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PREFACE

In response to a request from the Government of the Mongolia, the Government of Japan
decided to conduct the Study on Comprehensive Coal Dcvéloprncht and Utilization in Mongolia and
“entrusted the study to the Japan International Cooperation Agency (JICA).

JICA sent a study_' team led by Mr. Takchiko Sato of the Institute of Energy Economics, Japan
(IEEJ) and organized by IEEJ to Mongolia seven times from November 1993 to'Scptembcr 1995.

The team held discussions with the officials concerned of the Government of Mongolia, and
conducted related field surveys. After returning to' Japan, the team conducted further studies and

compiled the final results in this report.

1 hope this report will contﬁbute to the promotion of the plan and to the enhancement of fric'ndi'y

relations between our two countries. .

I wish to express my sincere appreciation to the officials concemed of the Government of

Mongolia for their close cooperation throughout the study.

: Novcrnb_cr 1995 -

Kimio Fujita ' '.

President

~ Japan International Cooperation Agency






. : November 1995
Mr. Kimio Fujita

President _ -

Japan International Cooperation Agency
“Tokyo, Japan :

Dear Mr. Fujita,
I.gttcr_of Transmittal

We are plcased to submit to vou the stud rcgort on Comprehensive Coal Development and
Utilization in Mongolia. The report contains the advice and suggestions of authorities concemned of
the Government of Japan and your Agency as well as the formulation of the above mentioned project.
Also in¢luded are comments made by the Ministry of Energy, Gcologg, and Mining of Mongolia
during technical discussions on the draft réport which were held in Ulaanbaatar. The study is divided -~
into two Parts: ' g _ :

Part I : Feasibility study for the renovation of two coal mines _

Part II: Master plan study for the coal development and utilization and preliminary action plan
- Baganuur coal mine and Shivee Ovoo coal mine were selected as "two coal mines” to be studied in
Part I by both study teams in accordance with the procedure of Scope of Work. '

This report presents the results of the Study, which has been implemented since November 1993 in

. cooperation with the Ministry of Energy, Geology and Mining as the Counterpart, and consists of
three separate volumes, the summary (110 pages), Part I (the renovation plans:650 pages) and Part

II(the master plan:430 pages) of the mam texts. - : : : .

Part [ reports the renovation plan of Baganuur coal mine (Chapter I) and Shivee Ovoo coal mine
(Chapter IY). Each Chapter includes;coal resources; present mining status; renovation plan; capital and
operating costs;financial and economic analysis; and conclusion. ‘ - _ -
Part i1 reports the master plan and the preliminary action plans, and includes: coal demand and supply
' -f(XCwst;Pclod development and utilization plan; conceptual study of the selected plans; and conceptual
"Action Plan" o S . o

In view of the urgency of renovation of coal mines in Mongolia, we recommend that Mongolian
government implements the renovation plans of Baganuur coal mine and Shivee ovoo coal mine in
accordance with the cpal development master plan. o

We wish to take this opportunity to express our sincere gratitude to your Agency, the Ministry of
Foreign Affairs, and the Mindstry of International Trade and Industry. We also wish to express our
deep gratitude to the Ministry of Ener%y, Geology, and Mining of Mongolia, the JOCV Ulaanbaatar
office, and the Embassy of Japan in Ulaanbaatar for the close cooperation and assistance extended to
us during our investigation and study. : : '

Very truly yours,

Takehiko Sato |
'I'carn Leader

The Study on Comprehensive Coal .
- Development and Utilization in Mongolia .
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Removal of Overburden by Shovel/Railway and Shovel/Truck System

‘Transportation of Overburden by Railway System



Dumping Overburden from Wagons at Overburden Dump -

Removal of Overburden by Dragline
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CHAPTER 1 Renovation Study of Baganﬁur Coal Mine
1 Introduétion ,.

- Baganuur coal mmc 1s located in 110 km east of Ulaanbaatar and 1,350 m abovc the sea level.

- Lignite w1th about 3,600 kcal/kg (LHV) is cxcavatcd by an open cut mcthod and mostly

" consumed at Ulaanbaatar power plants.
- Baganuur coal mine whlch was designed by thc former Soviet Umon at 6 mllllon t/y of coal

can pmducc 3-4 million ¥y only duc to delay of OVerburden removal,
- Target of renovation is to achieve the coal productmn of 6 million t/y, improving the defects in

the existing Baganuur coal mine.

2 Coal Resources

- :Re:scrves ' ‘
- Proved.coal rescrvcs are 560 million tons.

- Coal deposit is 4.5 km w1dth and 12.0 km length thhm about 200m dcpth

_ ) " Table 1 Proved Coal Resefves _
Nameof - Provedreserves =~ Stripping ratio

coal seam . . (million ton) - (BCMof soﬂ/ton of coal)-
3 . 53 _ 21
2 246 0 42
2 268 o 4.8

Total =~ . = 567 | 43

gmallty _ L ¥ S .
- Typlcal coal quallty is fcatured by hlgh mmsture and ash contents



Table 2 Quahty of Reserved Coal

Item Unit Average value*!
Total moisture (as received) % 33.3
Inherent moisture (airdry) -~ % 11.2
Ash . (dry basis) G, - 149 .
Calonf ic value (as received) o kealkg 3,616 _(LHV)'
- (air dry) keal/kg 4,810 (LHV)
Total sulfur  (dry basis) - % . 073

Notc *1 : This shows the average of scvcml sample data obtained from the scam 3
- 2aand 2. The reliability of data was confirmed by the both sidés.

3 Present Status of Baganuur Coal Mine

3.1 Present mining status

Prcsent mining system
- Overburden is temoved by draglme -electric rope shavei and electric railway systcm, and'
- shovel and dump truck system, '

Coal is excavated by shovel and dump truck,

. ) 20 w, l :
B Wagon -
: Shovel ;EE i Cﬂ

Dragline spoil

F1 g. 1 Present Overburdcn Rcmoval Systcm :
< In 1990, whole equipmcnt demgncd to produce 6 ‘million ty of coal w was dchvcred from the

former Soviet Union, however rcplacement of detcrlorated cqulpmcnt has been dclayed due to
financial dlfﬁculty : :




S_urfacc facilities :
- Surface facilities such as workshop, warchouse, sizing and loading are wcll equipped,
howevcr, more cffectlve use of the facilities is desired.

Production

r - Total of coal productlon and corresponding ovcrburdcn removal has been increasing whllc it
was only 55 % of the dcs1gncd capacity in 1993,

Table'3- Comparison of Coal and Overburden EXcaVation |

Year. . Coal production ~ Overburden removal - Toal
~ (mty), | (m.BCM/y) (m.BCM/y)
_ ~ Designed Actual Demgncd Actual Designed ~ Actual
1983 1.0 07 : 22 32 30 37
1986 ¢ 200 0 32 o 44 6.0 - 6.0 8.5
1989 30 38 102 8.1 12.5 11.1
1992 60 34 150 0 97 197 124
1993 6.0 29 170 97 21.7 119
i " Coal, Gverburden Tota,l T - .. Stripping Rat1o
12— o . S ~ 6 -
S " Grand Total Excavation YARE :
— — 4
— — 3
-
. — 2
C— -1
00— 0
. 1980 1994
. Fig2 Actual Excavation Trend of Baganuur Coal Mine
'_'@;ploy: _ . _
Total employces were 1, 730 in 1993 of wluch 460 Wcrc for productmn, 290 for rallway and
- 280 for mamtcnancc B - '



3.2 TIssues of present Baganuur coal mine

i

Overburden removal has been delayed mainly due to:
* Low capacity of railway system, which Was caused by'frcquént troubles of whole system
and/or individual equipment, |

-+ Lack of spare parts due to short of the funds. . .

+ Lack of experts for mamtcnancc due to rcpatnatmn of forelgn engineers.

- Delay of overburden rcmoval forced to use draglmcs under unsuitable utilization methods,'
which has been causing decreasc of ycarly coal productlon from the seam 2a duc to a cave—m
of dumped soil onto seam 2a. ' |

. Large scale eqmpmcnt sometimes causes long time brcak down due to difficulty of the repair
by Mongolian specxahst

- Violent economic inflation decreascd the prcscnt value of funds prcparcd for spare parts and

rcplaccment of equipment.

3.3 Evaluation of productlon capac:ty of cx1st1ng coal mine
Operating efficiency

- Analyses of operation data show that the operating effic1ency of each mining equipment is

rather lower than the desired efficiency (Table 4).. - ‘
Efficiency of the locomotive (ra1lway system) is SchIaﬂy low, and the fact mdxcatcs that the
railway system is a fundamental defect of the existing mining system.

- Table 4 Efficiency of Mining Equipment S
' ' %, as of 1992

Existing equlpment : -+ Desired
) v _Utilizatiq _ ici i
Dragline =~ - 7490 - 6793 6178 77
Electric shovel 65-94 . 5882 - 49476 72
Locomotive . .50 . 56 .28 - .51
Truck 77 85 - . . 67 _68_'-

Improvcment. ' : » - :
- Analyses of operation data show that 11.9 mllllon BCij of clrrent mmmg capacﬁy can be

increased to 17.3 m. BCM/y through 1mpr0vemcnt of cqulpmcnt effi c1ency, the unproved
capd(:lty (173 m BCM/y), howcvcr is still lower than the dc31gned capac:lty (21 7 . BCM/ B




Table 5 Caoacity of Existing Coal Mine :
- million BCM/y

Designed value Current/actual Improved/estimated
‘Dragline - 4.7+Rchandle ~ 5.5+Rehandle 7.7+Rehandle *1 -
Shovelrailway -~ 12.3 2.0 3.6 *2
Shovel/truck 47 44 ‘ 6.0
 (Coal) @n (2.2) : (3.1)
- (Overburden) ~  (0.0) ) (2.2) - _ (2.9)
~ Total 21.7 119 o 17.3%

Note *1 : Addltlon of 0.8 m.BCM/y can be expected by the dccrcasc of the rehandling volume,
. whennew shovels/trucks are equipped.
*2 . Addition 0f 0.4 m. BCM/y can be cxpected by equipping new FELs

- *3': 18.5 m.BCM/y of the total capacity can be expected, when new addltlonal equlpment is

eqmpped
Spare parts

- To achieve above- mentloncd 1mprovemcnt regardmg the ox1st1ng coal mine, 16 mllhon US$/y
of foreign curency is required for procurement of spare parts.

-4 | Renovation Study of Baganuur Coal Minc -

h 4.1 Study of effective minihg system
Basis for economlcs comganson

- Tax, interest and royalty are not included in the cost oompanson studies.

Followmg energy prices arc used in the cost companson studies:

Diesel oil S Intcmatlonal pnce (169 US$/tyx 1.1
-Gasoﬁnc o In_tomatxonal price (186 US$/t) x1.1
Coal S International pﬁce (15. 7 US$/t) 0.7'
E Eloctncnty o ,. ; _Intcrnatmnal pncc (0.062 US$/kwh) x 0. 9

Notc ( ) shows pnces (FOB) as of thc end of 1993

' Economlg of the gx1§tlng mmmg system

L. Prescnt mmmg system and equlpmcnt havc somc advantages in techmcal and ecouormc aspects

“in Mongoha pamcularly in;” perforrnances m cold condmons and lcss consumphon of
pctroleum products as dr1v1ng encrgy '



Table 6 Comp'arison-of Economics Indexes

" Costindex -~ . unit . Existing system ‘New system .
Mining system T 'Railway' "~ Others Total Shovel/truck
Base(capacity) =~ m.BCMjy . 3.6 137 173 . 126
Operation cost m.US$/y 6.4 20.4 268 - _'1_5.0
Spare parts : @46 - (125 (171 (8.5)
Consumables a0 (58 . (68 - (5.9
Labor etc. ' - (08) (2.1) (2.9) - (0.6)

' Capital cost 1 m.US$/y 6.4 126 190 78
Equipment (64 (126) (1900 (78)
Totalcost ~  mUS$/y 128 . 330 458 228
Costindex - $/BCM : ' | S
Before lifc span *2 1.8 1.4 1.5 -
With replacement *3 3.6 2.4 26 18

- Note *1 :Tax, interest and royalty are not included in the figures.
- *2: Cost index before rcplacement of the existing equipment.
chlaccment cost is not included in cost index.
*3 : Cost index includes a periodic replacemcnt of cquipment'

- Above economics comparison study between existing Syétcms and niew mining s&étcih shows
that: ' ' ' o ' o
+ Immediate replaccmcnt of the railway system with other types of cqu1pment is mot economl-
cal. However, it should be rcplaccd with a new shovel and truck system after the operatmn
life. : S

* Replacement of existing eqmpment with the Russian- typc cqulpmcnt after thc operation llfe
may be uneconomical, if the price is mcreased :

Ovcrall mining sgs]; '

- Overall mining system was reviewed and the fo!lowmg basu: mining systcm was sclected for
renovation, takmg issues of overburden removal into considération:

 Overburden removal of shallow zome : Emstmg shovel/rallway and FEL(up to 1997)

-Exlstmg shovcl/new tmck aftcr 1998 y

Overburden removal of middlc‘ zone: New add;tlonal system
- Overburden remowxl of bottom zonc Ex1st1ng draghne R

'Coai excavation o : Ex1stmg and new shovel and truck o



0 120 n l '
R ngon
Shovel Shovel (Slh?:}v::JI)
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Note: Railway system will be replaced with new trucks after around 1998.
~ Fig.3 _Pr_op(_)scd Overburden Removal System

Ecm__om_s_____wfmmm_naﬂslmi :
- Comparison study was implemented to select the n new addltlonal mining system to be used for
‘overburden removal at middle zone.
Case A Fleets of 8 m3 shovel and 50 ton dump truck

"B :Fleets of 12 m?3 shovel and 80 ton dump truck
" C: Fleets of 16 m3 shovel and 120 ton dump truck
'D; Bucket whcei excavator and conveyer ‘

- Casc B was chosen due to the lowest cost: mdex as ShOWn in Tablc 7 and the li)wcst cost for

the mamtcnance fac111t1es _

Table 7 Companson Study of New Systems

: - Existing Add1t1onal system
o " Unit _ Improvcd CaecA Case B ‘Case C CaseD
Existing capacity .~ m.BCM/y 17.3 L= - R T
 Additional capscity ~ mBCMfy - - 126 126 126 126
“Numberoffleets T - 4 3 2 2
. Initial Gapital 2 . mUS$ - 62 . 54 . 42 112
Operating cost 2 m.US$/y 268 173 150 = 159 189
Sparepats - - (A7) (99 . 85 (95 (L9
‘Consumables -~ (68) - (6.6) (59 (59 (65
Labor efc. @) 08 (06 (05 (05)
 Capitaleost™  mUS$y 190 - 90 78 69 146
S Equipment T (190 (O0) (78 (69  (146)
 Totalcost"2 . = mUSS$/y 458 . 263 228 - 230 335
T Miningcostindex . $/BCM. . 2.6 21 1.8 18 27



Note *1: Fleéts were planned based on the most modemn equipment.
*2 : Tax, interest and royalty are not included.

Change of coal recovery ratio

- Dc31gn philosophy of Baganu-ur coal mine was reviewed. Principal change of desngn basis is to
increase coal recovery ratio for the purpose of effective utilization of Baganuur coal resources.

- Following three cases Wei'é co'mparcd to select the optimum rccovcry ratio. )
Case 1 : Present mining plan (up to 170m from the surfaoe)
Case 2 : Medium depth of the case 1 and case 3

Case 3 Max1mum mmmg depth (up to 200m from the smfacc)

Table 8 Companson Study of EconOmlcs of Coal Recovcry Ratio’

unit Case 1 Case 2~ Case3
Depth of mining m 170 190 200
Minable coal m.ton 260 400 480
“Coal recovery ratio . % 54 - 83 base*l -
- Total coal production m.ton/y 6 6 6
Life of mine _years 43 - 67 80
Required total capacity - m.BCM/y 24 27 30
. by cxisting system . . (17.3) (17.3) .. (17.3)
by additional system : 6.7y 9.7 (12.6)
Stripping ratio(average) ' BCMton 32 3.7 42
Additional shovel/truck®™  fleet 1.6 233
Initial cost of <*2>*3  ~ m.US$ . 29 . . 41 54
Total operating cost*3. m.US$/y  31.6 350 . . 383
Existing system (239 (23.9) (239
Additional system N X)) (11.1) (14.4)
‘Total capital cost *3 .~ m.US$/y. = 264 284 . 303
Existing system-  ~ (21.9) - (21.9) (21.9)
" . Additional system - (45) (6.5) . (8.4)
Total cost *3 m.US$/y s’s 0 - 63.4 68.6° -
- Coal cost index*4 US$/ton 9.7 10.6 11.4

Note *1 :About 85% of measured coal Teserves. Dcci)cr than 200m.z0nc is ex'ch.ldcd ducto
no geological data. o
*2 :Fleet of Casc B in Table 7 is adoptcd for cach casc, thcreforc numbcr of ﬂccts is

not an integral.

- *3:These include: both costs of cx1st1ng systcm and addmonal ones, Tax, mterest
- royalty and surface facilities are not included. S
*4 :Total cost is divided by 6.m. t/y of g:oal

- Case 3 is selected because Case 3 shows an acceptable increase in the coal cost mdex whllc the
large volume of add1tional coal product:on is avaxlablc '

- Stripping ratlc to be uscd in thc study of rennvatlon is 4 2 (avcrage)



4,2 Recommcndcd mining cqu1prncnt and facilities

Rccommendcd mining gqmpmcnt .

- In accordance w1th ‘the revised design basis abovc—mcntloncd the new additional equipment is
recommended as shown on Tabie 9. '

- Life of equipment depcnds on the cqulpmcnt quality, utilization circumstances and mamtcnancc
mcthods Therefore, two cases, "Short-life case" and "Long-hfc case" are assumed.

Expected life depends on the selected manufacturers and adoptcd utilization and maintenance
mcthods in Mongolia.”

Table 9 ‘Additional Equipment List

L I Requlred . Life ~ Unit pncc
. Equipment  pumber . . (years) - (m.US3$)*2 Major use
- . R o
12m3shovel - - 3 15 21 . 4.0 . Overburden removal
- 80 ton dump truck 27 6 8 0.8 Ditto _
40toncoaltruck - 14 6 & 0.4 Coal transport
10 m3 FEL 3 6 8 0.9 " Qverburden removal
Bulldozer 400HP 11 6 8 0.5  Muiti-purpose-
6 8 0.4- Road maintenance -

Grader 254 HP ‘3

Note *1 "S" is short llfe case and "L" is long-llfc case. '
- *2: All costs and fees for manufactunng, packmg, transportatlon field assembly
and tralnmg are 1nc1udcd i unit pru:e :

Recommended fac:lmes

- Installatmn of following surface fac1ht1cs including supporting equipment, is Iecommended to
- achieve 6 million t/y of coal p_roductlon with a smooth and effective operation:



Table 10 Additional Facility List

Facility & equipment Number Initial cost  Note ' _
Workshop & tools 1 - US$0.9m. Expansmn & repau‘
Warehouse - - - 1 0.3 Expansion
Coal stockyard at Pit 2&5 2 1.1 - New installation
o (Dozershovel)  (3). . (0.9). - 250HP
Sizing & loading at Pit 2&5 - 2 - 37 New installation .
"~ (Crushingplant) (2) (1.1} . Crushing/sizing =
(Conveyer -Sct) @ (0.9) | prper/sp_re_ader
(Dozer shovel) -~ (4) (1.1)  250HP
Power distribution - - r 12 Movable transformer
(Emergency gcncrator) (2) - ' (0.4) " Diesel generator -
Communication 1 © 0.1 Wireless system
Dewatering system ' 1 ' 4.0 "~ Well, pump & piping
Multi-purpose cquipment 1 set 43  FEL,bulldozer,truck
Coal quality control system . 1set 0.2 Automatic analyzer - -

Total ' _ - 15.8 Excepting Tg-cost

4.3 Schcdlile 6f renévati_on '

Project scheduie : : -
- Project schedulc for renovation is assumed on the ba51s of the dellvery tlme of equ1pment *‘E

Wh]lc impact of coal demand is not reﬂcctcd

Project schedule

Order of spa'ré: parts : _ : End of 1994 |
Aurival of spare parts .+ :Endof 1995
Funding for i_:apacity—up ' S 1199596
Order of equipment ' : End of 1996

Arrival of equipment & field work ~ : End of 1997

Coal production plan

1995  :3.5million ty

1996,1997 - © 14,0 million ¢y
1998 - :S50milionty .

1999 : : 6.0 million t/y



5 Quality Control System

: 5.1 Tssues of coal quahty

- Atpresent, volumes of Baganuur coal are sent to users w1thout crushmg and quality

mspectlon

- ngh moisture content causes freczmg in railway wagon and plugging of pipeline at the
| ‘power plants. _ '
- Sometimes, thin interburden were excavated and ‘mixed into coal, rcsultmg in lowered

'calonfic valtie of the product coal. .

- User are rcqucstmg to minimize the change of coal quallty, particularly in mmsture content,

5.2 Recommended quality control system and _equipmcnt_' .
- Management must introduce "thought on quality control" into Baganuur coal mine.

- Following equipment and plants must be introduced and reinforced:
Quality control equipment (on line analyzcr) :
‘Crushing and sizing plant :
Small scale FEL and truck for thin partmg removal
Dewatcnng system -

‘Note: Installation of a caal drylng plant at the mine site is desuablc, however, such a plan is
abandoned be_causc dried lignite may cause spontanieous combustion during storage and
transportation. It is "recomme_nded to install a coal drying plant at users' side.

5 3 Expectcd avcragc quality of product coal -
- Following quallty wﬂl be achieved by. introduction of above- mentioned quality control

system;
S _ Table 11 Expccted Quahty of Product Coal
Item - ~ Unit - - Estimated value.
Total molsture (a8 rcccwed)_ — % . . 350
Surface imoisture (as received) % S 208
Inherent moisture  (airdry) % 112
- Ash . (air dry) % - 17.0
" Volatile matter (airdry) . % 31.8
Fixed cartbon - .. (airdry) = % 400
‘Total sulfur.:+ =~ - (airdry)y % - 0. 63
Calorificvalue. . .~ (airdry)  kealkg . 4,868 (GHV),4620 (LHV)
Calorific value . (as received) kcalkg

3,563 (GHV), 3,221 (LHV)



6 Environmental Study
- Environmental impact of renovation of Baganuur coal mine was studied in nine cnvn'onmcn- '
tal items such as air, water, soil, nmsc/v1brat10n and fauna/flora.

- Any limitation on renovation for 6 million t/y was not rccogmzcd in all envxronmental

: aspects

- Major environmental issues are precipitation of Fe by drainage of groundwater and
possibility of drawdown of the water level of Baga Gun Lake. |
- . Expansion of the existing water treatment 'systein of gr‘ouﬁdwater drainage and a‘change of
the water flow route of Hutsaa River into Baga Gun Lake are proposcd to resolve above—
. mentioned issues, ' : _ |
- Monitoring and more detail 1nvcst1gat10ns are recommcndcd in ordcr to prcscrvc the

environment of Baganuur coal mine,

7  Capital and Operating Cost

7.1 Replacement schedule of mining cquzpment

- Asdiscussed in 4.1, followings are expected to be the most effectlvc renovatxon plan of R &
- Baganuur coa] mine:

. Ex13tmg railway systern should be rcplaced w1th the most. modcrn and la:ge, scale.

shovel and truck system after the opcratmn life.
» Other existing equipment will be replaced with the same t_ype of equipm’ent,I assuming
that the parts of the used cquipment can be used as spare parts for the new equipr’hcn’t;-
-~ To evaluate the above-mentioned basic optlons three kmds of replacement pians are
developed for further detailed economic study. :
Case A: Railway system to be used through the project life (23 ycars)
(Lase B: Raﬁway system to be changcd into a shovel and truck systcm in 1998, whcn thie
 full scale operation begins. S
Case C Railway system to0 be changed. mto a shovcl and truck system in 2002 when o
major equlpmcnt of the rallway system reaches to t.hc life.”

7.2 Capital and operatmg cost <

- Cdpltal and opcratmg costs for the three cases dre cstlmatcd for 23 ycars (1996 2018) of the =

project period in accordanca with the rcplaccmcnt schedulc of cach cqu1pmcnt and the
estimated mtcmational lcvei of umt pnccs '

—_-125



Notc 1: Duration of 23 years is presumed only for the purposc of economic cvaluation

~ and ﬁnancsal analysis.’
2 Pncc level of the cxxstmg cquzpmcnt type, which is xmponcd mainly from ex-
COMECON, is cstlmatcd to.be 80% of the recent modemn equ1pment in this

study, although the level is low at the present tlme

Tablc 12 Capltal and Operatlng Costs by Case
Million US$
Case A © Case B Case C

. Capital cost

. for rehabilitation A0 326 340
- for expansion : 135 135 | 135 -

Total - 535 461 475

Operating cost - T : o

for rehabilitation ' 754 716 723
forexpansion . 334 334 334 -

. _Total 1,088 1,050 1,057
Total cost for renovation 1,623 1,511 1,532

Forelgg currency portion
- Foreign currency portion. of capxtal and nperatlng COStS rcqulred for Case B dunng 23 years is

- shown on Table 13. ,
- Forelgn currency n:quxred for capltal cost dunng the first three years is US$ 130 mllhon

.- Foreign curre_nc_:y required for oper_atsng cost during the first three years is US$ 63 million.

_13_ .::.: 2 :



Table 13 Foreign Currency Portion for 23 Years
Case B: Without railway from 1998 o -
- o - Million US$

Year ~  Capitalcost = B Opcfation cost*3 ~ Yearly
.- Existing*! Addition*2 “Total Ex1st1ng Addltlon 'Total Total
1996 155 0 155 195 0 195 35.0 .
7 304 0 304 195 0 195 499 | 1
8 337 - 506 843 186 53 239 1082 |
9. 3.5 0 35 192 105 297 332
2000 17.3 0 173 192 105 297 - 47.0
1 78 0 78 192 105 297 375
2 20 04 24 192 105 297 321
3. 60 0 6.0 193 105 298 358
2004- - e
2008 737 - 375 - 1122 963 . 525 1488  260.0
2009- . . S o |
2013 605 1.0 615 963 ... 525 1488 2103
2014- } - T
2018 612 388 1000 962 52,5 1487 2487

Total  311.6 1283 4399 4422 © 2153 6578 1,0977

Note *1 : Necessary capital costs of "existing" are the replacement cost of the existing
' equipment and calculated on the basis of short-life and 80% of unlt pnces (see Table
. 9). Taxcs in Mongolia are not included.

*2: Necessary capital. costs of "addition" include both initial and- rcplacement costs for
additional equipment and facilities and calculated on.the basis of long- -life and 100% -
of unit prices.

*3 : Operating costs include yearly spare part cost,’ perlodlc overhaul cost and 1mported
consumables such as explosives, diesel oil, gasoline and lubricants.

Local currency portion _ o
- Local currency is required mainly for labor cost and electricity cost.

Table 14 Local 'Currc':ncy Portion for 23 Years
- Case B: Without railway from 1998
Million USS$ as of 1994

- Labor cost Electricity cost  Other cost Total

1996 T 26 18 163 207
1997 26 200 77 0122
- 1998 _ 26 . 24 13.0 180
1999-2018 _ ' 56.0 640 2433 3634 -
Total ' - 63.8 702 2803 - 4143

Note: Other cost mcludcs domestlcally produccd consumablcs after tax expense listed. in



profit distribution (adjustment of operating cost ).

8 Ecorlornic Evaluation and Financial Analysis

8.1 General approach

= Major concern for rcnovatlon of Baganuur coal mine is thc 1mpact of thc replaccmcnt of the
_ railway system as dxscussed in 4 1 (Table 6).

- For the purpose of economic evaluation and ﬁnancral analysis of the renovation project, the

cash flows are prepared for the following three renovation programs; -

Case A Rchabllltatlon (18 5 m. BCM/y) and expansion (11 4 m. BCM/y) using thc ex1st1ng
- railway system through the project life. o
" Case B: Rehabilitation and expansmn changing the cx1st1ng raﬂway systcm (abandoncd) into
a new shovel and truck system in 1998, .
Case C: Rchablhtatmn and expansion. changmg the ex1stmg rallway systcm into a new
- shovel and truck system in 2002. Its rnajor equrpment of the rallway system will
- reach to the life span. -

- Followmgs are used for the studies:

» PmJecthfe R | - 123 years (from 1_996_'&)2_918)-

-+ "Time value of money o : Constant 1994 Tg with 400 Tg/US$
-+ Project financing - - . :100% debt~ 100% cquity(case study)
. Forclgn debt ﬁnancmg oy Project untied loan |
'+ Price and the llfc span | of cqurpmcnt (sce Table 9 and 11) _
Exrstmg type of cqulpmcnt : 80% of mternatlonal pncas dIld short life case
. New addltronal cqurpmcnt - 1100% of mtematronal prlc\,s and EOng-hfc case |
. Inﬂatlon e : No mﬂatlon "

- Tablc 15 shows the. conccpt of rcccnt pncc and cost structure in Mongoha uscd in the economlc
_and ﬁnanmal cvaluatlon '

- 1}'5__' .



Table 15 Price and Cost Structure S
Foreign currency Local currency CIF Site -

Item Border Price Taxes Other Cost ~ Without Taxes - Total
Imported cquipment 0.8333 0.1521 00146 0.8479 . 1000

| | (1.0000)  (0.1825) (0.0175) ~ (1.0175)  (1.200)
Imported parts ~ 0.7407 0.1963 . 0.0630 0.8037 1.000
including explosives (1.0000)  (0.2650) (0.0850)  (1.0850) = (L.350)
Diesel oil 04726 02578 0269 07422 . 1.000

'(1'.0000_) (0.5455) (0.5703)  (L.5703) _@a15)

8.2 Economic evaluation

- Inorder to evaluate Baganuur renovation project from Mongolian economy as a whole, taxes,
~ royalties and debt ﬁnancmg costs are all ehmmated from the economic costs.

- - Economic value of Baganuur coal with 3, 563 kcallkg is evaluated to be 6 057 Tg/t asa calonfic
parity’ border price of the 1mport substltute fmm Russia, '

- Formula for cash flow used in the economlc analyses is as follows
+ Benefits - S
- Total 0perating costs (péyable interest 0 deprecxatton (])
- After tax expenses (adjustment of operatmg Costs) '
- Total capital costs
- Increase in working capltal

+ Project liquidation (retained working capital, ggulpment salvage etc,{
= Cash flow for EIRR on total project

Selectaon of the base case for economlc evaluatlon

- Three scenarios above-mentloned were compared with one another by using the coal pnccs
calculatcd at 10% of cconomlc mternal rate of retum (EIRR) '

'I‘able 16 Economlc C‘oal Prices w1th/w1thout Raﬂway System

Coal "~ Total - ~ Economic coal price. |
~ production” ex_cavation SR (Tgt coal) :
L (mutly) (m.BCM/y)'. Case A CaseB CaseC
Rehabilitation = 3.7 . 185 5257 4916 4971 -
CExpansion 23 . 114 4370 4370 - 4370

Wholesysters - 6.0 299 . 4977 4743 4781

"_—'16—':_ ._ s




- Difference in price; specially, between Case B and Case C is almost i,
Although economic priority will be mainly affected by the assumed equipment price made in ex-
COMECON, “Case B:without-railway from 1998" is selected as the base case for economic

cvaluatlon

Economic cvaluatggn of thc basc casc
- EIRR of Case B is as hlgh as 97% at the cconomxc value of 6 057 Tg/t.

EIRR

 Rehabilitation of existing system abandoning railway in 1998 oo
Expansion from 3.7 m.t/y to 6.0 m.t/y in 1988  36.6% -
Renovation 'combined'(Casc B) o S 9?.0%

- Coal price of 4,743 Tg/t at 10% of EIRR (Table 15) is sxgmﬁcantly low compared w1th the
cconomlc value of 6,057 Tgft '
- EIRR of 97% at the economic valuc and the price of 4,743 Tg,/t at 10% of EIRR are

cvaluatcd_to be sufﬁmcnt for the économic fcds1b111ty of the project.

Economic sensitivity analyses

- Impact of changcs in the base case dssumptlons was evaluated at thc economic coal valuc of

6,057 Tg/t.
Tablc 17 ECOI'!OII’]IC Sen51t1v1ty Anaiys;s (Case B)
- . . unit: EIRR %
Conditions o Pncc - Capttal Opcratmg Txcavation volume
_Changingrate © - cost cost - (nochangeincoal)  (S/R)
12 e 393 289 300 - (52
11 e 539 459 469 4.7)
C Base .. .. .. 970 .970 970 . 970 . .42y
09 e 3L5 e e G e G
,0.8 123 e e . o (3.2)

Impact of changcs in. coal value is most s1gn1f1cant however such a changc may be caused
only by thc change of the mtemanonal energy pncc - S '
S '- +20% changes in condmons such as capltal cost, operatmg cost and stnppmg ratlo w1ll not -

glve a serious 1mpact on the fcasﬂnhty of the pr()Jcct



8 3 Financial analysm

- In order to evaluatc cconomics of the renovation project in view of Baganuur coal mine or

mvcstor, several criteria are addcd as follows: _ . _
+ Domestic debt financing cost - :10 %/month with a n:paymcnt penod of 6 months
. Foréign debt financing cost  :8 %/ycar with a mp@yment period of 10 years
- Formula for cash flow used in the financial analyses is as follOws- o o '. | I
+ Cash flow for F IRR on total project (dcbt/eqmty 0/100) o |

+ Revenue
- Total operating costs (paydblc mterest = 0)
~ Tax : _
- After tax cxpcnscs (adjustrncnt of operating costs)
+ Depreciation
- - Total capltal costs
- Increase in workmg capltal

o4 PI()]ECt liquidation (retamed workmg capltal cqulpmcnt salvagc, ctc)
o= Cash ﬂow for FIRR on total pro;ect

e (abhﬂowforFlRRoneqmty : R _ S | g

+ Rcvenus

Total opcratmg costs

After tax expenses (ad;ustment of operatmg costs)
+ Deprccmtmn '

‘Total capital costs

Increase in working capital
+ Debt R

- Debt payment o
+ Project liquidation (retalned working Capltdl equ1pment salvagc, etc)
= Cash ﬂow for FIRR on equity -

Financial analysis

- Three scenarios above-mentloned were ‘compared with - one another by usmg thc coal pnccs
calculated at 10% of FIRR on total pro]ect o '

= oo=18=



Table 18 Financial Coal Prices with/v.vi'tl'lout_ Railway System

Coal ‘Total Financial coal price
production  cxcavation (Tgft coal)
_ (m.t/y) (m.BCM/y) Case A CaseB Case C
Rehabilitation 3.7 18.5 8,675 7,923 . 8,061
Expansion 23 114 6,696 6,696 6,696
z ' ‘Whole system -~ 6.0 . 299 7,980 7,493 7,586

- Comparing the financial coal pnce (7,493 Tg/t) with the economic coal pnce (4 743 Tg/t) at
' 10% EIRR in Case B, the financial price is 160% of the economic price.

- FIRR on total project of Casc B is as low as 0. 9% at the economic value of 6, 057 Tg/t and the
project is not ﬁnancmlly feasible. : '

| . FIRR
Rehabilitation of existing system abandoning railway in 1998 (-1.7)%
Expansion from 3.7 m.t/y to 6.0 m.t/y in 1988 | 56
Renovation combined (Case B) | L 09

- Under the current taxation reglmes in Mongoha, the proycct cannot ‘be viable as concluded by

low FIRR of 0. 9% at the economic coal value of 6 057 Tg/t and the high coal pncc of 7, 493
- Tgh rcquncd to gam 10% of FIRR.

' Fig4 shows the current taxatmn system and the coai price structure in Mongolla

- Toi unprove the ﬁnanc:al fcamblhty of Baganuur coal mine as well as to decrease the coal sale
~ price from the level of the economic value of 6,057 Tg/t, _amendment of Mongolian taxation - -
. rates i'nc-iu_ding tax excniptibn will be necessary, which will Tesult as a profit redistribution from

the Gové:fnfnent to the coal mine. | ' |

| Effect of tax cxcmptlon

. chardmg tax cxcmptmn the most poss1blc steps 50 as to gain 10% of FIRR on the total
project in Case B at the economic coal value of 6,057 Tg/t are cxammed as presented _below_
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' Table 19 Tax Exemptlon Steps for Case B

, o o FIRR on ~ NPV at 10%
Tax items and exethpt_idn Stepi o : total project discount rate
- o (10T)
1 Current tax reglmes - _ 0.6% =32,420°
: 2 Asseéts revaluation - S - 09 =30,730
x 3 Carry-over of gross operation loss _ 0.6 _ -29,630
d 4 Increase of tax exemption item in operating cost 2.3 ' -25,530
5 Reduction of tax rate for equipment: - 29 . 22,080
Import tax of 7.5% to 0, Trade tax of 10% to 5% I
6 Reduction of tax rate for spare. parts: 61 -11,470
Tmport tax of 15% to 0, Trade tax of 10% to 5% A o
7 Tax exemption for equipment and sparte parts: 7.8 - 6,680
Trade tax of 5% to 0 - . : R D
8 Coal trade tax redistiibution: ' 100 - + 120

5% to the coal mine. '

- Above Table 19 shows that 10% of FIRR on the total pregect (debt/eqmty 0/100) is critical at _
6,057 Tg/t, even if tax exemptlons above are implemented.

For further improvement of the financial feasibility, low cost loan \#ill_be

necessary.

Effe t of leverage ‘ _ _ _ _
- " In order to assess the effects of ieverage, relahonshlps among FIRR debt/cqmty ratio, foreign
| 1oan interest rate and corresponding tax exemption steps necessary to gain the required FIRR
(more than 8%) on equity at 6,057 Tg/t was examined. o
- Tabie 20 is the relationships in case of 2% of forelgn loan mterest rate.

it shows that the high debt/eqmty Tatio with low interest rate loans can decrease the
“necessary tax exemption step. : o Lo o
~Note: The high debt/equity ratio w1th high mterest rate loans needs more tax exempnon
o steps to prevent from unrepald loans .

ae



Table 20 Relationship between Leverage and Tax Exemption Steps
(Case B at 6,057 Tg/t with 2% of foreign loan)

. FIRR for dcbt/cquxty of
Tax items and exemption stcps - 50/50 70/30 80/20
. 1 Current tax regimes . - 04% - 04 . 209
2 Assets revaluation - _ : 0.8 08 11
3 Carry-over of gross operation loss - : 12 o 12 11
4 Increase of tax exemption item in operating cost 1.4 ‘pa na’
5 Reduction of tax rate for equipment: 28 0 09 na
~ Import tax of 7.5% to 0, ' o L
. Trade tax of 10% to 5% . :
6 Reduction of tax rate for spare parts: 74 9.0 10.6
Import tax of 15% to 0, L I
" Trade tax of 10% to 5% : ' T
7 Tax exemption for equipment and spare parts: 9.7 (12.5) - (16.1)
Trade tax of 5% t0 0 . _ " ;
8 Coal trade tax redistribution: B '(13'.7). (19.5) (32.2)

5% to the coal mine

- Note: () means that the corresponding tax exemption atcp is not nccessary due to thc hlgh B
financial feamb:hty of the proy:ct ' .

Dgglreg ﬁngnc:lgl cgngjltlons for renovation

- Above-mentioned examinations indicate that the desm:d ﬁnanmal conditions for renovation

pro;ect of Baganuur coal mine are as follows:

» Project ﬁnancmg of 80% debt and 20% cqulty
. Formgn loan of low mterest rate

"+ Fixed assets rcvaluatlon _
+ Tax deducnble of accurnulated operatlon loss - |
- After tax expenses into tax exemptxon s _
. import tax of 0% for'equipmcnt and spare parts -
* Trade tax of S% for equlpment and spare parts
+ Redistribution of coal trade tax of 5% to the coal mine

Financial sensitivity analysis _

- Impact of changes in coal sale pnce was cvaluatcd by the amount of loan unrcpald at thc cnd of .
the project life. ' : ' -
The reasonable lowest sale price of Baganuur coal undcr abovc-mcnnoned ﬁnancmi condltlons o
and without loan unrepald is shghtly differed by a forclgn loan mtcrcst rate from 5 900 Tght at -
2% to 6,068 Tg/t at 8%. - : : |

- Impac_t of changes in oth_er assumptions was evaluated in Case B under'ab(_)ve_-, :_mentioh';cd' _ TR

29—



- financial conditions in regard of FIRR on the total project and FIRR on equity.-

Table 21 Financial Sensitivity Analysis
(Case B: 80% debt with 2% foreign loan at 6,057 Tg/t)

‘unit: FIRR on equity %

Conditions  Capital. - Operating Excavation volume -
| 1 Changing ratc cost ~ cost (no change in coal) ~ (S/R)
1.2 9.3 na n,a - (5.2)
1.1 . 137 . 15 78 @
Base 203 203 20.3 (4.2)
0.9 . . 323 - 641 . 60.5 3.7
08 59.5 oo o (32)

- +20% of changes in cap1ta1 cost operatmg cost and stnppmg Tatio give a serious meact
on the. financial feasibility of the pro;ect -

9  Conclusions-and Recommendation

Issues of oresent nganuur coal mine

- In 1990 whole equnpment de31gned for 6 million t/y coal was dehvered however the total .
excavatlon volume of coal and overburden was 55% of the deslgned capacity in 1993 '

- Above issues were caused mainly by:
. Low achlevement of the railway system due to frequent troubles |
* Lack of spare parts due to shortage of the funds |

* Lack of expens for maintenance due to repatnatlon of forelgn engmeers

e@mmenglgd mmmg sxstem for renovation

g After detalled techmcal and economic evaluation, Case B was selected as the most economi-

ml system for renovatlon, wlnch cons1sts of:

Abandonment of the ex1st1ng ra]lway system and mtroductlon of a new truck and _
shovei system in 1998 '

S Introduct:on of the addltlonal trucks and shovels for the productwn scale expansmn to
6rmll10nt/y S - SR,

) :__:2.3___



Environmental impact o o . : -
- No environmental limitation on renovation for 6 million t/y was recognized in all environ-
mental aspects. ' ' ' -

- Expansmn of the existing water treatment system to prevent from precipitation of Fe in -

groundwater and other environmental measures are included in the ren_ovation project.

Capital and o;xratmg cost ‘
- Capital and opcratmg cost of Case B for 23 years (1996 2018) are as follows

Capacity | Capital cost Operatmg c:ost

| (milty) . (mikUS$) ~ (mil.US$)
Rchabﬂitation of exi_sfing system 3.7 . 326 ' ..716
Expansion of the capacity 23 135 334
Total - | 6.0 461 1,050
(iJnit cost: US$/t.coal) e 3.46 788
- Forelgn currency portion of the above mentxoned cap1ta1 and opcratmg cost for the first 3 ' "i]
years (1996 1998) is as follows: ‘
; _Capn'city._' Capifal_eost | | Operafing cost

| o | Cmilyy)  @ilUS$)  (milUS$)
Rehabi!it.ation of existing system - 37 79 s
Expansion of the capamty - :_ 23 51 o E

Total e 130 6

Results of econornic evaluation

- Economic analyses indicate that renovation of Baganuur coal mme 1s hjghly advantageous in
terms of national economy. I

. EIRR, which represents the point of v1ew of Mongollan economy as a whole is h1gh as . a
97% at the economic coal value of 6,057 Tght. - ‘

- Coal pnce to gam 10% EIRR is 4, 743 Tg/t Wthh 1s s1gmficantly low compared w1th the -
economic coal value of 6,057 Tgh.

C- 220% changes in condmons such as coal pnce cap:tal cost, operatmg oost and smppmg-
ratio will not give a serious impact on the project

Cegge



Rcsults of ﬁnanCJal evaluation

- Under severe Mongolian taxation regimes, the renovatmn project of Baganuur coal mine is
_ not financially viable. _
- FIRR on the total project, which Tepresents thc mvcstor ] pomt of view, is as low as 0 9%
at the economic coal vatue of 6,057 Tg/t. :
- Coal price to gain 10% FIRR on the total project (debt/equity = 0/100) is 7,598 Tg/t which
1s extremely high comparcd with the economic value of 6,057 Tg/t. |
- +20% of changes in capital cost, operating cost and stripping ratio glves a Serious nnpact

- on the f'manclal fcas;blhty of the project.

Improvemcnt of ﬁnancml fcas1b1h§y

~ - Since the renovation is hlghly advantageous in terms. of national economy, following
amendments of the current Morigolian taxation regimes recommended

e Tradc tax excmptlon for eqmpmcnt and spare parts from 10% to O
. Import tax excmpt;on for cquxpment and spare parts: from 7.5/15% to 0
+ Increase of tax cxemptlon 1tcms in opemtmg cost |

-+ "Redistribution of coal trade tax: 5% to Baganuur coal mine -

Even after above is apphed tax cxempllon 10% of FIRR on thc total pro;cct (100% cqulty)
is critical at the economic coal value of 6, 057 Tg/. .

- Introduction of low cost loan fogéther with tax cxemptxon wﬁl be- effcctlvc for further
lmprovemcnt of financial feasibility.- ' '

For example, i 1n case of 80% debt with foreign loan of 29% interest tate, the coal sale price of
5,900 Tg/t will give 15% of FIRR on equity which is.a rcasondbic value for the fundamental
mdustnes

- Desired financial condmons tor renovation:
- Dcsued ﬁnanmai cond1t1ons for the renovation of Baganuur coal mine that can bc concluded

from above mentloncd rc‘;uits of evaluations are follows:

X Pl'OJcCt ﬁnancmg of 80% debt and 20% cqmty
_- Foreign loan of low mtcrcst rate
. leed asscts revaluatlon

Tax deductlble of accumulated opcratl on loss o

.

_ . Aftcr tax expcnses mto tax cxe.mptlon

e Import tax of 0% for equlpmcnt and sparc parts



+ Trade tax of 5% for equipment and sparc parts

+ Redistribution of coal trade tax of 5% to the coal mine
- If Mongolian government plans to promote the prlvatlzatlon, it is recommended to create the
similar conditions in effect described above.

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

» Maintenance section:
To take the responsibility for the maintenance of equipment and facilities including
preparation and stock of spare parts, and to develop maintenance capability as soon as

possible.

+ Coal quality control section:
To resolve coal quality troubles such as low calorific value, high moisture content, and
rock and metallic obstacles in coal as well as to hold better communication with the coal
users on coal quality issues. - |

+ Environmental section: :
To preserve the environment through implementation of the momtonng plan and

. cxpanslon of the existing groundwater treatment system.
+ Coal sales section: -
To sale the coal, to negotiate the price, to manage the claims and to pr'cpafc the sales plan
in the short and long term. '
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General View of Shivee Ovoo Coal Mine

Coal Stockyard and Train Loading .‘
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CHAP’I‘ER II Renovation Study of Shivee Ovoo Coal Mine
1 hxtroduétion

- Shivee Ovoo coal mine is locatcd in 260 km southeast of Ulaanbadtar and 1,200 m above
sea the levcl

- Lignite thh about 3,700 kcal/kg (GHV) is cxcavated by an Open cut method and mostly
. consumed at Ulaanbaatar power plants, '
- Shivee Ovoo minc was designed by the Mmmg Instltutc of Mongoha startcd in 1992 and
- produced 0.5 miltion vy of coal in 1993. | _
- - Target of rcnovatlon isto achlevc the coal productzon of 2 mﬂhon t/y, improving the defects

in the ex1stmg Shivee Ovoo coal mine.

2 Coal Resources '

- Reserves

. Proved coal reserves are 600 nnlhon tons.

- Space of thc deposﬁ is 24.4 lcrn2 and the dcpth is w1thm about 250 m.

_ Table 1 Proved Coal Rcservcs _
Name of Proved reserves = Stripping ratio

. coalseam -~ - . - (millionton) = (BCM of soil/ton of coal)
1&nm .. 50 . ma
Y% : 45 - - . . na

Total : 600 . about 3.5

- Typical coal quality is featured by high moisture content. .

.".-27"_" — N



Table 2. Quality of Reserved Coal

unit _ Average*!
Total moisture (s received) - -~ % 31.8
: -Iﬁhcrcnt moisture (airdry) % . B.4
Ash _ - (drybasis) - % 164
Calorific value ~ (as received)  keal/kg - 3,776(GHV) *2
N | (airdry)  kealkg 5,070(GHV) *3
" Totalsulfur  (dry ash frcc) % o 0.75

- Note *1 :This shows the- average of several sample data. obtamed from Seam I, 1l and V. The
reliability of data was confirmed by the both sides.

*2 :Calorific value of coal reserved near the surface is only 2800 kcal/kg (LHV)

%3 Estimated from moisture content, Gross Heating Value (GHV) is used in Shivee
Ovoo coal mine, while LHV is used in other areas in Mongolia.

3 Present Status of Shivee Ovoo Coal Mine

3.1 ' Present mining status
Present mining system

- Overburden is. removed by electric rope shovcl (5 m? buckct) and 40 ton. dump truck

system. Neither dragline nor shovel and railway system are adopted to Shivee Ovoo coal
mine. ' '

Coal i is produccd by shovcls and trucks

- In 1993, the mining capacxty was cxpandcd by some of add1t10na1 eqmpmcnt On thc other

hand, repair of equipment was not effective due to lack ()f spare- parts, workshops and
maintenance specialists.

Lnfrastructurc

- Necessary surface facilities such as boiler, Crushmg and loadlng plant

workshop, warehouse and quahty cuntrol systcm havc not been equlpped
Repau of dump trucks is nnplcmentcd in thc open-air in winter.

Production o _ _ _ _ _
© . Since 1992, the oxidized coal near the surfa'ce' ‘where mmmg conditions were - very '.
favorable, cspccmlly in low stnppmg ratio of 1.9, has bccn ﬁrstly mmed bcczuse the urgcnt '. R
start of coal production was required. - :

- In 1993, the. actual total excavated V{)lumc of coal and ovcrburden of 1. 6 rmlhon BCMfy =

T



‘was less than the planned volume (1. 9 mBCM/y) due to dclay of amwd of = some
addltlonal cqulpmcnt

Tablc 3 Comparlson of Cual and Overburdcn Excavation

Year Coal production . Overburden removal  Total excavation
| (m.t ) . (@mBCMfy) (m.BCMy)
Planned - Actual Planned  Actual  Planned  Actual
1992 0.3 0.14 n,a 0.7 n,a - 08
- 1993 05 059 1.5 1.1 1.9 1.6
.- Employee *

~ Total employees were 260 in 1993, of which 110 were for production - and 90 for

malntendnce

3.2 Issues of prescnt Shlvec Ovoo coal mine _
- Moisture. content is too high dIld the coal is sent to users without mmsture control due to
B Delay of dcwatcnng work, rcsultmg_ in hlg_h water level at thc_: mlmng site |
'« Lack of drymg facxhty o e

© » Lack of moisture managemcnt system and inspection eqmpmcnt

- Catorific valuc is too low in cumpanson with saies* contracts due to:

Mmmg of the 0x1dlzed coal near the surface bccausc the productlon is casy (stnppmg
ratlo L. 9) ' '

e H1gh moxsturc coutcnt in coal
- Dump truck cannot work at hlgh cff1c1cncy due'to dlfficuity of repair
~ (lack of spare parts workshop and mamtcnance 5pcc1allst)

~  Violent cconomlc inflation decreased thc prcscnt value of funds prepared for spare parts and
replacernent of equipment. L

3. 3 Evaludtlon of productton capacuy of ex1stmg coal mine
ngratmg cfﬁgcngg I - P : :
- Analyscs of opcratlon data show. that the operatmg effimcncy (85%) of electric shovcl is

. high enough comparcd with that of the modern type, whlle that (58%) of dump truck is.a
httle low due to frequent mechamcal troublcs '



Table 4 Efficiency of Mining Equipment .

_ _ : _%,'as of 1992
Existing equipment ' Desired
Equipment - Availability Utilization'  Efficiency .~ Efficiency
Electric shovel na = na 85 72
Dump truck na -~ na .- 58 ... 68

Note :Efficiency of the existing equipment is very high due to new equipment and the
flexible mining system. ' '

Improvement

- Results of the analyses show that the productlon capacxty of existing mining equipment can
~ be expected to be about 3.2 m, BCM/y at the end of 1993, providing that above-mentlone
maintenance issues are resolved.

Table 5 Capacity of Ex:stmg Coal Mine :
. million BCM/y, as of 1993

: : _ Planncd value  Current/actual Improved/estimated

- Shovel/truck . 19 - 16t . .32
(Coal) —  (0.41)  (0.49) (0.9-0.6)

(Overburden) 5 (1.1) o (2.3-2.6)

Note *1 : Some of new additional equipment were not delivered in time.

Coal productlon capacity

- Improved coal productlon capacny lS vaned by thc requlred stnppmg ratlo -
I case of the prcscnt mlmmg location near the-coal outcmp, it is. about 1. 2 million t/y at .
stnppmg ratio of 1.9, Wh]lf:- it is 0.8 million t/y at the cntlrc average stnppmg ratio of 3.5.

- To mcrcasc the calorific value as soon as possible, ‘a new pit toward the frcsh coal zone . -
must be developcd and therafore the estlmated coal productmn capacnty of cxxstmg :
equlpmcnt is assumed to be about 0.8 mrlhon ty.

Spare parts and workshog

- To achieve above- mentloned 1mprovement 1.4 million US$/y of forelgn currency is
required for pmcurcmcnt of spare parts and workshop tools. '
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" 4 Renovation Study of Shivee Ovoo Coal Minc_ '

4.1 Study of effective mining system
Basis for econgfhig comparison

- “Tax, interest and royalty arc not included in the cost comparison _studics;'

- Following energy prices are used in the cost comparison studies:

Diesel oil ¢ International price (169 US$/f)x 1.1
Gasoline  :  Intemational price (186 US$/) x 1.1
Ceal . _ N . intematioual price (15.7 US$/t} x 0.7

. Blectricity . - - Internatxonai price (0.062 US$/kWh) x0.9

+ Note : ( ) shows prices (FOB) as of the end of 1993

Overall mining sysiem - R |
- Overall mining system’ was reviewed and the followings were selected for renovation,

. taking cxpected flexibility for ovcrburden removal into account:

‘Overburden removal * New additional system
Interburden removal - : Existing shovel and truck
Coal excavatmn SRR Existing shovel and truck- |

ECOI’IOHIICS of new. mlnmg system

- - Comparison study was nnplementcd to selcct the new addltlonal mmmg system to be used
~ for overburden removal

Case 1 :5m3 shovel and 40 ton dump truck
| I : 10 m? front end loader and 80 ton dump truck
- 1T :One of draghne w1th 29 m3 backct :
: _‘{V' T_wo of-dr‘aghnewnh 20 m3 backet- -

- Case Il was sclected due to the_lowest cost index. "

o P



4.2

Table 6 CompanSOn Study of New Systems _
Existing - - Additional system

: . Unit Improved Casel Casell Caselll CascIV
Existing excavating capacity = m.BCM/y 3.2 ' - -

Additional capacity required ~ m.BCM/y 55 55 55 55
Required number of fleets *1 ' 4 2 12
Additional initial capital *2 m.US$ . 6.8 82 177 261

~ Operating cost *2 mUS$y 30 51 47 35 55
Spare parts s 19 (e 27 @)
Consumables @A) @GO @G0 (08 (14
Labor etc. @4 (02) (01  (0.0) (0.
Capitalcost >~~~ mUS$y~ 14 1.7 16 09 13
Equipment” = @4 QA @68y (09 (13)
Total cost *2 ' mUS$/y 44 ' 68. 63 44 68

‘Mining cost index $/BCM 1.4 12 11 0.8 12

Note *1 : Fleets were planned based on the most modern equipment.
*+2 : Tax, interest, royalty and surface facilities dre not included.

Recommended mining eQuipm_c_nt .and fa{;i'li_ties. _ _ o - .
Design basis - : ) S '  : ' - élﬁ
- Design ph1losophy of thvcc Ovoo coal mine was revmwed however any necessny of

change of the design basis was not found

Coal recovery ratio in the original mining design is 100%'

- Stnppmg Iatlo to be used i in the study of Tenovation is 3.5 (averdgc)

- Additional cqulpment is one dragline w1th the excavatlng capaCIty of 5. S mllhon BCM/y

Recommcndcd mining equlp_ment
New additional equipment is Shown on Table 7.

- Life of equlpment dcpcnds on the cqulprncnt quahty cffcctcd by a manufacture and
operatmg circumstances and maintenance methods- effected by - users. Thcrcforc 2 cases,

"Short-life-case” and "Long-life case” are assumed. Actual life would bc decxdcd by above-.
mcntloned conditions in Mongolia.: - ) '




" Table 7 Additional Equipment List

| Required . - Life - Unit price
- Equipment - number (ycars) (m.US$)"2 Major use
_ S gt 11 : .
29 m3 Dragline - 1 - - 30 30 166 Overburden removal
Bulldozer388kW 1 - 6 8 0.6 Support

Grader 205 kW. -1 S 6 8 0.4 Road maintenance
Note *1 :"S" is short- life case and "L" is long-lifc case. I '

*2 :All costs and fees for manufacturmg, pdelIlg, tran3portat10n field asecmbly and
trammg are included in unlt price.

. .Fig.ll D_rﬁgline’_ with 96m Boom and 29 m3 Bucket

.Rccommended surface fdcﬂ:tms

- Installatlon of the surface famhtles, including supportmg cqulpment is recommendcd to

" achieve 2 million t/y with a smoot_h and effective operation as shown on Table 8.



Table 8 Additional Facility List

| Facility & equipment Number  Initial cost- Note
Workshop & tools 1 . US$1.3m.  New installation
Wafehousc - 1 05 - 'Expansion
Coal stockyard 1 08  New installation
(Front end loader) -~ (1) (0.4). Smd
- (Dozer shovel) BN ¢Y) (0.3) © 250HP
S1z1ng & loading 1 4.6 . New installation
(Crushmg planty . (1) . (04) . - Crushing & sizing
(Conveyer set) @ 22) . ‘Hopper & spreader | '
(FEL) | ) (0.8) -  5md- |
(Dozer shovel) 2 (0.6) - 250HP
Power distribution .~ 1 . 13 ©  Movable transformer
.(Emergency gencrator) ) o (02) . Dicsél gcnefatbr' '
fLommumcatlon S TR SRR |y S, erelcss systcm 3
Dewateringsystem ~ - . 1 40 Well, pump & piping
Multi 'pufpos'e"equiprﬁént T T1set 3.7 7-';"-FEL,bulldozcr,truck
- Coal quallty control system © Tset o 02" Automatic analyzer
: Other fac111t1r:s T dwet 130 'Boﬁcr office etc. - -
o Total N 1790 Exc_cpt]nngj_cost | - i

4.3 'Schedﬁ.le of reﬁéVatio.ﬁ g
Prmcct schcdulc

- Project schcdule for rcnovatlon is assurned on thc bams of the dchvcry t1mc of equ1pmcnt
while nnpact of coal demand is not reflcctcd

| P:rojé'ct schedule -

Order of spare parts : _Eﬁd of 1994

Arrival of spate parts " :Endof1995
PFunding for capacity-up - 01199596
~ Order of equlpment L | o End_lpf_1996 |
Aurival of equlpment&ﬁeld work: 7 :En'd:of'l_998_ -
- Coal product:on plan _ _
1995 . L0.6millionty
| 1996-1998'___ © io8milionyy
199 | 2.0 million tfy
r



-5 Quality Control System

5.1

Issues of coal quality

- At present, there is no coal quality management section in Shivee Ovoo coal mine and whole

5.2

" Shivee Ovoo coal is senit to users without quality inspection.

Issues of the coal quality are the low calorific value, the high moisture content and the large size

of coal block.
Table 9 Current Coal Quality in Complaints -
- Unit L Sep.1993 0ct.1993 Request/power plant
Total moisture(a,d) © % 41.8 414 < less36
Calorific value(a.r) ~keal/kg | 2,761 . 2,037 more3,000
Sizeofcoalblock . ~ mm  (some bloc’ks>300) less300

_Note; Low calorific value is caused by the high moisture content togethcr with

‘production of oxidized coal near the outcrop,

Users are requesting to minimize the change of coal qodlity, particularly in moisture cortent.

High moisture content causes plugglng of plpelme resulting in emergency shut down of the'

power plant,’

Rccommcnded quallty control systcm and cqulpment

-‘Management of- Shivee Ovoo coal mlne must mtroducc the concept of 'managerient for coal

quahty control" into whole managers, staffs, and labors.
Oxidized coal should never be shlpped to users.

Fotlowmg cqulpment and facilities must be mstalled for lrnprovement of coal quality:

. Quahty cc)ntrol equipment (on-line analyzer) _ : Quality management
o] Dcwatcrlng system - B : '_ : Moisture
e Crushmg and smng plant D o :Coo1 sfzé |

f 'Small scale FEL and truck for thm mtcrburden removal : Ash -

‘Note 1_ Installatlon of coal drymg systcm at Shlvce Ovoo coal mine is desirable,however, dried

'_hgmte may cause spontancous combustlon dunng storage and tran8portdt10n Therefore
:mstallatlon of thc coai drylng systcm at thc coal user side is rccommcndcd

S Washablhty test was camcd out to mveshgate the effect of ash removal from coal The
o .:results show that Scam 1i is relauvcly casy whlle Scam II is rathcr dlfﬁcult In conclusmn '

g "35_ L .



selected coal mining is recommendable to decrease ash content rather than mstailatmn ofa
. coal washmg plant. : :

5.3 Expccted product quality of Shivee Ovoo coal
Followmg quality will be achieved by mtroductmn of above-mentioned quahty control system;

_Tablé 10 Expected Qualty of Product Coal

Item Unit~ - Estimated value

Total moisture  (as received) % 35.0

Surface moisture (as received) %  28.8

Inherent moisture . (airdry) - % 8.7

Ash - (airdry) % 165

Volatile matter (air dry) % - 327 -

Fixed carbon (@irdryy % 421

Total sulfur (air dry) %. 0.6

Calorific value (airdry).  keabkg . 5,030 (GHV), .4 756 (LHV)

(as received) - keal/kg 3,580 (GHV), 3,212 (LHV)

6 Environmental Study

- Enwmnmcntal impact of renovatlon of Shivee Ovoo coal mine was studlcd in nine cnv1r0nmen-
‘ tal items such as air, watcr soil, noise/vibration and fauna/flora,

-~ Any limitation on renovation for 2 million t/y was not recogmzcd in all environmental aspccts

- Installation of 4 water treatment system of groundwater Is requlred

.7 Capital and Operating Cost

- Capital and operating costs were estimated for 23 years (1996- .2018)‘ df 'thc' pmj'eét' life in
accordance with the replacement schedule of cach eqmpmcnt and thc cstlmated umt pnces of thc '
international level. o - o

Table 11 Capltal dnd ()pcratmg Cost

. million US$ _

B - L Capltal cost Operatlng cost Tp.tal___
Existing improvement . 43 _ ;: _ 97 1400
Expansion -~ . . o8 U Uaq3e v gap
 Total for renovation . - 125 . o 236 361

~Note 1: Duration of 23 years :isf"pres'un;cd only: for ‘the purpose of-_:copdmicfc\?aluétibn and

___._36.*. S



financial analysis. _
2: Price level of the existing’ equipment type, which is imported mainly from (ex-

COMECON, is estimated to be 80% of the recent mudern equipment in this study,
although the level is low at the present hmc

Foreign currency portion _ _
- Foreign currency portlon -of capztai and operatmg costs requucd dunng 23 years is shown on
Table 11. '

- Foreign currency required for capital cost during the first three years is US$ 42 miilion.

- Foreign currency required for Opérating cost during the first three years is US$ 6 million.

~ Table 12 Foreign Currency Portion for 23 Years

: Million US$
~ Year Capltal cost - - Operating cost*3 = -~ Yeary -
o - Bxisting*t Add:tlon*2 Total. Existing . Addition Total . Total
1996 . 1.7 0 1721 0. 21 3.8
7 . 27 . 160, 187 21 . 0 21 . 208
& .20 200 220 . 21 0 21 241
9. 170172 41 62 . 19
20000 0 30 0 . 30 21 42 63 9.3
1 - 32 .0 - .32 . -21 42 . 63 9.5
2 0.7 40 47 21 41 62 109
3 270 .00 - 27 21 4l 620 89
2004 S | o
2008 4.0 15.5 195 105 20.7 312 50.7
20013 85 5.3 138 105 208 313 451
2014 R o o
2018 109 17.6 - 285 105 . 208 313 598

" Total 411 B 7814'-- _119;5.-' 483 830 _131‘.3 1250.8

* Note *1 Necassary capltal costs of "exlstmg" are the replacement cost of the cx1stmg equip-
ment-. Taxes in Mongolia are not included,
-*2:Necessary cap1ta1 costs of "addition” include both mmal and replacemcnt costs for
. additional equipment and facilities: .~ .
~ *3:Operating costs ‘include yearly spare part cost penodlc overhaul cost and imported
. consumables such as exploswes dlcsel 011 and lubrlcants ' :

'L&l_ ) guzrency mg'gn G

- Local currency is rcqmrcd mamly for labor cost and electrlc1ty cost.



Table 13 Local Currency Portion for 23 Years :
~ Million US$ as of 1994

Labor cost _ Electricity cost - Others . Total -
1996 0.4 0.4 23 31
1997 0.4 - 05 1.4 23
1998 0.4 0.5 .16 25
1999-2018 18.0 : 200 . 6441 102.1 R $

Total 192 21.4 - 69.4 110.0

8 Economic Evaluation and Financial Analysis

8.1 General approach

- :-chovatlon plan of thvee Ovoc coal mine is. rathcr smplc in companson w1th that of
Baganuur coal mine. Only one case is evaluated. '

- Forthe purposc of economic evalvation and financial evaluation of the renovation project, the
cash flows are preparcd for the following three renovation programs -
Casel: Existing operation with the total excavation capac1ty of 3.2 rmllmn BCM/y usmg
existing equipment type chJgncd by ex-COMECON countries. '

. Case2: Expansion of 5.5 million BCM/y using medium-class draglmc as Wc:ll as
. fundamental surface facilities. :

Case3: Whole rent)vatlon project consisting of Case 1 and Case 2.
- Fbllt)wing criteria, which are the same as in Chapter 1, are used for the studies:

» Project life ' 123 years (fr'om 1996 to 2018).

» Time value of money ©: Constant 1994 Tg with 400 Tg/US$
“» Project financing -+ - 1100% debt ~100% loan
» Foreign debt financing S PrOJ_cc_t__untlcd loan a

+ . Price and the life span of equlpmcnt - _ _ ‘ R _
Ex1st_1ng_type of equipment - 80% of. mtcrnatlonal pnu:s and short-hfe case -
New additional equipment 100% and long—hfe case :

. Inﬂanon . o No mﬂatlon

Note chardmg the rcccnt Pncc and cost structure in Mongolla, rcfcr to Table 15 of
Chapterl ' e ' ' '

-%8-
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