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Abstract. Within the framework of the research work, a reproducible, auditable and scalable data-supported 

methodology has been developed for the development of prototypes of a digital CO₂ emission calculator, which 
integrates behavioral, mobility, route and payment data in accordance with ISO 14083 and EN 16258 requirements. 

The methodology describes a selection of data sources, stratified sampling, data quality control, combining TTW 

(tank to wheel) and WTT (wheel to tank) components into WTW (wheel to wheel) results, providing verification 

procedures, such as unit tests, integration tests and validation. Experimental application in practice of a regular 

intercity passenger transport route (distance 220 km) demonstrates the practical application of a methodology, 

where at a representative average public transport load of 20/40/60 passengers, the calculated WTW CO2e 

emission results for four transport type scenarios (R1-R4) are R1 (diesel) kg CO₂e 0.022 pax km-1, R2 (electric 

bus) kg CO₂e 0.004 pax km-1, R3 (B7-biogenic part 7%) kg CO₂e 0.021 pax km-1 and R4 (HVO100-biogenic part 

100%) kg CO₂e 0.001 pax km-1, which indicates the impact of public transport loads. The developed methodology 

provides a practical basis for the development of prototypes of digital calculators that can provide personalized 

feedback to passengers, support carriers in optimizing emissions, and promote a behavioural change of the public 

transport passengers. 

Keywords: carbon footprint; CO2 calculators; behavioural change of passengers; greenhouse gas (GHG) 

emissions. 

Introduction 

In Europe the transport sector remains one of the largest sources of emissions, accounting for almost 

a quarter of the EU greenhouse gas emissions; these emissions continue to increase, unlike other sectors 

where emissions are decreasing [1]. 

The European Commission transport decarbonisation policy intends to reduce transport emissions 

by 90% by 2050, and achieving this goal requires both technological and behavioural solutions, 
including digital tools that help users understand and reduce their CO₂ footprint [2]. The policy 

documents particularly highlight the importance of data, indicating that accurate emissions, accounting 

and behavioral change are essential prerequisites for climate neutrality. 

The European Green Course and the Sustainable and Smart Mobility Strategy state that the transport 

system must be both green and digital, and that digital tools are a central instrument for reducing 
emissions, changing the mobility habits and engaging society [3]. The strategy provides for a significant 

increase in the use of data-supported mobility solutions by 2030, including personalised CO₂ calculators 

and digital platforms that ensure the users with feedback on the impact of their movements. 

Despite the rapid increase in the data availability and the use of digital tools in the analysis of public 

transport passenger mobility in the recent years, the assessment of CO₂ emissions is still often based on 
generalized calculations that are not adapted for individual users or small and medium-sized businesses 

[4]. 

Several authors have shown that a large proportion of GHG emissions (60-70%) are related to 

personal consumption, which highlights the importance of individual decisions on the climate change 

mitigation and the importance of linking the climate changes with responsible consumption, both of 

which are included in the Sustainable Development Goals [5]. 

Several important directions have emerged in research that demonstrate the potential of digital data 
in the emissions analysis. For example, the data of the metro systems allow for the determination of the 

CO₂ emissions at the individual trip level, using smart card and operational data that accurately reflect 

the actual mobility of passengers [6]. This approach demonstrates that it is possible to develop 
personalized emissions indicators that can be integrated into the user-friendly digital tools. In turn, 

interpretive machine learning methods in multimodal mobility analysis allow for the identification of 

the main factors that determine the emissions of a particular trip, based on travel trajectory data, route 
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choice, and transfer schemes [7]. Such models provide an opportunity to explain to the users how 

individual (particulas) behavioral choices affect their CO₂ footprint. 

Analysis of the impact of personal decisions upon the GHG emissions is part of the growing concern 

about an individual’s responsibility for the state of climate in parallel with governments, industry, or 
NGOs [8]. Among the various tools to improve the population awareness of climate change and the 

climate change mitigation measures, carbon footprint calculators (CFCs) have become a popular tool 

because they help educate about the impact of daily habits on GHG emissions [9; 10]. 

Several digital emission calculators already exist in the logistics sector, such as EcoTransIT World 

and CarbonCare, which ensure standardized calculations for various transport modes and comply with 
international methodological standards [11]. However, these tools are mainly focused on large 

companies and are based on the technical transport data (distances, tonne-kilometers, cargo 

characteristics), rather than on the merchants’ daily financial or transactional data. This means that small 

and medium-sized transporers often lack practical, easy-to-use tools that would allow them to assess 

and reduce emissions using data already generated in the company’s operational processes. 

The authors of the review on the method for measuring the transport carbon dioxide emissions 

emphasize that harmonization of methodologies (e.g., ISO 14083 and EN 16258 frameworks) is 

essential in calculating transport emissions, as different approaches can lead to incomparable results and 

misleading policy indications [11]. But the authors of the study on transport emissions standardization 
point out that global or regional harmonization (CountEmissionsEU, ISO 14083, EN 16258) 

significantly improves data comparability and reliability, which is directly ensured by the TO-BE design 

[11-13]. 

International reports on transport emissions have drawn attention to the fact that without quality 

data and validation mechanisms, TO- BE solutions can create systematic errors in reporting [14]. 

In a study on modeling and the process analysis the authors have presented an in-depth theoretical 

basis for AS - IS modelling, indicating that the AS IS model plays an essential role in identifying the 
organizational weaknesses, the IT system and process deficiencies that create additional costs or delays, 

indicating that AS - IS modelling is resource-intensive, yet necessary to justify the development of TO-

BE [15]. 

The analysis of the performed scientific publications indicates a significant research gap: although 

individual studies demonstrate possibilities to determine emissions at an individual level, to analyze the 
behavioral factors [6] or ensure standardized logistics calculations [12], there is a lack of integrated 

solutions that would combine behavioral data, payment/transaction data and emission modeling into a 

joint digital tool. There are also no tools available that would be suitable both for the public transport 
passengers and the logistics merchants at the same time, providing a personalized, everyday CO₂ 

assessment. 

Most CO₂ emission calculators operate in Latvia as stand-alone tools (online platforms, banking 

applications, logistics APIs). The data entry is mainly based on the user’s manually provided information 

(kind of transport, distance, consumed fuel, the user’s habits). In order to find an optimal solution 
methodology for the creation of two digital CO₂ emission calculators, a comparative analysis of two 

AS-IS (a current process state) and TO-BE (a future process design) models was performed to select the 

optimal model. 

Therefore, new solutions are needed that would allow society and businesses to move to a data-

supported, user-friendly, and behaviour-changing approach to monitoring the environmental 
sustainability. The development and validation of such solutions is essential to promote climate-neutral 

mobility habits and provide practical support for reducing emissions at the level of everyday decisions. 

The aim of the research is to develop a reproducible, auditable and scalable methodology for 

creating a digital CO₂ emission calculator that allows both the public transport passengers and the 

transport companies to assess and reduce their carbon footprint using behavioural, mobility, route and 
payment data. The developed methodology will serve as the basis for the development of prototypes of 

data-based CO₂ emission calculators, which will promote awareness among the public transport 

passengers, to improve the quality of the transport service choices, and facilitate environmental 

sustainability monitoring. 
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Materials and methods 

The research is organized as a process of development and validation of a digital CO₂ emission 

calculator, covering both the public transport passengers and transporters. The methodology includes 

defining theoretical assumptions, selecting and validating data sources, choosing mathematical and 

statistical methods, as well as calibrating and testing the model to ensure accuracy and reproducibility. 

The methodology is based primarily on the data integration, the emissions modelling, the algorithm 
development, and the users’ testing, ensuring practical applicability of the calculators and compliance 

with the international emission calculation standards and methodologies. 

The development of a practical application system (PAS) is focussed on the integration of the 

calculator model into a usable software tool, the development data processing flows, a user interface, a 

calculation module, and validation mechanisms that ensure the reliability and practical usability of the 

model in real-world operating conditions. 

1. Development of a methodology for calculation of CO₂ emissions 

The emission calculation according to the developed methodology includes the requirements of the 

ISO 14083 standard, both direct (TTW) emissions, which covers only the exhaust gases and direct 

energy consumption in the vehicle, and the indirect (WTT) emissions, which arise from the fuel or 
electricity production, the processing, transportation and delivery process to the vehicle tank, providing 

a full WTW emission report that combines WTT and TTW components. As an experiment, WTW is 

applied to a partcular public transport bus with comparing diesel and electric buses. The direct and 
indirect CO₂ emissions and energy consumption are analyzed in accordance with the development and 

validation process scheme of the CO₂ emission calculator (Fig. 1). The calculations include CO₂, CH₄ 

and N₂O emission components, expressed as CO₂ equivalent (CO₂e), in accordance with the 

requirements of ISO 14083 and EN 16258 [16; 17]. 

Data Sources

Emission Model
Development

Digital Tool
Prototyping

Results

• Public transport payment data
• Route and schedule data
• Vehicle technical and emission data
• Behavioral and mobility data

• Individual trip CO₂ model (passengers)
• Integration of behavioral factors
• Interpretable ML methods for emission 

determinants

• Passenger CO₂ calculator
• Data import module
• Emission calculation module
• User interface and personalized feedback

Technical verification:
• Comparison with ISO/EEA methods
• Comparison with existing calculators
User validation:
• Passenger testing
• Usability and reliability assessment

• Personalized CO₂ calculations
• Behavior change opportunities
• Data-driven sustainability monitoring aligned with 

EU mobility and climate goals  

Fig. 1. Scheme of CO₂ emission calculation development, verification and validation process 

2. Emission calculation methodology 

The subsections of the methodology section for creating digital CO₂ emission calculators describe 
the principles of emission calculations, data quality assurance, verification, validation and 

reproducibility, based on ISO14083:2023, EN16258:2012, IPCC guidelines and international software 

quality standards [18]. 
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Calculations are performed in the WTW system, separating the TTW and WTT components, as 

defined in ISO14083 [14; 16; 17]. 

2.1. The volume and definitions 

The published methodology includes an experimental route of the public transport service provider 
and a definite period of time. The selection of the analyzed experimental route in the research is 

structured by the type of the route, the time of the day, and the season. 

The key terms: 

• public transport passengers (pax);  

• distance travelled by passenger on the route (pax km-1);  

• route distance (km);  

• emission factor (kg CO₂e·l⁻¹);  

• AS‑IS (the model of the existing state);  

• TO‑BE (the target state model);  

• experimental inter-city route (EICR). 

2.2. Data sources and sample selection 

Data types used for analysis: e-ticket records, telematics data (GPS, CAN signals, travel times), 
lists of trips, payment transaction logs, passenger count data. Metadata are recorded for each record: the 

source, the time, the version of transformations, and the supplier identifier. 

Sample selection is stratified by the route type (e.g. urban, regional), time of the day and the season. 

The inclusion and exclusion criteria, as well as the sample size (N), are clearly documented.  

2.3. AS-IS audit (diagnostics) and TO-BE (the target model) 

In the diagnostic (AS-IS) phase (Figure 2), a mapping of the existing process is performed using 

BPMN diagrams and semi-structured interviews with the public transport service provider, including 
the number of interviews and selection criteria. The data quality audit identifies the missing fields, the 

time synchronization problems, and the data interruptions. The AS-IS output artifacts: BPMN diagrams, 

the data quality report, and the risk lists. 

AS-IS Model TO-BE Model

Comparative Analysis

  Documents the current process
  Identifies gaps, duplication, risks, and data 

issues
  Provides the baseline for comparison

  Defines the optimized future process

  Includes technology, automation, KPIs, and 

data integration

  Enables structural and organizational change

Optimal Model

Selection

  TO-BE = optimized target process

  AS-IS = diagnostic view of the current 

system
  Data availability and quality

  Organizational readiness and 

management support

  Technical infrastructure and API 

availability

  Legal compliance (GDPR, DPIA)

  Cost–benefit analysis and pilot results

 

Fig. 2. AS-IS audit (diagnostics) and TO-BE (the target model) 

In the optimization (TO-BE) phase (Figure 2), there are defined the target architecture, centralized 

data layer, API specifications for the data providers, data models, the calculation flow and KPIs (e.g. kg 
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CO₂ pax km-1, kg CO₂ trip). TO-BE also includes a transition plan with phases, responsibilities and the 

required resources, as well as incorporating the GDPR requirements and the DPIA results into the 

design. 

2.4. Data processing and quality control  

Data validation, the missing value handling (inputation or exclusion depending on the field), unit 

conversions and time synchronization. All the sensitive fields are pseudonymized before the analysis. 

Each transformation is recorded in a metadata log with a version number, performer, and time. The 

version control ensures reproducibility. The data quality indicators (e.g., percentage of the missing 

fields, the number of time synchronization errors) are defined and monitored. 

2.5. The calculation method and applied standards 

The calculations are based on internationally recognized guidelines and standards, and their steps 

are documented with precise formulas and sources of the emission factors used [16; 17]. 

The fuel consumption 𝐹𝑐  (1) is determined in absolute litres (l per 100 km-1), based on the ISO 

defined units [16]. 

 
, (1)

 

where 𝐿 – route length, km;  

 𝐹𝑐𝑏 – fuel consumption base, l per 100 km-1. 

The total consumption of electric energy (𝐶𝑒𝑒) is determined by formula (2) [16]. The conditions of 

the public transport route must be taken into account, both frequent stops at bus stops and the road terrain 

features, which increase the consumption [19]. 

 𝐶𝑒𝑒  =  𝐿 𝐶𝑏𝑒 , (2) 

where 𝐶𝑏𝑒  – consumption base of electric energy, kWh·100 km-1. 

In the calculations of the biogenic fraction (𝐵𝑓) and the proportion of the biogenic fraction in the 

fuel there are used certified and documented data, provided by the fuel supplier [16]. If the 

biocomponent is not specified, the value of the biogenic part is considered to be 0. In the case of using 

B7, the value of 𝐵𝑓  is 0.07 (7%), but if only Hydrotreated Vegetable Oils (HVO) are used, which are 

produced by hydrogenating vegetable oils or other lipids, converting them into paraffinic hydrocarbons, 

then 𝐵𝑓 = 1 (100%), and this value is used in the TTW/WTT calculation formulas [20; 21]. It is a “drop-

in” alternative to diesel that is technically compatible with the existing vehicles [20]. 

Direct TTW CO₂ (kg) emissions, related to the fossil fuel component, are determined by formula (3).  

 𝐶𝑂2,𝑓𝑜𝑠𝑖𝑙
𝑇𝑇𝑊   =   𝑉 ⋅ (1 − 𝐵𝑓) ⋅ 𝐸𝐹𝑇𝑇𝑊,𝑓𝑜𝑠𝑖𝑙𝑠, (3) 

where 𝑉 – fuel volume (litres);  

𝐵𝑓  = 1 – fuel considered as a biogenic (non-fossil) component; it is applied if the fuel fully 

complies with HVO;  

 𝐸𝐹𝑇𝑇𝑊,𝑓𝑜𝑠𝑖𝑙𝑠 – TTW emission factor (kg CO₂e·V⁻¹). 

Calculation of direct TTW emissions from the biogenic fuel fraction (4) 

 𝐶𝑂2,𝑏𝑖𝑜𝑔
𝑇𝑇𝑊   =   𝑉 ⋅ 𝐵𝑓 ⋅ 𝐸𝐹𝑇𝑇𝑊,𝑏𝑖𝑜𝑔, (4) 

where 𝐵𝑓  – proportion of the biogenic part (0…1);  

 𝐸𝐹𝑇𝑇𝑊,𝑏𝑖𝑜𝑔 – TTW emission factor (kg CO₂e·V⁻¹). 

Indirect WTT fossil CO₂e (kg) emissions, related to the fossil fuel component (extraction, 

processing, transportation), are determined using formula (5) [16]. 

 𝐶𝑂2𝑒,𝑓𝑜𝑠𝑖𝑙
𝑊𝑇𝑇   =   𝑉 ⋅ (1 − 𝐵𝑓) ⋅ 𝐸𝐹𝑊𝑇𝑇,𝑓𝑜𝑠𝑖𝑙𝑠 . (5) 

𝐹𝑐  =  𝐿 
𝐹𝑐𝑏

100
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The calculation of biogenic CO₂e (kg) emissions (WTT) (6) is performed for the part, as a separate 

accounting, that relates to the production and supply of biogenic raw materials and is relevant for the 

comparison of ISO compliance [16]. 

 𝐶𝑂2𝑒,𝑏𝑖𝑜𝑔
𝑊𝑇𝑇   =   𝑉 ⋅ 𝐵𝑓 ⋅ 𝐸𝐹𝑊𝑇𝑇,𝑏𝑖𝑜𝑔 , (6) 

where 𝑊𝑇𝑇 – emission factor (kg CO2e·L-1) of the biogenic fuel component, which includes all 

emissions arising from cultivation, collection, processing, production and logistics of the 

biogenic feedstock until the fuel reaches the vehicle tank, and must be accounted for 

separately in accordance with the requirements of ISO 14083 and EN 16258 [16; 17]. 

The combined WTW emission factor per litre, which weighs the TTW and WTT components 

according to the fossil and biogenic fraction, is determined by formula (7). 

𝐸𝐹𝑊𝑇𝑊  =  (1 − 𝐵𝑓) ⋅ (𝐸𝐹𝑇𝑇𝑊,𝑓𝑜𝑠𝑖𝑙  +  𝐸𝐹𝑊𝑇𝑇,𝑓𝑜𝑠𝑖𝑙) +   

  +  𝐵𝑓 ⋅ (𝐸𝐹𝑇𝑇𝑊,𝑏𝑖𝑜𝑔  +  𝐸𝐹𝑊𝑇𝑇,𝑏𝑖𝑜𝑔) (7) 

In the calculation of total WTW emissions (kg) (8), TTW and WTT components are summed, 

yielding the full CO₂e impact according to ISO14083 [14; 16]. 

 𝐶𝑂2𝑒𝑊𝑇𝑇  =  𝐶𝑂2,𝑓𝑜𝑠𝑖𝑙
𝑇𝑇𝑊  +  𝐶𝑂2,𝑏𝑖𝑜𝑔

𝑇𝑇𝑊  +  𝐶𝑂2𝑒,𝑓𝑜𝑠𝑖𝑙
𝑊𝑇𝑇  +  𝐶𝑂2𝑒,𝑏𝑖𝑜𝑔

𝑊𝑇𝑇  (8) 

Emissions per passenger are defined (9) as total WTW emissions (kg CO₂e) divided by the actual 

number of passengers on the trip, and the results should be interpreted in conjunction with assumptions 
about the specific route load, pax km-1 and location principles. Calculations can also be made per 

pax km-1 (kg CO₂e pax km-1), as this shows the impact of distance and allows for comparison of different 

routes [16; 17]. 

 
. (9)

 

It should be considered that the result in kg CO₂e pax km-1 depends on the actual number of 
passengers, as empty trips may lead to incorrect high figures; therefore, in addition to this figure, it is 

necessary to simultaneously report kg CO₂epax and kg CO₂ekm [22]. Normalization of WTW emissions 

per pax km-1 (kg CO₂e pax km-1) (10) by the number of passengers and the distance travelled (PaxD) 

complies with the requirements of EN 16258 [17]. 

 

. (10)

 

The TTW emissions per pax km-1 are determined (11) to allow for the analysis of exhaust emissions 

without the WTT component [17]. 

 

. (11)

 

Activity is defined as pax km-1 or other appropriate unit of activity, depending on the purpose of 

the calculator. All assumptions and versions of the emission factors are documented in metadata. 

2.6. Verification 

Verification ensures that the implementation conforms to the TO-BE specification. The verification 

steps include unit tests for each computational function, integration tests for data flows, verification of 

the metadata and transformations, and peer-review of the code [18; 23; 24; 25]. 

The pass rate (Passrate) of the unit test is determined as the percentage of successful tests out of the 

total number of tests, with a target of ≥ 95%. 

 
, (12)

 

where 𝑁𝑝 – number, indicating how many of the executed unit tests passed without errors;  

 𝑁𝑡 – total number of the operating unit tests. 

𝐶𝑂2𝑒 𝑝𝑎𝑥 =  
𝐶𝑂2𝑒𝑊𝑇𝑊

𝑃𝑎𝑥
 

𝐶𝑂2𝑒 𝑝𝑎𝑥 𝑘𝑚  =  
𝐶𝑂2𝑒𝑊𝑇𝑊

𝑃𝑎𝑥𝐷
 

𝐶𝑂2𝑒 𝑝𝑎𝑥 𝑘𝑚
𝑊𝑇𝑊  =  

(𝐶𝐶𝑂2 𝑓𝑜𝑠𝑖𝑙
𝑇𝑇𝑊  +  𝐶𝑂2 𝑏𝑖𝑜𝑔

𝑇𝑇𝑊 )

𝑃𝑎𝑥𝐷
 

𝑃𝑎𝑠𝑠𝑟𝑎𝑡𝑒  =  
𝑁𝑝

𝑁𝑡
100% 
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2.7. Validation and prototype tests with statistical evaluation 

The TO-BE prototype is tested on a selected route for a definite period of time. Validation includes 

comparison with the AS-IS baseline, using statistical methods (MAE, RMSE, t-tests), and a sensitivity 

analysis for the effects of emission factors and assumptions. Acceptance criteria (e.g. MAE < 5% against 

the verified data) are defined before the pilot project begins [24; 25]. 

The mean absolute error (MAE) between the measurements yi and the simulated results 𝑦̂𝑖 is 

determined by formula (13) [26; 27]. 

  (13) 

Root Mean Square Error (RMSE) is used to quantify the error. Formula (14) is used to determine 

the average forecast error values [26; 27]. 

  (14) 

The Mean Absolute Percentage Error (MAPE) is calculated according to formula (15) [26; 27]. 

  (15) 

A paired t test (statistical significance between AS - IS and TO - BE) is used to test whether the 

mean difference is statistically significant [16]. 

 , (16) 

where 

 , (17) 

where 𝑑𝑖  =  𝑦𝑖
𝐴𝑆 − 𝑦𝑖

𝑇𝑂– difference between related observations;  

 𝑖 – index of the ordered element;  

 𝑑̅ – average difference;  

 𝑠𝑑 – standard deviation between the differences;  

 𝑁 – number of observations. 

Formulas (13)-(15) – MAE, RMSE, MAPE – quantify the error magnitude. Formulas (16)-(17) – a 

paired t-test – tests whether there is a statistically significant mean difference between AS-IS and TO-

BE observations. 

Results and discussion 

Based on the developed methodology, the calculation of CO2 emissions was performed using data 
from the public transport service provider for 2025 regular commercial trips of an experimental inter-

city route (EICR) Liepaja-Riga, shown in Fig. 3. 

The calculation uses the passenger carrier’s operational data for a particular route in 2025, which 

the includes mileage, the number of passengers, the fuel or electricity consumption, and the type of the 

fuel used. 

To assess the impact of different energy sources and fuel types upon the total WTW emissions, four 

scenarios (R1–R4) were defined and analyzed (Table 1), reflecting real and potential vehicle operation 
options on the Liepaja–Riga route: R1 (D) ‑ a diesel bus (without biocomponent); R2 (E) ‑ an electric 

𝑀𝐴𝐸 =  
1

𝑁
∑|𝑦𝑖

𝑁

𝑖 = 1

− 𝑦̂𝑖| 

𝑅𝑀𝑆𝐸 =  √
1

𝑁
∑(𝑦𝑖 − 𝑦̂𝑖)2

𝑁

𝑖 = 1

 

𝑀𝐴𝑃𝐸 =  
100%

𝑁
∑ |

(𝑦𝑖 − 𝑦̂𝑖)

𝑦𝑖
|

𝑁

𝑖 = 1

 

𝑡 =  
𝑑̅

𝑠𝑑/√𝑁
 

𝑑̅ =  
1

𝑁
∑ 𝑑𝑖

𝑁

𝑖 = 1
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bus; R3 (B7%) ‑ a diesel bus with B7% (7% biocomponent); R4 (HVO) ‑ a diesel bus with HVO100 

(100% biogenic). [14; 16; 19]. The data for the HVO fuel were selected from the Neste manufacturer. 

The Neste manufacturer has indicated in its GHG reports 0.255 kg CO₂e·V⁻¹ for HVO100 fuel [28]. 

 

Fig. 3. Experimental inter-city route scheme Liepaja-Riga 

Table 1 

Input data table – EICR scenarios (R1-R4) 

Scenario ID 
Type of 

transport 

Distance, 

km 
Pax, (Qnt.) Consumption base 

Type of biogenic 

fraction, (%) 

R1 (D) Diesel 220 20/40/60 28 l·100 km-1 None 

R2 (E) Electric 220 20/40/60 130 kWh·100 km-1 None 

R3 (B7%) Diesel 220 20/40/60 28 l·100 km-1 B7 (7%) 

R4 (HVO) Diesel 220 20/40/60 28 l·100 km-1 HVO (100%) 

Scenario ID 
Biogenic 

fraction 

EF TTW 

fosils 

kg CO2e·l
-1
 

EF TTW 

biog, 

kg CO2e·l
-1

 

EF WTT fosils, 

kg CO2e·l
-1
 

EF WTT biog, 

kg CO2e·l
-1

 

R1 (D) 0 2.68 - 0.52 - 

R2 (E) 0 - - 0 - 

R3 (B7%) 0.07 2.68 - 0.52 0.5 

R4 (HVO) 1 2.68 - 0.52 0.2 

For all scenarios the emission calculation includes the conversion of CO₂, CH₄ and N₂O to CO₂ 

equivalent (CO₂e), using the IPCC AR5 GWP100 factors [14]. The CO2e WTW values, obtained at load 

factors (20/40/60 passengers), are shown in Table 2. 

Table 2 

Results table ‑ EICR scenarios (R1-R4) 

Scenario ID Pax kg CO2e WTW kg CO2e WTW pax kg CO2e WTW pax km
-1

 

1/R1 (D) 20 197.1 9.9 0.045 

1/R2 (E) 20 34.3 1.7 0.008 

1/R3 (B7%) 20 185.5 9.3 0.042 

1/R4 (HVO) 20 12.3 0.6 0.003 

2/R1 (D) 40 197.1 4.9 0.022 

2/R2 (E) 40 34.3 0.9 0.004 

2/R3 (B7%) 40 185.5 4.6 0.021 

2/R4 (HVO) 40 12.3 0.3 0.001 

3/R1 (D) 60 197.1 3.3 0.015 

3/R2 (E) 60 34.3 0.6 0.003 

3/R3 (B7%) 60 185.5 3.1 0.014 

3/R4 (HVO) 60 12.3 0.2 0.001 

The results (Table 2) are normalized both per passenger and per pax km-1 according to EN 16258 

[17]. WTW CO₂e values, obtained at a representative load level (20/40/60 passengers), are as follows: 

R1 (D) ‑ 0.022 kg per pax km-1; R2 (E) ‑ 0.004 kg per pax km-1; R3 (B7) – 0.021 kg per pax km-1; R4 
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(HVO100) ‑ 0.001 kg per pax km-1. Compared to R1 (D), the percentage emission reductions are: R2 

(E) ‑ 81.8% (pax km-1); R3 (B7) ‑ 4.5% (pax km-1); R4 (HVO100) ‑ 95.5% (pax km-1). 

Comparison with public calculators and reviews indicates that the obtained ranges (approximately 

0.001 ‑ 0.022 kg CO₂e pax km-1 depending on scenario and load) are compatible with previously 

published values, provided similar emission factor sources and GWP100 basis are used [12; 14]. 

To assess the impact of the passenger load upon the CO₂ emissions, the pax km-1 of each scenario 

(R1–R4) was compared at the corresponding load (N_pax) (Figure 4). 

 

Fig. 4. CO2 emissions depending on the load 

From the results, presented in the graph (Fig. 4), it can be concluded that the R2 (E) scenario shows 

the lowest CO₂e pax km-1, while R1 (D) shows significantly higher CO2 emissions even at higher 

passenger loads. 

To assess quantitatively the input parameters which most significantly affect the total CO₂ 

emissions, as well as to determine the optimal CO₂ emission reduction measures, a Tornado diagram 

was created.  

 

Fig. 5. Relative impact of the input parameter on total CO₂ emissions 

The diagram (Fig. 5) shows which parameters have the greatest potential impact upon the result of 

the total CO₂ emissions. 

Results are consistent with other studies showing that electric transport and fully biogenic fuels 

exhibit substantially lower WTW intensity compared with fossil diesel when both TTW and WTT 

components are taken into account [12; 14; 19]. 

Given the agreement with international standards and the published literature [7; 16; 17], this study 

provides a practical and reproducible basis for the development and further validation of CO₂e calculator 

prototypes. 

Conclusions 

1. The developed methodology, based on ISO 14083 and EN 16258, provides reproducible, auditable 

and scalable calculation of WTW CO2e emissions, both CO₂epax and CO₂e pax km-1, thus creating 

a necessary basis for the development of prototype CO2e emission calculation calculators. 
2. The EICR calculations confirm the practical applicability of the methodology, for example, at an 

average load of 40 passengers, the WTW results are R1 (D) 0.022 kg CO₂e pax km-1, R2 (E) 

0.004 kg per pax km-1; R3 (B7) 0.021 kg per pax km-1; R4 (HVO) 0.001 kg per pax km-1. 

0

15

30

45

60

0.00

0.01

0.02

0.03

0.04

0.05

1/R1
(D)

1/R2
(E)

1/R3
(B7%)

1/R4
(HVO)

2/R1
(D)

2/R2
(E)

2/R3
(B7%)

2/R4
(HVO)

3/R1
(D)

3/R2
(E)

3/R3
(B7%)

3/R4
(HVO)

P
a
x

C
O

₂e
 
p

a
x
_
k

m

ScenarioCO2e_pax_km N_pax

45

35

15

5

0

25

50

EF (WTW) Fuel consumption Passengers (Pax) Measurement
deviation

R
e
la

ti
v
e
 i
m

p
a

c
t,

 %

Parameters



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 27.-29.05.2026. 

 

754 

3. Compared to Scenario R1(D), Scenario R2 (E) CO₂e pax km-1 decreases by 81.8%, while Scenario 

R3 (B7) decreases by 4.5% and Scenario R4 (HVO) decreases by 95.5%, respectively, which shows 

that the energy source and biogenic fraction significantly determine the specific CO₂e pax km-1 

intensity. 

4. The results of the experimental route calculation confirm the importance of the passenger load, as 

CO₂e emissions decrease as the number of passengers increases, for example, R1 (D) at 20 pax 
CO₂e is 0.045 kg per pax km-1, while at 60 pax CO₂e is 0.015 kg per pax km-1, thus increasing the 

load is an efficient emission reduction measure. 

5. The practical significance of the developed methodology lies in the fact that it provides basis for 
the development of prototypes of the CO2e emission calculators, which, by integrating the 

behavioral, mobility, route and payment data, can provide personalized feedback for the passengers 

and action recommendations to the carriers, promoting a behavioral change among the public 

transport passengers. 
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