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ANALYSIS OF POLLUTANTS EMISSIONS IN
ALTERNATIVE AND TRADITIONAL SOLID FUELS

THE CONDITIONS OF COMBUSTION OF

The problem of pollutant emissions and the correlation of emission values with climate change is an extremely urgent task today. Climate change is
causing glaciers to melt, which is causing water levels in reservoirs to rise. The issues of environmental pollution by the products of combustion of
solid fuels are becoming more and more relevant. Among the pollutants that enter the air after the combustion of fuel in the furnaces of boiler units,
there are also greenhouse gases that stimulate the greenhouse effect, causing climate change. The work determines emission indicators and emissions
of pollutants into the atmospheric air. The task of the work is to identify and recommend the use of modern and effective methods for reducing emis-
sions of pollutants into the atmosphere. The work uses analytical articles and sites that raise the problem of climate change. The work also shows the
results of calculating pollutant emissions from combined heat and power boilers, carried out according to the recommendations of national guidelines.
A high value of dust emission is typical for straw and flax fescue. In terms of nitrogen oxide emissions, wood waste has the highest values. Slightly
lower values for the emission of carbon dioxide, methane, NMVOC are determined for wood waste. It is important to note that when gaseous fuels are
burned, there will be no emissions of suspended particulate matter. It should also be noted that natural gas and wood waste do not contain sulfur-
containing compounds, which ensures the absence of sulfur dioxide in flue gases when fuels are burned. However, when gases are burned, mercury
compounds can be released in trace amounts. One of the options for solving the problem is the transition to alternative energy sources. The develop-
ment of such sources is already underway, but their implementation in practice, unfortunately, is slow.
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O. I.JIEBHIIbKA, B. B. JAPEHKO

AHAJIITUKA BUKHAIB 3ABPYJHIOIOUHUX PEYOBHH B VYMOBAX CHAJIOBAHHSA
AJIBTEPHATUBHUX TA TPAAULINMHUX TBEPJIUX ITAJINUB

[Ipo6aema BUKHIIB 3a0pyIHIOIOYMX PEYOBHMH Ta KOPEJLALis 3HAYCHb BHKH/AIB 31 3MIHOIO KIIMaTy € HaJ3BHYallHO aKTyaJlbHUM 3aBIAaHHSIM ChOTOJCHHS.
3MiHa KIIiMaTy CpUYMHsE TAHEHHs JIbOIOBUKIB, 110 BEJE A0 MiJABUILEHHS PiBHSA BOJM y BojoiMax. [InTanHs 3a0pyAHEHHS HaBKOJIMIIHBOTO CEPEeIOBUILA
MIPOIYKTaMH 3TOPSIHHS TBEPOTro ITaJIBa CTalOTh Bce OLIbII akTyanbHUMHU. Cepel] 3a0pyHIOIOUNX PEYOBHUH, SKi HOTPAILIAIOTE B IIOBITPS MIiCIIs 3TOPSHHS
MajKBa B TONKAX KOTEIbHHUX arperaris, € i IapHUKOBI ra3, [0 CTUMYJIIOIOTh MTAPHUKOBHN eeKT Ta MOXYTh OYTH NPUYMHOIO 3MiHH KiiMaty. B pobori
BHU3HAYAIOThCS MOKA3HUKM eMicii Ta BUKMIM 3a0pYAHIOIOUUX PEYOBMH B aTMOc(epHe MOBITps. 3aBIaHHAM pOOOTH € BHUSBJICHHA Ta PEKOMEHIALIS 10
BUKOPHCTAHHS CyJacHUX Ta e()EKTHBHUX METO/IB 3MEHIIECHHS BUKHU/IIB 3a0pyIHIOIOUNX PEYOBHH B aTMochepy. Y poOOTi BUKOpUCTaH] aHAIITHYHI CTATTI
Ta caifTH, sKi HOPYIIYIOTh HpoOiIeMy 3MiHM KiIiMary. Y poOOTI TakoX HAaBEICHO Pe3yJbTaTH PO3PaxyHKY BHKHIIB 3a0pyIHIOIOUMX PEYOBHH Bif
KOMOIHOBaHMX TEIUIOCHEPTeTUYHUX KOTIiB, BUKOHAHUX BIANOBIIHO O PEKOMEHAAIM HAIIOHAJIPHMX METOAMK. BHCOKEe 3HA4€HHS BUKUIY MUY
XapaKTepHO JJIsl KOCTPHUI COJIOM'SIHOT 1 JIbHAHOI. 3a piBHEM BHKH/IIB OKCHIB a30Ty JIEPEBHI BIXOAM MalOTh HalBUIII 3HAUYeHHs. JIemo HIKYi 3HAYCHHS
BHKH]Y Byriekucioro rasy, merany, HMJIOC Bu3HauaioThCsi came JUlst ISPEeBHMX BiIX0JiB. Ba1iBo Bi3HAYNTH, 110 TIPHU CHANOBaHHI ra30MoAiOHOro
nanyBa He Oy/e BUKH/IB 3BXEHUX TBEPJAMX YAaCTHMHOK. TakoX CiijJ 3a3HA4YMTH, 110 IPUPOIHUI ra3 i JepeBHI BIIXOIU HE MICTATh CIDKOBMICHHX CIIOJYK,
mo 3abe3nedye BiICYTHICTh MIOKCHAY CIpKH B AMMOBHX ra3axX IpH CHalioBaHHI mamuea. OJHaK HpH CHATIOBaHHI Ta3iB CIONYKH PTYTI MOXKYTh
BUIULITUCS B HE3HAUHMX KUTbKOCTSIX. OMHUM 3 BapiaHTiB BUPILICHHS MPOOJIEMH € Mepexil Ha alnbTepHATHBHI JKepena eHeprii. Po3poOka Takux mkepern
BIKE BEJIEThCS, ajie iX peajii3allis Ha MPaKTHIl, Ha )KaJlb, Bi0YBA€ThCS MOBUIBHO.

Kurouosi c1oBa: Bukuay; atMocdepa; manuBa; 3MiHa KIiMarty, Tasm.

found that areas located in the zone of influence of
industrial facilities that are sources of volatile

Introduction. Environmental pollution is a
problem that often affects the functioning and life of a

critical number of regions and territories.

For example, the article (Laela et al., 2023)
determined the concentrations of arsenic in soil and rice,
while samples were taken in several cities and regions of
East Java, and high levels of this pollutant were found in
several places. Clogging of water is also dangerous. Thus,
the transfer of microplastics through the food chain has an
adverse effect on organisms (Rahmayanti et al., 2022)
living in water.

Authors of the article (Piracha et al., 2022) are
reported about significant temperature differences
between urban areas and adjacent rural regions as a
characteristic feature of urbanization. Frequent emissions
of pollutants in cities include carbon, sulfur, nitrogen, and
dust compounds.

The article (Houngbégnon et al., 2019) states that
intersections are the areas with the highest levels of
exposure to PM 2.5, which negatively affects drivers and
passengers in traffic.

And, of course, high risks exist in industrial zones.
According to studies presented in (Lin et al., 2021), it was

combustible gases in many cities are not monitored, but
the probability of an increase in the level of such
substances remains high.

The issues of environmental pollution by the
products of combustion of solid fuels are becoming more
and more relevant. Among the pollutants that enter the air
after the combustion of fuel in the furnaces of boil-er
units, there are also greenhouse gases that stimulate the
greenhouse effect, causing climate change.

In particular, the authors (Bauer et al., 2015)
considered scenarios for assessing the impact of policies
stabilization of climate change in fossil fuel markets,
where oil and gas are shown to generate higher revenues
than coal, while the latter is the largest among those
considered by the source of CO, emissions.

Global warming is steadily leading to the melting
of glaciers and, as a result, an increase in the level of the
World Ocean.

Traditional natural gas is becoming a scarce
resource. New alternative gaseous and solid fuels are
emerging. Experts are inclined to interpret "alternative
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energy" as non-traditional energy sources. These include
solar energy, wind energy, geothermal energy, and
biomass. At the same time, the importance of developing
energy solutions that not only minimize environmental
impact, but also use inexhaustible or renewable resources
to meet energy needs is emphasized (KiBBa, 2022).

The problems of comparing the quantitative and
qualitative composition of combustion products when
using natural gas and alternative fuels remain relevant.

The work presents estimated comparative
assessment of emissions re-lease 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. Biomass has also been investigated as an
alternative resource.

Calculation algorithm is shown and formulas for
assessment of car-bon content in exhaust gases and
biomass are defined, conclusions on ecological efficiency
of gaseous fuels and biomass are given.

The main factor disrupting the climate balance is
the use of coal fuels and inefficient use of energy.
Greenhouse gases such as CO,, CHy and N,O, that are
generated due to human activity can cause an increase in
the greenhouse effect.

According to the data of United States
Environmental Protection Agency the fossil fuel
combustion produces about 65% of global emishsions of
greenhouse gases (United States Environmental
Protection Agency Website, Covert et al., 2016).

Excessive amounts of these gases trap the sun's
heat in the lower atmosphere, preventing it from escaping
back into space. This causes the planet to heat up, which
in turn leads to an increase in the average annual
temperature on Earth (Ukrainian Climate Network).

Rising temperatures on Earth contribute to the
melting of glaciers in Greenland, the Arctic and
Antarctica, leading to the release of water into the oceans.
This leads to a rise in sea level, and as a result, coastal
areas become victims of flooding. During the twentieth
century alone, global sea level increased by 20 cm and
continues to rise annually. The reservoir has already
deepened entire islands and poses a threat to cities such as
Melbourne, New York, Dakar, not to mention Venice or
Amsterdam (Mapuerko et al., 2020).

Methodology. 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
(36ipHuK noka3HUKIB emicii, 2004).

Index of hazardous emission and lower wet
heating value of this fuel were calculated according to
procedure (30ipamk mokazHukiB ewicii, 2004). To

determine the indexes of emissions of NOx and
sulphurous anhydride, it was used the parameters of the
effectiveness of primary measures to reduce emissions,
efficiency of flue gases purification from pollutant,
purification plant performance coefficient, low load
(36ipuuk mokasuukie emicii, 2004). In the calculations,
we set the fuel consumption equal to 1 t.

Results and discussion Pollutant emissions from
solid fuel combustion include non-methane volatile
organic compounds (NVOC), dust, soot, methane,
compounds of sulphur, carbon, nitrogen and are partially
captured in gas cleaning equipment. The problem of
capturing of pollutants during fuel combustion in small
household installations is actual because additional
equipment is expensive to install, and the capacity of
heating systems, as a rule, is not so large as to be checked
by inspection authorities.

Therefore, a significant part of pollutant emissions
that are generated during the combustion of solid fuels is
simply not taken into account in the summary reports
about emissions.

Below the emissions from the combustion of coal
or coal briquettes based on the data (Meroauku
pO3paxyHKy BUKHUJIB 3a0pyaHIOIOUNX pedoBuH, 2011) are
examined and are shown on Fig. 1.

In addition, when burning coal or coal briquettes,
3169 kg of carbon dioxide is released per ton of fuel.

8,7

5,8 5.8

0,116

NO CcoO NVOC methane

Figure 1 — Emissions of harmful substances during the
combustion of coal or coal briquettes, kg per ton of fuel
(using data of MeTouka po3paxyHKy BHUKH/IIB
3a0pyaHIOI0YHX pedoBuH, 2011)

From the graph of Fig. 1 it can be seen that the
expected high levels of methane, carbon monoxide and
NVOC emissions have been obtained.

Emissions from the burning of peat or peat
briquettes based on data (MeTonuku po3paxyHKy BUKH/IIB
3a0pyaHiorounx peuosuH, 2011) are shown on Fig. 2.

In addition, when burning peat or peat briquettes,
1070 kg of carbon dioxide is emitted per ton of fuel.
Taking into account this fact and the data of Fig. 2,
emissions from the combustion of peat or peat briquettes
are the highest in terms of carbon dioxide, significantly
lower in terms of other pollutants. Among the latter, there
are higher emissions for carbon oxides and NVOC and
the lowest emissions for nitrogen oxide.
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Emissions from combustion of wood waste, straw,
flax firewood, sunflower husk are shown on Fig. 3. These
alternative fuels are often used today in small industries
or households.

In addition, due to rising temperatures, the deep
layer of the Earth, which previously remained frozen for
thousands of years, begins to melt — this is the so-called
permafrost or permafrost. This leads to a series of serious
problems: as the permafrost melts, the ground above it
shifts, causing buildings and infrastructure to collapse.

46 2,46
1.62 2,01
CO NO2 SO2 NVOC
a
0,615
0,049 0,131
methane O soot
b

Figure 2 — Emissions of harmful substances: a —
CO, NO,, SO, NVOC, b — methane, NO, soot, during the
combustion of peat or peat briquettes, kg per ton of fuel
(using data of MeTomka po3paxyHKY BUKH/IIB
3a0pyaHIOI0YNX pedoBuH, 2011)

Emissions of harmful substances during the
combustion of various types of fuels in boilers are shown
in Fig. 3. Sulfur dioxide emissions when burning straw
will be 2 kg per ton of fuel, when burning sunflower
husks — 3.2 kg per ton of fuel.

A high value of dust emission is typical for straw
and flax fescue. In terms of nitrogen oxide emissions,
wood waste has the highest values.
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Figure 3 — Emissions of harmful substances: a —
dust, NVOC, methane, b — NOx, carbon oxide, ¢ — carbon
dioxide, during the combustion of different types of fuels,
kg per ton of fuel

Slightly lower values for the emission of carbon
dioxide, methane, NVOC are determined for wood waste.

Conclusions.  Comparing  the  considered
alternative and traditional sources of emissions, it should
be said that carbon dioxide emissions are very high for all
types of fuels, but the highest emission values are shown
for traditional coal and coal briquettes. Logically, carbon
monoxide emissions are also highest for coal and coal
briquettes.
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Estimates of methane and NVOC emissions also
indicate to the advantage of alternative fuels. Emissions
of these pollutants for traditional coal are the highest
among all the fuels considered.

Emissions of alternative fuels contain dust or soot
in small quantities.

Considering the alternative fuels, it is difficult to
single out one type of fuel that can be called the most
environmentally friendly. Of course, emissions occur
when all fuels are burned, and for each fuel there are
pollutants for which the emission is relatively higher, as
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