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Abstract 
Introduction. Coal mine methane, a greenhouse gas released during underground coal mining, is considered to be a 
cause of global climate change. However it is also a valuable energy resource. Currently, the global utilization rate of 
coal mine methane is low, and the amount of methane released into the atmosphere is increasing every year. To limit 
greenhouse gas emissions, several legislative initiatives have been implemented, including the Kyoto Protocol, the Paris 
Agreement, and Federal Law No. 296-FZ “On Limiting Greenhouse Gas Emissions”1. In the conditions of Donbass, the 
task of mine methane utilization is relevant due to the dense location of emission sources and the need to improve the 
safety of mining operations, as well as to ensure the implementation of the principle of integrated field development. In 
addition, the ongoing hostilities have led to an increase in fuel prices in the region and an increase in road transport due 
to the limited availability of rail, sea, and air transportation. The aim of the research is to conduct a calculated assess-
ment of the energy efficiency of using mine methane from Donbass coal deposits as motor fuel for commercial vehicles 
with internal combustion engines. 
Materials and Methods. As an example, the studies were conducted on BAZ-2215 vehicles on the GAZelle Business 
chassis, GAZelle Next Citiline, and PAZ 3203, which were commonly used on urban routes in Makeyevka (DPR). 
These vehicles were equipped with UMZ, ZMZ, and Cummins spark and diesel engines. The full composition of me-
thane-air mixture samples from several mines (Chaykino Mine, Makeyevka, Komsomolets Donbassa Mine, Kirovsko-
ye), taken from degassing systems, was determined in the laboratories of Makeevka Research Institute for Mining Safe-
ty and Donetskavtogaz using a Kristallyuks 4000M gas chromatograph. The energy efficiency of engines operating on 
various types of fuel, including mine methane, as well as the performance characteristics of selected buses (fuel con-
sumption, distance-to-empty, and carbon dioxide emissions) under urban driving cycles according to GOST R 54810–
20112, were determined through a series of calculations using well-established methods. 
Results. An estimation of the energy efficiency of mine methane as a gas engine fuel has been performed. In the range 
of concentrations of the studied samples of gas-air mixtures, the calculated maximum loss of effective power for ZMZ 
and UMZ spark engines was up to 15%. For gas-diesel engines, such as Cummins, power could be increased by up to 
29%. These findings did not prevent selected buses from operating under driving cycles in accordance with 
GOST R 54810–20113. Under these conditions, fuel consumption and range per refueling depended significantly on the 
component composition of mine methane. For the samples studied, it was 1.8–3.5 times worse than for natural gas used 
for refueling. Emissions of carbon dioxide were reduced by 62–73% compared to gasoline. 
  

 
1 On Limiting Greenhouse Gas Emissions. Federal Law No. 296–FZ dated 02 July, 2021. Electronic Fund of Legal and Regulatory and Technical 
Documents. (In Russ.) URL: https://docs.cntd.ru/document/607142402 (accessed: 21.05.2025). 
2 GOST R 54810 2011. Motor Vehicles. Fuel Economy. Test Methods. Electronic Fund of Legal and Regulatory and Technical Documents. (In Russ.) 
URL: https://docs.cntd.ru/document/1200093157 (accessed: 21.05.2025). 
3 Ibid  
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Discussion. Due to the specific features of degassing processes and the mining and geological conditions of different 
mines, the alternative fuel discussed in this article has a variable component composition. In this regard, the transfer of 
PAZ and GAZ bus rolling stock to a byproduct of coal mining — mine methane — is associated with several challeng-
es. These include the need for more powerful fuel systems (three times or more than the power supply systems of inter-
nal combustion engines of comparable power, operating on compressed gas) and deterioration in fuel-economic and 
traction-speed properties of vehicles, as well as reduced range. A quantitative assessment of these changes has been 
obtained through research. The positive impact of the proposed measures stems from the reduction in negative envi-
ronmental impact by using mine methane as a fuel for vehicles, which reduces the carbon footprint of road transport and 
decreases the consumption of liquid hydrocarbon fuel. 
Conclusion. As a result of the study, it has been found that the methane from the Donbass coal mines can be used as motor 
fuel for commercial vehicles such as city buses. The study has determined the corresponding energy efficiency parameters 
(the effective power generated by internal combustion engines, the specific fuel consumption, the range of vehicles under 
driving cycles, etc.), as well as the degree of their reduction compared to traditional fuels. It has been established that this 
does not affect the performance of transportation work (in compliance with GOST R 54810–20114) and is beneficial from 
the perspective of saving non-renewable resources and improving environmental safety in the region. 

Keywords: methane utilization, gas engine fuels, internal combustion engines, motor vehicles 
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Применение шахтного метана в качестве газомоторного топлива для коммерческого 
автомобильного транспорта городов Донбасса 

Н.В. Савенков , ЕЛ. Головатенко  

Донбасская национальная академия строительства и архитектуры, г. Макеевка, Донецкая Народная Республика 
 e.l.golovatenko@donnasa.ru 

Аннотация  
Введение. Шахтный метан, выделяющийся в процессе подземной добычи угля, с одной стороны рассматрива-
ется в качестве причины глобального изменения климата (парниковый газ), а с другой стороны является цен-
ным энергетическим ресурсом. В настоящее время доля его утилизации в мировом масштабе невысока, количе-
ство метана, поступающее в атмосферу, ежегодно увеличивается. С целью ограничения выбросов парниковых 
газов принят ряд законодательных инициатив: Киотский протокол, Парижское соглашение, Федеральный закон 
№ 296–ФЗ «Об ограничении выбросов парниковых газов». 
В условиях Донбасса задача утилизации шахтного метана является актуальной в связи с плотным размещением 
источников выбросов и необходимостью повышения безопасности горных работ, а также обеспечивает реали-
зацию принципа комплексного освоения месторождения. Кроме того, боевые действия обусловили повышение 
стоимости топлива в регионе и увеличение грузооборота автомобильным транспортом ввиду практически не 
функционирующих ж/д, морского и авиасообщения. Цель исследования — выполнить расчетную оценку энер-
гетической эффективности применения шахтного метана угольных месторождений Донбасса в качестве мотор-
ного топлива автомобильных двигателей внутреннего сгорания коммерческого транспорта. 

 
4 GOST R 54810 2011. Motor Vehicles. Fuel Economy. Test Methods.  Electronic Fund of Legal and Regulatory and Technical Documents. (In Russ.) 
URL: https://docs.cntd.ru/document/1200093157 (accessed: 21.05.2025). 
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Материалы и методы. В качестве примера для выполнения исследований выбраны распространённые на го-
родских маршрутах г. Макеевки (ДНР) автотранспортные средства БАЗ-2215 на шасси «Газель Бизнес», ГАЗель 
Next «Citiline» и ПАЗ 3203, оснащённые искровыми и дизельными двигателями марок УМЗ, ЗМЗ и Cummins. 
Полный состав проб метановоздушной смеси ряда шахт («Шахта им. Чайкино», г. Макеевка, «Шахта Комсомо-
лец Донбасса», г. Кировское), отобранных из дегазационных систем, определён в лабораториях ГУ «МАКНИИ» 
и ГП «Донецкавтогаз» с помощью газового хроматографа «Кристаллюкс 4000М». Энергетические показатели  
автомобильных двигателей при работе на различных видах топлива, в том числе на шахтном метане, а также 
эксплуатационные свойства выбранных автобусов (путевой расход топлива, запасы хода и выбросы диоксида 
углерода) в условиях городских ездовых циклов по ГОСТ Р 54810–2011 определены в результате выполненной 
серии расчётов по известным методикам. 
Результаты исследований. Выполнена расчётная оценка энергетической эффективности применения шахтно-
го метана в качестве газомоторного топлива. В диапазоне концентраций исследованных образцов газовоздуш-
ных смесей максимальная расчётная потеря развиваемой эффективной мощности искровых двигателей ЗМЗ и 
УМЗ составляет до 15 %, а для газодизелей на примере Cummins мощность может быть увеличена до 29 %. Это 
не препятствует движению выбранных автобусов в условиях ездовых циклов по ГОСТ Р 54810–2011. В этих 
условиях путевой расход топлива и запасы хода на одной заправке существенно зависят от компонентного со-
става шахтного метана и для исследуемых образцов ухудшаются в 1,8–3,5 раза по отношению к показателям на 
природном газе, используемом для заправки автомобилей, а эмиссия диоксида углерода сокращается  
на 62–73 % от эмиссии на бензине. 
Обсуждение. В связи с особенностями дегазационных процессов и горно-геологических условий разных шахт рас-
сматриваемое в статье альтернативное топливо обладает непостоянным компонентным составом. В связи с этим 
перевод подвижного состава марок ПАЗ и ГАЗ на побочный продукт угледобычи — шахтный метан — сопряжён со 
следующими сопутствующими сложностями: необходимость применения топливных систем повышенной произво-
дительности (в 3 и более раз по отношению к системам питания ДВС сопоставимой мощности, работающим на сжа-
том газе), ухудшение топливно-экономических и тягово-скоростных свойств автотранспортных средств, а также их 
запаса хода. В исследовании получена количественная оценка данных изменений. Положительный эффект предлага-
емых мероприятий обусловлен снижением негативного воздействия на окружающую среду путём утилизации шахт-
ного метана его применением в качестве газомоторного топлива, уменьшением углеродного следа от автомобильно-
го транспорта, сокращением потребления жидкого углеводородного топлива. 
Заключение. В результате исследования установлено, что шахтный метан угольных месторождений Донбасса 
может быть применён в качестве моторного топлива автомобильных двигателей внутреннего сгорания коммер-
ческого транспорта на примере городских автобусов. Определены соответствующие параметры энергетической 
эффективности (развиваемая ДВС эффективная мощность, удельные расходы топлива, запасы хода автомоби-
лей в условиях ездовых циклов и т.д.), а также степень их снижения относительно применения традиционных 
видов топлива. Установлено, что это не препятствует выполнению транспортной работы (в условиях 
ГОСТ Р 54810–2011) и является оправданным с позиции экономии невозобновляемых ресурсов и повышения 
экологической безопасности региона. 

Ключевые слова: утилизация метана, газомоторное топливо, двигатели внутреннего сгорания, 
автотранспортные средства 
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Introduction. Coal mine methane is a valuable fuel and energy source that is produced during coal mining [1] and 
during coal seam degassing [2] processes. Its efficient utilization can reduce greenhouse gas emissions [3], increase the 
economic efficiency of coal mining, and provide additional energy sources for road transport [4]. In conditions of 
limited global oil reserves and growing energy costs, the use of coal mine methane as a motor fuel is a promising 
direction [5], which makes it possible to reduce our dependence on fossil fuels and the environmental impact [6]. 
Within the Russian Federation, the share of methane in greenhouse gas emissions ranks second after carbon dioxide and 
amounts to 14%, almost half of which is the contribution of coal mines (400 million tons of CO2 equivalent per 
year) [7]. An increase in coal mining leads to an increase in the formation of coal mine methane [8], which requires an 
intensification of degassing5.  

In a number of countries, the share of degassed methane used in the energy sector reaches 50–80% [7]. However, in 
Russia, a significant amount of it (more than 1 billion m3 per year [7]) is released into the atmosphere [9].  

In world practice, coal mine methane is used in several ways, including combustion, cogeneration [10], chemical 
processing and injection into coal seams [11]. The choice of the most suitable technology depends on the component 
composition of the gas [12] and the characteristics of the deposit (Fig. 1) [13]. 

 
Fig. 1. The main uses of coal mine methane [13] 

However, existing technologies only cover limited concentrations of methane [14] and, when used as a motor fuel, 
further research is needed on the effect of gas mixture composition on engine efficiency and car performance [5]. These 
factors create a need for a systematic analysis of the potential of coal mine methane as an alternative fuel and the 
development of methods for assessing its efficiency for commercial vehicles. 

Existing studies mainly focus on stationary gas piston units [15] and a separate analysis relates to motor-car 
engines [16]. However, there is a key gap in the lack of data on the impact of variations in the composition of mine 
methane mixture on the energy performance of internal combustion engines in real-world driving cycles. Additionally, 
there is no assessment of the economic and environmental effectiveness of these solutions on a large regional scale. 
Therefore, a comprehensive theoretical justification for the use of coal mine methane in transportation is needed, as well 
as a method for calculating energy efficiency that considers the composition of gas, engine modes, and vehicle cycles. 

The aim of the work is to conduct a calculated assessment of the energy efficiency of using coal mine methane from 
Donbass coal deposits as a motor fuel for automotive internal combustion engines of commercial vehicles. The tasks 
include: reviewing the features of coal mine methane degassing at domestic and foreign mines; analyzing its 
composition at coal companies in the Donbass region; modeling the operation of automotive internal combustion 
engines in various modes when using coal mine gas as fuel; quantifying energy efficiency (including performance and 
developed effective indicators) for mine gas-fueled motor transport power units compared to traditional fuels; 
identifying of conditions and limitations for safe and environmentally friendly operation of mine gas-fueled vehicles; 
and formulating recommendations on degassing and gas treatment technologies for widespread use in commercial 
transportation. 
  

 
5 Global Methane Tracker. URL: https://iea.blob.core.windows.net/assets/b5f6bb13-76ce-48ea-8fdb-3d4f8b58c838/GlobalMethaneTracker_documentation.pdf  
(accessed 27.05.2025). 

https://iea.blob.core.windows.net/assets/b5f6bb13-76ce-48ea-8fdb-3d4f8b58c838/GlobalMethaneTracker_documentation.pdf
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Materials and Methods. The work used laboratory methods for studying the composition of coal mine methane 
from the State Enterprise “Makeyevugol” “Chaikino Mine” (Makeyevka) and the State Unitary Enterprise of the DPR 
“Komsomolets Donbass Mine” (Kirovskoye). An integrated technological process was used to prepare laboratory gases. 
The degassing systems of these mines were equipped with two types of vacuum pumping stations — VN-50 water-ring 
vacuum pumps (manufactured in China), in which water was used as a working fluid; gas sampling was conducted in 
front of vacuum pumping stations; silica gel was used to remove moisture; rotary pumps with means of dedusting and 
removing moisture, gas sampling was conducted at the outlet into cylinders with a capacity of 2 liters. The processes of 
dilution of laboratory gas to the required concentration, as well as additional enrichment with natural gas, were not 
used. The full composition of the selected gas was determined in two laboratories: the gas analytical laboratory of the 
State Institution MAKNII (Makeevka Research Institute for Mining Safety) and the chemical laboratory of the State 
Enterprise Donbasstransgaz. A Crystallux 4000M gas chromatograph was used to analyze the composition of gases. 

As an example, BAZ-2215 on the Gazelle Business chassis, Gazelle Next Citiline and PAZ 3203 were selected for 
research. These vehicles were common on urban routes in Makeyevka (DPR). According to the Municipal Unitary 
Enterprise “Dispatch Service” of the Makeyevka City Administration, 231 units of rolling stock of these brands were 
involved on 52 urban and 28 suburban routes of the city. Among them 122 units were of medium capacity (M3) and 
109 units were of small capacity (M2). The prevailing number of buses was equipped with ZMZ, UMZ and Cummins 
engines. The main technical characteristics of the selected vehicles and their engines are shown in Table 1. The 
indicators of the engines selected as an example when running on coal mine methane of various compositions, as well 
as on traditional liquid fuels (developed effective power, effective specific and hourly fuel consumption, etc.), were 
determined based on the results of a series of thermal calculations performed using methodology [17]. 

The operational properties of motor vehicles (fuel consumption, range and carbon dioxide emissions), were 
measured under driving cycle (DC) conditions according to GOST R 54810–20116. These properties were obtained by 
numerical simulation of the movement process in accordance with methodology [18] when their engines were running 
on the fuels considered in the study. 

Table 1 
Characteristics of the vehicles in question and their internal combustion engines 

Vehicle model GAZelle Next Citiline BAZ-2215 PAZ 3203 
Category according to  

TR CU 018/2011 
M2 M2 M3 

Class according to  
GOST R 54810–20117 

II II II 

Passenger capacity, person 17 15 48 
Gross weight, kg 4950 3980 8500 

Power-weight ratio, W/kg 17.84 19.72 11.3 
Engine type CUMMINS ISF2.8S4R129 EVOTECH А274 ZMZ-5234 

Type 
Diesel, turbocharged and charge 

air cooler 

Petrol, 
4-cycle, 
injected 

Petrol, 
4-cycle, 

carburetor 
Number of cylinders and their 
arrangement 

4, in-line 4, in-line 8, V-engine 

Cylinder diameter and piston 
stroke, mm 

94×100 96.5×92 92х88 

Cylinder capacity, l 2.8 2.69 4.67 
Compression ratio 16.9  10 7.6 
Rated power, net kW (hp) || at 
crankshaft speed, rpm 

88.3 (120) || 3,600 78.5 (106.8) || 4000 96 (130) 3200–3400 

Maximum torque, net, Nm 
(kgfm) || at crankshaft speed, 
rpm 

295 (30.0) || 1,600–2,700 220.5 (22.5) || 2,350±150 314(32) || 2,250–2,500  

 
6 GOST R 54810–2011. Motor Vehicles. Fuel Economy. Test Methods.  Electronic Fund of Legal and Regulatory and Technical Documents. (In 
Russ.) URL: https://docs.cntd.ru/document/1200093157 (accessed: 21.05.2025). 
7 Ibid. 

https://bps-journal.ru/
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To do this, in the software environment of the Mathcad computer algebra system, the car power balance equation 
was solved at each DC point [18]. Figure 2 shows the selected DCs representing the dependence of speed of 
movement V on trip mileage S  

a) 

b) 

Fig. 2. Driving cycles selected for the research: a — urban cycle on the road for Class II M2 vehicles;  
b — urban cycle on the road for Class II M3 vehicles 

These cycle variants were characterized by minimal accelerations, which was due to the low energy consumption of 
cars (Table 1) and the expected loss of maximum power developed by their engines when running on coal mine methane. 
The travel fuel consumption was determined as follows: 

 ( ) ( )0
0

3

EЦ
, m /km kg/km ,1 1

3 600
Цt

XXm G t dt t G
S ,

 
= + ⋅ 

 ∫  (1) 

where SЕЦ — DC distance (4 km for M2 category and 1.92 km for M3 category; tЦ — DC duration (497 s for M2 
category and 288 s for M3 category, excluding stops; G(t) — function of hourly fuel consumption of travel time in a 
cycle, m3/h (kg/h); t0 — total duration of stops, s; GXX — часовой расход топлива двигателя в режиме hourly fuel 
consumption of the engine in the minimum stable idle rotation mode, m3/s (kg/s), GXX = 0.0007 m3/s for gas ICEs and 
GXX = 0.005 kg/s liquid-fueled ICEs [17]). 

The bus range in DC conditions was calculated using formula (2) for gaseous fuels and formula (3) for liquid fuels:  

 З Б Б З З Г 0
A

1Г 0
, km,V n V m m R TS

m m m m P
⋅ ⋅

= = = = ⋅
⋅ρ

 (2) 

 БТ Т
A , km,VS

m
⋅ρ

=  (3) 

where VЗ — gas volume under normal conditions (NC) in the car; nБ — number of cylinders in the car; VБ — maximum 
gas volume with which one cylinder can be filled under NC; mЗ — filling mass of gas; ρ1Г — gas density under NC;  
RГ — gas constant (Table 2); T0 and P0 — temperature and atmospheric pressure under NC, respectively; VБТ — fuel 
tank volume; ρ1Г — liquid fuel density under NC.  

СО2 emissions under DC conditions were determined as follows: 
– for gas-fueled internal combustion engines (including for gas-diesels): 

 CO23
CO2 CO2 T CO2 CO2 1Г CO2

Г
10 ,, g/kmq n n M m M µ

= ⋅µ = ⋅ ⋅µ = ⋅ ⋅ρ ⋅ ⋅
µ

 (4) 

where nCO2 — amount of substance (СО2) in the exhaust gases (EG), related to one kilometer, mol/km; μCO2 —CO2 

molecular weight, g/mol; nТ — number of moles of fuel consumed per kilometer, mol/km; MCO2 — amount of СО2, 
generated during the combustion of gaseous fuel, mol/mol, (6); μГ — the molecular weight of the gas, g/mol (Table 2);  

– for engines running on liquid fuel: 
 3

CO2 CO2 , g/k ,10 mq m M= ⋅ ⋅ ⋅µ  (5) 
where MCO2 — amount of СО2, produced during the combustion of liquid fuel, kmol/kg, (7).  
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For gas diesel, MCO2 was determined by the formula: 

 ( )CO2 ,n m rM n C H O=∑  (6) 

 CO2 12,M С /=  (7) 

 ( )CO2 Т 12,n m rM n C H O g С /= + ⋅∑  (8) 

where n, m, r — respectively, the number of carbon, hydrogen, and oxygen atoms in gas molecules of the gas mixture; 
CnHmOr — volume fraction of gas in the gas mixture, Table 2; C — mass fraction of carbon in the fuel (Table 2); gТ — 
mass of liquid fuel per 1 kmol of gas fuel, gТ = 0.0084 kg/kmol. 

Results. We have obtained the following results:  
− the component composition of laboratory gases selected from Donbass collieries has been determined (Table 2); 
− for bus models commonly used on urban routes in Makeyevka, a thermal calculation of internal combustion 

engines has been performed when running on coal mine methane with different component compositions (Tables 3–5); 
− numerical simulation of bus traffic has been carried out under urban DC conditions in accordance with GOST R 

54810–20118, and efficiency indicators for the use of coal mine methane as motor fuel have been determined (Table 6). 
In Tables 2–6, the following designations were used for laboratory gas samples: gas No. 1 — Chaykino mine; gas 

No. 2 — natural gas used for refueling cars (from a gas filling compressor station); gas No. 3 — reference gas mixture 
according to GOST 31371.3–2008; gas No. 4 — Komsomolets Donbassa Mine, first WPS station; gas  
No. 5 — Komsomolets Donbass mine, second WPS.  

Table 2 
Component composition of laboratory gases (fuels) 

Fuel component composition Volume fractions Mass fractions 
Gas No. 1 Gas No. 2 Gas No. 3 Gas No. 4 Gas No. 5 Gasoline Diesel 

СО 0 0 0 0 0 – – 
Н2 0 0 0 0 0.0000417 – – 

СН4 0.485 0.959 0.805 0.2745 0.445 – – 
С2Н6 0.00359 0.02253 0.04 0 0 – – 
С3Н8 0.00113 0.00694 0.005 0 0 – – 
С4Н10 0.005045 0.00201 0.005 0 0 – – 

C5H12 0.000058 0.00031 0 0 0 – – 

О2 0.0158 0.00008 0 0.1686 0.11683 – – 
СО2 0.00137 0.00204 0.09 0.003 0.002583 – – 
N2 0.4878 0.00696 0.06 0.5538 0.435417 – – 

С6Н14 0 0.00012 0 0 0 – – 
Не – – 0 0.0001 0.000075 – – 
C – – – – – 0.855 0.860 
H – – – – – 0.145 0.126 
O – – – – – 0 0.014 

Results of thermal calculation according to method [17] 
Specific gas constant, 

RГ, J/(kg·K) 
370.5 496 411 327 359 – 

Molecular weight, μГ, g/mol 22.4 16.76 20.23 25.43 23.16  
Lower heat of fuel combustion, 

gas (gasoline/diesel) MJ/m3, 
(MJ/kg) 

18.256 18.257 33.5 32.3 9.8 (43.9) (41.99) 

Theoretically required amount of 
combustion air, kmol/kg, (kg/kg) 

4.835 9.842 8.690 1.829 3.717 (14.95) (14.3) 

Heat of combustion of a 
combustible mixture, 

(gasoline/diesel) kJ/m3, (kJ/kg) 
70086 70087 75011 74722 77598 (83555) (52911) 

 
 

8 GOST R 54810 2011. Motor Vehicles. Fuel Economy. Test Methods. Electronic Fund of Legal and Regulatory and Technical Documents. (In Russ.) 
URL: https://docs.cntd.ru/document/1200093157 (accessed: 21.05.2025). 
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To assess the changes in the performance parameters (power output and fuel consumption) of selected models of 
internal combustion engines when running on coal mine methane compared to traditional liquid hydrocarbon and gas 
fuel, we performed a series of thermal calculations in accordance with methodology [17]. The results of these 
calculations are presented in Tables 3–5. 

Table 3 
Results of thermal calculation of the UMZ-A27460 EvoTech engine 

Indicator/ 
parameter 

Units 
Gas No. 

1 
Gas No. 

2 
Gas No. 

3 
Gas No.  

4 
Gas No. 

5 
Gasoline 

Excess air coefficient – 1 1 1 1 1 1 
Residual gases temperature K 918 945 938 956 946 954 
Final compression pressure MPa 1.787 1.787 1.787 1.787 1.787 1.787 
Final combustion pressure MPa 6.135 6.342 6.342 6.432 6.360 6.962 

Final combustion temperature oC 2197 2303 2278 2342 2303 2505 
Indicated mean pressure MPa 0.91 0.96 0.95 0.98 0.96 1.1 

Indicated efficiency – 0.36 0.35 0.35 0.35 0.35 0.34 
Mechanical efficiency – 0.811 0.821 0.818 0.824 0.820 0.834 

Effective efficiency – 0.296 0.294 0.293 0.293 0.294 0.287 
Mean effective pressure MPa 0.739 0.791 0.779 0.807 0.788 0.869 

Net torque Nm 158 169 167 172 169 186 
Engine output (nominal) kW 66.3 71 70 72.4 70.7 78.5 

Hourly gas consumption, G, 
(gasoline) 

m3/h 
(kg/h) 

44.1 23.7 26.5 90.9 54.5 (22.2) 

Table 4  
Results of thermal calculation of the ZMZ-5234 engine 

Indicator/ 
parameter 

Units 
Gas No. 

1 
Gas No. 

2 
Gas No. 

3 
Gas No. 

4 
Gas No. 

5 
Gasoline 

Excess air coefficient – 1 1 1 1 1 1 
Residual gases temperature K 896.6 923.4 915.6 932.9 923.4 932.3 
Final compression pressure MPa 1.420 1.420 1.420 1.420 1.420 1.420 
Final combustion pressure MPa 4.875 5.039 5.039 5.110 5.054 5.740 

Final combustion temperature oC 2183.6 2287.5 2263.2 2325.3 2288.3 2384.1 
Indicated mean pressure MPa 0.762 0.807 0.796 0.821 0.806 0.874 

Indicated efficiency – 0.322 0.317 0.316 0.314 0.316 0.305 
Mechanical efficiency – 0.807 0.818 0.816 0.821 0.817 0.832 

Effective efficiency – 0.261 0.259 0.258 0.258 0.258 0.253 
Mean effective pressure MPa 0.615 0.660 0.649 0.674 0.657 0.727 

Net torque Nm 229.1 245.7 241.6 250.9 244.6 270.7 
Engine output (nominal) kW 81.5 87.5 86.1 89.3 87.1 96.1 

Hourly gas consumption, G, 
(gasoline) 

m3/h 
(kg/h) 

61.8 33.2 37.2 127.4 76.4 31.2 

Table 5 
Results of thermal calculation of the CUMMINS ISF2.8S4R129 engine 

Indicator/ 
parameter 

Units 
Gas No. 

1 
Gas No. 

2 
Gas No. 

3 
Gas No. 

4 
Gas No. 

5 
Diesel 

Excess air coefficient for gas (for 
liquid fuel) 

– 1.05 1.05 1.05 1.05 1.05 (1.6) 

Residual gases temperature K 850.4 874.1 867.5 879.6 882.8 792.4 
Final compression pressure MPa 6.735 6.735 6.735 6.735 6.735 6.720 
Final combustion pressure MPa 12.123 12.123 12.123 12.123 12.123 12.096 

Final combustion temperature oC 2239.5 2323.2 2301.1 2342.5 2359.5 1956.7 
Indicated mean pressure МПа 1.453 1.531 1.516 1.545 1.587 1.292 
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Indicated efficiency – 0.432 0.423 0.423 0.412 0.414 0.491 
Mechanical efficiency – 0.848 0.856 0.854 0.857 0.861 0.822 

Effective efficiency – 0.366 0.362 0.362 0.353 0.356 0.404 
Mean effective pressure MPa 1.232 1.310 1.295 1.324 1.367 1.062 

Net torque Nm 272.3 289.4 285.9 292.5 301.8 234.6 
Engine output  kW 102.7 109.1 107.8 110.3 113.8 88.4 

Hourly gas consumption, G, (diesel) 
m3/h 

(kg/h) 
55.2 29.6 33.2 114.7 72.2 (18.8) 

From the data given in Tables 3–4, it follows that for the spark ignition gas engines considered in the study:  
− the maximum rated power developed when using gas No. 4 as a fuel, and amounted, respectively, to 72.4 kW for 

the UMZ–A27460 EvoTech with an hourly fuel consumption of 90.9 m3/h and 89.3 kW for the ZMZ–5234 with a 
consumption of 127.4 m3/h; 

− the minimum gas consumption was when using gas No. 2: 23.7 m3/h for the UMZ–A27460 EvoTech and 33.2 m3/h for 
the ZMZ–5234; however, the rated power of the UMZ engine would be reduced to 71 kW, which was almost 8 kW less than 
its rated power on gasoline (78.5 kW), and the ZMZ engine is up to 87.5 kW at 96 kW on gasoline.  

According to Table 5, the maximum effective power of a CUMMINS ISF2.8S4R129 turbocharged diesel engine 
converted to gas-diesel was 113.8 kW at nominal power and grew on gas sample No. 5, which exceeded by 28.7% the 
corresponding figure for diesel fuel, while the hourly consumption was 72.2 m3/h. 

The traction and speed properties of cars depended on the values of the maximum engine power output. 
The calculations performed allowed us to determine, using dependencies (1)–(8), to determine the operational 

properties of buses under DC conditions when their engines were running on the fuels under consideration. The results 
are summarized in Table 6.  

Table 6 
The results of numerical simulations of the bus movement process in urban driving cycles in accordance with 

GOST R 54810–20119 

Vehicle and operating conditions 
Performance 

characteristics 

Fuel 
Gas 

No. 1 
Gas 

No. 2 
Gas 

No. 3 
Gas 

No. 4 
Gas 

No. 5 
LF1 

BAZ–2215 on Gazelle Business chassis 
with UMZ–A27460 EvoTech engine;  
urban driving cycle for M2 category 
vehicles according to GOST R 54810–
2011 (Fig.  2 а) 

Travel fuel 
consumption, m, m3/km 
(кг/км) 

0.232 0.128 0.142 0.43 0.27 (0.11) 

Fuel distance under DC 
conditions, SA, km 

172.4 312.5 281.7 93 148.1 438.3 

СO2 emissions with 
EG, q, g/km 

213.2 235.8 254.7 211.9 214.6 343.3 

Gazelle Next Citiline with CUMMINS 
ISF2,8S4R129 engine; 
urban driving cycle for M2 category 
vehicles according to GOST R 54810–
2011 (Fig.  2 а) 

Travel fuel 
consumption, m, m3/km 
(kg/km) 

0.251 0.14 0.156 0.486 0.309 (0.099) 

Fuel distance under DC 
conditions, SA,km 

159.4 285.7 256.4 82.3 129.4 553.9 

СO2 emissions with 
EG, q, g/km 

230.9 258 280 240 245.9 313.4 

PAZ 3203 with ZMZ–5234 engine; 
urban driving cycle for M3 category 
vehicles according to GOST R 54810–
2011 (Fig.  2 b) 

Travel fuel 
consumption, m, m3/km 
(kg/km) 

0.544 0.291 0.326 0.994 0.624 (0.256) 

Fuel distance under DC 
conditions, SA, km 

110.3 206.2 184.01 60.4 96.2 278.3 

СO2 emissions with 
EG, q, g/km 

499.9 536 584.7 489.9 496 802.5 

1 Liquid fuel (gasoline for UMZ–A27460 EvoTech, ZMZ–5234 internal combustion engines and diesel fuel for 
CUMMINS ISF2,8S4R129 internal combustion engines) 

 
9 GOST R 54810 2011. Motor Vehicles. Fuel Economy. Test Methods.  Electronic Fund of Legal and Regulatory and Technical Documents. (In Russ.) 
URL: https://docs.cntd.ru/document/1200093157 (accessed: 21.05.2025). 
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The minimum travel fuel consumption m (1) under different DC conditions was achieved on gas sample No. 2, and the 
maximum on sample No. 4. For BAZ–2215, the corresponding variation range was 3.36 at the lowest value of 
0.128 m3/km, for the GAZELLE Next “Citiline” it was 3.47 at 0.14 m3/km, and for the PAZ 3203 — 3.42 at 0.291 m3/km. 

Fuel distance SA (2) was inversely proportional to travel fuel consumption m and was equal to the fuel distance on 
gasoline: 21–71% for BAZ–2215, 15–91% for Gazelle Next Citiline and 22–74% for PAZ 3203. When calculating the fuel 
distance of gas-fueled vehicles of the M2 category, the number of cylinders of the KPG-1 class with a volume of 
VБ=0.05 м3 and a maximum allowable internal pressure of 200 bar was assumed to be nБ=4, and for the M3 category nБ=6. 
The fuel tank capacity for the M2 category was VБТ = 0.064 m3, and for M3 VBT = VБТ = 0.095m3. 

Carbon dioxide emissions from gas-fueled buses significantly decreased in relation to liquid fuels: from 211.9 g/km 
for sample No. 4 to 254.7 g/km for BAZ-2215, which was 62% and 74% of the specific CO2 emissions from gasoline; 
from 230.9 g/km for sample No. 1 to 280 g/km for Gazelle Next Citiline, which was 74% and 89% of the specific 
emissions when driving on diesel fuel, and from 496 g/km for sample No. 5 to 584.7 g/km for PAZ 3203, which was 
62%–73% of gasoline emissions. 

Discussion. The data obtained from laboratory studies on selected samples of mine methane (see Table 2) confirmed 
the variability in its component composition. Specifically, the volume fraction of CH₄ ranged from 0.275 at the 
Komsomolets Donbassa Mine to 0.485 at the Chaykino Mine, corresponding to 27% and 50% of natural gas used for 
car fuel, respectively, as well as 34% and 60% of the reference gas mixture according to GOST 31371.3–200810. The 
impurity content of methane was up to 0.0098 in the sample from the Chaykino Mine. A significant portion of the gas 
sampled from the Komsomolets Donbassa Mine was air — 55% in volume for WPS No. 2 and 77% for WPS  
No. 1 — making these sources less preferable for the selection of gas engine fuel. 

As a result of the analysis of the data obtained during the calculations and presented in Tables 3–5, we found that the 
maximum estimated power loss for internal combustion engines during their operation on the considered fuel samples 
for UMZ–A274–60 EvoTech and ZMZ–5234 spark engines was 15%. At the same time, for the 
CUMMINS ISF2.8S4R129 diesel engine converted to gas diesel, this indicator could be increased significantly due to a 
decrease in the excess air coefficient (Table 5) and the presence of pressure charging. However, without further studies 
on the detonation stability of this engine and the strength of its crank mechanism, gas supply should be limited. 

It was established that the considered gas-fueled vehicles, when operated on all selected samples of coal mine 
methane, had sufficient traction and speed characteristics to be able to operate under the specified DC conditions 
according to GOST R 54810-201111. Additionally, the use of mine methane as fuel not only reduces the release of these 
harmful gases into the atmosphere, thereby minimizing their contribution to the greenhouse effect, but it also reduces 
CO2 emissions from road transportation, thereby reducing the carbon footprint of vehicles. 

A common challenge when using coal mine methane as a fuel is the variability in its composition and the 
presence of additional impurities in the form of air and inert gases, which can make up a significant volume fraction. 
Such motor fuel without prior enrichment with natural gas leads to the need to equip the internal combustion engine 
with power systems that will have increased capacity (almost three times) and feedback on the excess air coefficient 
in order to maintain the stoichiometric ratio of the fuel-air mixture. It is expected that the cost of such equipment will 
exceed the cost of a traditional automotive CNG storage and supply system by 50%. The power reserve values 
shown in Table 6 can be increased in proportion to the number of additional cylinders installed on the vehicle. 
However, with a mass of ≈ 65 kg in the refueled state (for example, CNG–1), the load capacity (and passenger 
capacity) of the car is also reduced. Accordingly, the results obtained in the work (Tables 3–6) made it possible to 
evaluate the fundamental possibility and energy efficiency of using coal mine methane as a gas engine fuel for 
commercial motor transport in the cities of Donbass. The economic feasibility of this is determined by a set of 
factors: the cost of degassing, the total cost of retrofitting cars, as well as the strategies adopted by enterprises for the 
implementation of the transport process. 
  

 
10 GOST 31371.3–2008. Natural Gas. Determination of Composition with Defined Uncertainty by Gas Chromatography Method. Electronic Fund of 
Legal and Regulatory and Technical Documents. (In Russ.) URL: https://docs.cntd.ru/document/1200068109 (accessed: 21.05.2025). 
11 GOST R 54810–2011. Motor Vehicles. Fuel Economy. Test Methods.  Electronic Fund of Legal and Regulatory and Technical Documents.  
(In Russ.) URL: https://docs.cntd.ru/document/1200093157 (accessed: 21.05.2025). 
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Conclusion. Thus, as a result of a theoretical analysis performed on the basis of laboratory research data, it was 
found that coal mine methane from Donbass coal deposits could be used as a gas engine fuel to power internal 
combustion engines of UMZ–A274–60 EvoTech, ZMZ–5234, CUMMINS ISF2.8S4R129 models used on commercial 
vehicles of BAZ–2215, PAZ 3203 and Gazelle Next Citiline models. The decrease in maximum effective power that 
occurred did not interfere with the movement of cars under urban DC conditions according to GOST R 54810-201112. 
However, it required equipping with an upgraded fuel-air mixture preparation system. 

This work is a part of the scientific research conducted by the authors. In the future, we plan to explore the 
following areas: 

1. Clarifying the effective performance of motor internal combustion engines when running on coal mine methane. 
For this purpose, motor tests are planned in the laboratory of the specialized scientific and technical center 
“Mechanization of Transport, Construction and Communal Works” of the Donbas National Academy of Civil 
Engineering and Architecture on the modernized stand KI–5543 of the GOSNITI. The tests will be carried out in both 
steady-state and non-steady-state modes using the device developed by the authors for sampling exhaust gases (RF 
patent RU 227257 U1) 

2. Development of mathematical models of the speed characteristics of internal combustion engines and their 
environmental indicators for the subsequent assessment of the operational properties of vehicles. 

3. Conducting a comprehensive assessment of the economic efficiency of converting commercial motor transport in 
Donbass to gas motor fuel. 

4. Determination of the amount of prevented environmental damage. 
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