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Abstract: The evaluation of gas fuels is a critical process that involves assessing the properties, performance, and 

environmental impact of different gas fuel sources. Petrol fuels like liquefied petroleum gas and natural gas 

(LPG), are widely used for various applications, including heating, cooking, and power generation. The 

evaluation process typically includes analyzing the composition and calorific value of the gas fuels to determine 

their energy content and efficiency. Additionally, factors such as combustion characteristics, emissions profiles, 

and safety considerations are taken into account. Evaluating gas fuels also involves assessing their availability, 

accessibility, and cost-effectiveness. This includes considering factors like production methods, infrastructure 

requirements, and transportation logistics. Moreover, the environmental impact of gas fuels is a significant aspect 

of the evaluation process. Evaluators examine the greenhouse gas emissions, air pollutants, and overall 

sustainability of gas fuels, comparing them to alternative energy sources. This analysis helps inform decision-

making regarding the adoption and optimization of gas fuels for a cleaner and more sustainable energy future. 

The evaluation of gas fuels holds significant research significance due to several key reasons. Firstly, as the world 

seeks to transition to cleaner and more sustainable energy sources, understanding the properties and 

environmental impact of gas fuels becomes crucial. This research can inform policymakers, industry 

professionals, and energy consumers in making informed decisions about energy choices. Secondly, evaluating 

gas fuels enables the optimization of energy production and consumption processes. By understanding the 

efficiency and combustion characteristics of different gas fuels, researchers can develop technologies and 

strategies to enhance energy conversion and reduce emissions. Furthermore, the evaluation of gas fuels plays a 

vital role in energy security and resource management. Assessing the availability, accessibility, and cost-

effectiveness of gas fuels helps identify potential energy reserves, infrastructure requirements, and diversification 

strategies. Overall, research in evaluating gas fuels contributes to sustainable energy development, climate 

change mitigation, and the switch to an energy system that is more effective and environmentally benign.  “One 

method employed is the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method to analyze 

complex systems and relationships among various factors”. It involves constructing a cause-and-effect network, 

quantifying the relationships between factors, and assessing their impact on decision-making. DEMATEL helps 

identify influential factors and prioritize actions for effective decision-making. Evaluation Parameters taken as 

“Low emission (LE), high energy content (HEC), high quality gas (HQG), easy procurement (EP),  affordable 

unit price (AUP Low emission (LE) has got the first rank followed by high energy content (HEC) at the second 

rank whereas high quality gas (HQG) had got the last rank preceded by easy procurement (EP) at fourth rank. 

Affordable unit price (AUP) had got third rank. In conclusion, the evaluation of gas fuels plays a crucial role in 

shaping energy policies, promoting sustainable development, and mitigating environmental impact. By conducting 

thorough assessments of gas fuel properties, performance, and environmental implications, researchers and 

decision-makers can make informed choices regarding energy sources. The significance of gas fuel evaluation 

extends beyond immediate environmental concerns. It also impacts economic factors, such as infrastructure 

planning, transportation logistics, and energy pricing. By considering the overall sustainability and long-term 
viability of gas fuels, stakeholders can establish a balanced and resilient energy framework. 
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1. INTRODUCTION 

Air quality has decreased in parallel with rising energy demand. This use is reliant on non-renewable energy derived 

from fossil sources, whose level of deposits tend to decline [1]. Therefore, it is necessary to find solutions that can both 

help to minimise pollution emissions and provide fresh insights into the energy sector. High on the list of alternative fuels 

is natural gas.[2] Due to two key factors, hydrogen is a very desirable fuel for transportation. It can theoretically be found 

anyplace there is water and a clean power source. It is the least polluting fuel that can be utilised within a combustion 
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engine. “A large portion of the research on hydrogen fuels has been driven by the possibility of a clean, readily accessible 

transportation fuel.[4] At this point, it could be acceptable to talk about CNG's potential as a substitute fuel for S.I. 

engines. The two fuels' physical and chemical properties determine how conventional gasoline-fuelled and CNG engine 

systemsto operate differently. [9] It is crucial to be able to compare the benefits of weight and space savings with the 

actual increase in fuel consumption in order to assess the technical and financial viability of this approach. [5] There are 

also available mid-sized turbines for using hydrogen for base-load, CHP, peaking, electricity in commercial and 

industrial applications, standby/backup, and with other fuels.” Additionally, a range of 1-20 MW cogeneration and single 

or mixed cycle applications are possible for gas turbines.[6] In order to enhance the economic efficiency of biomass 

heating and combined heat and power (CHP) plants, it is necessary to explore alternative options for generating heat and 

power from inexpensive feedstocks, considering the escalating costs of traditional biomass fuels like wood. The 

discovery of new biomass fuels has the potential to create additional employment opportunities in rural regions, thereby 

bolstering the social aspect of sustainability [7]. 

 
FIGURE 1. Fossil fuel Sources 

The structural characteristics of the anode, such as pore size, volume percentage, and tortuosity, have an impact on the 

diffusion rates of the reactant gases within it. Additionally, they are influenced by the nature of the specific reactant and 

the make-up of the overall fuel gas [11]. The current techniques employed to enhance biogas encompass adsorption, 

absorption (both physical and chemical), permeation, and cryogenic methods. These techniques are utilized to separate 

the main components, methane (50–70% by volume in raw biogas), and carbon dioxide (25–45% in raw biogas). [13] 

The main applications for fossil fuels are internal combustion engines (ICE), gas turbines (GT), and steam turbines (ST), 

where direct combustion emissions and the scarcity of fossil fuels provide the greatest obstacles.[12] One alternative fuel 

idea is natural gas that has been liquefied and is produced from fossil sources. [23]. “The potential use of alternative 

fuels, such as vegetable oil and compressed natural gas (CNG), instead of diesel oil (D), is being considered to mitigate 

particulate matter (PM) emissions in urban areas (Coburn et al., 1998). Ester-based fuels derived from vegetable oil, 

commonly referred to as biodiesel, can be utilized in compression-ignited (CI) engines without requiring any engine 

modifications [25]. The scientific community is closely monitoring the use of biosyngas generated from biomass 

gasifiers as a fuel source for such systems [22]. The examination of open absorption systems in natural gas boilers has 

primarily relied on theoretical simulations and the utilization of a direct-fired unit for regeneration heat (source). 

However, it is worth noting that employing high-temperature flue gases from boiler combustion chambers as the heat 

source for solution regeneration is more economically viable compared to using direct-fired units [15].” To conduct the 

analysis, additional system restrictions and parameters were specified. Recognizing the inevitable heat loss to the 

surroundings in compact high-temperature systems, a heat loss factor of 3% of the larger heating value of the fuel input 

was incorporated into the energy balance at the periphery of the stack [18]. 

2. MATERIALS & METHODOLOGY 

Evaluation parameters:  

Low emission (LE): Low emission (LE) refers to the evaluation of gas fuel based on its minimal release of pollutants 

into the environment. Its objective is to minimize greenhouse gas emissions and mitigate the release of other harmful 

pollutants, thus promoting a sustainable and environmentally friendly energy source. 
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High energy content (HEC): High energy content (HEC) refers to the evaluation of gas fuel based on its ability to 

release a large amount of energy per unit of volume or mass. It indicates a more efficient and powerful fuel source, 

providing greater energy output for various applications. 

High quality gas (HQG): High quality gas (HQG) refers to the evaluation of gas fuel based on its purity, composition, 

and consistency. It signifies a gas that meets stringent standards for safety, reliability, and performance, ensuring optimal 

combustion and efficiency in various industrial and residential applications. 

Easy procurement (EP): Easy procurement (EP) refers to the evaluation of gas fuel based on its accessibility and 

availability. It indicates that the gas fuel can be readily obtained, whether through reliable supply chains, infrastructure, 

or easily accessible sources, facilitating convenient and efficient fuel procurement processes. 

Affordable unit price (AUP): Affordable unit price (AUP) refers to the evaluation of gas fuel based on its cost-

effectiveness. It indicates that the unit price of the gas fuel is reasonable and competitive, making it economically 

feasible for consumers or businesses to utilize as an energy source. 

 

Decision making trial and evaluation laboratory (DEMATEL) Method: The decision-making trial and evaluation 

laboratory (DEMATEL) method was initially developed by the Science and Human Affairs Programme of the Battelle 

Memorial Institute of Geneva between 1972 and 1976. Its purpose was to analyze and address complex and 

interconnected problem groups (Shieh et al., 2010; Wu et al., 2010) [4]. As one of the approaches in Multi-Criteria 

Decision Analysis (MCDA), DEMATEL assists in decision-making by establishing direct or indirect relationships 

among various characteristics or factors.   

 “[11] Employing the Decision-Making Trial and Evaluation Laboratory (DEMATEL) is a suitable approach for 

addressing this problem. The DEMATEL method, initially proposed by Gabus and Fontela in 1972 and 1973, proves to 

be a valuable technique for capturing collective knowledge in order to construct a structural model and illustrate the 

causal connections between sub-systems using a causal diagram [1]. In the original DEMATEL model, precise numerical 

values are utilized to measure the relationships among different decision factors, thereby establishing the structural model 

[10]. By utilizing a hierarchical structure, the DEMATEL method enhances comprehension of the specific problem, 

facilitates the identification of associated issues, and aids in the identification of viable solutions [2].” 

 

 

FIGURE 2. Steps of DEMATEL method 

The DEMATEL is a thorough method for examining how system components interact while emphasizing the 

fundamental driving forces. It is based on graphs. In addition, an effect relations map is introduced to show the 

relationship between variables, with numbers denoting influence strength and arrows denoting influence direction. As a 

result, it is understood from resolving complex issues, particularly those involving interaction aspects, and providing 

decision-makers with an intuitive understanding of the relevant decision system.[3] Later, the DEMATEL approach is 

utilised to not only determine the criteria's weights but also to define how those criteria relate to one another in 

context.[5] The approach refers to elements that are higher than the other criteria as distributive, and it refers to criteria as 

buyers when their exposure level is more than their impact on the system (Karaolan, 2016: 13).[6] A hierarchical model 

for identifying the obstacles to the manufacture of environmentally friendly clothing in the apparel industries[12] was 

created via the grey-based DEMATEL methodology. “Use the grey-integrated DEMATEL framework to categorise the 
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strategies into their two primary categories, causal and effect strategies.[13] DEMATEL can separate a system's (or 

subsystem's) involved criteria into cause and effect categories to facilitate decision-making (Wu & Lee, 2007). [7] The 

power of the relationships can be evaluated using the DEMATEL method[8].” The DEMATEL approach can be used to 

assess human resources for science and technology (HRST)[9] and to identify the success criteria for any performance 

endeavour [10]. ANP-DEMATEL's hybrid model's effectiveness and accuracy were assessed, and the results were 

contrasted with those obtained using the ANP model [14]. 

3. RESULTS & DISCUSSION 

TABLE 1. Evaluation of Gas Fuel 

 

 

Table 1 shows the data of all the evaluative parameters like Low emission (LE),  high energy content (HEC), high 

quality gas (HQG), easy procurement (EP), affordable unit price (AUP). 

 

FIGURE 3. Evaluation of Gas Fuel 

Figure 1 demonstrates the evaluative parameters like “Low emission (LE), high energy content (HEC), high quality gas 

(HQG), easy procurement (EP), affordable unit price (AUP).” 
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TABLE 2. Direct relation matrix normalization 

 
 

“Table 2 shows the Normalisation of direct relation matrix of evaluative parameters like Low emission (LE),  high 

energy content (HEC), high quality gas (HQG), easy procurement (EP), affordable unit price (AUP).” 

 

 

FIGURE 4. Normalisation of direct relation matrix 

Figure 2 shows the evaluative parameters like “Low emission (LE), high energy content (HEC), high quality gas (HQG), 

easy procurement (EP), affordable unit price (AUP).” 

TABLE 3. Total Relation Matrix 

 Total Relation 

matrix (T) 

    Ri 

Low emission (LE),  0.890832008 1.100689 1.168345 1.038156 1.010775 5.208797032 

high energy content (HEC),  1.081081081 0.837838 0.963964 0.864865 0.873874 4.621621622 

high quality gas (HQG),  0.749867515 0.735559 0.612259 0.81558 0.633104 3.546369899 

easy procurement (EP),  0.788553259 0.952305 0.832538 0.666137 0.766826 4.0063593 

affordable unit price (AUP),  1.020137785 1.195019 0.936584 1.031797 0.768239 4.951775305 

Ci 4.530471648 4.82141 4.51369 4.416534 4.052818  

 

“Table 3 shows the Total relation matrix of evaluative parameters like Low emission (LE), high energy content (HEC), 

high quality gas (HQG), easy procurement (EP), affordable unit price (AUP).” 
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FIGURE 5. Total relation matrix 

Figure 3 demonstrates Total relation matrix of evaluative parameters like “Low emission (LE), high energy content 

(HEC), high quality gas (HQG), easy procurement (EP), affordable unit price (AUP)”. 

TABLE 4. I values 

 

Table 4 shows the I values for the evaluation parameters. 

TABLE 5. Y values 

 

 

Table 5 shows the Y values for the evaluation parameters. 

TABLE 7. (I-Y)-1 

 

Table 5 shows the (I-Y)-1 values for the evaluation parameters. 
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TABLE 8. Ri+Ci and Ri-Ci and identity 

 

Table 8shows the Ri+Ci and Ri-Ci of evaluative parameters like “Low emission (LE), high energy content (HEC), high 

quality gas (HQG), easy procurement (EP), affordable unit price (AUP) along with identity whether it is effect or cause”.  

 
FIGURE 6. Ri+Ci and Ri-Ci 

Figure 4 demonstrates Ri+Ci ,Ri-Ci and Identity of evaluative parameters like “Low emission (LE), high energy content 

(HEC), high quality gas (HQG), easy procurement (EP), affordable unit price (AUP)”. 

 

TABLE 9. T matrix values 

 

 

 

 

Table 9 shows the T matrix values for the evaluation parameters greater than Threshold value (alpha = 0.893397) in bold 

TABLE 10. Rank 

 

Table 10 shows the rank of evaluative parameters like “Low emission (LE), high energy content (HEC), high quality gas 

(HQG), easy procurement (EP), affordable unit price (AUP)’. 

0.890832 1.100689 1.168345 1.038156 1.010775

1.081081 0.837838 0.963964 0.864865 0.873874

0.749868 0.735559 0.612259 0.81558 0.633104

0.788553 0.952305 0.832538 0.666137 0.766826

1.020138 1.195019 0.936584 1.031797 0.768239
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FIGURE 7. Rank 

Figure 5 shows that Low emission (LE) has got the first rank followed by high energy content (HEC) at the second rank 

whereas high quality gas (HQG) had got the last rank preceeded by easy procurement (EP) at fourth rank. Affordable unit 

price (AUP) had got third rank. 

 
4. CONCLUSION 

Gas fuel evaluation encompasses various aspects, including analyzing composition, calorific value, combustion 

characteristics, and emissions profiles. These evaluations enable the optimization of energy conversion processes, 

improving efficiency and reducing environmental pollution. Understanding the availability, accessibility, and cost-

effectiveness of gas fuels also helps in ensuring energy security and resource management. The evaluation of gas fuels 

holds significant importance for several reasons: Energy Transition: As the world seeks to transition from fossil fuels to 

cleaner and more sustainable energy sources, evaluating gas fuels becomes crucial. Understanding their properties, 

performance, and environmental impact helps identify their role in the energy mix and aids in the development of 

effective transition strategies. Environmental Impact: Gas fuels, while generally considered cleaner than coal or oil, still 

contribute to greenhouse gas emissions and air pollution. Evaluating gas fuels allows us to assess their environmental 

impact, including carbon dioxide emissions, methane leakage, and other pollutants. This information helps in 

understanding their overall sustainability and guides efforts to minimize their environmental footprint. Energy In 

conclusion, the evaluation of gas fuels is important for driving the energy transition, understanding environmental 

impacts, optimizing energy efficiency, ensuring energy security, informing policy decisions, and considering economic 

factors. These evaluations are essential for achieving a sustainable and resilient energy future.In summary, the evaluation 

of gas fuels is vital for achieving a more sustainable and efficient energy future. It guides decision-making processes, 

informs policy development, and promotes the adoption of cleaner energy sources. Through comprehensive assessments, 

we can optimize gas fuel usage, reduce emissions, and work towards a greener and more resilient energy ecosystem. 
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