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[tavalj de posit has over 180 mil lion tonnes of coal re serves, which is con sid -
ered by the Min is try of Min ing and En ergy as large en ergy po ten tial of na tional
im por tance. Pre-fea si bil ity study was de vel oped for the pur pose of eval u a tion
of new un der ground coal mine and ther mal power plant com plex.
Mine is de signed with two sets of mech a nized longwalls, for the pro duc tion rate
of 2.3 mil lion tonnes per year of run-of-mine coal or 1.68 mil lion tonnes of clean 
coal. This pro duc tion is suf fi cient for ther mal power plant of 320 MW, based on
cir cu lated fluidised bed com bus tion boil ers and one tur bine, with emis sions of
CO2 at same level than power plants op er ated by Elec tric Power In dus try of
Ser bia.
Fol low ing re view of the Pre-fea si bil ity study, pos si bil i ties for fur ther im prove -
ment of un der ground coal mine are sug gested. These im prove ments com prises
of op er a tion with one larger mech a nized long wall set and with out coal pro cess -
ing plant. Ef fects of these sug ges tions are lower ini tial in vest ments, lower road -
way de vel op ment re quire ments, im proved en ergy ef fi ciency at coal pro duc tion
and smaller num ber of work ers, all of which con trib ut ing to re duc tion of cap i tal 
and op er a tional ex pen di tures and lower cost of fuel.

Key words: energy potential, coal, underground mine, thermal power plant,
costs, improvements

In tro duc tion

Large coal re serves are lo cated at the south-west of Ser bia, at Pešter high lands. Un der -
ground coal min ing started some 50 years ago, in the Cen tral field of Štavalj de posit, which is
the small est one re gard ing the amounts of coal re serves (fig. 1 and tab. 1). Other parts of de posit, 
West ern, East ern, and South ern fields, re mained in tact. Geo log i cal ex plo ra tions at high level
were per formed at the Cen tral, West ern, and East ern fields, while the geo log i cal data are in suf fi -
cient for South ern filed. Bal anced re serves in West ern, Cen tral, and East ern fields are over 187
mil lion tonnes (over 124 mil lion tonnes of mea sured re sources – JORC code), while the geo log -
i cal re serves in South ern field are es ti mated at some 50 mil lion tonnes [1].

Tech ni cal anal y sis of coal, as well as chem i cal anal y sis and ther mal pa ram e ters of ash
are given in tab. 2.

Coal from Štavalj de posit is cat e go rized as brown coal, with low sul phur and ash con -
tent. Car bon con tent is es ti mated at 21%.
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Figure 1. [tavalj deposit coal fields

Ta ble 1. Coal re serves at [tavalj de posit

Cat e gory
Re serves [t] Coal re sources – JORC [t]

Bal anced Non-bal anced To tal Mea sured In di cated

East ern field

A 11.598.230 –   11.598.230

    29.767.680 –B 18.169.450 –   18.169.450

A + B 29.767.680 –   29.767.680

Cen tral field

A      345.562     988.753     1.334.315

 10.276.169 –
B   9.930.607  4.948.297   14.878.903

C1 –     107.926        107.926

A + B + C1 10.276.169 6.044.976   16.321.145

West ern field

B 84.569.760     801.790  85.371.550

 84.596.760 62.546.720C1 62.546.720     862.780  63.409.500

B + C1 147.116.480  1.664.570 148.781.050

To tal 187.187.329  7.709.546 194.869.875 124.640.609 62.546.720

South ern field – – >50.000.000 – –



For the pur pose of eval u a tion of this en ergy po ten tial Min is try of Min ing and En ergy
of Re pub lic of Ser bia ini ti ated de vel op ment of Pre-fea si bil ity study which was planed to as sess
pos si bil i ties for con struc tion of new mine with con sid er ably larger pro duc tion rate in com par i -
son to ex ist ing mine, as well as con struc tion of ther mal power plant fu elled by the coal from the
new mine. Pre-fea si bil ity study was based on the West ern field, since this field is the larg est one. 
This pa per pro vides pro posal for the coal mine and sug ges tions for the im prove ments and ra tio -
nal iza tion, as well as en ergy ef fects of pro posed power plant.

Pro posal for new Štavalj coal mine

The main pur pose of coal mine de vel op ment is to sup ply the power plant, where op ti -
mal lo ca tion of the power plant is the area of the Vapa field, at height of 1.000 to 1.050 m above
sea level. Be cause of this the gen eral ac cesses to the mine with a di ag o nal de vel op ment of de -
posit is sug gested, with one en try at Vapa field (1.020 m above sea level) and other en try north
of the Štavalj vil lage (1.080 m above sea level). Cap i tal de vel op ment road ways and mine ac -
cesses are shown on fig. 2.

Ba sic pa ram e ter for de fin ing coal mine pro duc tion rate is coal con sump tion at power
plant. Power plant of 320 MW con sumes 210 t per hour of Štavalj coal or 1.684.000 t of clean
coal per year. Av er age thick ness of coal seam at West field is 13 m, where 9.75 m is clean coal
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                     Ta ble 2. Chem i cal and tech ni cal anal y ses of coal and ash from Štavalj de posit

Tech ni cal anal y sis of coal Ash com po si tion

Mois ture, as de liv ered [%] 31.43 SiO2 [%] 25.89

Ash [%] 12.34 Fe2O3 [%] 5.91

Sul phur, to tal [%] 0.98 Al2O3 [%] 12.91

Sul phur in ash [%] 0.73 CaO [%] 36.32

Sul phur com bus ti ble [%] 0.25 MgO [%] 3.10

Coke [%] 43.21 SO3 [%] 14.89

C-fix [%] 30.48 P2O5 [%] 0.12

Volatiles [%] 40.16 TiO2 [%] 0.27

Com bus ti bles [%] 67.49 Na2O [%] 0.14

Up per cal o rific value [kJ/kg] 18.228 K2O [%] 0.38

Lower cal o rific value [kJ/kg] 13.749

Ash pa ram e ters

Start of sintering 876 °C

Tem per a ture of soft en ing 1148 °C

Tem per a ture of semi-sphere 1222 °C

Tem per a ture of dif fus ing (melt ing) 1246 °C



and 3.25 m are in tru sions. There fore, re quired pro duc tion of run-of-mine coal is 2.3 Mt per year
(2.24 Mt per year for ther mal power plant (TPP) and 0.06 Mt per year for small lo cal in dus try
and do mes tic use).

For achiev ing this pro duc tion two longwalls are fore seen. Long wall method of work, in
com par i son to al ter na tive min ing meth ods, is the most suit able since it can achieve higher pro duc -
tiv ity at lower pro duc tion costs. Only al ter na tive con sid ered for new Štavalj mine was mech a nized 
room and pil lar method of work, which re quired at least four pro duc tion faces for achiev ing tar get
pro duc tion. How ever, spe cific en ergy con sump tion at one room and pil lar pro duc tion face is at

least 12% higher in com par i son to
spe cific en ergy con sump tion at
long wall face (>7 kWh/t at room
and pil lar and 6.22 kWh/t at long -
wall face).

Ba sic ge om e try of longwalls
pan els are: av er age length of pan -
els of 860 m; av er age min ing
length (with out pro tec tive pil lar)
of 840 m and long wall length
(face) of 130 m. These fig ures are
se lected ac cord ing to de tected
faults and other min ing and geo -
log i cal lim i ta tions of the Štavalj
de posit. Pro posed mine lay out,
with pan els in first three blocks, is 
shown on fig. 3 [2].

Cutting height of the shearer
was se lected at value of 4 m, and
web width at value of 1 m. Such
long wall is ca pa ble to com plete 3
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Figure 2. Mine development roadways and accesses

Figue 3. Blocks 1, 2, and 3 at west min ing field of Štavalj de posit
(color im age see on our web site) 



ad vance cy cles per shift, hence its pro duc tion rate is 1900 t per shift or 5700 t per day [3]. Coal
pro duc tion is planned in 3 shifts per day and in 5 days per week. Af ter es ti mat ing num ber of
pro duc tion days per year, it was con cluded that one long wall can pro duce 1.088.700 t per year, 
while the op er a tion of two long wall sets could pro vide an nual pro duc tion of 2.176.000 t. Re -
main ing amount of coal should be pro vided from the road way de vel op ment.

In or der to pro vide clean coal for the power plant, it is pro posed to beneficiate the coal to
cer tain ex tends. The pro posed treat ment is sim ple wash ing of the coal par ti cles larger than 25 mm
in run-of-mine jig de vice with ca pac ity of 300 t per hour. The coal par ti cles smaller than 25 mm
would re main un treated and it will be blended with the washed coal. Such sim ple coal prep a ra tion
pro cess is pos si ble since TPP boil ers are based on cir cu lat ing fluidized bed com bus tion (CFBC).
This ap proach is more en ergy ef fi cient since CFBC tech nol ogy elim i nates mill ing of coal (pul ver -
ised com bus tion tech nol ogy re quires mill ing of coal to par ti cles 100 to 200 mm in di am e ter), thus
re duc ing self-con sump tion of mine-TPP com plex.

Sug ges tions for im prove ment and more ef fi cient
op er a tion of un der ground coal mine

Pro posal made in Pre-fea si bil ity study with two com plete longwalls was se lected in or -
der to se cure sup ply of the coal to the TPP. Planned stock yard at the TPP site is suf fi cient to en -
sure 21 day op er a tion of the TPP (with daily con sump tion of 5000 t per day, re quired amount of
coal at stock yard is 105.000 t).

It is clear that this so lu tion is quite con ser va tive. Be side this, es ti mated pe riod for
equip ment move is too long. Ex ist ing ex pe ri ences in sim i lar con di tions are show ing that in ter val 
of 30 days for equip ment move is suf fi cient.

Up-to-date long wall equip ment op er ates at high re li abil ity and avail abil ity rates, and it 
is ca pa ble to achieve high per for mances and pro duc tion rates. Also, this equip ment is de signed
for easy main te nance and re pairs. There fore, re quired amount of coal can be pro vided with sin -
gle but big ger long wall.

This can be achieved by:
– increasing number of days on coal production from 5 to 6 per week,
– installing longwall face 160 m long, and
– increasing shearer speed in order to increase number of cycles.

In creas ing num ber of coal pro duc tion days from 5 to 6 per week and re duc ing the in -
ter val for equip ment move would in crease num ber of days in coal pro duc tion per year from 191
to 231 days. Ad di tional con se quence of op er a tion with sin gle long wall is lower in stalled power
at the face. This ap proach re sulted in in creased en ergy ef fi ciency by 21%, or re duced spe cific
en ergy re quire ments at the face (ex clud ing trans port) from 6.22 kWh/t down to 4.22 kWh/t.

These mod i fi ca tions are en abling suf fi cient and larger pro duc tion rate with one long -
wall set, as pre sented in tab. 3.

This cal cu la tion is show ing that re quested per for mance of 2.3 m per year of
run-of-mine coal is re al is tic to reach with one long wall set. It has to be men tion that the pro duc -
tion out put from the de vel op ment faces (over 140.000 t per year) is not con sid ered in the cal cu -
la tion and in di cates the po ten tial of pro duc tion in crease.

Boil ers based on cir cu lat ing fluidized bed com bus tion can also uti lize a wide range of
poor fu els such as high-sul phur and high-ash coals, lig nite, pe tro leum coke, oil shale, wood
waste, bark, peat, in dus trial sludge, which is syn on y mous for ex tremely fa vour able op er at ing
costs [4]. There fore, di rect feed of run-of-mine coal to the boil ers is fur ther amend ment of the
pro cess, which means that coal wash ing plant could be ex cluded from ini tial in vest ment.
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Eco nom i cal effects and energy savings of
suggested improvements

In crease of long wall length from 130 to 160 m is re duc ing the re quire ment of de vel op -
ment road ways (main gates and tail gates). Ac cord ing to pro posal in Pre-fea si bil ity study first
three min ing blocks have 14 pan els of 130 m wide. To tal length of main gates and tail gates in
these pan els is 24.030 m. By in creas ing long wall length to 160 m, num ber of pan els is re duc ing
to 12, with to tal length of main gates and tail gates of 20.450 m. There fore, to tal length of main
gates and tail gates can be re duced by 3.580 m.

Re gard ing equip ment costs and mine de vel op ment costs we can say that there is some
sig nif i cant de crease of costs in com par i son to Pre-fea si bil ity study. This is sum ma rized in tab. 4.

Av er age pro duc tion cost per tone is cal cu lated at level of 16.99 €/t (or 1.30 /GJ), while
the min i mum an nual cost dur ing the life of the mine is 15.85 €/t and max i mum 18.00 €/t. 

Sug gested op er a tion with one long wall shall re duce de pre ci a tion and main te nance
costs due to less equip ment. Also, op er a tion costs would be sig nif i cantly re duced since op er a -
tion with one long wall face is by 21% more ef fi cient re gard ing en ergy con sump tion for coal ex -
ca va tion, in com par i son to op er a tion with two longwalls. La bour costs could be re duced due to
smaller num ber of work ers. Sug ges tions made in this pa per can be sum ma rized as:
– mining equipment cost: operation with one longwall set shall reduce initial investment by

10.540.000 €; less equipment shall reduce operating cost of the mine due to less maintenance 
and lower depreciation, as well as production cost of the coal,
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                            Ta ble 3. Ver i fi ca tion of pro duc tion rate with one long wall (L = 160 m)

Seam thick ness 4.00 m

Face length 160.00 m

Drum web 1.00 m

Run-of.mine tonnes/shear 832.00 t

Best pro duc tion rate 2496.00 t per hour

Av er age pro duc tion rate – ef fi ciency 60.00 %

Av er age pro duc tion rate 1.497.60 t per hour

Av er age pro duc tion hours / week 108.00 hours

Max i mum pro duc tion / week 161740.80 t per week

Uti li za tion fac tor 40.00 %

Av er age pro duc tion hours / week, ap plied 
uti li za tion

43.20 hours

Av er age pro duc tion / week 64696.32 t per week

Num ber of pro duc tion weeks / year 38.00 weeks

An nual pro duc tion rate 2458460 t per year



– roadway development: decrease of costs due to length of main gate and tail gate for
7.160.000 €,

– reduced number of workers both underground and at the surface shall reduce operating costs
of the mine; annual labour cost shall be reduced by 445.000 €, and

– coal washing: reduction of initial investment by 5.000.000 €.
Fi nally, it is es ti mated that these sav ings can re duce pro duc tion price of coal from

16.99 to 16.49 €/t (re duc tion by 0.3 €/t for road way de vel op ment and im proved ef fi ciency and
0.2 €/t for la bour costs).

Pro posal for new thermal power plant

The pro posed power plant de sign is based on the proven pro cess of power pro duc tion
by high pres sure steam pro duced in steam gen er a tors fired by solid fuel. Pro posed steam gen er a -
tors use mod ern and re li able tech nol ogy of coal fir ing in a fluidized bed. The tech nol ogy of
CFBC has been proven by many prac ti cal re sults and sup ported by many suc cess fully op er at ing
in stal la tions. This tech nol ogy guar an tee high ef fi ciency of en ergy trans for ma tion to ther mal en -
ergy of steam de liv ered into tur bine [4]. At the same time, by add ing lime stone into the
combustor, this tech nol ogy en sure high level of flue gases de sul phuri sa tion and very low ni tro -
gen ox ides emis sion dur ing com bus tion pro cess (850 °C), cop ing most strin gent emis sion stan -
dards, the con di tion which is most im por tant re quire ment of the in ves tor. Other equip ment will
also ful fil re quired tech ni cal and eco nom i cal cri te ria in or der to meet load and other given guar -
an tees.

Pro posed new coal fired power plant (fig. 4)
gross ca pac ity is 320 MWe, with main pa ram e -
ters as fol lows [2]:
– two CFB boilers, with drum, natural

circulation,
– turbine: condensing type, two casing with

reheat and condenser circle/regeneration,
– steam generation: 465 t per hour at 543 ºC

and 16.5 MPa,
– boiler(s) efficiency expected: »91.8% (for

the represented coal),
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Ta ble 4. Pos si ble sav ings

Is sue Pre-fea si bil ity study Sug ges tion Im pact

Long wall sets
2 sets in clud ing main 
gates belt con vey ors

1 set in clud ing main 
gates belt con veyor

Re duced ini tial in vest ment by
10.54 mil lion €

Mine de vel op ment
(to tal road way length)

37.035 m 33.455 m
Re duc tion by

3.580 m

Mine de vel op ment
(costs)

2.000 €/m
(24.030 m)

2.000 €/m
(20.450 m)

Re duc tion of
7.160.000 €

Coal washing plant 5.0 mil lion € –
Re duced ini tial in vest ment by

5.0 mil lion €

Figure 4. Lay-out of the [tavalj thermal power
plant



– unit efficiency expected: £38% (for the represented coal),
– water consumption (cooling): 560 m3 per hour,
– limestone consumption: 1 t per hour per boiler,
– combustion air: one boiler 450.000 Nm3 per hour,
– flue gas production: one boiler 516.000 Nm3 per hour,
– ash production: one boiler approx. 14 t per hour,
– load change: 40-100%, and
– emissions: SOx < 200 mg/Nm3, NOx < 200 mg/Nm3, CO < 200 mg/Nm3, dust < 10 mg/Nm3.

Hav ing in mind car bon con tent in Štavalj coal, an nual coal pro duc tion and elec tric ity gen er a -
tion, emis sion of CO2 is es ti mated at value be low 1000 g/kWh. Es ti mated emis sions of SOx and

NOx should be much lower than
emis sions from ther mal power
plants op er ated by Elec tric Power
In dus try of Ser bia (EPS), as given in 
ta ble 5 [7], mainly due to low con -
tent of com bus ti ble sul phur and Cir -
cu lat ing Fluidized Bed Com bus tion
tech nol ogy.

There fore, re gard ing emis sions,
TPP Štavalj can be com pared with
ther mal power plants op er ated by
EPS, and es ti mated CO2 al low ance,
as an ex ter nal cost, for TPP Štavalj
should not be greater  than for  these  
power  plants. Since 2005 CO2  al -
low ance  ranged  from <10 €/t to 30
€/t, while cur rently is 23 €/t (fig. 5).

It should be noted that ex pe ri ence from ex ist ing un der ground coal mine shows that
Štavalj de posit is non-meth ane de posit, there fore all emis sions should be as signed to ther mal
power plant.

Wa ter will be cooled in the nat u ral draught type cool ing tower. The cool ing tower will
be re in forced con crete struc ture. Pre lim i nary di men sions of the new power plant are 600 ́  300 m.
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Figure 5. Historic trend of CO2 allowance
(color image see on our web site)

Ta ble 5. Emis sions from EPS ther mal power plants

[g/kWh] CO2 NOx SO2 
Solid

par ti cles

TPP Nikola Tesla A 1194 2.0 10.5 4.0 

TPP Nikola Tesla B 1170 2.1 9.9 0.2 

TPP Kolubara A 1510 3.3 18.0 13.3 

TPP Morava 1072 1.9 13.8 3.6 

TPP Kostolac A 1274 1.3 30.2 9.1 

TPP Kostolac B 984 1.9 39.8 1.8 

TPP Kosovo A 1546 2.4 6.7 14.0 



Im pacts of TPP Štavalj on Ser bian
power sys tem en ergy ef fects 

Anal y ses per formed dur ing de vel op ment of Pre-fea si bil ity study showed that TPP
Štavalj would have large pos i tive im pact on Ser bian power sys tem as well as great con tri bu tion
re gard ing im prove ment of re li able en ergy sup ply [5]. These can be sum ma rized as:
– construction of TPP Štavalj is desirable as soon as possible, since it can supply all its energy and

power to the Serbian system,
– emission of CO2 from TPP Štavalj is at the same level as from other power plants of the EPS,

while the emissions of SO2, NOx, and solid particles would be much lower. Therefore, external
cost for CO2 emission would be at least at similar level as for existing power plants of EPS,

– realistically, engagement time will be at the maximum during the early years of operation;
engagement time is not limited by the system, but due to planned and enforced stoppages,

– engagement time for the EPS and Serbian Transmission System and Market Operator will be
between 6.400 hours in 2015 and 2.500 hours in 2030,

– supply of energy up to 2025 is practically guaranteed within the EPS system,
– remaining capacities beyond 2025, could be easy supplied to neighbouring countries and

other markets,
– the technical minimum of the thermal power unit does not have an influence on the

engagement time,
– energy effects by replacement with alternative thermal power unit are equal to the available

power to be delivered,
– low fuel costs are locating this thermal power unit at base load while, on the other hand, a

large range of load remains unused (low technical minimum),
– in reality, this facility would have an advantage in comparison to facilities with a higher

technical minimum,
– comparison of fuel cost showed that only thermal power units of 600 MW and new ones with 

350 MW (located on the open pits) would be cheaper than TPP Štavalj,
– availability factor, self-consumption factor, specific investment, specific heat consumption,

and particularly, coal price have the dominant impacts on economic performance of TPP
Štavalj [2], and

– suggested improvements for the mine would reduce initial investment (single longwall set)
and operating costs ( reduced roadway development, improved efficiency and labour costs)

Con clu sions

As it can be seen from anal y sis pre sented, coal pro duc tion can be or ga nized with lower 
ini tial in vest ments (in equip ment) and lower la bour costs and coal pro duc tion costs, achiev ing
even higher an nual pro duc tion rate. This means that rated power of TPP can be in creased to
350-400 MW with all pref er ences men tioned in pre vi ous chap ter. There fore, pro ject of new
Štavalj coal mine with ther mal power plant can be even more at trac tive to po ten tial in ves tors.
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