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Abstract – Diversification of energy resources is a current objective that several countries 

want to achieve, including in northern Europe. Demand for wood fuels is increasing in Latvia, 

which is reflected in consumer expenditure. Using low-quality biomass (LQB) to produce fuel 

pellets for market stabilisation and diversification is possible. LQB pellets can theoretically 

and practically be used in low-capacity solid fuel boilers to provide different types of 

individual heating systems with an alternative energy source. Before starting mass production 

of LQB fuel pellets, it is necessary to clarify the properties of the raw materials. Any fuel 

study shall be divided into two phases: determination of the parameters of the fuel or raw 

material (calorific values, moisture content, and ash content) and analysis of the combustion 

process. The combustion process can be studied in two ways: experimentally and by 

mathematical modelling. Knowing the parameters that would need to be clarified during the 

study of the LQB fuel pellets combustion process (thermodynamics, gaseous emissions, 

particulate matter emissions, bottom ash, and slag), the authors have set the goal of clarifying 

the software applied to mathematical modelling of these parameters. A bibliometric analysis 

method was chosen to identify the software. The bibliometric analysis was carried out in the 

Scopus database. As a result, two software were identified: ANSYS Fluent software is suitable 

for modelling thermodynamic processes and gaseous emission streams. At the same time, 

XDEM software is the most suitable for modelling particle streams and ash/slag generation. 

This software will be used in future studies. 

Keywords – ANSYS Fluent; bibliometrics; biomass; combustion modelling; 

computational fluid dynamics; discrete element method; performance analysis; scientific 

mapping analysis; XDEM. 

Nomenclature 

DH District heating – 

LH Local heating – 

IH Individual heating – 

LQB Low-quality biomass – 

PM Particulate matter – 

PA Performance analysis – 

 
* Corresponding author. 

E-mail address: oskars.svedovs@rtu.lv  



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2024 / 28 

 

287 

SMA Scientific mapping analysis – 

WoS Web of Science – 

GS Google Scholar – 

DOAJ Directory of Open Access Journals – 

XDEM eXtended Discrete Element Method – 

1. INTRODUCTION 

1.1. Overview of the Current Situation 

Thermal energy is a resource used in various technological processes since the beginning 

of the Industrial Revolution [1]–[3], including electricity generation in power plants [4], [5]. 

Historically, thermal energy generation has been a valuable combustion process using solid 

[6]–[8], liquid [9], [10] or gaseous [11], [12] (as well as plasma [13])  energy sources (fossil 

or renewable), e.g. heating coolant [14] for space heating/hot water preparation or for 

production of thrust [15], [16]. Globally, primary energy consumers are the energy sector 

[17], buildings (including office and residential heating and hot water  preparation) [18], [19], 

industry [20]–[22], and transport [23].  

Existing widely used technologies for thermal energy generation clearly have an 

environmental impact [24]–[26]. The 21st century trend is the development of alternative 

sources of thermal energy that work without the combustion process – heat pumps [27], [28], 

geothermal energy [29], [30], and solar collectors [31], [32]. In addition, other approaches 

are being developed and phased in, focusing mainly on improving energy efficiency through 

a behaviour change-oriented activities (e.g., specific information sources (seminars, posters, 

podcasts etc.)) or rethinking of the system's operating principle [33]–[35]. 

An example of a successful approach is to collect excess heat from several sources where 

it exists – wastewater [36], [37], heat generated by different 

installations/appliances/machinery (e.g., servers in data centres [38], [39]) etc. [40]. 

Nevertheless, the consumption of solid fuels remains high, and the use of biomass will 

increase by 2050, especially given that wood fuels are the main alternative to replacing fossil 

fuels [41]. Moreover, the global energy crisis, caused by the war in Ukraine, forces countries 

all over the world to find alternative local energy sources, which can make them independent 

from external supplies. Given the volatility of the energy market, it would be necessary to 

ensure the diversification of energy resources and to offer alternative wooden/non-wooden 

fuels [42]–[44]. 

The distribution of the use of thermal energy between the sectors mentioned above, as well 

as within individual sectors, tends to vary according to climatic conditions [45]–[47]. In 

temperate climate countries such as Northern and Eastern Europe, most of the thermal energy 

in the private sector is spent on heating (including maintaining the regulatory temperature 

indoors (accommodation, offices, etc.) [48], [49]) and hot water preparation, while in dry 

climate countries, cooking accounts for a significant part of the distribution of thermal energy 

consumption [50]. In industry, heat is mainly used for different technological purposes in 

production (e.g., drying [51], [52]). 

Three types of heat supply – district heating (DH) [53]–[55], local heating (LH) [56], [57], 

and individual heating (IH) [58], [59] – are distributed in Northern and Eastern Europe 

(including Latvia). The main differences are the types, fractions, and volumes of fuels used, 

the capacities of combustion/incineration plants, and the number of users covered. DH 
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typically uses high-capacity boilers. LH and IH are sometimes considered synonymous, given 

that low-capacity boilers are used in both cases. 

1.2. Main Aspects Related to Low-Quality Biomass Combustion 

The combustion process is a process of thermochemical transformation of fuels. The 

combustion process is based on the reaction of a combustible substance (fuel) and an oxidiser 

(mainly oxygen in the form of air), during which heat (exothermic reaction), combustion 

products and usually a flame are released. The complexity of organising the combustion 

process is because several physical processes take place simultaneously during the process: 

heat and mass transfer, evaporation, and diffusion. The combustion process of solid biomass 

(including low-quality biomass (LQB)) is significantly more complex compared to the 

combustion of liquid or gaseous fuels. This is largely due to changes in the state of 

aggregation of substances occurring several times during combustion. The main flows are the 

transformation of solid (fuel) and liquid (fuel moisture) into gaseous form (combustion 

products). However, reversible processes occur most often, during which part of the 

combustion products returned to liquid phase (condensate) or solid phase (soot, tar and 

other) [60].  

The combustion process of solid biomass can be divided into several stages. The result of 

the combustion process from a thermodynamic aspect (e.g. , efficiency of the combustion 

process), gaseous emissions aspect (including particulate matter (PM)) and solid residues 

aspect (bottom ash and slag) depend on the progress of each stage of combustion, as they are 

all interrelated. The first step is to dry biomass and evaporate moisture. The duration of this 

stage depends mainly on the moisture content of the fuel, the biomass fraction s ize and the 

drying temperature. The amount of moisture influences the temperature in the furnace of the 

technological energy transformation plant (e.g., biomass boiler) and the necessary amount of 

energy input for organising the drying process, thus having a significant impact on the whole 

expression of the combustion process [61], [62]. 

The second stage of combustion starts after evaporation of moisture and releases volatile 

substances contained in the fuel. At first, carbon monoxide (CO), carbon dioxide (CO 2), 

hydrogen (H), oxygen (O2), methane (CH4) and other hydrocarbons (CxHy), as well as 

hydrogen cyanide (HCN) and amines (R-NH2), begin to release. The water vapour (H2O) also 

engages in reactions. At a temperature of between 500 °C and 600 °C, the excreted substances 

react in the form of endothermic and exothermic reactions with the ignition of the substances. 

The most important products resulting from this stage are nitrogen oxides (NOx), CO2 and 

CO, and the prescribed amount of O2 and H2O that did not participate in the reactions remains. 

The quantity of products produced may vary significantly depending on the conditions of 

combustion and their characteristics [61], [62]. 

In the third stage of the combustion process, volatile substances have already been released 

and reacted, but a certain number of solids remains. This amount of solid fraction also 

depends on the conditions of the combustion process (e.g., temperature in the furnace, oxygen 

presence, combustion products flow rate), as well as the characteristics of the fuel (density, 

fraction size, ash content etc.). The residual mass is called coke (AKA char, charcoal, coal), 

which consists mainly of carbon (C) compounds, as well as various non-combustible 

compounds. During combustion, C inside the coke reacts with gaseous compounds present in 

the combustion plant furnace. This also results in a variety of NOx, HCN, CO2 and CO. If the 

temperature in the combustion zone is above 800 °C, the amount of combustion products 

decreases significantly and consists exclusively of CO2 and CO. The combustion process also 

results in a completely different product – ash, the quantity of which also depends on a set of 

factors (the nature of the combustion process, the properties of the fuel  etc.). Depending on 
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the ash melting temperature, a product such as slag can also occur, causing major problems 

during cleaning of the combustion plant [61], [62].  

1.3. Importance of Combustion Process Research of Low-Quality Biomass 

The fuel is characterised mainly by three parameters: net calorific value [63]–[65], ash 

content [66]–[68], and moisture content [69]–[71]. These parameters can be used to predict 

the fuel combustion result, e.g., the net calorific value is used to calculate combustion 

efficiency [72], [73]. In addition, chemical analysis may be carried out to assess, e.g., the 

presence of heavy metals [74]. 

The result of the fuel combustion may vary depending on the scale and design of the 

combustion plant. Therefore, appropriate tests may be carried out in specially equipped 

laboratories. Combining the experimental method with mathematical modelling to facilitate 

the test procedure is possible [75], [76]. Mathematical modelling makes it possible to reduce 

the number of experiments required and to perform scientifically based optimisation in order 

to, e.g., choose the appropriate boiler operation mode to combust specific LQB pellets 

efficiently [77] or to gain knowledge about the variability of all significant parameters during 

oxidation, both in the entire cross-section of the heating chamber unit [78]–[81] as well as in 

individual fuel particles [82], [83]. The latter is exceedingly challenging task to achieve 

experimentally. 

Boilers used in DH boiler houses using wooden biomass can adapt to using different LQB 

more easily than IH [84]–[87]. The main reason for this is flue gas treatment plants (e.g. , 

electrostatic precipitator [88] and wet scrubbers [89] (or combination of technologies 

mentioned [90])), which allow for the reduction of particulate matter (PM) and gaseous 

emissions under controlled conditions. There are currently low-capacity boilers on the market 

with integrated similar flue-gas treatment technologies. However, some developments can act 

as an additional component for relatively old-type small-capacity boilers [91], [92], but wet 

methods have a problem with sustainable water treatment on a small scale [93]–[95]. This 

aspect should also be considered when investigating the LQB combustion process within the 

IH. 

1.4. Nature of the Study 

The authors conducted this study considering their own experience in the field of 

combustion process research and their lack of knowledge of the possibilities for modelling 

the combustion process. The research plan is divided into three phases: 

1. Search for software relevant to biomass combustion mathematical simulation that takes 

into account main aspects of solid biomass combustion process (see Section 1.2); 

2. Design and setup of an appropriate mathematical model; 

3. Run the model in the simulation tool and validate the results. 

This Article shows the results of the first phase. Authors chose a bibliometric analysis to 

search for appropriate software for investigating the combustion process of LQB pellets 

within the framework of a project. The focus is to select mathematical, numerical, and 

computational methods based on which relevant programs operate. 

2. METHODOLOGY 

Bibliometrics is a scientific field of study [96]. Two bibliometric analysis methods – 

performance analysis (PA) and science mapping, also called scientific mapping analysis 

(SMA) – can be applied differently depending on the intended purpose [97], [98]. PA in 
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bibliometric studies mainly reflects the historical process and current popularity of 

developing a separately considered research area, the relevance of the research subject 

globally, the contribution of scientific institutions and journals, etc. [99], [100]. SMA, on the 

other hand, is used primarily to answer three general types of research questions  [101]: 1) to 

identify the knowledge base of a topic or field of study and its structure /aspects, 2) by 

studying the research front [102] (also called “core (scientific) papers/studies” [103]) of a 

topic or field of study, and 3) to create the structure of social networks of a particular scientific 

community (e.g., for mobility purposes [104]). The authors based the bibliometric analysis 

on a structure described by M. Aria and C. Cuccurullo [101] that includes five key stages: 

study design, data collection, data analysis, data visualisation, and interpretation.  

2.1. Study Design: Defining the Expected Outcome 

The study aims to identify the mathematical modelling software used in environmental 

engineering to study various parameters related to the combustion process  and implement 

optimisation. The feasibility study, partly reflected in the Introduction, concluded that 

emphasis should be placed on four aspects that mainly characterise wooden and non-wooden 

fuel combustion output (each aspect is assigned its own colour as part of this study, see 

Fig. 1):  

− Thermodynamics (green); 

− Gaseous emissions (yellow); 

− PM emissions (red); 

− Bottom ash/slag formation (blue). 

These aspects represent the groups of output parameters that usually occur when studying 

the combustion process experimentally. During the study, these groups of output parameters, 

or research topic names, were used during creation of queries. Keywords related to specific 

combustion process modelling methods can be found when the query is created by separating 

"Thermal Energy" research field into categories or parts, including fuel type names,  

combustion technology names, research topic names, and basic modelling methods names . 

2.2. Data Collection: Selecting a Database, Composing a Query, and Choosing Bibliometric 

Parameters 

There are several indexing databases of scientific literature relating to the different fields 

of study, including environmental engineering – Web of Science (WoS), Scopus, Google 

Scholar (GS) and Directory of Open Access Journals (DOAJ) [105]. Each database has its 

advantages and disadvantages from a bibliometric research point of view, e.g., the tool 

embedded in the WoS database allows the export of up to 1000 records for further PA, while 

the Scopus database has a limit of 2000 records [106]. GS and DOAJ, on the other hand, do 

not have any tools to allow bibliometric analysis – they are primarily suitable for searching 

for articles on a given field of study, like the ScienceDirect or MDPI. The authors chose to 

use the Scopus database because of the high quality of records and the possibility of exporting 

a larger number of records. 

Before using a database, a structured query (one or many) must be prepared, checked, and, 

if necessary, the logical operators that link individual parts of the query to each other must 

be used. Scopus database search tool allows Boolean logic operators to be used in queries: 

− AND – Finds only those documents that contain all of the terms included in query; 

− OR – Finds documents that contain any of the terms included in query; 

− AND NOT – Excludes documents that include the specified term from the search. 
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The query-making algorithm is shown in Fig. 1. The algorithm serves as a reference point 

for current research because there is a risk that queries may be invalid or incomplete.  By this 

approach, queries are surrounded by additional keywords, narrowing the number of articles 

searched for and increasing the study's accuracy. As can be seen, the proposed algorithm 

contains four levels of search to narrow down the number of selected items at each stage.  

Black dots reflect the components of an algorithm other than the parameters being studied. 

Coloured dots reflect the components of the algorithm with which found keywords was 

associated during the SMA. 

Fig. 1. Query-making algorithm. 

The next step after creating the query algorithm is to choose bibliometric parameters. 

Bibliometric parameters in Scopus database mainly refer to the study boundaries in which 

queries will search for records: 

− “Search within” option: “Article title, Abstract, Keywords” combination  (this is the 

search option that is most commonly used [107]); 

− Range of years: the period from 2000 to 2023 (selected to examine trends from the 

beginning of the 21st century); 

− Subject area: Energy, Engineering, Environmental science, Chemical Engineering, 

Earth and Planetary Sciences, Chemistry, Physics and Astronomy, Agricultural and 

Biological Sciences, Mathematics, Materials Science, Computer Science;  

− Document type: all types of publications; 

− Country/territory: worldwide; 

− Language: publications in all languages for which the abstract is duplicated in English;  

− Citation: total citations, including self-citation; 

− Data export options: download in CSV data file format by selecting citation 

information (e.g., author(s), year, citation count, etc.), abstract, and keywords [98]. 

2.3. Data Analysis: Assessing the Suitability of the Tools Integrated into the Database 

Selected 

The Scopus database integrates at least two tools to implement PA – “Analyzer” and 

“Citation overview”. The “Analyzer” allows to view automatically visualized charts that 

reflect changes in different data (number of documents by year, by author, by country, etc.) . 

Data about the number of documents was exported in .CSV format in the framework of this 
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study. On the other hand, the “Citation overview” makes it possible to assess the quotability 

of all or individually taken documents, which in turn also reflects the topic's popularity. Data 

about the number of citations was exported in .CSV format in the framework of this study . 

Exported files was processed in relevant programs, such as Microsoft Excel. 

2.4. Data Visualisation: Selecting the Appropriate Programme 

Several applications are suitable for SMA [98], but only two programmes – VOSviewer and 

Bibexcel – are usually used for network visualisation. 

VOSviewer is software specifically designed to create and visualize bibliometric maps, 

focusing on the graphical representation of such maps. It is helpful to display large maps 

since zoom functionality, special labelling algorithms, and density metaphors are used. 

Developed by the Leiden University, Centre for Science and Technology Studies 

(Netherlands). The software tool is freely available. Bibexcel is a bibliometric tool developed 

at the University of Umeå (Sweden). This tool was specifically  designed to manage 

bibliometric data and create maps that can be read using software such as Microsoft Excel. 

Bibexcel is freely available for academic non-profit use [108]. 

The authors have chosen VOSviewer because it is a program recognised by various 

scientific industries [109], has an intuitive and functional interface, and can process data 

exported from the Scopus database. The choice is also based on previous experience with this 

programme. 

2.5. Interpretation: Analysing of Data and Diagrams Obtained and Drawing Conclusions 

The data resulting from the used bibliometric methods is analysed. The results of the PA 

are used to assess the overall trends in “Thermal Energy” research field related to the 

categories chosen. The results of SMA are used to identify keywords linking aspects of the 

combustion process and the choice of mathematical modelling methods. Additional research 

was made to identify computer programmes that perform appropriate calculations based on 

such methods.  

3. RESULTS 

In Table 1 the classic bibliometric analysis results are shown. The third column gives 

information about the number of articles found by entering a query based on the algorithm 

presented in Figure 1 into the Scopus database search system. The publications starting from 

year 2000 are included in further analysis. For all of the four cases the first two terms narrow 

the search with AND between them and the last one defines queries. Each case differs from 

the other by the third term (written in bold in the table) occurring after AND, which is strictly 

connected with the research topic.  

The largest number of retrieved literature items is in the field of thermodynamics, for which 

there are over 1900 items, followed by those related to gas emission with almost 1470 items 

and PM emissions with 200 fewer articles, and finally the works devoted to bottom ash/slag 

formation with three times lower number of searches. The order of these items on the list is 

directly related to the possible scope covering a given section. On the one hand, there is 

thermodynamics as a field of knowledge representing a wide range of possibilities, and on 

the other hand, the subtopic of specific combustion products such as ash deposition and 

slagging. 
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TABLE 1. NUMBER OF ARTICLES FOUND DEPENDING ON THE RESEARCH TOPIC 

Research topic Defined queries used in Scopus database search 
Number of 

publications 

Thermodynamics 

( wood OR biomass ) AND ( combustion OR gasification OR pyrolysis OR 

torrefaction ) AND ( heat OR thermodynamic OR {fluid dynamic} ) 
AND ( {mathematical modelling} OR simulation OR {numerical methods} 
OR {computational methods} OR {mathematical methods} ) 

1918 

Gaseous emissions 

( wood OR biomass ) AND ( combustion OR gasification OR pyrolysis OR 

torrefaction ) AND ( emission OR {air pollution} OR {flue gas} ) AND ( 
{mathematical modelling} OR simulation OR {numerical methods} OR 

{computational methods} OR {mathematical methods} ) 

1466 

PM emissions 

( wood OR biomass ) AND ( combustion OR gasification OR pyrolysis OR 

torrefaction ) AND ( particle OR smoke OR dust OR {fly ash} ) AND ( 
{mathematical modelling} OR simulation OR {numerical methods} OR 
{computational methods} OR {mathematical methods} ) 

1273 

Bottom ash/slag 

formation 

( wood OR biomass ) AND ( combustion OR gasification OR pyrolysis OR 

torrefaction ) AND ( ash OR slag OR clinker ) AND ( {mathematical 
modelling} OR simulation OR {numerical methods} OR {computational 
methods} OR {mathematical methods} ) 

368 

3.1. PA results 

Below the results of PA are displayed. The solid colour line in the graphs in Fig. 2 reflects 

the number of publications (actual in each year), and the grey area represents the total 

cumulative number of citations in each case.  

 

Fig. 2. Changes in the number of articles (solid lines) and the total number of citations over the selected time period 

depending on the research topic. 



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2024 / 28 

 

294 

From the analysis of the presented graphs, a significant increase in the number of articles 

published in each considered research area can be observed. The number of publications in 

each topic reflects the data listed in Table 1, i.e., the largest number of publications can be 

seen in the field of thermodynamics (in 2023 there were over 180 papers), and if it concerns 

ashes and slags, 6 times less were published at the same time. Moreover, an annual increase 

in the number of articles is non-linear. Thus, in the case of thermodynamics, over the 23 years 

studied, this number increased around 9 times. In the area of gaseous emissions’ studies, the 

number of works increased by over 9 times, in the case of issues on PM emissions it increased 

by 24 times, whereas in terms of ashes and slags analyses it increased by 15 times. Therefore, 

this suggests not only the increased interest in gaining knowledge about the biomass 

combustion process in detail itself but also the increasing emphasis of researchers on topics 

related to the emission of pollutants into the environment. The peak visible in 2013 and the 

subsequent decline in later years are primarily related to the plans to tighten the EU climate 

policy for 2020–2030 period towards reducing CO2 emissions by using renewable energy 

sources. Still, it may also be related to the economic crisis of the Eurozone caused in 

2009/2010, the effects of which were felt until 2014. 

 

Fig. 3. Popularity of research topics in different countries (TOP10) based on the number of publications. 

The charts presented in Fig. 3 reflect the popularity of each research topic in different 

countries based on the information available in the Scopus search tool. Each chart covers the 

same time period (2000–2023) but it concerns only TOP10 countries. As can be seen, the 

most publicity takes place in China and the USA. This is not a surprise because these countries 

have large population compared to other countries, and additionally, the USA is an 

economically highly developed region. The remaining leaders are individual European 

countries. One should be pointed out: summing them up, it turns out that in each examined 

area, the European Community is a leader. In the field of thermodynamics, EU scientists 
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published around 670 publications, on gaseous emissions topics – about 400, for dust 

emissions the number is around 360, and those related to ashes amounted to about 140. In the 

presented rankings India and Japan also appear as countries with increased interest in 

combating high levels of pollution and smog in the atmosphere. 

3.2. SMA Results 

The results of SMA are presented graphically in Fig. 4. VOSwiever allows to upload 

multiple files with data a time, however, this may make it difficult to perform an analysis, 

e.g., because of the need to disable repetitions of individual keywords (e.g., synonyms, plural 

form) for each file. Therefore, all files were combined and adjusted.  Combined file was 

obtained with all the articles included (no repeats) found using the queries in Table 1.  

Fig. 4 includes study methods such as life cycle analysis, experimental study, computational 

fluid dynamics and other. The oxidation process of different types of solid fuels can be 

modelled using computational fluid dynamics (CFD) with different approaches: first of all, 

using the finite volume method for predicting the gas flow behaviour [80]–[83], [110], [111], 

or finite element method for predicting the change of the parameters in solids [112], or 

discrete element method for predicting the movement of the particles [113]. By using 

computational power, it is possible to obtain numerous data for analysing the oxidation 

process of different types of biomasses considering different operational conditions to obtain 

various product yields [114]. There is also the possibility of making a parametrical analysis 

to optimize both operational conditions as well as the geometrical parameters for the 

considered heating unit [115]. Modelling of solid fuel oxidation is an overly complex 

phenomenon. The researchers should take into account its multicomponent and multiphase 

nature (gas mixtures, solid particles, liquids such as moisture and tars), with regard to 

different scales (particles pores, particulate matter, pellets, pipes, combustion chambers, 

industrial boilers) with heat and mass transfer (heating, cooling, evaporation, liquefaction of 

ashes) and structure change (particle shrinking, cracking, ash slagging). To validate the 

mathematical models in computer simulations, calculations must be verified by experimental 

tests, in laboratory and real scale [116], [117]. Discrete element method (DEM) usually used 

to study particles and their evolution in combustion process. 

The outcomes of the bibliometric analysis are shown in Fig. 5. The proposed method gives 

the response about the possibility of using specific numerical methods that realistically 

reproduce the processes during the oxidation of LQB pellets. From the whole Scopus 

publication database, by applying PA and SMA methods, two software that could meet the 

set expectations were selected: the commercial software ANSYS Fluent [118] and XDEM 

based on the open-source codes [119], [120]. ANSYS Fluent software most often uses the 

CFD method to model thermodynamics and gaseous emissions. On the other hand, the DEM 

is used to model particles (PM emissions, ash and slag formation), which is used by XDEM 

software. 
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Fig. 4. Keyword network with marked specific methods for mathematical modelling of the combustion process. 

 

Fig. 5. The algorithm for obtaining the results of the study based on bibliometric analysis 

(* – Riga Technical University, ** – University of Luxembourg). 
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4. CONCLUSIONS 

The use of two main methods of bibliometric analysis identified trends in topics related to 

the combustion process of biomass. The conclusions are as follows: 

− the annual number of publications and citations on analysed topics has been 

significantly increasing since 2000. This trend is associated not only with the general 

increase in scientific output worldwide but also in connection with search for 

independent and locally available energy sources, environmental protection and human 

health; 

− the total number of publications on the thermodynamics of combustion is higher than 

those that are related to emissions and solid residues. This trend can be explained 

mainly by the fact that thermodynamics are a fundamental part of the combustion 

process. This aspect was historically explored to find out the mechanics of heat flows, 

predict the efficiency of energy transformation and, accordingly, offer optimisation 

solutions. Interest and the need to identify emissions and solid residual flows as the 

products of combustion process appeared relatively recently, influenced by the overall 

vision of minimising emission sources; 

− the majority of publications on relevant topics are developed in China and in the USA, 

but the European Union is still the leader as a community; 

− based on the keyword co-occurrence network map, the two software tools selected as 

suitable for the numerical modelling of the different aspects of the combustion process 

are ANSYS Fluent and XDEM. 
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