - Present power plants of CES have enough margin in the generation capac1ty, neverthclcss the
peak power is imported from Russia.
- Electricity in the out of CES is supplied mostly by dlesel engine generators mstallcd at the

- demand site.
4.1.2  Electric power development plans : .
- According to thc forecast for electric power demand the peak power(maxnnum demand: MW)

at 65% of load factor will grow as follows: .

Table 17 Peak Load based on Power Demand Forccast

_ : }hghcxmc T Ixnw(xme
1993 470 . . 7V
120000 - - 550 o 820
2005 o780 . 700

2010 1,240 980

- As the first priority for construction among new plans, it is assumed. that Eg.i_in hydrnpower-
plant of 220 MW which is designed for the peak power is put into the operation around 2000,

- Second pﬁbrity will be given to a mine-mouth coal fired power plant at the mine site such as
Baganuur, Shivee Ovoo and Tsaldamnuur around 2005 ‘A mine- mouth coal power plant has': '
following advantages: ' '

(i) Coal transportatmn(raﬂway) and stockp1 le-can be rmmrm?ed

~ (ii) Environmental problems can be minimized. '
- Fluldmed bed boiler is favorable for the low g:fadc coal whxch wﬂl be supphed from thc coal
mines near the CES ared, bccause it can burn such low grade cnals in an cnvm)nmentally

acceptdble manner,

- To generate electric power at-mine mouth and to export it to neighboring countnes suchas

China, Korea and Japan by HVDC (high voltage d1rcct current) transmxssmn hne sccms to be -
an atfractive plan to support Mongolian economy. The followmg techmwl outlme and cconomlc
data obtained from a model study mdlcates the v1ab111ty of the plan ' '

+ Considerable basic developmcnt schemc is as follo_ws. -



Coal Mine ‘Mine-Mouth - ~AC-DC . HVDC Interoonneéting

—  PowerPlant [} Converter Station T
o B : _ Transmission Line
(In Mongolia) (In Mongolia) (In Mongolia)
Bnd || - AC - || DCAC | i
Users ~ | | ~Sub-Station [ | Converter Station _ i
_ T i
(Demand) | (Supply)

" (Distribution Site) - (Demanding Site)

- » Outline of the plan is follows: _
‘Generator output * : 4,000 MW(SOOXS)'-' _
 Coal ctmsumpﬁon- -9 million ty of 6,200 keal/kg(fuel coal)
| HVDCvoltage 500KV |

Transmlssmn dlstance 1, 200 km from Tavantolgm mine

. Capital cost -

Power plaot 14,000 million Uss.
‘Converter station: 800
HVD_CIme K :600 3

Estimated electricity cost(before tax)
At mine- mouth + 3.0 cents
At cnd users ' 3 9

Notc Above costs are bascd on 10 US$/t of coal and 70% of plant factor

- Tt is recommcnded to lmplement the feasﬂ)lhty study of the mine- mouth coal fired power plant
mcludmg apphcatlon of the ﬂuldlzcd bed boﬂcr and cxport of clcctnuty by HVDC transmlssmn

lme

-i42 - Mining, indost'ry' and 'con'strﬁctionl se'ctor..
4 24 Prcsent status of coal ut1l1zatlon _ o
e Coal is used for heating of proccss matcnals as wcll as hcatmg of bulldmgs of coal and metal

mmcs and manufactunng 1ndustnes such as ocment bnck stecl ete.”



- Because the calorific value of the most present coal is lower than the de51gn value of the plants

| many usar% are wxllmg to use higher calorific coal

4.2.2  Major coal utilization plans i in industries - _
- Expansion of some metai mines {copper, lead, zme, etc) sueh as Erdenet ‘copper mine, Bor-

Odor ﬂuonte mine and Tsav lead and zinc mine 1s scheduled in around 2000

- In addition, the development of some new metal mines such as Boro gold mine and Bumat gold
" mine is planned to start the operation in around 2000 Furthermore, some unspeerﬁed metal _
mining and processing pro;ec:ts, mcludmg an uranjum reﬁnmg project may be expected after .
2000. ' :

- Fxpansron of buildirig material plants such as cement and brick is planned to start the operation
in around 2000. Some large scale plants for export market and several small seale plants of
10,000 t/y for local market are being studied..

- DeveIOprnent of a sponge iron project which uses Tumurtei iron deposit is bemg planned by

* Darkhan Stee! Mill, o . '

- Substltutlon for the imported coal by Erdenet copper mme is expected

~ Coal utilization for productlon of ehemlcals and synthet1c fuel can not be expected in the near °

future from the pomt of view of economics of Mongolia. (sce Sectron 4, 6)

- Other typical coal utilization could be expected to expand in accordance w1th development of

Mongohdn economy.-

4.3 Agriculture sector -

- Itis estimated that coal is used for heating of greenhouses and also for eoelung and heatmg in
household of farmers. ' '

- Any specified coal utilization plan could not be found in this sector.

4.4 Public service and household'sector _.

- Coal is used for eoekmg and heatmg

- Any spemfied coal ut1l1zat1on plan is not reported in thlS sector,
4.5 Transportation and communication sector

- Coal is not used for any conerete purpose of transportatlon and commumcatlon, but for

coockmg and heating at household of laborers -



- Any spediﬁcd coal utilization plan is not-r’cponcd in this sector.

4.6 New utilization technology
4.6.1 Coal briquette |

e _Coal briquette is used world«w:dcly to modlfy the handhng and combustion characteristics of

raw coal,
- Coal- biomass bnquettc named "Biocoal” is. su1table tcchnology for: producmg bnquctte from
 low quahty coal in Mongolla It can help dCCICdSG troublesome pollutants such as = smoke,

smell,dust, SOz and clmker which are exhausted by combustion of raw coal.

| Coal

Drymg—- Gnndmg ——

_ . b—— Mixing -
Biomass — Dlymg —_— Gnndmg S
(Waste wood, bagasse, straw, ¢tc)

Pressing — Biocoal

- Initial capital cost of Biocoal plant is about 170 US$/t and the approximate production cost
- before tax is 21 US$/t including the costs of coal and bibmass at 10 US$A. '

- "Who will pay the cost” is the i issue of introduction of bnquette utilization mto Mongolia.

5. - ltis rccommcnded for MEGM to implement the feasibility study for productmn and utilization

of coal briquettes.. -

4 6.2 Coal gamficahon and denvatwcs _
- Coal gas1ﬁcat10n is used. for two purposes procluctmn of dcnvatlves and electric power

generatlon o

' L o Co-gcncratlon ————Electnc;ty, hot watcr
Coal s Gamﬁcatlon {

Synthesns Ch_emlcals .
—_!: Liquid fucl

Ammonia, methanol
,Gasolinc, gas oil -

- Producnon of chemxcals mainly ammoma and mcthanol has bcen unplcmcnted at the industrial
 scale in such countncs with spcc1a1 economic conditions as Chma, South Africa’and East
E 'Europcan countties. For gas1ficat10n of coal fixed bed process(Lurgl) and cntramcd flow

" process (Koppers—Totzck Tcxaco) are mainly apphcd _ _
. .Productmn of coal denvatlvcs in Mongolla is not recommendcd duc to the small markct and the -

_e_xp_cnswc pmd_uctmn cost,



- Production of gasoline and gas 011 usmg Flshcr-Tropsch synthcsxs has been carried out in
South Africa which had special economic conditions. _

- Deveiopment of new technology for coal gasification, co-generation, and'gas* synthesis to
produce gasoline and gas oil are proceeded by NEDO, Japan, which objectives are i) energy
conservation and environmental control in electricity gcneratidn and ii} supply. of alternative

- liquid fuels in gas synthesis.

. It is reported that the production. of synthetic petroleum through coal gasﬁ"’ ication will bc' .
~ economical when oil price reaches- thhcr than 30 US$/bbl, - . _

- According to the recent forecast of oil pncc by the Institute of Encrgy Economlcs Japan, the oil
price will reach to 30 US$[bbl around 2010. Thercfore mdustrlallzatlon of coal gasification in
Mongolla can not be recommended for the time being. _ :

- It is recommended for MEGM to cvaluatc coa_i chamctcﬁgtics for g_asific_:ation by installing a

small scale test facility in the relevant institute.

4.6.3 - Coal direct hqucfactmn

- Coal direct llqucfactaon is uscd for productlon of -gasoline and gas ojl. ’Ihcrc is no mdustnal

_scale of production i in the wotld at prcscnt time.

- Dcvclc)pmcnt of new technology for coal direct liquefaction is procccdcd by NEDO Japan
NEDO has finished the pliot plant test of lignite installing the semi- 1ndustnal scale plant in. -
Austraha

Gasoline

Coal — Liquefaction —E Crude gasoline —— Purification -
' - Gas oil

: Crude gas oil Purification —

- It is reported that the productlon of synthetic pctroleum through coal duect hqucfactmn will be
economlcal when 011 price reaches higher than 30 US$/bbi _
- It is recommended for MEGM to evaluate coal charactenstlcs for dlrect hquefactlon by.

mstalhng a small scale test facility in the rclcvant institute.




5 Energy Conservation Plan for Coal-related Facilitics

51 PreSent status of thexmal efﬁexency in coal utilization _

- First of all, it must be noted that frequent electricity failure and scheduled power cut in

_ Mongoila are causing too much losses of not only energy itself but also many matenals and
time in whole scctors of Mongoha
In this Section,’ however such losses are excepted from the study expectmg carly modlﬁeatlon
of power supply situation.. ' :

- Coal utlhzatlon facilities can be c}asszf' ed into three groups for energy conservation: (1) coal
conversmn fac1ht1es (coal fired power and thermal plant), (ii) direct coal- utilization facilities

: (boﬂer and stove) and (i) indirect coal utilization fac1ht1es (electricity and thermal). -

" Energy conservation plan will be studied for each group in this section. -

51.1 Coal conversion. famhtxes(power plant) _ _ _ -
- As show in Section 2.1, 3, 77% of the consumed coal is converted into electnexty, steam and -
| hot water by large- and middle-size boilers. ' ' '

- _Actual thermal efﬁc1ency of such boﬂers is 80 85%, and is low compared with 90% of the -
: state- -of-art because they are des*gned by the former Sov1et w1thout any energy conservatlon
) concepts. ' .

- '_ADB reported that heat loss in hot water dxstnbutlon and ohhzatlon system is huge, about 50%

. .of the dthered energy ' '

5.1.2  Direct coal utilization fdc1ht1es(coal bummg)
- Industry sector

T As shown in Secnon 2 1 3, mdustry sector oonsumed 14% of coa}
e Efﬁmency of coal use in. mdustry sector is around 60% and is comparatlvely low because

most of the facxhtles are de51gned and Operated without any energy conservatzon concepts.

- Pubhc and hous::hold sector _
B As shown in Sectlon 2.1.3, pubhc and household sector, oonsumed 4% of coal

Actual efﬁc:ency of coal use in the sector is not avallablc but-it is estunated to be very low

as the efﬁmency of small bmlers and ovens is low, 20- 30%

B R



- Other sectors
. Coal consumption of other sectors is 2% of the total and used in almost the same fields as in
public and houschold sector for heating and coockmg . '
. Present efﬁmency of coal use in other sector is esttmated to be the same Ievel as in pubhc

* and houschold sector, because coal is used for heatrng and cookmg

5.1.3 Indirect coal utilization facrhtres(electnmty and heat)
- Industry sector

* As shown in Frgure 2, 67% of produced electnc:ty is consumed in mdustry sector
* Share of industry sector will be in the same range, 60 70%, though actual data of the Qhare
in thermal energy consumption are not avallable,

. Efficrency of electricity use and thermal energy use in induétry seet'or'is not available, but it
is estimated to be comparatrvely low because most of mdustna[ facilities were desrgncd by
the former Soviet without any energy conservation concepts. L
- Other sectors
. -Eteeuicity in other .'seotorsi eceoun'ted.. for 33%‘0'1; the total, It'is used for miscellaneous
purposes as usual mcludmg heatmg of burldmgs and homes in the out of the hot water

supply area.

o Present efﬁcrency of electncrty and ther.mal energy use in other scctors is not dvallable, but it

is estimated to be very low due to neither energy-saving effort nor energy control device.

52 Technical potentlat of encrgy(coal) conservatlon |

- Technical analysis on pOSSlblllty of energy—savrng on exrstmg facxhtres is not mcluded becau%e

such an analysrs is out of the scope of the study

5.2.1 " Coal saving in conversion facilitics
- Electric power plant e . _
+ It is planned to repair and modlfy the power plants in thc CES before 2000, and therefore it

is sure that energy conservation measures would be. apphed in the ‘course’ ‘of renovatron by'

2000, utlhzmg the most modem technology

» As mentioned in Section 4.1. 2,a mme-mouth coal fired power plant w1Il be constructed at"' :

s




- coal mining site around 2005. Such a new power plant would be designed to secure high
energy cfficiency, 35% of gross generation efficiency, applying new technology.
'« Application of a more efficient powér -generation system such as | combined cycle co-
generation system will not be industrialized until the hike of oil price.
- Heat supply system ' . |
. Coal—savmg devices for thc largc b011er will be unpicrnentcd by 20(]0 in the same scheduic
as thc power plant
. Hcat ‘loss of the hot water dxstnbutlon systcm ‘must be mmumzed by renovation of the

systcm, which includes mstallatmn of the flow meter in cach consumer..
. Accordmg to the ADB report, present heat loss rcach about 50% of the delivered heat and it

oould be decreased to 30% at least by renovation of fa0111t1cs and energy saving cfforts by
. users. . S . ) _
- Takmg reﬁovatlon dbOVB into consadcratlon the cﬂcct of cncrgy ‘;avmg in power sector was
included in the coal demand forecast described in Sccuon 2.4, _ ‘
Notc 35% of gross convcrsmn efﬁc1cncy as thc average of rcccnt coal fi red power plants in

Iapdn was used for cstlmatlon

5.2. 2+ Coal saving in direct coal utlhzation(coal bummg) _
'-' Prescnt and dcsuable thermal cfﬁcu:ncws of the mcdmm size boiler and the typlcal ovens are

estimated as follows:

‘ Present Desirable efficiency
- Industrial boiler/heater. . 60 o 88-92-

. Houscholdovens. 50 6065

- "Rather l’llgh amount of energy-saving .in thc out of power sector wxll be achicved by energy
- savmg effort which is promoted by pnce COntrol of the Govemment however, saving mcasurcs
by modlﬁcation of facilities will need rathcr long pcnod due to lack of the c.apltal fund
B Takmg uncextamty of cxpectcd encrgy conservation of: boﬂers above .into - cons1derat10n thc
" effect of encrgy conscrvatlon in coal dxrcct use, exccptmg power plants was not mcluded in‘the

o ooal demand forccast descrlbed in Sectxon 2. 4

TR



523  Coal conscrvatlon in indirect coal utlhzatzon (electricity and heat).
- Bcst and faster method for clcctrlmty saving is the price control by the Governmcnt while the
pmfit by price control policy must be used for sub51dy of capital fund for energy-saving.
- Electricity saving and thermal energy conservation in industry sector can be achieved mostly by
. modification of the equipment and sometimes the whole plant and therefore will n¢ed"a long

period.

- Takmg unccxtamty of expected energy conservanon by clcctncxty and heat users into
consideration, the effect of energy con_servatlon in indirect coal use was not m_clu_dcd in the coal

demand forecast described in Section 2.4. -

5.2.4  Other energy(coal) conservation potential
- Converting oil to coal - ' _

* In Mongolié' pétrolcum products are used mainly in three fi elds (i) Gasoline and diesel oil
for cars and machines, (ii) Diesel oil for clcctncny generanon in ru:al arcas and (m) Fucl oil
for controllmg the coal fired boilers, o ' '

« ‘Amount of the pctroleum consumpuon for (1) and (11) 1s about 2 ml]hon tce/y (1990) and it
will be difficult to convert it to co_al_ in techmcal and economic pc__nnt of view. S 3:
+ Amount of fuel oil consumpti()n' fdr .(iii) is about 4% of coal cunsumpt.ion of power plants, :
-130 thousand t/y of coal(3,500 keal/kg) or 50,000 t/y of oil, however, it w1ll be mlnumzed "
by repair and modification of existing boilers before’ 2000
Upgradmg of coal quality. 7 _
» Typical upgrading process of coal by washmg is not rccornmendable for thc coal in CES |
area because most coal is rathcr low grddc coal and dpphcatl()]'l of washmg process is _
UDCCODOmICdl procedure for such a low grade coal

. Upgradmg of coking coal in Tavantolg(n will be mplcmentcd for cxport

. ‘Briquetting of lignite is rcconnnendablc upgradmg method Wthh could decrcasc au'

_ pollutants afid increase thermal efﬁcwncy of small boilers and stovcs

. Utilization of flammable wastcs

+ It is sure that an effective utilization of ﬂammablc wastcs is already lmplemcnted as fuel for.

household use in Mongolia, and thcreforc itis unncccssary to mtroducc a largc-scale waste" |

disposal combustxon boiler. =

' LomTee



5.3

Policy and proccdurc for prOmOthl’l of energy conservation -
. Basic policy measures for promotang energy conservation arc as follows
(i) Guidance and inducement : Campaign for encrgy conservation
' - Establishmf_;nt of standard energy efficiency .
_ Education by Energy Conservation Center
(i) Inoentivos_ o '+ Price control for cach fuel
Tax control for energy saving devices-
| _ o Finnncial assist for encrgy saving devioos
V(i.ii)' Cofnouléory e | o _Rcstnctlon of car driving o |

'Closmg petrol statlon on hohday

- "Fax control and financial asqlstancc of (11) abovc—mcntloned are effecnvc measures for encrgy

' consurvatlon in industry sectors.

Above all, the most effective pollcy measures for whole sectors is thc price mcreaSc mcludmg

tax control for each fuel by the Government.

- Howcvcr the proflt caused by pnce mcrcase must bc used for support of low income pcople as

well as funds for tax control and low- mtcrest loans

.Energy conservatlon plan

First of all, repalr and rnodlﬁcatlon of cxxstmg power plants should be procecded immediately

to avoid electricity failure and whedulcd power cut.

Second, in view of constramt on funds for modennzatlon of mclustnal process and facility,

: mcludmg energy savmg measures, thc Govcmmcnt must support the supply of the required
-funds by revmwmg the tax system to mdustry sector and supplymg Jow-cost loans.

VBefore entering thls actlon it.is- requlrcd for the Govcrnment to resolve the issues regardmg to

. the unpreferable credit and debt system which the cntcrpnscs in Mongolian suffer from.

: Thlrd increase 0f cncrgy pnce up to the mtcrndtlonal lcvcl should be studied paymg partlcular

dttcntlon to 1ts nnpact on peoPIe s 11V€‘i

B o



6 Environmental Protection Plan for Coal-related Facilities -

6.1 Present state of air pollution
6.1.1 Pollutants 'cxh’auStcd from coal-related facilities

- Coal fired power plant

+ Thiee coal fired power plants are in operation in Ulaanbaatar generatmg 90% of national

product. They consiime 2.9 million t/y of coal, -

+ No.3 power plant is mstalled wnh scrubbcrs and No.4 with. clcctrostatxc prec1p1tators _

* however, neither dcsulf_unzatlon nor dcmtratlon_facﬂlty is installed in any plant.

- Miscellaneous boilers

~» Total number of 222 units of large to small boilers are installed in offices and mdustrlal

facilities. They consume 0.4 million vy of coal. o

K ’Ihesc boﬂcrs are not equipped w1th any flue gas treatment dewce like f' lter
. - Stoves in gers : .
+ Almost half(300 thousand) of inhabitants in Ulaanbaatar hve in gers of about 53 000 locatcd' |

at the suburbs. They consume 4-5 tons of coal and approx1mately 4 md of fi rewood per ger
peryear. .. | N |
* These stoves have stacks with 3-4 meter hlgh and are regardcd as one of ma;or causes of air

pollutlon pamculariy in thc crowded area with gers.

- Air pollutants exhausted in Ulaanbaatar are estlmated for 1993 as follows

Table 18 Estimation of Air Pollutants Exhausted in Ulaatzbaatar '

: Coal - o Estimated present ¢mission -
Consumption Sulfur content-  $02" " 'NOz © - Dust’’ Bcnzpyrene
_ (thousand ten)  (wt%) . . (thousand t/¥) . - . . (kgly)
Power plant 2,900 = 074 - 42 367 8 - .14
Boilers 400 © 076 5 . 3. 23 17
Stoves S 260 076 2 1 10 o161
Total 3,560 - 49 39 119 192

Note: Amount of air pollutants are calculatcd on the basis of coal quahty above and .
supposed emtssmn factors whlch are rcferred from Japancsc documcnts

- Share of power plants in SOz, NOz emission volume are the htghest and these of mlscellaneous _
boilers and stoves are negligibly small, whllc 92% of Bcnzpyrcne is exhausted from b011ch and_ :

stoves. It is estimated that Benzpyrene concentration is ha_zaxdou_sly htgh in t_hp crowdcd area’




with gers.

6.1.2  Emission of coal-fired pollutants

- SOz, NO; concentration

* + Ministry of Environment of Mongolia measured SO2 and NO concentration at threc fixed

stations in Ulaanbaatar and acquired for 1990-94 as shown bellow:

Table 19 SO; and NO2 Conccntratlon at Three Fixed Statlons

mg/m? .
: o 502 ' NOz-
Maximum m each 1990-94 - 0.03-0.25 0.111-0.401
“Average in'each 199094 0.004_—0_.013 -~ 0.025-0.115
Environmental standard(daily) = . = 0.05 0,04
' (hourly) .05 - 0085

. Annual avéragc. t)_f 'S'O_z_ conc'etltration' stayed below the environmental standard -of 0.05
mg/m3 each 'ye'ctr, on the contrary, the maximum cpncentratton sometimes went over tht:
standard. . ' | -

+ Annual avcrzige ()_f.: NO> éoncchtratitm_ sbmetinles wr:ttt over the standard. The r_nax.intu_.m Wa_st

exceeding the standard tnany times, -

- Dust concentration

6.2

+» Total suspcndcd partlculate(dust) was obqerved by a high-volume air samplcr at Uiaa.nbaatar
in February 1995. ' L 7
. It was found that the dally concentratlon cxcceded the standard of 0. 15 mg/m3 for 81 days,

in total out of 104 days of the whole mcasurcmcnt permd

. Mammum value obscrved was 1 17 mg,/m3 Wthh suggcsts that Bcnzpyrene may be also

' excecdmg

‘Estimated emissions of pollutants from coal-reiated faClhtlBS

Although coal consumptlon is cstlmatcd to increase approx;mately 60% from 1993 to 2010 the

rcsults of the simplified sunulatlon indicate that the mcrcascs of the ground levcl conccntratlons

' rof SOz and NOz ermttcd from each of No 3 and No. 4 powcr plants are rather small at 10- 15%

Dust cm1ttcd fmm power plants gwes small mﬂuence on the ground—lcvel concent:ratmn due o



the installed dust removal facilities.

Dust emissions from stoves in gers will not be decreased in the future.

6.3 chhmcal poten‘ual for air pollution control . _
- Sources and pollutants necessary to be controtled in Ulaanbaatar are low-hexght emission
sources such as household stoves and small- to-medmm SJ_zc boilers.
- Estimated effects of bio-briquette in reductlon rate of pollutant emissions are 70% for dust and
benzpyrene and 75% for SOa.

6.4 Environmental protcchon plan | _
- Potential demand of b1o—bnquette is cstunated to be approxunately 100 thouqand t/y, when 50%
of gers in Ulaanbaatar introduce the bnquette for their gers.
- Required investment for pmductxon of 100 thousand t/y of the bnquctte is about US$ 17
million. ' '

The issue of mtroduct:on of the bﬁquctte into gers 19 who can pay the productlon cost without

. raw materials of US$ 2. 7/ton-br1quette
7 Preliminary Study on Sclected Plans
7.1 Coal developmcnt plans

- I_ocatlon and relevant mﬁastructurc of selcctcd coal mines are shown on Attachecl F1gure 5.

- Prelunmary economic evaluation is lmplemcntcd on the followmg cntcna

« Project life o 23 ycars (from 1996 to 2018) o
* Time valuc of money ;- Constant 1994 Tg. with 400 Tg/US$
+ Project financing IR 100% equ1ty

+ Price dnd the life span of equlpmcnt Same as Part

. Operatmg unit cost T Same as Part I (1 43 US$/BCM)
. "lnflatioo'. R o _ Nomflataon S

Formula for cth ﬂow uscd m thc cconormc analyqeo is as follows

Cash ﬂow for EIRR on total pro;cct

Bencf’ t- total capltal cost total operatmg cost increase in: worklng mpltal

(S




- Fdrmu!a for thc approximatc production cost is as follows:
Approxunatc production cost =
(total capital cost + total operation cost) + total productlon volume

‘Hence, tax, royalty and interest are not included in the cost.

7.1  Tsaidamnuur | |
- Pmposcd mining plan and the equipment and facility list with the capltal cost are Shown on
Table 7.1 of the lcxt
- Dctalls of plan _
s Productmn capamty 2.0 r.nill.iOn ty.

C‘qal quahty.. g ngmte w1th charactenstlcs of 3,700 kcal/kg (as Iecelvcd) and 0.4-

0.7 wt% of sulfur content, which is almost the same as Baganuur
| coal ' o o
+ Minablereserves '860 malllon tons at mlmng dcpth of 200m with strlppmg ratio of 2.3

. Mirﬁhg cquipmcnt : One fleet for coal and three ﬂeets for stripping

+ Surface facilities = : One set of service facilities must be constructed _
. hﬁrashupmxc - : | ‘Railway(10 km.)., transmission line(10 km) and township
- - '_ rh_ust be constructed | | |
» Coal use and users : Fu.el'of-povvé'r piants in the CES drea
- Implementanon schedule e |
. Flrst pnonty to the lmplemcntatlon order among selcctcd plans will be given to Tsaldamnuur

m v1ew of hugc reserves and fdvored locatlon as well as estimated: low mmmg cost

howcvcr the rccommcndcd timing of dcvelopmf_:nt is varied from 2003 to' 2008 in

compctltlon w1th Baganuur cxpansmn pro;cct ' |
B .Estnnatcd manpowcr is 480 as total

.- .Capltal myestmcn_t_ is as follows:

 Mining equipment _ Surface facilities.  Total

' Invsstmenf 'ébsi.f(_)r 73 years__ ~ 108 milUS$ . 48 o 156

'-Initial'invéstrncnt“ o4 2T 7

R _‘; _-Cash ﬂ(}w study for EIRR on total pro;ect shows that thc coal pnce to gam 10% EIRR is 11,1
US$/t(4 444 ’{‘g/t)



- Approximate production cost without tax, royalty and interest is 9.4 US$/t. .

7.1.2  Tugrugnuur . _
~ Proposed mining plan and the' equipment and fac111ty Ilst with the capital cost arc shown on
Table 7.3 of the text. ' '
- Details of plan

* Production capacity : - 2.0 million ty
- Coalquality ~ : Lignite with characteristics of 3,700 kealkg (as received) and 0. B
| . _ Wt% of sulfur content, which is almost the same as Baganuur coal
* Minable reserves ;290 million tons at mining depth of 90m with stnpplng ratlo of 4.2

* Mining equipment - : One flect for coal and four fleets for stnppmg

-+ Surface facilities ~: One set of service facﬂmcs must be oonstructcd
~ + Infrastructure | : - Railway(25 km), transmission hne(l() km) and townsh:p must be
| - _ | constructed | '
-+ Coal use and users  : .Fuel_ of power plants in the CES area - o
- Implementation schedule _ R - R o o éiff

* Second priority to the irnpleméntation' order among sclected plans _'Will be given to
Tugrugnuur in view of the _minihg cost.
- Estimated manpower is 570 as total.

- Capital inyestment is as follows:

Mining equipment ~ Sutface faciliies .~ Total

Capital cost for 23 year 36 miLuss . 507 186

'Initialcapitalcost .56 28 ARt 84-

- Cash flow study for EIRR on total pro;ect showq that thc coal pnce to gam 10% EIRR is 13 9
US$H/(5,547 Tgft).

- Approximate production _cpst without tax, royalty and ;imercst is 1_1._8_ US$/t_. : B

T8 -.



7.1.3 Khoot _
- “Proposed mining plan and the equipment and facility list with the capital cost are shown on
Table 7.5 of the text. o
- Details of plan
Production capacity 1.0 million vy

Coal Quality " Lignite with rather high calorific value of 4,800 keal/kg (as received)
' | and '0 7 wt% of sulfur content, which is almost the same

charactcrlsncs as Sharyngol
+ Minable reserves  : 85 million ton at mining depth of 65m with stripping ratio of 4. 2

+ Mining equipment - _': - One fleet for-coal and two ﬂeets for stripping are requ:r_gd

» Surface facilities o One set of service fac1l1tms must be constructed
. Infrastru_ctorc L Ra1lway(90 km), transmission l1nc(40 km) and townshlp must be
~ constructed

-

Coal use and users - Usaré_ of Sharyngol coal in the CES arca such as cement,brick and.

steel

L Implcmcntatmn schedule
_ . Start of operatlon must be decided by two condmons

(1) Cost competmon with bharyngoi coal mine _
(ii} Producnon capacxty of Sharyngol coal mine in producnon of hagh calonﬁc coal
- Estimated II]dl’lpOWCI' is 360 pcrsons as total :

- Capltal mvcstment is as follows

| Mining equipment Surface facilities ‘Total

Investmcntcostfor23ycars 72ml OS§ - 38 109

Initial investment 2 _ 2 : 52

S Cash ﬂow study for EIRR on fotal pro_}cct shows that the coal pnce to gam 10% EIRR is14.7
L USSAG, 892 Tg/t) L _ '
‘ 'Approxunatc productlon cost w1thout tax, royalty and mtcrest is rather high' at 12 1 US$/t

o .whllc, the approxunate calonfic cost of 2 9 US$/1O3kcal ton is chcap and dlmost samc as those
- '_of Shlvcc 0voo(2 7) and Tsa1damnuur(2 9) ' S '



7 1.4 Tavantolgoi

- Proposcd mining plan and thc cqulpmcnt and facility fist with the capltal cost are shown on
. Table 7.7 of the text.
- Details of plan

. Produ'ction_capacity ;' 11.0 million t/y (fuél coal 10.2,-' coking coal 0.8)

"+ Coal quality -1 Bituminous coal with characteristics of 6, 500 kcal/kg (as- rcccwed)'
| and 0.8 Wi% of sulfur content,
» Minable reserves 1,400 million tons at mining depth of 200m with stripping ratio of
N . 4.4. . : . . )

+ Mining pqoipmoot -+ S fleets for coal and 20 ﬂects-for stn'pping

. Surfocc_ facilifics_ . One set of service facilities must bc constructed |
. -Inﬁostructure_ . Ra11way(440km), transmlsslon 1mc(300km) and townshlp muqt be-
constructed _ '
: -._ Coal use and users Fuel for mme-mouth'powcr 'p_lants:.to' be constructed in Tavantolgoi
: - in tho futorc | | |

- Implementation schedule can not be decided due to no information of the export--demand of
electric power and coking coal.. ' -
- Estzmatcd manpowcr is 3,200 as total,

. .Capltal investment is as follows

* Mining equipment Surface facilities. ‘Total,__ o

Tnvestment cost for 23 years 670 miLUSS. a5 813

Initial investment - 280 86 - 366
- Cash ﬂow"sto'd_):r is not implemented due to no hifonnatioh'on, demand, price, Ct‘é" o

7.1.5 Trammg ccntcr -

- CorreSpondmg to the. ba31c plan, of the tmmmg ccntcr proposed in - Scctlon 3 3 2 the'

preliminary study was nnplcmcnted gcttmg mformatlon of the Constructzon Machmery _
Training Lentcr whlch is. cstabhshcd in Paklstan by the grant a1d of Jdpanesc govcmmcnt '

- Function(i): Trammg of opcrators ‘and mcchamcs

* Training courses Opcrator mcchamc 1(cng1nc) and- mechan1c-2(chassm)



- Contents of training :  Practical training in 0pefat_ion and m.aintenan.ce'
+ Training equipment : Shovel, dump truck, bulidozcr and dragline, etc.
|  Driving simulator system of above machincs.
Workshop for assembly of engine, transmission, .ctc.
* Instructors. =~ 5

Function(ii): Expert services for maintenance

+ Available expcrts . 10 engineers and 30 mechanic/electricians.
. Flelds of services  :  Repair and overhaul of shovci, dump truck, bulldozer, dragline, etc.
. Avallablc aea Wholc Mdngalia, including private cofnpanieis.-

Function(iii): Spare parts serv:ce

+ Fields ot services - Common sparc parts of shovel, dump truck, bulldozer dragline, efc.

+ Equipment and tools : Nccessary ones for maintenance at the field.

~+ Number of staffs 50

Outline of necessary capital cost and bperaﬁing cost are as follows:
« Investment required :  Buildings - 3.0 milUS$
e Paciliticd and squipment 6.2
Tl 92 |

Aainual opara.ti.ng' cost : 0. 4 mil. US$/y

_As an idea of the training center is in thc conccptual stage, unplcmcntatlon of the detailed

| fcamblhty study in future is recommendcd _

72
721

' Coal utilizaﬁbn plan

Baganuur mine mouth pGWcr plant

_ Baganuur rmnc mouth power plant is recommcndcd as the ncxt new power devclopmcnt plan in

; view of followmg advantages

(1) Transportation of 4-5 mllhon t/y of coal {0 Ulaanbaatar power plants by only one railway
is an cxpenswc and unsteady plan. - ' _ _
(11) Addmonal power plant in Ulaanbaatar 1s not prcferable to prcvcnt air pollution. '

(111). T.l_.lere_, are enaugh coal rascr_\_rcs and industrial water resourccs in the s_1t¢

Coes=



- Conceptual demgn of the power plant is as follows _ _
« Pulverized coal fired boiler: Two units of 470 that135 kg,/cm2 and 543 T
+ Steam turbine generator ~: Two units of 100 MW at 13.8 kV
+ Coal consumption : 1.2 Illil_liorl vy
. Project schedule . 55 month for design, const:m_etion and te_slS.

- Capital cost; including insurance, supervisors and engineering conSultant, is 410 miltion USS.

7.2.2  Briquette

- As mentmned in 4.6. 1, coal b10rnass brlquette can help decrease troublesome pollutants and
increase thermal efﬁc1ency in use. ‘ -

- Followmgs 1llustrate the outline of the mdustnal productlon plan of Blocoal
+" Production capacity recommendable. 38 thousand t/y(5 t/h)
+ Raw materials consumption L '

Raw llgmte _ o 0' 75 ton coal/ton product

B10mdss(straw or dung) v 0.25 ton coal/ton product
- Lime - S _. : 0.02 ton coal/ton product~ '
..'Maj.or equipment ' o L
Raw biomass feed system (feeder, crusher, dryer, hopper)  : - one frain
Raw coal feed system  (feeder, crusher, dryer, hopper)  : one train
Maixer and Roll-press - ' SRR each one

M1scellane0us equ1pment(belt conveyor bag fi lter ete )
. Capitaleost . " :6.5 million US$

» Estimated approximate productmn cost(before tax)

Capital cost . 85 USHA
- Operating cost | - 127
Total ' L 2L 2

Note Above cost is based on 10 $t of hgmte and bmmass




8 Conceptual Study of Action Plan

8.1 Master plan for coal dcvéldpmcnt
(-1) : Pnonty among coal development projects -
- Incrcasc in coal production will be carried out by the priority order among five development

plans, two of expansion and three of ncw development, as shown on the Table below.

- Compansons in technical characteristics. and results of prehmmary economic cvaluatmn of the

- five coal dcvclopmcnt projects are as follows:

Table 20 Comparison of Technical and Econormic Features

" Bagamwr  Shivec Ovoo Tsaidam-  Tugrug-  Khoot
: © o Unit Expansion - Expansion - nuur New  nuur New -~ New

Proved reserves -~ milt 8567 - 550 7 - 864 - 288 85
Stripping ratio -~ BCM/t -+ 42 35 30 42 38
Heating valie(ar) kcalkg 3,250 - 3,250 .~ 3250 - 3,250 4,350
‘Designed capacity milyy - 23 - 14 o 20 20 1.0
Initial investment  mil.US$ 516 - 365 . 708 - 84.5 51.7
‘Existing infrastructure Yes - Yes . No. " No. . No
Total production ~ milt 47 - 25 - 40 o400 20
' Total sales amount “mil.US$ =~ - 510 260 440 560 . 300
Total investment _ miL.US$ 130 -~ 80 160 - 190 110 .
Total operating cost mil. US$ 340 140 220 290 130
Coal price(10% EIRR) Tg/t 4339_ 4070 . 4,444 - 5,547 5,892
Production cost *1 -US$t 9.9 8.6 94 118 121
Calorific cost’ US$/103kca_1.t 3.1 2.7 29 36 . 28

'Pnontyorder . 2 a® 2 4 %2
“Note *1: Approxunatc productlon cost = . ' : o
- ' (total capital cost + total Operatmg cost) + total produchon volumc
.0 .*2: . Priority order was not decided due to industrial use - . e
*3 Expansmn of Shlvee Ovoo mine: pr0v1des with advantages such as:
- Expansion of the infrastructure is easy technically and cconomncally
- Required investment cost for the expansion is low
- Geological and mining conditions are comparatively favorable ctc.
_ and in accordancc w1th these advantages the order to expand t}ns mirie in pnonty
‘.‘1sfirst : SREHNE - : -

- Pnorlty bctwcen cxpansmn of Baganuur and new develapment of Tsaldamnuur makes no
dlffcrence, though Baganuur is shghtly supenor due to thc existing ready-to-usc mfrastructure
- Although thc provcd rcscrvcs in Khoot is rather smal! in volume, its mining cost is possibly .

: chcaper than that of Sharyngol Pnonty order depend'; on the mmmg cost of Sharyngol coal

TR



mine.
(2) Implementatlon schcdule of each devclopment project _
- In order to meet the required capacity in Section 2 5 2 commencement of the md1v1dua1

pro;ects is scttled as below with the sald priority order

Table 21 Implementatlon Schedule of Coal Development Pro_lects

T 19962000 2001-2005  2006-2010
Required capacity mil.ton - - 1.3 _ 1.7 - 23
Shivee Ovoo . mil.ton L 14 - - -

- Baganuur ‘milton - N DU, 2.3 - -
Tsaidamnuur “mil.ton L AR - 2.0

Note *1: Timing of Khoot depends on the mmmg cost of Sharyngol coal mine.-
*2: Export contracts of coking coal and electncnty are required: to start Tavantolgm -
coal mine development, though the timing is unpredlctable
*3: In this implementation schedule it is foreseen that the Ulaan Ovoo mine w111 be
' opened by 2000 and have the capac1ty of 550, 000 t/y :

(3) Required total capital cost and operatmg cost

~ Overall funds required to Impiement the master pldﬂ are as follows

Table 22 Investment and Operatmg Cost for Coal Mine Development '

. | 19962000 20012005 . 20062010
Total investment milUS$ 37 B §
Total operating cost milUS$ . 21 w8 1520
‘Total required fund  mil.US$ 57 173 267

Note: *1 In 1996-2000 the total required fund for expansion- of Shivee Ovoo mine 1s 57 mUS$
~ In2001-2005 the total required fund for expansion Baganuur m]ne is 126 anS$
The loyalty and taxes are excluded in these costs.”
*2In order to expand the capacxty of existing coal mines, it is essential to renovate some
equipments and improve the living condltlons at the mlne 51tes, costs for whlch are
.included in the above-mentloned mvestment ' T '

4) Cash flow and requlred fund mlsmg amount

- Cash flow in the master plan at the time the coal of each pm]ect is sold at the pnce of 10% EIRR :
s shown below. ' ' '

T




millien US$
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| Figpfc 6 Total Net Cash Flow in the Master Plan
- Total nef cash flow in '_thc Master Plan is as follows:

Table 23 'Totél"Net'Cash Flow in the Master Plan ' (rhii. .US$) "

Year | 19961997 1998 1999 2000 2001 2002 2003 2004 2003

Cashflow -16 20 6 6. 6 -45 15 15 15 6
- Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 .
Cashflow .3 -19 .2 -1 2619 22 17 .26 = 8.

Note: Rehabilitation costs of the existing mines are not included.

8.2 Master plan for coal utilization
(M) Blectric power dcvelc;pment plans
1) Dcvelopmem schedule and capamty
- FElectric power master plan consists of the dcvclopmcnt plans for CES as dxscussed in Scct1on 4

and that for export

Lt F1rst priority is glvcn to- Egun hydro power plant demgncd for the peak load and is planned
- to start from 1999

o Sccqnd priority is given to a mine-mouth coal fired power plant, -




_. Table 24 Electric Power Development Plan .
' : _ 1993 2000 2005 2010 After 2011
~Electricity demand in CES - milMWh 26 - 3.1 4.5 7.1 . na

Peak demandin CES*1 -~ - MW 460 S50 790 1,240 ~  na .
‘Required total capacity*2 MW (790) 780 0 1,130 - 1,770 ‘n,a
Required new capacity MW - - 0 350 990 na
Developmentplann =~ = MW o S

- (Egiin hydro power) = = (55 (@165)

© Minc-mouth coal fired(A) o 200 -
Mine-mouth coal fired(B & C) a ' 200+200
Minc-mouth coal fired(D) ' . 200 S00MWx8

Note *1: - Demand when its load factor is at 65%.
*2:  Capacity when its plant factor is at 70%.

2) Required capital cost and operating cost

- Overall funds-rchircd to implerrtcnt the master plan are as: followst ,

- 1996-20000 20d1_-2005 ©2006-2010
Total rcqmrcd funds = mil. US$ o 320 0 -1 040
Note: Tax is exciudcd in these costs con51denng thcm as thc govcmmcnt costs.

*3) Required fund arlsmg amount .

- To raise funds for new coal ﬁrcd powcr plants i is unneccssary unt:l 2000 due to no

development project.

(2) Briquette and other use
1) Briquette dcvelopment plan : _ _
L As discussed in Section 6.4- and 7. 22, productlon of brlqucttc and usc in gers are advxsed in -

order to prevent air pollution and to promotc encrgy conservatlon Potcntlal dcmand of bnquctte s
will reach about 100,000 t/y. S L

- Capital cost of a bnquette plant of 40, 000 t/y is about 6.5 million US$ Requzrcd total cap:tal_
cost for 100,000 ty is about 17 million - US$ although the steps and tn'nc schcdulc of

- development is-hardly predictable. AT

- "Who will pay the cost" is the blggest issue of 1ntr0duct10n of bnqucttc use mto thc ger gxoup

near ldrge cities.

- 2) Other use plans

- Coal usc plans in other ustzls. are hardly estimated, and mercfbre, the fund faisin_g fot_oﬂlcr_coal

:_ “35"‘
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- uses cannot be included in the master plan.

8.3 Policy and incentive for coal development and utilization
(1) Policy for price |
- Pricing pollmes of the kcy cncrgzcs form a base for economic policy. Prices are decided by thc
govcmmcnt in the prcscnt Mongolia as both coal and electric power plants are owned by the
government, ' o S ‘ :
- Although they are to be supplied as cheap as posmble 1t is 1mp0881blc to' operate w1th financial
soundness under the current pnccs given,
- Itis dcsu'cd to con31der the followmg range in pncc control
+ Bottom pnoe the lcvel to gam reasonablc profit for rcmvestment
Coal pnce at 10_% EIR_R ; 4,743, Tg/t in case of Baganuur coal
. Ccﬂmg price: the coal economic valne in Mongolia o
Economic value of Baganuur coal ; 6,057 Tg/t at3, 560 keal/kg GHV _
- thn pnvatlzatlon of thc coal mines is 1mplementcd hdvmg an exampic of the renovatlon plan
_ of Baganuur coal mine studlcd in \ Part 1, a su1table coal price can be rcahzsd by reallocatmg the
” proﬁt given to the govcmment by the severc taxatlon systcm '
Effect of tax reductlon and excmptmn and low cost loan
- In casc of the renovatlon pr()Ject of Bdganuur coal mmc, thc followmg amendmcnt of the
currcnt Mongohan taxation system is effectlve to gam 10% FIRR at the econormc coal value of
R T R P E _ ~FIRRontotal - NPV at 10%
* Tax reduction and éxemption - ' _ project *1 . discount rate **
: ,(Prcscnt situation after assets reevaluation}) - 0.9% _ -30,730 mil.Tg
1 Increase of tax exemption item in operating cost S 23 25,5300
-2 Tax exemption for ‘equipment and spare parts;-. . - 78 - 6,680 :
- Import tax;7.5-15% to 0 TradetaxlO%toO I . .
"3 Coal trade tax redistribution: S 1000 o + 120
© . "5% to the coal mine ) o ' '

~ Note. *1: FIRR on total project is the case of full self—funds (debt/eqmty-O/lOO)

2 10% FIRR is critical in the financial soqnd_ness of the project. -



For further improvcmcnt' of the financial 'soundncss supply of low cost loan will be effective.
Multiplicative effccts with tax reduction and forei gn loan of 2% interest rate at thc economi coal
value of 6, 057 Ty/t are as follows: o

- : _ " FIRR on equity for debt/cqmty of
Tax rcductlon and cxcmptlon Lo S 50/50 _ 80720

{Present situation after assets reevaluatlon) ' - 08% - - 0.9%
1 Increase of tax exemption item in operating cost - 14 - © na -
2. Tax cxemption for equipment and spare parts: - 9.7 L (16.)

8.4

Import tax;7.5-15% to 0, Trade tax; 10% to 0

Coal trade tax redistribution: B (13 7) (322
5% to the coal mine . L SR
Note: Tax reduction and cxcmptlon is unncccssary for ( ) due to thh FIRR

In this way, the price can be rcduccd to the ccxlmg pncc of 6,057 Tg/t and furthet, close to the

bottom pnce of 4,743 Tgh.

Instltutmnai arrangcmcnt

In spxtc of the settlement of "Mongohan pnvatlzatlon program" introduccd in May 1991, the

- eneigy mdustrms are full or ma;onty of undcrtakmg by the govcmme,nt to prov1dc cheap

energies.

Following ratmnahzatxon will be rcqulrcd

* Transfer the competence of the central govcmmcnt office to 51tcs dcfinc managcmcnt '

- ICSpOH%lbllltleS mn each and prornotc rapid actlons

. E_sta_bhsh and strengthen the financial control se_ctlon in order to change the operation control -

system from planned economjr-to market cconomy.

+ Bstablish a training center . for mamtenancc scrv1ce.s as well -as human Tesources

dcvcmpmcnt

It seems preferable to chdngc these state—own compames mto pnvatc compamcs in'the long—run

in order to activate them, however, such pnvatxzatlon should bc camcd out after gettlng know- :

how of the management in markct economy

..“:33__.___.;' -
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