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Abstract 
 
The study of climate change, its consequences and implementing strategies to combat cli-
mate change are one of the current challenges of this century. Transport and mobility have 
been recognized as important contributors to the overall environmental carbon footprint 
of higher education institutions. Universities, as job and knowledge providers have a 
great stake to influence the indirect transport and mobility emissions of personnel and 
students.  
In this study, carbon footprint evaluation was carried out to calculate the annual travel 
and mobility emissions produced by personnel and students of the University of 
Jyväskylä. Through the implementation of consumption-based carbon footprint, this 
study evaluated the emissions from commuting travels, long-distance leisure travels and 
unreported business travels. The study collected primary data to discover distances and 
transport modes to measure the emissions produced per person and to estimate the total 
transport and mobility carbon footprint of the University.   
The findings revealed that personnel produced an average of 0.5 t CO2-eq emissions per 
person per year while students produced an annual average of 0.3 t CO2-eq emissions per 
person. Personnel produced 67% of the commuting emissions while students produced 
85% of the long-distance leisure travel emissions. However, the majority of the emissions 
were produced by car use. Yet students produced 54% of the emissions while personnel 
produced 46%. The total estimated emissions production of students was 3,930.6 t CO2-eq 
per year and personnel produced 1,363 t CO2-eq emissions per year. Hence, the overall 
annual transport and mobility carbon footprint estimation of the University was 5,2293.7 
t CO2-eq.  
The findings of this study suggest reducing the use of car and switch to a low-carbon 
transport. The study also recommends to implement soft policies, campaigns and incen-
tives to reduce the use of cars as an important hotspot of the University. However, more 
research is required to find out the reasons of car use and to mitigate transport emissions 
in the future.  
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1 INTRODUCTION 

1.1 Research background 

There is an ongoing global agenda to combat climate change. The study of climate 
change plays a critical role to address human activities, which result in anthro-
pogenic emissions (greenhouse gases, aerosol) accumulated from pre-industrial 
period that cause the Earth to warm (IPCC, 2014b). Greenhouse gas (GHG) emis-
sions have accounted for 1 °C increase in the global average temperature (IPCC, 
2019). Some human activities include, but are not limited to, the burning of fossil 
fuels, agricultural activities, industrialization, and transportation (Shaikh et al., 
2018) which emit GHGs such as carbon dioxide (CO2), methane (CH4), nitrous 
oxide (N2O), fluorinated gases, ozone and aerosols (World Meteorological Or-
ganization WMO, 2020).  

The accumulation of GHGs pose great risks on Earth. Rapid changes in cli-
mate have been noticeable such as warming oceans, shrinking ice sheets, de-
creased snow cover, rising sea levels, extreme weather events and ocean acidifi-
cation (NASA, 2020a). Such events pose a series of ecological, physical and health 
impacts (Shaikh et al., 2018) which affect human and health security, changes in 
the ecosystem, slowing of economies, rise of global hunger, natural hazards and 
the pollution and exploitation of marine resources (WMO, 2020). Thus, in order 
to combat climate change, being accountable for the past, present and future 
GHG emissions is vital. 

To combat climate impacts, The UN Framework Convention on Climate 
Change (UNFCCC, 2015) invited nations to sign the Paris Agreement to join 
forces against the threat of climate change. The purpose of the agreement (2015) 
is to keep the global temperature increase below 2 °C above preindustrial levels 
with the intention to limit the temperature increase to 1.5 °C. The goal is to deal 
with the impacts of climate change while making sustainable finances and low-
ering GHG emissions to build a sustainable low carbon future (UNFCCC, 2015). 
Despite the current policies, the temperature rise is yet estimated to be 3 °C this 
century (UNEP - UN Environment Programme, 2020).  

Transportation’s impacts on climate change accounts for 24% of the global 
GHG emissions (Shiying. G. M. Wang, 2019). Energy consumption of end-users, 
which takes place in urban areas, accounts for nearly 40% of the transport emis-
sions produced (IPCC, 2014a). The aviation industry, as it is part of transporta-
tion, accounts for 2.5% of the global GHG emissions (Grimme & Jung, 2018) but 
its share of emission growth is increasing (Baumeister, 2019). Transport and mo-
bility habits are central aspects within the GHGs production because they are 
considered to influence individuals’ journeys which can greatly impact climate 
change (Aamaas et al., 2013; Baumeister, 2020; Wiersma, 2020).  
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Transport behaviors have been studied as observations by Wilson (1973) 
suggest that this result is attributed to the elasticity of transport demand and 
monetary cost. Cooley (1984) argues that transportation is stimulated by various 
aspects which include personal income, comfort, urban development, and mar-
ket price, among others. More importantly, several studies address that travel is 
expected to grow within short and long-distance travel range (Cooley, 1984; 
Minn, 2019; Shiying. G. M. Wang, 2019; Wiersma, 2020), which translates to an 
increase of GHG emissions.       

The European Union has prepared a transformation strategy for a transition 
to net zero GHG emissions by 2050 (European Commission, 2018) having pro-
duced 4.4 megatons (Mt) of carbon dioxide equivalent (CO2eq) in 2017 (EEA, 
2019b). The transport sector plays a great role in the strategy as it produces a 
substantial share of emissions being dependent on oil (Joelsson & Gustavsson, 
2010). More importantly, the European strategy is challenged by the EU emis-
sions from transport which have remained high when compared data against 
emissions from 1990 (European Commission, 2020a). In fact, the transport emis-
sions have increased 10% when comparing data from 1990 (Eurostat, 2019). The 
results can be, therefore, attributed to the increase of passenger-kilometers and 
tonne-kilometer of which aviation represents the highest rate with 129%, inter-
national shipping 32% and road transport 23% (EEA, 2019 2019a).  

With the rise of passenger kilometers in the EU, transportation data is pre-
sented to account for 30% of the total EU emissions of which 72% originates from 
road transport (European Parliament, 2019). From the 72%, 44% are passenger 
cars, 19% heavy-duty vehicles and 9% light commercial vehicles (EEA, 2019a). In 
contrast, the European Parliament (2019) found that passenger cars are a major 
pollutant within transportation as it accounts for 60% of total GHG transport 
emissions because the majority are gasoline driven cars. However, Europe regis-
tered 287 million cars of which 44% were gasoline driven, 53% diesel and 2.7% 
alternative fuels (ACEA, 2016). The number of registered cars is a climate concern 
as it poses environmental challenges due to the use of combustion engines. In 
order to support the EU net-zero carbon strategy, transportation ought to be re-
duced by 60% lower than 1990 levels (European Commission, 2020d). Therefore, 
additional studies are needed to calculate the emissions of passenger cars as well 
as other transport alternatives in different geographical regions.  

However, evaluating transport impacts is challenging. Carbon footprint is 
an environmental accounting tool used to calculate individuals’, companies’ and 
products’ greenhouse gas emissions through a consumption-based method (Da-
hal & Niemelä, 2017; Wiedmann & Minx, 2008). This tool has been considered 
simple to understand for organizations and individuals and it has been widely 
used to combat climate change and global warming (Kulkarni, 2019). The Green-
house Gas Protocol has proven to be an effective accounting method (Finnegan 
et al., 2018) to measure GHG emissions. The GHG Protocol helps to segment the 
emissions into three scopes: scope 1 (direct process emissions), scope 2 (indirect 
emissions from the purchase of energy) and scope 3 (other indirect emissions 
caused by the purchase of goods and services) (Loyarte-López et al., 2020; WRI 
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& WBCSD, 2015). Carbon footprint method is seen as an important analysis tool 
for indirect impacts like transport and mobility in higher education institutions 
(Ozawa-Meida et al., 2013).  

Carbon footprint has been previously used in several research papers 
(Gómez et al., 2016) as it is found to be applicable on an organizational level, 
universities and faculties (Sippel, 2017). The three scopes demonstrate that GHG 
emissions highly influence the total carbon footprint of a product or service. 
However, studies have paid attention particularly to the inclusion of scope 3 as a 
study in a university proved that up to 79% of the total carbon footprint was at-
tributed to scope 3 (Ozawa-Meida et al., 2013). Other studies found that scope 3 
consists of more than 50% of total emissions of a university’s carbon footprint 
(Alvarez et al., 2014). Similarly, a study at the University of Montreal found that 
academic mobility contributes more than 50% of the university’s total emissions 
(Arsenault et al., 2019). In contrast, a study from the University of Leon reported 
that students and personnel traveling by car represented 95% of the total com-
muting emissions (Pérez-Neira et al., 2020). Thus, calculating indirect transport 
and mobility carbon footprint in higher education institutions forms an interest-
ing case. 

Although carbon footprint of indirect transport could be studied in various 
scales. Universities take part in the climate transport issue because they are often 
regarded as small-scale cities (Guerrieri et al., 2019) where transportation services 
are required (Robinson et al., 2018). Also, universities possess a great stake in 
matters like resource consumption (Amber et al., 2020) as a great number of stu-
dents and personnel are involved (Robinson et al., 2018). Hence, universities 
could be considered as a relatively high contributor group of indirect transport 
and mobility emissions due to great number of people commuting and traveling 
long-distances for studies and work purposes.   

Universities possess an important role to create a sustainable future to in-
fluence students and professionals (Bekaroo et al., 2019) through education and 
research programs (Larsen et al., 2013; Robinson et al., 2018). In addition, univer-
sities have taken a carbon management path for economic, social, and environ-
mental benefits (Larsen et al., 2013; Ramos et al., 2015; Tuesta et al., 2020), as well 
as to promote more responsible habits like the use of low-carbon transport alter-
natives (Pérez-Neira et al., 2020). However, students, who represent a big travel-
ing group in universities, are often indirectly connected to the university man-
agement. Despite the large number of students in universities, some studies do 
not report their travel emission production (Ciers et al., 2018; Gómez et al., 2016; 
Kulkarni, 2019; University Properties of Finland, 2020) while others fail to ad-
dress certain travel types that increase the university emission production (Alva-
rez et al., 2014; Gómez et al., 2016; Larsen et al., 2013). These gaps create difficul-
ties to manage the carbon footprint of universities. Thus, it is vital to include per-
sonnel and students into the calculation as well as the travel types that universi-
ties are responsible for to measure the total indirect transport emissions of uni-
versities and reduce hotspots.   
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1.2 Research purpose, aim and research question 

The purpose of this Master’s Thesis is to support the goal of the University of 
Jyväskylä to become carbon neutral by 2030, by measuring the transport carbon 
footprint of the University as well as to shed light on transport and mobility im-
pacts. The objective of this research is to measure indirect travel emissions of 
commuting travels, long-distance leisure travels, which relate to the University, 
and unreported business travels. The scope is to concentrate on mobility patterns 
to estimate climate impacts. The main research question of this Master’s Thesis is 
‘’What is the transport and mobility carbon footprint of personnel and students 
of the University of Jyväskylä?’’. In order to answer the research question, sub-
questions are outlined as follows:  

- What are the transport modes used to commute, for long-distance leisure 
travels of personnel and students and unreported business travels of PhD 
students and Grant researchers? What are the total emissions of these? 

- What is the total estimated carbon footprint of transport and mobility of 
personnel and students of the University? 

1.3 Background of the University of Jyväskylä 

The University of Jyväskylä (JYU) is based in the city of Jyväskylä, Central Fin-
land. It was founded in 1863. Teacher training was one of its core functions. In 
1934, the University was established as ‘’Jyväskylä College Education’’ and of-
fered academic degrees. This led to the opportunity to award master’s degrees in 
education and dissertations in 1944 (University of Jyväskylä, 2019a). Since then, 
the University was continuously growing as a public educational institution. 

Currently, the University has 12,798 registered students. There are 2,720 
personnel which is comprised of teaching, research, other support personnel and 
teacher training school. The annual turnover in 2018 was €204.3 million (Univer-
sity of Jyväskylä, 2019d). The University has six main faculties as well as other 
independent institutes most of which are located in the city of Jyväskylä. How-
ever, only two of JYU institutes are located elsewhere: Konnevesi Research Sta-
tion in Konnevesi municipality in Central Finland and Kokkola University Con-
sortium Chydenius in Central Ostrobothnia region (University of Jyväskylä, 
2019b). The University is spread throughout Jyväskylä city which offers several 
premises such as the main library near the city center, other libraries near other 
faculties, student cafeterias, study places, computer labs in each faculty, IT sup-
port, student union and sport facilities (University of Jyväskylä, 2019b).  

The city of Jyväskylä is the largest city in Central Finland with a total pop-
ulation of 141,305 and covers 1,171 km² (Jyväskylä City, 2020). Central Finland 
has a total of 23 municipalities, 276,196 inhabitants (Regional Council of Central 
Finland, 2016) and an area of 16,703 km2 (Regional Council of Central Finland, 
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2019). The city of Jyväskylä has 45,000 students and the University is the third 
biggest employer in the city (Jyväskylä City, 2020). Figure 1 on the left shows a 
map of Finland with the location of the University of Jyväskylä in Central Finland. 
The circle on the northwest is located in Kokkola. Figure 1, on the right side, 
shows the location of the University faculties in Jyväskylä city with colors. Some 
of the faculties share the same building hence, the bubbles have more than 1 color.  
 

 

Figure 1. Location of the University of Jyväskylä and its faculties (JYU Faculties, 2020) 

In 2018, the University of Jyväskylä signed the Global Climate Emergency Letter 
to combat climate change (University of Jyväskylä, 2019e). The University’s cli-
mate strategy focuses towards a more responsible future by allocating resources 
to leverage knowledge of the environment and sustainability in the University 
and in the Central region. With that, the University aims to become carbon neu-
tral by 2030 (University of Jyväskylä, 2019c). As an addendum, this Master’s The-
sis forms part of the indirect impact evaluation of the University to mitigate and 
compensate for the University emissions.  

In 2015, the University of Jyväskylä calculated its personnel commuting 
travels through a survey of which collected 1,184 answers (Mobinet, 2015). The 
share of distance was divided in 4 groups: less than 5 km, 5-10 km, 11-20 km, and 
more than 20 km. Respectively, the percentage of respondents in each group were 
58%, 22%, 11% and 9%. From the total commuting travels, 86% were within 
Jyväskylä city. The results showed that bicycle (43%), car (27%), walking (11%) 
and carpool (8%) were most common travels modes. However, 79% of the emis-
sions stemmed from commuting by car alone, public transport accounted for 11% 
while carpool 9%. Collectively, this resulted in 851 tonnes of carbon dioxide emis-
sions and 0.3 tonnes of carbon dioxide per University employee.  
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1.4 Thesis structure 

The outline of this Master’s Thesis consists of six chapters. The first chapter in-
troduces the topic and the objective of the thesis. Chapter 2 presents theories of 
climate change, carbon footprint and transportation as a base of this research, 
while chapter 3 connects the aforementioned theories with universities and sus-
tainable transport and mobility. Chapter 4 outlines the methodology used for the 
purpose of this research and chapter 5 presents the findings of the research. 
Lastly, chapter 6 answers the research questions and discusses aspects related to 
the topic based on the literature and results from the findings. The chapter pro-
ceeds by providing possible solutions followed by limitations and further re-
search suggestions.  
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2 CLIMATE CHANGE, CARBON FOOTPRINT AND 
TRANSPORTATION IMPACTS 

In this chapter, climate change and global warming are discussed followed by 
carbon footprint and transportation types and impacts as part the framework of 
this thesis chapter. 

2.1 Climate change and global warming 

The increased level of GHG emissions cause the Earth to warm (NASA, 2020a). 
As a result, long-term changes in climate can last for centuries (IPCC, 2014b). The 
increase in temperature stems from the fact that accumulated GHGs prevent heat 
from escaping through the atmosphere into space (NASA, 2020b). Currently, the 
concentration of CO2 in the atmosphere is 412 parts per million (ppm) which has 
increased 47% since the beginning of the Industrial age, and 11% since 2000 (Buis, 
2019).  

GHGs remain in the atmosphere from few to thousand years (Shaikh et al., 
2018), and the main GHGs that contribute to climate change are CO2, CH4, N2O 
and chlorofluorocarbon (CFC) (NASA, 2020b; WMO, 2020). In order to measure 
GHGs, the global warming Potential (GWP) measures the radiative forcing of a 
GHG in comparison to CO2 unit mass accumulated over a time horizon (IPCC, 
2019). Table 1 shows some of these values.    
 

Table 1. Greenhouse gases and Global Warming potential values (IPCC, 2014b) 

GHG 
Global Warming Potential 

Cumulative forcing over 20 years Cumulative forcing over 100 years 

CO₂ 1 1 

CH₄ 84 28 

N₂O 264 265 

CF₄ 4880 6630 

 
 
In Table 1, a radiative forcing unit of CH4 is equivalent to 28 units of CO2 over a 
100-year period. This means that CH4 is 28 times more powerful over 100 years 
than CO2. In contrast to that, there are aerosols which represent a negative radi-
ative forcing as a cooling effect as well as other aerosols that are influenced by 
black carbon and organic carbon which damage the Ozone layer (IPCC, 2014a). 
Yet, the IPCC (2014a) report states that there are debates whether these gases 
could impact the climate mitigation strategies. With that said, the increasing lev-
els of GHGs in the atmosphere pose major driver of climate change (WMO, 2020). 
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Hence, the IPCC (2014b) refers to the term climate change as an environmental 
change process making the Earth potentially uninhabitable. Figure 2 presents the 
interlinks of several emissions and the impact on humans. The lines with colors 
represent the results that each activity generates. 
 

 

Figure 2. Interlinks of activities and GHGs emitted to the atmosphere (UNEP, 2012 
as cited in IPCC, 2014a) 

Because of excess GHGs in the atmosphere, 55% of GHG emissions are absorbed 
by the oceans and plants while the rest remain in the atmosphere (Riebeek & 
Simmon, 2011). Ocean acidification occurs when CO2 dissolves in seawater which 
produces carbonic acids and decreases the level of acidity (pH) in the ocean (Mur-
phy & Raisman, 2013). The authors (Murphy & Raisman, 2013) state that this pro-
cess alters marine organisms. More importantly, when the water becomes more 
acidic, it could dissolve more rock and release carbonate ions which increase the 
ocean’s capacity absorb CO2 (Riebeek & Simmon, 2011). This means that over 
time, the sea is meant to absorb more emissions from air. 

However, seawater is not the only ecosystem being affected by GHGs. The 
increased temperature extends the growing season and increases humidity (Rie-
beek & Simmon, 2011). Also, forest play an important role in the carbon cycle 
because forest can help absorb anthropogenic emissions, however, deforestation, 
which is caused by humans, inhibits this cycle through the reduction of trees 
(Ashton et al., 2012). 

Transportation is considered a potential activity that contributes to climate 
change as around 14% of the global annual emissions originate from burning fos-
sil fuels (Shiying. G. M. Wang, 2019). The transport emissions from energy con-
sumption of end-users burn fossil fuels and release GHGs such as CO2, CH4, N2O 
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and HFCs into the atmosphere (EPA, 2020). As an example, Finland produces 
56.4 million tonnes CO2eq (Statistics Finland, 2019a) of which 13 million tonnes 
belong to transportation (Ministry of Employment and the Economy, 2014). The 
Finnish Ministry of the Environment (2017) sates that 90% of the transport emis-
sions are produced by road transport of which 58% is attributed to passenger cars 
having registered 3.4 million passenger cars (Statistics Finland, 2019b). Thus, 
emissions released by fuel engines of end-users is regarded a climate concern.   

2.2 Carbon footprint 

A method to estimate climate change and the global warming potential is 
through carbon footprint as it is a tool to assess GHG emissions of individuals, 
companies, countries services or products (Wiedmann & Minx, 2008). Therefore, 
it indicates the emissions associated with the activities that individuals, compa-
nies and institutions generate (Shaikh et al., 2018) through different sources such 
as agriculture, industries livestock, energy, transportation, and waste manage-
ment (Loyarte-López et al., 2020). Moreover, carbon footprint is often associated 
with life cycle thinking and life cycle assessment, because it quantifies emissions 
produced during a product’s or service’s life cycle (Pihkola et al., 2010). This as-
sociation may be because LCA assesses the environmental performance of a 
product or serviced based on the consumption of resources during every stage of 
the cycle from cradle to grave (Sambito & Freni, 2017). 

Despite the similarity, carbon footprint is regarded as an accounting stand-
ard method to quantify GHGs based on the Kyoto Protocol (Laurent et al., 2012). 
It assesses environmental impacts of activities that accumulate GHGs over the 
life stages of a product (Sivaram et al., 2015). Therefore, studies have used carbon 
footprint consumption-based method because emission are generated from the 
utilization of goods and services, hence it is found to be a comprehensive calcu-
lation (Dahal & Niemelä, 2017). More importantly, this method has been contin-
uously used for environmental performance of businesses and education institu-
tions to optimize resource utilization related to the cost of the product or service 
(Kulkarni, 2019) as it is regarded as the base of carbon management (Sippel, 2017).  

Carbon footprint has proven its validity as it is used in different standards 
such as ISO methodology (Sambito & Freni, 2017) and GHG Protocol to report 
emissions at all corporate levels (Finnegan et al., 2018). Because human contrib-
ute to GHGs through daily activities, it is important to evaluate this through car-
bon footprint to improve daily behavior (Bekaroo et al., 2019). This method eval-
uates various GHG emissions that contribute to the global warming potential, 
but the focus is mainly on CO2 emissions as it is regarded as the main contributor 
among other gases (Choudhary et al., 2018). However, all possible gases ought to 
be included (Wiedmann & Minx, 2008) such as CH4 and NO2 which contribute to 
the global warming potential (IPCC, 2014b). Although Sambito & Freni (2017) 
states that carbon footprint typically considers six GHGs identified in the Kyoto 
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Protocol (CO2, CH4, NO2, SF6, HFCs, PFCs). However, the addition of GHGs de-
pend highly on the source from where the gases originate. 

Gases that contribute to the GHGs emission growth ought to be considered 
for the consumption-based carbon footprint tool. The selection of GHGs allows 
to measure the gases in CO2-equivalent (CO2-eq) as it is the mix of gases that 
derive from certain activities (Bekaroo et al., 2019). Therefore, passenger-kilome-
ter (pkm) accompanies CO2-eq as part of the transport standard units (IPCC, 
2014b). CO2-eq pkm is in relation to the contribution of GWP to measure the con-
tribution of GHGs as a result of the emissions produced individually (Baumeister, 
2019). Hence, the calculation of CO2-eq from transportation includes CO2, CH4 
and N2O (IPCC, 2014b) with their cumulative forcing from Table 1 which results 
in Equation 1. Equation 1 shows CO2 as the unit reference which is equal to 1 
followed by CH4 and N2O with their respective radiative forcing over 100 years. 
The Technical Research Center of Finland (VTT) provides this measurement cal-
culated in a variety of transport modes through the Lipasto dataset (2017). The 
dataset provides the measures in grams pkm, and the average of occupancy of 
the vehicles (VTT, 2017). This enables to study the GHG emissions in different 
units per pkm. 

 
𝐶𝑂₂ − 𝑒𝑞 = 𝐶𝑂₂ + 𝐶𝐻₄ × 28 + 𝑁₂0 × 265 

 

Equation 1. CO₂ equivalent calculation (Adapted from IPCC, 2014b) 

When the emission factors are defined, the calculation requires the travel distance 
of the vehicles. The distance is translated in kilometers traveled by transport 
mode (Pérez-Neira et al., 2020). Distance is a measure used to calculate the travel 
emission of various transport modes (IPCC, 2014b). However, the distance of sin-
gle transport mode may be problematic to acquire. Often, this data can be col-
lected as primary data or estimated with the help of other programs (Pérez-Neira 
et al., 2020). Distance relates to frequency due to the vehicle use which results in 
emissions produced (Cole-Hunter et al., 2015). Hence, vehicle utilization deter-
mines the emission production of single vehicles with the distance traveled.  

When the units and emissions factors are selected, system boundaries need 
to be defined. System boundaries are meant to consider which processes are re-
quired to include in the carbon footprint evaluation (Rebolledo-Leiva et al., 2017). 
Based on the GHG Protocol, system boundaries are referred to scopes to enhance 
transparency within accounting and reporting carbon footprint (WRI & WBCSD, 
2015). 

There are three scopes: Scope 1 refers to direct emissions from combustion 
in owned or controlled by the organization. For instance, emissions from com-
bustion in owned or controlled boilers, vehicles, chemical production in owned 
or controlled process equipment (WRI & WBCSD, 2015). Scope 2 consists of indi-
rect emissions associated with the consumption of purchased electricity, heat, 
steam and cooling, while scope 3 consists of all indirect emissions that occur in 
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an organization value chain (WRI & WBCSD, 2011). For instance, scope 3 in-
cludes the extraction and production of purchased materials and fuels, transpor-
tation and related activities from vehicles not owned or controlled by the organ-
ization (WRI & WBCSD, 2011). The latter example relates to business travels and 
commutes of employees in organizations as well as energy-related activities not 
covered in scope 1 and 2 (Finnegan et al., 2018; Loyarte-López et al., 2020; WRI & 
WBCSD, 2011). 

Following the scope 3, the IPCC report (2014a) refers to scope 2 and 3 as 
indirect emissions with high influence on the total GHG emissions production. 
The omission of scope 2 and 3 demonstrate a gap in the total GHG emission pro-
duction as emission had continuously grown over the years (IPCC, 2014a). This 
issue may be due to the interlink with sectors and human-related activities. Direct 
emissions, or scope 1, provide limited representation of emissions activities as it 
lacks to report the consumption from end-users (IPCC, 2014a). Therefore, this 
proves that reporting only scope 1 results in unsolved reporting activities. With 
that said, the IPCC (2014a) stresses the importance of indirect emissions specially 
in the building and transport sector due to their roles as indirect energy consum-
ers of end-users. Figure 3 depicts the relationship of a company’s value chain in 
relation to scope 1, 2 and 3. In Figure 3, scope 3 shows several services which 
results in GHG emissions.  

 

 

Figure 3. Scope relationship (Adapted from GHG Protocol, 2015) 

Although reporting scope 3 remains a voluntary action in countries like The 
United Kingdom (Government UK, 2019), scope 3 is considered challenging to 
assess (Robinson et al., 2018) because of its high uncertainty and lack of correla-
tions to fuel estimates (IPCC, 2014a). The study of Finnegan et al. (2018) agrees 
with this as the study fails to include scope 3 as part of the research due high risk 
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of double counting from another company’s emissions. Double counting often 
appears in broad GHG calculations which increases difficulty when defining sys-
tem boundaries (Dahal & Niemelä, 2017). However, the study of Dahal and Nie-
melä demonstrates several double counting issues as the study was implemented 
in cities. In this matter, system boundaries are affected by companies’ decisions 
to account for scope 2 and 3 because scope 2 and 3 are the scope 1 of other com-
panies (Hertwich & Wood, 2018). With that said, the authors states that shared 
responsibility is given to both companies (Hertwich & Wood, 2018). 

The use of frameworks give uniformity to calculate emissions. However, 
scope 3 provides a set of complex processes that related to resource extraction 
and supply activities which is challenging to include it in the GHG reports (Fal-
laha et al., 2009). According to Koh et al. (2013), complex processes across busi-
nesses require collaboration because a process often includes activities within 
supply chain. The authors state that identifying hotspots within supply chain is 
the key to reduce emissions (Koh et al., 2013). Despite the complexity, it is vital 
to include scope 3 because it arises from upstream activities (Fallaha et al., 2009). 
Therefore, scope 3 can be achieved by allocating environmental and social as-
pects and the members that belong in the supply chain to fulfilled social, envi-
ronmental and economic criteria (Koh et al., 2013). In this regard, the study ac-
quired a large amount of data to identify hotspots and encompass scope 3 (Koh 
et al., 2013). In contrast, the GHG Protocol provides a framework of upstream 
emissions that distribute GHG emissions in different categories which include a 
list of scope 3 emissions categories (WRI & WBCSD, 2011).  

With the challenges, there shall be clearer boundary settings, data availabil-
ity and reliability in the calculation to address scope 3 (Davies & Dunk, 2016). 
This idea turns GHG reporting more consistent with the current emission activi-
ties. Moreover, institutions intend to motivate companies to include scope 3 as 
part of reporting emissions by publishing documents and accounting reports of 
GHG emissions (Hill et al., 2019). Also, governments like the European Union 
(2013) provide guidelines to help companies address upstream emissions in or-
der to have a common accounting method. In addition to that, the GHG Protocol 
(WRI & WBCSD, 2011, 2015) provides an accounting view on the matter as it 
shows guidelines for all scopes to differentiate each one of them. 

As part of the positive side, the inclusion of scope 3 has provided substantial 
benefits in terms of emission allocations and reduction initiatives due to its con-
tribution to GHG emission figures (Alvarez et al., 2014; Clabeaux et al., 2020; Dolf 
& Teehan, 2015; Robinson et al., 2018). Study examples demonstrates that scope 
3 is a major contributor to GHG emissions from indirect travels (Arsenault et al., 
2019; Edwards et al., 2016; Larsen et al., 2013; Loyarte-López et al., 2020; Pérez-
Neira et al., 2020). However, the above-mentioned studies provide several anal-
yses of scope 3 of different transport types involved.   
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2.3 Transport types and transport impacts  

Transportation is defined as the movement of human beings from one place to 
another through a transport mode such as road, rail, air and marine (Bekaroo et 
al., 2019). The movement of people is stimulated by several factors as Ibarra-Rojas 
et al. (2018) state that people travel from one point to another to receive a service 
or meet a demand. Therefore, a form of travel is urban transport located within 
a territory of a city (H. Wang & Zeng, 2019). Even though there may be several 
reasons to travel, commuting belongs to this group as it is the movement between 
workplace and home (Sang et al., 2011). Another travel type is long-distance 
travel which is defined as a journey that covers more than 80 km (van Goeverden 
et al., 2016).  

According to Caponio et al. (2015), the increased emissions from urban 
transport are attributed to the increase of passenger cars and slower growth mo-
bility. Wang and Zeng (2019) state that commuting travels impact the emission 
growth due to the concentrated traffic and the high frequency of trips. Although 
Cole-hunter et al. (2015) consider urban infrastructure and the built-environment 
high influencers on the urban transport emission as the study evaluates the envi-
ronment based on the traffic and the built area. However, the authors fail to spec-
ify the main source of emissions in urban transport (Cole-Hunter et al., 2015). In 
contrast, the study of Wang and Zeng (2019) prove that passenger cars are the 
main source of urban transport-related emissions.  

To understand the emission production in commuting travels, Figure 4 de-
picts the process with some of the typical transport modes used. Thus, the emis-
sion production takes place between point A and B due to the utilization of 
transport modes.  
 

 

Figure 4. Commuting process home - University 

Unlike commuting travels, long-distance travels require multimodal transport 
modes like buses, trains and metros for medium and long-distance transport ser-
vices (Cheng & Chen, 2015). In addition to that, private cars also belong to this 
group (Minn, 2019) as well as airplanes (van Goeverden et al., 2018). The latter 
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authors state that air transport represents a dominant role within long-distance 
travels due to its high speed, low fare, route length and demand density (van 
Goeverden et al., 2018). Thus, this means higher emission production. However, 
air transport is considered a high influencer on climate impacts due to its high 
impact per unit traveled (Aamaas et al., 2013) and its large energy intensity 
(Baumeister, 2020) making it the highest emitter per distance travelled (Baumeis-
ter, 2019). On the other hand, other studies showed that cars are the second larg-
est emission contributor group within long-distance travels (Aamaas et al., 2013; 
Baumeister, 2019).  

Following commuting and long-distance travels, buses and trains are used 
in both travel types. Bus is regarded as a low-carbon and economic mode with 
the capacity to reduce emissions per passengers (Liu et al., 2016) while trains are 
considered to have the least impact on climate (Baumeister, 2019). However, the 
study of Baumeister (2019) specifies that trains in Finland result in low-carbon 
emissions as they run on electricity from hydropower. Thus, the study provides 
limited information regarding trains with different energy sources.  

The production of emissions within short and long-distances can be ana-
lyzed from different angles. Objectivity is required when comparing transport 
modes, multiple dimensions, and range of those dimensions (Minn, 2019). Minn 
(2019) states that all transport modes consume resources as they require infra-
structure, connection lines, maintenance, among others. Thus, emissions from 
building transport infrastructure could be considered within the transport emis-
sions (Liu et al., 2016). With respect to that, Barros et al. (2018) consider vital to 
invest in infrastructure in order to reduce the emissions from car transport and 
support sustainable options. However, the latter study focuses only on urban 
transport emission reduction which leaves long-distance travels out of the scope 
(Barros et al., 2018).  

As a solution for transport emissions and infrastructure, Liu et al. (2016) 
present a combination of transport modes which result in great environmental 
effect. The study states that the combination of air and rail transport could pro-
duce 40% less emissions than traveling solo by car (Liu et al., 2016). In contrast to 
that, Minn (2019) supports Barros et al (2018) idea as Minn (2019) states that rail 
transport promises a low-carbon future capable to provide services within short 
and long distances with the right infrastructure.     

Another aspect regarding the transport emission production is capacity. Ca-
pacity given according to the transport mode, and distance (Cheng & Chen, 2015). 
Although Minn (2019) states that the capacity of trains and buses vary by season 
due to multiple stops, the emission production are highly associated with pas-
senger loading (H. Wang & Zeng, 2019). This means that the emissions produced 
by the transport type could be shared by the passengers. For instance, passenger 
cars can be efficient at full capacity as the emissions are shared for the distance 
of the trip (Liu et al., 2016). Even though passenger cars are one of the main con-
tributors of transport emissions within short and long-distances travels (Caponio 
et al., 2015; Minn, 2019), the example of Liu et al. (2016) miss to explain the type 
of travel selected which could have a great impact when knowing the distance. 
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In contrast, small capacity affects air transport particularly in short-haul flights 
due to higher emission production per ton kilometer (Baumeister, 2019).  

One of the latest global impacts in 2020 was the Coronavirus (COVID-19) 
pandemic. The pandemic caused countries to close borders which had a negative 
effect on the economy (Mazareanu, 2020). That in turn led to consequences on 
transport sector (Mazareanu, 2020). Therefore, this global impact causes re-
striction measures and lockdowns in countries which result in reductions of mo-
bility, energy consumption and economic activity (Erbach, 2020). 

The pandemic has caused a drastic decline in passenger transport demand 
as it affected all transport modes (International Energy Agency IEA, 2020). This 
resulted in a considerable reduction in people’s mobility (Abu-Rayash & Dincer, 
2020). By the first quarter of 2020, road transport activity was 50% below 2019 
averages while commercial flights were 75% below (IEA, 2020). Declines in pub-
lic transport have taken place since March 2020 (Daily, 2020). In addition to that, 
Eurocontrol (2020) predicts that flight expectations are said to be 55% lower than 
in 2019. In addition, coronavirus also caused consequences in the oil and gas in-
dustry as activities were postponed for next year (Oil & Gas Journal, 2020) which 
is meant to impact the transport activities. Similarly, the pandemic also affected 
the development of renewable energy as governments were forced to redistribute 
public funding to combat the virus (Sovacool et al., 2020). 

In order to support the economy during the pandemic, the EU has launched 
a recovery plan to help the economy while also investing in the future (European 
Commission, 2020b). The International Energy Agency (2020) considers this plan 
as an opportunity to transform the EU’s energy sector of which transportation 
can benefit from. More importantly, the European Parliament (2020) states that 
this recovery plan is a reconstruction package to help the economy and fight cli-
mate change as 25% of this budget is allocated to climate action through the Eu-
ropean Green Investment Plan. The plan can impact the future transport emis-
sions. For instance, Finland is estimated to receive 2.3 million euros for recovery 
and resilience facility in the form of grants which are to support public invest-
ments and reforms (European Commission, 2020b).  

Despite the challenges, the IEA (2020) states that the crisis can considerably 
change people’s behavior because it makes them evaluate the transport modes, 
costs and risks. During the lockdown, the European Data Portal (2020) reported 
a massive transport reduction in road and air travel which brings environmental 
benefits, emission reductions and energy saving (Abu-Rayash & Dincer, 2020). 
With the reductions, the EU (2020c) is prepared to launch a strategy for sustain-
able and smart mobility to include all possible stakeholders. The lockdown lends 
help to future sustainability and reliable transportation (Abu-Rayash & Dincer, 
2020). For urban mobility, cities play a critical role to restructure the public good 
through policies to integrate a new approach towards sustainable mobility op-
tions (Daily, 2020). However, concrete ideas for sustainable transport and mobil-
ity are needed to support this initiative. 
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The pandemic has caused a positive impact on air quality. The European 
Environment Agency (2020) confirms a drop of NO₂ and particulate matter 
(PM10) in several European cities. Together with the EC, the Copernicus Atmos-
phere Monitoring Service (CAMS) and the Copernicus Climate Change Service 
(C3S) monitor the air quality in 50 cities in Europe (The Copernicus Programme, 
2020). This method measures the total amount of NO₂ from the Earth’s surface to 
the top of the atmosphere, however, this is related but not the same as the con-
centration of gases in the surface (Copernicus Programme, 2020). For instance, 
the data shows that NO₂ in Madrid has reduced significantly during lockdown, 
unlike Helsinki, which reductions have been at a minimum (The Copernicus Pro-
gramme, 2020). However, it remains hasty to make conclusions based on these 
evaluations as the weather changes over time (European Dataportal, 2020).  

However, other aspects are needed to take into account. According to Er-
bach (2020), when the economy resumes, emissions may rise even though a slight 
emission reduction is estimated in Europe. Therefore, emission reductions are 
not only dependent on weather conditions but also on the consumption of energy 
(Copernicus Programme, 2020) which means the behavior of individuals. Thus, 
the World Health Organization (2020) associates COVID-19 with emission pro-
duction as both contain similar results: impact the global health security, enhance 
environmental risks, impact social wellbeing inequalities, and increase human 
socioeconomic costs. 

With the types of travels, transport modes and impacts within transporta-
tion, it is also important to consider the destination. Job creation influences the 
reason to travel. However, Caponio et al. (2015) state that people who constantly 
travel between home and work or full-time study strongly contribute to the 
transport emission growth. In this regard, universities can be considered as small 
cities (Guerrieri et al., 2019), job creators and knowledge providers (Bekaroo et 
al., 2019) as people travel to universities for work or study purposes. Hence, peo-
ple that travel to universities are responsible for transport emissions based on the 
type and mode of transport selected.   

Transportation has been studied within universities through different 
travel types such as commutes, events and academic purposes like conferences 
(Achten et al., 2013; Arsenault et al., 2019; Barros et al., 2018; Dolf & Teehan, 2015; 
Larsen et al., 2013). The motive is likely due to the great number of people in-
volved in universities as well as the increased economic growth (Robinson et al., 
2018), which has encouraged to turn the focus on a low-carbon path (Guerrieri et 
al., 2019). In this regard, universities can generate great impacts and good habits 
by showing cleaner transport options such as the use of bicycles (Pérez-Neira et 
al., 2020). University policies, employment and economy in universities can im-
pact the transport and mobility in people which could lead to decrease emissions 
from transport (Guerrieri et al., 2019; Pérez-Neira et al., 2020).  

However, research studies of transport in universities show the impact on 
transport emission production depends on the travel type studied. The study of 
Pérez-Neira et al (2020) and Barros et al. (2018) show that the emission quantity 
of commuting travels differs from the emission quantity of long-distance travels 
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(Arsenault et al., 2019; Clabeaux et al., 2020). The studies on long-distance travels 
demonstrate that long-distance travels produce more emissions due to the 
transport mode and distance. However, the study of Barros et al. (2018) consider 
that the quantity of people that travel affects the emissions production albeit the 
travel type as more people travel means more emissions.   
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3 UNIVERSITY ASPECTS AND SUSTAINABLE MO-
BILITY 

This chapter describes the current situation of higher education institutions in 
Finland. Then, university transport and mobility impacts are discussed followed 
by sustainable transport mobility topic.  

3.1 Finnish higher education institutions 

In Finland, higher education sector consists of universities and universities of ap-
plied sciences (UAS) of which universities focus on research and education while 
UAS provides education with focus on working requirements (Ministry of Edu-
cation and Culture, 2020a). Altogether, there are 13 universities, 23 UAS, 6 uni-
versity centers, and 13 state research centers (Vipunen, 2020). Universities are le-
gally independent persons named as autonomous public institutions or as pri-
vate foundation, whereas UAS are independent legal entities (Finnish Ministry 
of Education and Culture, 2015). However, the Finnish State remains the princi-
pal financier for the universities with 64% of a university’s budgets originate 
from the government (EuroEducation, 2014).  

The government invests 10.4% of its public expenditure of gross domestic 
product to education (Statistics Finland, 2020) of which universities receives a 
share funding through the Ministry of education and culture (2020b). Apart from 
that, the Finnish government funds a share to universities for research and de-
velopment (Statistics Finland, 2018). In 2019, there were 153,767 students regis-
tered in universities in Finland (Statista, 2020). In 2020, 72,024 applicants accepted 
a study place at a higher education institution (Vipunen, 2020). Moreover, from 
2016 onwards, there has been a slight increase in university staff which results in 
job creation with a slight increase in PhD students and research staff (Academy 
of Finland, 2018).  

With Finland’s main goal to achieve carbon neutrality by 2035, the educa-
tion system is strongly expected to increase know-how skills (Ministry of the En-
vironment, 2017) to reduce Finland’s carbon footprint and to halt biodiversity 
loss (Finnish Government, 2020a). To support that, the Finnish Ministry of Edu-
cation and Culture (2019) has planned to request carbon footprint data of work-
related activities. However, the strategy defines new measures which are meant 
to support the development of higher education institutions: increase the level of 
competence among the Finnish population, provide opportunities for self-devel-
opment, reinforce academic studies, strengthen transparency, provide different 
ways of learning, and open doors to other degree students (Finnish Government, 
2020b).  
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The Finnish plan is seen dependent on whether the generation of high-level 
expertise enables the opportunity for new technology as it is linked to the crea-
tion of new jobs and trainings through universities (Ministry of the Environment, 
2017). Hence, the social and technical innovations ought to be developed and 
connected to broad institutional resources and responses (Westley et al., 2011). 
However, the idea of Westley et al. (2011) requires capital investment to realize 
projects in connection to broad institutional resources.  

3.2 Transport and mobility emissions of universities 

Understanding carbon footprint of indirect transport and mobility is said to be 
important to estimate the total carbon footprint of institutions (Ozawa-Meida et 
al., 2013). GHGs emissions form part of human activities, therefore, managing 
individuals’ emissions is valuable (Bekaroo et al., 2019). As part of this, university 
carbon management is considered significant due to the large number of people 
involved (Robinson et al., 2018), resource consumption, emission production, 
and economical and social activity (Amber et al., 2020). Apart from managing 
and reducing emissions, carbon management enhances the financial perfor-
mance (Tuesta et al., 2020) to build a low-carbon economy (Robinson et al., 2018). 
However, to support this development, universities ought to evaluate their own 
footprint as an institution (Gómez et al., 2016). 

Moreover, universities play a role to align carbon management to Sustaina-
ble Development Goals as SDG 13 exists to address climate change issues to raise 
human awareness (United Nations Sustainable development, 2015). According 
to Yañez et al. (2020), this can be a step to educate future generations in sustain-
ability and environmental impacts. The United Nations (2020) considers the im-
provement of education as an advantage to enhance the capacity for climate 
change, mitigation, adaptation, and impact reduction. Therefore, universities, as 
public institutions, have a commitment to the environment and sustainable de-
velopment (Mendoza-Flores et al., 2019). Hence, universities can impact people 
to educate future generations while focusing on climate impacts of the institu-
tions. 

Universities are regarded as environments to promote well-being, educa-
tion, and good habits (Pérez-Neira et al., 2020). On the other hand, transport 
modes are used to move people to a certain location (Bekaroo et al., 2019). Re-
garding these aspects, universities are recommended to recognize all possible 
stakeholders that impact the university to become accountable for the emissions 
produced (Alshuwaikhat & Abubakar, 2008). Universities are needed to integrate 
personnel and students into the university’s strategy (Berzosa et al., 2017). Per-
sonnel play an important role as they belong to universities as well as students 
as both groups are said to influence the university carbon footprint (Larsen et al., 
2013). Moreover, studies consider personnel and students’ transport and mobil-
ity great climate influencers as the topic has been studied within short and long-
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distance travel scales (Achten et al., 2013; Arsenault et al., 2019; Pérez-Neira et al., 
2020).  

Several universities have addressed personnel and students as part of their 
indirect transport and mobility impacts. De Montfort University’s travel carbon 
footprint, which includes commuting trips, students’ national and international 
travels, visitor travels, and business travels, is 14,689 tonnes (t) CO2-eq (Ozawa-
Meida et al., 2013). The study shows that indirect travels represent 29% of the 
annual emission production of the University (Ozawa-Meida et al., 2013). Simi-
larly, a research of the University of Montreal shows that personnel and students’ 
mobility contribute to 80% of the total University carbon footprint of which aca-
demic mobility produced approximately 65,774 t CO2 emissions (Arsenault et al., 
2019). However, the study of Arsenault et al. (2019) focus mostly on academic 
and international travels.  

By comparison, a research of the carbon footprint of Clemson’s University 
demonstrated that indirect transport, which consisted in commuting and aca-
demic-related travels of students and employees, produced 27,932 t CO2-eq 
(Clabeaux et al., 2020). The study shows that indirect travels represented 29% of 
the total University emission production of which commuting travels repre-
sented 19% and academic travels 10% (Clabeaux et al., 2020). Another research at 
an engineering education institution in India reported the annual transport car-
bon footprint to be 846 t CO2-eq, being 63.2% share of total institution carbon 
footprint (Sivaram et al., 2015). However, the study of Sivaram et al. (2015) refer 
to transport emissions as direct impacts having control of the transport fleet. 

The Norwegian University of Science and Technology measured indirect 
travel emissions of students and employees resulted in 1,4720 t CO2-eq and rep-
resented 16% of the total University carbon footprint (Larsen et al., 2013). How-
ever, the study of Larsen et al. (2013) only considers business travels such as at-
tending conferences. The study of Alvarez et al. (2014) takes a similar scope to 
evaluate indirect transport impacts of the Technical University of Madrid. The 
results of the study shows that indirect transport contribute with 3% to indirect 
impacts of the University (Alvarez et al., 2014), while University of Castilla-La 
Mancha shows that transport represents roughly 5% from all indirect impact of 
the University (Gómez et al., 2016). However, the studies of Larsen et al. (2013), 
Alvarez et al. (2014) and Gómez et al. (2016) exclude commuting travels. 

A college in India produced 3,636 t CO2-eq during 2016-2017 academic year, 
of which transportation represented 33% of the total emissions (Kulkarni, 2019). 
Similarly, the University of Turku considered personnel in its carbon footprint 
calculation which resulted in 7,290 t CO2-eq from business trips, and 500 t CO2-
eq from commuting trips and represented 28% of the annual carbon footprint of 
the University (University Properties of Finland, 2020). However, the study of 
the University of Turku (2020) and Kulkarni (2019) exclude students’ indirect 
transport emissions. Another study at Swiss Institute of Technology Lausanne 
reported only academic air travels which produced 14,603 t CO2-eq emissions  
(Ciers et al., 2018). Yet, the study of Ciers et al. (2018) exclude students from the 
travel calculation.    
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Other university studies evaluate certain travels in which students were 
considered. The University of Leon, in Spain, calculated personnel and students’ 
commuting travels which resulted in 5,280 t CO2-eq (Pérez-Neira et al., 2020). The 
study of Pérez-Neira et al. (2020) showed that walking (41.5%), car (34.2%) and 
bicycle (13.8%) were the most popular transport modes, and car transport pro-
duced 95% of the total emission production. Also, the study of Barros et al. (2018) 
shows that passenger car produced 90% of the commuting emissions at the Uni-
versity of Technology – Parana, Brazil. The study showed that the University 
produced 1.4 t CO2-eq commuting emissions in a year (Barros et al., 2018).    

University of Applied Science Konstanz, in Germany, concentrated on stu-
dents’ carbon footprint of which public transport and aviation represented 
roughly 10% and 20% of the total average students’ carbon footprint (Sippel, 
2017). However, other universities focus on specific case events like the Univer-
sity of Arizona which studied home travels events and represented 77% of the 
event’s total emissions in 2013 (Edwards et al., 2016). The study of Edwards et al. 
(2016) shows that the majority of the emissions are produced by air travels. An-
other transport event at the University of British Columbia produced 52% of the 
emissions from air travels (Dolf & Teehan, 2015). The studies of Edwards et al. 
(2016) and Dolf & Teehan (2015) prove that other motives, which require travel, 
can also have a great environmental impact.   

Unlike the above-mentioned, other universities have focused on campus 
development. For instance, the University of Talca measured carbon footprint of 
commuting and staff trips which commuting represented 85% (2,742 t CO2-eq) 
and staff trips 10% (322 t CO2-eq) of the total indirect emissions of the Talca cam-
pus (Yañez et al., 2020). The Autonomous Metropolitan University, in Mexico, 
calculated campus’ carbon footprint of which commuting generated 51% (1,497 t 
CO2-eq) of the indirect emissions (Mendoza-Flores et al., 2019). This represented 
32% and 18% of the total University campus carbon footprint from commuting 
in public and private transport respectively (Mendoza-Flores et al., 2019). Even 
though the two studies focus on campus studies, the studies can help estimate 
the overall carbon footprint of indirect transport of a higher education institution  
(Mendoza-Flores et al., 2019; Yañez et al., 2020).   

3.3 Sustainable transport mobility 

Climate impacts related to transport and mobility and transport modes present 
linkages with physical activity (Jiang et al., 2017) through people’s mobility, as 
mobility is defined as the ability to travel (Cheng & Chen, 2015). Mobility helps 
to evaluate the service experience and quality of transport modes (Cheng & Chen, 
2015). With that said, transportation and mobility provide advantages in urban 
cities as cities provides various travel options (Wiersma, 2020). Although 
Wiersma does not consider other travel types, the idea of transport and mobility 
could also be applicable to long-distance travels as well.  
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One of the transport mobility options is bicycle as it is used in urban areas 
to provide easy access with the right built-infrastructure (Cole-Hunter et al., 
2015). Although bicycling is used as an alternative to cover short and medium 
distances (Wiersma, 2020), it is still environmentally friendly as it produces ten 
times less emissions than motorized transport (Astegiano et al., 2019). Walking is 
another travel option used for short trips up to 2 kilometers (Okraszewska et al., 
2017). Electrically-power bicycles (e-bikes) have also been found to be quite use-
ful because it is similar to an ordinary bicycle (Astegiano et al., 2019) even though 
e-bikes use electricity to function.  

The use of bicycle is a healthy choice (Jiang et al., 2017). According to the 
World Health Organization (2015), promoting healthy and sustainable mobility 
habits can highly reduce risks of developing diseases, mortality, and morbidity. 
Physical activity is often associated with mental and health benefits as it can help 
reduce the risks of diseases such as obesity, diabetes, and high blood pressure 
(Cole-Hunter et al., 2015). The use of bicycles and e-bikes could promote well-
being while reducing the use of motorized transports, traffic, and pollution 
(Giles-Corti et al., 2016). In line with that, the UN SDGs (2015) include the pro-
motion of a healthy life and well-being by making a safe, resilient, and sustaina-
ble environment. Therefore, the use of low-carbon transport modes and walking 
are aligned to build a sustainable future.  

In order to promote sustainable transport and mobility, it requires technol-
ogy (Jiang et al., 2017), policies (Giles-Corti et al., 2016) and infrastructure (Barros 
et al., 2018). The use of mobile technology to track location has been used to mon-
itor the bicycle trips (Pratelli et al., 2020). This method is considered useful to 
provide incentives to change people’s mobility behavior (Dio et al., 2020). On the 
other hand, environmental policies are considered a necessity for a transition to 
a low-carbon strategy (Wiersma, 2020) as well as to challenge society (Herrador 
et al., 2015). However, Dio et al. (2020) state that mobile phone applications could 
be considered as soft policies to stimulate people’s mobility. More importantly, 
Barros et al. (2018) state that investment in infrastructure is required to support 
low-carbon transport and reduce the use of car in cities.  

Nevertheless, to encompass short and long-distance travels, mobility is 
stimulated by the behavior of people (Wiersma, 2020), which is also seen as an 
advantage for a behavioral change to achieve more by enhancing mobility per-
formance without cost and time (Dio et al., 2020). This behavioral change could 
be stimulated with the use of technology (Pratelli et al., 2020) and educational 
campaigns (Dio et al., 2020). Also, environmentally friendly travel options and 
infrastructure can highly influence the development of mobility (Dio et al., 2020). 
Moreover, low-carbon strategies are continuously growing as a great number of 
consumers have responded positively (Xia et al., 2018) to strategies like remote 
working (Arsenault et al., 2019) and video conferencing meetings (Burian, 2018). 
Even though Arsenault et al., (2019) do not consider remote work as a substitute, 
instead, as an opportunity to broaden possibilities for networking and meetings.   
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4 DATA AND METHODOLOGY 

This chapter explains the research design methodology and the data collection 
methods used in this study. Also, data analysis is explained to describe the data 
handling and the categories that were used in this study. 

4.1 Research design and methodology 

This study focuses on a specific case organization, the University of Jyväskylä.  
The opportunity was given to me in early 2020, with the aim to support the Uni-
versity’s development to become carbon neutral by 2030. The aim of this thesis is 
to find out the transport and mobility emissions of students and personnel when 
visiting the University for study or work purposes as well as travels for leisure 
that relate to the University. This thesis supports the University’s development 
to calculate emissions from transportation in order to reduce and compensate for 
the emissions produced. For that, it is required to find the distances, transport 
modes and frequency of the commutes and long-distance leisure travels of Uni-
versity personnel and students.  

Quantitative method is characterized as a technique to analyze data that 
uses numbers (Saunders et al., 2009). In other words, quantitative method is often 
used to understand behaviors, actions or events based on counting and numeri-
cal information (Hair et al., 2015). Due to the context of this thesis, the findings 
are meant to be numerical to have a precise conclusion concerning the emissions 
of commuting travels, long-distance leisure travels and unreported business trav-
els. Thus, the result can be achieved through quantitative methodology, in which 
the numbers represent certain characteristics (Hair et al., 2015) with explanatory 
focus as the study is designed to evaluate certain situation (Saunders et al., 2009).     

Due to the nature of this research, case study strategy is suitable for this 
thesis. Case study strategy involves empirical investigation of a phenomenon 
within real-life context (Saunders et al., 2009). Moreover, case study strategy en-
tails to receive a complete information of the investigation in a real-life context. 
In addition, case studies enable opportunities to explore, describe and explain 
the topic case to develop knowledge and understanding about real-life events 
(Taylor & Thomas-Gregory, 2015). However, case studies may be specific studies 
which present challenges to compare among other studies (Hair et al., 2015). De-
spite the challenge, case study strategy is considered suitable to study various 
subjects to present them in a practical way (Eriksson & Kovalainen, 2008). There-
fore, understanding real-life cases benefits the researcher to understand variables 
and the interaction within the data. Hence, case study is selected in this study to 
gain understanding of the current real-life phenomenon. 
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4.2 Data collection 

To complete this study, the research requires data and as this study selected qual-
itative approach, then the data must be numerical. The aim of the study requires 
to acquire distances, frequencies and transport modes of University personnel 
and students. Survey was selected as it is considered a suitable method to receive 
data from a large number of individuals (Hair et al., 2015). According to Saunders 
et al. (2009), questionnaires are one of the most efficient ways to collect responses 
from a large sample. However, a good questionnaire requires accuracy to collect 
the desire data from sample, therefore, due to the large amount of data expected, 
a set of standard questions is needed with exclusive outcomes (Hair et al., 2015). 
This study launched a self-completion survey with a structured number of ques-
tions made specifically for students and personnel of the University of Jyväskylä.   

The planning of the survey started in March 2020 and was meant to be built 
in Webropol. Webropol is an online software capable to collect data through sur-
veys. The survey questions were created to collect data anonymously. Therefore, 
the survey was built in Finish and English language. When the survey questions 
were made, the first draft version of the survey was presented to the Sustainabil-
ity for JYU Team. Feedback was given related to the structure, content, and lan-
guage. In a second meeting, the questions were amended and were put in Webro-
pol as a survey form. The content was discussed in order to build the questions 
according to the profile of the people. In another meeting, the survey was tested 
as it was sent electronically to the members of the Team. The Team discussed 
details such as the front page and data privacy. Data privacy and research notifi-
cation aspects were handled by the project manager of the project. The project 
manager provided input throughout the creation of the survey. Lastly, the survey 
was published in May 2020, and students and personnel were reached through 
e-mail. Another e-mail was sent during the second week of May as a reminder to 
those who had not yet filled in the survey. The survey can be found in appendix 
1 in Finnish and appendix 2 in English.  

In the beginning of the survey, there was a page which explained the pur-
pose of the survey and the plans of the University. The introductory page also 
explained how the survey ought to be answered as well as information regarding 
data privacy. In addition to that, the page explained the possibility to win lunch 
coupons by answering the survey. All in all, the survey had four main sections: 
the first section was designed to collect background information such as gender, 
age, role and study or work department. Section two consisted in collecting dis-
tances, frequencies and transport modes used for commuting travels to the Uni-
versity. Section three focused on long-distance leisure travels which was subdi-
vided into two sections: personnel with two homes that travel for work and fam-
ily purposes and students that travel for family and recreational purposes. Lastly, 
section four was meant to discover unreported business travels of PhD students 
and grant researchers and the mode and frequency of the trips. Although the 
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survey was created to receive anonymous answers, the survey requested per-
sonal information in a different document for participants interested to win lunch 
coupons at the end of the survey. 

The data was gathered during May and June 2020 and data cleaning and 
analysis started during July 2020. The respondents were 18 years and older and 
were divided by their gender as well as by their role and faculty. The survey had 
several multiple-choice questions as respondents were asked to select the choice 
that best suited their situation. For instance, what is your primarily transport 
mode when traveling to the University as well as precise questions like distance 
from home to the University.  

Overall, the total number of respondents was 1,913 and most of the re-
sponses were deemed relevant for the aim of this thesis. The Finnish survey col-
lected 1,765 responses while the English survey collected 147 responses.  

4.3 Data analysis 

In order to calculate the GHG emissions of students and personnel of the Univer-
sity, the study followed the IPCC Fifth Assessment Report (IPCC, 2014b) for the 
climate impact of local emissions. Hence, CO2-eq is required for the calculation 
as well as passenger-kilometer (pkm) as indicators. The pkm measure indicates 
the distance travel of bus, coach, train, aircraft and ferry. Grams per kilometer 
(g/km) measures emissions per unit distance of passenger car and scooter which 
were taken from Lipasto emission dataset of the Technical Research Center of 
Finland (VTT, 2017). The CO2-eq was used to indicate the GWP 100 years, and 
therefore, CO2-eq was calculated based on Equation 2.  

 
𝐶𝑂₂ − 𝑒𝑞 = 𝐶𝑂₂ + 𝐶𝐻₄ × 28 + 𝑁₂0 × 265 

Equation 2. CO₂ equivalent calculation (Adapted from IPCC, 2014b) 

 

The CO2-eq emission factor per passenger for train transport were calculated 
based on electricity production and consumption. On the other hand, g/CO2-eq 
of aircraft were taken from CWT Analytics which is based on Defra’s conversion 
guidelines. Table 2 gives a description of all the transport modes considered in 
this study followed by the transport type and their respective gases. Lastly, Table 
2 shows CO2-eq emission factors as the total of the three gases based on Equation 
2.  
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Table 2. GHG emission passenger kilometer (g/pkm) of transport modes and aver-
age emissions per kilometer (g/km) of passenger cars and moped (Baumeister, 2019; 
Baumeister et al., 2020; Technical Research Center of Finland (VTT), 2017) 

Transport 
mode 

Type g/CO₂ g/CH₄ g/N₂O g/CO₂-eq 

Passenger 
car 

Gasoline 159.00 0.0021 0.0016 159.48 

 Diesel 139.00 0.00029 0.0053 140.41 
 Hybrid 

High-blend ethanol 
127.2 
30.00 

0.0016 
0.00 

0.0012 
0.00 

127.56 
30.00 

 Electric car 
Biogas 

 
0.00 

 
0.00 

 
0.00 

69.63 
0.00 

Bus Urban street ≤50km  54.00 0.00028 0.0018 55.00 
 Urban city ≤100km   36.00 0.00014 0.0018 36.48 
Coach Highway ≥100km 39.00 0.00016 0.0015 40.00 
Train Electric intercity 4.59 0.162 0.00 9.13 
Metro Electric, commuting 6.04 0.213 0,00 12.00 
Ferry Gas driven 98.00 0.04 0.00057 99.02 
Aircraft Short haul ≤785 

Medium haul 785-3700 
Long-haul ≥3700 

 
 
 

 
 
 

 
 
 

157.7 
84.43 
73.99 

Moped  62.00 0.22 0.0010 68.00 
Bicycle 
 
Walking 

Conventional 
E-bike 
By foot 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

 
The next step required was to calculate the total distance traveled by the survey 
participants. In this case, the participants input the distance and frequency of the 
trips on weekly basis. Hence, to find the total distance, the numbers were multi-
plied for a whole year as follows: 

  
𝑇𝐷 =  ∑(𝐷 × 2 × 𝑓 × 46) 

 
Equation 3. Total distance 

In Equation 3, D represents the one-way distance traveled per person multiplied 
by 2 as the return is also considered followed by the weekly (f) frequency of the 
trips multiplied by 46. 46 are the annual weeks used that participants travel for a 
year. This number was decided based on the official holidays as 4 weeks are for 
summer holidays, one week in autumn and one week for winter holidays results 
a total of 46 weeks of work in a year.  

With the aforementioned data, this reveals the distances of individuals and 
their respective emissions of their selected transport. Therefore, when the two 
calculations are carried out, the results of those calculations are combined into 
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one to calculate the total CO2-eq of the specific transport modes and distances. 
Equation 4 below shows the calculation process.  

 
 

𝑇𝐶𝑂₂ − 𝑒𝑞 = 𝑇𝐷 × 𝐶𝑂₂ − 𝑒𝑞 
 

Equation 4. Total CO₂-eq 

Equation 4 is used to determine the total CO2-eq of commuting, long-distance 
leisure travels and unreported business travels of students and personnel of the 
University as the calculation translates the emissions of passenger travels for a 
whole year. However, in order to explain in-depth about the selected methods 
and assumptions of this calculation, each transport mode is explained in the fol-
lowing sub-sections.  

4.3.1 Passenger car 

Table 2 shows average of CO2-eq of passenger cars by engine type. Therefore, 
there were six different types of engines: diesel driven, gasoline driven, gasoline 
driven hybrid, electric cars, high-blend ethanol and biogas driven cars. However, 
to make a precise calculation, passenger cars were also divided by the manufac-
turing year of the cars. Hence, the cars were divided into five groups to show the 
cars by the year as the model also influence the emission production from the car. 
The groups were: 2000 or older, 2001-2004, 2005-2008, 2009-20013 and 2014 or 
newer. With these two groups, emission per kilometer (g/km) was accurate to 
find the correct CO2-eq emission. Also, based on the emission calculation of 
Lipasto dataset (2017), average emissions from highway and urban driving were 
selected and assuming that the car occupancy was 1.7 persons in each car. Addi-
tionally, E-cars emissions considered the energy consumption as well as emis-
sions from electricity produced. Unlike E-cars, Biogas driven cars were assumed 
to emit 0 g CO2-eq as the biomass energy has 0 value (WWF, 2020). 

4.3.2 Bus and coach 

Buses are referred to as a transport used in urban and avenues roads in Central 
Finland. Urban bus emissions were considered for distances up to 50 km, 
whereas avenue driven bus emissions were used for distances up to 100 km. 
Coach emissions were input when the distance was greater than 100 km. The 
emission indicators of bus and coach were based on diesel engine from Lipasto 
dataset (2017) as 98% of the buses in Finland run on diesel engines (Finnish 
transport and communications agency Traficom, 2020). More importantly, the 
g/pkm CO2-eq was selected from Lipasto dataset (2017) as it was assumed that 
buses were half loaded with 18 passengers.   
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4.3.3 Long-distance train 

In Finland, the rail transport is operated by Finnish Railways (VR) which is a 
stated-owned company. According to Baumeister (2019), the most common train 
is Intercity which runs fully on electricity supplied from hydropower. Due to its 
frequent use, this train type was considered in this study. The electricity con-
sumption and emissions of electricity produced such as CO2 and CH4 were taken 
from Baumeister et al. (2020) in Table 2. N2O was left out simply because the 
emissions are relatively small in boreal regions like Finland (Hertwich, 2013).    

4.3.4 Aircraft 

The travel survey collected travels of which were not reported to the University 
by PhD students and grant researchers. Therefore, the emissions for aircraft were 
divided depending upon the traveling type: short haul (less than 785 km), me-
dium haul (785-3700 km) and long haul (greater than 3700km). This classification 
was taken from CWT as well as their respective CO2-eq emissions. With this data, 
the participants were requested to fill the number of trips in a year. In addition 
to this, it was assumed that all the unreported trips were economy class.  

4.3.5 Ferry 

Table 2 shows CO2-eq emissions for passenger ferry. The number was taken from 
the Lipasto dataset (2017), and therefore, it gives 80% of the emissions to passen-
gers and 20% to freight. This study considered gas-driven ferry with a capacity 
of 2800 passenger which operates at an average speed of 18 knots (Technical Re-
search Center of Finland (VTT), 2017). 

4.3.6 Moped 

Moped’s CO2-eq was extracted directly from Lipasto dataset (2017). The dataset 
provided an average CO2-eq emission. The calculation used such number for all 
mopeds of the survey. 

4.3.7 Bicycle  

There were two types of bicycles: conventional bike and electric bike (e-bike). 
Conventional bikes were regarded with 0 emissions because it was understood 
that bikes do not require any sort of energy during its use. E-bikes, on the other 
hand, require energy, however, e-bikes were also designated to have with 0 emis-
sions because e-bikes do not release emissions during its use.          
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4.3.8 Walking 

Walking received the same CO2-eq as bicycles. The reason was because it was 
assumed that walking requires 0 energy from fossil fuels.   
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5 RESEARCH FINDINGS 

In this chapter, the findings are first explained generally to describe the type of 
respondents. Then, the chapter is divided into 3 sections: commuting travels, 
long-distance leisure travels, and unreported business travels. After this, the last 
sub-chapter shows the sum of all the emissions shown to calculate the total car-
bon footprint per person. To conclude, an estimation carbon footprint of the total 
number of students and personnel travels of the University is shown in the last 
section of this chapter.   

5.1 Findings 

The survey collected 1,913 responses of which 1,071 belong to students, 652 to 
personnel, 169 to PhD students and 21 to grant researchers. These figures repre-
sent a 12% response rate from the total number of students and employees of the 
University of Jyväskylä. The majority of the responses belong to the Finnish sur-
vey with 1765 responses and 147 from the English survey. Female respondents 
represented the largest share with 66.96%, males with 30.06%, 1.93% preferred 
not to say their gender and other genders represented 1.05%. The age of the re-
spondents was divided into 6 groups shown in Table 3 below with their respec-
tive share.  

Table 3. Share of respondents by age group 

Age 
Share of respondents 

18-24 
28.91% 

25-34 
31.94% 

35-44 
16.68% 

45-54 
11.34% 

55-64 
9.72% 

65 and older 
0.78% 

Prefer not to say 
0.63% 
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5.1.1 Commuting travels 

The four groups (students, personnel, PhD students and grant researchers) com-
muted 6.1 million kilometers in a year. Personnel traveled 3.1 million kilometers 
in a year, students 2.4 million kilometers, PhD students 441 thousand kilometers 
and grant researchers 43 thousand kilometers. The annual average distance trav-
eled was 2,962 km per student, 3,777 km per University employee, 2,611 km per 
PhD student and 2,076 km per grant researcher. The daily average distance trav-
eled was 9.2 km per student, 11.7 km per University employee, 8.1 km per PhD 
student and 6.4 km per grant researcher.   

The data demonstrates in Table 4 that bicycles are the dominant vehicle 
among students, PhD students and grant researchers and foot represented the 
second most dominant among students. In contrast to that, car was the most pop-
ular mode in the personnel group. Table 4 below shows the rest of vehicles by 
the four groups.  
 

Table 4. Share of commuting transport mode by University groups 

Share of transport modes 

  Bicycle Foot Car Bus Train E-bike Other Moped 

Personnel 9.51% 6.33% 13% 2.93% 0.89% 0.84% 0.52% 0.05% 

Students 27.3% 16.68% 4.6% 4.86% 2.04% 0.20% 0.31% 0.00% 

PhD stu-
dents 4% 1.67% 1.4% 0.78% 0.52% 0.16% 0.21% 0.00% 

Grant re-
searchers 0.42% 0.26% 0.10% 0.05% 0.26% 0.00% 0.00% 0.00% 

Total % 41.3% 24.94% 19.1% 8.62% 3.71% 1.20% 1.04% 0.05% 

 
With the distance and transport modes described, the data can be converted into 
emissions produced for commuting travels. Figure 5 depicts the annual emission 
results of the four groups. 

    

 

Figure 5. Annual commuting emissions of University members 
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The total annual commuting emission production was 420.8 t CO2-eq while av-
erage commuting per capita is 0.22 t CO2-eq. However, the data allowed to dis-
tribute the emission production per capita per group. Table 5 shows in summary 
the data from commuting divided by the groups, their respective emissions and 
emissions per capita. Furthermore, Table 6 below shows the share of emissions 
of the three most important transport emitters from each group. Table 6 shows 
that car plays a dominant role in the four groups. 
 

Table 5. Distribution of emissions from commuting travels for personnel, students, 
PhD student and Grant researcher of the University 

  Number of people t CO2-eq t CO2-eq per capita 

Personnel 652 283.9 0.44 

Student 1071 115.0 0.11 

PhD student 169 20.9 0.12 

Grant researcher 21 1.0 0.05 

Total 1913 420.8 0.22 

 

Table 6. Share of emission production per group per transport mode 

Personnel Car Bus Other 
Total share of 

emission 

59.7% 6.1% 0.9% 67.4% 

Students 
Car Bus Train Total 

21.1% 4.6% 1.5% 27.3% 

PhD students 
Car Bus Train Total 

3.8% 0.9% 0.1% 4.9% 

Grant researchers 
Car Bus Train Total 

0.12% 0.07% 0.04% 0.24% 

The data can be extrapolated further. Figure 6 below depicts this as commuting 
emissions per respondents’ faculty.  
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Figure 6. Annual commuting emissions produced per faculty member 

Figure 6 shows the number of respondents, their respective faculties and the com-
muting emissions produced. The Faculty of Sports and Health Sciences repre-
sented 8.36% of the total respondents from the survey which produced 13.5% of 
the total annual CO2-eq. University Services represented 7.84% of the respond-
ents and produced 13.44% of the total annual CO2-eq. The Department of Educa-
tion had 7.79% of respondents which produced 9.18% of the total annual emis-
sions.  

The survey allowed even deeper analysis of groups into emissions by job 
title. Figure 7 shows the University personnel title with their respective emissions 
produced.   
 

0 50 100 150 200 250

Niilo Mäki Institute

Nanoscience Center

Centre of Applied Language Studies

Department of Psychology

Department of History and Ethnology

Department of Mathematics and Statistics

Jyväskylä Normal School (Independent Institute)

Department of Physics

Other Independent Insitutes

Kokkola University Consortium Chydenius

Movi (Independent Institute)

Department of Teacher Education

Open University (Independent Institute)

Educational Research Institute (Independent…

Language and Communication studies

Department of Art, Culture and Music studies

Department of Chemistry

Department of Social Sciences and Philosophy

School of Business and Economics

Biology and Environmental Science

Faculty of Information Technology

Department of Education

University Services

Faculty of Sports and Health Sciences
JY

U
 F

ac
u

lt
ie

s

T CO2-eq Respondents



 41 

 

Figure 7. Annual emission of personnel by job title 

Figure 7 shows that University teacher or lecturer group represented 20% of the 
personnel group that produced 20.5% of the total CO2-eq emissions. Post-doc re-
searcher, academic researcher group represented the second group with 25% and 
produced 19% of the total CO2-eq emissions. Planner, coordinator, project man-
ager group represented 13.5% which produced 13% of the CO2-eq emissions from 
the personnel group. However, when analyzing the annual emission per person 
divided by job tittle, Figure 8 depicts the results from the personnel group. Figure 
8 shows that technicians and engineer (0.7 t CO2-eq), head management and rec-
tor (0.61 t CO2-eq) and elementary and high school teacher (0.54 t CO2-eq) groups 
produced most of the CO2-eq emissions per person.  
 

 

Figure 8. Annual average emissions per University employee 
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5.1.2 Long-distance leisure travels 

In the survey, the University personnel was asked whether they live in cities 
other than Jyväskylä for work or family purposes. In this section, the survey col-
lected 47 responses. The calculation discovered that the respondents traveled 1.4 
million kilometers for a year. The average distance per person was 30,520 km. 
Bus represented the biggest share of transport with 36.1%. Train was the second 
with 29.7%, while car share was 23.4%. This resulted in 42.83 t CO2-eq emissions 
per year with an average of 0.91 t CO2-eq per employee per year. The total emis-
sion production is divided according to the transport modes used by the partici-
pants in Figure 9 below.  
 

 
Figure 9. Annual long-distance trips of personnel by transport mode 

Figure 9 shows that cars produced 50.28% of the total annual personnel long-
distance leisure travels emission, coaches represented 39.55% and trains 8.7%. In 
another section of the survey, students were asked whether they travel for other 
reasons rather than study purposes. This section collected 687 answers. The result 
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group’s long-distance leisure travels by transport modes. 
 

 
Figure 10. Annual long-distance student trips by transport mode 
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Figure 10 demonstrates that coaches represented 37.7% of the total the student’s 
long-distance leisure travels while trains represented 31.1% and cars 25.1%. In 
total, this represented 221.6 t CO2-eq emissions with an average of 0.3 t CO2-eq 
emissions per student per year. Figure 11 shows the breakdown of this total emis-
sions produced by transport modes. Figure 11 below shows that cars produced 
60.8% of the total annual emissions, buses were the second transport as it pro-
duced 24.8% while carpooling represented 7.2%.  
 

 
Figure 11. Annual long-distance student trips - Emissions per transport mode 
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Figure 12. Total emissions and quantity of unreported business travels 
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Figure 13. Annual share of emission production per group 

In order to analyze the share of emission per travel type, Figure 14 compares the 
share of emissions per travel type. 67% of the commuting emission belong to the 
personnel group while 33% to students. In contrast to that, long-distance travel 
emissions show that 85% are derived from students’ long-distance leisure travels 
while 15% to personnel group. 

 

 
Figure 14. Annual share of emission production per travel type 
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CO2-eq emissions per year while the personnel produced 1,363 t CO2-eq emis-
sions for personnel per year. Hence, the CO2-eq emission production of the Uni-
versity based on commuting, long-distance leisure travels, and unreported busi-
ness trips was 5,293.7 t CO2-eq emissions per year.   
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6 DISCUSSION AND CONCLUSIONS 

In this chapter, the results of the study are discussed based on the literature in 
order to find potential emission reduction actions which the University of 
Jyväskylä could consider. Also, implications of the study and limitations and fur-
ther research are discussed. Prior to that, this chapter starts by answering the 
research question. 

6.1 Answering the research question  

The purpose of this Master’s Thesis was to measure indirect travel impacts: com-
muting and long-distance leisure travels of students and personnel and unre-
ported business travels of PhD students and Grant researchers of the University 
of Jyväskylä through consumption-based carbon footprint calculation. The focus 
was to find out the transport and mobility emissions through transport modes 
and distances of the students and personnel. The research question of this Mas-
ter’s Thesis was: What is the transport and mobility carbon footprint of personnel 
and students of the University of Jyväskylä? This was followed by sub-questions: 
What are the transport modes used to commute, for long-distance leisure travels 
of personnel and students and for unreported business travels of PhD students 
and Grant researchers? What are the total emissions of these? What is the total 
estimated carbon footprint of transport and mobility of personnel and students 
of the University?  

The three most popular commuting transport modes used to the University 
were bicycle, foot, and car. Bicycle and foot were considered as low-carbon 
transport whereas cars produced 84.8% of the emissions (357 t CO2-eq) from the 
commuting travels. Long-distance leisure travels of students and personnel pre-
sented coach, train, and car as the most common transport. However, personnel 
long-distance leisure travels produced 50% (21.5 t CO2-eq) of the emissions from 
car use whereas students’ most popular long-distance leisure travel mode was 
coach, but cars produced 60% of the emissions (134.8 t CO2-eq). The most popular 
transport from unreported business travels of PhD students and Grant research-
ers was airplane as it produced 49% of the emissions (14 t CO2-eq) while car was 
the second as it produced 44% of the emissions from this group (12.4 t CO2-eq). 

Based on the consumption-based carbon footprint calculation of the survey, 
the results showed that students produced 387.2 t CO2-eq annually with an aver-
age of 0.3 t CO2-eq emissions per student while personnel produced 326.7 t CO2-
eq and 0.5 t CO2-eq emissions per employee per year. Altogether, this formed a 
total of 714.03 t CO2-eq annual emission based on the survey. Personnel commut-
ing travel emissions represented 40% from the total result. The majority of these 



 47 

emissions were derived from car use (59.7%). Students’ long-distance travels rep-
resented the second largest emitter group as it represents 35% of the total emis-
sions. Cars are the main contributor of these emissions with 60% share of the total 
students’ long-distance travel emissions.  

Based on the results from the survey, the total aggregated emissions pro-
duced of University students is 3,930.6 t CO2-eq emissions per year while person-
nel aggregated emissions is 1,363 t CO2-eq per year. These result in a total of 5,293 
t CO2-eq emissions of indirect transport and mobility impacts of the University 
of Jyväskylä.  

6.2 Implications of findings and comparisons to existing litera-
ture 

This study contributes to the existing literature presented to shed light on indirect 
transport impacts. Carbon footprint of indirect transport has become an im-
portant study particularly within higher education institutions. Consumption-
based carbon footprint method provided an estimation of the emissions pro-
duced in the past and present in order to be aware of the emissions consumed. 
Scopes 1, 2 and 3 are helpful in classifying and deciding what to include in the 
carbon footprint calculation. However, the inclusion of scope 3 from indirect 
transport presented substantial amount of emissions. In this regard, transport 
impacts have been studied in different parts of the world (Baumeister, 2019; Ca-
ponio et al., 2015; Cole-Hunter et al., 2015; van Goeverden et al., 2016; Wiersma, 
2020) to identify the emission growth to mitigate them. Several higher education 
institutions have carried out studies to identify the transport hotspots in univer-
sities. The study of the University of Leon in Spain (Pérez-Neira et al., 2020), the 
study of Ciers et al. (2018) at Swiss Federal Institute of Technology Lausanne and 
the study of academic and student mobility at Montreal University (Arsenault et 
al., 2019) are some examples. Hence, this Master’s Thesis forms part of the exist-
ing research studies to demonstrate the impact of indirect transport at a univer-
sity in Finland. 

The findings of this thesis help discover the impacts of indirect transport 
emissions at the University of Jyväskylä (JYU) as well as to shed light on other 
related travels like leisure travels of students and personnel. The literature de-
scribed the main contributors to the transport emission growth in different stud-
ies as it mentioned that airplane and car use produce most of the emissions from 
transport (Aamaas et al., 2013; Baumeister, 2019; Caponio et al., 2015; H. Wang & 
Zeng, 2019). The findings of this thesis showed that car users increase 84.8% of 
the commuting emissions and 57.5% of the long-distance travels even when the 
share of car use remains 19.1% from commuting travels and 25% from long-dis-
tance leisure travels. In contrast to that, the findings show that airplane emissions 
produce 4% from the long-distance travels. The reason for this was due to the 
little use of airplanes from long-distance leisure travels and unreported business 
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trips. However, the results of unreported business travels can differ from busi-
ness travels of the University as air travels tend to be the dominant factor in terms 
of long-distance travels.   

Further, the findings revealed that University personnel produced more 
emissions despite being a smaller group in comparison to the student group. This 
was probably because personnel presented a higher propensity for car use as 13% 
were car users even though their daily average commuting distance was 11.7 km 
compared to students which was 9.2 km average per day. As a result, 59.7% of 
the commuting emissions of personnel were produced by car use. In comparison, 
the findings showed that students produce 48% less emissions from commuting 
trips compared to personnel due to their propensity to use bicycle (31.7%) and 
walking (18.4%). In this regard, the share of car use within the student group was 
6.1% which generated 25% of the commuting emissions. Yet, the findings showed 
that personnel produced most of the commuting travel emissions as an employee 
produced three times more emissions compared to a student.  

When analyzing the findings based on the emission production from the 
University Faculties, the results showed that the emission production does not 
necessarily relate to the quantity of respondents per faculty, but rather to the 
transport selection of the respondents which produce emissions. Hence, it could 
be said that the quantity of people traveling do not impact the emission growth 
as long as low-carbon transport options are selected.  

The literature addressed that infrastructure, and the built environment im-
pacts the emissions from transport (Barros et al., 2018; Cole-Hunter et al., 2015; 
Minn, 2019). Even though these aspects form part of demographic factors, this 
thesis did not concentrate on such aspects. Interestingly, socioeconomic factors 
were not discussed in the literature, however, the findings allowed to discover 
the emissions of personnel by job tittle and position. Although the study is con-
sumption-based per job position, the findings allowed to differentiate emissions 
from personnel based on the job title. These results could offer a different insight 
related to the study of Bekaroo et al. (2019), which state that higher income turns 
into higher carbon footprint. Wang & Zeng (2019) support Bekaroo’s concept as 
socioeconomic factors are associated with overall emissions. When analyzing the 
emissions results of personnel and the job position, the average emissions per 
person per job title showed variations of emissions produced against various job 
position. Yet, this study lacks data to prove whether socioeconomic factors in-
crease transport emissions of personnel.  

The results of the University transport survey (Mobinet, 2015) showed that 
car users have remained the largest commuting emitting group even though the 
emissions per employee were two times smaller in 2015 compared to the results 
of this thesis. Since that time, the emission production per employee has in-
creased in five years. This could be attributed to the creation of jobs, development, 
and ability to purchase car or travel.  

The findings of long-distance leisure travels of this thesis revealed that even 
though car was not the most popular transport mode, it generated most of the 
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emissions. Car generated 50% of the emissions from long-distance leisure travels 
of personnel and 60.8% from student long-distance leisure travels. These results 
and the results from unreported business trips proved that cars and airplanes are 
the main emission contributors as most of the emissions from this group stem 
from the use of airplanes and cars. Thus, this study appears to be correct based 
on the literature reviewed as it is said that air and car travel are among the top 
emission contributors of long-distance travels (Aamaas et al., 2013; Baumeister, 
2019).  

The findings from long-distance leisure travels also showed that personnel 
and students used other transport options like coach and trains. The results 
showed that coach generated 39.5% of the personnel emissions and 24.8% from 
the student group. Even though this transport mode still produces emissions, the 
amount cannot be compared to cars and airplanes which have higher emission 
rate. Similarly, the findings showed that trains were proven to be a good travel 
alternative as it shows that train produces low amount of emissions compared to 
other transport modes. The literature also addressed that such transport modes 
are alternative modes with the opportunity to reduce emissions due to higher 
capacity and lower emissions production per passenger (Baumeister, 2019; Liu et 
al., 2016; Minn, 2019). With these results, coach and train could be used as a sub-
stitute to cars and airplanes.   

In addition to long-distance travel emissions, studying long-distance leisure 
travels of personnel and students may not relate entirely to the University carbon 
footprint. However, long-distance leisure travels still formed an interesting part 
of this study to evaluate and measure such travel type. The study of Edwards et 
al. (2016) and Dolf & Teehan (2015) provided examples where other university 
events, which included transportation, can have a great environmental impact. 
Therefore, the inclusion of long-distance leisure travels in this thesis can also be 
used as a study example to other universities to show the impacts of travel. 

As part of the impacts, the coronavirus pandemic has caused a strong im-
pact on transportation since 2020. Studies are still needed to evaluate the impacts 
of the pandemic in relation to the transport emission production. However, this 
study did not evaluate indirect transport during the pandemic. With that said, 
the emission production both during and after the pandemic is highly dependent 
on measures and polices taken to solve the emissions from transport. Govern-
mental and organizational policies and decisions can have a great impact. How-
ever, it should be noted that this study lacks literature to support this topic.       

The findings of this thesis allow the results to be compared with other uni-
versities’ results to evaluate the results of this thesis. De Montfort University cal-
culated commuting emissions of students and personnel and represented the 
largest travel group 18% of which 52% of the emissions originated from the use 
of car with single occupancy (Ozawa-Meida et al., 2013). However, when evalu-
ating the annual emission per person, De Montfort University produced 0.3 t 
CO2-eq emissions per person from commuting travels while the University of 
Jyväskylä produced 0.2 t CO2-eq per person. Another similar study at Clemson 
University, in the United States, studied indirect impacts (Clabeaux et al., 2020). 
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The study showed that commuting travels produced 19% of the total University’s 
carbon footprint which is equivalent to 0.7 t CO2-eq emissions per person per 
year (Clabeaux et al., 2020). The study of the American university showed that a 
person produced five times more emissions versus a person at JYU. The reason 
of this is due to the larger number of people using cars to travel to the university.   

In contrast, the University of Montreal’s (Arsenault et al., 2019) findings al-
lowed the comparison between their students’ international and exchange travels 
with this thesis’s long-distance travel figures. International and exchange stu-
dents generated 3.8 t CO2-eq per student per year (Arsenault et al., 2019) while 
JYU students’ long-distance travels produced 0.3 t CO2-eq per student per year. 
However, the results of the Canadian university (2019) are not comparable with 
long-distance leisure travels of this thesis in terms of university size, number of 
international students traveling abroad by airplane and larger scope like the in-
clusion of exchange students in the calculation.  

The study results of Alvarez et al. (2014), Ciers et al. (2018), Gómez et al. 
(2016) and Larsen et al. (2013) in which indirect transport is studied within uni-
versities cannot be compared with the results of this thesis. The studies focused 
only on business travels and academic travels such as attending conferences. 
Also, the study of Alvarez et al. (2014) and Gómez et al. (2016) used a different 
method to evaluate the university carbon footprint. Financial compound meth-
ods are said to evaluate emissions from where financial accounts are available 
(Alvarez et al., 2014). However, there are many emission sources that cannot be 
accounted with this method as often the cost of an emission source is low, but its 
carbon density could be high (Kulkarni, 2019) as well as lack of transport data 
(Gómez et al., 2016). Thus, these drawbacks provide a different emission results 
which are reflected on the study of Alvarez et al. (2014) and Gómez et al. (2016) 
forcing certain travel types out of the scope of the study.        

The results of the University of Turku (University Properties of Finland, 
2020) allow the direct comparison of emissions from personal of which Turku 
University’s personnel produced three times less emissions per person per year 
than JYU personnel. However, the calculation of the University of Turku differed 
from the calculation of this thesis such as working days per year were less than 
the working days from this thesis. More working days equates to an increase in 
emissions from commuting travels.   

The study of Pérez-Neira et al. (2020) showed commuting travel calcula-
tions of the University of Leon in Spain. They found transport by car to be im-
portant as cars produced 95% of the total travel emissions (Pérez-Neira et al., 
2020). In comparison to that study, the findings of this thesis showed that car was 
among the top three most popular transport modes and produced 84% of the 
commuting emissions. More importantly, University of Leon produced 0.4 t CO2-
eq per capita per year (Pérez-Neira et al., 2020) double than JYU commuting per 
capita (0.2 t CO2-eq). The study of Perez-Neira et al. (2020) showed that car users 
presented a higher average of kilometers which increase the transport emissions. 
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Additionally, personnel of the University of Leon represented low use of bicycle 
and bus unlike personnel from JYU which used bicycle and foot to commute.  

Another study from the Autonomous Metropolitan University, in Mexico, 
studied indirect transport of the Cuajimalpa campus of which commuting pro-
duced 1 t CO2-eq emissions per capita per year (Mendoza-Flores et al., 2019). The 
Mexican university produced eight times more emissions from commuting com-
pared to JYU commuting per capita (0.2 t CO2-eq) even though the Mexican uni-
versity has less people compared to JYU. In another study, the University of Talca, 
in Chile, compared commuting travels of personnel and students (Yañez et al., 
2020). The study of Yañez et al. (2020) showed that personnel produced three 
times less emission per capita than a JYU employee whereas Talca students pro-
duced double emissions per capita than a JYU student. Having a smaller number 
of people involved, the University of Talca campus produced more emissions per 
person than the University of Jyväskylä.  

The University of Technology – Parana in Brazil (Barros et al., 2018) showed 
that commuting emissions resulted in 1.4 t CO2-eq of the University. The results 
of the Brazilian university cannot be compared to this thesis study based on the 
emission production as emissions are much lower due to the smaller number of 
students and staff involved in the Brazilian University. However, the study of 
Barros et al. (2018) showed that most of the emissions originate by car use from 
the university’s personnel whereas students’ emission presented a low emission 
contribution as many traveled by bus. When comparing students and personnel, 
traveling by bus presents opportunities to decrease the carbon footprint from 
commuting travels.  

Therefore, comparing the results of this thesis with other university studies 
demonstrate that students form part of the university’s carbon footprint as emis-
sion are produced while traveling. More importantly, the results of the studies of 
Pérez-Neira et al. (2020), Barros et al. (2018), Mendoza-Flores et al. (2019) and this 
thesis show that studying the transport behavior of students could be used as an 
example for university personnel in order to switch to alternative transport 
modes such as bus, bicycle, walking and foot in urban areas. Yañez et al. (2020) 
showed that students can also produce a substantial amount of emissions which 
should be measured and reduced.    

Other studies based on indirect transport in universities overlook the im-
pact of students or certain indirect travels. For instance, the University of Turku 
(University Properties of Finland, 2020) calculated only personnel commuting 
and business travel. Similarly, a college in India only included transport impacts 
of personnel and educational trips within the institution carbon footprint (Kul-
karni, 2019). In contrast, an engineering education in India included transport 
impacts of personnel and students even though these impacts were placed as di-
rect impacts as the fleet is controlled by the institution (Sivaram et al., 2015). In-
terestingly, the emission per capita of the latter study is 0.2 t CO2-eq per year 
similar as the commuting emissions per capita from JYU.    

Other universities studies did not include commuting travels as part as the 
indirect travel impacts (Alvarez et al., 2014; Gómez et al., 2016; Larsen et al., 2013). 
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These limits depend on what the university includes in its calculation as Alvarez 
et al. (2014) and Larsen et al. (2013) consider that personnel and students’ com-
muting travels are not part of the university control. However, the level of control 
could be debatable as universities can be considered to impact the travel emission 
growth due to their role as job and education providers (Bekaroo et al., 2019; 
Guerrieri et al., 2019; Robinson et al., 2018) which make people to travel. Univer-
sities could be seen as an example to society, therefore, including commuting, 
and long-distance travels can be seen as an example of commitment to the envi-
ronment. Additionally, the studies of Ozawa-Meida et al. (2013), Arsenault et al. 
(2019) and Clabeaux et al. (2020) included indirect transport impacts as part of 
the university carbon footprint which is similar with the objectives of this thesis. 
Thus, this thesis supports previous studies and could be used to support future 
studies with similar objectives. 

The literature addressed the use of bicycles, e-bikes and walking modes to 
support low-carbon alternatives (Astegiano et al., 2019; Cole-Hunter et al., 2015; 
Okraszewska et al., 2017; Pérez-Neira et al., 2020; Wiersma, 2020). The literature 
evaluated ways to support commuting travels using such modes for short dis-
tances (Giles-Corti et al., 2016; Jiang et al., 2017). The study of Pérez-Neira et al. 
(2020) proved that bicycle and foot can be used to cover short distances. The find-
ings of this thesis seem to be correct because it is aligned with the literature re-
viewed as students proved to be a group with active mobility habits by using 
bicycle and walking to travel short distances. Based on the findings, bicycle and 
walking are proven modes that can potentially decrease the indirect travel emis-
sions of the University of Jyväskylä. This means that such modes could be lever-
ages as substitutes in urban areas while also enhancing physical activity.  

For universities, calculating indirect transport carbon footprint provides a 
comprehensive understanding of the hotspots from an organizational point of 
view. Calculating emissions based on consumption from end-users could be con-
sidered a useful way to allocate indirect emissions from transport as well as help 
plan strategies related to carbon management to identify the main emission con-
tributors. Regardless of the difficulty to allocate resources and double counting, 
the University of Jyväskylä forms part of society, therefore, it shall demonstrate 
good practices and knowledge. This is why all possible emissions are vital to pro-
vide knowledge and solutions. The University could thereby consider future op-
portunities to compensate for the emissions produced from transport as well as 
support low-carbon transport modes.  

6.3 Mitigation and possible solutions 

Throughout this study, it was noted that emissions from individuals grow based 
on the transport selection and distances. Therefore, the study could be analyzed 
from an individual or organizational point of view. Responsibility lays on indi-
viduals who make decisions and transport selection and on the local government 
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that provides arrangements, services, infrastructure, among other services. 
Changes should be made from individuals, organizations and government. But 
because a Finnish university is a public institution, changes at the University of 
Jyväskylä could have a strong impact on people’s behaviors and actions.  

In relation to higher education institutions and sustainability, universities 
could streamline the concept of ‘’Green University’’. The concept could support 
the idea of responsible behavior to create healthy environmental habits to show-
case this to students and personnel of the University. According to Pérez-Neira 
et al. (2020), universities have the privilege to create knowledge and encourage 
others for a change. In addition to that, Guerrieri et al. (2019) state that the tran-
sition towards a low-carbon future requires a set of policy frameworks to support 
such development. This concept could enable new behavioral changes and deci-
sions in people.  

Green University concept can be spread in the university system in order to 
reach external community as often universities are interconnected with local 
community (Gómez et al., 2016). The concept can be aligned with carbon man-
agement of the University to show commitment to the environment with respon-
sible behavior (Mendoza-Flores et al., 2019). Sustainability should be incorpo-
rated into the university activities such as education, planning, investments, trav-
eling and purchases to educate sustainability leaders (Gómez et al., 2016).    

Alongside that, low-carbon initiatives and transport development could 
support this concept in order to showcase the utilization of low-carbon options. 
To stimulate this behavioral change, soft policies could be used to show alterna-
tive transport modes. Soft policies have been studied in a practical way to stim-
ulate the behavior of people (Dio et al., 2020) which could help reflect on the 
commuting and long-distance transport selection. For instance, promoting the 
environmental benefits of using low-carbon transport in media to decrease the 
use of combustion fuels when commuting and traveling. Promoting the use of 
bicycle and walk to commute could be connected to people’s health as it consid-
ered a way to improve physical fitness (Cole-Hunter et al., 2015) and it could 
make people reflect on their physical activity. Promoting the environmental ben-
efits of trains and buses in media to travel long distances could make people re-
flect on their decisions as well.  

As car is one of the major emission contributors, some solutions could be 
offered. Capacity could be optimized to decrease the emissions and divide it by 
the passengers in the car. In this way, the emissions would decrease by passenger 
travel kilometer. This idea could be implemented within short and long-distance 
travels. For instance, people who live close to each other could commute together 
in a single car. The University could support the initiative by providing platforms 
to exchange and disseminate information as well as offer meeting points in the 
campuses. To reduce the number of cars within urban areas, the University could 
also offer rental bikes. The bikes can be given to students, exchange students or 
visitors for the duration of their stay. 

Promoting the use of sustainable mobility is meant to bring major environ-
mental benefits by reducing the use of cars and switching to bicycle, walk or e-
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bike to commute having produced 0 emissions from combustion fuels. Also, pro-
moting train as long distance travel mode is beneficial as a train produces 95% 
less emissions than an average gasoline-driven car based on the emission factors. 
The University could give incentives to personnel using low-carbon options. For 
instance, the University can organize a lottery or give small prizes to personnel 
who commute by bicycle and travel by train instead of using car.  

Similarly, the use of buses could be leveraged as a substitute mode to cars. 
Based on its emission factor, a bus produces roughly 65% less emissions than an 
average gasoline car. The use of buses could be promoted to travel within urban 
and suburban areas. The University could offer small incentives to those that 
travel by bus instead of cars. Similarly, the same idea could be applicable to coach 
used for long-distance travels. However, there may be a need for public incentive 
to improve the availability and frequency of buses in the Central region of Fin-
land. Overall, the idea to switch to low-carbon alternatives within the urban area 
can be applicable as University personnel and students can potentially commute 
within the city of Jyväskylä with right infrastructure.      

Another idea to support low-carbon transport options is the use of mobile 
phones applications for mobility options. Nowadays, transport options are 
shown in various mobile applications (Guerrieri et al., 2019) but such applica-
tions are continuously developed to improve mobility habits (Dio et al., 2020). 
The idea could be implemented to show the emissions of the transport offered in 
order to make people improve their mobility habits and switch to a low-carbon 
transport alternative. However, the ideas of promoting low-carbon transports 
and the use of mobile applications could only be successful when students and 
personnel participate in these projects. Thus, both groups can be engaged to com-
municate and familiarize with the campaigns.  

Local government can have the possibility to strengthen these ideas. For 
that, University of Jyväskylä would need to cooperate with the city of Jyväskylä 
to receive support and build common targets to solve transport issues. The local 
government can help with better infrastructure, public transport and/or incen-
tives such as tax reductions.    

The lockdown during the Coronavirus pandemic demonstrated that work 
and study from home could be a solution to reduce emissions from transport. 
The University could implement remote work and online classes as an alternative 
to physical participation. This idea has the potential to reduce academic travels 
as avoiding travelling is a tentative solution to decrease emissions from transport 
(Achten et al., 2013; Burian, 2018). According to Arsenault et al. (2019), video con-
ferences have the ability to provide networking opportunities. Also, business 
travels and academic travels are sometimes a necessity to enhance learning and 
to broaden networks. Technology ought to be used as an opportunity to break 
boundaries, but not necessarily as a transport replacement. The University could 
offer this as an alternative solution to decrease the emissions from travels that 
produce emissions but not to replace traveling entirely.       
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6.4 Limitations  

This Master’s Thesis gathered primary data through an online survey and re-
ceived a response rate of 12%. The results and findings were limited to the re-
sponse rate of students and personnel. Regardless, the data gathered was suffi-
cient to make an estimation of the transport carbon footprint of the University of 
Jyväskylä.  

Limitations were present when estimations were made such as the number 
of weeks to be included in a year. The weeks represented the number of weeks 
that student and employees visited the University in a year. The estimation was 
based on the official Finnish calendar. However, student depend highly on the 
frequency of classes and projects which added somewhat level of uncertainty. 
Similarly, employees may take work leaves during the year. Some thought could 
be given to the design of the survey. The emissions per passengers could 
smoothly be calculated using VTT dataset. However, the survey design did not 
allow to calculate the emissions per passenger in car due to little information 
which is why the calculation used an average of occupancy. 

Business and academic travels were not taken into consideration in this the-
sis. Data had already been collected but were left out of this study due to a lack 
of time. Although the calculation was already made, the data required analysis 
and literature to support the study in this thesis. Similarly, the survey collected 
open questions to understand the motivations that trigger travelling. However, 
data was not analyzed due to a lack of time.  

6.5 Ideas for further research 

It is vital to carry out more research on travel impacts. Transport impacts could 
be connected to the energy industry. However, it is important to divide it and 
understand the emission production of end-users like cars, public transports, avi-
ation too. Hence, it is important to understand the drivers that cause the need to 
travel. This could be analyzed with socioeconomic factors to prove whether emis-
sions increase with higher income and better lifestyle or not. The idea could be 
realized using quantitative research and acquiring primary data from student 
and personnel of the University.    

To support low-carbon transport modes, a study of the structure of the city 
of Jyväskylä could be carried out to understand main barriers and obstacles that 
take place when commuting to the University. The study could analyze the urban 
environment and built areas of the city in relation to the distance that people are 
required to travel (from home to University) in order to recognize the strengths 
of the urban place. The study could leverage ideas to make the travel experience 
smoother with the right environment to enhance the propensity to low-carbon 
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transports such as bicycles or walking. To develop this idea, geographical infor-
mation of the city is required followed by the students’ and personnel home ad-
dresses. 
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