G Lot
). University

COMPARISON BETWEEN THE CARBON FOOTPRINT OF PERSONAL
TRANSPORTATION IN RURAL AND URBAN AREAS

Lappeenranta—Lahti University of Technology LUT

School of Energy Systems

Bachelor’s Programme in Technology and Engineering Science, Bachelor’s thesis
2023

Mari Murtoméki

Examiners: Associate Professor Ville Uusitalo

Post-Doctoral Researcher Anna Claudelin



ABSTRACT

Lappeenranta—Lahti University of Technology LUT
LUT School of Energy Systems
Technology and Engineering Science

Mari Murtomaki

Comparison between the carbon footprint of personal transportation in rural and
urban areas

Bachelor’s thesis

2023

27 pages, 3 figures, 4 tables and 1 appendix

Examiners: Associate Professor Ville Uusitalo, Post-Doctoral Researcher Anna Claudelin

Keywords: Carbon footprint, transportation, urban rural classification

The Covid-19 pandemic and remote work recommendations sparked interest in moving to
more rural areas. Moving between urban and rural areas has an impact on households’
transportation habits and therefore an impact on households’ carbon footprint as well. This
bachelor's thesis assessed the main differences between carbon footprints of transportation
of people living in an urban versus a rural area in Finland. The carbon footprints were
calculated by combining data of the national travel survey and CO emission factors for
different modes of transport. In the calculation tailpipe emissions are considered which gives
a result of the direct emissions caused by transportation. High use of passenger vehicles was
linked to a higher carbon footprint. Urban areas had lower carbon footprints than rural areas.
The highest carbon footprint was found from rural areas near urban areas which was over
double compared to inner urban areas. Results showed clear differences between area
classes.
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Covid-19 pandemia ja etatydsuositukset nostivat kiinnostusta maaseudulle muuttamiseen.
Kaupunki- ja maaseutualueiden vélilla muuttaminen vaikuttaa kotitalouksien
liikkumistottumuksiin ja liikkumisen hiilijalanjalkeen. Tama kandidaatintyd tarkastelee
eroja kotitalouksien liikkumisen hiilijalanjéljessa kaupunki- ja maaseutualueilla Suomessa.
Hiilijalanjaljet on laskettu yhdistamalla henkil6liikennetutkimuksen dataa ja eri
liikkumismuotojen p&é&stokertoimet. Laskussa otettiin huomioon vain kaytonaikaiset
paastot, joka antaa tulokseksi liilkkumisen suorat paastot. Havaittiin, ettd henkil6auton runsas
kaytto johti myds korkeaan hiilijalanjalkeen. Kaupunkialueilla oli matalammat liikkumisen
paastét kuin maaseutualueilla ja korkeimmat paastét havaittiin kaupungin laheisella
maaseudulla, jossa paastot olivat yli kaksinkertaiset verrattuna sisemman kaupunkialueen
paastoihin. Tulokset osoittivat selkeitéd eroja eri alueluokkien vélilla.



SYMBOLS AND ABBREVIATIONS

Abbreviations

CF Carbon Footprint

EV Electric Vehicle

GHG Greenhouse Gas

ZEV Zero Emission Vehicle

Greenhouse gases

CO, Carbon dioxide

CHqy Methane
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1 Introduction

Due to the Covid-19 pandemic in 2020 the Finnish Ministry of social affairs and health gave
a remote work recommendation in order to prevent the virus from spreading (Ministry of
Finance and Ministry of Social Affairs and Health, 2020). This led to a change in remote
work culture where remote meetings and working from home became a standard along the
traditional way of spending the workday in an office. The newfound flexibility in
workstation location sparked interest in moving to the countryside or to a more rural setting

during the first year of the pandemic. (Kaakinen and Siiril&, 2020)

In 2020, the first year of the pandemic in Finland, there was over 10 000 more intermunicipal
moves compared to 2019. The net migration to citylike municipalities halved from 2019,

which showed a slowing interest in moving to cities. (Lipasti, 2021).

The need of getting around efficiently has inspired many innovations and further
development of existing inventions. Transportation is also one of the fastest growing
emission sources of the end-use sectors (International Energy Agency, 2023). Energy use in
residential buildings and road transportation combined are responsible for approximately a
fifth of global greenhouse gas emissions (Ritchie and Roser, 2020). In 2018 emissions from
passenger road vehicles were 3,6 Gt of CO.. Both sectors are related to and affected by

changes in the degree of urbanisation or counter urbanisation.

Carbon footprint (CF) is the total CO2and other greenhouse gas emissions expressed as CO>
equivalents resulted from an action or the production, use and discarding of a product
(Wiedmann and Minx, 2013; Williams et al., 2012). CF can be defined as the negative
environmental impact of the action or product in regards of climate change. CF has become
a relevant tool in the academic community as well as for the ordinary private citizens

concerned about their personal environmental impact.

In 2020 the use of passenger vehicles accounted for 26% of the CF of Finnish households,
housing and energy use was responsible for 25%, foodstuffs 19 % and the remaining 30%
included for example culture and leisure, other goods and services, clothing etc. (Savolainen,
Heikkinen and Heinonen, 2022). On average the consumption-based CF of Finnish

households is approximately 10 tonnes of CO. equivalents per person. Estimated sustainable



CF per person is 2,5 tonnes. (National Commission on Sustainable Development, 2022; Salo
et al., 2013). For the average Finnish person, it would mean drastic changes to lifestyle and

consumption habits to reduce ones CF by 7,5 tonnes.

Studies have found differences in the household CFs and the composition of CFs in urban
and rural areas. (Gill and Moeller, 2018; Jones and Kammen, 2014). Different methods such
as expenditure analysis, LCA and even machine learning has been used in combination with
regional datasets to examine the differences. In developed countries it is found that emissions
of urban and rural areas differ in direct emissions such as heating, electricity, and
transportation and indirect emissions such as consumption of goods, services, and food.
(Heinonen et al., 2013; Ivanova et al., 2017). It is important to study and model differences
between urban and rural areas carbon emissions in order to make more regionally relevant
carbon emission reduction suggestion for households. Understanding the key differences

would also be beneficial in regional decision making

The objective of this bachelor's thesis is to assess the main differences between the CFs of
transportation of people living in an urban versus a rural area in Finland. This bachelor's
thesis aims to discover an average difference in the CF resulted from transportation and
mobility in urban versus rural areas, discuss the reasons for the differences and recommend
possible ways of reducing one’s CF regarding transportation based on the results of this
study and previously conducted research and questionnaires.

In the second chapter background and relevancy of the topic are discussed. In the third
chapter data, definitions and outlines are presented as well as the CF calculation for different
area classes from urban to rural. In the fourth chapter the result of the calculation is
discussed. The fifth chapter discusses the results and findings of the calculation, explores

limitations of this study, and considers possible ways of reducing the CF of transportation.



2 Transportation in Finland

Transportation in Finland is heavily dependent on the use of passenger vehicles with 84% of
overall travel distances was performed with passenger vehicles in 2021 (Kallio et al., 2023).
A special feature of the Finnish car fleet is its age with the average car being 12,6 years old
and furthermore 29,9% of cars in Finland are over 20 years old (ACEA, 2021; Eurostat,
2023).

2.1 Public transport in Finland

Public options for long distance or intercity travel in Finland are buses, trains operated by
VR and domestic flights. City travel is mostly reliant on buses except for Helsinki
metropolitan area with a considerable commuter train network, tram network and a metro

line and Tampere with a simple tram line.

In addition to long-established modes of public transport mentioned above, Finland has seen
a rise of new types of public vehicles. E-scooters and city bikes have become a common
sight in many Finnish cities. The most extensive e-scooter company Tier operates in 16
Finnish cities and combined with a smaller e-scooter company JoeScooter and the city bike
company Donkey Republic, at least 29 Finnish cities have a form of public city vehicle
rentals. (Donkey Republic, n.d., JoeScooter, n.d., TIER, n.d.)

Abundant waterways in Finland enable transporting goods and people with ships and ferries.
In 2022 a bit over 4,3 million passengers were reported on coastal and inland waterway
traffic. Of the 4,3 million 95% of the passengers travelled in the coastal waters. (Statistics
Finland, 2023).

2.2 Trends in the personal transportation sector

Regulations on vehicles CO2 emissions and air pollutants are becoming stricter and more
ambitious each year. The EU is aiming for climate neutrality and targets at least 50%

reduction in GHG emissions by 2030 compared to the 1990 levels. For the transportation
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sector and especially passenger vehicles this means goals and regulations such as driving for
more stringent COzand air pollutant emissions standards for combustion engine vehicles and
developing the EV charging station map to accommodate for long distance travel and the
growing fleet of EVs in the European Union. (European Commission, 2019; International
Energy Agency, 2023)

The global EV sales are increasing. Sales both in the major markets of China, Europe, and
the United States and the smaller markets such as India, Thailand and Indonesia have been
growing in 2022 and 2023. This is due to policy making as well as incentives. (International

Energy Agency, 2023).
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3 Calculation of the carbon footprint of transportation

The calculation of the CF of transportation in different area classes in Finland was performed
based on the National travel survey of 2021 by Traficom and emission coefficients that were

determined for each mode of transport.

3.1 National travel survey and urban-rural classification

The basis of the calculation of the CF of transportation is provided by the National travel
survey of 2021 conducted by Traficom (Kallio et al., 2023). The National travel survey
studies the travel habits of Finnish citizens and in different areas that are defined by the
Urban-Rural area classification developed by the Finnish environment institute and the
Geography Unit of the University of Oulu (Helminen et al., 2020).

In table 1 we can see the differences between the travelled distances by mode of transport.
The highest travel performance overall and by passenger vehicle was found from the rural

area near urban area class which gives an indication of the CF result.

Table 1. Travel performance per day in different area classes according to the national travel
survey of 2021 (Kallio et al., 2023)

Area Total Distance Distance Distance | Distance on Distance
Distance of by by public | by bicycle | foot [km] by other
travel per passenger | transport [km] modes of

day [km] vehicle [km] transport

[km] [km]

Inner urban area 27,3 20,5 41 0,8 1,4 0,3
Outer urban area 35,1 30,5 2,5 0,7 11 0,7
Peri-urban area 38,7 33,7 1,2 0,8 0,8 2,3
Local centres in 39,9 34,7 2,8 0,8 1,2 1,6
rural areas
Rural area near 47,2 439 0,9 0,5 0,9 14
urban area
Rural heartland 38,2 34,0 0,8 0,4 0,8 2,7
Sparsely 43,1 39,2 0,9 0,4 0,4 2,2
populated rural
area




3.1.1 Urban-rural area classification
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The urban-rural area classification used in the National travel survey is divided into seven

different area classes based on geographical information system statistics. The seven area

classes are inner urban area, outer urban area, peri-urban area, local centres in rural areas,

rural area near urban area, rural heartland, and sparsely populated rural area. Definitions of

the area classes are listed in table 2 (Helminen et al., 2020).

Table 2. Urban-rural area classification in Finland (Helminen, Nurmio and Vesanen, 2020)

Area Class

Definition

Inner urban area

Dense and continuous efficiently built areas of cities

Outer urban area

Continuous area of urban efficiency surrounding the inner
urban area

Peri-urban area

Transition zone of urban and rural areas directly connected
to a city

Rural heartland

Relatively densely populated rural area with a locally
diverse economic structure

Local centres in rural areas

Population centres, small towns, and larger parish villages
outside larger urban areas

Sparsely populated rural area

Sparsely populated area where concentrations of diverse
activity do not exist or are found far apart

Rural area near urban area

Rural area that is functionally and physically near urban
areas




13

3.1.2 Modes of transport

The National travel survey studies five different main modes of transport that are passenger
vehicle, public transport, bicycle, on foot, and other modes of transport. Different modes of

transport are defined in Table 3. below.

Table 3. Definitions of different modes of transport (Kallio et al., 2023)

Mode of transport Definition
Passenger vehicle Passenger vehicles and vehicles registered as vans
Public transport City buses, intercity coaches, chartered and other

buses, commuter and intercity trains, metro, tram

Bicycle Electric bicycles, city, or community bicycles
On foot Walking, running, wheelchair, rollator
Other Electric and non-electric scooters, other exercise,

taxi, other on demand transport, air traffic, waterway

traffic, other vehicles

Calculations do not include travel when it is part of one’s work for example driving as a
taxi driver is not included in the calculation. Traveling to a workplace and from a

workplace is included (Kallio et al., 2023).

3.2 Carbondioxide mission factors

In the calculation it is assumed that the CO2 emission factors for transport modes are same
throughout Finland and possible regional differences are ignored. The national CO;
emission factors used in the calculation are presented in table 3 and details are discussed in

the following paragraphs.

In the calculation only direct emissions or tailpipe emissions are included, therefore cycling,
walking and e-scooters have zero emissions. CO. emission factors for different modes of
transport were retrieved from OpenCO2.net excluding the emission factor for aviation which

was retrieved from IEA.org. Sources used by OpenCO2.net of carbon emission factors were
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Traficom for passenger vehicle and taxi, VTT for buses, rail and ships and IEA for aviation.
Bicycle, traveling on foot and electric scooter were determined to be 0 gCO2/km, since they
do not have tailpipe emissions. According to the public transport performance statistics of
2018 (Traficom, 2020) the market share of kilometres travelled between bus and coach travel
and rail travel was approximately 67% bus and coach travel and 33% rail travel. The total

CO: factor of public transport is adjusted to represent these ratios.

The CO2 emission factor of passenger vehicle used in the calculation is the average of the
regional passenger vehicle emission factors. In table 4 the regional emission factors are
presented. The value used in the calculation is the “National average” in the table. The
regional passenger vehicle emission factors were also retrieved from OpenCO2.net where

Traficom, 2023 was listed as the data source.

According to the public transport performance statistics of 2018 (Traficom, 2020) taxis are
the most used form of travel in the category “other” compared to aviation, ships, electric
scooters, or city bikes. The CO2 emission factor for the category other is the average of the
different modes of transport in the category “other”.

Table 4. CO; emission factors

Mode of transport COg; factor [g/km] or
[a/pkm] (aviation and
ship)
Passenger vehicle 148,6 | Traficom
Bus total 22 | Average
City bus 29 | VTT
Intercity coach 15 | VTT
Rail 0|VTT
Bicycle 0
On foot 0
Other 87,1 | Average
Taxi 148,6 | Traficom
Electric scooter 0
City bike 0
Aviation 144 | IEA
Ship 143 | VTT
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Table 5. CO2 emission factors of passenger vehicles by region and the National average used

in the calculation (Traficom, 2023)

Passenger vehicles Average CO2 g/km
by region

Kainuu 157,2
Pohjois-Karjala 156,1
Lappi 154,2
Keski-Pohjanmaa 153,2
Eteld-Savo 151,6
Pohjois-Pohjanmaa 150,9
Etel&d-Pohjanmaa 150,7
Satakunta 149,9
Pohjois-Savo 149,9
Etel4-Karjala 149,6
Keski-Suomi 148,9
Kymenlaakso 147.6
Kanta-Hame 145,9
Péijat-Hame 144,9
Pirkanmaa 1433
Varsinais-Suomi 140,8
Uusimaa 131,8
National average 148,6

3.3 Calculation

Calculation of the CF of personal transportation in different area classes was performed
using Microsoft Excel (2019) with equation 1 demonstrated below.

] )

ZDT [km] - PCMT[%] - EF

The calculation was performed by multiplying daily travel of the average resident in the area
class in km (DT), percentage of the daily travel performed by the mode of transport (PCMT)
and the emission factor of the mode of transport (EF) in gCO2/km. The result is expressed
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as the sum of the CF of different modes of transport and gCO2 per day per person in the area

class in question.
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4 Results

An average personal CF of transportation was 5187 g CO. /day according to the results. The
results from the calculation indeed do indicate differences in the CF of transportation

between the different area classes.

Figure 1 shows that the lowest CF of transport was in the inner urban area with 3127 gCO>
per day and the highest CF was in the rural area near urban area with 6660 gCO_ per day. In
between the two extremes the carbon footprints from lowest to highest were outer urban
areas (4635 gCOy), peri-urban areas (5223 gCOy), rural heartlands (5296 gCO>), local
centres in rural areas (5339 gCO-) and sparsely populated rural areas (6029 gCO2). The
results show clear differences between the different area classes the CF more than doubling

between the lowest and the highest result.

The results show a correlation between the travel performance by passenger vehicle and the
CF caused by travel. Demonstrated by Figure 1, the travelled kilometres by passenger

vehicle are directly proportional to the overall CF of the area class in question

Comparison between the carbon footprint and travel by passenger vehicle

7000 50,0
45,0
6000
40,0
5000 35,0
4000 30,0
& 25,0
< 3000
) 20,0
o
(@]
© 2000 15,0
10,0
1000
5,0
0 Local S | Rural
Inner urban Outer urban Peri-urban Rural oca . parsely uratarea
centresin | populated = near urban
area area area heartland
rural areas = rural area area
Total CO2 g/day 3127 4635 5223 5296 5339 6029 6660
== Travel by passenger vehicle [km] 20,5 30,5 33,7 34,0 34,7 39,2 43,9

Figure 1. Comparative chart of carbon footprint and travel by passenger vehicle
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In figure 2 the same results are expressed in kg/year which is a more commonly used unit
when discussing the CF of individuals and households. With the average CF of a Finn being
approximately 10 tonnes per year (National Commission on Sustainable Development,
2022), 1,1-2,4t would result in 11%-24% share of transportation. The result is similar to
previous research results which range from 20-30% of the average Finns CF resulting from
transportation in the year range 2013-2020. (National Commission on Sustainable
Development, 2022; Salo et al., 2023; Salo et al., 2013; Savolainen, Heikkinen and
Heinonen, 2022)

Carbon footprint of travel kg CO,/year in urban and
rural areas

3000
2500 2431
2200
1949
2000 1906 1933
1692
1500
1141
1000
500
0
Inner urban Outer urban Peri-urban Local centres Rural area Rural Sparsely
area area area inrural areas near urban  heartland populated
area rural area

Figure 2. Carbon footprint of travel in a year in kg

After passenger vehicles, in most of the area classes the category other is responsible for the
largest emission share. The exception being inner urban areas where the second largest share
of emissions comes from the use of public transport. In Figure 3. the shares of the different
modes of transport of the total CF of transportation in different area classes is examined.



Shares of the carbon footprint of different modes of transport

100 %
99 % I I
98 %
97 %

96 %
95 %
94 %
3% Local Rural S |
Inner Outer Peri- oca . ure parsely
centresin| area near| Rural populate
urban urban urban
rural urban  heartland drural
area area area
areas area area
m Other [g CO2/day] 24 61 202 139 123 233 188
m On foot [g CO2/day] 0 0 0 0 0 0 0
Bicycle [g CO2/day] 0 0 0 0 0 0 0
H Public transport [g CO2/day] 60 36 17 41 14 11 13
Passenger vehicle [g CO2/day] 3043 4538 5003 5158 6523 5052 5828

Figure 3. Shares of the carbon footprint of different modes of transport
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5 Discussion and Conclusions

The largest CF of travel was found from the Rural areas near Urban areas category which
also had the largest amount of travel via passenger vehicle. It was found that heavy use of
passenger vehicles correlated to a large CF. The result is in line with passenger vehicle usage
being the most popular mode of transport in all different area classes, since passenger
vehicles have the largest emission factor.

The emission coefficient used for passenger vehicles was the national average. Therefore,
the calculation does not consider the regional variance of passenger vehicle emissions. The
next steps of accuracy in the calculations could include combining the existing data of area
classification and regional differences in passenger vehicle emissions to draw a more
accurate picture of the differences in carbon emissions in the urban and rural areas. The
calculation also ignores the fuel efficiency differences of short distances driven versus long
distances. In urban areas the fuel efficiency tends to be lower with short distances and for

example traffic causing more idling during trips.

This study is limited to only considering the tailpipe or direct emissions. The actual CF of
transportation will be higher when other stages of the life cycle will be included in the
calculation. The CF of passenger vehicle transportation would increase when the
manufacturing of cars and fuel would be included. Additionally, modes of transport with
zero emissions in this study, such as cycling and e-scooters, walking (with rollator or other
mobility aids) and trains would have emission coefficients considering the full life cycle

emissions.

With the changing landscape of personal transport and public transport the study could be
replicated in a few years’ time with different results. When more stringent emission policies

come int o effect, it should affect the results of the study, if it were to be repeated.

According to the results now, moving from urban areas to rural areas could increase
individuals’ transportation CF or even double it. The National travel survey reveals that 17%
of trips and 8,3 km daily transportation was work related in 2021 (Kallio et al., 2023). If
moving to a more rural area means transferring from on-site work to remote work, would

individuals need for transportation decrease.
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For an individual to reduce their transportation CF transferring from onsite work to remote
work would be an efficient way. Other efficient way of reducing CF is to cut down on
passenger vehicle use where it is possible. Kallio et al. (2023) found that 33% of trips have
an alternative mode of transport and most often the alternative is cycling or rail which both
are low emission modes of transport. Other simple ways of reducing one’s transportation CF
are ride sharing when possible, investing in more efficient vehicles when accessible and

optimizing trips to take care of multiple errands at once.
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Appendix 1. Spreadsheet calculation of the carbon footprint of transportation

Inner urban area
Outer urban area
Peri-urban area

Local centres in
rural areas

Rural area near
urban area
Rural heartland

Sparsely populated
rural area

Inner urban area
Outer urban
area
Peri-urban area
Local centres in
rural areas
Rural area near
urban area
Rural heartland
Sparsely
populated rural
area

Share of
passenger
vehicle travel

Total
Distance of

travel per
day

27,3

35,1
38,7

39,9

47,2
38,2

43,1

75 %
87 %
87 %
87 %

93 %
89 %

91 %

Share of

mass transit
travel

Distance

by

passenger
vehicle

20,5

30,5
33,7

34,7

43,9
34,0

39,2

Share of
bicycle
travel

15 % 3%
7% 2%
3% 2%
7% 2%
2% 1%
2% 1%
2% 1%

Distance
by mass
transit

4,1

2,5
1,2

2,8

0,9
0,8

0,9

Distance
by
bicycle

0,8

0,7
0,8

0,8

0,5
0,4

0,4

Appendix 1

Share of Share of
travel on other modes
foot of transport

5% 1%
3% 2%
2% 6%
3% 4%
2% 3%
2% 7%
1% 5%

Distance
on foot

1,4

1,1
0,8

1,2

0,9
0,8

0,4

Distance
by other
modes of
transport

0,3

0,7
2,3

1,6

1,4
2,7

2,2



Appendix 1

CO2 emissions Passenger Bicvcle
[g/day] vehicle .

Inner urban area 3043
Outer urban area 4538 36 0 0 61
Peri-urban area 5003 17 0 0 202
Local centres in
rural areas 5158 41 0 0 139
Rural area near
urban area 6523 14 0 0 123
Rural heartland 5052 11 0 0 233
Sparsely populated
rural area 5828 13 0 0 188
CO2 Emission
factor [g/km] 148,6 14,74 0 0 871

Total CO2 g/day Total CO2 kg/a
Inner urban area 3127 1141
Outer urban area 4635 1692
Peri-urban area 5223 1906
Local centres in rural areas 5339 1949
Rural area near urban area 6660 2431
Rural heartland 5296 1933

Sparsely populated rural area 6029 2200



