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Abstract.   This review paper delves into the nuanced world of 

combustion in energy generation, exploring the different kinds and their 

respective influences and utilization. It spans from complete type to 

explosive combustion, each imparting specific features, environmental 

implications, and technological advancements. Complete-type 

combustion, renowned for its cleanliness, contrasts sharply with the 

hazardous incomplete combustion. Whereas, rapid combustion is 

extremely good for enhancing engine performance, and spontaneous 

combustion is marked by its natural incidence without outside triggers. 

Explosive combustion, prominent by its rapid response rates, underscores 

the complexity and risks inherent in certain combustion techniques. The 

paper similarly investigates catalysts, fuel enhancements, and 

technological innovations aimed toward optimizing combustion 

performance and reducing environmental detriments. This complete 

review presents a deep dive into the combustion mechanisms, their 

utilization, and the ongoing research aimed at mitigating their 

environmental affects while enhancing efficiency in energy generation 

systems.  

Keyword-: Combustion, types, application, control strategies, 

Conventional Power Plant. 

1 Introduction  

The majority of the discussion on the sustainability of energy revolves around clean-energy 

technologies such as solar power, wind power, and thermal. But along with fossil fuels 

accounting for nearly 80% of total energy consumption in the USA, combustion maintains 

the primary mode of energy conversion for power production as shown in Fig.1, electricity,  
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and transportation [1].  The carbon content of a fuel determines how much CO2 is created 

from it. This content is determined by the hydrogen as well as carbon content of the fuel. 

Whenever carbon and hydrogen react with oxygen during burning, heat is produced [2]. 

Methane, a natural gas, has more energy than other fuels and emits less CO2. Because 

various hydrocarbons have varied hydrogen-to-carbon ratios, they create varying amounts 

of water and carbon dioxide. In general, the carbon-to-hydrogen ratio increases with the 

length and complexity of the molecule [3]. As a result, the burning of equivalent amounts 

of various hydrocarbons produces varied amounts of carbon dioxide, depending on the 

carbon-to-hydrogen ratio in each's molecules. Because coal comprises its longest and 

complicated hydrocarbon molecules, burning it produces more CO2 than burning the same 

amount of oil or natural gas. This affects the energy concentration of each of these fuels 

[4]. 

 

Fig. 1: Process of Combustion 

Combustion, a reactive oxidation process, converts chemical molecules into energy that is 

then used for the production of electricity, heating, transportation, and commercial uses. 

Because of global warming and localized airborne pollutants from petroleum and other 

petroleum-based combustion research and applications must evolve to achieve carbon 

neutrality. Understanding chemical reactions is critical for achieving efficient, low-

emission processes. Fossil-fuel combustion research provides broad concepts for 

developing mechanism-based reactions as well as process models. The growth and 

development of power generating combustion mechanisms from pre-environmental aims to 

the environmental period (1970-present), with an emphasis on minimizing pollution, clean 

combustion, and high thermodynamic efficiency in order to fulfill CO2 emission reduction 

standards. It also addresses the foreseeable future of electricity generation.  

2. Types of Combustion 

Combustion is a type of chemical mechanism or reaction involving fuel (hydrocarbons) and 

oxygen (O2). When Hydro-carbons and O2 react, they emit light as well as heat energy. A 

flammable substance is formed by combining heat and light energy. So, the mathematical 

equation for the combustion reaction is given in eqn (1): 

𝐹𝑢𝑒𝑙𝑠 +  𝑂2 = 𝐻𝑒𝑎𝑡 𝑜𝑟 𝐿𝑖𝑔ℎ𝑡 𝐸𝑛𝑒𝑟𝑔𝑦    (1) 
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Combustion is utilized in automobiles, rocket engines, and a variety of other machinery. 

There are five distinct types of combustion as shown in Fig. 2: complete combustion, in-

complete combustion, rapidly combustion, spontaneous combustion, and explosive 

combustion. 

 

Fig. 2: Types of Combustion 

2.1 Complete Combustion 

A complete-combustion is one of the several forms of combustion. It happens in an 

unlimited amount of air, especially oxygen. Additionally, this type of combustion is often 

referred to as clean combustion. In this combustion, the fuels will undergo combustion 

entirely with the oxygen, leaving just two by-products: H2O and CO2. The durability and 

functioning of palladium-based catalysts for methane combustion is investigated in [5]. It 

shows that PdO is a highly reactive stage, with only minor variances in reactivity rates 

caused by surface crystalline structure variances. Support has a minor effect on PdO 

activity, with neutral, acidic, and redox-active supports all producing equal rates. The 

addition of steam causes a drop in rates owing to coverage impacts rather than architectural 

or phase alterations. To improve the functioning and durability of Pd-based catalysts, 

approximately enhance the overall surface of the supported PdO stages while limiting 

severe water adsorption. Because of their harmful effects on the health of humans and the 

environment, the establishment of long-lasting and effective catalysts for elimination of air 

contaminants such as carbon monoxide, CH4, and volatile organic compounds is critical 

[6]. The latest developments in catalyst stability, comprising endurance over time, sinter 

obstruction, and multi-impurity tolerance, are offered. The catalytic efficacy of Co3O4 

catalysts for complete CH4 combustion was investigated in [7] at various pH levels. 

This catalyst performed best owing to greater ATetrahedral/AOctahedral and Oads/Olatt 

proportions while exhibiting the least extent of surface and largest crystalline dimension. 

The concentration of Co2+ at Tetrahedral locations, as well as surface oxygen molecules 

that are active, have a considerable impact on CH4 combustion activity.  

2.2 Incomplete Combustion 

When the amount of air available is limited, incomplete-combustion occurs. As well as in 

comparison to complete combustion, it is additionally known as filthy combustion. Because 

of a shortage of O2, the fuel will not fully react. This, in turn, generates CO and carbon 

instead of CO2. Incomplete-combustion can be reduced by employing biomass content as a 

reburning fuel, that can yield nitrogen-containing aromatic substances. 

Complete Combustion

In-complete Combustion
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The study conducted in [8] explores the heterogeneous interaction among biomass 

content and NO/O2 gases, which results in the development of nitrated structures and N-

aromatics such as nitro-PAH. More research should be conducted on sustainable fuels such 

as non-charring polymers in order to reduce the toxicity and bio-accumulative qualities of 

these by-products. A photo-catalyst with a dual Z-scheme of NiO, NiFe2O4, and Fe2O3 

was used to produce methylene blue and H2. The photocatalytic breakdown of methylene 

blue and concomitant hydrogen generation were investigated in [9]. The ability to recover 

of ten ultrashort-, short-, and long-chain unsubstituted perfluoroalkyl acids (PFAAs) was 

assessed using two methods: adsorbable organic fluorine (AOF) and extractable organic 

fluorine (EOF). The total recovery varied from 9.3%-103.3% to 21.0%-108.1%, with larger 

recovery attempts for PFAAs with longer chains. The study in [10] discovered that the EOF 

technique is more suited for detecting TOF in samples including ultrashort- and short-chain 

PFAAs, and technological improvements may be achieved by concentrate on the being 

washed, elimination, and combustion stages. 

2.3 Rapid Combustion 

Another form of combustion is rapid combustion. Rapid power requires exterior energy in 

the form of heat for a reaction to take place. The combustion process generates a 

tremendous quantity of heat and light power, and it does so quickly. The combustion will 

continue until such time as fuel is accessible. Rapid combustion enhances engine efficiency 

and knocking tendencies in a heavily modified engine with a twin spark system [11]. The 

results reveal that synchronized double spark ignition improves the power generated and 

efficiency of thermal energy. Knock intensity is dependent on spark timing, and premature 

emission of heat can lessen exploding pressure along with knock intensity. Supplementary 

spark is beneficial at minimizing knock intensity if it is placed near to the automatic 

ignition orientation. CuO and ZnO nanoparticles have been produced using the combustion 

process in [12], and they have a wide range of uses. When administered to both gram-

negative and gram-positive bacteria, the produced nanoparticles demonstrated antibacterial 

activity. The work in [13] introduces magnetic Ni-Mg ferrites as a potential dye adsorbent 

for methyl blue, a popular soluble in water azo dye. The nano-particles were produced by a 

fast combustion process and evaluated using a variety of methods. The nanoparticles' 

ability to absorb on methyl blue reached 306.4 mg/g at 900 mg/l. The study additionally 

glanced at the influence of pH on adsorption and used cyclic voltammetry and electrical 

impedance spectroscopy. The results presented indicate a wide range of potential 

applications in dye removal. 

2.4 Spontaneous Combustion 

As the name implies, combustion happens spontaneously. This indicates that no energy 

from outside is required to initiate the combustion. It occurs due to its own heating. A 

material with low-ignition temperatures is being heated and the heat cannot leave.When the 

temperature rises over the ignition point and there is enough oxygen available, combustion 

occurs. The interaction of alkali metals with water is one example. Spontaneous 

combustion is a phenomenon that occurs when coal oxidizes at low temperatures. This 

process is regulated by temperatures, oxidizing past events, and coal characteristics [14]. 

The present comprehension of spontaneous combustion is constrained, therefore additional 

study is needed to identify possible concerns and get a deeper comprehension of this 

phenomena. Qualitative and mathematical models are implemented to forecast coal's self-

heating properties. Coal spontaneous combustion (CSC) is a major concern in coal mining 

and usage. Various methods have been created to prevent CSC and improve workplace 

safety. The review in [15] addresses typical retardants, classifying them as physical, 

chemical, or compound retardants. The pros and downsides of each are explored, 

encouraging research into more efficient and cost-effective materials. An experimental 
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furnace weighing 15 tonnes was utilized to investigate coal spontaneous combustion as 

well as anaerobic conditioning in [16]. The findings revealed that temperature rises slowly 

below 70°C, as do utilization of oxygen and heat intensity. Anaerobic cooling reduces with 

temperature, dropping rapidly from 452.7 to 250.0°C. Variability in gas proportions can 

help forecast coal temperature. 

2.5 Explosive Combustion 

When reactions happen at a high rate, it causes explosive combustion. The reaction 

happens when something ignites, producing heat, light, and sound energy. The simplest 

way to explain it is as an explosion. Some famous examples include firecrackers and the 

explosion of dynamite. The burning of water based slurries including emulsions-containing 

diesel fuel, petroleum, coal, and coal residue from processing is now more effective by 

micro-explosive droplet breakage [17]. Experimental data indicate that micro-explosive the 

atomization procedure can increase environmental efficiency by up to 40%. The utilization 

of coal-water slurries including petrochemicals has demonstrated a greater relative 

efficiency indicator than coal, with a devoid of dimensions slurry fuel productivity 

coefficient improving by 3- 30%. Combustion diagnostic include a cautious investigation 

into the chemical explosion modes in compressed reactive flows. The approach measures 

the roles of reactions of chemicals, dispersion, and its compressibility to explosives modes 

[18]. The results reveal that compressibility is more important than non-chemical impacts 

in high-speed flows, and that flame kernel development is controlled by chemical reactions. 

Compressibility influences explosive modes. The work in [19] shows that the ignition 

densities of the igniting combination, assuming a uniform adiabatic flame temperature, may 

be utilized to determine exploding limits of different fuels at atmospheric pressure and 

temperature, offering a valid estimating approach.  According to Table 1, different types of 

combustion include complete, incomplete, rapid, spontaneous, and explosive. Clean 

combustion improves engine efficiency but may increase emissions. Improvements include 

catalyst surface area, sustainable fuel development, by-product reduction, engine 

configuration optimization, and understanding coal characteristics. 

Table 1: Various combustion types comparison 

Aspect 
Complete 

Combustion 

Incomplete 

Combustion 

Rapid 

Combustion 

Spontaneous 

Combustion 

Explosive 

Combustion 

Definiti

on 

Combustion 

occurring with 

sufficient 

oxygen, 

leaving H2O 

and CO2. 

Combustion 

in limited 

oxygen, 

producing CO 

and carbon. 

Combustion 

that generates 

a lot of heat 

and light 

quickly. 

Combustion 

occurring 

naturally without 

external ignition. 

Fast reactions 

producing heat, 

light, and 

sound, akin to 

an explosion. 

Oxygen 

Require

ment 

Unlimited, 

especially 

oxygen. 

Limited 

availability. 

Exterior 

energy 

required. 

Sufficient oxygen 

available as heat 

rises above 

ignition point. 

Ignition leads 

to rapid 

reaction. 

By-

products 

H2O and 

CO2. 

CO and 

carbon. 

Depends on 

the fuel and 

conditions, 

generally heat 

and light. 

Depends on 

material and 

conditions. 

Heat, light, and 

sound energy. 

Environ

mental 

Impact 

Referred to as 

"clean 

combustion". 

Known as 

"filthy 

combustion" 

due to partial 

fuel reaction. 

Enhances 

engine 

efficiency, 

potential for 

increased 

emissions. 

Can lead to 

unexpected fires 

and emissions. 

High impact, 

potentially 

dangerous 

emissions. 
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Catalyst

s and 

Researc

h 

Palladium-

based 

catalysts for 

methane; need 

for durable 

catalysts. 

Use of 

biomass as 

reburning fuel 

to reduce 

toxicity. 

Use of CuO, 

ZnO 

nanoparticles, 

and Ni-Mg 

ferrites for 

various 

purposes. 

Research focused 

on preventing coal 

spontaneous 

combustion. 

Studies on 

micro-

explosive 

droplet 

breakage for 

efficiency. 

Key 

Factors 

for 

Improve

ment 

Surface area 

and water 

adsorption of 

PdO stages in 

catalysts. 

Development 

of sustainable 

fuels and 

reduction of 

harmful by-

products. 

Optimization 

of engine 

configurations 

and spark 

timing. 

Understanding 

coal 

characteristics and 

oxidation 

processes. 

Optimization of 

fuel mixtures 

and combustion 

diagnostics. 

Applicat

ions 

Methane 

combustion, 

air 

contaminant 

elimination. 

Reduction of 

toxic by-

products in 

combustion. 

Engine 

performance 

and 

efficiency, 

antibacterial 

applications. 

Preventing coal 

mine fires, safety 

improvements. 

Enhanced fuel 

efficiency, 

diagnostic 

techniques in 

reactive flows. 

Notable 

Researc

h 

Findings 

Minor 

variances in 

reactivity 

rates due to 

crystalline 

structure. 

Nitrated 

structures and 

N-aromatics 

formation 

from biomass 

content. 

Double spark 

ignition 

reduces knock 

intensity in 

engines. 

Temperature and 

gas proportion can 

predict coal 

temperature. 

Compressibility 

impacts 

explosive 

modes more 

than non-

chemical 

factors. 

3. Combustion Processes in Conventional Power Plant 

The oxy-combustion process evaluation was established in [20] with a fair baseline of 

technology, which included cryogenic separation technology and a recycling system. The 

process was modeled using flow diagrams for the process as well as heat and mass 

equilibrium, which allowed for requirements, budgeting, and examining operational 

philosophies. The method had an influence on protection and functioning, and an economic 

study was conducted to calculate electricity costs per kWh. This type of combustion is a 

potential CO2 capture method for power plants that provides a lower-cost substitute to oxy-

fuel combustion. The effectiveness of it is superior than oxy-CO2 combustion, with lower 

electricity costs and higher efficiency [21]. This method may be enhanced by raising the 

concentration of oxygen in oxidants while reducing the surplus oxygen coefficient. 

However, its power costs rise, and its performance may be improved further by integrating 

with solar parabolic trough collectors [22]. The combustion effectiveness of coal-fired 

power stations is critical for both energy production and environmental concerns. 

Conventional optimization methodologies, including neural network approaches, have 

difficulties when tackling combustion-related issues like dragging, this can reduce 

efficiency [23]. The present study in [24-25] introduces a unique technique that combines 

NSGA II-based optimization for multiple objectives with CFD to reduce or eliminate 

slagging in coal-fired boiler burners [26-28]. 

4. Emission Control Strategies in Combustion Systems 

The study in [29] investigates variable valve actuation depending combustion based control 

strategies for improving engine exhaust temperatures, exhaust emissions, and performance 

[30]. It has a single-cylinder heavy-duty diesel generator that includes a high-pressure 

common-rail injection of fuel system, high-pressure loop-cooled exhaust gas recirculating, 

and a variable valve actuator system [31-33]. Although the Miller cycle is successful at 
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reducing exhaust temperature, it has a detrimental influence on carbon monoxide and 

unburned hydrocarbon emissions. Combining the Miller cycle using an additional intake 

intake valve opening approach cuts soot emissions by 82%. The study in [34] examines the 

impact of various intake techniques on the combustion traits, dependability, and releases of 

partly premixed charge compression ignition (PCCI) engines using conventional and 

alternate fuels [35]. It covers a variety of methodologies and variables that can be used by 

itself or in conjunction to control in-cylinder air temperature, pressure, and combination 

dispersion, allowing for most effective combustion phasing and heat evacuation rate [29]. 

The enhanced common rail injection technology improves combustion control by 

permitting numerous consecutive injections in a single engine cycle. This enables the 

oxidation of soot without boosting NO releases. Experimental findings were achieved 

utilizing a system prototype powered by a Fiat 1.9 JTD engine and a single-cylinder engine. 

Multifaceted modeling was utilized to understand the data [36-37]. 

5. Conclusion 

Comprehending numerous combustion techniques is pivotal for improving energy 

generation and reducing environmental impacts. Enhancements in catalyst design, 

sustainable gasoline development, and combustion technology are instrumental in 

advancing energy efficiency and environmental sustainability. This assessment underscores 

the significance of persevered research and technological advancements in harnessing the 

entire capacity of combustion processes in energy technology. 

• Various combustion nature from complete to explosive are vital in energy era, every 

with multiple environmental and operational characteristics. 

• Key improvements recognition on catalyst performance, gas sustainability, and 

combustion management to reduce pollutants and improve energy efficiency. 

• Improved studies and technology development are crucial for addressing the 

challenges posed through special combustion procedures, in particular in optimizing 

fuel use and decreasing emissions. 
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