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Abstract 

The adoption of alternative fuels for hybrid heavy-duty trucks (HHDT) in international land freight 

along the Europe-Iran transit route is investigated in this paper. Six hundred-eighty-four 

international transport companies responded to a survey that revealed a Multinomial Logit (MNL) 

model examining economic, political, cognitive, environmental, and practical elements affecting 

alternative fuel adoption. According to marginal effect analysis, decisions are much influenced by 

alternative fuel pricing policies, infrastructure availability, cost savings, and safety enhancements. 

To improve the acceptance of sustainable fuels, the research underlines policy alignment between 

manufacturers and legislators (Burchart-Korol et al., 2020; Hovi et al., 2019). 

 

Introduction 

Land freight is expected to raise emissions by 2025 (Osieczko et al., 2021) and considerably adds 

to greenhouse gas (GHG) emissions. Proposed to lessen this impact are alternative fuels such 

Compressed Natural Gas (CNG), Liquefied Natural Gas (LNG), Electric Battery (BE), Hydrogen, 

and Biogas (Nguyen et al., 2021). Despite manufacturers' and governments' efforts, the alternative 

fuel truck (AFT) market share remains low (Anderhofstadt & Spinler, 2019, 2020). 

With few studies examining international transit paths, existing research has mostly focused on 

urban freight (Sousa & Castañeda-Ayarza, 2022). Examining alternative fuel uptake in 

international land freight and investigating five types of influencing factors help this paper address 

this disparity (Giuliano et al., 2021; Müller, 2024). 

The study aims to answer: 
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 For HHDTs, what other fuel would transport firms like to use as an alternative? 

 In what ways might cognitive, environmental, financial, policy, and pragmatic 

considerations affect alternative fuel choices? 

The results offer ideas for overcoming adoption challenges, spotting incentives, and putting 

policies for AFT market growth into effect. 

 

Methods 

1. Survey and data gathering 

Six thousand thirty-eight transportation firms spread over twenty countries—including Iran, 

Germany, France, and others—were surveyed. Using a five-point Likert scale, the questionnaire 

gauged firm background, fuel preference, and agreement with economic, environmental, and 

policy elements. The most often used fuel was diesel; CNG was the favored option (23% preferred 

BE, 14% Biogas, 5% LNG, 4% Hydrogen). 

2- Multinomial Logit Model (MNL) 

Discrete choice models and Multinomial Logit Model (MNL) is an appropriate mode choice 

modeling approach for categorical data. Each utility contains one dependent variable such as a 

specific mode choice, weighting parameters, and some independent variables (Greene & Hensher 

2003). MNL model is also appropriate for choice behavior prediction (Jahaniaghdam et al., 2023).   

Effective factors on alternative fuel choice were analyzed using as MNL model with a 90% 

confidence interval. Companies’ characteristics and likert scale variables were the independent 

variables. Following model generation, to answer the research questions, sensitivity analysis and 

elasticity was done. Elasticity consists of calculating changes in choice probability with every one 

percent change of each of the independent variables (Koppelman et al., 2006). In addition, the 

effect of 13 different scenarios on change share of alternative fuel choice were tested. In each 

meaningful scenario, a fixed value was considered for the independent variables to test the changes 

share of probabilities.       

The MNL model approximated three different fuel group choice probabilities: 

C1: CNG and LNG 

C2: Electric Battery 

C3: Hyrogen and biogas 

Examined how independent variables affect decision probability using a marginal impact 

approach. Interaction effects were included into the second MNL model (Greene & Hensher 2003). 

Fuel price, refueling time, GHG emissions, hazardous cargo handling, and cost-effectiveness 

(Huin et al., 2021; Bae et al., 2022) were among the significant variables. 

 

Results 

1. MLN Model Results 

The initial MNL model found important elements like driving range, gasoline cost, refuels time, 

and servicing cost. By including interaction terms, the second model enhanced explanatory ability. 

Important conclusions are: 

 Shorter refueling durations and low GHG emissions from C1 (CNG & LNG) lessen 

acceptance. Important influences include economic ones like maintenance and servicing 

costs. 



 Choice is influenced by perceived technical dependability, refueling safety, and service 

quality, or C2 (BE). Improved driving range and lower maintenance costs could boost 

acceptance (Konstantinou & Gkritza, 2023). 

 C3 (Hydrogen & Biogas): Main issues include cost-effective pricing strategies and 

refueling safety. 

2. Marginal Effect Study 

Variable effectiveness was ranked by direct and cross-marginal impact analysis. Driving range, 

fuel pricing policies, and CO2 penalties particularly affected decision-making (Bridi et al., 2024). 

When choosing alternative fuels, companies give safety, operational efficiency, and economic 

viability first priority. 

3. Scenario Analysis 

Thirteen scenarios investigated how variations in perspective affected fuel choice.  

Main conclusions: 

 

 

 Shorter refueling times, less maintenance, and better performance all help BE adoption. 

 Affordable pricing and safe refueling point to hydrogen and biogas. 

 Service dependability and infrastructural availability (Zähringer et al., 2024) make CNG 

and LNG still preferable. 

Examining Motivators and Obstacles for Adoption of Alternative Fuels: Results line up with 

earlier research stressing financial and pragmatic obstacles to acceptance of alternative fuels 

(Sugihara et al., 2024). Low maintenance costs, fuel availability, and technological dependability 

are what businesses value. Key motivators include infrastructure development, fuel pricing 

legislation, and tax incentives (Carboni et al., 2024). 

 

Policy Implications 

To promote adoption, governments might strengthen infrastructure and increase economic 

incentives—such as tax cuts and liability insurance discounts. Adoption of hydrogen and biogas 

could rise with safety rules and expanded refueling infrastructure (Bolz et al., 2024). 
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