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Abstract 
Now a days, every person is more aware about carbon emissions due to drastic changes in climate. They feel responsible to track and reduce their individual carbon emissions. In this thesis study, we are proposing a method to offer carbon emissions data of journey plan which can be visualized in an easily format to understand and compare with carbon emissions of daily utilities. This will function as an added motivating factor for choosing more sustainable travel options. Currently there are many online carbon emissions calculators readily available online, but in those tools, we must enter our travel data and then it calculates carbon emissions based on a common average factor for emissions. This is a post analysis work and a demotivating factor for many people to plan their sustainable travel habits and they are unsure about the results because of a common factor used in every situation. In this current proposed model of this study, the emission factor will reflect the transport providers emissions average factor. So, this model is more accurate comparatively for real time visualization and comparison. We also propose the data points needed for ideal real time estimations of emissions. The emissions factors are calculated based on the data provided by the public transportation providers and the data will be updated periodically by authorized governmental institutions like Fintraffic and Traficom. By implementing this dynamic real time feature in currently used regular journey planners helpful to make people choose sustainable travel choices and by this, the carbon emissions due to transport sector in Finland can be reduced. 
Keywords  Carbon emissions, Transportation, Real time tracking, Journey planner, 

Estimation. 
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Symbol and abbreviations 

Symbol  ∑  Summation of n numbers 
Abbreviations  APC  Automatic Passenger Counter 

API  Application Programme Interface 
Avg  Average 
CO2   Carbon dioxide 
CO2 -eq  Cabon dioxide equivalent 
CH4  Methane 

 GHG  Green House Gases 
 GTFS  General Transit Feed Specification 

GWP  Global Warming Potential 
HFCs  Hydrofluorocarbons 
ICAO  International Civil Aviation Organization 
IOT  Internet of Things 
Km  Kilometre 
N2 O  Nitrous Oxide 
NEDC  New European Driving Cycle 
OTP  Open Trip Planner 
PFCs  Perfluorocarbons 
PTA  Public Transport Authority 

 RPA  Robotic Process Automation 
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 SF6  Sulphur Tetrafluoride 
 TSP  Transport Service Provider 
 TTW  Tank to Wheel 
 WLTP  Worldwide Harmonized Light Vehicle Test Procedure 
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1. Introduction 
Due to continuous rise in global temperatures, the concept of carbon footprint got its 
importance. Awareness among individuals is increasing day by day for improving their 
own lifestyle in environmentally sustainable way. In Finland, transport sector accounts 
for about 20 percent of its total carbon emissions. 85 percent of emissions from 
transportation sector is through private or individual transportation and a 5 percent 
reduction in private transport can save up to 300,000 tons of CO2 per year (FINTRAFFIC, 
2020). Finland Public transportation is environmentally sustainable by utilizing 
renewable energy sources. Individuals are not completely aware about the exact potential 
impact they can contribute to carbon emissions reduction by avoiding individual or 
private transport.  

There are applications like “climate diet tool” (SYKE) for calculating carbon 
emissions/footprint in a static way means that we must enter all the details of consumption 
or travel information. These applications are not interactive friendly to make choices or 
plans. So, a Carbon Emission estimator embedded in the real time trip planners is useful 
for making choices on environmentally sustainable journey plans. In similar context, 
google maps is providing eco-friendly routing feature in their route planners. This feature 
shows estimates of energy or fuel efficiency based on selected engine type and route 
(Google, 2021). It helps to compare travel through different suggested routes in terms of 
sustainability or fuel consumption. With this feature, we are not comparing public 
transportation system with individual transportation. 

In Finland, Fintraffic supplies central traffic control and management services. It 
keeps data from all public transport authorities and provides free data access to third 
parties required in the name of Digitransit API. Currently there is no data type available 
for carbon emission calculations. It aims to support for carbon emission reduction in all 
ways possible.  

For providing carbon emission data in the present Internet of Things (IOT) world. 
A software tool which can collect information from diverse sources to generate required 
information can be employed for this scenario. This can also be termed as a robotic 
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process automation (RPA). To build this carbon emission estimator feature in real time 
journey planners using RPA, we need to study and investigate on the data requirements 
and data generation sources to get required outcome.  

This thesis study focuses on finding the data requirements and models that can be 
practically implementable with current available data framework. In addition, this study 
also focuses on representation of CO2 Equivalent in an easily understandable format.  
Main Research Question is 

How can we reduce GHG Emissions by Providing CO2 Emission Data of Public 
Transportation? 

Sub-research questions are 
a) Can there be impact on lifestyle towards utilizing Public Transport systems by 

providing CO2emission data? 
b) How to Calculate CO2 Emissions of an Itinerary Plan using data available and 

GTFS? 
c) How to offer CO2 Emissions data in an easily understandable format. 
 
1.1 Limitations 

This thesis mainly focuses on the data available from General Transit Feed Specification 
(GTFS) and Digitransit API. We focus only on the public transportation system of Finland 
for this project. We prioritised to build the model compatible to current GTFS 
architecture. So that it can be easily implementable to current ecosystem. This project is 
limited to proposing the model with data requirements. 
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1.2 Structure of the Thesis 

This thesis is structured into five sections. In this first section, we introduce research 
problem, research questions and limitations of this project. In second section, Background 
of the topic and literature needed for this project is introduced. In third section, 
methodology and steps done while doing this described. In fourth section, results of 
survey and proposed model is discussed. Finally, we concluded in the fifth section by 
summarizing the results, benefits of proposed model and further steps to actual 
implementation of this project. 
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2. Carbon Emission Estimator   
In this section, the general background concepts and tools required for estimating the 
carbon emissions are introduced. In subsection 2.1, Statistics about Finland Carbon 
emission due to its transportation sector and general terminology required for 
understanding carbon emission representation is discussed. In subsection 2.2, we 
introduced the state of art methodologies to calculate carbon emission transportation 
sector. In subsection 2.3, we introduced what are the key parameters required for the 
calculation of carbon emissions of an itinerary plan. In subsection 2.4, We introduced 
GTFS (General Transit Feed Specification), OTP (Open Trip Planner) and Digitransit. In 
subsection 2.5, We explored about person counter using Computer vision. In subsection 
2.6, We introduced Weighted Averaging method, which will be used as main calculation 
in later sections.  
2.1 General Terminology and Statistics 

Carbon emissions means release of different Green House Gases (GHG) like Carbon 
dioxide (CO2), methane, Nitrous Oxide (N2O), Sulphur Tetra-fluoride (SF6) compounds. 
(Brander, 2012) These compounds stay in the atmosphere for long intervals of time and 
show their effect on the environment based on its Global warming Potential (GWP) 
(Brander, 2012). GWP is an index with base value of 1 represents for CO2. CO2 is the 
most emitting gases among GHG when transport fuels like diesel is burnt. GWP values 
of most significant gases are showed in Table 1. 
Table 1: Global Warming Potential (GWP) values from (Brander, 2012) Name  GWP index 

Carbon dioxide (CO2) 1 
Methane (CH4) 25 
Nitrous Oxide(N2O) 298 
Hydrofluorocarbons (HFCs) 124 – 14,800 
Perfluorocarbons (PFCs) 7,390 – 12,200 
Sulfur Hexafluoride (SF6) 22,800 
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As estimated by (Finnish Central Organisation for Motor Trade and Repairs, 
2020), passenger cars are account for about 50 percent of total road transport sector 
carbon emissions of Finland. We can observe from Figure 1 that emissions due to 
passenger cars are estimated at 5.5 million tonnes CO2 -eq. The ratio of carbon emissions 
between private and public transport is more than 10 times.  

This tells us that people should be motivated towards public transport which can 
reduce significant emissions. This creates a gap for developing more awareness about the 
benefits of using public transportation and developing features to track individual carbon 
emissions. 

 

Figure 1: Greenhouse gas emission estimates for the year 2020 by (Finnish Central Organisation for Motor Trade and Repairs, 2020)  
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2.2 State of Art Methods to calculate carbon emissions For calculating the carbon emissions, different standards and procedures were developed. 
Among those for transportation sector, first one WLTP (Worldwide Harmonized Light 
Vehicle Test Procedure) is a laboratory test procedure for measuring fuel consumption 
and CO2 emissions. Second, EN16258 is widely accepted standard methodology and 
following in the European union countries. The same standard is utilized by Traficom for 
measuring emissions in providing funds to the companies and projects. Finally, for 
aviation industry, ICAO (International Civil Aviation Organization) developed a method 
to calculate carbon emissions due to flight travel. These three standards are studied and 
summarized in this section.  
2.2.1 WLTP WLTP is Worldwide Harmonized Light Vehicle Test Procedure accepted and followed 
by many countries (ACEA, 2017). Countries in European Union are converting their 
vehicle registration and emission taxation policy towards WLTP from previous NEDC 
(New European driving Cycle) in a smooth phase manner. In Figure 2, The difference 
between old standard procedure and current WLTP is shown. 
 The differences in test cycles are the cycle of NEDC is single test. Whereas    
Whereas WLTP is dynamic test cycle representing environment similar to real.  The cycle 
time of WLTP is 10 min higher than NEDC along with cycle distance of 12.25 kilometre 
higher. Similarly, in all parameters like driving phase, average speed, maximum speed, 
gear shifts and test temperatures, WLTP conditions are higher comparative to NEDC. 
These differences make WLTP more comparative with actual emissions. 

The values indicated by WLTP procedure are higher than for the same indicated 
by NEDC. This is due to more rigorous testing procedure adapted in WLTP method. The 
values from WLTP are more relatable to actual driving cycle. So, almost every country 
in European union shifting Transportation policies for carbon emission centric to WLTP.  
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Figure 2 : The differences of NEDC and WLTP standards from source (ACEA, 2017)  
2.2.2 EN 16258 EN 16258 is a methodology for transportation services to declare and calculate GHG 
emissions and energy consumption. (General Industry Federation, 2012) As per EN16258 
standard, we must calculate carbon emissions of a trip based on the total consumption of 
fuel for complete trip. Here complete trip means the fuel consumed for complete 
operations of that vehicle from source location to start point of trip and from stop point 
of trip to source location also to be considered. Distance travelled is the distance between 
start point and stop point.  

Every fuel or mixed fuel combination has their own GHG emissions factor 
mentioned in this standard. The total fuel consumption is calculated and converted into 
GHG emissions by multiplying its fuel emission factor. Here for our study, we are 
considering only the factors of TTW (Tank to Wheel). This total emission can also be 
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represented with units of CO2 -eq per passenger kilometre. Here the passenger kilometre 
is calculated based on how many kilometres each individual is travelled in that trip. 
This method is feasible for all modes of transportation and for both freight and passenger. 
But issues when both passenger and loads are accounted at the same time. If better 
approximation can be produced in case of mixed, this methodology can produce good 
results. Especially in case of short distance ferries, this situation may arise. 
2.2.3 ICAO Methodology Methodology developed by the ICAO takes data like flight model, fuel consumption for 
that trip, Great circle distance between the destinations, space provided for economy class 
and premium class and occupancy of flight for that trip and type of fuel. Since aviation 
sector can have better differentiation between passengers and freight, the weight 
comparison can be done perfectly. So, they take average weight of a person into 
consideration for getting total load on flight.  The calculated emissions get divided 
proportionately based on passenger’s category. For the prior estimation of emissions, they 
consider previous trips data for fuel consumption, load, and average occupancy.  
Figure 3 represents the flow of methodology developed by ICAO (ICAO, 2018). Here user 
has to provide details about start and destination places. The algorithm will fetch the 
previous data about the flights travel in that route, model, distance, type of fuel and fuel 
consumption values along load factor are fetched from it’s database. These factors are 
utilised to estimate CO2 based on the provided cabin class of the passenger. Cabin class 
makes difference because of the space and luggage provided are different.  
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Figure 3 : Calculation procedure model of ICAO Methodology taken from (ICAO, 2018) 
2.3 GTFS and OTP In Finland, Fintraffic provides Digitransit. which is an open source, we can access 
itinerary plans and the information associated with it. Route planner API of Digitransit 
utilizes GTFS (General Transit Feed Specification) and OTP (Open Trip Planner). 

GTFS is an open-source standards module, through which all the transport service 
providers of all modes feed their data according to these specifications to the respective 
database. (Google, 2005) Table 2 describes the files requirements by GTFS schema. The 
files mentioned required are compulsory, the files mentioned conditional required are 
required based on files in required category. The optional files depend on kind of data 
provided by service provider to its passenger. All the files are of .txt type for maintaining 
its ease of operations. The file names itself represents the kind of data attributes it 
contains. 

These specifications can also be customised based on the requirements of national 
transport authorities. GTFS extension can be utilised for this purpose of customisation. 
Currently GTFS doesn’t have any data specification model to include emissions data in 

it. Although it is not required for a trip plan, it can be added as an extension. 
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Table 2 : Categories of files required to feed in GTFS 
Required Conditional required optional 
Agency.txt Calender.txt Fare_attributes.txt 
Stops.txt Calender_dates.txt Fare_rules.txt 
Routes.txt Feed_info.txt Shapes.txt 
Trips.txt  

Frequencies.txt 
Stop_times.txt  

Transfers.txt   
Translations.txt   
Levels.txt 

  Pathways.txt 
  Attributions.txt 

 
OTP algorithm will generate route plan based on data available from the GTFS 

feed (MkDocs, 2015). Figure 4 represents the framework of itinerary plan. Generated 
itinerary plan has the structure of each itinerary divided into each leg by various modes 
of travel like by walk, bus, tram, rail, ferry, taxi, metro. Each leg consists of data like its 
mode, start position, stop position, start, and end time, stop codes if available, duration 
and distance of travel for that leg, service provider for that travel trip. Also, information 
like route-id, trip-id is provided. 

Digitransit provides the itinerary plan generated as an open-source API 
(Fintraffic, 2016). This API is developed using GraphiQL query language. Digitransit 
route API can be used to get real time itinerary plan. We can query with various filters 
available on mode, departure or arrival time, stops and availability of bicycles at 
destination stop.  
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Figure 4 : Framework showing itinerary plan generated by OTP and Digitransit  
2.6 Person counter Average passenger count is a key term required for calculating Carbon emissions for 
travelled distance for a single person. It has great significance in reducing or increasing 
effective emissions per passenger per km travel distance. Generally, by counting the 
number of tickets gives the passenger count. But according to the systems in Finland, 
ticket can be bought using a mobile application and doesn’t necessarily show to any 
scanning device. Also, tickets pricing is based on zonal ticketing system. These make 
difficulty for transport providers in accessing the average passenger count. The difficulty 
is at ease in case of long-distance travel. This led to a requirement to have an Automatic 
Passenger Counter (APC) as transportation infrastructure. 

APC are available in use with different techniques. Three popular techniques are 
solutions with computer vision, load cell and infrared sensors (Intelligent Transport, 
2010). Among these techniques, solutions with computer vision gain its importance and 
technical upgrade continuously with the help of artificial intelligence and deep learning. 
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An APC system consists of optical sensor, processing unit and communication interface 
unit.  

Almost all the public transportation vehicles are equipped with security cameras. 
But only few vehicles have installed APC setup. APC let us know about the real time 
passenger count at any time of travel and provide feasibility to calculate total number of 
passenger kilometres for a trip. i.e., for example, if 10 persons travelled in a bus from A 
to B and only 5 Person travelled from B to C. The distance between A and B is 10 
kilometres, between Band C is 15 kilometres. Then total distance travelled by bus from 
A to C is 25 kilometres. Total passenger kilometres are equal to 175 kilometres (10*10 + 
5*15).  

So, the average passenger count is a critical parameter in calculation of carbon 
emissions per person. Traficom is providing funding to the TSP (Transport Service 
Providers) and PTA (Public Transport Authority) for the projects involving measuring 
carbon emissions, where it includes APC installations to the current public transport 
infrastructure.  
 
2.7 Weighted Averaging Method It is a simple numerical averaging method. It is the sum of values multiplied with 
respective weights, divided by sum of all weights (cuemath, 2022). Each term has its 
importance as it is represented with its weightage. In our case we take weightage with 
respective to travelled distance. It can be expressed as an equation below 

𝐴𝑣𝑔 =
∑(𝑊𝑒𝑖𝑔ℎ𝑡(𝑛) × 𝑉𝑎𝑙𝑢𝑒(𝑛))

∑(𝑊𝑒𝑖𝑔ℎ𝑡(𝑛))
 

Here  Avg – Weighted Average 
 Weight(n) – Weightage of term(n) 
 Value (n)– Value of a term(n) 
 n – integer.  
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3. Methodology 
In this section, we describe the methods used to answer research questions and data 
collected and kind of analysis done on it after validation.  

We use mixed and agile approach to solve the research questions in this project. 
We utilize the calculation methodologies from standards on carbon emissions mentioned 
in section 2.  

For research question – a: We use method of survey to get the feedback in both 
quantitative and qualitative data. This data will be analysed for knowing the effect on 
lifestyle for choosing environmentally sustainable travel plans. Is this carbon emission 
value can act as an additional motivational factor for choosing public transportation. 

For research question – b: To calculate CO2 emissions, we use deductive 
approach by analysing available methodologies for calculations. We use inductive 
approach partly for generating data model and to combine data available from itinerary 
planner and CO2 emission calculations. We collect data required like average emission 
values, references and statistics from transport providers and agencies. We also collect 
data available from research by VTT like Lipasto data and Environmental reports. The 
data for itinerary planning is taken from the API’s provided by Digitransit and GTFS. 

For research question – c: We use qualitative approach for describe effortless way 
to represent the calculated values of emissions in more understandable and comparable 
way. This format is considered by taking account the comparison styles of public.  

In subsection 3.1, we discussed about conducting a survey for answering research 
question-a. In subsequent subsection 3.2, we discussed about the data collected from 
different sources useful in calculating carbon emissions and for developing a model. Thus 
helps in answering research question-b. Finally, in subsection 3.3, we discussed about the 
reliability and validity of conducted survey and data collected. 
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3.1 Conducting the Survey  A survey is planned for knowing the people or passengers’ interest in having tracking 
their travel sustainability. The survey is conducted with the help of a 12 questionnaire 
google survey form. The survey is conducted in the period between July 1st 2022 to 
August 15th 2022. Audience for conducting survey are limited to student groups in Aalto 
university. It consists of mixed type of questions with objective, Likert scale and 
qualitative question. The survey can be accessed through link survey form  

We developed a demo web page for conveying the idea of having visualization of 
carbon emission in their journey planner. Demo page is shown with the help of Figure 5 
or can access the link Demo Page. Figure 6 shows how data flow happen in query from 
demo page and how CO2 value is generated. We have to select the From and To location 
and then press Plan button. Then it queries with Digitransit API for real time itinerary 
plan and gather information required for calculating emission value. The exact 
formulation and model for calculation will be discussed later sections.  

There are about 41 people participated in the survey. We framed questions in a 
manner that anyone can answer question with in two minutes. We also offered a chance 
to win merchandise from Fintraffic as a gift for motivating to participate in the survey. 
We collected the data and analysed in the later sections for knowing interests about carbon 
emission estimator feature in their journey planners.  

 

https://docs.google.com/forms/d/e/1FAIpQLSemCyxi7rp1-o9Q4sr2abHSyNM7a3Wbz0j8LyIOx6mvtBVVOg/viewform
https://sri-manikanta.github.io/co2Estimate_journey_planner/main.html
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Figure 5 : Demo webpage created for the purpose of survey and to convey the ideology of proposed feature.  
 
 

 

Figure 6 : Data flow while a request is handled by demo webpage. 
 

 
 



 
 

24 
 

3.2 Data Collection We collected data from Traficom, HSL, VTT Lipasto Database, PTA of Jyväskylän in 
the form of excel. Traficom has provided data regarding the Total kilometre travelled by 
public transport buses using different fuel types Diesel, Electricity, Biofuel, Biogas and 
liquid hydrogen. The data provided for the year 2020 is actual and expected data is 
provided for the year 2021. It is available in Appendix A. The data also consista of 
number of vehicles operating in those region with that fuel type. 

The data collected from VTT Lipasto is about the average carbon emissions. We 
procured data from the documetation of Climate diet tool applicaton, Which is an 
summary from the VTT’s Lipasto data. PTA of Jyväskylän region provided data about 
the travelled distance operation by different vehicles registered with different agencies. 
The sample of this data can be seen from Appendix B. 

HSL has provided data about the average passengers approximation and average 
carbon emissions of their vehicle fleet per kilometre. They also provided data about their 
plans to install and providing public data about the occupancy level of a vehicle in almost 
real time. 

The values provided by HSL are 
Average carbon emission by Bus mode transport operations = 1100 g CO2 eq per 
kilometre with passenger average of 20. 
Average carbon emissions by Ferry mode of transport operations = 389 g CO2 eq per 
kilometre. 
We are not accessible to real time data about persons travelling at a time, as this may 
concerns for national security in some way or other. Agencies are not interested to share 
their occupancy value due to their business strategic issues. 
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3.3 Data Validation and Reliability The data provide by Traficom is directly reported by public transport authorities as part 
of corporate environmental responsibility. So, the data is valid and reliable to use in our 
model. The data provided by HSL is an average value and the same has been reflected in 
the VTT city bus performance analysis report. So, this data is reliable and cross checked 
with other references. 
The average passenger count is a close approximation during the period of 2020, where 
the same period is affected by Covid 19 and distance policies. We can consider this value 
for the current project purpose. The same will be updated as part of data collection 
framework proposed in this project, will be discussed in later chapters. 
We take emission values directly reported to government agencies like Fintraffic 
Traficom, so that the data we use to calculate emissions are valid according to emissions 
calculation regulations. 
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4. Result and discussion 
In this section, we reported the results of the survey conducted to answer the research 
question-a and observations from the survey are discussed in subsection 4.1. In subsection 
4.2, the calculation method, its data requirements and data flow are discussed. In 
subsection 4.3, The framework for data gathering is proposed using a excel form for 
submission. The solution for cases with data non availability is discussed in subsection 
4.4 and in the final subsection 4.5, we discussed about method to offer these emissions 
values in more understandable and comparable ways. 
4.1 Survey Results and Observations The survey is conducted for knowing the interest in users for having real time carbon 
emission estimator in their journey planners. With the use of 12 questionnaire of the 
survey. We reported main results directly and the remaining counted towards observation 
and for cross checking. 

 

Figure 7 : Survey question result for knowing availability to private transport. 
In Figure 7, We can see that among all participants to the survey. About 49 percent choose 
to travel with private transport once in a month and 7.3 percent travel daily using private 
transportation.  
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Figure 8 : Survey result showing majority would like to know about travel sustainability. 
 

 

Figure 9 : Survey result showing the percentage of people willing improve their sustainable travel.  
In Figure 8 and Figure 9, we can observe that majority of the participants 73 percent would 
like to know sustainable travel choices and only 49 percent felt that they must improve 
their carbon footprint. This reflects that majority of people aware about sustainable travel 
choices, but they may not be knowing exactly what can be the effect with their travel 
choice can make difference in emissions.   
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Figure 10 : Survey result reflecting about people interest towards tracking carbon footprint. 
 

 

Figure 11 : Survey result describing that percentage of people felt CO2 estimator benefits.  
From Figure 10, we can observe that majority of people are neutral for tracking their 
carbon emissions on real time basis. As they may feel over conscious about their choices. 
From Figure 11, we can observe that many people felt that it is beneficial to have CO2 
estimator in journey planners in Likert scale align completely positive bell curve.  
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Figure 12 : Survey result showing that CO2 estimator helps improving sustainable travel habits. 
 

From Figure 12, it is clearly stating that people felt that this kind of feature helps them to 
improve their sustainable travel habits. By analysing the complete data collected from the 
survey, it is observed that users want to track their carbon emissions of their journey in 
more dynamic and real time along with their journey plan queries. 

 Almost everyone has knowledge in terminology of carbon emissions, and they 
would like to know their carbon footprint. The participants of the survey are good in 
comparison of effect they can make by choosing sustainable travel choice, but they are 
not well known about how much they can create an impact on carbon reduction with their 
decision. From the qualitative question responses, they suggested that estimator should 
collect it’s required information on its own and provide real time data possible with little 
inaccuracy. For better comparison, the values can be represented in other meaningful 
formats which are related to daily life. This qualitative response can be accessed from 
Appendix C. 
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4.2 Calculation Model By understanding both the methodologies, the important required for calculation are km 
travel, total fuel consumption and average passenger or load count. The co2 eq for fuel 
type is considered constant for the current scope of study, even though the emissions are 
slightly different for different engine type. This can be observed from the VTT city bus 
performance analysis. The differences occur due to engine type, mileage travelled by 
vehicle and advanced operational features like braking system in recent years. The 
complete calculation is simple numerical model. The output is completely based on the 
constant value of factors. 

The model is developed by considering the standard EN 16258.We developed two 
models where one model is ideal and other model is practical. We termed then like that 
because the data required for ideal model involves very minute specific detail. On the 
other side practical model is with data requirement relaxation comparatively. 
4.2.1 Ideal Model for Estimating Carbon emissions The carbon emissions are primarily dependent on the fuel it consumes and type of fuel 
per kilometre travel according to the standard EN 16258. Every fuel has its own GHG 
emission factors for TTW (Tank to Wheel). We are considering only TTW value due to 
current scope of this project. The expression for carbon emission estimation can be 
expressed as  
CO2 -eq = Emission Factor for fuel (TTW) * Fuel consumption/Km/person. 
The parameters required are: 

- Type of fuel 
- TTW emission factor for that fuel type 
- Fuel consumption 
- Total Distance travelled in Km (Kilometre) (including the empty trip of 

operations) 
- Passenger Kilometre. 
- Passenger Count 
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Here Total distance travelled is the total distance travelled by vehicle for the purpose of 
operations along with the trip distance involves passengers. The passenger count at the 
time of operations is zero. So, passenger kilometre will get reduced if operational empty 
travel distance increases.  
 
4.2.2 Data requirements for ideal model and its limitations  

 

Figure 13 : picture depicts that different levels where we can calculate average CO2 eq factor.  
From the previous subsection, we have seen the parameters required for carbon emission 
estimation for ideal model. In Figure 13, we can see the level of hierarchy for getting 
information at different levels. From Figure 14, we can see that how an itinerary plan is 
generated. Each leg is occupied by its own mode of transport. The data about the 
operations of the vehicle and vehicle data is not in linked state and not available to access 
for the current database structure. So, it is not viable to get vehicle data with the current 
Digitransit route planner data infrastructure. This is an limitation to implement the ideal 
model for carbon emissions estimation in real time. 
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Figure 14 : Showing how each leg’s CO2 eq is combined to form an itinerary output.  
4.2.3 Practical simple model for estimation The level at which we can hook data easily is at the hierarchy level of agency. Agency 
level data can also be easily producible with current GTFS and Digitransit API query 
structure. From  Figure 15, We can see how PTA or TSP can act as agency. Here in this 
case, HSL acts as an agency which provides public transportation in Helsinki region. 

 

Figure 15 : Transport providers architecture level. 
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We can represent the practical model as: 
CO2 -eq = Distance * Avg. Emission values/Km/person 
Here  
 Distance – Distance travelled 
 Avg Emission - Avg Emission value at agency level per Km per person 
Data Requirements: 

• To calculate Avg. emission values based on mode of travel 
• Doesn’t require any changes to current GTFS tables. 
• Addition of one more table with Avg. Emission values based on agency 

and mode of transport it provides. 
• Emission values must update periodically by Agencies. 

Like the general calculators with distance is gathered from itinerary planner and emission 
factor is specific to TSP/PTA. 
4.2.4 Data file requirements for Practical model 

 

Figure 16 : Data model file layout planned with its attributes. As we observe in Figure 16, we developed a data package model for availing data about 
the carbon emissions at agency level. In this data package model  
 Db – database it refers to 
 Agency_id - agency id as appeared in Digitransit and GTFS 
 Agency_name – Name of agency appeared in Digitransit 
 Mode – mode of transportation it provides 
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 Op_time – this is a special for future purpose for providing different emission 
values at different operations time of a day. 
 Avg – CO2 -eq value for that agency at grams/Km units 
 P_avg – Average passenger count for that mode of travel provided by that agency. 
We considered approximations for the average values. The same is stated below  
Table 3 : Average values approximately considered for different modes Mode Avg P_avg 
Bus 1100 g/Km 20 
Rail 2.3 g/Km 1 
Subway 1 g/Km 1 
Ferry 389 g/Km 1 
Car 170 g/Km 1.3 
Flight 115 g/Km 1 
Walk 0 0 

 
 These approximations have been considered from various sources as mentioned 
Methodology section. We also developed a data gathering and reporting architecture, 
where every agency can easily calculate their Avg emission values and submit it to 
authorities using a excel interactive file. We can discuss this in the subsequent subsection. 
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4.3 Data gathering and reporting framework  

 

Figure 17 : Excel Data file format to agencies for calculating and reporting parameters.  
In Figure 17, we can see how we can enter data about an agency transport statistic. Then 
it will automatically calculate the average emission value and passenger average for the 
agency. The same can be submitted directly to a common folder, which can be maintained 
by transport authorities. We also developed a python tool to combine all the accumulated 
files in that common folder to make it as a data package model as we seen in previous 
section. 
The average values are calculated based on the given below formulae. It is an application 
of weighted average method discussed in earlier section.   

Avg CO2 -eq = (Weightage)Diesel * (Emissions)Diesel +   
     (Weightage)Biofuel * (Emissions)Biofuel +   
      (Weightage)Electric * (Emissions)Electric + 
      (Weightage)Biogas * (Emissions)Biogas 
 
It can also be written as  

Avg CO2 -eq =   ∑ ((Weightage)category/type * (Emissions)category/type)  
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Step by step procedure for calculating this average is as follows: 
Step1: consider fuel type and its emission value 
Step2(for more accuracy): fuel burn with per km travel and occupancy 
Step3: total km travel with that fuel type 
Step4: Calculate weightage by normalizing all fuel type with km travel 
Step5: calculating Avg Eq value for that TSP or PTA or National level. 
Step6: Calculating Avg Eq/per passenger using Occupancy or load factor. 
 
4.4 Data flow model  

 

Figure 18 : Data flow model while estimating CO2 eq value for a itinerary plan. 
 

From Figure 18, We can understand how data flow will take place from PTA/TSP to actual 
journey planner. Data from PTA/TSP is reported using the framework mentioned in 
previous subsection. Then it will generate Avg emission value and Avg Passenger count 
for that agency and for that mode of transport. This data is stored with central authorities 
and will be retrieved when a journey plan is generated. From each leg of the generated 
itinerary plan, it will compare the agency provider and calculate the CO2 -eq emissions 
to the journey planner. 
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4.5 Data non availability cases In case if the data required is not available for agency, we can use the regional average 
for that agency operations or national average calculated. The national average is the 
cumulative average provided by other agencies. This average can be used to compensate 
when there is non availability or agency name mismatch happens while comparison. The 
national average calculated using the formulae given below:  

National Avg CO2 Eq =   ∑ Avg CO2 Eq / ∑ Avg Passengers 
4.6 Values Offering in Understandable format CO2 -eq value estimated can be expressed in relative terms which is easily understandable 
to our daily life. This gives a better comparison to make decision which is more 
sustainable. The relative comparisons can be with: 

- Beef Eq – CO2 Eq emissions for production of Beef 
- In comparison to production of Dairy milk 
- In comparison to production of Oat milk 
- In comparison with annual CO2 emission of a Finn 

In Figure 19 and Figure 20, We can observe that how can we represent the CO2 -eq value 
in terms of Beef eq value. This is just an example for visualization for knowing how it 
will be if this feature is developed for matka.fi application. Figure 19 displays the itinerary 
planner. Here we can see the comparison between different itineraries along with the Beef 
Eq for the same travel using Car. In the current example, we can save up to 1500 grams 
of Beef Eq if we choose public transport instead of Car travel.  
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Figure 19 : Visualization for itinerary model in matka.fi after modification 
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Figure 20 : Visualization of model at individual leg level in matka.fi after modification   
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5. Conclusion 
We conclude with estimator model for CO2 Eq value for all itinerary plans using available 
data from GTFS, Digitransit with customization from different agencies. By representing 
data through easily understandable and co-relatable format, it can show impact on making 
decision to choose environmental - friendly travel plans. 
From the survey conducted, we answer research question - a that providing carbon 
emission estimator is beneficial and people would like to use it for sustainable travel plan. 
We developed a practical calculation methodology for carbon emissions along with 
required data package and data framework for gathering data from agencies. This answers 
the research question -b. 
The proposed methodology requires validated data from the transportation providers 
collected using the format of data form with attributes  
• Type of fuel and its total consumption value. 
• Total Km distance travelled. 
• Average passenger for that travelled distance. 
For answering research question -c, the calculated carbon emissions value based on 
travelled distance transport providers average emission factor for each leg of itinerary 
plan is visualised in terms of a relative comparable as selected by the user for better 
understanding of the impact they can create. 
When more people are aware about the causes for emissions and their effect on global 
environmental changes. They try to contribute their best to reduce their impact, if they 
have clear insights on how much and how they can reduce their impact on environment 
by simple lifestyle changes. In result, with aggregating all individual efforts like ocean is 
an aggregate of small water drop. The effect is huge and significant in controlling the 
emissions. In this way, the GHG emissions can be reduced. 
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5.1 Way forward   After developing this feature in matka.fi, we need to study improving the more accurate 
and real time emissions by combining real time operational data by transport service 
providers. We also proposed an ideal method to calculate carbon emissions in this study. 
We also figured out the limitations of data required for its implementation. In further 
research, we can develop data frameworks where these limitations can be overcome for 
getting more accurate data at real time. 
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Appendix A Data collected from Traficom: 
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Appendix B Data collected from PTA Jyväskylän: 
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Appendix C Qualitative data response from the conducted survey: 
Please mention your comments or views on CO2 Estimator. "your own car" is bit funky question, as I have electric, natural/bio gas and gasoline vehicles available for use - all of these have different emissions.  Co2 estimator should be simple to use as overhead would deter people from actigley using it. Feels like a good idea, like counting calories makes you more concious about what you eat, counting co2 may make you concious about emissions Had not considered it, but if the number was included in for example google maps it might be nice to know. I feel like it would be something really useful in terms of understanding your own environmental impact on daily choices.  I think it's important this data is available to the public so that people can make conscious decisions about their travel habits. Personally, I'm already quite educated on the topic and travel mostly by bike or public transport already, so it wouldn't change my habits significantly. The most impactful thing I could do is fly less, but I have family abroad and it's too expensive and often takes too long for me to visit them by train - in this case, the best way to change my habits is to reduce subsidies for flights (and maybe add subsidies for train travelling instead). I would like it to have it integrated in GMaps for example. Indication of just a number will not make me empathize, a compassion of the number with something concrete will be better . For example 10gr CO2 for your trip = something everyone knows  It should have a proactive appeal to the user! 
Mainly, the real-time estimator needed for car drivers. If I use public transport or micromobility an usual CO2 calculator is enough for planning a journey.  Sounds like a cool idea I would *want* to use in theory but my interest using it would probably fade Sounds like a good idea! I think it will help people make more sustainable choices. Would find it helpful if it seemlessly integrates to shopping, travel, etc and gives a cumulative result at the end of the month.  


