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Caxerak: [Ipoitiepusarse yia Kao cilipaitieuikoi eHepieHilla je U3paxceHo y MHOTUM eBPOUCKUM gpiasama.
Huje ciiopro ga tinanuparoe erepieitiuke mopa yeaxuiti exonouike u eKkoHOMCKe yumwese. Brage u kpeaitiopu
Honuiliuke MOpajy eHepiellicKy 0gpiUsoCii ypasHoitiexeHo Cliposoguiliu u gaiiu moiyhHocill ga ce eHepieilicka
cuiypHocili ocitisapyje y konimiunyuitieiniy. To suauu ga ce sesa usmely enepiuje, s ueoiline cpequHe U eKOHOMUje
mopa objexitiusHo ycknaguitiu. Mehycekitiopcka ananusa je yipaso anaiii xoju tupysa moiyhnociti itiakeoi
cainegasara.

Y pagy je camo jegrum genom, ipumerom mehycexiiiopcke aHanuse, HANUSUPAH OGHOC HeKux 3alahueaua HaCTHANUX
y tipoyecy ipoussogrve y iepmoenexiipanama ,Huxona Tecna“ (TEHT) u tiospusurckum kotiosuma nuinuitia y Pb
»Konybapa“ u tipoussogrux pesynitiaitia y ipoussogrom geny Jasroi iipegyseha ,, Enexitipotipusepega Cpbuje”.

Kn,y'me peun: MELYCEKTOPCKE AHAJIU3E, BATABEHOCT, IIOBPIIMHCKN KOITIOBM, TEPMOEJIEKTPAHE

Abstract: The expulsion of coal as a strategic energy source is expressed in many European countries. It is
indisputable that energy planning must take into account environmental and economic goals. Governments and
policymakers must implement energy sustainability in a balanced manner and provide an opportunity for energy
security to be achieved in continuity. This means that the relationship between energy, the environment and the
economy must be objectively harmonized. Intersectoral analysis is precisely the tool that enables such perception.

The paper only analyzes in one part, by applying cross-sectoral analysis, the relationship between some pollutants
generated in the production process of the Thermal Power Plants Nikola Tesla (I'PPNT) and open-pit lignite mines
at the Kolubara coal mine, and production results in the production part of the Public Enterprise «Electric Power
Industry of Serbia».

Key words: CROSS-SECTORAL ANALYSES, POLLUTION, OPEN-PIT MINING, THERMO-POWER PLANTS
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YBO[,

EBporicka eHepreTcka 3ajefHNUIA je aHaM3Mpaa
U yCTaHOBWIA fia 16 TepMOeNeKTpaHa Ha yrab y
3em/baMa 3amagHor bamkaHa 3arabyje pervon u
Espony Buie Hero cBux ocrtamux 250 Tepmoe-
NeKTpaHa Ha yra/b y EBporn [1]. bes o63mpa Ha
TAYHOCT HaBefleHe KOMIIapalyje pobseM je eBu-
JeHTaH U MMa HETaTVBHY €KOJIOIIKY IVIMEH3M)Y.

Axo ce mocMaTpajy ¢UHAIHM IIPOV3BOAN,
yTab U eIeKTPUYHA eHeprija, aHaausa Ipole-
ca 3arahuBama je BeoMa 3aXTeBHA ¥ C/IOXKEHa.
ITpousBomma yr/ba U e€NeKTpUYHE eHepruje
NIpOY3pYKyje eMUCHjy IITETHUX MaTepyja U TO
HE CaMoO y BbUXOBOM IPOM3BOJSHOM JENY, HETO
U Yy IPeTXOGHUM IIPOU3BOJHUM aKTVBHOCTHU-
Ma. MHore ,uncre” npuBpegHe IpaHe KOpU-
crehn eneKTpUYHY eHeprujy 1 yrab y mpoliecy
IPONM3BOJbE CY MHAMPEKTHM 3arahusaum uto
ce la/be IIPEHOCH Ha BUIIE HUBOE.

ITosHato je fma je mpomsBOfma €l1EeKTPUYHE
€Hepruje y TepMoenKTpaHaMa Ha turaut y PC
Hajehn mojenyuaynnm sarahmsau. Pagm ce o
CTapuM TEPMOKAIaUUTETHMa KOje CaropeBajy
JINTHUT CBE Mambe TOIIOTHE MOh.

Ykynna wmHcramucana cHara TEHT wmsnocu
3.346 MW u roguiime ce mpoussefie oko 28.484
GWh enexrpuuHe enepruje. IIponsopama yrba
y Pb ,,Komy6apa®“ ogsuja ce Ha 4eTHpy aKTyB-
Ha KOIIa 11 M3HOCHU Y IpoceKy 30 MuInoOHa TOHA
roguie. 3a norpebe TEHT mcnopydyje ce
28,5 MWIMoOHa TOHa, a 3a GMHAHY MOTPOIIY,
yKbydyjyhu n mpepagy yr/pa 1,5 MUIMoHa TOHa.

Mebycexropcka aHanmsa npysxa MoryhHoct fia
Cce YTBP/AY Ha KOjJ Ha4MH KOMITOHEeHTe (pVHa/IHe
HOpPOIIbe YUYy Ha YKYIHY 3araheHocT, Koju
Jleo YKYITHUX eMJCHja Ujie Ha TepeT JIMYHe I10-
TPOLIbe, M3B03a UT/,. 11 KOJIMKO ce 3aral)eHocT
nsberaBa yBO30M e/IeKTpUYHE eHepruje 1 yI/ba.
3a aHa/mM3y npolieca 3arahuBama KOpICTe ce KO-
edunujentu 3arahuBama. 3a aHa/MM3y YOBEKOBe
KMBOTHe cpeayHe JleonTned y mebhycexropcky
aHa/IN3y YK/bydyje JOflaTHe MHAYCTPUjCKe Tpa-
He Koje ce 6aBe 3aIITUTOM >KVMBOTHE CpeJHe
(»Antipollution - industries®). ¥ oBom pagy
Cy IpuKa3aHe MeTofe MebhycekTopcke aHamm3e
mpolieca 3arahusama y nponssogHoM aeny JI1
»Enextpornpuspena Cpbuje®
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INTRODUCTION

The European Energy Community has ana-
lyzed and established that 16 coal-fired power
plants in the Western Balkan countries pollute
the region and Europe more than all other 250
coal-fired power plants in Europe [1]. Regard-
less of the accuracy of the above comparison,
the problem is evident and has a negative envi-
ronmental dimension.

If we look at the final products, coal and elec-
tricity, the analysis of the pollution process is
very demanding and complex. The production
of coal and electricity causes the emission of
harmful substances, not only in their produc-
tion part, but also in previous production activ-
ities. Many “clean” industries using electricity
and coal in the production process are indirect
pollutants and this is further transmitted to
higher levels.

It is known that the production of electricity
in lignite-fired power plants in the Republic of
Serbia is the largest single polluter. These are
old thermal capacities burning lignite of de-
creasing thermal power.

The total installed capacity of TPPNT is 3,346
MW producing approximately 28,484 GWh
of electricity annually. Coal production at the
Kolubara coal mine takes place at four active
mines with an average of 30 million tons per
year. For the needs of TPPNT 28.5 million tons
are delivered, and 1.5 million tons for final con-
sumption, including coal processing.

Cross-sectoral analysis provides an opportu-
nity to establish how the components of final
consumption affect total pollution, what part of
total emissions is borne by personal consump-
tion, exports, etc., and how much pollution is
avoided by importing electricity and coal. Pol-
lution coefficients are used for analyzing pol-
lution processes. For the analysis of the human
environment, Leontief includes additional in-
dustrial branches that deal with environmental
protection in the intersectoral analysis (“Anti-
pollution - industries”). This paper presents
methods for the intersectoral analysis of pollu-
tion processes in the production part of the PE
“Electric Power Industry of Serbia”
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JIJEOHTUEBA MA'BYCEKTOPCKA
AHAJIM3A - UTHBEP3HA MATPUIIA
TEXHNYKNX KOEOUIIMJEHATA

Ila 61 ce ycrocraBmia aHamusa 3arabusama
KVMBOTHE CpefiliHe Mopa ce mohy o MeTozo-
JIOWIKMX OCHOBa Mofena Melycekropcke aHa-
Nu3e, TPAHCAKIMOHE YIa3HO - U3/Ia3He Tabere
U TeXHMYKUX KoepUIMjeHaTa. 3a pasinuKy Of
TeXHNYKNX KoepUIMjeHaTa Koju IoKa3yjy fu-
pekTHe MOTpebe IO jeVHMUIV IMPOU3BOAE
IPOM3BOJHOTr ceKTopa (j) 3a moTpebe mpyror
IIPOM3BOJHOT ceKTopa (i), emeMeHT NHBep3He
Mapule TeXHMYKMX Koe(ulMjeHaTa YKasyjy
Ha HAUMH PacIpoCTUpama YKYINHUX edekara
IO LIe/IOM IIPOM3BOJJHOM CHCTEMY KOjy HacTajy
nosehameM jeIMHMIlEe eKCTepHe peasm3alje
ofipeheHOr IPON3BOIHOT CeKTOpa.

JleoHTHeBa aHanu3a Ha HPYMEPY OTBOPEHOT
CTAaTUYKOT I/IHHYT-OYTHYT MOJ€na MMa OIIITU
00/NK:

LEONTIEF’S INTERSECTORAL
ANALYSIS - INVERSE MATRIX
OF TECHNICAL COEFFICIENTS

In order to establish an analysis of environmen-
tal pollution, one must start from the method-
ological foundations of the intersectoral analy-
sis model, the transactional input-output table
and technical coefficients. Unlike technical
coefficients that show direct needs per unit of
production of a production sector (j) for the
needs of another production sector (i), the el-
ements of the inverse matrix of technical coef-
ficients indicate the manner of spreading the
total effects throughout the entire production
system that arise from an increase in the unit of
external realization of a particular production
sector.

Leontief’s analysis on the example of an open
static input-output model has the general form:

X=Ax+Y (1)
OpHOCHO, And,

(I-A)x=Y (2)
Tzie Cy: Where:

X - BEKTOP IIPOU3BOLE;
Y - BekTOp (prHa/IHE IOTPOLIHHE;
X - jenMHMYHA MaTPULIA;

A - MaTpuIla TeXHNYKUX KoepuIMjeHaTa.

JapuM pemaBameM IO X, jefHaunHa (2) go-
6uja cnepehn o6mmk:

x - production vector;
Y - final consumption vector;
X - unit matrix;

A - technical coefficient matrix.

By further solving by x, equation (2) takes the
following form:

x=(X-A)'Y 3)

OBako M3BefieHa jeflHAYMHA M3paXkaBa TpPoO-
IIKOBe peanmu3anuje ofpehenor mpoussopHor
cektopa (j) y YHKIIVj1 Off eKCTepHMX TPOIIKO-
Ba CBMX IIPOM3BOJHUX ceKTOpa. EnemenTn M-
Bep3He Marpuie (X - A)"' mokasyjy 3a KOIMKO
he ce mosehatn TpomkoBu peanusanyje j-ror
IPOM3BOJHOT CEKTOPa aKO NOJATHU eKCTePHU
TPOLIKOBY i-TOT IIPOU3BOJHOT CEKTOPA Mopa-
CTY 3a jeiVHULY.

Ha ocHoBy noparaka go6ujennx us Vssemraja
o nocnoBamwy JII ,Enexrponpuspena Cpbuje*
3a aHa/MM3MpaHy TOAMHY, ypabeHa je ocHOBHa

The equation thus derived expresses the
costs of realization of a certain production
sector (j) as a function of the external costs
of all production sectors. The elements of the
inverse matrix ( X - A)™" show by how much
the costs of realization of the jth production
sector will increase if the additional external
costs of the ith production sector increase by
one unit.

Based on the data obtained from the Business
Report of the PE “Electric Power Industry of
Serbia” for the analyzed year, the basic input -
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Y/Ia3HO - M3/1a3Ha MaTpPUIIA IIPOM3BOJHIUX CEK-
topa cucrema PB ,Kony6apa“ u TEHT u npu-
KasaHa je y Tabenu 1.

PE3YIITATU UCTPAJKMBAIbA

Tpeba umatu y Bupny u cnenehe mapamerpe:

- Cpenmba BpeZHOCT [Oe TOIIOTHe Mohu
yrba usHocn 7.390 kJ/kg.

- VIHBecTmumoHa ynarama y KOIIOBe U Tep-
MOO/IOKOBe HeMajy yTHIlaja Ha OCHOBHY
YIa3HO - U3/Ia3HY MaTPUILY.

- Ca mnosehameMm IleHe NCIOpy4YeHe eJl-
KTpUYHE eHepruje IpONOPIIOHATHO pac-
Te 1 IeHa yI/ba.

output matrix of the production sectors of the
MB “Kolubara” and TPPNT systems was pre-
pared and is shown in Table 1.

RESEARCH RESULTS

The following parameters should also be taken
into account:

- The average value of the lower heating val-
ue of coal is 7,390 k] /kg.

- Investments in mines and thermal blocks
have no impact on the basic input-output
matrix.

- With an increase in the price of supplied
electricity, the price of coal increases pro-
portionally.

Tabena 1, OcHosHa ynasHo - usnasHa iwabena ipoussogrux cexitiopa Pb ,,Konybape“ u TEHT tpuxasana je u 10° PC/]
Table 1, The basic input-output table of the production sectors of MB «Kolubara» and TPPNT is shown in 10° RSD

Penponyxkiona morpouma / Reproduction consumption
ITpumaory ITponsBopma enexTpiraHe
Users IIpoussonma 1 npepaja yrba E ‘e vTE VPII | ®II PC
Coal production and processing Heprmey ~ ~
Hasaorm Electricity production in TPPs TRC | FC DF
Donors
K-1 | K2 | K-3 | K-4 | KII | TEHT-1 | TEHT-2 | TEK | TEM
K-1 | K2 | K3 | K4 | KP |TPPNT-1|TPPNT-2| TPPK | TPPM
Ilij 0 0 0 0 0 196 3.063 0 0 3.259 77 | 3.336
K-2 J
2l o 0 0 0 0 639 6.609 0 0 | 7.248 | 185 |7.433
K-2 o
K-3 g
K3 Eg 0 0 0 0 0 7.364 269 |[1.712| 538 | 9.883 0 9.883
o
K-4 =
Ko 8 0 0 0 0 300 0 0 50 0 350 60 410
IIEE 0 0 0 0 4 0 0 52 3 59 3.000 | 3.059
TEHT-1
TPPNT-1 B 36 | 117 0 0 0 925 0 0 0 1.078 | 17.506 | 18.584
oW
TEHT-2 25
M
TPPNT-2 E = 35 | 115 0 0 0 0 516 0 0 666 |16.700(17.366
TEK E-] é 0 0 574 | 42 118 0 0 129 0 863 | 3.737 | 4.600
TPPK S : :
88}
TEM
TPPM 0 0 0 0 0 0 0 0 30 30 1.170 | 1.200
Yiynio 71 | 232 | 574 | 42 | 422 | 9.124 | 10457 [1.943| 571
Total
Hpousponrsa 3.265(7.201(9.309| 368 |2.637| 9.460 | 6.909 |2.657| 629 |42.435
Production
PCP
AR 3.336|7.433|9.883| 410 |3.059| 18.584 | 17.366 [4.600|1.200|65.871
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[1I1Y - [Ipoussopma u npepasa yrpa y Pb Kony6apa
CPP - Coal production and processing at MB

[TEETE - [IpousBopsa enekTpudHe eHepruje y
trepmoenekTpanama (TEHT)

PEETE - Electricity production in TPPs (TPPNT)

YPII - YkyniHa penpofyKIioHa IOTPOIIba
TRC - Total reproduction consumption

OII - OdynHamHa MOTPOIIHA
FC - Final consumption

PC - Pacniopierbena cpefcta
DF - Distributed funds

PCP - Pacnionoxxusa cpefcTBa
AF - Available funds

[1K - IToBpmmHCKM KOII

OPM - Open pit mine

TEHT - Tepmoenextpana ,,Huxoma Tecma“
TPPNT - Thermal Power Plant ,,Nikola Tesla“

Y Mopeny cMo uspBsojum crnefehe BpegHOCTIH:

a) Texunuxe KoeduiujeHTe (HOPMATUBY IIPO-
U3BOJIHE)

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

Alaij] = 0 0 0 0
0,010791 0,015740 0 0
0,010492 0,015471 0 0
0 0 0,05808  0,10244
0 0 0 0

0.003 0.000 0.000

0.005 0.000 0.000
0.005  0.007 0.040
0.000  0.000

(I-A)'= 0.000  0.000 0.001 0.001
0.011  0.017 0.000 0.000
0.011  0.016 0.000 0.000
0.000  0.000 0.061 0.108
0.000  0.000 0.000 0.000

Enementnn muBepsHe marpute (I - A)! mo-
ka3yjy mia nosehame dunanne morpommbe Y,
3a jemMHUIY Y3poKyje noBehame nponsBoame
yr/pa Ha K-1 (xl) od 1,002 jenunniia, nosehame
npousBofe yriba Ha K-2 (x,) od 0,005 jenu-
Hu1la, Tosehame Mponssosme yriba Ha K-3 (x,)
ox 0,005 jemmuuna, nosehame IpousBOAmE
enextpuune enepruje y TEHT-1 (x.) om 0,011
jemmnnma n TEHT-2 (x)) om 0,011 jemmuu-
na. VMcrum nocrynkom ce yrBpbyje ¢unanna
HOTpoOIlba eneKTpuyHe eHepruje y TEHT-1
(y,) sa jemuummy, nosehamem NpOU3BOMIIbE
enexTpuuHe eHepruje (x,) ox 1,053 jenuuuia,
nosehawem mpoussozibe yriba Ha K-1 (x,) of

In the model, we have extracted the following
values:

a) Technical coefficients (production standards)

0 0,01055  0,17638 0 0

0 0,034384 0,380571 0 0

0 0,396255 0,01549 0,372174 0,448333
0,098071 0 0 0,01087 0
0,001308 0 0 0,011304 0,00250
0 0,049774 O 0 0

0 0 0,029713 0 0
0,038575 0 0 0,02804 O

0 0 0 0 0,02500

0.000 0.011 0.183 0.000 0.000
0.000 0.036 0.396 0.000 0.000
0.019 0.427 0.020 0.392 0.470
0.099 0.000 0.000 0.013 0.001

0.000 0.000 0.012 0.003
0.000 -0.0()9 0.000 0.000
0.000 0.001 0.000 0.000
0.051 0.026 0.001 0.028

0.000 0.000 0.000 0.000 _

The elements of the inverse matrix (I - A)!
show that an increase in final consumption Y,
per unit causes an increase in coal production
at K-1 (x,) of 1 TPPNT.002 units, an increase
in coal production at K-2 (x,) of 0.005 units, an
increase in coal production at K-3 (x,) of 0.005
units, an increase in electricity production at
TPPNT-1 (x,) of 0.011 units and TENT-2 (x,)
of 0.011 units. The same procedure determines
the final electricity consumption in TPPNT -1
(y,) per unit, by increasing electricity produc-
tion (x,) by 1.053 units, increasing coal pro-
duction at K-1 (x,) by 0.011 units, K-2 (x,) by
0.036 units, K-3 (x3) by 0.427 units, increasing
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0,011 jemmuuua, K-2 (x,) ox 0,036 jemunuia,
K-3 (x,) op 0,427 jemquuniia, nosehame mpons-
BOfbe enekTpuyune enepruje y TEHT-2 (x) op
0,001 jequuuua i TEK (x,) on 0,026 jepuunia.

C/IMYHO TeXHUYKUM Koe(UIMjeHTNMA 3, Koe-
$uumjentn sarabema z feuamcany cy Ha oc-
HOBY IIPETIIOCTABKe /IMHeapHe 3aBUCHOCTH 13-
MeDy 061Ma Ipon3BObe IPON3BOLHOT CEKTOPa
j, C jenHe cTpaHe, ¥ KOIMYMHEe eMUTOBAHE ITET-
He Marepuje k y cektopy j ¢ mpyre cTpane [1]:

electricity production in TENT-2 (x,) by 0.001
units and TEK (x,) by 0.026 units.

Similar to the technical coefficients a, the pol-
lution coefficients z* are defined based on the
assumption of a linear dependence between the
volume of production of the production sector
j» on the one hand, and the amount of emitted
harmful substance k in sector j on the other
hand [1]:

el =2k x; (4)
24 = el/x; (5)
I/ie Cy: where

ekj - YkynHe emucuje mretHe Marepuje k y
IIPOU3BOHOM CEKTODY j;

X, - O61M npou3BOIHE j-TOT CEKTOPA;

z"j - Koednmujent sarabema j-tor cexropa
(mpencTaBba cieUpUIHY eMUCH]y ITeT-
He MaTepyje K 1o jenmHMIM TIpoOM3BOfa
IPOU3BOJHOT CEKTOPA j.

Matpuna emucuje E nobuja cnepehn o6nmk:

[Tpumenom penanuje (5) u marpute (6) no6uja
ce MaTpuLa 3arabhema z:

Marpuia emMucuje uckazaHa Ipeko z 1Ma ciie-
nehy pemanujy:

ekj - Total emissions of harmful substance k
in production sector j;

x, - Production volume of the jth sector;

z,; - Pollution coefficient of the jth sector
(represents the specific emission of
harmful substance k per unit of product of
the production sector j.

The emission matrix E takes the following form:

(6)

By applying relation (5) and matrix (6), the pol-
lution matrix z is obtained:

(7)

The emission matrix expressed in terms of z
has the following relation:

E=z+D(x) (8)
And,
z=Ex[Dx)]’ 9)

I'me je D(x) nujaronasHa MaTpuIia BEKTOpa X, a
[D(x)]"! meHa nHBep3HA MaTpULA.

158

Where D(x) is the diagonal matrix of the vector
x, and [D(x)] ! is its inverse matrix.
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Based on a review of the documentation of the
Public Enterprise “Electric Power Industry of
Serbia”, other available documentation and cal-
culated values, a table of emissions of harmful
substances was formed (Table 2).

Ha ocHOBy mpernefa moKyMmeHTanyje JaBHOT
npenyseha ,Enexrponpuspena Cpbuje®, gpy-
re pacIo/OKMBe JOKYMEHTALuje ¥ PAIyHCKM
U3BeJeHNX BpeJHOCTH, popMupaHa je Tabemna
eMICHje ITeTHUX MaTepuja (Tabena 2).

Tabena 2, Emutiiupare konuuuHe WinieiliHux Maiiiepuja y ipou3sogHum ceKitiopuma
Table 2, Emissions of harmful substances in production sectors

Emurupane konmunse (t/rox.) / Emissions (t/year)
BPCTE} [TponsBopba 1 Ipepaja yrba HpomBOTTb;(e)z}i:iE M:::Nf:ep ey
eMucnja Coal production and processing . pmoerexTp
Type of Electricity production in thermal power plants
emissions
K-1 K-2 K-3 K-4 KII TEHT-1 TEHT-2 TEK TEM
K-1 K-2 K-3 K-4 KP TPPNT-1 | TPPNT-2 TPPK TPPM
CO, 15.000| 20.000{ 30.000| 5.000{ 21.500 9.750.000| 9.600.000| 2.500.000 750.000
E _
NO_ 2.857 3.653| 4.897 98 361 16.900 16.700 4.500 1.640
[Ipumenom penanuje (9) sobujene cy cnenehe Applying relation (9) the following values were
BPETHOCTH: obtained:
4,4964 2,6906 3,0354 12,1951 7,0283 524,6475 552,7680 543,4750 624,9975
z = |2,1346 13376 1,2462 05146 02595 4,7353 5,1246 3,2608 4,1666
0,8564 0,4914 10,4955 10,2390  0,1180 0,9094 0,9616 0,9782 1,3667

From the matrix z (7) only one row of pollution
coefficients is taken (in this case the pollutant
is sulfur dioxide SO,):

V3 marpuie z (7) mpeyseT je caMo jefilaH pefn
KoedurmjeHara 3arahyBama (y oBOM CIydajy
sarahusad je cymmop-auoxcug SO,):

z=[2,1346 1,3376 1,2462 0,5146 0,2595 4,7363 5,1246 3,2608 4,1666] (10)
For the cross-sector analysis of the pollution pro-
cess, the vector z from relation (10) is brought
into the form of a diagonal matrix D(z). The
mutual emission connection of the production
sectors is obtained by multiplying equation (3)
on the left side with the matrix D(z) [1].

3a mehycexTopcky ananmsy mporeca 3arabu-
Bama, BEKTOp z n3 penanuje (10) ce poBomm y
06mMk fujaronanHe marpuie D(z). Mebyco6-
Ha eMMCHOHA MTOBE3aHOCT MPOM3BOJHMX CeK-
TOpa Bo0uja ce MyITUIUIMLUPAbEM jefHauNHe
(3) c neBe cTpane ca marpurom D(z) [1].

D(z) *x =D(z) x(I-A)" =y (11)
By multiplying the matrix D(z) and the matrix
multiplier (I - A)", we obtain the “matrix emis-
sion multiplier”, in this case for the six-phase
emission of SO,.

MHoxemeM Marpuiie D(z) u MaTpuU4HOT MyJI-
tummkatopa (I - A)?' mobujamo ,,MaTpuyHM
MYITUIUIMKATOP eMICHje’, y OBOM CIIydajy 3a
mwereTHy emncujy SO..

We will denote the matrix product D(z) * (I -
A)"' by v. For the harmful substance SO,, the ma-
trix emission multiplier has the following form:

Cavhemo o3HaunTy MaTpyunu nponssop D(z)
* (I - A)". 3a mreTHy matepujy SO, MaTpuuHN
MYITUIUIMKATOp eMucuje nma cregehn obnuk:
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2,1389  0,0064  0,0000 0,0000 0,0000 0,0235 0,3906 0,0000  0,0000
0,0067  1,3470  0,0000 0,0000 0,0000 0,0496 0,5455 0,0000 0,0000
0,0062  0,0087 1,2749  0,0498  0,0237 0,5321 0,0249 04885 0,5857
0,0000  0,0000 0,0005 05151 0,0509 0,0000 0,0000 0,0067  0,0005
V= 0,0000  0,0000 0,0002 0,0002 0,2600 0,0000 0,0000 0,0031 0,0008 (12)
0,0521  0,0805  0,0000 0,0000 0,0000 4,9863  0,0426  0,0000  0,0000
0,0564  0,0820  0,0000 0,0000 0,0000 0,005 53244  0,0000 0,0000
0,0000  0,0000 0,1989 0,0282 0,1663 0,0848 0,0033  3,4369 0,0913
0,0000  0,0000  0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 4,2749

W3 MaTpuiie v MOXKe Ce 3aK/bY4UTH A je CBAKK
¢duHaTHY TON3BOJ, (IIPOU3BEEHM yTrab 3a LIN-
poky nmorpouwy) Ha K- 1 ontepehen ykymaom
eMMCHjOM U TO: JupeKTHoM emucujom K-1 'y
BUCMHU 0Of 2,1389 jenuHNLIa ¥ MHAVMPEKTHUM
emucujama og, 0,0067 jepuuauna ca K-3, 0,0521
jenmuune ns TEHT-1 1 0,0564 ns TEHT-2.

2z.a,=21389+0,0067 + 0,0521 + 0,0564 = 2,2541

CXOHO IpeTXOJHOM IIpMMepPy MOXKe ce Ha
VICTY HauMH YTBPAUTY fia je GUHAIHY IIPOuU3-
Bofi (enextpuuHa eHepruja) y TE onrepehen
YKYIIHOM eMMCHjaMa:

2z.a,=49863+0,0496 + 0,5321 + 0,0051 + 0,0848 = 5,6579

Tj. pupekTHoM emucujom TEHT-1 y BucuHuN
4,9863 jenuHuLA M MHOVPEKTHUM eMICHjaMa O
K-1yBucunn 0,0235 jesunanua, ITIK-2 y BpenHo-
ctu 0,0496 jemmunua, K-3 y Bpegroctn 0,5321
jenmuunna, TEHT-2 y Bpennoctu 0,0051 jennun-
1a u TEK y BpegrocTu 0,0848 jennunua.

YBohewem Bextopa Y y jegnaumny (13) mo-
6ujamo ykynny emucujy SO, (Tabena 3).

From the matrix v it can be concluded that each
final product (produced coal for general con-
sumption) at K-1 is loaded with total emissions,
namely: direct emissions K-1 in the amount of
2.1389 units and indirect emissions of 0.0067
units from K-3, 0.0521 units from TPPNT-1
and 0.0564 from TPPNT-2.

(13)

According to the previous example, it can
be determined in the same way that the final
product (electricity) in TE is loaded with total
emissions:

(14)

i.e. direct emission of TENT-1 in the amount of
4.9863 units and indirect emissions from K-1
in the amount of 0.0235 units, OPM-2 in the
amount of 0.0496 units, K-3 in the amount of
0.5321 units, TPPNT-2 in the amount of 0.0051
units and TPPK in the amount of 0.0848 units.

By introducing the vector Y into equation (13)
we obtain the total emission of SO, (Table 3).

Tabena 3, ITpoussog ,mawipuuHol MyATHUUNUKATIOPA eMucuje” u punanHe Hompouitve, emucuja Hactiana 360i SO,
Table 3, Product of the «emission matrix multiplier» and final consumption, emission caused by SO,

Emmcnja nacrama 36or SO,/ SO, Emissions
2 r YKymHO

K-1 K-2 K-3 | K4 KII | TEHT-1 | TEHT-2 TEK TEM Total

K-1 K-2 K-3 K-4 KP TPPNT-1| TPPNT-2 | TPPK TPPM
Ej 164,70 1,18 0,00 0,00 0,00 411,39] 6.543,73 0,00 0,00| 7.121,00
Ei 0,52| 249,20 0,00 0,00 0,00/  868,30| 8.824,98 0,00 0,00|  9.943,00
Ei 0,48 1,61) 0,00 3,00 71,10/ 9.314,19 415,83 1.825,52| 685,27 12.317,00
K-4
Kod 0,00 0,00 0,00f 30,91| 154.46 0,00 0,00 25,04 0,59 211,00
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Emucyja Hactana 36or SO, / SO, Emissions
2 2 Ykynno

K1 | K2 | K3 ] K4 [ KO [TEHT-1| TEHT-2 | TEK | TEM Total

K-1 K-2 K-3 K-4 KP TPPNT-1| TPPNT-2 | TPPK TPPM
II?P] 0,00 0,00 0,00, 0,01| 781.47 0,00 0,00 11,58 0,94 794.00
TEHT-1
TPPNT-1 4,01 14,90 0,00 0,00 0,00| 87.269,67 711,42 0,00 0,00| 88.000,00
TEHT-2
TPPNT-2 4,34 15,17 0,00| 0,00 0,00 89,28| 88.891,21 0,00 0,00| 89.000,00
TEK
TPPK 0,00 0,00 0,00 1,69| 498,90/ 1.484,51 55,10/ 12.853,00, 106,80 15.000,00
TEM

0,00 0,00 0,00, 0,00 0,00 0,00 0,00 0,00{ 5.000,00{ 5.000,00
TPPM
Ykynno
Total 174,05 282,06/ 0,00| 35,61| 1.505,93(99.437.34 | 105.442,27| 14.715.14| 5.793.60|227.386,00

Yxynna emucnja SO, usnocn 227.386 jequuniia,
ogtorayK-17.121 jepunnua, K-2 9.943 jenuun-
a, K-3 12.317 jepuunna nta. EMmucnonnx 164,7
jemmunma y K-1 Hacrano je 36or 411,4 jenuaniia
y TEHT-1n6.543,7 jepuunnay TEHT-2. To 3na-
4n f1a je puHaIHA Ipoyiaja yrba y K-1 mpoyspo-
KoBana 164,7 jequnniia gupextuux u 0,52, 0,48,
4,01 n 4,34 jepuHuua MHAMPEKTHUX eMUCHja
SO, ogHOCHO 174,05 YKYITHMX EMUCUOHNX jef-
Huia. C pyre crpase, GpuHaMHA Tpofaja cTpyje
y TEHT-1 npoyspykosana je 87.269,67 jenuuu-
Lla AUPEKTHIX, a 411,39; 868,30; 9.314,19; 89,28
u 1.484,51 jequunna naaupektHnx emucuja SO,
Tj. YKYIIHO 99.437,34 eMUCHOHMKX jeqVIHULIA.

[IperxonHo ypaheHa anamisa 3a SO, IpuMereHa
je m ipu anammsy mreThux Marepuja CO, u NO_
u fobujeHe cy cnenehe emucuje (tTabene 4 u 5).

Total SO, emissions are 227,386 units, of which
7,121 units in Q-1, 9,943 units in Q-2, 12,317
units in Q-3, etc. The 164.7 emission units in
Q-1 were due to 411.4 units in TPPNT -1 and
6,543.7 units in TPPNT-2. This means that the
final sale of coal in Q-1 caused 164.7 units of
direct and 0.52, 0.48, 4.01 and 4.34 units of in-
direct SO, emissions, or 174.05 total emission
units. On the other hand, the final sale of elec-
tricity in TPPNT -1 caused 87,269.67 units of
direct, and 411.39; 868.30; 9,314.19; 89.28 and
1,484.51 units of indirect SO, emissions, i.e. a
total of 99,437.34 emission units.

The previously performed analysis for SO,
was also applied to the analysis of harmful
substances CO, and NO_and the following
emissions were obtained (Tables 4 and 5).

Tabena 4, ITIpouseo0 ,mampu4roz Mynmunaukamopa emucuje”u dunanre nompouirve, Emucuja nacmana s6oe CO,
Table 4, Product of the «emission matrix multiplier» and final consumption, Emissions due to CO,

Emucuje Hactane s6or CO, / CO, Emissions
_ Ykynno

K-1 K2 [K-3 K-4 KP TENT-1 TENT-2 TEK TEM Total

K-1 K-2 K-3 K-4 KP TPPNT-1 TPPNT-2 TPPK TPPM
Iéj 34,92 2,50 0 0 0 866,55 13.740,76 0 0 14.956,73
K-2
K2 1,03| 501,24 0 0 0 1.696,33 17.793,85 0 0 19.992,45
Iﬁiz 1,17 3,92 0 7,28 173,10  22.689,53 1.013,69 4.446,66|  1.669,12 30.004,47
K-4
Kod 0 0 0| 732,44 3.621,90 0 0 592,31 14,27 4.960,92
KP
KP 0 0 0 0,42| 21.126,90 0 0 315,03 24,69 21.467,04
TENT-1
TPPNT-1 444,37| 1.650,01 0 0 0]9.671.256,22 78.854,06 0 0| 9.752.204,66
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Emucuje nacrasne s6or CO, / CO, Emissions
- Ykynno

K-1 K-2 |K-3| K-4 KP TENT-1 TENT-2 TEK TEM Total

K-1 K-2 K-3 K-4 KP TPPNT-1 TPPNT-2 TPPK TPPM
TENT-2
TPPNT-1 468,19( 1.636,20| 0 0 0 9.677,32| 9.591.242,53 0 0 9.603.024,24
TEK
TPPK 0 0 0] 3.521,72| 83.151,60| 247.365,03 9.076,45(2.140.638,06| 17.804,24| 2.501.557,10
TEM
TPPM 0 of o 0 0 0 0 0[ 750.259,46|  750.259,46
Ykynno
Total 1.261,68| 3.793,87| 0| 4.261,86| 108.073,50|9.953.550,98| 9.711.721,34(2.145.992,06| 769.771,78| 22.698.427,07

Tabena 5, ITpoussog ,Mampu4Hol MyATAUANUKATIOPA emucuje” u punane Hotmpouirve, Emucuja naciiana 360t NO,
Table 5, Product of the «emission matrix multiplier» and final consumption, Emissions due to NO,

Emucuje Hacrane 36or NOx / NOx Emissions
Ykynno

K-1 K-2 K-3 K-4 KP TENT-1 | TENT-2 TEK TEM Total

K-1 K-2 K-3 K-4 K-P | TPPNT-1 | TPPNT-1 TPPK TPPK
Iéj 66,07 048] 0,00 0,00 0,00 164,56|  2.616,89 0,00 0,00  2.848.00
Ej 0,18  91,54| 0,00 0,00 0,00 309,86  3.249,82 0,00 0,00  3.651.40
I;j 0.19 0.65 0,00 1.19 28.20|  3.704,30 165.33 72573|  272,49|  4.898.08
K-4
o 0.00 0.00| 0,00 14.35 71.10 0.00 0.00 11.58 0.23 97.26
KP
o 0.00 0.00| 0,00 0.01|  354.60 0.00 0.00 5.23 0.35 360.19
TENT-1
Tt | 077 285 0,00 0.00 0.00| 16.762.75 136,94 0.00 0.00| 16.903.31
T?SI\THZ | o2 2.85 0,00 0.00 0.00 17,51]  16.684,97 0.00 0.00| 16.706.15
TEK
- 0.00 0.00| 0,00 6.34| 14970  444.65 16,70|  3.852.85 32.06|  4.502.30
TEM
I 0.00 0.00[ 0,00 0.00 0.00 0.00 0,00 000 1.640.57|  1.640.57
%’(’2’3“0 68.03| 9837 0.00] 21.89|  603.60| 21.403,63| 22.870,65|  4.595.39| 1.945.70| 51.607.26

Ykynue emucuje SO,, CO, u NO,_ ce ogHoce
Ha caropeBame JIMTHUTA y TePMOOIKOBYIMA, a
y Mam0j Mepy 3a QyHKIIMOHNCalbe MeXaHM3a-
Iyje Ha KOIOBMMA, CaMOYyIlajie yHyTap Koma
U Ha pygHUYKOj menonuju. Kako ce pagu o
eMMcujaMa MITeTHUMX TacoBa Koje Cy BUILeE
nyTa Behe o eMucuja y TepMoenKTpaHamMa Ha
yrab y EBponn, menanepu EIIC mopajy ca-
I7IeflaTy CBé ME€XaHM3Me HUXOBOT CMambema.
Y TOKy Cy paioBM Ha pelllaBamy IpobaemMa
OfICyMIIOpaBama IacoBa y TepMOOIKOBMMA
TEHT, a pymHmuka TeXHOJOIMja OTKOIIA-
Bamba U TpeTMpama yI/ba Tpeba CBeCTM Ha
ontumanHy Huso. [Ipumena mebycekTopcke
aHa/mM3e Ha TOAMIILEM HUBOY MOXe YKa3aTu
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Total SO,, CO, and NO_ emissions relate to
the combustion of lignite in thermal blocks,
and to a lesser extent to the functioning of the
mine machinery, self-ignition within the mine
and at the mine dump. Since these are emis-
sions of harmful gases that are several times
higher than emissions from coal-fired thermal
power plants in Europe, EPS’s managers must
consider all mechanisms for their reduction.
Work is underway to solve the problem of gas
desulphurization in TPPNT thermal blocks,
and mining technology for mining and coal
treatment should be reduced to an optimal
level. The application of cross-sectoral analy-
sis on an annual basis can indicate the effec-



C. Maxcumosuh, XK. IIpawiniano, P. Illapay, Mehycexiniopcka ananusa apoveca 3aiaherva pagom wepmoeneximpana Huxona Tecna u fospuuHcKkux koiosa
nuinuitia P6 Konybapa Peiiy6nuka Cpbuja (153-163)
S. Maksimovié, Z. Prastalo, R. Sarac, Intersectoral Analysis of Pollution Processes Caused by itthe Operation of the Thermal Power Plant Nikola Tesla and Open
Pit Lignite Mines, Mb Kolubara, Republic of Serbia (153-163)

Ha e(PMKACHOCT CBUX YBefIeHUX Mepa I10jen-
HAYHO 33 CBAKM IIPOM3BOJHN CEKTOP U YKYII-
Ho crame y EIIC.

3AK/bYYAK

ITosHaBame ykymHor onrepehema ¢uHamHMxX
IpOM3BOfla eMMCHjaMa ILITEeTHUX MaTepuja
3Ha4ajHO je 3a CIIpoBolerbe 3aIITNTe KMBOTHE
CpefyiHe Y €KOHOMCKOj IIOJIMTHLIM He CaMo JaB-
Hor mpenyseha ,Enexkrponpuspena Cpo6uje®
Beh u Peny6nmke Cpb6uje. TexHomouike mo-
CTyIIKe Ha HOBPIIMHCKUAM KOIIOBMMA 1 TePMO-
elIKTpaHaMa Ha yrab Moryhe je epukacHo aHa-
NM3UpATH IPUMEHOM MehycekTopcke aHammse.
ITprkasauy paj je KOHKpeTaH IIPUCTYI aHa-
nuse mpoleca 3arabuBame KMBOTHE CpefyHe
y TpPOM3BIHOM CeKTOpYy ,Enekrpormpuspene
Cpbuje“ M MoXXe MOCTYXUTU MeHallepuma
EIIC y npahewy u fedunncamy npruopurera
y edMKacHOM CMamemy npoleca 3arahnsama
IITeTHUM MaTepujama.
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