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COMPARATIVE ASSESSMENT OF GASEOUS FUEL EMISSION

The work presents estimated comparative assessment of emissions release in combustion products during work of high—power steam boilers with the
use of traditional fuel — natural gas and alternative fuels — blast—furnace and coke—oven gases generated in the process of technological cycle at iron
and steel and coke—chemical enterprises. Calculation algorithm is shown and formulas for assessment of carbon content in exhaust gases are defined,
conclusions on ecological efficiency of gaseous fuels are given.

The purpose of the work was to evaluate the emissions of harmful substances generated during the combustion of natural, blast furnace and coke oven
gases, justification of the calculation of carbon content of a given chemical composition and determine the optimal environmental impact of analogues
of natural gas.

The comparative estimation of pollutant emissions into atmospheric air during combustion of natural, coke oven and blast furnace gases revealed:

— high sulfur dioxide emissions from combustion of blast furnace and coke oven gases due to the presence of sulfur compounds in the composition of
these gases;

— relatively high emissions of nitrogen compounds for natural and coke oven gases and relatively low emissions for blast furnace gas;

— carbon emissions are high for all types of fuels which have been considered, most carbon dioxide gets into the air when burning natural gas, least —
when burning blast furnace gas;

— significantly higher methane emissions are observed during the combustion of natural and coke oven gases, respectively, smaller — for blast—furnace
gas combustion;

— coke oven and natural gases are characterized by low mercury emissions.

Comparative assessment of the calculated values of hazardous substances emissions in the combustion products in the process of combustion of
natural, coke—oven and blast—furnace gases shows that even at lower working heat of combustion values the coke—oven and blast-furnace gases can
compete with natural gas.

For the first time, a comparative characterization of the emissions of harmful substances in the combustion of natural, coke oven and blast furnace
gases is presented, and it is shown that the gases used in coke and metallurgical industries, which are used as analogues of natural, are logical to use,
but require the installation of treatment systems. The paper defines a formula for calculating the carbon content in natural gas from the Urengoy—
Uzhhorod gas pipeline. The provided calculations and the introduction of simplified formulas serve as an example for the calculation of emission
factors and emissions in assessing the level of safety of existing equipment and can be used in the development of permit documents of enterprises
that carry out emissions of harmful substances to the environment.
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O. I IEBHIIbKA, I0. B. BOUTEHKO, A. O. OPILIIEY0OK

ITOPIBHAJIBHA OIIIHKA BUKM/IIB ITPOAYKTIB 3T OPSIHHSA I'A3OINIOAIGBHUX ITAJINB
B ATMOC®EPHE NOBITPA

B pobori mpuBeneHa po3paxyHKOBa INOpIBHSIbHA OIIHKA BHKHAIB MIKI/UIMBUX PEYOBHH y MPOAYKTaX 3TOPSIHHA TPH POOOTI BHCOKOMOTYKHHX
[IAPOBHX KOTJIIB 13 BHKOPHCTaHHSM TPaJHUI[IHHOIO MajHBa — IPHUPOTHOTO Tra3y Ta albTePHATHBHHUX INAJMB — JOMEHHOTO Ta KOKCOBOTO TasiB, IIO
YTBOPIOIOTHCS B XOMI TEXHOJIOTIYHOTO IIUKITy Ha METATYPrifHUX Ta KOKCOXIMIYHHX ITinpreMcTBax. [lokazaHuii anropuT™M po3paxyHKy Ta BH3HaUYeHi
(hopMyITH IS OLIHKH BMICTY BYTJIEIIO y BHXIJTHHX ra3ax, HaBeJCHI BUCHOBKH IIOJ0 €KOJIOTIYHOT epEeKTUBHOCTI I'a30MOMIOHUX ITaJIUB.

MeToro po0OTH cTaNa OLiHKAa BHKWAIB IIKIIJIMBHX PEYOBHH, IO YTBOPIOIOTHCS B XOJi CITAIIOBAHHS IPUPOIHOTO, JTOMEHHOTO Ta KOKCOBOTO Tas3iB,
OOIPYHTYBaHHS PO3paxyHKy BMICTY BYIVICLIO Y NMAJMBI 33JaHOTO XIMIYHOTO CKJIa[y Ta BU3HAYCHHS ONTHMAJIGHOTO 3 TOYKHU 30pY BIUIUBY Ha TOBKILLL
aHAJIOTiB IPUPOIHOTO Tazy.

Ilpy mopiBHANBHIN PO3paxXyHKOBIH OLIHII BHKHIIB 3a0pyAHIOIOYNX PEUOBHH B aTMOc(epHE MOBITPS NMPH CHAIIOBaHHI NPHPOIHOTO, KOKCOBOTO Ta
JIOMEHHOT'0 Ta3iB BUSBIICHO:

— BUCOKHIT BUKUJI TIOKCU/TY CIPKH IIPH CTIAJIFOBaHHI JOMEHHOTO Ta KOKCOBOTO I'a3iB i3—3a HAasSBHOCTI CIIONYK CIPKHU y CKJIaJi IIUX ra3iB;

— MOPIBHSHO BUCOKI BUKHIH CIIOJIYK a30TY JJISI IPUPOJHOTO i KOKCOBOTO Ta3iB i MOPiBHIHO HU3bKI — VISl JOMEHHOTO razy;

— BUKHIIM CIIOJNYK BYIJVICHIO € BHCOKMMH IS BCIX PO3ILIHYTHX BHIIB HAIUB, HAHOIIbIIE CHOMYK BYIVICIO MOTPAIULE B IOBITPS NPH CIATIOBAHHI
TIPUPOTHOTO ra3y, HalMEeHIIIe — IIPY CIIAIIOBAHHI JOMEHHOTO rasy;

— 3HAYHO OINBIIMI BUKHJI METaHy CHOCTEPIraeThCs NPH CHATIOBAHHI NMPHPOTHOTO i KOKCOBOTO Ta3iB, BiIOBIAHO MEHIIMH — NpH CIAJIOBAHHI
JIOMEHHOT0;

— KOKCOBHH Ta NPHPOHUM Ta3 XapaKTepH3yIOThCS HEe3HAYHUMH BHKUJIAMH PTYTI.

IMopiBHsIBPHA OLIHKA PO3paXyHKOBHX 3HAYCHb BHKHUIIB 3a0pYIHIOIOUMX PEYOBHH Yy MPOIYKTax 3rOPSHHSA B IPOLECI CMAIIOBAHHS NPUPOIHHX,
KOKCOBHX Ta JOMEHHHUX a3iB IOKa3ye, M0 HAaBITh IPH HIDKYMX POOOUYHX TEIUIOTaX CHATIOBaHHS KOKCOBHIT Ta JOMEHHHUH ra3u MOXKYTh KOHKYPYBAaTH 3
TIPUPOTHHUM Ia30M.

B po6orti Briepuie HaBeaeHa MOPIBHSUIbHA XapaKTEPHCTUKA BHKUIB IIKIUIMBUX PEUOBHH IIPU CIATIOBAHHI NPUPOTHOTO, KOKCOBOI'O Ta JOMEHHOTO
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rasiB Ta II0Ka3aHo, 110 OTPHMaHi Ha KOKCOXiMiYHOMY Ta MeTalypriiiHoMy BUPOGHHIITBAX Ia3d, KOTPI BUKOPUCTOBYIOTHCS SIK AHAJIOTH MPHPOJHOTO, €
JIOTIYHUMH Y BUKOPUCTAHHI, ajie NOTPeOyIOTh BCTAHOBJICHHS OYMCHHX cHCTeM. B poboti BusHaueHa dopmyna Ajs po3paxyHKY BMICTY BYIJICLIO Y
HPUPOJHOMY rasi i3 rasompoBony Ypenrod—Yikropox. HaseneHi po3paxyHKH Ta BBEICHHs CIHPOLICHHX (OPMyYN CIYTYIOTh HPHKIAAOM JUIst
po3paxyHKy Koedili€eHTIB emicii Ta BUKHIIB NPH OLIHLI PiBHA OE3MEKH AII0YOro YCTATKYBAaHHS Ta MOXYTb OYTH BHKOPHCTAHUMH IPH PO3POOLI
JIO3BUIBHUX JOKYMEHTIB IiJIPUEMCTB, L0 3AiHCHIOIOTh BUKUIH ILIKIIUBUX PEUOBUH Y JOBKIIUIS.
Ku1ro4oBi ci10Ba: BUKH/IM, HAPHUKOBI Ta3u, IIKIUTHBI PEYOBHHHU, HOKA3HUKH EMICii, CHIaTIOBaHH.

E. I IEBHI[KAA, IO. B. BOUTEHKO, A. O. OPHIIIEYOK

CPABHUTEJIBHASA OINEHKA BbIEPOCOB ITPOJAYKTOB 3I'OPAHUS I'A300OBPA3HBIX TOIIJIUB
B ATMOC®EPHBII BO3J1YX

B pabore npuBeieHa pacueTHas CpaBHUTEIbHAS OICHKA BEIOPOCOB BPEIHBIX BEHMIECTB B MPOLYKTAX CTOPAHHS MPH Pab0Te BBICOKOMOIIIHBIX TAPOBBIX
KOTJIOB C WCIIOJb30BAaHHEM TPAJUIIMOHHOTO TOIUINBA — TMPUPOJHOTO Ta3a W albTEPHATHBHBIX TOIUIAB — JIOMEHHOTO W KOKCOBOTO Ta3oB,
00pas3yomuxcss B XOJ€ TEXHOJOTHYECKOTO IHUKIA Ha METaUTyPrHYeCKHX M KOKCOXHMHUYECKHX MPenpusTHsax. [loka3aH anroputM pacdera u
ornpeseseHbl (GOPMYIBI IS OIEHKH CONEPXKaHHs yriepoda B OTXOISIIMX ra3aX, MPHBEICHBI BBIBOIBI 110 JKOJOTHYECKON 3(PHEKTHBHOCTH
ra3000pa3HbIX TOILUIKB.

Ilenbro paboThl cTajga OIEHKA BBHIOPOCOB BPEIHBIX BENIECTB, OOPa3yIONIMXCS B XOJAE CKUIAHHSA MPHUPOIHOTO, JOMEHHOTO W KOKCOBOTO Ia30B,
000CHOBAaHHE pacyeTa COIEPIKAHKUs YIIIepoaa B TOILUTMBE 3aaHHOTO XHMHUYECKOTO COCTaBa U OMPEIEICHUS ONTUMAIBHOTO ¢ TOYKHU 3PEHUS BIUSHUS
Ha OKPYXKaIOIIYI0 CPELy aHAJIOra IIPHPOIHOTO rasa.

Ilpu CpaBHHUTENHHOW PAaCUETHOW OIIEHKE BHIOPOCOB 3arps3HSIONIMNX BEHNIECTB B aTMOCQEPHBIH BO3MYX MPU CKHUTAHHU MPHPOTHOTO, KOKCOBOTO U
JTIOMEHHOTO TA30B BBISBIICHO:

— BBICOKHH BBIOPOC THOKCH/IA CEPBI IPU CKUTAHUHU TOMEHHOTO W KOKCOBOTO TA30B W3—3a HAIMYHUS COSINHEHHH CEPBI B COCTABE ITUX Ia30B;

— CPaBHHUTEJIBHO BBICOKHE BRIOPOCHI COEMHEHHIA a30Ta JJIsl TIPUPOHOTO M KOKCOBOTO Ta30B M CPABHUTENHHO HU3KHE — IUISL IOMEHHOTO ra3a;

— BBIOPOCHI COEMMHEHHH YIIIEpo/ia BBHICOKH UISI BCEX PACCMOTPEHHBIX BHIOB TOIUIHB, OOJBIIE COEIUHEHHI YIJEpoja TOMagaeT B BO3AYX NPH
CHKUTaHHMHU MPUPOJTHOTO ra3a, MEHBIIE BCETO — MPU CYKUTAHHU JJOMEHHOTO ra3a;

— 3HAYUTEIBHO OOJBIIHI BEIOPOC MeTaHa HAOIIOJAETCS P CKUTAHUH MIPUPOTHOTO M KOKCOBOTO Ta30B, COOTBETCTBEHHO MEHBIIHIA — IIPU CYKATAHUN
JIOMEHHOT0;

— KOKCOBBII ¥ IPUPO/IHBII T'a3 XapaKTEePH3yIOTCs HE3HAUUTELHBIMHI BBIOPOCAMHE PTYTH.

CpaBHHUTENbHAS OIIEHKA PACYETHBIX 3HAYEHHIH BHIOPOCOB 3arps3HSIONINX BEIIECTB B IPOLYKTAX CTOPAHUS B IPOIECCE CHKUTAHHS MPHPOTHBIX,
KOKCOBBIX M JIOMEHHBIX Ta30B IMOKA3BIBAET, YTO Ja)ke NpH 0OoJice HU3KHX PabOYMX TEIUIOTAX CXKUTAHUsS KOKCOBBIA M JOMEHHBIH Tasbl MOTYT
KOHKYPHPOBATH C PUPOHBIM Ta30M.

B paGore BriepBble MpEACTaBICHA CPABHUTEIbHAS XapaKTEPHCTHKA BBIOPOCOB BPEIHBIX BELIECTB IPU CKHIAHHUH IIPUPOJHOTO, KOKCOBOTO H
JIOMEHHOTO T'a30B M MOKa3aHO, YTO IOJyYEHHbIE HAa KOKCOXMMHYECKOM M METaLUTyprHYeCKOM HPOM3BOJCTBAX rasbl, KOTOPHIE HCIOJIB3YIOTCS KaK
QHAJIOTH TIPUPOJIHOTO, JIOTHYHBI B WCIIOJIB30BAHHH, HO HYXIAIOTCS B YCTAHOBKE OYHMCTHBIX cHCTeM. B pabore ompenenena dopmyra st pacdyera
COJiepKaHus yriieposa B MPUPOJHOM ra3e M3 ra3onposoja YpeHroii—Yskropos. [IpuBeneHHbIe pacueTsl ¥ BBEJCHHE YIPOLICHHBIX GOpMYIT CIry)ar
IPEMEPOM JUTsl pacdera Ko3((HUIIMEHTOB 3MUCCHHE U BBIOPOCOB MPH OIICHKE YPOBHSI OE30MAaCHOCTH JCHCTBYIOIIEr0 0OOPY/IAOBAHHS M MOTYT OBITH
MCIOJIb30BaHbl NPH pa3paboTKe PaspelInTENbHBIX JTOKYMEHTOB IPEANPUSITHH, OCYIIECTBISIOMMX BBHIOPOCH BPEIHBIX BEIIECTB B OKPY/KAOIILYO
cpeny.

KuroueBble ciioBa: BEIOPOCHI, TAPHUKOBBIC Ta3bl, BPEAHbIC BEIIECTBA, TOKA3aTENH EMHUCCHH, CKHUTaHUE.

Introduction. Modern society with the development
of innovation technologies and implementation of
effective monitoring researches puts forward new
requirements for the safety and environmental friendliness
of engineering processes. Therewith, one of the key issues
is the impact of industrial enterprises on atmospheric air
and ways of pollution abatement under such an impact.
This work considers the issues of atmospheric air
pollution in the process of fuel combustion to ensure the
operation of high—power steam boilers. There are assessed
emissions during operation of the stated boilers on fossil
gaseous fuel — natural gas and on blast—furnace and coke—
oven gases.

Analysis of major achievements and literature.
An economic resource is involved in natural gas
extraction unlike with blast—furnace and coke—oven gases,
negative influence on natural ecological systems occurs.

The main driving force on the way of searching for
alternative energy sources is the fullness of fossil fuels.
Blast—furnace and coke—oven gases are obtained as co—
product in metallurgical and cake and by-product
processes. Synthesis of these gases is not accompanied by
waste generation and exploitation of soil ecosystems.

Thuswise, interdisciplinary international consortium
of research centre (ArcelorMittal Global R&D Asturias
and Maizieres, Centro Sviluppo Materiali, Swerea
MEFOS, VVDEh-Betriegsits) has successfully
implemented project aimed at expanding the use of blast—
furnace gas in steel-making furnaces [1].

It has been established that the process for high—
pressure hydrogen recovery from coke oven gas is known
[2] and blast—furnace and coke—oven gases are used in
heat-treating furnaces and annealing lines in the metal
melting industry [3, 4], a low emission coke oven system
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using oxy—fuel combustion of coke oven gas was adopted
to limit nitrogen oxides (NOx) emission and realize
carbon dioxide (CO,) enrichment [5]. But comparative
assessment of emissions in the process of combustion of
these types of fuels and fossil minerals remains a pressing
issue. Primarily, this is because the stated emissions
provoke a greenhouse effect.

This phenomenon is constantly evolving and over
the last years has significantly increased its negative
impact on the planet. So, for instance, recent researches
predict climate warming during the course of the 21st
century between 1.0 and 3.7°C [6], and in 1993 author of
the article [7] pointed out that greenhouse effect could
cause further warming by 0.3°C over the course of
decade, unless appropriate measures are taken, that can
cause global changes in the structure of agriculture,
precipitation, water resources, rising sea level and coastal
flooding, occurrence of such phenomena as droughts and
hurricanes [7].

According to the data of United States
Environmental Protection Agency the fossil fuel
combustion produces about 65 % of global emissions of
greenhouse gases [8, 9]. In comparison with other
hydrocarbon fuels, such as natural gas, coke—oven gas has
high hydrogen sulphide content [10], for that reason
industrial ~ enterprises  implement  state—of-the-art
desulphurisation technologies [11, 12].

In Ukraine, vacuum-carbonate, arsenic-soda and
mono—ethanolamine purification methods, integrated
purification of coke—oven gas from hydrogen sulphide
and ammonia with ammonia decompounding using high—
efficient catalysts have been developed [13, 14].

In addition, the problem of the shortage of energy
resources is well known and pressing for specialists. For
that reason, search for alternative energy sources is one of
the priority tasks in the economy of countries all over the
world. Resource-saving and reuse of waste and by-
product recovery are ways to solve these problems.

The practice of coke—chemical and iron and steel
enterprises proves that the use of blast—furnace and coke—
oven gases in the production will allow not to spend
money on natural gas and to utilize by—products.

Formulation of the problem. This is precisely why
there is a need to compare the qualitative composition of
emissions in the process of combustion of natural gas and
alternative blast—furnace and coke—oven gases and to
formulate environmental conclusions on the feasibility of
using gaseous fuels synthesized at industrial enterprises at
industrial enterprises and in heating civic buildings, and
their advantages or disadvantages compared to natural
gas, which is the objective of this work.

Research results. When determining the gross
emission of hazardous substances for combustion units,
there is used the method of continuous measurements
with the application of in—process control devices or as
per calculation of the index of hazardous emission — the
specific value of emissions that is determined for a
particular unit and takes into consideration the fuel
characteristics, in particular its chemical composition,
combustion processes and methods of emission reduction,
assessment of the purification systems performance [15].

Despite the purification of coke oven gas from sulfur
compounds, ammonia, benzene [16], emissions of
polluting substances into the atmosphere are made.

The gross emission of a hazardous substance
entering into the atmospheric air in the process of
combustion of gaseous fuels for the relevant period is
calculated as the product of the index of hazardous
emission k;, fuel consumption for this period B and lower

wet heating value of this fuel Q; .

Indexes of hazardous emission are calculated
according to procedure [15]. Taking into consideration the
chemical composition of the natural, blast—furnace and
coke—oven gases under study and the operation of gas
cleaning plants, the following calculations are used in the
work.

To determine the indexes of emissions of NO, and
sulphurous anhydride, it is necessary to take into
consideration the effectiveness of primary measures to
reduce emissions m,, efficiency of flue gases purification

from pollutant purification plant performance

M
coefficient . When determining NO, emission indexes, it
is also necessary to take into consideration degree of
pollutant emission reduction when operating at low load
f,. Emission indexes of NOy and sulphurous anhydride

are calculated according to formulas [15]:
kNox = kNOXO f, 1-m, 1-mB ;

10° 28"
S0, == T~ 1_T1|
Q' 100
When ignoring the mass content of moisture and
ash, the sulfur content in the fuel per working mass [15]:

_100 6 041.m,,, .

Pn
Emission indexes and emissions of carbon oxides
and dioxides are separately identified in the work.
Emission indexes of carbon oxides with
consideration for fuel heat loss due to combustible losses
qq are calculated according to [15]:

1-n,B .

Sdaf:Sr
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q
Keo :kcoo (l_ﬁj .

Considering the fact that the value of combustible
losses is g, = 0 for coke—oven, blast-furnace and natural
gases, we obtain the equation:

keo = ‘choo

Emission indexes of carbon dioxides with
consideration for oxidation rate of fuel carbon ¢. are
calculated according to formula [15]:

B 44—_ cr _ 10‘5_
€%~ 132 100 QT Ec
Carbon content in fuel per working mass will be [15]:

caar = gr = 1O\ 1P
Pn 12p +q
Index of mercury emission with consideration for

mercury capture efficiency in dust-extraction plant n,
[15]:

me g, +0,429mep + 0,273mc02)

kg = ‘T‘:Hyp(l _nyzu)

Since  when changing the parameters of
technological processes of fuel combustion it is possible
to vary the consumption of the same fuel, the best option
would be to set the same fuel consumption values for all
considered types of fuels. In the calculations, we set the
fuel consumption equal to 1 t.

Hazardous substances emissions in the process of
combustion of coke—oven, blast—furnace and natural gases
were calculated for the units with heating capacity from
50 to 300 MW. In the processes of combustion there is
used coke—oven gas purified at coke—chemical plants,
therefore, the numerical values used in the calculations
are relevant specifically for the purified coke—oven gas.
To determine the magnitude of the hazardous substances
emissions in the process of combustion of combustible
gases, the lower wet heating value of the fuels, listed and
presented in table 1.

Table 1 — Lower wet heating values of coke—oven, blast—furnace
and natural gases

When ignoring the value of moisture content, we set
QY= Q", where Q% Q" — lower dry and wet according to
fuel calorific value. When ignoring the value of moisture
content, we set Q¥ = Q" , where Q%, Q" — lower dry and
wet according to fuel calorific value.

Emissions after gaseous fuels combustion contain
sulphurous anhydrides, NOx, carbon oxides and dioxides,
mercury. It is worth noting that, unlike coal of various
grades, there are no heavy metals in the combustion
products of the gaseous fuels under study, unlike high—
and low-sulfur residual oils — vanadium compounds and
unlike biomass, pellets, briquettes and the above coals and
residual fuel oils, the combustion products of the natural,
blast—furnace and coke—oven gases contain no suspended
particulate matter.

Results and discussion. Industrial facilities and the
main purification equipment of the majority of coke—
chemical enterprises in our state were built in the age of
industrialization, when the main objective was ramp—up
of industrial products output. Together with the main
products — coke, there was increased the volumes of
coke—oven gas, which was generated during the high—
temperature heating of the coal charge in coke blast
furnaces.

Coke—oven gas consists of pyrogenic water vapours,
coal-tar pitch, methane, hydrogen, carbon oxides and
dioxides, nitrogen compounds, ammonia, hydrogen
sulphide, ammonocarbonous acid, a large amount of
unsaturated aromatic hydrocarbons, naphthaline and other
substances [13]. For industrial use, gas with such
chemical composition is unacceptable, therefore it is
purified in by—product-recovery departments of coke—
chemical enterprises.

Within the influence of coke—chemical enterprises,
there may be residential buildings and summer cottages,
therefore the goal of specialists is emission reduction
generated in the process of coke—oven gas combustion.
Considering high hydrogen sulfide content in coke—oven
gases, which leads to significant sulfur—dioxide
emissions, the enterprises of the industry are working

Type of Combus— | Q"(per | p.kg/m* [ Q"(per with capacities that implement reagent vacuum—

fuel tion process VOIumg) [15] mass), carbonate, arsenic-alkaline and monoethanolamine
nEJI/S? mikg methods of gas purification from hydrogen sulphide.

Coke_ in—chamber | 16.61 0483 3439 When comparing these three methods, the authors

ovengas | combustion [15] acknowledge the fact that in the process of coke—

Blasi— in—chamber 3.04 1.206 3.04 oven gas purification using arsenic—alkaline method,

furnace combustion sulfur—dioxide emission and correspondingly the

gas enterprise payments for environmental pollution and

Natural in—chamber 33.08 0.723 45.75 damage to the environment will be high. When comparing

gas’ combustion the monoethanolamine and vacuum-carbonate method,

" — Urengoy-Uzhhorod gas pipeline the first one is more efficient, two—stage purification with
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the vacuum-carbonate method corresponds to the
monoethanolamine method. Considering high toxicity of
the monoethanolamine reagent, the use of two-stage
vacuum-—carbonate purification will be appropriate from
the perspective of the impact on personnel and
environment.

Today, coke—chemical enterprises use coke—oven
gas for heating-up coke furnace batteries, steam
generating units at their in—house combined electric—
power and heat—generating plants [15].

Practice of by—product coke plants proves that coke—
oven gas used for work of in—house combined electric—
power and heat-generating plants, is high—grade
alternative to natural gas. Such combined electric—power
and heat-generating plants heat the buildings of
enterprises. Unfortunately, a substantial amount of coke—
oven gas is still disposed of using gas escape equipment at
the by—product coke plants, while this resource can be
used to heat neighboring residential buildings.

Blast—furnace gas is co—product of metallurgical
production, which is generated in blast furnaces in the
process of iron smelting. Its main components are
nitrogen compounds, hydrogen compounds, carbon
oxides and dioxides, methane.

Prior to be used at metallurgical plants, blast—
furnace gas is cleared of suspended particulate matter.
Purification takes place in several stages with the use of
dry-type collectors and methods of wet purification —
scrubber filters, Venturi pipe.

Today, blast-furnace gas is used for heating—up
steam generating units of combined electric—-power and
heat—generating plants and for production needs [17].
Considering the experience of Dnieper Metallurgical
Combine, blast-furnace gas is low-calorie product,
generating a substantial amount of combustion products
[17]. However, such cases are not frequent. A substantial
amount of gas is disposed of by flare.

According to procedure [15], it is demonstrated that
natural gas from Urengoy-Uzhhorod and Central Asia—
Central gas pipelines contains no hydrogen sulphide,
therefore, sulfur—dioxide emissions in the process of
combustion of this gas will be absent.

Unlike natural gas, coke—oven and blast—furnace
gases contain hydrogen sulphide (table 2).

Enterprises of Ukraine, which use blast—furnace and
coke—oven gases, usually do not use desulfurization
equipment and sorbent agents for sulfur retention. In the
absence of such equipment, the coefficient value of the
operation of the desulfurization unit, the efficiency of flue
gases purification from sulfur oxides and the efficiency of
sulfur retention by ash or sorbent agent in the electric

power plant will be equal to zero. Table 2 presents sulfur
content, calculated emission indexes and values of sulfur—
dioxide emission in the process of combustion of coke—
oven and natural gases.

Table 2 — Calculation parameters of sulfur—dioxide emission
indexes for coke—oven and blast—furnace gases

Fuel H,S, % S" % | kg, 0/Gl| E kg
[15]
Coke—oven gas 0,4 0,12 69,79 2,4
Blast—furnace gas 0,3 0,03 197,37 0,6

With a slight difference of the hydrogen sulfide
content in the compared types of gaseous fuels, the value
of sulfur—dioxide emission index for blast—furnace gas is
higher.

Calculation of sulfur content in the fuel takes into
account the value of the fuel density — the lower density
(table 1), the higher values of the calculated emission
index. Despite the significantly higher value of sulfur—
dioxide emission index, the emission of this pollutant in
the process of combustion of blast—furnace gas will be
four times lower than the similar emission in the process
of combustion of coke—oven gas as a result of much lesser
lower wet heating values.

The combustion processes of combustible gases in a
significant number of industrial enterprises of Ukraine is
carried out in the absence of special equipment, therefore,
for a comparative analysis of the emission values of NOx
and nitrogen dioxides, the emission factors of NOx and
nitrogen dioxides for the gases in question will be
considered according to procedure [15].

Emission indexes of NOx and nitrogen dioxides with
disregard for measures to emissions reduction for coke—
oven, blast-furnace and natural gases are presented in
table 3. Emission indexes are significantly higher for
NOx, among them the highest values are obtained in the
process of combustion of coke—oven gas, the lowest
values — for blast-furnace gas. Emission indexes of
nitrogen dioxides have the highest values in the process of
combustion of gases generated at production. When
combusting natural gas, almost all nitrogen is oxidized to
NO,.

Emission values of NOx and nitrogen dioxides for
the considered types of fuels, calculated on the basis of
emission indexes, are presented in Fig. 1.

NOx are indicative of the emission value among
nitrogen compounds emitted into the atmospheric air in
the process of combustion of combustible gases. Higher
emission values were obtained for natural and coke—oven
gases, the lowest value — for blast—furnace gas.
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Table 3 — Emission indexes of NOx and nitrogen dioxides in the
process of in—chamber combustion of combustible gases with
disregard for measures to emissions reduction, g/GJ [15].

Emission Coke-oven Blast—furnace Natural
index gas gas gas
NO, 150 100 120
Nitrogen 2 2 0.1
dioxide

At the same time, nitrogen dioxide emissions in the
process of combustion of natural and blast—furnace gases
will be lower. The highest emission value for this
pollutant was obtained for coke—oven gas.

However, contribution of the nitrogen dioxides to
the nitrogen compounds emission is negligible. When
estimating emissions of these compounds, the lowest total
emissions are characteristic of blast-furnace gas. Total
emissions of NOx and nitrogen dioxides will be the
highest for natural gas.

Interestingly, at high values of NOXx emission
indexes for coke—oven gas compared to natural gas, the
emission value of this pollutant will be higher for natural
gas. And at similar values of the emission indexes of
nitrogen dioxides for coke—oven and blast—furnace gases,
the first one, in the process of combustion, will provide a
high emission. Thus, density and lower wet heating value
play an essential role in the formation of pollutant
emissions.

5 5,2 5,5
3
0,3
O | —
coke-oven gas  blast-fumaregas  natural gas
a
0,1
0,069
0,05
0,006 0,005
0 L 1 I 1

coke-ovengas blast-furnacegas  naturalgas

b

Fig. 1 — NOx emissions (a) and nitrogen dioxides emissions (b)
in the process of combustion of 1 t fuel, kg

Composite index of carbon oxides emissions in
accordance with [15] for natural gas is 15 g/GJ, let us
assume for blast—furnace and natural gases the emission
index of carbon oxides at the level of the corresponding
index during operation of stationary engines with the use
of gaseous fuel, which also makes 15 g/GJ.

To determine the index of carbon dioxide emissions
in the process of combustion of gaseous fuels, it is
necessary to calculate the carbon content. Since in the
process of gases combustion, which are considered in the
work, the ash mass content in the fuel per working mass
(%) is A"=0, and the value of the moisture mass content
in these gases per working mass (%) is low, and it can be
neglected in the calculations, we get equation C** = C".

To determine the carbon mass content in the fuel per
working mass it is necessary to know the amount of carbon-
containing compounds in the fuels under study and their
density. Tables4, 5 present chemical composition as per
carbon—containing compounds of natural, coke—oven and
blast-furnace gases with consideration for these
procedures [15] and study results as to compounds
content C,H,, in coke—oven gas at coking plant.

Table 4 — Volume ratio of carbon—containing compounds, %, in
natural gas from Urengoy-Uzhhorod gas pipeline [15]

CHy, % | CoHg, % |CsHg, %|CyHig, %|CO,, % | p,, kginm®

98.90 0.12 0.011 0.01 0.06 0.723

Table 5 — Volume ratio of carbon—containing compounds, %, in
coke—oven and blast—furnace gases [15]

Gas | CHy, |CoHy | C3Hg, | CeHg, | CO, | CO,, | p,,

% % % % % % |kg/nm

3

Processe| 22.5 13 0.4 0.2 6.8 | 2.3 |0.483
d coke-
oven

Blast- | 0.3 - - - 28.0 | 105 [1.296
furnace

Taking the above mentioned into consideration, the
formula for calculation of the carbon mass content in
natural gas per working mass will look like:

Cdaf =C'= @(im + ﬁm +
p, \12+4 M 12.246
12-3 12-4

" m.. +—"" m.. +0,273m
12-3+8 <M 12.4410 “Me COZ)

For coke—oven gas, the formula will look like:
,_@[ 12 12-2 12-3

" =cC my, + Mg +————Me,, +
p, \12+44 M 12.244 ™ 12.346 O

12-6

+mm°” +0,429m., +0,273m, j
6+ 66 2
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For blast-furnace gas, the formula will look like:
100( 12

W _r = p_[m My, +0,429m,, +(),273mco2 j

When calculating the carbon mass content in natural
gas per working mass, the mass values of carbon—
containing compounds are calculated according to
formulas of procedure [15] or recalculated to mass with
consideration for values of volume ratio of carbon—
containing compounds.

According to procedure [15], recommended value
¢ _c for natural gas makes 0.995. Let us assume ¢ ¢ =
0.995 for blast—furnace and coke—oven gases.

Necessary data and calculation results of emission
indexes of carbon dioxides for the fuels under study are
presented in table 6.

Calculated values of emissions of carbon oxides (a)
and carbon dioxides (a) in the process of combustion of 1
t fuel are presented in Fig. 2.

Table 6 — Calculation parameters of emission indexes of carbon
dioxides for gaseous fuels

Fuel Q' [15]*| C'[15]| &c [15] | ko,
Natural gas 45.75 73.73 0.995 | 58849.43
Coke—oven gas 34.39 40.68 0.995 43195.44
Blast—furnace gas 3.04 16.05 0.995 [192792.71

* while neglecting the value W' — moisture content, it is
accepted Q¥ = Q" and lower volumetric wet heating value is
recalculated into mass one

At the same emission indexes of carbon oxides,
emissions of these compounds in the process of
combustion of different fuels are significantly different. A
tonne of burnt natural or coke—oven gas will provide more
than ten times more carbon oxide emissions than a tonne
of burnt blast—furnace gas.

When analyzing emissions of carbon—containing
compounds, a significant proportion is accounted for by
carbon dioxides emissions. Emission index of carbon dioxide
is the highest for blast—furnace gas, but the highest emission
values will be in the process of combustion of a tonne of
natural gas, and the lowest — specifically in the process of
combustion of blast—furnace gas.

In this case, the total emission in the process of
combustion of carbon oxides and dioxides will be the highest
for natural gas and the lowest for blast—furnace gas.

Emissions of power—generating equipment for
combustible gases burning are usually not cleared of
methane and nonmethane volatile organic compounds.
Therefore, when determining the emission indexes of
these compounds, no amendments and additional factors
that take into consideration the parameters and

effectiveness of the purification equipment are made.
Emission indexes of methane and nonmethane volatile
organic compounds in the process of combustion of coke—
oven, blast-furnace, natural gases are presented in table 7.

08 0,686
06 0516
04
02 0,046
o] —/
naturalgas coke-oven gas blast-furmnace
gas
a
2692,3
6
3000 1485,4
2000 9
1000 586,09
0 I I
naturalgas coke-oven gasblast-furmnace
gas
b

Fig. 2 — Emissions of carbon oxides (a) and carbon dioxides (b)
in the process of combustion of 1t fuel, kg

Table 7 — Emission indexes of methane and nonmethane volatile
organic compounds, g/GJ [15]

N Coke—oven | Blast—furnace
Emission indexes Natural gas
gas gas
Methane 1 1 1
Nonmethane
volatile organic — — 5
compounds

Methane emission indexes are the same for all cases
considered. The presence of these compounds in
emissions in the process of combustion of combustible
gases indicates incomplete combustion [15]. Values of
methane emissions for combustible gases calculated on
the basis of emission indexes are presented in Fig. 3.

Notwithstanding the fact that emission indexes in the
process of combustion of the considered combustible
gases are the same, emissions due to different values of
lower wet heating value and density of each considered
fuel are different — the highest for natural gas and the
lowest for blast—furnace gas. Nevertheless, the emission
values for all considered fuels are quite low.

According to procedure [15], in the process of
combustion of coke-oven and blast—furnace gases,
emission of nonmethane volatile organic compounds is
not provided. This is explained by the initial chemical
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composition of the gases generated at the iron and steel
enterprises. Coke—oven gas prior to be used as an energy
resource or prior to recovery is cleared of aromatic
carbon—containing compounds in the capture workshops.

0,06 0,046
0.04 0,034

0,02 0,003

blast-furnace
gas

coke-oven gas natural gas

Fig. 3 — Methane emissions in the process of combustion
of 1t fuel, kg

Emission of nonmethane volatile  organic
compounds for natural gas calculated on the basis of
emission index is 0.229 kg per tonne of burnt fuel.

Mercury evolution in small quantities is possible in
the process of combustion of coke—oven and natural
gases. Calculation parameters of mercury emission
indexes for coke—oven and natural gases in the absence of
dust—extraction plant are presented in table 8.

Table 8 — Calculation parameters of mercury emission indexes
for coke—oven and natural gases

Fuel ng , g/GJ E, kg
Coke—oven gas 0.035 1.2¢107°
Natural gas 0.0001 4.6°10°°
Mercury emission indexes are low. The highest

values are shown for coke—oven gas, the lowest— for
natural gas. Mercury emission values in the process of
combustion of coke-oven and natural gases are
insignificant. Experts of coke—chemical enterprises
according to facts of the conducted laboratory studies,
refute the presence of mercury in industrial gases. When
comparing emissions in the process of combustion of the
above stated gases, mercury emissions are substantially
lower in the process of combustion of natural gas.

Conclusions. A tonne of burnt coke—oven or blast—
furnace gas produces a significantly lower emission of
carbon oxides and dioxides and lower total emission of
NOx and nitrogen dioxides. In the process of combustion
of these gaseous fuels there are no emissions of
nonmethane volatile organic compounds and methane
emissions are the lowest. Advantages of natural gas are
the absence of sulfur—dioxide emissions and mercury
emissions.

Mercury in fossil gases and by—products of the
industry is present in small quantities, therefore its
emission in the process of combustion of gases will not
exceed the regulatory requirements.

It was also determined in the work that the great
amount of atomic carbon in the gaseous fuels under study
is converted into carbon dioxide emissions, and atomic
nitrogen — into NOXx emissions.

When comparing coke—oven and blast—furnace
gases, emissions in the process of combustion of the first
one by most indicators are higher, but blast—furnace gas is
low calorific gas, therefore, in order to meet the same
needs it is necessary to spend more blast—furnace gas than
coke—oven gas. Compared to natural gas, emissions in the
process of combustion of coke—oven gas by the majority
of polluting substances are lower.

Comparative assessment of the calculated values of
hazardous substances emissions in the combustion
products in the process of combustion of natural, coke—
oven and blast—furnace gases shows that even at lower
working heat of combustion values the coke—oven and
blast—furnace gases can compete with natural gas. These
gases are co—products at industrial plants, turning the cost
of extracting an energy source into a profit due to its
recovery. Total values of gross emissions of polluting
substances at the enterprise during the use of alternative
fuels will also be lower, because emissions after
combustion of coke-oven gas or blast-furnace gases
when they are recovered in flares are added to the total
emissions that occur during technological processes and
increase the environmental tax of the industrial enterprise.
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