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Car sharing has been found to reduce passenger transportation’s harmful environmental and 

social impacts. However, optimal assembly of car sharing business models for urban cities 

is still under research. The position of car sharing in traffic system was studied. The studied 

aspects of traffic system were mitigation of climate change and other environmental impacts 

and social impacts of travel behaviour and communal co-operation. Practical perspective 

was gained in co-operation with City-Yhteisautot Oy. Research questions were: What is car 

sharing’s position in sustainable development context? How to manage carbon footprint in 

a car sharing company? What would motivate people to participate or continue to participate 

in car sharing services and how it could be increased? How would car sharing impact on 

Finnish passenger transportation system’s carbon footprint? Inferences were made from 

literature review, perceiving car sharing in action in some cities, and calculations. Carbon 

footprint calculator was developed for City-Yhteisautot Oy and questionnaire was made to 

benefit the company and especially to study motivation towards car sharing. Results were 

analysed qualitatively and by quantitative statistical analysis. Large scale impacts were 

determined by conducting emission factors predictions and calculations on scenarios. Main 

findings were that position of car sharing would be complementary and partly substitutive. 

Primary business models could be communal and roundtrip, and secondary models could be 

free-floating and peer-to-peer. This way optimal impact on life-cycle GHG emission 

reduction, encouragement for true sharing, diffusion of technology and locally healthier 

travel behaviour were found. In scenario study it was found that during 2017-2050 car 

sharing would even reduce 4,9 % of cumulative usage GHG emissions from passenger 

transportation in a large Finnish city.   
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Yhteiskäyttöautot vähentävät henkilöliikenteestä aiheutuvia haitallisia ympäristö- ja 

sosiaalivaikutuksia. Eri liiketoimintamallien vaikutuksia ja niiden suhteellisten osuuksien 

tärkeysjärjestystä ei olla määritetty tarpeeksi. Tästä kehittyi idea yhteiskäyttöautojen 

toimialueen määrittämisestä. Toimialue rajattiin ilmastonmuutoksen hillitsemiseen ja 

muiden yleisten ympäristövaikutusten vähentämiseen sekä liikkumiskäyttäytymiseen ja 

yhteisölliseen yhteistyöhön. Teorian ja käytännön liitos taattiin tekemällä yhteistyötä City-

Yhteisautot Oy:n kanssa. Tutkimuskysymyksiä olivat: Mikä on yhteiskäyttöautojen 

toimialue kestävän kehityksen kontekstissa? Miten hiilijalanjälkeä voi hallita 

yhteiskäyttöautoyrityksessä? Mikä motivoi asiakkaita  osallistumaan tai jatkamaan 

osallistumista yhteiskäyttöautopalveluissa ja miten motivaatiota ja osallistumista  voisi 

nostaa? Miten yhteiskäyttöautot vaikuttavat suomalaisen henkilöliikennesysteemin 

hiilijalanjälkeen? Päätelmiä tehtiin enimmäkseen tieteellisistä artikkeleista, havainnoista 

yhteiskäyttöautoista eri kaupungeissa ja laskennoista. Käytäntöä ajatellen 

hiilijalanjälkilaskuri kehitettiin City-Yhteisautot Oy:lle. Kyselytutkimus tehtiin yritystä 

varten ja erityisesti siksi, että käyttäytymisen motivaatioita yhteiskäyttöautoja kohtaan 

voitiin tutkia. Tuloksia analysoitiin kvalitatiivisesti ja kvantitatiivisesti tilastollisin 

menetelmin. Isossa mittakaavassa liikenteen päästökertoimien kehitystä arvioitiin eri 

skenaarioissa. Päälöytöjä oli, että yhteiskäyttöautojen toimialue olisi komplementaarinen ja 

osittain korvaava. Pääliiketoimintamallit olisivat taloyhtiö- ja kiertomatkayhteiskäyttöautot 

sekä toissijaisia malleja kelluvat ja vertaisyhteiskäyttöautot. Näin löydettiin optimaaliset 

vaikutukset elinkaarenaikaisiin khk-päästövähennyksiin, todelliseen jakamiseen, 

teknologian levittymiseen ja paikallisesti terveellisempään liikkumiskäyttäytymiseen. 

Skenaarioissa havaittiin, että v. 2017-2050 yhteiskäyttöautot voisivat vähentää 4,9 % 

kumulatiivisista kaupungin henkilöliikenteen käytönaikaisista khk-päästöistä.  
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1  INTRODUCTION 

Finite natural resources are commonly utilized in our society to create various products or 

services to match our needs. Eventually this could lead to depletion of those resources. The 

current economy model is still encouraging this as the basic form of business, but circular 

economy (CE) exists as an alternative approach. Most simply put CE can be compared to a 

linear business model as circle compares to line, the circle does not have an end. CE 

encourages efficient utilization of the materials and human capability within the 

environment’s carrying capacity. (Ellen McArthur Foundation 2021.) These CE solutions 

aren’t necessarily disrupting but more commonly integrated in the current established order. 

In transportation sector private cars are a significant mode of transport but car’s materials 

aren’t used efficiently. For example, most of the time they are unused in a garage. Instead of 

owning a car in a densely populated city it would be more resource-efficient to have fewer 

cars and share them to those who need to travel at certain time. Car renting, leasing and 

sharing would therefore be fitting alternatives to regular car owning from the perspective of 

CE. 

CE applications are often also tightly related to several environmental issues. One of them 

being the reduction of carbon footprint (CF). This concept has relatively long been the 

standard method for measuring greenhouse gas (GHG) emissions that contribute to global 

warming (Climate trade 2022). Those businesses that prioritize their actions to reduce their 

CF have considerably higher returns on equity (Pachama 2019). Sustainability incorporated 

to the business has also been found to correlate positively with profits. (Alshehhi et. al. 2018, 

p. 16.) In general, it can be said that incorporating sustainable policies such as CE and carbon 

reduction can produce more economically viable action strategies in businesses. For 

example, in transportation sector incentives and taxes related to fuels can encourage for 

choosing vehicles that use less carbon emitting or entirely carbon-free motive powers. 

In transportation sector, sustainability can and needs to be implemented in the use phase of 

CE. Typically, these types of models offer solutions to create convenience and 

comfortability while reducing unnecessary material flows and emissions emitted. However, 

occasionally these businesses can be somewhat controversial. Uber is a good example of 

when the short-term goals achieved do not align with the set long-term goal. Uber has created 
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more traffic rather than decreased the total amount of private cars in a transportation system. 

People used Uber for situations where they normally would have used another mode of 

transportation. (Tucker 2021.) Car sharing companies (CSC) typically aim for the same long-

term goals to reduce private car ownership in a city (CSA 2023). For large cities urban car 

traffic is nuisance from many aspects such as parking pressure, noise and local air pollution 

(Giesel and Nobis 2016, p. 216). This creates pressure for modal shifting in transportation 

system where car sharing (CS) can be one solution. 

From 2008 to 2018 CS participation has been steadily rising as members of CS and vehicle 

fleet size have gradually increased. (Chicco and Diana 2021). Even until 2027 car sharing 

market is expected to expand in large European countries (Graphical research 2021.) There 

is need  for new solutions that can improve or combine different business model aspects to 

more consider the city, citizens, and possible customers.  

In this study the main aim is to find alignment for car sharing business in customer 

motivation and carbon footprint reduction in a socially responsible manner.. In general, in 

the transportation system there is need for safety and security, healthy travelling, efficient 

use of materials and decrease of local and global emissions. CS companies can be part of the 

solution to fulfil these needs more adequately and different business models certainly have 

different impacts on travel behaviour (Nansubuga et. al. 2021).  

Currently there exists four or five main business models for CS companies in private and 

public sectors. Essential models are Business-to-customers (B2C) models, roundtrip, point-

to-point, free-floating and condominium vehicles and peer-to-peer (P2P). These offer 

different service solutions to how and where vehicles are retrieved and returned (Deloitte 

2017).  

Car sharing research has shown that different business models can have varying predictable 

effects to the socio-economic environment. In Germany many business models have 

excelled in reducing private car ownership in city environments. (Giesel and Nobis 2016, p. 

216-217). Most probably this also means that the transportation system’s carbon footprint is 

reduced. This is due to decreased vehicles manufacturing, fuel consumption and waste 

produced. Thus CS utilization means it also contributes to global issues as curbing climate 

change. Other positive impacts have been noticed in New Zealand where CS has impacted 

in ways such as creating savings to the city, reducing local emissions, reducing health 



11 
 

hazards, increasing healthy moving and providing freedom for self-driving. (Carter 2019.) 

Even though CS has many benefits, in a city there needs to be other transportation modes to 

offer other solutions. For example, some people do not wish to drive a car or can’t or some 

transportation modes can be more economical or take shorter time to reach the destination.  

To optimize CS’s value within a city, different methods, arrangements, placements or 

product changes can prove to be useful in developing car sharing to its improved social, 

environmental and economical potential. For example, a specific round-trip car sharing 

business model has been proven to significantly reduce cities overall distances driven with 

private cars in densely populated areas. (Twisse 2018).  

If CS sector can interest more customers and grow, it could potentially be prosperous from 

three different perspectives: the car sharing company, the city and its citizens. To utilize the 

potential, the general and individual interests of participating in car sharing should be 

researched as well as where the car sharing company could itself improve or direct their 

service. By creating and delivering a questionnaire to  consumers, the varying motivations 

and their magnitudes for participating in CS could be the guidelines for developing the car 

sharing service. Some important questions that provoked developing the questionnaire were: 

What the most motivated customers need from the service? What possibilities exist to reduce 

costs to  appeal to more customers when expanding their service? 

The core from where the customers motivations are formed are their personality and values. 

(Souders 2021). Personality and values then impact motivation for certain type of behaviours 

that aim to reach a certain goal (Parks and Guay 2009). 

The thesis is written mostly by researching general transportation, car sharing, sustainability, 

statistical, technological, psychological literature and other articles. Especially 

questionnaire-based research done by Finnish transportation agency is utilized since it gives 

regional perspective on potential customers, optimal car sharing action and what trends 

currently affect the transportation (Liikennevirasto 2018). The inventory is developed partly 

by taking example of already existing GHG protocol-based calculation tool and partly from 

self-created excel calculator. The GHG protocol standard’s scope guidelines determine how 

the car rental’s CF is calculated.  

Assuming customer perspective and utilizing prior research on established questionnaire text 

were major guidelines for generating questions to the questionnaire. Questions were also 
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generated after reading car sharing related literature. The questionnaire was conducted 

mostly before end of year 2021 but it was modified during early 2022. Webropol tool was 

used to create the questionnaire delivered to the customers. 

Four research questions are aimed to be answered. The first research question is: what is car 

sharing’s position in sustainable development context? Literature review was used to 

determine first what is sustainable development and how transportation and car sharing are 

aligned with it especially in Finland. The second research question is: how to manage the 

carbon footprint in a car sharing company? Considered solution is to create an inventory of 

CF for the car rental company which can be filled by their own staff to evaluate their CF 

annually. This should be created in a marketing mindset as well to easily show the processes 

and the sections where most of the GHG emissions occur.  The third research question is: 

what motivates people to participate or continue to participate in CS and how it could be 

increased? Considered solution for this was to prepare, deliver and interpret the 

questionnaire which measures potential customers (PC) compatibility toward different 

aspects and business models such as business-to-customers (B2C) and peer-to-peer (P2P) of 

CS. Fourth research question is: how car sharing impacts combined road and railway’s 

traffic system’s carbon footprint in Finland and in EU? This was researched by making 

calculation assumptions expecting that carbon footprint of all transportation will decline to 

zero by 2050 and different technology developments can change emission development. The 

research from which the assumptions were made on were other forecasts or interpretations 

and judgement of research on technological development. 
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2  POSITION OF CAR SHARING IN SUSTAINABLE 

TRANSPORTATION 

This theory part aims to review and describe theories of sustainability and how car sharing 

business solutions are linked to them. The text proceeds from theoretical frameworks and 

concepts to concrete solutions of how car sharing would be beneficial to operate in urban 

environment, in a way that it supports all sustainability dimensions. 

Theory part consists of environmental, social and economical sustainability. These 

dimensions are approached somewhat differently. Approach to environmental sustainability 

is more straightforward. It includes existing tools and sub-concepts such as life cycle 

assessment (LCA) that indicates some systems’ probable impacts to the local and global 

environment.  

Social sustainability is assessed mostly qualitatively instead of quantitatively. There is also 

limited research done on this dimension. It is thought that social sustainability has been 

developed from the Brundtland 1987 world commission report (Eizenberg and Jabareen 

2017). Concepts and ideas are based on holistic understanding of human nature and human 

actions’ consequences in general (UN 1987). This understanding of human nature on a more 

local level is needed to evaluate on what social impacts car sharing can have on its socio-

economic environment. For example, does car sharing provide communal belongingness and 

connectedness to participators and safety, health and equity to the transportation system 

(Kent 2014). 

Economical sustainability is somewhat less examined in this study. How car sharing can be 

reasonably economically assembled is examined on general level. Different business models 

are examined mainly from perspective of how income is created and only on general level 

naming the cost structure of cars and impacts that taxation has on car transportation. Main 

business model elements contained in this study are car sharing customer segments, key 

resources and activities. 

Environmental sustainability measurement tool chosen for this study is carbon footprint. 

GHG protocol standard is used to calculate carbon footprint for the case study. Carbon 
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footprint reductions lead to reductions also in other pollutions that are harmful to the 

environment and health (Roberts 2009). 

To assess social sustainability, comprehensive conceptual framework was chosen as the 

basic guideline. The framework defines non-physical and physical aspects that condenses 

the concepts related to social sustainability. Car sharing business models are somewhat 

qualitatively assessed in how they might relate to these concepts. For example, different 

business models might encourage for true sharing and induce more collaborative 

environments. 

Economical sustainability of car sharing is assessed by reviewing current trends and 

concepts, car sharing business models, innovation and car costs. The point-of-views are what 

general concrete choices might benefit the car sharing company in the long-term and 

customers. 

Car sharing research chapters approach the three sustainability dimensions in more concrete 

manner. Concrete characteristics of customers are linked to the aspects of car sharing. For 

example, transportation habits of customers probably influence how appealing they perceive 

car sharing companies.  

The main aim of the theory part is to provide enough sustainability evidence of car sharing’s 

current positive and negative impacts and to review which kind of assembly could be most 

beneficial to transportation system. The questionnaire of this study was partly based on these 

theories and research in mind. 

2.1  Sustainability context 

The improvement of different dimensions of sustainability, environmental, social and 

economic sustainability, are goals to be aimed at by private and public sector agents. 

Sustainability can be thought as an ideal state for a society to function. (Mpulse 2021.) For 

every agent there exists some ideal in the way they can function in their socio-economic 

environment. This ideal is sometimes encouraged or demanded by policies, regulations and 

laws. Generally, in Finland laws and regulations support sustainability and its development. 

(Ministry of Environment 2022). However, scientifically it is difficult to exactly pinpoint 

when ideal holistic sustainability exists in certain agents’ actions. Progress towards this ideal 
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is something that is extremely desirable and achieved by understanding the principles and 

implementing these principles in industries (Lü 2021). For example, when a car sharing 

business decides to transition into renewable energy this can be considered progress towards 

sustainability. 

Sustainability in its totality is an idea that when utilized it is aimed to manage the globe itself 

as large ecosystem that is in interaction with its different dimensions (Allen and Hoekstra 

1993, p. 99-107). Traditional way of thinking is that there exists environmental, social and 

economic sustainability and when all of these aspects’ criteria are met in a given system 

there exists sustainability (Kuhlman 2010, p. 3438-3440). Another main condition for 

sustainability is that it should always be a future oriented approach where future generations 

can meet their needs as well as we can currently (Carmody 2012).  

2.1.1  Environmental sustainability 

Environmental sustainability is defined by how humans impact the environment around 

them. Environmental sustainability exists when nature’s resources are used in balanced and 

resilient way so that human society and nature can continue functioning. (Morelli 2011, p.4-

5.) Environmental sustainability is well studied and defined dimension of sustainability but 

still is very multiplex as the natural systems have different scale of factors and phenomena 

that interact with the environments ecosystem. For example, carbon cycle phenomenon is 

caused by biological and physics related phenomenon and it impacts ecosystems globally 

and locally (Pulselli 2015; NASA 2011). The phenomenon includes such natural events as 

photosynthesis of flora, which causes carbon sinks that reduce the amounts of 

anthropological carbon emissions released into climate (Pulselli 2015). However, 

environmental sustainability is possible to be measured rather straightforwardly as there 

exists well researched and defined physics, chemistry and biology concepts as the basis for 

measurements. For example, gaseous carbon emissions ability to absorb and radiate heat. 

(UCAR 2022). Systematic standardized measurement tools enable to measure factors in the 

environment that indicate how natural abstracts like climate change or physical like flora in 

the area are impacted by different material flows. Examples of significant environment 

aspects could be some areas water reserves or atmosphere’s gases. 
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2.1.2  Social sustainability 

Social sustainability is the least or most loosely defined dimension (Folland 2019). It is 

essentially about current social organization and its impacts to the individuals and 

communities (McKenzie 2004, p.13). Social sustainability includes non-physical and 

physical aspects. Both aspects are difficult to change without enforcing the change too 

tyrannically into people (Dempsey et. al. 2011). 

There are 24 different determined aspects in social sustainability which are education and 

training; inter- and intra-generational social justice; participation and local democracy; 

health, quality of life and well-being; social inclusion (including the eradication of social 

exclusion); social capital; community; safety; mixed tenure; fair distribution of income; 

social order; social cohesion; community cohesion (i.e., the cohesion of groups); social 

networks; social interaction; sense of community and belonging; employment; residential 

stability (vs. turnover); active community organizations; and cultural traditions. (Dempsey 

et. al. 2011). Most of these aspects are difficult to guarantee in development as their inclusion 

in development requires well-defined theoretical frameworks and indicators to show that 

they are actually developing. 

Eizenberg and Jabareen have developed conceptual framework which condenses these 24 

aspects under four main concepts which are equity, safety, eco-prosumption and urban form 

(figure 1.) Equity is about recognizing injustices in the policies and societies and increasing 

fair standards of living inter- and intra-generationally. This is ought to be done in a 

participatory manner. Safety is about mitigating all kinds of physical risks. It concerns safety 

for all individuals and communities. Eco-prosumption is about combining consumption and 

environmental and social value production to occur simultaneously. Urban form is about 

recognizing aspects of urban environment that impact inhabitants’ well-being and welfare. 

(Eizenberg and Jabareen 2017, p. 7-11) 

Developing both physical and non-physical aspects is inevitably a slow progress as they are 

related to infrastructure, traditions, institutions, organizations, and people in general that still 

might support mostly unknowingly some embedded social features that are barriers to 

progress (The World Bank 2020). For example, non-physical aspects like community 

cohesion might be lacking due to traditions that prevent proper communication from one 

community to the other or society’s social capital might be too weak and underutilized. 
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(Bertotti et. al. 2009; Story and Glanville 2019) Physical aspects in urban infrastructure can 

impact things like travel behaviour of citizens and therefore air quality, noise and other 

pollution (Aditjandra 2012, p.70-74). 

 

 

Figure 1. Conceptual framework of social sustainability which has been prepared based on 

scientifically important sociological and environmental studies during 1985-2016. CFSS describes 

how social sustainability is implemented into social organizations. (Eizenberg and Jabareen 2017.) 

2.1.3  Human sustainability 

Fourth dimension added is human sustainability. It is in a sense a sub-concept of social 

sustainability which specifies the issues on a community and individual level. Human 

sustainability is essentially promoting the value capital that individuals can “separately” 

bring to their environment. Which also means the evolvement of human consciousness. 

(Slaus and Jacobs 2011). Implementation of this idea promotes communities where human 

capacity and skills are valued and educated. Communities are natural places for humans to 

acquire new skills and develop themselves (Mahar and Harford 2004, p.10-11). They 

increase mental well-being and connectedness between individuals. (De Vos 2004, p. 8-15). 

Human sustainability is about utilizing current recognized evolutionary forces that have 

impacted to the development of modern humans and how they have established basic needs 
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and behaviours that modern humans need to have to thrive in their environment. For 

example, belongness to a group can be a significant factor for one’s well-being. (Verhagen 

et. al. 2017). 

2.1.4  Sustainable development 

Sustainable planning and development aim to reduce these risks that can cause 

incongruences within different dimensions of sustainability (Geneletti 2017, p. 232). UN has 

gathered a list of these sustainable development goals (SDG) that need to be mitigated or 

taken into account. These are comprehensive guidelines to what goals are to be reached that 

sustainable development is realized. Sustainable development goals are sometimes slowed 

by major world events. Events like COVID-19 and Russo-Ukrainian War have set back 

achieving some of these goals. (United Nations 2022.)  

2.1.5  Vehicle sustainable development 

For understanding the holistic impacts of a certain service or product there can be used 

proper environmental science tools. Main example is an assessment to the life cycle chain. 

ISO standards determine the usual steps taken to prepare a Life Cycle Assessment (LCA) to 

a product or a service (Finkbeiner et. al 2006). 

For car sharing businesses the vehicles are naturally the key product that need to be assessed 

mostly. Typically, significant phases accounted in vehicle’s life cycle chain are battery, 

vehicle and fuel manufacturing and vehicle’s use (Verma et. al. 2021, p. 219). All these 

different phases are considered with LCA tools where many different impact categories can 

be measured from which one of most significant categories is global warming (Mu et. al. 

2020). The fact that global warming ought to be prioritized is due to the fact of varied 

environmental and even unknown negative large scale social impacts that can occur if it is 

not handled globally in several industries (Scheffran and Battaglini 2010).  

Reducing impacts on global warming on a system needs to be systematically handled if there 

is desire for mutual action and co-operation between different actors. A tool designed for 

this is carbon footprint. It can be thought as a subsidiary tool derived from LCA (Weidema 

et. al. 2008). Carbon footprint is a well-adjusted tool for this thesis since reducing carbon 
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footprint subsequently reduces other emissions and pollution in vehicle systems. For 

example, carbon footprint can be mostly reduced by reducing gas fumes emitted during 

vehicle drives. This simultaneously results in declining the impact that the system might 

have on other impact categories such as eutrophication, acidification, and depletion of non-

renewable materials (Leduc 2010).  

Changes for driving emissions could be done for example, by motive power changes or 

optimizing their use in their certain urban environment by creating variability in their 

properties like car sizes and types. (Roblek et. al. 2021). There exist several alternative 

motive powers that are transitioning the vehicles base towards sustainable transportation. 

First there is needed a gentler transition by holding onto the current vehicle base.  

These “softer” sustainable motive powers are biofuels which can be mostly used with current 

mainstream vehicle technology as drop-in fuels. (Tilli 2020). Drivers can transition into 

these fuels by choosing them in the fuelling stations or making small adjustments into their 

cars (IEA 2022;Car engineer 2014;Valtioneuvosto 2018). Significant biofuels include fuels 

such as renewable diesel, bioethanol and biogas (European biofuels 2014; IEA Bioenergy 

2012). However, in reducing emission impacts the chosen feedstock for motive power 

production should be carefully chosen also on its land usage and biodiversity impacts. One 

ideal feedstock is biomass waste residue of which utilization also supports the principles of 

CE. (Union of Concerned Scientists 2008). Other carbon neutral fuels also support CE 

principles. Carbon neutral synthetic fuels that are produced and synthesized via renewable 

energy from captured CO2 and hydrogen from electrolysis can also be part of sustainable 

fuels for ICE vehicles (Christensen and Petrenko 2017). Depending on their pathways of 

manufacturing and delivering, choosing these kinds of fuels can significantly reduce vehicles 

usage and fuel production related fossil GHG emissions. (Jeswani and Chilvers 2020). 

2.1.6  Circular economy 

CE can be considered economically biased sub-concept to sustainability. The key different 

features are their main goals, main motivation, system prioritisation, beneficiaries, 

institutionalisation, influencers, perception of responsibilities and commitment. (figure 2.) 

(Geissdoerfer et. al 2017, p. 762-763).  CE is not as comprehensive of an idea as 



20 
 

sustainability. It can be related to different dimensions of sustainability, but it is a concept 

most closely related to industries’ material and economic efficiency.  

Essentially CE can be considered an operational concept for companies to implement 

sustainable principles into their business model. (Kirchherr et. al. 2017, p. 1). Sustainable 

development is a slow progress as many unsustainable principles are institutionalised in the 

current business models such as in several transportation fields. (Bocken 2021. p.4).  

When CE principles are utilized in a car sharing industry main aims are to enable materials 

to flow in a loop manner. This can be done by re-circulating the material components which 

are not deteriorated during vehicle’s use (Rentizelas and Trivyza 2022, p. 864-866). 

 

Figure 2. Comparison of main differences between sustainability, CE and sharing economy 

concepts. The comparison is modified from similar figure in Geissdoerfer et. al. 2017 study. The 

information of the differences is derived from the sources in the theory text. 
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2.1.7  Sharing economy 

Another operational concept for businesses to implement sustainable principles is sharing 

economy. It is essentially economical thinking that provides alternative for owning of goods. 

Sharing economy is as traditional as typical owning economy. It has existed, much longer 

than the industrial era and has long been the basic way of trading goods. (Martin 2016.) 

However, sharing economy that formed during the 2010’s is considered disruptive economic 

system within capitalism. It is defined as system in which participators can access or provide 

various goods or services through social economies. (Görög 2018.) 

Sharing economy utilization encourages to distribution of goods and services rather than 

restrict ownership. New social inventions and innovations related to sharing economy can 

change the amount of accesses of services and goods that most people will have at their 

disposal. (Hossain 2020, p. 4.) For example, materialized properties can be used more 

efficiently due to improved goods sharing systems like Airbnb. 

Sharing economy most typically is discussed in situations where there exists a platform from 

which typically third party’s product or service is delivered to customers. Sharing in sharing 

economy is an act of mutually beneficiary delivery of service. The borrower of goods 

receives at the least monetary value for providing and the receiver gets conveniency of well-

prepared service. (United Nations 2020, p. 2.) Despite the name, sharing economy does not 

include necessarily characteristics of traditional sharing. Typically sharing consists of certain 

semantics like communication, non-reciprocity (materially) and having similarity. (Ritter 

and Schanz 2019, p. 321). However, sharing economy-based business models can be 

developed to encourage these semantics in sharing transactions which is when true sharing 

occurs. Lack of several of these semantics are defined as pseudo sharing. True sharing is the 

desired sharing transaction within sharing economy businesses. (Belk 2014, p. 16). E.g in 

car sharing business models true sharing can occur when people participate in car sharing 

due to for example, communal sentiments. 

Overall true sharing involvement in sharing economy is suggested in some sub-concepts 

such as collaborative economy. (Curtis and Lehner 2019.). As true sharing is one of 

significant properties of a sharing economy-based business models, it is at the least as 

important to define sharing economy from technical perspective. When there is mutual 

understanding in what sharing economy is technically then there is most probably less 
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confusion about semantics with the participators. Different platforms will encourage for 

different approaches to sharing economy but some true sharing would naturally be expected 

if sharing is involved. 

From collection of 125 confirmed papers describing sharing economy, it has been studied 

that sharing economy consists of certain items or qualities which are peer-to-peer, 

intermediaries, sharing, no transfer of ownership, underutilized goods and IT-facilitation. 

(Schlagwein et. al. 2019). Typical car sharing companies do not match all items such as peer-

to-peer sharing and underutilized goods. In some cases, these companies then might not be 

qualifiable as part of sharing economy. However, there are car sharing platforms in which 

P2P sharing is included. P2P sharing can be an important aspect of car sharing as this kind 

of sharing can motivate people to true sharing and overall, into more action. When people 

participate into sharing platforms as peers, they might relate to each other less distantly and 

therefore include various semantics to the transactions and actions that occur when using the 

sharing platform. 

2.2  Global trends related to urban transportation 

The current global trends are mostly favourable, regarding the car sharing industry’s future 

as complementary and partly substitutive mode of transportation within cities. Four major 

trends were identified according to Finnish transport agency. These were urbanisation, 

digitalisation, changing age distribution and environmental awareness.  

2.2.1  Urbanisation 

Urbanisation enhances opportunities for growing variable modes of transportation. 

However, another perspective is to perceive what challenges and risks urbanisation might 

cause in the social and environmental dimensions. Then involvement of car sharing business 

to these urbanisation related matters are needed to be discussed. Major issues that 

urbanisation has been linked to are environmental hygiene and health of citizenry (Kalhor 

and Mahdisoltani 2015, p.3). In urban environment, levels of environmental hygiene are 

decreased by large industries that cause air pollution as combustion gas particulates and 

health of citizens are decreased by increased traffic accidents and noise compared to rural 
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areas. However, in developed countries like Finland, traffic accidents have already been 

steadily declining from year 1995 to 2020 (Tilastokeskus 2022a). Nevertheless, urbanisation 

impact on social and environmental sustainability needs to be at least qualitatively assessed 

and how car sharing is linked to them. It was analysed that how car sharing could improve 

environmental hygiene and health of citizenry. Ten different major conditions and 

supporting car sharing aspects for them were assessed. (Kalhor & Mahdisoltani 2015, p.4):  

1. Developing social equality for citizenry (car sharing gives access to modern technology 

to varying socio-economic backgrounds) 

2. Improving communion and social correlation of citizens (P2P and communal car sharing 

can increase communal behavior, people can feel connected to each other and feel motivated 

from helping each other) 

3. Improving social and familial basis (communal car sharing can enhance closer relations) 

4. Strategic approach for urban sustainable development (car sharing can be strategically 

implemented as complementary and partly substitutive transportation mode) 

5. Developing urban culture for urbanized societies (Car sharing can become part of moving 

culture to represent togetherness, goodwill, willingness for resource efficiency and approval 

of CE) 

6. Increasing efficiency of urban policies (reducing harmful pollution and encouraging 

varied methods of transportation) 

7. Developing citizen rights and urban legislation (rights for choosing environmentally 

friendly self-transportation) 

8. Developing urban education for citizens (Education on how remote-controlled car sharing 

can improve efficient transaction between car sharing agents) 

9. Requesting citizenry for continuous evaluation of urban management systems 

(occasionally delivering and analyzing customer questionnaires to improve services) 

10. Paying careful attention to environmental concerns (reducing LCA determined 

environmental impacts by carefully choosing certain vehicle types with certain motive 

powers) 
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2.2.2  Digitalisation and new opportunities 

Digitalisation is also one of main global trends in a world where people are more heavily 

involved with digitalized platforms and equipment in their jobs and free-time. 

(Liikennevirasto 2018, p.16). Screen times in Finland have been increasing in recent years 

and is evident in younger generations. One of the main reasons has been overindulging in 

mobile device usage. In 2019 half of Finnish people spend daily at least 1 hr on their mobile 

device. (DNA 2019.). In car sharing businesses the integration of reservation systems into 

the mobile apps then accommodate the habits of the typical users. Digitalisation is also part 

of the flexibility in car sharing business where diversified trips can easily be planned well 

beforehand by the customer or sometimes made in short notice.  

Digitalisation has created forces that change current data transferring and handling which 

produce several new opportunities. In transportation new opportunities have risen such as 

highly connected concepts as Connected and Automated Mobility (CAM) and Mobility as 

A Service (MaaS). (Raposo et. al. 2022, p.2; Smith et. al 2020, p.1) In CAM, transportation 

customers are connected to co-operative intelligent transportation systems (Raposo et. al. 

2022, p.3). In simpler terms CAM services mean that automated vehicles are connected to a 

reservation system where customers can choose their type of automated transportation 

(O’Hern 2023). Autonomous vehicles readiness index (AVRI) show that Finland is among 

top 5 countries in the world to promote automated vehicles (KPMG 2020, p.1). Finland’s 

relative strengths are early legislation, technology and innovation in independent companies 

and general consumer acceptance (KPMG 2020, p.1) As CAM is utilized in disrupt way 

more properly in upcoming decades this will impact socio-technical development in some 

intended and some unanticipated consequences in Nordic democratic context (Mladenovic 

2018, p. 108-118). Intended consequences are to use technology as means to address societal 

challenges (Mladenovic 2018, p.118). 

MaaS can be very similar service to CAM but it is essentially a comprehensive service which 

provides alleviation to travel planning.  In a system level MaaS in general has been thought 

to be a sustainable transportation mode as it can reduce private vehicle ownership. However, 

these effects have not been entirely proven and positive sustainability effects can depend on 

many characteristics of the urban environment and potential customers. (Jang et. al. 2019.)  
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While there are many positive changes actuated by MaaS to the urban socio-economic 

environment they are not always comprehensively or straightforwardly sustainable. Even 

though the impact would be positive to environment, it is not always associated with social 

sustainability. For example, some light transportation modes might reduce emissions in a 

transportation system but their services characteristics and possibilities to interact with 

certain type of services can lead to misconduct or exclusion of the service. (Lindkvist and 

Melander 2022, p. 2-3). Misconduct might occur when there is a lot of responsibility to the 

customer and exclusion might occur with services that are assembled in a way that they are 

not reached by majority.  

2.2.3  Changing age distribution 

The third major trend changing transportation is the changing age distribution. 

(Liikennevirasto 2018, p. 16). It is impacting trend especially in Finland where the amount 

of older people is increasing. From 2010 to 2020 the change in age distribution can be seen 

(Tilastokeskus 2020). The change in age distribution will not probably positively impact the 

desirability of car sharing business among the population. This is due to the assumption that 

generally younger student or working people would be more adjustable to change their 

driving customs (Engaging minds 2014). This fact increases the importance of appealing to 

more consumers as soon as possible to accustom people into using car sharing.  

2.2.4  Environmental awareness 

The fourth major trend is environmental values and awareness. (Liikennevirasto 2018, p.16). 

The overall awareness and concern of our actions impacting the environment has been 

recently raising globally (Lampert et. al. 2019). Global policies have been made such as the 

Paris climate agreement (Ministry of the Environment 2023). Based on the agreements, 

legislative measures have been developed regarding aspects as pollution and recycling of 

materials. CE and sharing economy have most probably been influenced by the increasing 

environmental awareness (Neves and Marques 2022).  
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2.3  Transportation innovations 

Transportation innovations have also developed from certain innovation processes. During 

innovation processes there must be gathered information from various reliable sources and 

eventually this information must be used to achieve some noticeable change in the business 

model. Changes can impact such main aspects of the business as its processes, activities, 

strategies, plans, relations or infrastructure. Essential for such change to occur at competitive 

phase is dynamic communication.  This means interdisciplinary and -institutional 

communication. Currently  uadruple helix model describes the main actors’ part of 

sustainable innovation which are university-industry-government-civil society. (Liu and 

Stephens 2019, p. 2-5). When this much of dynamic communication intra- and inter-firm is 

involved in the innovation process this is called open innovation. (Huizingh 2011, p. 2-3). 

Innovation categorization is part of the desired way of communication and in this study it 

helps to understand new sustainable innovations that can impact car sharing in the future. 

Innovations are categorized by their impact and newness to the market. Highly regarded 

innovations are called breakthrough innovations like AI and energy storages that create 

totally new markets. Typically, innovations fall into one of four types which are incremental, 

sustaining, disruptive and radical. (Ottinger 2021).  

Incremental innovations are careful, minimal and gradual improvements to existing products 

or services. For example, alternative vehicle body material like thermoplastic polyurethane 

which is more durable and recyclable. (Hall 2021). Sustaining innovations have more impact 

on the mar et which can secure some business actor’s current place. For example, renewable 

drop-in fuels have secured some traditional fuel producers and regular drivers’ situation as 

environmental regulations affects take place (Interreg 2020).  

Radical innovations transform the industries they are in with new technology. In road 

transportation electric vehicles (EV) could be considered such an innovation and especially 

Tesla’s business model and its energy-efficient batteries. (Livescault 2021). Disruptive 

innovations are the most impactful innovations which can disrupt the whole existing market. 

Tesla with its business model’s open, worldly, gritty and wise approach have been argued to 

fit into this category or even breakthrough innovation. (Nieminen 2020). Other disruptive 

innovations in transportation could be enabled by automated driving and their networks and 

new simpler energy storage as hydrogen. 
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In transportation, vehicles and their properties determine their impact to environment but 

also how they are utilized during their use phase. If sustainability is desired, vehicle materials 

need to be chosen so that their manufacturing or end-of-life do not affect the environmental 

sub-impact categories as air pollutions, resource depletion or human toxicity. Traditional 

fuels are manufactured from oil in an industry that emits emissions during their processes 

and especially in a long-term is not sustainable since planetary boundaries will be crossed. 

(Steffen et. al. 2015). The usage of those fuels is also hazardous due to the fumes that are 

left from the combustion reaction.  

2.4  Car sharing as a transportation mode 

Car sharing business is currently common across Europe’s countries (Deloitte 2017, p. 3-4).  

Utilization of this type transportation is also increasing in Finland (Statista 2023). This has 

created a reason to study, define how car sharing can support citizens well-being, 

environment and cities ambitions in Finland. These studies have been done in various places 

such as Germany, Netherlands, Great Britain and Finland. Study made in Finland in 2018 

by the Finnish transport agency is utilized.  

2.4.1  Flexible supply and demand 

Transportation is in the centre of delivering materials and people in our society and corner 

stone in making various industries to function at the pace they currently can. The modern 

ways of transportation offer possibilities to people to travel across the globe and help with 

every-day chores. Water-, air-, drive- and railway transportations have been keys to 

achieving current global trade activity. Seemingly small disruptions can impact the value 

chains of many companies and the availability of everyday products. The large ship blocking 

the Suez Canal made significant delays in global trading and was estimated to cost billions 

of dollars. Incidents like this remind of the flexibility needed in transportation. The Suez 

Canal situation raised awareness to strategic flexibility. Many plans were made to create 

alternate routes after the incident (Abay 2021).  

Strategic flexibility of transportation is needed in cities as well but it is attained by somewhat 

different measures than in large scale international transportation. In cities a major example 

https://www.aa.com.tr/en/analysis/analysis-russia-seeks-to-create-alternative-to-suez-canal-via-northern-sea-route/2201874
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of strategic flexibility would be variability of transportation modes and routes. With 

variability in these aspects “Suez Canal situation” can be avoided where too much reliance 

is put on one strategy which can block the successful delivery of service. Currently this 

strategic flexibility is typically held in cities by utilizing varying modes as public 

transportation, taxis and vehicle rentals. (Coppola and Lobo 2022.) Car sharing is one mode 

of transportation that offers the flexibility to the every-day moving of the citizens by giving 

more freedom in choosing the routes, schedule or costs for usage. Flexibility is one key 

element of the CS’s advantages. 

Flexibility is prevalent in modern consumerism as consumers are more eager to share 

resources and have more information available quickly. Many platforms create more 

convenient and faster flows of information and are typically very social, therefore increasing 

connectivity between consumers and service providers. (Peteva 2020, p. 33-36.) Modern 

consumers can then choose from more variable commodity pool and can be more 

opportunistic and even capricious in choosing the channels they want to utilize. In 

transportation there are many choices as a general choice between public and private 

transportation. CS offers a medium choice between public and private transportation. Owned 

vehicles provide flexibility in allowing consumers to choose routes, schedule and social 

company but consumers have to commit a large invest in the vehicle itself. In public 

transportation there is more flexibility in monetary commitment but less in routes, schedules 

and social company (Dong et. al. 2020). CS includes these flexibility aspects from both 

private and public transportation.  

2.4.2  Business models for car sharing 

Business models for CS companies can be described by nine different aspects which are 

customer segments, value proposition, channels, customer relationships, key resources, 

revenue streams, key activities, key partnerships and cost structure. (Perboli 2018, p. 35).  

The focus is on the key activity. For car sharing businesses key activity is the vehicle renting 

which is regulated by the rules that the company and legal actors choose. Main aspects that 

are tied to the activity are location of vehicles, renting interaction, availability of vehicles 

and customers’ satisfactory of vehicles.  
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Typically, actors in the car sharing business construct their business in one of four different 

models. These models are P2P and B2C models, round trip, free-floating and point-to-point. 

The models differ from each other by how and where the vehicles are rented. (Münzel et. al. 

2019, p.3). In P2P model the vehicles are rented from private persons through a third party. 

The vehicles are retrieved or delivered to a certain location where the customer takes the 

vehicle into their position and returns it to the agreed location before the agreed time of 

renting has ended. (Ballús-Armet et. al. 2014, p.28) This principle is mostly shared by B2C 

models also. They differ from P2P model in that there are no private persons involved in 

providing the vehicles and they are set in certain locations in a certain way. 

In roundtrip model rented vehicles are always returned to the same location from where they 

were retrieved. In free-floating model the vehicles can be retrieved and returned anywhere 

into an agreed area and in point-to-point or one-way model the vehicles are retrieved from 

one and returned to one specific location. (Dong et. al. 2020). Another notable model is the 

condominium model where vehicles are set for certain neighbourhoods for common use 

(Corinaldesi 2022). 

What is most important from environmental sustainability perspective is, that these CS 

models have the potential to decrease the ownership of private cars and increase the use of 

public or light transportation. These can reduce distances driven and emitted CO2 and other 

fume-based emissions. This is due to public transportation’s reduced personal burden of the 

emitted CO2-emissions, reduced production of cars and reduced use of fuels or motive 

powers. (Liikennevirasto 2018, p.14.). 

2.4.3  Consumers and customers generally 

Modern consumerism provides insight into how people behave in the socio-economic 

environment. One narrow view is that consumers make their choices rationally and choose 

progressively cheaper and higher quality commodities while aiming to maximize their own 

well-being. (Balau 2012, p.75) At least three different counter arguments could prove that 

theory to be false. First being that consumers simply do not choose their commodities 

rationally. This is since consumers could have subconscious desires that also guide them in 

their decision making. They could simply have certain images of certain services and 

products which provoke them to buy those items. Secondly consumption could in some cases 
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be a status symbol as people consume luxury items. Thirdly a quality commodity could prove 

to be harmful to the consumer which implies irrational consumption. 

To further prove and instil the statement that consumers are irrational there should be found 

scientific proof of it. Modern consumerism is based on ideas of autonomy of the individual 

and freedom of choice. Essentially autonomy and freedom of choice means that the 

individual is free to make choices based on their morality. (Stanford 2020). It creates 

responsibility to the individual and possibility to express their authentic self. (Stanford 

2020). Consumerism is one way of expressing this individual freedom and behavioural 

flexibility when there is variability in supply. 

Having freedom to choose does not necessarily make people make rational choices.  Most 

of us do make irrational choices constantly or support others to make them. (Ellis 1975, p. 

2-18). For example, businesses create health hazards by producing waste and pollution and 

individuals can develop objectively foolish addictions (alcohol, tobacco etc.) or participate 

in self-denigrating actions as war.  

From social sustainability’s perspective rationality among consumers would be desirable as 

it would make predictions of consumer behaviour much easier. First, important would be 

encouraging individuals to learn the skills or by companies to alleviate circumstances that 

require rationality. For individuals developing rationality is not a necessity for healthy or 

meaningful living, so they should be motivated to do so for some purpose. However, 

typically certain kind of rationality i.e. self-regulation has positive effects on the individual’s 

well-being and those around oneself. Self-regulation essentially means that one has the 

capabilities to regulate one’s behaviour without meeting the current needs one has 

(Lindenberg 2013, p.73-75.)  

Some self-regulation is naturally social requirement for functioning in society (Newman et. 

al. 2020). Self-regulation is partly reduced by the existence of companies that offer 

commodities. For example, car sharing company can simultaneously diminish many needs 

as relaxation, excitement and basic survival needs by aiding in completing daily tasks. From 

customers point-of-view then comprehensive services can make some needs for self-

regulation redundant or at the least reduced. These kinds of companies can create social and 

communal well-being by reducing inconvenience and undesired states of being of consumers 

in general (Kent 2014). 
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Comprehensive services in this case essentially means that they are constructed to be 

customer centric and customer friendly. Customer centric business is defined by focusing on 

most profitable customer segments strategically to provide economic advantage (Fader 

2020, p.23-30). Customer friendly business is not as profitable but is defined by its social 

desirability (Lowenstein 2012). Customer friendly businesses aim to treat all customers with 

as much helpful effort and encourage for honest, understanding and transparent 

communication (Chomparani 2020). From development point-of-view combining these two 

concepts in a business could mean that there is more scientifically and economically valuable 

information flowing from and to potential customers and current customers. Customer 

friendly and centric business would benefit from being authentically friendly service toward 

customers and at the same time gaining competitive advantage. The business would be more 

resource efficient but also a charitable agent in socio-economic environment. 

Customer friendly business can approach customers in a way that can lead to less self-

regulation needed from consumers as more needs are simultaneously met in controlled 

manner by the used services (Francke and Carrete 2023, p. 15). This way concepts differ in 

terms that customer friendliness is somewhat naïve approach regarding economical aspects. 

For example, customer friendly company will offer their best commodities to every customer 

regardless how valuable the customer is to the company. Customer centric companies on the 

other hand will also focus on providing customer friendly commodities but they will treat 

them somewhat unequally to their own financial benefits (Lowenstein 2012). An example 

of customer centric company would be IKEA which produces quality furniture with low cost 

for many different customer segments (Matrone 2020). 

From company’s point-of-view developing this kind of service might be a long and costly 

process. Firstly, transparent communication would be required between company, 

stakeholders and consumers. Secondly dynamic communication between intra and inter 

company would be needed for fruitful innovation processes to occur. Thirdly continuous 

critical inspection through lenses of various disciplines of science especially those involving 

consumer’s perspective could direct the development to the desired customer friendly and 

centric direction. Concretely companies can utilize different management tools to achieve 

this. For example, CRM management tools. 
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2.4.4  Consumers and customers of car sharing businesses 

In Finnish transportation agency’s study (2018), approximately 1000 respondents gave their 

answers from which quarter of them were from Southern Finland excluding Helsinki-

Uusimaa. They had varying backgrounds in age, stages of life, living area and its type and 

gender (Liikennevirasto 2018, p. 29). Due to the scale of this study, this study was utilized 

to first understand customers’ desires related to car sharing in Finland. 

Respondents’ economic situations were also measured which reflected to their ownership of 

the car and license or public transportation card. The ownership of the car was strictly 

integrated into majority’s moving habits either due to lifestyle or its convenience to the 

family unit. From both of those groups who owned and didn’t own a car there was concluded 

to be an interlapping group that would need car sharing. It could be a replacement 

transportation mode to those who will be giving up one of their cars or are going to acquire 

it. (Liikennevirasto 2018, p. 30-34.). 

The car ownership did not only affect to the need for car sharing service. To the respondents 

it was affecting to the situational needs for the car sharing services. More often carless 

respondents needed car sharing on irregular and weekend trips. Otherwise, carless and car-

owning respondents had a similar pattern of needing car sharing less when the trip was more 

regular as going to hobbies or weekly shopping. (Liikennevirasto 2018, p. 40). In general, 

this would mean that carless customers would have more potential to use the service. 

However, routine formation after registration among car-owning customers could be easier 

due to their assumed accustomed transportation habits. This could lead to more use of car 

sharing service in general.  

To enable these trips, varying car sharing solutions were determined to be desirable by the 

respondents. The likelihood of using optimized B2C models as condominium car, round trip 

and varying free-floating solutions were determined to be around 30-40 %. The 

condominium car was the most favourable, if it was possible to make longer trips with it. 

The likelihood of using P2P solutions were also measured which was not as high as B2C, 

about 20-30 %. The most desirable was to rent an acquaintance’s or neighbour’s car, second 

was to rent unknown persons car and strangest was to rent their own car for common use. 

However, there was need for creating personal distance to the renting of the cars. 

(Liikennevirasto 2018, p. 44-45.) In other words, people probably do not wish to feel obliged 
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to a particular person when renting a car or might have lack of trust to strangers in this 

situation. 

As certain customers want to participate in certain types of car sharing business models, 

there can be found some common denominators like facile characteristics, travelling habits 

and personal characteristics that are related to those certain aspects of car sharing. 

Researching these and assembling customers based on characteristics can be called customer 

segmentation. 

Customer segmentation allows us to direct the service to more user-friendly and centred 

approach. Customer segments have been studied in many different instances. Similar facile 

characteristics have been identified in many case studies. Members typically have been 

profiled as male, young adults between 18-40, students and living in 1-4 person households 

with one to two owned vehicles. (Perboli 2017, p. 774;Wilke and Bongardt 2007, p. 1751). 

Potential customers possess similar characteristics on average, but they are less pronounced, 

i.e. potential members might as well be female, older and non-students.  

Travelling habits of users are tied to other public transportation, owned vehicles and general 

driving or trip habits. The car sharing cars act as alternatives for these modes and if 

traditional modes are substituted by car sharing vehicles the general moving habits would 

probably determine how often they would use the service. (Ramos et. al. 2020)  

Universal characteristics could predict motivation to participate in different forms of car 

sharing. For example, there could be found out that open people (chapter 3.1) would be more 

eager to participate in P2P. This kind of knowledge could then be utilized in marketing 

purposes and creating more sustainable business. Alternatively, this could create possibility 

to changing some aspects of the company to reach specific or more people that would wish 

to participate in car sharing, i.e., segmenting their services to more customers to increase 

their business opportunities. 

2.4.5  Meeting demand with different business models 

Overall car sharing business demand is forecasted to increase by 2030 with at least 1 billion 

euros. There also seems to be demand for variable car sharing business models. (McKinsey 

& Company 2022.) There is overall personal transportation demand which instead of private 
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car ownership can be fulfilled by car sharing. Choosing certain business model can mean 

that they fulfil certain needs more adequately than other business models can. Typically, 

these needs are mobility needs but simultaneously there can be other needs met (Saginova 

et. al. 2021, p.4). For example, communal or stimulation needs.  

Customers are also not the only agents that have demands on car sharing services. For 

example, cities’ decision ma ers might have ambitions to match environmental regulation 

pre-emptively. (Roblek et. al. 2021, p. 13-16). When car sharing businesses recognize these 

different needs and demands there is a choice on which car sharing business model or 

combination would be most suitable to fulfil adequately these needs and demands. 

In the earlier discussed Finnish study there was found out to be overall demand in creating 

diverge from casual travel and to replace acquirement of car or the use of second car. To 

match the demand of diverge travel, more marketing of comfortability and convenience was 

recommended. To impact the potential customers decision to whether to acquire a car or 

participate in car sharing there were two major routes for marketing. First it was 

recommended to make the capital and running expenses of a car visible to customers and 

second to market the car sharing use as a potential to develop their personal character as a 

trail blazer or environmentally aware citizen. (Liikennevirasto 2018, p. 60.) These demands 

could be met by varying type of car sharing models.  

Which business model would be fitting for matching demand on cities to reduce their 

environmental impacts is on debate (Ritter and Schanz 2021). Roundtrip business model has 

been such car sharing model that has matched to many demands of different agents in 

transportation system. It has contributed to establishing more sustainable transportation. For 

example, it has contributed positively to general well-being and increasing environmentally 

friendly driving.  Roundtrip business models have specifically been the car sharing business 

model that has reduced private car ownership. This has been enabled by, for example, 

customers avoiding purchasing private vehicles. (Jochem et. al. 2020, p. 382). Commercial 

vehicles typically offered in roundtrip business models have met needs for novelty and 

sustainable technology and comfortability. They have satisfied need for occasional and some 

regular transportation. In Europe those who used roundtrip car sharing services had also 

sometimes given up their privately owned vehicles. (Kolleck 2021;Nansubuga et. al 2021). 
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As roundtrip business model enables more efficient vehicle usage within transportation 

system by reducing private car ownership, peer-to-peer car sharing enables more efficient 

vehicle usage by utilizing current private vehicles more efficiently.  At the least in 

Switzerland, Denmark, Sweden and Finland P2P car sharing has been deemed to have its 

marketplace in urban and less urban environments (Benz 2022).  

It seems that free-floating car sharing might not be as desirable to have in a transportation 

system, as roundtrip car sharing. Especially since in some cases it might decrease use of light 

and public transportation (Henrik et. al 2018). However, there have been noticed positive 

environmental impacts of free-floating car sharing in 11 different European cities. In this 

study it was deemed to reduce private car ownership. (Jochem et. al 2020, p. 381). It still is 

not a guarantee that on large scale it would be as beneficial in Finland since there is different 

driving culture than typically in other European countries. Still, it seems that free-floating 

car sharing services could be at the least some part of car sharing service (Guiaro et. al. 

2021). It can appeal to customers who have more sudden needs for travelling in the city 

centres or other more urban areas (Guiaro et. al. 2021). 

General recommendation is to offer car sharing in larger and denser cities as round trip and 

P2P models. Condominium specific cars are also potential. (Liikennevirasto 2018, p. 60.). 

In cities where there are many smaller residence areas there could be need for condominium 

specific cars. 

2.4.6  Restrictions for growth 

The main restriction for increasing the desirability of car sharing is determined to be its 

unrecognizability. More communication about its practicality and comfortability is needed. 

(Liikennevirasto 2018, p. 60.) Different age groups need different channels to reach them.  

Other restrictions are that different car sharing services are separated from each other or from 

other public transportation. (Liikennevirasto 2018, p. 60.).  This means for example that 

there is less variability in business model within one company. This can be restriction for 

growth (Guyader and Piscicelli 2019). For example, condominium cars and round-trip cars 

within one company could appeal to more customers.  
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Public transportation separation on the other hand means that some physical, monetary 

restrictions or subjective needs complicate to conveniently use car sharing as complementary 

and partly substitutive transportation with public transportation. For example, long distances 

to stationary cars from public transportation stop-by can decrease the desirability to choose 

the car sharing service. Also, the price range is significant to be maintained at the same level 

with public transportation.  

Restrictions for growth are also related to how car sharing services impact the transportation 

system itself. One significant risk for car sharing services is the possibility of increasing the 

overall car fleet in the city. According to the research this could occur if free-floating model 

of car sharing is integrated to the transportation modes in a way that it replaces walking, 

cycling or public transportation. (Liikennevirasto 2018, p. 60.) 

Car sharing is not intended to be the main transportation mode in cities. This somewhat 

restricts the maximum potential for growth. But simultaneously if urbanisation continues, 

possibilities and market demand for car sharing businesses will most probably increase as 

well. 

2.5  Finnish passenger traffic culture 

The development direction of Finnish passenger traffic culture can change how well car 

sharing can be integrated into the transportation system. Key features of Finnish 2030 

passenger traffic are safe and convenient travelling. (Liikenne- ja viestintäministeriö 2007, 

p.12.) Car sharing has many properties that are linked to these two features. Conveniency is 

essentially that any necessary travelling or comfortability inducing travelling would be as 

easily reachable for as many as possible. Car sharing can offer conveniency by for example 

desirable location of vehicles or comfortable vehicle transactions. Safety can for example, 

mean technical aspects of vehicles or travelling habits of people. Car sharing vehicles can 

sometimes offer high technology that provide safety by minimizing risks for accidents or 

after accidents. 

Car sharing has not yet reached its’ full potential in Finland. This is due to that Finnish 

driving culture has not supported car sharing as much would be desirable (Kokkonen 2021). 

However, those vehicles that are in shared use have increased during 2020 to 2021 by 35 %. 
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(Traficom 2022). It is expected that market for at least station-based vehicles and free-

floating car sharing will increase until 2027. (Statista 2022). Two aspects influencing Finnish 

driving habits seem to be restricting the growth of car sharing in Finland. Firstly, typical 

travelling distances to work or daily services, for example, can be unnecessarily long which 

will increase the need for private vehicles. Secondly, preference to have property or dislike 

of sharing property are naturally impacting how popular car sharing can become. 

2.6  Car costs 

The endorsement of the sustainable values has made an impact to the Finnish vehicles cost 

structure. The typical cost structure of private cars is constructed of variable and fixed costs. 

Variable costs are related to the usage of the car and fixed costs to owning the car. The 

largest variable costs are typically the fuels used and the largest fixed costs are acquirement 

of the car and decline of cars value. (Leppikangas 2015, p. 21-31). From potential 

customer’ss point-of-view both cost types are significant. Potential customers can 

acknowledge the potential savings by not acquiring a secondary car if it is rarely used.  

In general, some motive powers have more potential to cause less costs during their life 

cycle. The Finnish climate panel suggests that when choosing small or mid-sized vehicles 

and ta ing into account their life cycle’s costs full-electric cars seem to be most inexpensive 

vehicle types. This is true even when full-electric vehicle are considerably more expensive 

to acquire, approximately 1,5 times or more expensive. Examples of small cars would be 

Renault Zoe and Ford Fiesta and examples of mid-sized cars would be Toyota Corolla and 

Audi A4. The costs for the vehicle types include all their fixed and variable costs that 

typically emerge during their life cycle. The fixed costs include such as maintenance, vehicle 

tax and investment and their interest costs. Variable costs include fuel or charge costs. 

(Suomen ilmastopaneeli 2022.) 

Every vehicle’s cost structure is affected by taxes paid. Vehicles equipped with internal 

combustion engines are devalued with CO2-emission and other local emission related taxes. 

Several countries aim for zero emissions by 2050 and participation in GHG reduction is 

necessary eventually. (European Comission 2018.) Urgency for participation comes from 

the gained competitive advantage and overall mitigation of climate change. In transportation 

sector GHG reductions concretely mean for example, energy efficient engines and reduction 
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of fossil fuel use such as gasoline, diesel and fossil methane. The Finnish taxing system for 

cars encourages towards this. Excise duty is aimed to regulate fuels usage and separate car 

and vehicle tax are aimed to regulate car model selection and usage itself. Excise duty is 

levied for traffic fluid fuels even for bio-based. Also, a minor stockpile fee is applied to 

liquid and gaseous fuels. Electricity usage is also separately levied for excise duty. 

(Valtiovarainministeriö 2021b). The excise duty indirectly achieves systemic energy-

efficiency via changes it enables in transportation sector. 

The excise duty’s two components of energy content tax and carbon tax change according 

to components that the fuel contains (Vero 2022a). For example, some bio contents have less 

total excise duty that can decrease the total price in fuels like HVO diesel or 95E10 gasoline. 

Gaseous fuels have no difference in their energy content or carbon taxation. Methane and 

biomethane price differences are evident only in their natural price component. (Vero 

2022b).  

Car tax is only one time payment dependent on the retail price of the car and its specific 

emission factor. Annual vehicle tax is constructed of two components which are basic tax to 

mitigate GHG emissions by car usage and usage tax for lightly taxed alternative motive 

power vehicles. (Valtiovarainministeriö 2021 a). Car tax and annual vehicle taxes create 

monetary encouragement to choosing lower CO2-emissions emitting vehicles.  

Most significant costs that car sharing can reduce are costs from fixed costs. They can 

account for a significant amount of total costs for travelling to individuals who own private 

vehicles. In study made in Ireland cost savings to those who transferred from certain travel 

styles to car sharing were calculated. Those whom travelling styles were previously mostly 

light or public transportation but owned a car achieved most cost savings by integrating car 

sharing to their travelling patterns. (Rabbit and Ghosh 2016). This study would most 

probably hold to be true also in Finnish urban setting.  
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3  CUSTOMER MOTIVATION TOWARDS CAR SHARING 

This theory part functions as basis for conducting the questionnaire. Theory provides better 

understanding on people and it is utilized in conducting the questionnaire. Also, this can 

provide insight into what differently oriented people prefer in car sharing. For example, are 

people with more open values and personality more eager to participate in p2p car sharing. 

Measuring motivation towards different aspects of a car sharing company can reveal what 

should be valued by the car sharing companies. Motivation can be affected by different 

personality’s aspects or values that are held of individuals or held by individuals themselves. 

They are essentially a desire to control or change the environment or oneself. Motivation 

energizes the wanted action in particular ways. For example, inspiration occurs when 

someone experiences someone’s performance or actions invigorating and desires to achieve 

that themselves. (Souders 2021.) 

The magnitude of motivation needs to be sufficient enough to encourage positive action 

towards CSC. Each customer has their own values and personal traits. However, there are 

basic universal traits and values that determine their main core from which motivation is 

created. These traits and values can produce different motivation and then attitudes towards 

some objects. However, these attitudes can be more momentary and change with much less 

effort than values or especially personality traits.  

One of the  uestionnaire’s goals is to find customer’s attitudes toward different aspects of 

the CSC. It is useful to recognize the values and personality traits that can align the potential 

customers with the CSC since attitudes are much more prone to change. For example, if one 

had a negative attitude toward cars due to their thinking of their incapability of driving they 

might change toward positive by gaining more knowledge and experience about the subject. 

The research from values, personality traits and attitude are first utilized in assembling 

sections of the questionnaire that can measure the motivation toward different aspects of the 

CSC. These aspects can be currently involved in the CSC action, possible to increment into 

CSC action or new aspects that could be integrated. For example, respectively, current car 

models are suitable for most of PCs, current locations of the cars are desirable, but there is 

need for more locations and that there is need for different arrangements like condominium 

cars. 
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3.1  Customer’s motivation 

The phenomenon inspected is the motivation towards CS as a customer. The questionnaire 

was conducted to determine how much different factors have impact to the motivation of the 

potential customers towards the CS business. With this we can achieve the knowledge of 

which of the current or possible aspects of the CSC are more desirable or desirable to certain 

customer segments. 

3.1.1  Attitudes 

The attitude of the customers is a significant factor. This psychological phenomenon 

contributes to the individual perception of an object, abstraction, occurrence or a person. It 

is a belief system about what something or someone represents to oneself. It can bend either 

to more negative or positive associations. (McLeod 2018.) For example, someone who was 

often encouraged from small achievement in math skills and another who was put down for 

not solving a more difficult problem can develop very different attitudes towards math 

problems in general. The other sees them as exciting challenges to overcome and the other 

as a nuisance. This can lead to even further attitudes of “I li e solving math problems and 

want to get better at it” or “I suc  at math and don’t want anything to do with it”. Then 

attitudes can become determining action taken in various real-life situations.  

Attitudes and changing them have been examined for many decades in psychology. Some 

attitudes have been determined to be automatic responses and some purposeful both of which 

can be changed. Few theories exist that argue that attitude change is dependent on certain 

cognitive processes which are the basis of attitudes. The elaboration likelihood model of 

persuasion (ELM) describes that certain cognitive processes determine the likelihood of 

attitude change which is fittingly named attitude’s strength. (Petty et. al. 2022, p.9.) The 

process of change in attitudes begins with motivation and ableness to assess information 

around the object. When the information is more difficult to assess to oneself the processing 

requires higher cognitive effort. (Petty et. al. 2022, p.10.)  For example, if one is falsely 

strongly determined that a certain lifestyle includes people that one would not like, it might 

take a lot of time by gaining knowledge and accepting that this is not the case. So, this means 

essentially that one must be willing and able to engage in thinking related to the subject. 
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However, if the attitude is attached only minorly into the object or subject the change could 

occur rapidly. (Petty et. al. 2022, p.9.) For example, if when buying a new car a customer 

has heard, few loosely factual negative arguments of a certain model but then is presented 

with the actual positive facts, attitude could be changed quickly. 

The mental efforts in attitude changes vary from high to low and especially in high mental 

efforts the motivation has to be high to provoke thinking. Motivation to think can arise from 

perceived personally related matters such as situations or relevance to one’s personality or 

identity. (Petty et. al. 2022, p. 9-11.)  For example, professional car historian would most 

probably read scientific articles related to the topic with a more critical and curious mind 

than occasional readers. 

In addition to mental efforts that affect to the attitude changes these can also be changed by 

emotions. ELM theorizes that if you experience different emotions while experiencing the 

attitude towards some subject or object it can change it entirely or just partially depending 

on the intensity of the emotion. (Petty et. al. 2022, p.9.)  Shared suffering, for example might 

change perceptions of other people toward more positive. 

Even though there is a lot of theory and empirical studies regarding attitude there has been 

constructed an easily comprehensible model of it. It is composed of three different main 

components. This is called the ABC model. Affective component describes what emotions 

arise or how people feel about some objects like cars in this case. (McLeod 2018.). Cars 

could bring negative associations from personal memories like sitting in traffic, car accidents 

or irritating driving experiences. Or they can be associated with positive things like fun 

vacation trips or freedom to move. Behavioural component describes how we act to the 

affective component. (McLeod 2018). We could avoid driving cars because of the former 

experiences or be more enthusiastic about them. Then the Cognitive component can change 

how we eventually see and understand the object. (McLeod 2018). The belief or knowledge 

about the object or ourselves changes our perception. If we believe we are not adequate 

drivers we might perceive cars as difficult, irritating and even scary transportation. But if we 

were mentored with proper knowledge of cars, driving, parking and risks in the traffic we 

might turn to think we can handle a car and driving turns out to be a comfortable experience.  

The issue with attitude is that it is not always in effect with the expected action towards some 

object. It does not always change our behaviour. Consistency in aligning action with the 
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proper attitude can then be important factors finding customers who are willing to go for 

some length to initiate and make a habit of using the CS service. So, finding those customer 

sections who often act with their positive attitudes. These customers could join the current 

backbone of the customers. Since the case is most probably that irregular trips are usually 

the needs that people have from CS then the habit should be formed preferably around that 

need.  

The attitude of the potential customer must come to action if the goal is to create a habit of 

using the CS service. The attitude’s strength determines how firmly it changes behaviour.  If 

the attitude is close to a personal matter to them for example, related to their values, self-

interests or identity then it affects higher amounts of acting with the attitude. If CS business 

owns electric cars then the more carbon-free driving might attract people with attitudes of “I 

want to be a part of climate wor ” or “I want to communicate my sustainable lifestyle and 

values to others”. 

Attitude is part of overlapping concept of character. Character is a complex concept which 

consists of persons personality traits, mental and moral qualities that limit or expand their 

actions. Positive character traits could be self-awareness, confidence and adaptability. The 

negative traits typically would be the opposite, however, if there is too much of some positive 

trait, these could also be considered negative. (Hokuma 2021.) For instance, too much 

confidence could lead to grandiose views of oneself, too much self-awareness could lead to 

crippling anxiety and too much adaptability could lead to inaction and direct lessness. 

3.1.2  Personality and values 

Characters are exceptionally described with desirable and undesirable characteristics. These 

are human flaws embedded in every individual at some level, examples being overindulging, 

self-sabotaging habits or inability to focus on one thing. These flaws can occur over time. If 

they are recognized and brought to one’s awareness they can be changed or at the least 

somewhat controlled or at the very best even channelled to work to benefit the community. 

Choosing to act in a way multiple times can change the character a little by little so judging 

based on the current character might not always lead to desirable results. However, basic 

flaws usually remain the same under difficult stressful situations. The younger the person is 

the more underdeveloped and surface level the person’s character typically is. (Ho uma 
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2021.). For instance, some young adults character traits could revolve around traditional 

masculinity and climate associations could be perceived as a threat to that. Then the CS 

business’ electric cars could be perceived as repulsive. However, if the young adult is 

introduced to the theme, that participating in climate action is responsible and protective act 

to others, this might peak their interest and they slowly start identifying with climate action 

and other qualities that are included.  

So, what could be found with the  uestionnaire is part of the respondent’s character that 

might affect or change the attitude towards different aspects of CS like sustainability, 

proximity or car fleet. Fitting character could be an indication of potential customer. 

Personality is the base from where character is developed. Personality is determining some 

attributes that naturally occur or are absent within oneself. It can be thought as a disposition 

to act in certain ways in certain situations. (Konrad 2017.). Within each person, personality 

is more facts and character is beliefs or values that are learned through experiences and 

thought. (Lickerman 2011). Personality is like a car that was handed out to you at the very 

beginning and seems to be unchangeable, and character is how you choose or was guided to 

deal with the given car.  

Personality studies are heavily backed by empirical research that has been used to generate 

different traits to depict individual human nature. Despite these traits describe individual 

somewhat heritable human nature these traits are also modified by the environment and 

interactions. There also seems to be a possibility to totally change one’s personality through 

meticulous effort. (Psychology today 2022). All the traits are on a normal distribution and 

when placing people on the distribution they are compared to others which determine how 

much they possess each trait or their counterpart. (Uysal and Pohlmeier 2011, p. 987.).  These 

traits can be reduced to five essential traits which are agreeableness, conscientiousness, 

extraversion, openness to experience and neuroticism. They can be divided even further into 

subdivisions respectively, compassion and politeness, industriousness and orderliness, 

enthusiasm and assertiveness, openness and intellect and volatility and withdrawal. 

(DeYoung et. al. 2007, p. 887-888).  If hypothetically people would lack any personal values 

these traits could predict how people would behave in different situations. Values, 

personality and perception of events then guide people to behave in certain ways.  
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For customer segmentation the aim then is to choose and try to predict what traits and values 

could predict customer potential and how they relate to aspects of car sharing. All traits of 

the big five openness to experience, conscientiousness, extraversion, agreeableness and 

neuroticism are examined. One section of questions in the questionnaire is based to find 

some relation of the respondent to these traits. Openness to experience and conscientiousness 

seem traits that could align with the interest and habit forming towards car sharing services. 

Openness to experience could relate to fascination of service’s new vehicles, technology, 

values or the driving experience itself. Conscientiousness could relate to strong habit 

forming which could make the person a prospective for long-term customer relations. The 

trait has already been linked to above average amounts of car driving. (Roos et. al. 2022, 

p.9). Neuroticism could predict inversely the motivation toward driving a vehicle. (aps 

2016). Also, low neuroticism i.e emotional stability could predict confidence toward 

relatively new technology such as electric vehicles. (Ward et. al. 2016).  

It is somewhat expected that public transportation usage is related to using car sharing 

services. Then agreeableness could also predict customer potential since the trait has been 

related with use of public transportation. (Roos et. al.  2022, p.11). On the other hand, in 

older adults higher agreeableness was predicted to negatively impact likelihood of driving 

cars in general. (Gadbois and Dugan 2014). Whether customers perceive CS as public 

transportation or more as private cars might translate into how agreeableness will correlate 

with interest to CS. Intuitively thinking one might expect agreeableness to correlate 

positively at least with willingness to participate in P2P car sharing. Gregariousness which 

is mainly related to extraversion could predict high motivation to reach other people with 

driving the CS vehicles. To notify is that it is not possible to have exactly realistic results 

that what traits the respondents have but only rather reliable suggestions. This is sufficient 

keeping in mind the goal of the study. 

In addition of different personality dimensions influencing the motivation to participate 

towards car sharing services, they might also be beneficial to the city’s transportation system 

and car sharing services in other ways. For example, there has been proven to be statistically 

significant association with being lower in conscientiousness and lower in agreeableness to 

be involved in accidents. (Clarke and Robertson 2005). Increased likeliness of traffic 

accidents also naturally impacts the costs to the city. For example, increased hospital 

expenses, loss of valuable material and possible loss of individual’s social contribution. 
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The personal values are the other significant predictor of the motivation toward the CSC 

aspects. Personal values are essential guidelines to how people live their lives, they are a part 

to determine the identity of the person and develop the character (Sagiv et. al. 2017, p. 8). 

They represent how people approach each situation and what their attitudes might be in 

relation to some object. These values are hierarchically prioritised by their importance to the 

person. They determine how they are motivated to align their action.  

There has been studies about universal motivationally separated value types which are: 

power, achievement, hedonism, stimulation, self-direction, universalism, benevolence, 

tradition, conformity and security. There is also a higher order of these values, which are 

values of self-enhancement, self-transcendence, conservation and openness to change. Self-

enhancement and self-transcendence values mostly contradict each other and so do 

conservation and openness to change. However, all of these values can exist in the person at 

the same time and might be prioritised differently in various situations but as they are part 

of the social identity there might be patterns of thought and behaviour arisen from the values 

that stay mostly unchanged. (Sagiv et. al. 2017, p.5-9). How these values exist in the 

potential customers of the CSC can be relevant to how motivated they are by the current, 

incremented or new form of CSC. The existence of different values within PC’s can reveal 

how aligned they are with CSC’s values. The values of many PCs can be significant to  now 

to have an understanding on how much overall value-based motivation there are toward 

different aspects of CSC. 

The motivating factors that are probably related to the participation in the CSC were 

determined to be universalism (contribution to common good in participating), self-direction 

(more independent choice of travel), conformity (others conforming in the service might 

encourage or discourage), benevolence (goodwill channelled through participation), 

hedonism and stimulation (joy and pleasure from driving and participation) and self-

enhancement (getting recognition from participating). 
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4  METHODS 

Methods used for getting the results were carbon footprint assessment and statistical 

significance and correlation analysis on the questionnaire results. Standard that was used for 

carbon footprint assessment was GHG protocol. Questionnaire was mostly conducted by 

taking customer perspective and somewhat by existing literature referenced in the theory 

section. For statistical models statistical significance, distribution analysis and spearman’s 

correlation analysis were used. All the main needed calculations are listed in the calculation 

section. Some other calculations were needed to produce some of the emission factors and 

buildings annual heat consumption. 

4.1  Carbon footprint assessment 

Carbon footprint assessment was used to determine case study’s company’s annual 

emissions and for scenario calculations. For the case company GHG protocol was used to 

create GHG inventory and assign them the emissions as indirect or direct emissions. For 

scenario calculations similar GHG calculations were made and in addition evaluation 

calculations for car sharing impact on travelling method changes. Assumptions on emission 

development were made for all GHG related calculations. 

4.1.1  Standard 

The corporate standard of GHG protocol is prepared for companies and organizations to 

gather inventories of GHG emissions from their activities. GHG emissions of six types are 

gathered which are: CO2, CH4, N2O, HFCs, PFCs and SF6.  The aims for the definition and 

calculation of the carbon footprint are to represent the actual account of company’s 

emissions with transparency and consistency. This will be helpful to the external 

stakeholders and to the company by giving a competitive advantage. By defining the carbon 

footprint, the company can develop their business strategies, tactics and day-to-day tasks for 

long-term sustainable development. They can mitigate their GHG risks and participate in 

reporting, GHG markets and voluntary actions. (Ranganathan 2021, p.3).  
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The GHG protocol’s principles are similar to the other international carbon footprint 

standard ISO 14067. These principles are relevance, completeness, consistency, 

transparency and accuracy. The information gathered should be relevant for the users in 

terms of the businesses organizational structures, operational boundaries and business 

context. When the relevant information needed has been chosen all the data within the 

boundary should be completely gathered. However, some data can be impossible to be 

calculated due to the lack of sources or the high costs for gathering.. This can lead to lack of 

quality in the research which has to be documented transparently and verified by an 

outsourced verifier. (Ranganathan 2021, p.7-8.) 

The relevant information needs to be consistently handled so comparison can be made to the 

performance of the company across time or to other similar companies. The boundaries, 

methods for handling and collecting data need to be documented properly to maintain easily 

accessible and usable inventory collection. This needs to be done so the future decisions 

impacts to GHG emissions can be easily recognized. For example, a boat manufacturer has 

collected an inventory of GHG emissions and they have determined that in their upstream 

production chain indirect emissions are very low. This means that a lot of the companies that 

they co-operate with are functioning with GHG-free activities. However, they later must 

quickly make decisions to order their motors or boat materials from new countries or brands. 

This can significantly change their upstream GHG emissions but if they still use the same 

boundaries, methods and data they will eventually find it out and can start to find ways to 

manoeuvre themselves back to GHG-free companies. Consistency and carefulness in 

arranging the inventory can help companies in the future to keep better track of their current 

development. (Ranganathan 2021, p.8). 

Transparency secures that what is done to achieve and maintain the inventory is stated 

clearly. The methods, boundaries and datasets need to be stated neutrally, scientifically and 

easily understandably. All the sources should be available for investigation. The aim is that 

the assessment can be easily repeatable by external actors. Accuracy principle also applies 

throughout all the work and it ensures that accounted GHG emissions are without a huge 

uncertainty. (Ranganathan 2021, p.9.) 

The organization boundaries can be set based on two approaches which are control approach 

or equity share approach. If the operations of the organization are owned wholly by them, 

then no approach needs to be chosen since the boundary will be the same. Equity share 
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considers the operations that the organization has a share of. In the control approach only 

those operations that it has control financially or operationally will be accounted. 

Operational control means that the company has physical or other policies to control their 

operations. (Ranganathan 2021, p.17.) 

When the organization’s boundaries are set the direct and indirect emissions from their 

action can be accounted. This is called setting operational boundaries. They are divided by 

different sections called scopes (figure 3). In the scope 1 direct GHG emissions from their 

owned or controlled operations are accounted. In the scope 2, energy use induces indirect 

GHG emissions. This energy is purchased by the company. Scope 3 involves all the other 

indirect GHG emissions. These can involve all the tied activities to their value chain. 

Therefore, carefully determining and documenting the value chain is significant. The 

relevant scope 3 emissions need to be evaluated. The relevance is measured by their potential 

relative contribution to the company’s total GHG emissions or GHG ris  exposure, are 

deemed critical by sta eholders or they can easily be affected by the company’s actions. 

(Ranganathan 2021, p.27). 

 

 

Figure 3. Scopes according to GHG protocol (Hills 2022). 
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4.2  Organization and operational boundaries 

Organization boundaries determine what emission sources are included into the GHG 

inventory. Operational boundaries determine how emissions are accounted to each scope and 

whether they are direct or indirect. In figure 4 there is an example of how organization and 

operational boundaries are determined in the case company.  

 

 

Figure 4. City-Yhteisautot Oy organizational and operational boundaries for GHG protocol 

accounting. 

In the first scope the research focuses on where all the direct combustion occurs in the 

company’s activities. Emission sources are either stationary or non-stationary, i.e emissions 

are emitted from moving objects like vehicles or non-moving objects like buildings. The 

primary operations of renting and leasing vehicles produce non-stationary emissions and 

business premises could produce stationary emissions. Those vehicles that are rented and 

leased are vehicles that City-Yhteisautot Oy has itself leased from some car manufacturer. 

However, as financial control approach is chosen electricity usage emissions associated with 

leased and rented assets are considered to be part of scope 3. This is due to emission sources 

being not directly from the vehicle from which company has financial control. So, all life 

cycle emissions of manufacturing of vehicles, production of fuels and use of vehicles, from 
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leased and shared vehicles are accounted to scope 3 except for fossil fuel consumption 

(figure 5.).  

 

 

 

 

Figure 5. Boundaries to calculate vehicles’ life cycle GHG emissions (Autoalan tiedotuskeskus 

2017). 

In the second scope the research focuses on what emissions occur indirectly from all the 

energy consumed by the company. Emissions accounted to this scope are only the use of 

electricity and heat in their owned or controlled buildings (figure 6).  

In the third scope the research focuses on emissions from activities that are needed to 

produce main activities of the company. In this case scope 3 includes employee commuting, 

most of car sharing and leased vehicles’ life cycle emissions and embodied material 

emissions from owned or controlled buildings. 
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Figure 6. Boundaries to calculate building’s emissions. Building usage emissions are accounted to 

scope 2 and embodied material related emissions are accounted to scope 3. 

4.3  Calculations for Carbon footprint 

Formulas 1 and 2 depict GHG emissions in the scope 1. For the company vehicles’ fuel 

combustion formula 1 is used. For the company owned or controlled energy facilities caused 

emissions would be calculated with the formula 2. For example, company could own part of 

local energy production facility which utilizes combustion-based energy. 

𝐺𝐻𝐺𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑢𝑠𝑎𝑔𝑒 𝑑𝑖𝑟𝑒𝑐𝑡 = 𝐸𝐹𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ∗ 𝐷𝐷    

 (1) 

where GHGvehicle usage is emitted fossil carbon dioxide equivalent emissions in specific 

vehicle’s use phase [t CO2eq./a], 𝐸𝐹𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 is the emission factor for the certain 

vehicle’s usage [t CO2/km] and DD is the total distance driven with the vehicle [km]. 

𝐺𝐻𝐺𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑖𝑒𝑠 = 𝐸𝐶 ∗ 𝐸𝐹𝑓𝑢𝑒𝑙 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐   

 (2) 

where 𝐺𝐻𝐺𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑖𝑒𝑠 is emitted fossil carbon equivalent emissions from stationary 

combustion in energy production facilities [t CO2eq./a],  EC is the energy consumption of a 

certain energy source [kWh] and EF is the emission factor for combusting energy source in 

the facility [t CO2/kWh]. 

The more local data is used and specific energy sources recognized, the more accurate the 

results for GHG emissions are. Primarily the carbon coefficients for heat and electricity 
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should be utilized from the energy producer specific energy production data pool. Secondly 

from the city specific energy production data pool. Thirdly from country average energy 

production data pool. The formula 3 depicts how GHG emissions in scope 2 are calculated. 

In this case emissions caused by heating are calculated by country average emission factors 

which are based on type of heating system that is utilized in specific building. Emissions 

from electricity usage in buildings was calculated by using emission factors for average 

produced electricity in Finland. 

𝐺𝐻𝐺ℎ𝑒𝑎𝑡 𝑜𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 𝐸𝐹ℎ𝑒𝑎𝑡 𝑜𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 ∗ 𝐸𝐶ℎ𝑒𝑎𝑡 𝑜𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦  

 (3) 

where GHGheat or electricity are emitted fossil carbon e uivalent emissions caused by buildings’ 

heat or electricity consumption [t. CO2eq./a], EFheat or electricity is the emission factor for 

combusting energy sources to utilize in heat or electricity production [t. CO2/kWh] and EC 

is the energy consumption [kWh]. 

Accounted emissions for the third scope are related to company’s leased and rented vehicles 

life cycle phases’ emissions which are vehicle manufacturing, fuel production and electricity 

consumption and emissions arising from employee commutation and embodied emissions 

from building materials. The vehicle manufacturing emissions are evaluated with their basic 

body and chassis and battery manufacturing emissions. The body consists mainly of metal 

materials as steel and aluminium and the chassis of elastic light material as plastic or 

composite (Motiva 2020a). The materials might change in time due to new replacive 

materials’ enhanced recyclability or reusability but by 2050 all the processes re uired to 

manufacture vehicles should emit zero GHG emissions almost independent of 

manufacturing facilities location. (Stampatori 2020; Searle et. al. 2021). The formula 4. for 

the body’s emissions is the same for vehicles with different motive powers. 

Emissions from battery manufacturing is calculated with formula 5. Most batteries are 

lithium-ion batteries which are mostly manufactured in China but also in Europe in several 

countries and in USA. (Buberger et. al. 2022). Battery related emissions are thought to 

decline to zero by 2045 in Europe and in 2036 in Finland. (Stampatori 2020;Iberdrola 2022). 

Emissions from fuel production are calculated with formula 6. There are thought to be 

biofuels, fossil fuels and later synthetic fuels in the fuels used in the vehicle fleet. Fossil 

fuels are thought to decline out of use by 2045 (Searle 2021;Chiaramonti et. al. 2021). Fuel 

usage was calculated by using emission factors for average vehicles taken to use in Finland 
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in certain year. This was calculated in formula 7. Emissions from electricity usage in vehicles 

was calculated by using emission factors for average consumed electricity in Finland and 

vehicle specific energy consumption. Emissions from electric vehicles usage were calculated 

with formula 8. Employee commuting would be evaluated by each employee’s annual 

regular and irregular trips. This is calculated with formula 9. Embodied building material 

related emissions were calculated by using classifications of certain building’s expected 

emission factors during certain year.  

 𝐺𝐻𝐺𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑏𝑜𝑑𝑦 = 𝐷𝑊𝑦𝑒𝑎𝑟 ∗ 𝑅𝑉𝐸𝐷𝑊,𝑦𝑒𝑎𝑟    (4) 

 

where 𝐺𝐻𝐺𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑏𝑜𝑑𝑦 is emitted fossil carbon equivalent emissions caused from 

manufacturing the vehicle basic body [t CO2eq./a], 𝐷𝑊𝑣𝑒ℎ𝑖𝑐𝑙𝑒 is the vehicles deadweight 

[kg], 𝑅𝑉𝐸𝐷𝑊,𝑦𝑒𝑎𝑟 is reference value for fossil carbon emissions emitted by manufacturing 

certain deadweight vehicle during certain year [t CO2] and if the relative emissions are 

wanted then the emissions are divided by DD which is the driving distance of the vehicle 

[km]. 

𝐺𝐻𝐺𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔 =
𝐵𝐸𝐹𝑦𝑒𝑎𝑟∗𝐵𝐶𝑣𝑒ℎ𝑖𝑐𝑙𝑒

1000
  (5) 

where 𝐺𝐻𝐺𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔 is emitted fossil carbon equivalent emissions caused from 

battery manufacturing [t. CO2eq./a], 𝐵𝐸𝐹𝑦𝑒𝑎𝑟 is Battery specific emission factor [kg 

CO2/kWh] and BCvehicle
 is Battery capacity of certain vehicle [kWh]. 

𝐺𝐻𝐺𝑓𝑢𝑒𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
FC𝑦𝑒𝑎𝑟,𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟𝑠

100
∗ ((𝐸𝐹𝑓𝑜𝑠𝑠𝑖𝑙,𝑦𝑒𝑎𝑟 ∗ 𝑉𝑜𝑙 − %𝑓𝑜𝑠𝑠𝑖𝑙,𝑦𝑒𝑎𝑟) +

(𝐸𝐹𝑏𝑖𝑜,𝑦𝑒𝑎𝑟 ∗ 𝑉𝑜𝑙 − %𝑏𝑖𝑜,𝑦𝑒𝑎𝑟) + (𝐸𝐹𝑠𝑦𝑛𝑡ℎ.,𝑦𝑒𝑎𝑟 ∗ 𝑉𝑜𝑙 − %𝑠𝑦𝑛𝑡ℎ.,𝑦𝑒𝑎𝑟)) ∗ 𝐷𝐷  (6)

   

where GHGfuel production is emitted fossil carbon equivalent emissions from fuel production for 

average vehicle in Finland [t. CO2eq./a], FCyear is average fuel consumption of an average 

vehicle in Finland [l/100km], EF is emission factor for production of average fossil, bio and 

synthetic fuels [g CO2eq./l], Vol-% is the volume share factor for each type of average fuels. 

𝐺𝐻𝐺𝑓𝑢𝑒𝑙 𝑢𝑠𝑎𝑔𝑒 𝑖𝑛𝑑𝑖𝑟𝑒𝑐𝑡 =
𝐸𝐹𝑦𝑒𝑎𝑟,𝑓𝑜𝑠𝑠𝑖𝑙%∗𝐷𝐷

1000000
    (7) 

where GHG vehicle usage indirect is emitted fossil carbon equivalent emissions from internal 

combustion engines [t. CO2eq../a] and EFyear,fossil%
 
 is emission factor for average vehicles 
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taken to use in Finland in specific year which accounts for change of used fuels in Finland 

[g CO2eq./km] 

𝐺𝐻𝐺𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑎𝑔𝑒 𝑖𝑛𝑑𝑖𝑟𝑒𝑐𝑡 = 𝐸𝐸𝐶𝑦𝑒𝑎𝑟/1000 ∗ 𝐸𝐶𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑡𝑦𝑝𝑒 ∗ 𝐷𝐷  (8) 

where GHGelectricity usage direct is emitted fossil carbon equivalent emissions from electric 

vehicles [t CO2eq./a-], EECyear is electricity emission coefficient [g CO2eq./kWh] and ECvehicle 

type is energy consumption factor for different vehicles [Wh/km] 

𝐺𝐻𝐺𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑐𝑜𝑚𝑚𝑢𝑡𝑎𝑡𝑖𝑜𝑛 𝑢𝑠𝑎𝑔𝑒 𝑑𝑖𝑟𝑒𝑐𝑡 =
𝐸𝐹𝑦𝑒𝑎𝑟∗𝐷𝐷

1000000
  

  (9) 

𝐺𝐻𝐺𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑒𝑚𝑜𝑏𝑜𝑑𝑖𝑒𝑑 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 =
𝐸𝐹𝑐𝑙𝑎𝑠𝑠,𝑦𝑒𝑎𝑟∗𝐴

1000000
  (10) 

 

where GHGbuilding embodied material is emitted fossil carbon equivalent emissions from processes 

needed to assemble materials needed to build typical certain building [t CO2eq./a], EFclass, 

year is emission factor [g CO2eq./m
2/a] and A is the surface area of the building [m2] 

4.4  Calculations for transportation system comparison 

GHG emissions for different transportation systems were calculated to instil the benefits that 

car sharing will have in Finland. Comparison to average EU city was also done to show 

difference between EU and Finnish GHG emission decline. The first formula 11 describes 

how emissions are calculated within normal transportation scenario when no car sharing is 

utilized in the transportation system. The second formula 12 describes how emissions are 

calculated when there is car sharing integrated into the system. The difference is only that 

transportation change due to car sharing is taken into account to change the shares of 

transportation modes according to formula 13. 

Personal carbon footprint was calculated with same principles. 

𝐺𝐻𝐺𝑛𝑜𝑟𝑚𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜,𝑦𝑒𝑎𝑟 = (∑ 𝐸𝐹𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑚𝑜𝑑𝑒,𝑦𝑒𝑎𝑟 ∗ 𝑆 −

%𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑚𝑜𝑑𝑒,𝑦𝑒𝑎𝑟) ∗ 𝐷𝐷𝑦𝑒𝑎𝑟   (11) 

where GHGnormal transportation is the total usage emissions emitted by city’s transportation 

system [mill. t. CO2eq.] and S-% is the share of each transportation mode used in the city. 



55 
 

𝐺𝐻𝐺𝑐𝑎𝑟 𝑠ℎ𝑎𝑟𝑖𝑛𝑔 𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜,𝑦𝑒𝑎𝑟 = (∑ 𝐸𝐹𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑚𝑜𝑑𝑒,𝑦𝑒𝑎𝑟 ∗ 𝑆 −

%𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑚𝑜𝑑𝑒,𝑐𝑎𝑟 𝑠ℎ𝑎𝑟𝑖𝑛𝑔,𝑦𝑒𝑎𝑟) ∗ 𝐷𝐷𝑐𝑎𝑟 𝑠ℎ𝑎𝑟𝑖𝑛𝑔,𝑦𝑒𝑎𝑟   

 (12) 

 

𝑆 − %𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑚𝑜𝑑𝑒,𝑐𝑎𝑟 𝑠ℎ𝑎𝑟𝑖𝑛𝑔,𝑦𝑒𝑎𝑟 = 𝑇𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑚𝑜𝑑𝑒,𝑦𝑒𝑎𝑟 ∗ 𝑆 − %𝑐𝑎𝑟 𝑠ℎ𝑎𝑟𝑖𝑛𝑔,𝑦𝑒𝑎𝑟 +

𝑆 − %𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑚𝑜𝑑𝑒,𝑦𝑒𝑎𝑟𝑧𝑒𝑟𝑜    

 (13) 

 

where 𝑇𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑚𝑜𝑑𝑒,𝑦𝑒𝑎𝑟 is transportation change due to car sharing. 

 

Transportation change achieved by car sharing was judged by a study made in Netherlands, 

Calgary and San Francisco. Commonalities for these cities integration of car sharing was 

that on average more distances travelled on car sharing meant less distances travelled by 

private vehicles and more distances travelled by bicycle, walking, train and buses. (Amatuni 

et. al. 2020).    

4.5  Calculation assumptions for transportation systems 

Finnish road- and railway transportation system’s GHG emissions were calculated by 

making three scenarios. In the basic scenario there is no car sharing, in second scenario there 

is car sharing with variable motive powers and in third scenario there is car sharing with 

only full electric vehicles. Assumptions were made on how main travelling methods produce 

usage GHG emissions annually. This in-country transportation system is referred as 

“Finland”. 

Comparison were done between Finnish and EU city’s road- and railway transportation to 

show the difference of car sharing impact in Finland and EU. Same three scenarios were 

applied to both these cities transportation systems. These transportation systems are referred 

as “Finland city” and “EU city” 
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Table 1. Assumptions for transportation system scenarios to calculate their usage emissions. 

.  

Finland Finland city EU city Sources (Finland):
Sources (Finland 

city):
Sources (EU city):

Population (2017-

2050)
5,4 mill. to to 6,1 mill. 135 000 to 147 161 1,35 mill. To 1,47 mill.

Statistics Finland 

2021
Own evalution Eurostat 2023

Annual distances 

of traffic system 

(2017-2050)

76 250 mill. km to 103 

4040 mill. km

1 906 mill. km to 2 469 

mill. km

28 667 mill. km to 43 

199 mill. km

Väylävirasto 2020; 

Tielaitos 1999 and 

Autoalan 

Tiedotuskeskus 2022

Väylävirasto 

2020; Tielaitos 

1999 and 

Autoalan 

Tiedotuskeskus 

2023

Eurostat 2021

Travelling methods 

shares (2017-2050) 

Walking 1 to 4 %, 

Cycling 1 to 4 %, Private 

cars 80 % to 58 %                    

Buses 10 % to 17 %  

Railways 8 % to 15 %    

Walking 1 to 4 %, 

Cycling 1 to 4 %, 

Private cars 80 % to 58 

%                    Buses 10 

% to 17 %  Railways 8 

% to 15 %    

Walking 5 to 8 %, 

Cycling 4 to 8 %, 

Private cars 68 % to 38 

%                      Buses 8 

% to 17 %  Railways 13 

% to 22 %    

Traficom 

2023;Väylävirasto 

2020 and Amatuni 

2020

Traficom 

2023;Väylävirasto 

2020 and Amatuni 

2021

Eurostat 2021 and 

Amatuni 2020

Car sharing share 

(2017-2050)
0 % to 3 % 0 % to 3 % 1 % to 4 % Statista 2022 Statista 2022

Graphical research 

2021

Main private 

vehicle 

technologies

ICE, HEV, PHEV and BEV
ICE, HEV, PHEV and 

BEV

ICE, HEV, PHEV and 

BEV

Liikenne- ja 

viestintäministeriö 

2019, Traficom 2023 

and Amatuni 2020

Liikenne- ja 

viestintäministeri

ö 2019, Traficom 

2023 and Amatuni 

2021

Eurostat 2021 and 

ICCT 2022 and ICCT 

2022b

Usage emissions 

decline to zero

   Cars By 2043 By 2043 by 2049

Suomen 

ilmastopaneeli 2021 

and Statista 2023b 

Liikenne- ja 

viestintäministeriö 

2019

Suomen 

ilmastopaneeli 

2021 and Statista 

2023b Liikenne- ja 

viestintäministeri

ö 2020

ICCT 2022 and ICCT 

2022b and EEA 2022

   Buses By 2041 By 2041 by 2050

Liikenne- ja 

viestintäministeriö 

2019 and Autoalan 

tiedotuskeskus 2023

Liikenne- ja 

viestintäministeri

ö 2019 and 

Autoalan 

tiedotuskeskus 

2024

European Commission 

2023 and Ribeier and 

Mendes 2022

   Railway By 2029 By 2029 by 2040

Liikenne- ja 

viestintäministeriö 

2019 and Lund et. Al 

2021 and SYKE 2021

Liikenne- ja 

viestintäministeri

ö 2019 and Lund 

et. Al 2021 and 

SYKE 2022

Weber et. Al. 2022 

and Gerbaulet et. Al 

2019

   Car sharing

Mixed motive powers 

by 2043 and Full electric 

vehicles by 2030

Mixed motive powers 

by 2043 and Full 

electric vehicles by 

2030

Mixed motive powers 

by 2043 and Full 

electric vehicles by 

2040

Liikenne- ja 

viestintäministeriö 

2019 and Statista 

2023b and Amatuni 

2020

Liikenne- ja 

viestintäministeri

ö 2019 and 

Statista 2023b 

and Amatuni 2021

Own evaluation and 

EEA 2022, Schluter 

and Weyer 2019 and 

E3-modelling 2021 

and Gerbaulet et. al. 

2019 and ICCT 2022b
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4.6  Calculation assumptions for GHG protocol calculations 

For GHG protocol related calculations all significant life cycle emissions emitted from 

vehicles and buildings were accounted. Optimistic assumptions were made when emissions 

will decline to zero. 
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Table 2. Assumptions to calculate vehicles’ life cycle phase GHG emissions. These were used in 

calculating City-Yhteisautot Oy’s organization’s carbon footprint. Each significant life cycle phase 

is described by their length of emission emitted, values of starting emissions or energy consumption 

and other details. 

 

Life cycle phase LC GHG emission period Details

Starting 

emissions/energy 

consumption

Sources

Vehicle 

manufacturing - 

Body and chassis

  2017-2045 5,54 kg CO2eq./kg

Buberger et. al. 2022, 

p.6  and Liikenne- ja 

viestintäministeriö 

2019

Vehicle 

manufacturing - 

Battery

2017-2045 95 kg CO2eq./kWh

VTT 2020 and 

Liikenne- ja 

viestintäministeriö 

2019

Fuel manufacturing- 

Biofuels
 2017-2043

FAME, HVO, Bioethanol 

and Biomethane
32 g CO2eq./MJ

IEA 2021 and Liikenne- 

ja viestintäministeriö 

2019 and 

Biokaasu2030 2020 

and Liikenne- ja 

viestintäministeriö 

2022

Fuel manufacturing 

- Synthetic fuels

 2029-2050 (5,74 g 

CO2eq./MJ  by 2050)

FTD, MTG and e-

methane.                Not 

included that CO2 

taken from the air 

reduces CO2eq.-

emissions 

12,9 g CO2eq./MJ

Soler et. Al. 2022 and 

styring et. Al. 2021 

and Euractiv 2023

Fuel manufacturing 

- Fossil fuels
2017-2045 Gasoline and diesel 19,1 g CO2eq./MJ

Edwards et. al. 2014, 

p. 83 and Liikenne- ja 

viestintäministeriö 

2019

Motive power 

consumption - ICE 

vehicles; Biofuels

-
95 % of passenger fuel 

consumption by 2045
0

Liikenne- ja 

viestintäministeriö 

2022

Motive power 

consumption - ICE 

vehicles; Synthetic 

fuels

5 % of passenger fuel 

consumption by 2050
118,8 g CO2eq./km Yugo and Soler 2019

Motive power 

consumption - ICE 

vehicles; Fossil 

fuels

0 % of passenger fuel 

consumption by 2050
118,8 g CO2eq./km

Liikenne- ja 

viestintäministeriö 

2022 and ICCT 2022b

Full electric 

vehicles- Battery 

size

Decreases first but 

increases to average of 

77 kWh

Ma et. Al. 2021 and 

IEA 2022b

Full electric 

vehicles- Electricity 

consumption

2017-2029 20,13 g CO2eq./km

Suomen 

ilmastopaneeli 2021 

and Fingrid 2023 and 

Electric vehicle 

database 2023
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Table 3. Assumptions to calculate building’s life cycle phases GHG emissions. These assumptions 

were also utilized to calculate City-Yhteisautot Oy’s organization’s action emissions. 

 

 

Life cycle phases LC emissions period Details

Starting 

emissions/energy 

consumption

Sources

Embodied 

emissions
2017-2050

Emitted each year that 

building is in use

4300 or 5385 g 

CO2ekv./m2/a

Airaksinen and 

Matilainen 2011 and 

Kuittinen and 

Häkkinen 2020

Energy 

consumption 

emissions- House 

type - Passive 

energy

2017-2050 (From 2027 

onward 20 kWh/a/m2)

Gains heating energy 

passively
25 kWh/a/m2 Finnfoam 2022

Energy 

consumption 

emissions- House 

type - Zero energy

2017-2050 
Produces own heating 

energy renewably
0 kWh/a/m2 Finnfoam 2022

Energy 

consumption 

emissions- House 

type - Normal

2017-2040 (From 2027 

onward 20 kWh/a/m2)
135 kWh/a/m2

Airaksinen and 

Matilainen 2011 and 

Finnfoam 2022

Heat consumption - 

ASHP/GSHP
2017-2029

GSHP 34 g 

CO2eq./kWhheat and 

ASHP 65 g 

CO2eq./kWhheat

Laitinen 2016, p. 38 

and Motiva 2022b

Heat consumption - 

Wood

2017-2050 (34 g 

CO2eq./kWhheat)
183 g CO2eq./kWhheat

Sippula 2019 and 

ICCT 2009, p.7

Heat consumption - 

Oil
2017-2030 263 g CO2eq./kWhheat

Lämmitysenergiayhdi

stys 2020 and Onkalo 

2017

Heat consumption - 

Gas
2017-2031 202 g CO2eq./kWhheat

Motiva 2010, p. 26-

27 and Biokaasu2030 

2020

Heat consumption - 

Indirect/direct 

electricity

2017-2029

Indirect 133 

CO2eq./kWhheat 

Direct 152 g 

CO2eq./kWhheat

Laitinen 2016, p. 38 

and Motiva 2022b

Heat consumption - 

District heating
2017-2044 195 g CO2eq./kWhheat

Afry 2020 and Motiva 

2021

Electricity 

consumption
2017-2029 Appliances and light 119 g CO2eq./kWh

Laitinen 2016, p. 38 

and Motiva 2022b
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4.7  Questionnaire methodology 

The rules for questionnaires can be somewhat based on unspoken social rules on common 

courtesy like maintaining distance to the respondent by polite questions. The basis for 

questions should be some agreed civil respect toward others. (Jarecke and Plant, 2003 p.6-

11).  Civil respect could be matters such as being delicate with one’s age or on personal 

subjects like wealth or socio-economic status.  

As web questionnaires have been for some time a popular business development tool and 

there is already knowledge and understanding on how to conduct the questions from 

respondent’s perspective and data interpretation’s perspective. Respondent’s perspective 

means essentially that the questions are easily interpreted, they can only be interpreted in 

one way, and they are civil enough not to cause unnecessary comfortability.  

The data interpretations means that the measurable phenomena are defined properly and the 

questions measure some aspects of the phenomena or they might reveal correlations related 

to the phenomena. For example, in this case the questionnaire measures some personality 

traits within the respondents which can reveal how they relate to some aspects of CSC. 

Questionnaire is a common method to approach customers to receive valuable information 

about what customers need. This is also known as pull approach where business 

development occurs from information derived from customers. The alternative approach is 

push approach where a service or product that is created is expected to create a market for 

it. (Bazaza 2020. p. 90-92) 

However, blindsided advice taken from the customers is not preferable due to their possible 

short-sighted wants and needs if real sustainable development is needed. Mix of push and 

pull approach could achieve real sustainability value to the company.  

 

4.8  Statistic methods 

Basic statistical testing is hypothesising first and then testing something about one basic 

group from which information is wanted to be derived. Samples are typically random small 

takes to test something about this basic group. They are supposed to represent basic group 
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but almost always do not exactly describe the basic group. This is why there must be testing 

done to define how well the hypothesis describes a real phenomenon occurring in both 

sample and basic group. Test is done by first setting null hypothesis H0 and alternative 

hypothesis H1. The alternative hypothesis is typically expected to be correct. Then we create 

a statistical model that would describe this alternative hypothesis. First typically part of that 

statistical model is that, how well the sample describes the basic group i.e. how statistically 

significant the sample is and how similarly data is distributed. Secondly there is a prediction 

on how gathered data behaves, for example, if causal relationships are inquired then 

regression models can be used or if just how variables are associated with each other, then 

Spearman’s or Pearson’s equations should be used. 

4.8.1  Sampling and statistical significance 

In statistical science there are always basic groups from which datasets are extracted from. 

(Mellin 2006, p. 16). Examples of basic groups are all the guitars in the world or all the 

people in China. To measure such big groups, it is practically impossible to measure exact 

desired properties of each individual “dataset”. Therefore, sampling of the basic group is 

necessary typically in researches that require statistical science. 

Samples are supposed to reflect the basic group in relative proportions. However, as samples 

are always only a reflection of reality, there is reason to examine their validity. (Marusteri 

2009). This is done by examining the statistical significance of the results and distribution 

analyses.  

Statistical significance indicates how probable it is that the results are only due to random 

occurrences in the sample. If results are statistically significant, the results can be applied to 

the basic group from which the sample was filtered. (Taanila 2016, p. 2-4.) Distribution 

analyses can also assist in determining the validity of the sample. (Brownlee 2018). For 

example, if a study is supposed to measure how appealing private car travelling is to Finnish 

people, the sample that is supposed to represent all Finnish people might include people of 

certain characteristics disproportionately. Then this sample with disproportionate 

representation of certain people might influence the results in way that they cannot represent 

realistically how appealing Finnish people view private car travelling. Ideally the sample 

should include variability in all its datapoints in similar proportions as in the basic group. 
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For example, normally distributed personality traits should be normally distributed in the 

sample. Tool to measure this is standard deviation (Ciarleglio 2020). One problem is that we 

do not know the usual distribution of some variables in the sample, therefore we cannot 

exactly know how typical sample is in some of its variabilities. 

In statistical significance null hypothesis is a key concept. Null hypothesis claims something 

about researched sample and p-values are used to determine the correctness of that claim. 

The null hypothesis is tested and if it is rejected that means that the results are not only due 

to random chance but in fact describe some true phenomenon. 

Risk level (α) defines the probability of rejecting the null hypothesis even though it is true. 

Typical traditional risk levels are 5 %, 1 % and 0,1 %. There are two types of errors which 

can occur while trying to determine whether to accept or reject. These are type 1 and 2 which 

occur respectively due to rejecting true null hypothesis or accepting untrue null hypothesis. 

(Marusteri 2009, p. 18-20.) P-values are used as part of rejecting or accepting the null 

hypothesis. P-values are probability values that are formulated from a created statistical 

model. P-values represent how compatible collected data and created statistical model are 

on a continuum. (Greenland et. al. 2016). For example, in this case collected data are 

samples’ opinions on how satisfied one is with car sharing services and how conscientious 

one is. Then we are provided with bivariate collected data distribution. Then we create a 

statistical model to predict something that is occurring within that data distribution. For 

example, statistical model verbally could be such claim that variables in this bivariate data 

have monotonic correlation. Then we interpret the p-values to either reject or accept the null 

hypothesis, which in this case is that these two variables have monotonic correlation. When 

p-values are high, they assure that similar results can be interpreted when null hypothesis is 

true. Low p-values assure that null hypothesis is not true and that alternative hypothesis is 

true. 

Component for determining when the p-values are low enough are the risk levels. When 

α>p-value or -α<-p-value the null hypothesis can often be rejected and the results can be 

considered statistically significant. (Hazra 2017). However, when interpreting results there 

needs to be consideration for the continuum in which the p-values exist and the context in 

which they are interpreted.  
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Depending on the science discipline there are instances in which it is more critical to reach 

extremely high probabilities of correct interpretation of null hypothesis. (Andrade 2019.) 

E.g., In the context of the case of this study interpreting null hypothesis incorrectly it 

probably does not lead to fatal errors compared to hypothesis interpretation for commercial 

medical drug that is tested for its safety and false interpretation can lead directly to hundreds 

of extremely unnecessary deaths. 

In this study there is possibility to conduct more of qualitative interpretations. There can be 

found significant correlation between customer satisfaction for using car sharing services 

and some customer characteristic but the statistical significance states that the result is not 

extremely significant. Despite no statistical significance we can interpret these results more 

qualitatively in this study. Improved interpretation would be that there is increased chance 

of being more satisfied with car sharing services when possessing certain customer 

characteristics. When statistical results are interpreted somewhat more qualitatively, we are 

provided with more useful information. 

Null hypothesis tests in this study are mostly related to different phenomena, events or 

characteristics related to each other measured by the questionnaire, i.e., do the variables 

measured by the questions have correlations with each other. Examples of null hypothesis 

are that characteristic conscientiousness does not correlate positively with active use of car 

sharing cars or diverse moving habits do not correlate positively with willingness to 

relinquish private car ownership. Typically, null hypothesis is the opposite of what is 

expected of the results. 

After null hypothesis is stated there needs to be chosen a fitting test for the situation. The 

chosen test depends on how the measurable variable is distributed in the basic group. In the 

case of this study most variables derived from the questionnaire are expected to 

accommodate Gaussian i.e standard distribution. It is the norm when the distribution of the 

variables are unknown in a social or natural study. (Wolfram alpha 2002.) However, it is 

only rather certain that some variables in the questionnaire are normally distributed. 

These variables that are normally distributed are personal values and traits which have been 

previously examined to accommodate the Gaussian distribution, but other examined 

variables are not. (Uysal and Pohlmeier 2011, p. 987). As these variables are related to 

people’s opinions, personal values and traits they might be reflected in these. However, the 
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variables might also be part of some other major sociological/natural phenomenon. They 

might reflect such social phenomena as social trends, social networks, poverty and monetary 

values or natural phenomena. Some of these social forces in many contexts are relatively 

slow to progress or change in a significant way, but they can majorly influence 

successfulness of a company. For example, even though there are such complex 

phenomenon that impact these variables they might also be expressed in simple almost 

concrete manner for the company. For example, the most desired key properties of a car 

sharing company can reflect current trends such as rapid consumption and desire for 

independence. Key is to maintain company integrity while simultaneously improving their 

functions to exist more suitably alongside social phenomena and actual basic needs that 

people have.  

Basic needs have remained same from palaeolithic era with tiny varying degrees for different 

people (Narvaez 2018) but social phenomena can have more unpredictable outcomes in how 

people behave. They can lead to dissonance in behaviour and needs. (Rabin 1991). However, 

some social phenomena are so embedded in our norms and culture which make them 

predictable even though there is irrational behaviour involved. These social phenomena 

include such social factors like social status which has been concluded to significantly 

impact which characteristics are perceived to be desirable in a car. (Kurtuldu et. al. 2023). 

These kind of empirically or theoretically proven phenomena are important guidelines with 

statistic and probability studies. While statistical tests provide information on probabilities 

that there is certain relation between basic group, sample and some natural or social 

phenomena, some background information related to the study can provide insight into how 

reasonable and applicable the results are given the context of the study. 

The statistical tests used in this study are null hypothesis and p-value, skewness, kurtosis 

and correlation tests. Null hypothesis and P-value tests are done to determine statistical 

significance of correlations (McNulty 2022). Skewness is used to assess the normality of 

data and kurtosis is used to determine how much outliers there are in each bivariate data 

distribution (Kim 2013). 

In addition to statistical tests, some approaches are used to determine the validity of sample 

size. It is important to determine the validity of sample size, so that inferences made of the 

sample are more assured to represent chosen basic population. Different sample sizes are 

needed for qualitative and quantitative studies. (Vilkka 2007, p.56-57). Questionnaire of this 
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study was supposed to be at least eligible for qualitative inferences but possibly also for 

quantitative market inferences in general. If the data gathered are used for nationwide 

quantitative inferences, there typically should be at least 500-1000 respondents. (Vilkka 

2007. p.57). For qualitative inferences on some statistics program, it is desirable to have at 

least hundred datapoints to represent basic group more adequately. In addition, in this case 

sampling should be as random as possible so that more difficult calculating methods do not 

need to be used. (Israel 1992, p.4). If it seems that quantitative inferences are not possible to 

be made nationwide, then the results can be inferred to represent somewhat more specified 

subgroup. 

After as correct as possible interpretation of the hypothesis testing results, there should 

always be responsible decision making. For example, if in this study it is found out that free-

floating business model is the most appealing model for customers. Then other factors or 

phenomena should be assessed to determine the applicability and reasonability of integrating 

more free-floating business model into some car sharing businesses’ business model. E.g., 

what impacts there would be to transportation system and its users (Jochem et. al. 2020). 

Would more free-floating business model increase environmental impacts from the vehicles 

in transportation system or how it would change the moving behaviour of the customers and 

impact human health.  (Ampudia-Renuncio et. al. 2018). 

Even though hypothesis testing is significant in understanding how different phenomena and 

people’s behaviour are connected to each other, the results need some form of  uality 

assessment. Even though testing results do assure that certain relations exist between 

different phenomena, it is useful to understand reality about the subject and samples, so the 

null hypothesis test results are interpreted in their context more deliberately (Andrade 2019). 

Then it is much easier to make useful conclusions to the company, society and individuals 

that function in the socio-economic environment. 

4.8.2  Correlation significance 

Questionnaire for this study is mainly conducted to benefit the company but it also aims to 

gather information that could benefit urban area’s transportation system. The information to 

the company benefits their marketing but also in how they could construct their business to 

increase their marketplace. The questionnaire parts that provide information to the company 
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are mostly straightforward data, i.e., the way people answer one question provide enough 

information to determine something related to the car sharing company. For example, 

 uestion: “How car sharing cars became  nown to you?” reveals to the car sharing company 

some information on where they should probably focus their marketing more or what kind 

of marketing campaigns have worked more efficiently.  

Interpreting correlations between different social phenomena, events and characteristics and 

how they are related to car sharing business model aspects provide us also information on 

how it would be possible to improve urban area’s transportation systems and residents’ well-

being. For example, what kind of personal or physical characteristics or habits people 

possess who prefer certain aspects of car sharing business models. 

Essentially, correlation is about relationships between different phenomena, events and 

characteristics, i.e., variables. Correlations are either negative or positive and they represent 

how much one variable tends to increase or decrease when the other variable increases or 

decreases. All the values are between 1 and -1. However, correlations do not mean that these 

variables necessarily have causations.  (Mukaka 2012). For example, if there is high 

correlation between facile variables, like owning a car to how satisfied they are with car 

sharing services, this only means that there is statistically higher probability that when 

someone owns a car they would be more satisfied with car sharing services. Owning a car 

might relate to other phenomena which partly cause certain relation to car sharing services. 

For example, preferring to have own property might decrease the likeliness to be satisfied 

with car sharing services due to the fact that those people do not want to participate in shared 

property. Two variable correlation analysis only hints at what is more likely to occur when 

something else is happening. 

As it was stated earlier that many natural and social phenomena are normally distributed but 

it is mostly true that only few measured phenomena by  uestionnaire’s answers are normally 

distributed. These are personality characteristics and values. 

There is no guarantee that all these different variables are normally distributed on their own. 

In this study’s dataset it was somewhat proven that most variables are not normally 

distributed by using skewness and kurtosis analysis in Webropol to assess most variables 

normality. Also, there are many outliers in many variable category datapoints, and some 

measurements are ordinal and sometimes in unequal distance from each other and not 
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continuous variables. It is also not even certain that variables are linearly related to each 

other. For all these reasons Spearman’s (formula 1.) equation would then more adequately 

describe monotonic relationships between two variables. (Schober et. al. 2018).  

 

𝑟𝑠 = 1 −
6𝛴 𝑑2

𝑛(𝑛2−1)
    (1) 

 

where rs  is Spearman’s correlation coefficient, n is the number of datapoints and the 𝛴 ⅆ2 is 

the sum of squared differences between ranked x and y variables. 

Spearman’s e uation describes monotonic relationships between two variables which means 

that when one variable only decreases or increases the other will only decrease or increase. 

When there is monotonic relationship between two variables, one variable cannot sometimes 

decrease or increase when the other variable decreases or increases. (Schober et. al. 2018). 

Since Spearman’s e uation cannot describe non-monotonic relationships between variables, 

we might not notice some correlations or interpret them wrong. For example, number of 

vehicles owned might correlate with willingness to participate in car sharing services but 

there might be certain “tipping point” in larger number of vehicles owned that changes the 

direction of correlation. Therefore, while interpreting correlations graphs of datapoints can 

show how the datapoints between two variables actually behave. This graphical 

interpretation was done for most of the significant correlation between two variables in 

Webropol. 

 

Part of correlation analysis is to interpret when correlation values are high enough for 

meaningful relations. Some guidelines ease the interpretation on when correlation value is 

considered fitting. For social sciences over 0,8 correlations are strong, between 0,8 and 0,5 

mediocre and under 0,5 weak. (Maiwada and Lawrence 2015). These provide the baseline 

in interpreting when the correlation between variables are strong enough. 
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4.8.3  Hypothesis 

Hypothesis in this study are done on how customers and potential customers relate to some 

form of car sharing service. Hypothesis are presented as alternative hypothesis, H1 which is 

expected to be true.  



69 
 

5  RESULTS 

Two main different results were interpreted and analysed in this study. The main results were 

carbon footprint regarding only the case company and carbon footprint scenarios regarding 

theoretical Finnish and EU transportation systems. In the case study most significant 

emission sources were recognized and in scenario study emission development between 

basic scenario and car sharing scenarios were compared. Other results regarded 

interpretation of customer questionnaire results which examines customer interest toward 

car sharing by statistical and qualitative analysis. 

5.1  Current carbon footprint of car sharing company CASE: City-Yhteisautot Oy 

Carbon footprint was assessed using the corporate standard of GHG protocol. All three 

scope’s emissions were determined. This was done by first making an inventory for actions 

that need to be accounted into the emission calculations. Then impact assessment was done 

to calculate the amount of GHG emissions and which action creates them. City-Yhteisautot 

Oy utilizes this data to promote and improve even further their practices. The inventory was 

done in a way that it can be easily reproduced with similar data input annually. In this case 

financial control approach is chosen to classify activities to the inventory. So all activities 

that the company has financial control of are included in the inventory. 

 

 

 



70 
 

 

Figure 7. Depiction of how different actions of City-Yhteisautot Oy cause direct and indirect GHG 

emissions. 

 

According to figure 7 vehicles clearly cause most of the emissions of the company’s actions. 

Most of them are emitted due to their leased ICE vehicles. Shared vehicles cause less 

emissions due to them being electric vehicles and that there were no new vehicles taken to 

use that year. As we can see in figure 8, when new electric vehicles are taken to use, 

emissions indirectly from shared electric vehicles contribute ten times more to carbon 

footprint than indirect emissions from leased vehicles which are also from manufacturing. 

Compared to shared electric vehicles, leased ICE car manufacturing per car emitted  4,3 tons 

of emissions less than shared electric vehicles. Unnecessary electric vehicle production is 

the emission source also which should be avoided if possible. 

 

0,00 5,00 10,00 15,00 20,00 25,00

SCOPE 1

SCOPE 2

SCOPE 3

t. CO2eq.

SCOPE 1 SCOPE 2 SCOPE 3

LEASING 20,17 16,58

SHARED VEHICLES 0,00 2,09

BUILDINGS 2,76 0,75

EMPLOYEE COMMUTING 1,35 0,37

Carbon Footprint of City-Yhteisautot Oy in 2022
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Figure 8. Depiction of City-Yhteisautot Oy carbon footprint in 2021 to show how much indirect 

emissions related to vehicle production actually contribute to the carbon footprint. 

 

City-Yhteisautot Oy is very new company which is why emission development has peaked 

during 2021 when there was a lot of acquirements of new vehicles (figures 9 and 10). It is 

expected that trend for emissions emitted by City-Yhteisautot Oy is a declining one where 

overall GHG emissions will be zero at least by 2050 based on assumptions made on this 

thesis. Emissions from vehicle production will decrease significantly during 2017-2045 

(Liikenne- ja viestintäministeriö 2019;ACAE 2023). Also, vehicle usage emissions will 

decrease similarly but not at the same pace in all vehicle types. Vehicle usage typically is 

more significant emission source and especially has larger impacts than manufacturing the 

longer the vehicle is in use.This effect however is less pronounced in electric vehicles 

compared to ICE vehicles.  It was noticed that emission decline of City-Yhteisautot Oy can 

be accelerated by continuing to choose electric vehicles as their usage emissions are 

estimated to be close to zero by 2029 and battery production relatively shortly after in 2036. 

The battery production emissions were estimated to be reduced in similar pace as estimated 

in VTT study to be reduced by until 2029. (Suomen Ilmastopaneeli 2021;VTT 2020) 

0,00 20,00 40,00 60,00 80,00 100,00 120,00 140,00 160,00

SCOPE 1

SCOPE 2

SCOPE 3

t. CO2eq.

SCOPE 1 SCOPE 2 SCOPE 3

LEASING 18,49 18,10

SHARED VEHICLES 0,00 115,17

BUILDINGS 0,00 0,00

EMPLOYEE COMMUTING 1,38 0,40

Carbon Footprint of City-Yhteisautot Oy in 2021
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Figure 9. Annual development of City-Yhteisautot Oy GHG emissions accounted to different 

scopes. 

 

Most emissions annually so far have been indirect emissions. Direct emissions only have 

occurred from fuel consumption of ICE leased vehicles. If City-Yhteisautot Oy continues to 

invest in full electric vehicles, then direct emissions at least from vehicles are estimated to 

be zero by 2029. Indirect emissions are more difficult to impact by company actions. 

 

  

Figure 10. Development of City-Yhteisautot Oy GHG emissions.  

 

City-Yhteisautot Oy has seemingly sudden GHG emissions emitted during 2020 and 2021. 

This is due to many new vehicles and especially electric vehicles taken to use. Total 
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emissions emitted will most probably not peak as high as in 2020-2022 if the growth is going 

to be rather stable. If there will be more growth in the recent years then emitted cumulative 

GHG emissions will be larger. 

5.2  Emission factor development 

During their use phase car sharing vehicles are midway emitters in a city system. They emit 

less emissions generally than typical vehicles but more than public transportation per 

passenger (figure 11). This is not accounting their impact on transportation habits of 

residents in the city system. The reason here why car sharing cars emit less emissions than 

passenger vehicles is that car sharing cars are thought to be newer, i.e. generally having 

lower emission factors. Values of car sharing vehicles were calculated in excel calculation 

with the formulas 7 and 8. The more fluctuating curve in car sharing methods is due to two 

reasons. In “car sharing electricity” the fluctuation is due to error in VBA code. In “car 

sharing variety” the fluctuation is intended when there are different car models like ICE and 

BEV with different emission factors estimated in the calculations. Nonetheless, the 

fluctuating curve in car sharing probably models actual GHG emission development more 

adequately for example, due to there being some older cars in peer-sharing, electricity 

production methods changes and generally people using car sharing accompanied. All 

starting values are interpolated in a way that by 2043 their usage GHG emissions are 

expected to be zero. 
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Figure 11.  Interpolated and calculated development of GHG emissions in self-created carbon 

footpint calculator. Starting emission values and the ending time point 2043 of GHG emissions 

were gathered, calculated and estimated from the references in this figure. It is compared how 

different transportation methods emit GHG emissions during their use phase. (Autoalan 

tiedotuskeskus 2023;SYKE 2021;Fingrid 2023; Electric vehicle database 2023;Suomen 

ilmastopaneeli 2021;Liikenne- ja viestintäministeriö 2020;Statista 2023b;) 

When comparing which vehicles would strive more towards environmental friendliness, full 

electric vehicles seem to be more environmentally friendly option from point-of-view of 

their total carbon footprint even though there is more burden from manufacturing the 

vehicles (figure 12). In the figure, comparison is done between two vehicle groups. Vehicle 

base that utilizes varying fuels is called “car sharing variety” and vehicle base that utilizes 

only full electric vehicles is called “car sharing electricity”. Superiority of electric vehicles 

carbon footprint-wise is mainly due to Finnish electricity mix rapidly becoming free of fossil 

GHG emissions and their general energy efficiency. If there is option for variety use of 

motive powers then full electric vehicles should be utilized more to reduce GHG emissions 

more quickly. 
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Figure 12. Comparison of how Finnish car sharing company’s vehicles’life cycle emissions would 

develop if appr. 4-6 vehicles would be taken to use within intervals of 1-3 years and be in use for 5-

7 years. (Calculations from carbon footprint calculator) 

5.3  Scenario study of Finnish passenger transportation system 

First scenario study was done to whole Finnish passenger transportation system. The period 

was chosen to be in all transportation scenarios 2017-2050, This was chosen due to two 

reasons. First, this way there can be shown positive actions taken already, i.e. the reductions 

already gained when car sharing had been integrated in Finland and in EU. Second, this way 

the benefits of car sharing in GHG emissions development can be shown more visibly and 

probably more impactfully to the decision makers. In the first transportation system it seems 

that there is almost no reduction on railway and road transportation GHG emissions when 

car sharing is integrated into the system with annually growing usage. Even though it seems 

that there is no reduction of emissions, still hundreds of tons of GHG reductions can be 

gained (figure 13). It is not relatively much but integration of car sharing would still in 

absolute sense mitigate climate change enough it to be a worthy integration for modal shift 

towards sustainable transportation. Car sharing could also pave the road or be integrated into 

new intelligent vehicle transportation system’s which can increase dynamicity and safety in 

the traffic. 
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Figure 13. Depiction of how integration of car sharing would impact on all GHG emissions emitted 

by Finnish passenger railway and road transportation. Main transportation modes were assumed to 

be walking, cycling, trains, buses, private cars and car sharing. Significant assumptions were that car 

sharing vehicles typically have lower GHG emissions and each used car sharing vehicle has a 

decreasing impact to usage of high emitting transportation modes. These are the reasons on why car 

sharing scenarios emit less GHG emissions. Main assumptions were: population is increasing, total 

distances travelled are increasing, share of car sharing is increasing, annually car sharing usage 

decreases and increases other transportation modes, electricity is being decarbonized and biofuel and 

synthetic fuel usage are increased. 

 

As car sharing markets are smaller in Finland and Finnish road- and railway transportation 

methods already have low GHG emission factors the GHG reductions gained seem to be 

low. Still few million t CO2eq. emission reductions are significant in mitigating climate 

change. In figure 14 the same results from figure 13 are shown but here it is more visible 

how much GHG emission reductions there is possible to achieve. During each year there is 

small difference between these three scenarios and the accumulated difference in long-term 

seems to be large. Emissions are emitted from main transportation modes which were 

assumed to be walking, cycling, buses, trains, private vehicles and car sharing. In the car 

sharing scenarios, car sharing is assumed to reduce higher emitting transportation mode 

usage like private vehicles. 
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Figure 14. Cumulative usage emissions from Finnish railway and road transportation during 2017-

2050.  

 

5.4  Scenario study of a large Finnish city’s passenger transportation system 

The city depicted here is thought to be increasing by its population by 0,1 % annually. The 

need for travelling is thought to be growing appr. from annual 14000 to17000 km  per 

resident. In the city system it is visually more obvious that car sharing reduces total GHG 

emissions somewhat significantly. When GHG emission reductions are about dozens of tons 

of GHG emissions annually, it is significant mitigation of climate change. Similar 

assumptions were made as in Finland transportation system also. Population is increasing, 

total distances travelled are increasing, share of car sharing is increasing, annually car 

sharing decreases and increases certain transportation modes, electricity is being 

decarbonized and biofuels and synthetic fuels are increased. Car sharing integration again 

seems to decrease total GHG emissions based on all assumption made. 
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Figure 15. Depiction of estimated decrease of usage GHG emissions in large Finnish city when car 

sharing is utilized with appr. 130 000 residents in 2017.  

 

5.5  Scenario study of a large EU city’s passenger transportation system 

Car sharing integration has noticeable effects on GHG emission development in Europe also. 

Again, three scenarios are compared, when there is no car sharing, when there is car sharing 

with varying motive powered vehicles and car sharing with only full electric vehicles. In the 

calculations it was assumed that car sharing is integrated slowly into the transportation 

system. In 2050 it was thought that 4 % of annual distances are travelled via car sharing 

within the city. The reductions are larger in absolute sense and percentage-wise than in 

Finnish passenger transportation system. 
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Figure 16. Depiction of estimated GHG emission development in average European growing city 

with appr. 1,3 million residents in 2017. Same assumptions were made as in Finnish city 

transportation system but with different starting values and assumed ending point of GHG 

emissions. Population is increasing, total distances travelled are increasing, share of car sharing is 

increasing, annually car sharing decreases and increases certain transportation modes, electricity is 

being decarbonized and biofuels and synthetic fuels are increased. 

 

Car sharing seems to be able to decrease cumulative emissions from road- and railway 

transportation system by over 10 million tons of GHG emissions (figure 20). Main reason 

for such a large decrease in GHG emissions is due to significant decrease in share of private 

vehicle distances and significant increase in walking, cycling, and using buses and railway. 

It was assumed in calculations that for every km driven with car sharing car it would reduce 

citizens driven private vehicle distances by 7,36km, and increase walking and cycling by 

0,94 km and bus and railway usage by 2,24 km. Based on assumption made in this thesis, in 

EU, car sharing can then be said to haveverry significant impacts on mitigating climate 

change since it could decrease use of older private vehicles.  
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Figure 17. Depiction of how cumulative emissions from road- and railway emissions are estimated 

to decrease when car sharing is integrated during 2017-2050. These are again same results as in 

figure 19 but in this picture the reduction possibilities of GHG emissions are more visible. 

 

Relative carbon footprint reduction comparison shows us how much GHG emissions can be 

reduced by integrating car sharing into the transportation system slowly in a way that in 2050 

3 % and 4 % of all annual distances are travelled by car sharing vehicles in large Finnish and 

average EU city, respectively. Whether car sharing vehicles are electric or other motive 

powered vehicles like ICE, does not have significant impact on cumulative emissions. This 

is due to car sharing companies impacting more on total GHG emission reduction by 

impacting customer transportation habits by at the least reducing private car travelling. If 

integration amount of car sharing is more rapid then personal and transportation systems 

carbon footprint might change more rapidly toward more sustainable direction. 
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Figure 18. Comparison of estimated relative carbon footprint reductions gained until 2050 when car 

sharing is utilized in large Finnish or average EU city. The reductions are compared to baseline 

scenario where there is assumed to be no car sharing. These relative reductions are calculated based 

on results from figures 11 and 19 of EU and Finnish city’s transportation systems. Results indicate 

that car sharing is beneficial from GHG emission perspective. Also, it seems to be more important 

method to reduce GHG emissions in EU city but in both cities car sharing with especially full electric 

vehicles would be significant method. 

5.6    Personal carbon footprint 

When personal transportation choice is considered car sharing seems to be an option to 

reduce one’s personal carbon footprint (figure 17).. This personal carbon footprint 

calculation measures how much usage carbon footprint is reduced, compared to scenario 

without car sharing.  

It was presumed that total distances travelled by all transportation modes is  increasing 

slowly annually. From the results it seems that full electric vehicles reduce GHG emissions 

a tiny fraction more due to the rapidly increasing carbon free electricity production and 

consumption in Finland. Finnish shared  vehicles seem to have significant impact on average 

traveller’s transportation emissions. 
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Figure 19. Depiction of estimated impact of car sharing integration to average Finnish person’s usage 

transportation carbon footprint. Same as in figures 15 and 16 main transportation modes of walking, 

cycling, buses, trains and private vehicles were assumed and same impact on car sharing to travel 

behavior was assumed. Car sharing was thought to be integrated in similar pace as in other previous 

Finnish related calculations. When there is no car sharing, share of each transportation mode are 

estimated to remain same. Results show that when there is no car sharing in Finnish persons 

transportation habits the emissions emitted annually are significantly larger. Most reductions can be 

gained when car sharing is utilized as quickly as possible. 

 

Personal carbon footprint is reduced more in Large EU city than in Large Finnish city when 

car sharing is integrated (figure 18). This is due to the fact that in EU other transportation 

modes emit much more emissions in general than in Finland typically. . As car sharing is 

utilized in average EU city, it reduces the amount of emission emitters more than it does in 

Finland. Car sharing has more utility in large EU city in reducing personal carbon footprint. 
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Figure 20. Comparison of Finnish city and average EU city’s estimated personal GHG emission 

development from railway and road transportation. These results were calculated from the average 

cities transportation system’s usage emissions from the three scenarios and divided by system’s 

population. These results indicate that car sharing is more important method in average EU city to 

reduce transportation related emissions but in both systems car sharing would be important. 

5.7  Questionnaire results 

Questionnaire results were presented and analysed based on hypotheses made of the sample. 

Analysis included statistical analysis calculations which proved associations between 

different phenomena. Questionnaire results were analysed both quantitatively and 

qualitatively. Separate analysis of the case company was also conducted. 

5.7.1  Sample 

Sample was gathered mostly randomly from certain areas in Finland during 20.7.2022-

3.9.2022. Randomness in this case means that the sample is representative of the basic group 

(Stanford encyclopedia 2010). Answers were gathered in four different ways. Firstly, they 

were gathered by marketing it through a third-party social media campaign in Uusimaa, 

Päijät-Häme, Southern Carelia and Pirkanmaa regions, secondly it was marketed in social 

media to LOAS residents, thirdly in City-Yhteisautot Oy website and fourthly by delivering 

it to acquaintances. Regions where answers were acquired were Uusimaa, Kymenlaakso, 
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Southern-Carelia, Southwest Finland, Päijät-Häme, Pirkanmaa and North Savo.  

Randomness to the sample was then secured by for example, gathering information from 

different regions, websites, and social media’s variability in its users.  

Selection bias in this study was that the pre-selection for them participating in questionnaire 

would require of two main things. The first was that they possess social media and second 

that they are enough interested in the topic of transportation. Then there is clearly bias 

towards those who are more interested in their transportation habits and who use social 

media in general. Total of 99 answers were gathered. The aim was to receive as much 

answers as possible and variability in answerers characteristics.  

Overall, the sample size was small considering that the sample’s aim was to reflect, how 

Finnish people in general would relate to car sharing. At the minimum, the sample size 

should be almost five times larger than it currently is to have high probabilities that it would 

reflect basic Finnish population (Vilkka 2007. p.57).  However, qualitative and numerical 

assessment on the sample can be done to assess, how respondents differ from the basic 

population. Then we can still determine it more precisely as some Finnish population 

subgroup.  In this case several characteristics in respondents background seem to make it to 

not represent Finnish population. These characteristics are gender, age, education, living area 

and personality characteristics. However, sample is  uite representative of “Urban mid- to 

high standard Finnish population”.  

Typically, gender occurs as 50 % ±1% of males and females in Finland. (Tilastokeskus 

2022b). There are 54 % of males, 43 % of females and 3 % of unknown in respondents. The 

sample represents male preferences bit more than female. 

Age distribution in Finland is currently in state that there is almost same amount of people 

in age groups between 25 to 74 but there is less in age groups of 25 and over 74 

(Tilastokeskus 2022b.). In the sample middle age groups are less represented (figure 23.). 
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Figure 21. The age distribution of questionnaire answerers. 

 

Education levels in the sample mostly resemble education levels in Finland. (Tilastokeskus 

2021). Minor change is that there are more people with higher degrees of education in the 

sample than in the basic group. 
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Figure 22.  Depiction of how in the sample higher educated people are over-represented compared 

to Finnish population in 2020. 

 

Living area types in the sample mostly resemble how Finnish people live. Four out of five 

people in Finland live in urban areas. (Tilastokeskus 2011.). In the sample almost all the 

people live in urban areas (97 %). Sample is biased towards opinions of people living in 

urban areas. 

Personality characteristics are typically normally distributed in the population. This means 

that most typically most people are in the middle of distribution. In the sample most of the 

personality characteristics are highly skewed to some direction. This means that in the 

sample people possess certain characteristics much more than typically Finnish people do. 

In the sample appr. 51 % of people are highly and appr. 35 % extremely highly conscientious, 

appr. 39 % of people are highly and 46 % extremely highly open to experience, appr. 40 % 

of people are highly and 22 % extremely highly emotionally stable, appr. 38 % % are highly 

and 18 % extremely highly extraverted, appr. 45 % are highly and 50 % extremely highly 

agreeable. Only minor fractions of the sample have low rates of all these personality 

characteristics. 

However, the questionnaire still has flaws in the personality dimension measurement. There 

were only two  uestions that measured the respondents’ personality characteristics. Even 

though, these questions are carefully worded to precisely relate to behavior or moods that 
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typically occur when someone possess these characteristics, there is still possibility of error 

to describe individual personality. But it is much more likely that they rather adequately 

describe respondent’s personality characteristics. Therefore, it could be said that generally, 

there is high probability that people in the sample possess any of the openness-

conscientiousness-extraversion-agreeablness-neuroticism (OCEAN) personality 

characteristics more than most Finnish citizens except for neuroticism which is possessed 

less. 

Overall, it could be said that the sample represents urban areas’ Finnish people who have 

higher standards of living and somewhat more extreme personalities than most people have 

in general. 

5.7.2  Statistical significance 

Statistical significance tests were done to all different variable combinations. Correlations 

of variables were ranked and dealt with more precision and thought when there was deemed 

to be extreme statistical significance. 

5.7.3  Correlation significance 

Graphical interpretation was done on most statistically significant correlations. If there was 

noticed some peculiarities, for example correlation was caused due to many random outliers 

these results were not interpreted. 

5.7.4  Hypothesis 

Here are qualitative and numerical hypotheses that were examined. Qualitative hypotheses 

were hypothesized before conducting questionnaire and the results are discussed in 

qualitative results chapter using knowledge of theory, logic and judgement. 

 

Qualitative hypothesis: 
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• People are on average satisfied with car sharing services 

• Car sharing reduces private car travelling 

• Condominium vehicles are on average desirable 

• Peer-to-peer car sharing is on average desirable 

• Roundtrip model is on average more desirable than free-floating model 

• Social digitalized services are preferable in general 

• Reasons for car sharing usage are varied 

• Car sharing is or would be used mostly on longer (1-2 day) trips 

• Travelling or shopping centres are desirable locations for car sharing vehicles 

Numerical hypothesis: 

In statistical terms these hypotheses are not null hypothesis H0 but alternative hypotheses H1 

because it is expected that these hypotheses are correct and there would be certain association 

between chosen variables. H0 would be that there is no monotonic association. The H1 claims 

that there is monotonic association between chosen two variables.  

These hypotheses were made assuming that different chosen variables would have 

statistically significant associations and their presumed correlation direction are listed here 

and the correctness of these predictions are shown. ✓-sign indicates that the hypothesis was 

deemed to be correct and association is positive, and ✗-sign indicates that the hypothesis 

were deemed to be correct and association is negative. No sign indicates that there was no 

statistically significant association meaning that alternative hypothesis is incorrect (Table 1). 

The table is represented in the appendices. 

Even though these were hypothesised numerical results, these were not the only statistically 

significant results found. Those statistically significant results deemed most related to this 

theses were interpreted more in-depth in the results section and numerical results are listed 

in the appendices. Also, despite there was now not noticed significant association with some 

alternative hypotheses in this study, there is possibility that these might prove to be correct 

in other studies. 
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5.7.5  Qualitative results 

 

General view: 

Amount of respondents: 99 

Previous knowledge on car sharing: 98% of respondents knew something about car sharing. 

Demography:  

Other demographics that were not discussed in earlier chapters were household size, 

ownership of cars and customer values. Household size of respondents were on average 

larger than typically in Finland. On average, respondents had 3,6 people in their household 

and in Finland in 2020 average amount was 2,72 people (table 1). There is also a declining 

trend on amount of members in household (Clausnitzer 2021). 

 

Table 2. Amount of household members in respondents’ households. 
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Adults 0,00 % 38,80 
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The sample represents people who own somewhat more vehicles than typically in Finland 

(figure 9). In Finland, vehicle ownership rate is 0,5 per person and in the sample, it was 0,69. 

(Clausnitzer 2022).  

 

 

 

Figure 23. Depiction of amount of vehicles that all 99 respondents had in their household. 

 

Respondent’s main values that were measured were openness to change, self-transcendence, 

conservation, and self-enhancement. Sub-values of these main values were respectively; 

self-direction and stimulation (and hedonism); universalism and benevolence; conformity, 

tradition and security; power and achievement (and hedonism). Six questions were 

conducted to measure these values from the respondent. Questions were set in a way that 

they would measure most relevant sub-values to the car sharing business or one of the main 

values. For example, questions about environmental and benevolence values were used to 

determine, how much respondents valued self-transcendence values in general. 

These universal values were found not normally distributed in the sample. All the values 

were expressed as skewed normal distribution in the sample. Measured self-enhancement 

values dimensions were the least skewed values within the sample, but they were less valued 

in general (figures 26). Measured conservation value dimension, conformity to usual 

transportation methods was highly valued but also openness to change value dimensions 
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self-direction and stimulation were also highly valued. (figures 29 and 27 and 30). Self-

transcendence values were highly valued. 

 

 

Figure 24. Plotted normality of achievement values within the sample. On the y axis is the amount 

of respondents and on the x axis is the amount of achievement values that the respondents had. 1 

being nearly none and 5 being extreme. 
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Figure 25. Plotted normality of stimulation values within the sample. 

 

Figure 26. Plotted normality of benevolence values within the sample. 
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Figure 27. Plotted normality of conformity values in the sample. 

 

 

Figure 28. Plotted normality of self-direction values in the sample. 
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Figure 29. Plotted normality of environmental values in the sample. 

 

Respondents’ relation to car sharing: 

General findings:  

Generally, respondents had positive attitudes or interest toward car sharing and its different 

aspects. Diversity in travelling types was on average considered positive and important to 

oneself. Private, public and light travelling were on average considered in similar 

proportions important to oneself. Overall, most respondents, two third of them, had 

experience on different types of car renting. One fourth of respondents had experience on 

car sharing.  

As car driving skills are essential to using car sharing services it was deemed important to 

measure attitudes to driving in general. Tenth of respondents had negative attitudes toward 

driving in general. Noticeably, this was reflected on how often respondents had used car 

sharing services. Those with negative attitudes had used services more rarely.  

Overall, two thirds of respondents who used car sharing services used it rarer than once a 

month. One third used it one to four times a month. However, it seems that respondents 

would consider using car sharing services much more often in the future. Some considered 

using it several times a day and 41 % of respondents at least one to three times a month. 
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Hypothesis assessment: 

People are on average satisfied with car sharing services: 

True 

On a scale of one to five, people rated their satisfactory levels to be around four on average. 

Percentage-wise 40 % of those who used car sharing services were extremely satisfied. 

Car sharing reduces private car travelling: 

Somewhat true 

Only one of respondents who had started to use car sharing services had given up their 

private car for car sharing. It is uncertain on how much of an impact car sharing services 

have on private car travelling in general, but it seems for the most part it hasn’t replaced 

users’ vehicles. There was found some common reasons for why vehicles are not replaced. 

On several occasions respondents stated that close-proximity and availability are significant 

factors in how eager they are to replace their vehicle. For example, there was stated that 

walking distances to car sharing vehicles would be enough for changing mind about 

replacing own vehicles to car sharing vehicles. 

However, most respondents had not noticed that car sharing services in general can reduce 

costs compared to private car travelling. When more potential customers are aware of 

reduced costs in travelling this might increase their interests toward car sharing. At least 

among those who are about to acquire a new car or have an underutilized car (Rabbit and 

Ghosh 2016). This possible increase in interest toward car sharing was tested in the 

questionnaire. Significant amount of respondents were eager to reduce private car travelling 

if travelling costs were significantly reduced. 46 % of people were certain that they would 

change to car sharing vehicles and other 46 % people thought that they might change their 

travelling habits. Only 8 % of respondents would not change their travelling habits. 

Even generally thinking about their future moving habits, those respondents who owned 

vehicles were mostly eager to replace one of their vehicles with car sharing services. Only 

12 of them would not have replaced their car. Even though currently those who used car 

sharing services had not replaced their private vehicles with car sharing they would most 

probably replace their owned vehicles in the future. 
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Condominium vehicles are on average desirable: 

True 

Most desirable location of service for car sharing services to locate was respondents own 

housing co-operative or neighbourhood. 62 % of respondents would have wanted car sharing 

services to locate near their housing co-operative or neighbourhood.  

Condominium vehicles were more desirable compared to other car sharing vehicles. Service 

provider and peer-shared vehicles were less desirable. 

Peer-to-peer car sharing is on average desirable: 

Somewhat false 

Peer-to-peer car sharing was not on average desirable from perspective of sharing vehicles 

to private person. However, many respondents, 30 % of them, would have used a shared car 

offered from private person. There exists some market for peer-to-peer car sharing. 

Almost half of respondents would not have wanted to share their own vehicle to any peers. 

Half of respondents would consider sharing their vehicle to their acquaintances, a third to 

people living nearby and tenth of respondents to fellow citizens. Unsurprisingly it seems that 

the more unknown peer is the less desirable it is to share vehicle with them. 

For those respondents that did not want to share their vehicle with any peer had multiple 

reasons to not share it with. Common reasons were lack of trust, worry about insurances, not 

wanting to share property, belief that car sharing would take too much time, belief there is 

too much trouble and not wanting to commit. By far most common reason was the lack of 

trust with 65,9 % of respondents choosing it as reason. 

Some solutions were found enough to change respondents’ minds to share their cars with 

strangers. Some form of insurances were enough. Especially if it was a safe insurance 

provided by service provider in addition to their own insurances. 60,5 % of those who would 

not otherwise share their vehicles to strangers would, if these additional safe insurances were 

provided. It seems that generally people have lack of trust in peer-to-peer sharing which 

could be compensated by offering convenient additional safe insurances which would not 

require any additional effort from private car sharer. If Finnish car sharing company wishes 
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to add peer-to-peer sharing to their business model additional safe insurance most probably 

would increase its interest in general. 

Roundtrip is on average more desirable than free-floating model: 

False 

Respondents perceived free-floating model to be most desirable compared to other typical 

business models of round trip and point-to-point models. Many found several of the business 

models to be desirable but floating business model was supported by 71 % of the respondents 

compared to 22 % support to point-to-point and 58 % support to roundtrip business model. 

It is not surprising that free-floating business model is more desirable since it must seem to 

be more convenient at first. However, even though many customers or potential customers 

seem to desire free-floating type car sharing, there are many things to consider if free-

floating business model is to be integrated into some company’s business model. Free-

floating business models tend to have some undesirable impacts to the transportation system. 

For example, free-floating business models can decrease healthy moving habits. 

Social digitalized services are preferable in general: 

True 

As it seems that public and private travelling often will rely on social digitalized apps in the 

future, their suitableness for each respondent was questioned. Half of respondents 

determined that digitalized essentially social apps will be suitable for them. 38 % of 

respondents determined these apps only might be suitable and 12 % thought that it would 

not be suitable at all.  

Those who determined that social digitalized apps for travelling might be or is suitable for 

them, chose some items that they would like to have in the app. All suggestions provided by 

questionnaire were determined to be almost equally desirable. These items were rideshare, 

communal cars, city car sharing and peer-to-peer car sharing.  

Rideshare was meant as a feature where people can easily inform others on when and where 

they are travelling and can then share rides with people that have similar schedules. 

Communal cars were meant as a feature where people can be part of certain car sharing 

community to share their vehicles. City car sharing was a feature where car sharing is strictly 
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business-to-consumers. Peer-to-peer sharing was meant as a feature where people share their 

vehicles to variety of different people. 

 

Reasons for car sharing usage are varied: 

True 

Not surprisingly respondents had many different priorities on why they use or would use car 

sharing services. To determine this, respondents were asked to prioritize different aspects of 

car sharing services. These aspects were some essential features of car sharing that somewhat 

separate it from other traffic or were otherwise thought to be important to respondent.  

These aspects were remote reservation, freedom of travelling compared to public travelling, 

decreasing costs of car travelling, decreasing maintenance burden, assistance to daily travel, 

environmental friendliness, assistance to irregular travel and quick availability. Each aspect 

was ranked by every respondent and there were a lot of variability on which aspect was 

ranked the highest. However, one aspect was ranked clearly higher on average than other 

aspects. This was quick availability. The fact that quick availability is ranked higher might 

tell us about how people plan their travelling with car sharing or that they have sudden needs 

in general.  

Quick availability can be possible within car sharing company when usage rate is not too 

high or vehicles are located near enough. For car sharing company it is important that 

vehicles are at use most of the time but there should be some balance on how early people 

must plan their car sharing rides. Continuous assessment on the usage rate of current vehicle 

pool could lead to proper evaluation on number of vehicles needed. 

In general, there could be some change in the business models to match more occasional 

needs. For example, there could be some free-floating type vehicles in the pool also due to 

fact that free-floating vehicle’s locations would be more easily available for people in urban 

centers. Similarly, condominium vehicles seem to be part of solution for increasing quick 

availability of vehicles. Condominium vehicles are near to a place where most people spend 

most of their time. 
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Car sharing is or would be used mostly on longer (1-2 day) trips 

Somewhat false 

Car sharing was or would be most used on occasional transportation, second most on 

weekend trips, third most on shopping trips, fourth most on hobbies and longer work trips. 

It seems that potential and current customers have on average a lot of need for shorter trips 

for car sharing vehicles. On the other hand, 62 % of respondents needed it on weekend trips 

and 28 % outside of town work travels. Conclusion then is that there is need for variety in 

the vehicle pool to match the different needs. There could also be some larger vehicles also 

in the vehicle pool. 

 

Travelling or shopping centres are desirable locations for car sharing vehicles 

True 

Independent of city, it was perceived to be desirable to have car sharing vehicles near 

travelling centres or shopping centres. On average they were among top four most popular 

places for car sharing to locate. As many of respondents would have used car sharing for 

shopping trips it was not surprising that shopping centres are desirable locations. Travelling 

centres enable better connections between different modes of travelling. However, if there 

are car sharing vehicles near travelling centres it might create competition between different 

traffic agents like taxi companies. 

 

Case: City-Yhteisautot Oy assessment: 

In total, 24 of respondents were from Päijät-Häme region. It is a small sample to actually 

assess regional market and customer needs but some qualitative assessment can give some 

insight on how it might differ on average from main sample. 

Päijät-Häme hypothesis: 

Päijät-Häme residents are on average satisfied with car sharing services 

True 
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On average those respondents who had used any kind of car sharing were more than satisfied 

with the service. On average Päijät-Häme residents were extremely satisfied with the service 

and other areas residents were very satisfied. 

City-based vehicles are most used car sharing model 

True 

Those who had used car sharing had either used city-based car sharing or condominium 

vehicles. 75 % of respondents had used city-based vehicles. It was not measured the type of 

vehicles that other residence area users used mostly but most probably it does not differ from 

Päijät-Häme area. 

Päijät-Häme residents have different prioritization on what is important in car sharing 

True 

Most noticeable differences in prioritizations to other areas residents’ prioritizations were in 

how significant remote reservation and environmental friendliness was. Päijät-Häme 

residents prioritized the importance of remote reservation more and environmental 

friendliness less than other areas residents. 

Päijät-Häme residents are more eager to rent their vehicles 

False 

On average Päijät-Häme residents were less eager to rent or share their own vehicles for 

stranger people. 67 % of those who would not rent or share their vehicles at all were Päijät-

Häme residents and 33 % of other areas residents. To rent or share their vehicle to 

neighborhood or citizens were less popular amongst Päijät-Häme residents. Päijät-Häme 

residents’ reasons for not renting or sharing their own vehicles were similar to other areas 

residents. However, there was found that Päijät-Häme residents would require different 

solutions to change their minds on peer-renting compared to what other areas residents 

would require. Instead of service provider to guarantee an additional safe insurance for 

renting their own vehicles, Päijät-Häme residents preferred that service provider would offer 

a separate peer insurance. 

Location of vehicles are on average satisfactory 

True 
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Päijät-Häme residents were on average satisfied with location of vehicles. Locations that 

Päijät-Häme residents would have wanted car sharing vehicles to locate were similar to how 

other areas residents would have wanted. Noticeable was that there was less desire for car 

sharing vehicles to locate near shopping centers.  

 

 

Case: City-Yhteisautot Oy 

Location: 

Those car sharing services that were located in Lahti, their vehicles’ locations were deemed 

to be typically satisfactory or good. Some factors however impacted the respondents’ 

satisfaction levels of car sharing vehicle locations in summer 2022. Statistically significantly 

high stimulation values were associated with less likeliness of being satisfied with current 

car sharing vehicle’s locations. Respondents’ living area’s higher urbanity levels also were 

statistically rather significantly associated with being more satisfied with car sharing vehicle 

locations. 

Satisfaction levels of car sharing service locations were also impacted by respondents’ 

transportation habits and values. Higher amount of vehicles owned was statistically 

significantly associated with less satisfaction of car sharing services. Even more significant 

associations were recognized with valuing public transportation. Highly valuing public 

transportation was statistically very significantly associated with satisfactory levels of car 

sharing vehicle locations. 

In Lahti those who were at least statistically significantly more likely to be satisfied with car 

sharing service locations, lived in more urban environments and highly valued public 

transportation. Most likely this is due to the fact they might impact on how quickly available 

vehicles were to the respondent and how convenient the use was. For example, car sharing 

services most likely had been located near different public transportation vehicle stops. 

Valuing public transportation might also mean that they have some underlying motivations 

that are also aligned with using car sharing services. 
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Those who were satisfied with car sharing services were more likely to value public 

transportation. Statistically very significantly those who valued public transportation were 

more likely to be highly satisfied with car sharing services. 

5.7.6   Advantageous traits of users and services in general 

The main results of statistical analysis of the questionnaire are gathered here in tables to 

show traits of users and services to car sharing providers which can be beneficial at least in 

appealing to more customers, and be more environmentally and customer friendly. As 

importantly or even more importantly, traits that specifically benefit the urban environment 

were also gathered.  

In table 4 and 5 there are traits of users and services that are related to changing to services 

and more regular use. Traits of users are mostly about their motivation but also about some 

habits or physical properties deemed to be significant. Traits of services are related to their 

operations and how to assemble their key resources. 

The results in this chapter were the most relevant statistically significant results. These were 

deemed to be helpful according to this statistical model to be aware of for car sharing 

companies and cities decision makers. Other statistically significant results are in the 

appendices. 
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Table 4. Traits of users and services that have been associated with changing to car sharing services. 

 

Traits of users to 

changing to car 

sharing services

Traits Details

Openness to new technology

Less amounts of vehicles
Those who own one vehicle are still potential 

customers

Trust in new technology

Valuing public and light transportation

Motivated to achieve

Motivated to benevolent acts

Traits of services 

to changing to car 

sharing services

Traits Details

Marketing cost reductions on capital and running 

costs
Private car capital costs typically much higher

Condominium vehicles

Mixerd sizes of vehicles
Car sharing services are used on both shorter and 

longer trips (1-2 days)

Marginal free-floating business model integrated into 

the business model

Advantageous traits of users or services to car sharing providers
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Table 5. Traits of users and services associated with regular use of car sharing services. 

 

Increased positive relation towards car sharing is important for company’s image which is 

why it was thought to be important to separately declare traits of users related to that as well. 

These traits are shown in table 6.  

Table 6. Traits of users with more positive relation. 

 

Traits of users and services benefitting the city were chosen based on how they are related 

to significant aspects of transportation that can decrease environmental and social harm or 

increase positive impacts like true sharing or increased diffusion of technology. These are 

depicted in tables 7 and 8.  

 

 

 

Traits of users 

associated with 

regular use

Traits Details

Polite driving style

Trust in new technology

Openness to new technology

Lots of hobbies

Driving for fun

High self-direction values

Motivated for diverse ways of travel

Traits of service 

associated with 

regular use

Traits Details

Condominium vehicles Or vehicle location within 1 km

Quick availability

Traits to positive 

relation
Traits Details

Highly emotionally stable driving

Highly compassionate driving style

Highly open to new experience
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Table 7. Traits of users that benefit the city in reducing environmental or social harm or inducing 

positive impacts. 

 

Table 8. Traits of services that would be beneficial to the city from environmental and social 

perspective. These traits are the business models and there has been done an interpretation of their 

importance based on what impacts they have. Those said to be without marginal integrations were 

deemed to be most important business models. 

 

 

Traits benefitting 

city

User Traits Details

Responsible driving style Decreased risk of driving accidents

Compassionate driving style Decreased risk of driving accidents

Polite driving style Decreased risk of driving accidents

Valuing public transportation
Related to more regular use and not buying second 

or third vehicle

Valuing roundtrip car sharing Related to not reducing one's healthy moving habits

Valuing peer-car sharing
Potential for true sharing and diffusion of 

technology

Valuing diverse travelling
Related to more regular use and not buying  second 

or thrid vehicle

Trust in new technology
Related to regular use and using more peer-car 

sharing

Having lots of hobbies
Related to regular use and not buying second or 

third vehicle

Enjoying driving experience Increasing joy of citizens

Service Traits Details

Condominium vehicles
Related to regular use and not buying second or 

third vehicle

Roundtrip vehicles
Reduces private car ownership, diffusion of novel 

technology, environmental friendliest

Marginal integration of free-floating vehicles
Convenient in very urbanized areas, too much free-

floating car sharing might decrease healthy moving

Marginal integration of peer-car sharing

Large potential to increase true sharing between 

citizens, varied price ranges for different 

socioeconomic backgrounds, too much peer-car 

sharing might decrease diffusion of novel 

technology
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6  DISCUSSION 

The aim was to find car sharing’s position in urban Finnish transportation system 

qualitatively and quantitatively. This aim was satisfyingly fulfilled by answering the 

research questions and interpreting them in sustainability context. Qualitatively it was 

defined by researching the existing literature and questionnaire results. In addition, to help 

on making inferences car sharing was perceived in action in different cities in Finland. 

Quantitatively it was defined by carbon footprint research and calculations and statistical 

analysis on questionnaire results. It seems that car sharing is well connected to holistic 

sustainable development if certain criteria are met.  For example, that it also encourages 

healthy moving habits, price ranges vary and it reduces private vehicle amounts in the 

transportation system. To show how car sharing is connected to different areas of 

sustainability it will be discussed in separate chapter. All the research questions will be also 

answered after discussion in chapter 6.1. 

6.1  General sustainability 

Car sharing is essentially more sustainable mode of transportation than private vehicles in 

densely populated urban ares and it can be positively linked to many concepts related to 

sustainability as circular and sharing economy. Car sharing seems to be more of a 

complementary and partly substitutive mode of transportation in Finland but there is 

potential for their sustainable growth (Turoń 2023). These markets are mainly in urban areas 

where people live densely and often do not have as many necessary needs for private vehicles 

as people in rural areas. In urban areas there is significantly sustainable main market for 

condominium and roundtrip vehicles and marginal market for free-floating and peer shared 

vehicles. 

Sustainable markets are created by achieving the three main dimension’s demands. More 

environmental sustainability can be accounted to car sharing integration when it reduces 

unsustainable material and energy storage production for vehicle and fuel production. In this 

study only carbon footprint reduction was measured and calculated. However, also more 

local impact categories that car sharing most probably reduce are human and eco-toxicity, 
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eutrophication and acidification (Reitz et. al. 2019;Leduc et. al. 2010, p. 415). In EU almost 

half of railway and road transportation GHG emissions during 2017-2050 could be avoided 

if car sharing is utilized incrementally but rather marginally into the transportation system 

as a complementary and partly substitutive system. In a Finnish city car sharing has smaller 

impacts than in average EU city. Still appr. 4,5 to 5 % of cumulative emissions during 2017-

2050 were estimated to be reduced if car sharing is utilized in Finnish city’s transportation 

system when 3 % of all railway and road transportation distances are done by shared vehicles 

in 2050. If all life cycle emissions would be accounted, then emission reductions by 

integrating car sharing would be much larger. However, significant notification is that there 

are a lot of insecurity in making predictions of the future. Economic environment and social 

needs surrounding transportation is complex and affected by such agent’s actions like 

consumers, fuel industry, vehicle manufacturers, technology companies and energy 

producers. There can be very significant and even irrational unexpected changes sometimes 

occurring. 

In the case study it was noticed that if City-Yhteisautot Oy utilized full electric vehicles, it 

would reduce life cycle emissions more adequately than using variety motive powered  

vehicles. This was true even when it was accounted that ICE vehicles use incrementally more 

bio-based and synthetic fuels. Full electric vehicles have typically less impacts on climate 

change from their use phase. However, supply chains, recycling, and reuse of battery 

materials like lithium and cobalt currently change the actual sustainability of these full 

electric vehicles to more unsustainable. (Murdock et. al. 2021). Nevertheless, full electric 

vehicles should be integrated more in Finnish car sharing companies if climate change and 

local emission impacts should be reduced (Casals et. al. 2016). Currently it seems that they 

in fact are more integrated as infrastructure, battery capacity, life-time and efficiency, and 

price and model variability are improving (Muhonen 2016; Ministry of Transport and 

Communications 2022;Manzetti 2015;IEA 2022c;). 

Social sustainability that can be accounted to car sharing is difficult to exactly pinpoint. 

Certain types of vehicles or car sharing enable some social sustainability. For example, full 

electric vehicles do decrease local emissions which improve the local air quality and reduce 

health hazards. Social convenience is also delivered by car sharing businesses cost-efficient 

travelling solutions to customers with variable backgrounds. 
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Different car sharing types or business models have varying impacts. Interactions between 

individuals or social communities can impact on transitions to healthier environments. Peer 

car sharing can encourage true sharing and enable price variety and B2C sharing can 

influence on increasing the diffusion of high technology. Communal car sharing can enhance 

stronger community relations and improve transportation development discussions. Car 

sharing also provides alternative transportation which can provide more security. Meaning 

that those people with less resources available now can attain improved mobility more 

without less effort and general transportation adaptability. 

Car sharing can also have negative impacts on the transportation system. In some cases, car 

sharing can just increase the total amount of vehicles in transportation system which can 

increase the total emissions emitted by the transportation system especially with electric 

vehicles (Migliore et. al. 2019). Car sharing can also lead to undesirable changes of travel 

behavior. Car sharing can reduce the total amount of walking, cycling and public 

transportation which can be hazardous to general health. There is also possibility that car 

sharing gives access to people that have less experience on driving and it indirectly impacts 

on traffic safety (Lee et. al. 2019). To avoid negative impacts of car sharing the business 

models should be utilized in certain relation. 

Car sharing impacts on economical sustainability are on debate but some empirical and 

theoretical evidence suggest on positive impacts. Economical sustainability can be 

accounted to car sharing from customers point-of-view as it enables cost-efficient travelling 

compared to private vehicles. Especially cost-efficient travelling to those who use public 

transportation and possess a car (Rabbit and Ghosh 2016). How economical business 

vehicles sharing is for the business owners was not studied.  

To the cities however, car sharing is linked to sharing economy and circular economy which 

are beneficial in long term development of cities and industries (Enochsson et. al. 2021;EU 

Circular talks 2021). So, there are benefits on car sharing integration to the cities by making 

the transportation system more aligned with reduction of inefficient material usage, 

communally oriented economical transactions, more efficient transactions in general and 

variable economical opportunities to name a few benefits. Cities then increase their economy 

by creating new jobs and tourism possibilities. (Rutkowska-Gurak and Adamska 2019, p. 

359-364). Another important topic is general economic efficiency or cost reductions that car 

sharing can impact to city. When car sharing reduces private cars there are less need for 



110 
 

construction and upkeep of parking spaces, less need for road improvements and possibly 

even decrease expense on healthcare. (Capgemini invent 2020;Climatecolab 2014; 

Rutkowska-Gurak and Adamska 2019, p. 359-364)  
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7  CONCLUSIONS 

All the research questions were answered to a satisfying degree. The second research 

question was how to manage carbon footprint in car sharing company? It was answered by 

managing company’s GHG emissions by creating a GHG inventory and calculator for the 

car sharing company. It was done by conducting and coding an excel calculation module and 

assembling a file, where car sharing company can list their properties and activities and 

effortlessly  calculate their annual emissions. GHG emissions are not vehicle or building 

specific in a sense that they would match exactly physically measured tailpipe emissions. 

However, measurements provide trustworthy and fairly accurate information on the total 

GHG emissions emitted. Available data that were used are from trustworthy secondary 

sources which use average or median specific emissions, and they will always be updated 

based on the current year. Important note is the uncertainty of emission factor development 

predictions which can change especially if unexpected new innovations occur or if there 

would be some economical or technical barriers to renewable energy utilization. 

In this inventory all the significant life cycle emissions were determined and calculated from 

the significant activities. These were then accounted to scope 1-3 based on whether they 

were direct or indirect. Using this tool car sharing company will be able to show and follow 

their annual emission development and decreased impact on climate change. Error in 

calculations could occur due to misjudged emission development and if there would be major 

changes in the car sharing company’s activities. However, even with error marginal, car 

sharing company can come to some conclusions about how to mitigate their impact on 

climate change. For example, they can compare how ICE and BEV vehicles emit life cycle 

GHG emissions.  

Even though comparison can be done between ICE and BEV vehicles, comparison between 

plug-in hybrids (PHEV) and ICE or BEV vehicles is not however possible in the created 

excel calculator. But some comparison between motive powers used by ICE vehicles can be 

done. Motive power consumption of ICE car sharing vehicles was thought to be mostly 

dependent on what customer chooses to fuel in fueling station. Some alternatives like 

renewable diesel and more ethanol consisting gasoline exist. Then fuels used were thought 
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to be a mix of fossil, bio and synthetic fuels. In calculations this means that fuel production 

was estimated by mixed average GHG impact of certain share of fossil, bio and synthetic 

fuel consumption. Motive power consumption comparison can then be done by changing 

fuel shares in the calculator. Use phase of ICE vehicles was estimated by share of fossil 

consumption development and average emission factors for ICE vehicles in Finland. 

Comparison of GHG emissions can then be done by changing the estimated numbers in the 

share of fossil fuel consumption. Also, they can see how buildings and their heating systems 

can impact to their LC GHG emissions.  

As City-Yhteisautot Oy utilizes mostly full electric vehicles, they can see how their own 

activities emit mostly indirect emissions and maybe they can even find choices to reduce 

their indirect emission impacts. At the very least the chosen vehicle fleet of full electric 

vehicles seem to be quick way to reduce their GHG impacts.  

The third research question was what would motivate people to participate or continue to 

participate in car sharing services and how it could be increased? This was examined and 

answered by the conducted and analyzed customer questionnaire. Statistical analysis and 

qualitative examination were done on questionnaire results. Statistical model was created to 

describe relations between two variables. It consisted of hypotheses, statistical significance, 

distribution and correlation analysis. As statistical model that was created was not 

multidimensional it might not describe associations realistically. For example, statistical 

model might show only negative correlation between two variables even though the 

correlation would not be negative on all data periods. There is still utility for the results as 

they hint reliably at what phenomena or properties are related to each other. Results from 

questionnaire showed that many traits are associated with different car sharing services 

aspects. These associations were then also qualitatively thought about. Both qualitative and 

quantitative hypotheses were made. Mostly these were found to confirm existing research. 

However, some results were found to be new.  

Qualitative hypotheses confirmed that reasons for car sharing usage are varied, users are 

generally satisfied with the services, condominium vehicles are on average desirable, p2p 

car sharing would not be very appealing mainly due to lack of trust, trip distances are varied 

and travelling or shopping centers would be desirable locations for car sharing vehicles. New 

results were that car sharing had not reduced private vehicle ownership but might in the 

future, and free-floating business model is generally more appealing than roundtrip. 
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From quantitative study results there were identified advantageous traits of users, and car 

sharing services that either benefit car sharing services themselves or city transportation 

systems as a whole. Those traits that benefit car sharing services themselves were users and 

services’ traits that either encouraged customers to change to car sharing services, use them 

more regularly or made the usage more enjoyable. 

Quantitative hypotheses confirmed some advantageous traits of users and car sharing 

services to transportation system and found new results. Confirmed advantageous traits of 

users motivation were that users were motivated to change to car sharing services due to 

openness to new technology, trust, achievement, benevolence and valuing public and light 

transportation. Confirmed expected motivation to regular use was from polite driving style, 

trust, openness to new technology, self-direction values, joy from driving and motivation to 

diverse travelling. Confirmed traits of users that would make using services more enjoyable 

were emotional stability, compassionate driving and being open to new experience. 

Confirmed traits of users to the whole transportation system were identified to be personality 

traits that decreased driving accidents, increased regular use of car sharing, like responsible, 

compassionate, and polite driving styles. As it seems that moderate car sharing integration 

is sustainable transportation development at least environmentally, increased participation 

was deemed to be beneficial to the city. All traits encouraging regular use of car sharing 

services were then deemed to be beneficial traits to the city. In addition, other traits that 

would support certain type of car sharing services that also support responsible and 

sustainable business were deemed to be beneficial to the city. Valuing round-trip car sharing 

had an effect to not reduce one’s healthy moving habits when one participated into the 

services. Valuing p2p car sharing would create more true sharing and diffusion of 

technology.  

Traits of services that encouraged to changing to car sharing services or using them more 

regularly were related to marketing and certain type of utilization of their vehicles. To 

encourage changing to their services there was deemed that mixed sizes of vehicles, 

condominium vehicles and marginal free-floating business model integrated into their 

business would appeal to customers. Other traits of service were that they would market the 

cost reductions gained by using car sharing services. Traits of services that would encourage 

more regular use of their services were location of vehicles and availability. Condominium 

vehicles and quick availability were determined to be associated with more regular use. 
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In conclusion of quantitative and qualitative hypotheses analysis some advantageous traits 

of car sharing services to the city’s whole transportation system were deemed to be related 

to their business models. Condominium vehicles would increase regular use of car sharing 

services. Roundtrip vehicles would especially reduce private vehicles ownership. Marginal 

integration of free-floating vehicles and p2p car sharing would be beneficial. Free-floating 

vehicles would significantly increase change to car sharing and p2p car sharing would 

increase true sharing, trust and opportunity of travelling to various backgrounds. 

Fourth research question was how car sharing would impact on Finnish combined road and 

railways transportation system’s carbon footprint? This  uestion was studied by making 

assumptions of road- and railway transportation related emission development in Finland 

and in Europe and making calculations based on those assumptions. Studied emissions were 

only related to how much GHG emissions are emitted during the vehicles’ use phase. There 

were conducted three different scenarios for transportation emission development. In the 

basic scenario there were no car sharing, in the second scenario there were car sharing with 

varying motive powers and in the third scenario there were car sharing with only full electric 

vehicles integrated.  

All these different scenarios were calculated and thought and compared in large Finnish city 

and average large EU city systems. Then we measured hypothetical and optimistic GHG 

emission development in those systems with or without car sharing. Cumulative emissions 

emitted were perceived to be less in those scenarios with car sharing. Cumulative emissions 

showed that car sharing would have less impact on mitigating climate change in Finnish city. 

Sill cumulative emissions emitted during 2017-2050 were shown to be significantly lower 

than in basic scenario. Appr. 10 % potential reduction of road and railway transportations 

use phase GHG emissions can be gained by integrating car sharing slowly in large Finnish 

cities in a way that 3 % of all distances travelled are done by shared vehicles.  

Finally, the first research  uestion was what is car sharing’s position in sustainable 

development context? This question was the main question of this study. It was answered by 

mainly the literature review done on vehicle technology, car sharing, general transportation, 

sustainability, psychological, and other articles, but also by perceiving car sharing 

functioning empirically, and based on the results from calculations and questionnaire.  
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Generally, car sharing was deemed to be appealing and advantageous from environmental 

and travel behavior perspective. However, certain characteristics were needed to be met by 

car sharing as a transportation mode. It was deemed that car sharing share of total 

transportation ought to be increasing annually but slowly to reach at least 3 % of total of all 

transportation mode’s distances travelled by 2050. Approximately third of what buses have 

now. This way car sharing would not cause unnecessary disruption on transportation or 

variability and healthy transportation loss on transportation system and would not 

unintendedly increase the amount of vehicles, i.e. inefficient material usage. Different 

business models have different impacts on their environment. However, typical impacts were 

confirmed in literature review which were that they would often reduce private car 

ownership (reducing acquiring or increasing selling), typically increase use of light or public 

transportation and often decrease general personal costs for transportation (especially when 

possessing underutilized vehicles). 

Doubt about these impacts are caused by which business models are chosen to city and in 

which proportion. New finding in this study was that main business models in urban Finnish 

transportation system ought to be primarily communal and roundtrip and secondarily free-

floating and p2p car sharing. This way car sharing’s typical main goals are assured to be 

achieved. These main goals are that transportation system’s global and local climate 

emissions will decline despite the technology that is used and healthy travelling habits will 

most probably be increased. Somewhat relevant for the technology chosen was in large city’s 

system that vehicles would be full electric vehicles. Another note for travel behavior is that 

some risky travel behavior might be increased when inexperienced and/or irresponsible 

drivers participate in car sharing. In addition to main goals, other benefits induced by such 

combination of car sharing business models would enable also more true sharing and 

communally motivated behavior towards each other and disperse of technology to people 

with different backgrounds. The position of car sharing is then determined to be slowly 

growing, complementary and partly substitutive transportation mode to reduce unintended 

consequences of environmental and some social harm caused by industries related to typical 

transportation modes. 
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8  SUMMARY 

This study was done to define quantitatively and qualitatively car sharing’s position in 

sustainable Finnish urban transportation system. Qualitatively urban car sharing’s position 

was defined and theorized in context of sustainability, global trends, transportation 

innovations, business models, customer relations and motivations, and Finnish traffic 

culture.  

Qualitative part was an aim to comprehend how car sharing relates theoretically and 

conceptually to its socio-economic environment. Customer questionnaire results were 

interpreted qualitatively by discussing nine hypotheses and also qualitatively interpreting the 

numerical results from statistical analysis.  

Quantitative part was an aim to find hard data to show car sharing impact to environmental 

sustainability in Finland and its impact to customer relations, behavior and motivation. 

Environmental sustainability was measured by GHG calculations, and customer relations, 

behavior and motivations were measured by questionnaire study. GHG calculations were 

done for a case study and to certain transportation systems. In the case study, company’s 

carbon footprint was defined by GHG protocol measures and calculations. Certain 

transportation systems that calculations were done forwere Finnish passenger road and 

railway transportation, Large Finnish city’s passenger road and railway transportation 

system and for comparison EU’s large city’s passenger road and railway transportation 

system. 

In the qualitative study it was found that environmental sustainability was found to be 

pursued by two key ways. First by assessing in this thesis  vehicles impacts in significant 

life cycle phases, vehicle manufacturing, fuel manufacturing and fuel/electricity 

consumption and secondly by assessing the main business model that is chosen. It was 

deemed that while reducing significant life cycle phases emissions, other emissions emitted 

by vehicles could also decline. It was found that these vehicle-related emissions will decline 

in Finland despite of way of actions that car sharing company chooses to do their business. 

Increased distribution and variability of biofuels in fueling stations guarantees that emissions 

will decline slowly, regardless of whether the vehicle consumes diesel, gasoline or gas. 

However, certain choices were shown to hasten progress towards environmental 
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sustainability. When car sharing company would choose only full electric vehicles to their 

car sharing vehicles it was shown that significant life cycle emissions would decline to zero 

even ten years earlier than in a company that would have full electric vehicles and internal 

combustion engine vehicles (figure 13). Of the assessed roundtrip, communal, free-floating 

and p2p car sharing business models, most beneficial to the environment were found to be 

roundtrip and communal car sharing. This was found to be due to the large probability that 

they reduce more private vehicle ownership and that they change travel behavior in a way 

that increases less GHG emitting light and public transportation.  

Social sustainability was deemed to be more difficult to exactly define or even measure and 

therefore to pursue. However, it seems that simply integrating car sharing with variety of 

business models can improve urban social sustainability by providing general communal 

sentiments and generally improving environmental hygiene, reducing human health hazards 

and changing positively social travel behavior. For example, car sharing most probably 

reduces local emissions which can improve quality of lives, reduces risks for transportation 

accidents and encourages people to use more public and light transportation in urbanized 

areas. However, one possible hazard that car sharing might indirectly cause is by increasing 

traffic risks when inexperienced and even irresponsible drivers participate in car sharing.  

Economical sustainability was qualitatively measured by defining circular economy, sharing 

economy and how car sharing is connected to these concepts, and car costs. It seems that all 

car sharing business models can be linked essentially to circular economy but not to sharing 

economy. 

In the quantitative study, case company’s fossil carbon footprint was determined from their 

most significant life cycle phases of scopes 1-3. Activities that GHG emissions were 

accounted from were leased vehicles, shared vehicles, buildings and employee commuting. 

Vehicles were concluded to be the main emissions source. Annually largest GHG emissions 

were deemed to be emitted from indirect activities such as vehicle manufacturing if during 

that year many new vehicles were taken to use. Electric vehicle manufacturing had the 

potential to be largest emission source still in recent years. However, electric vehicles 

emitted far less emissions during their usage. In a year that no new vehicles were taken to 

use electric vehicles emitted almost no significant amounts of emissions. Leased vehicles 

accounted for most of the emitted emissions in a year that not many new vehicles were taken 

to use. This was due to them being ICE vehicles that utilize mostly fossil fuels. Electric 
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vehicles were deemed to be more efficient way to decrease life cycle emissions for City-

Yhteisautot Oy since Finnish electricity consumption emissions and abroad battery 

manufacturing emissions are expected to decline to zero, respectively, by 2029 and 2036. 

Vehicles with various motive powers will also decline their emissions but not as rapidly. 

Therefore, it was concluded that for City-Yhteisautot Oy to reduce their scope’s emissions 

in long term it would be beneficial to continue to use electric vehicles and add new vehicles 

with same motive power. 

In part of quantitative study to find hard data on customer relations, behavior and motivation 

there were found some traits of service and users that would benefit city, car sharing 

company and citizens in general. These were listed in results section and discussed in the 

discussion section. These results were also utilized by City-Yhteisautot Oy in some decision 

making. 

In quantitative study also main calculations were done on two cities passenger transportation 

systems and three scenarios were assumed and calculated. Shares of modes and their specific 

emission factors that were considered were car travelling, walking, cycling, buses, railways 

and car sharing. Estimations were done between years 2017-2050 of the system’s usage 

emissions. It was assumed that car sharing would change travelling behavior in a way that it 

would reduce private car travelling and increase light and public transportation. Cities’ 

populations were deemed to be increasing and therefore overall distances travelled 

increasing. Partly the increase of travel distances was also thought to be due to just people 

increasing their travelling.In the first transportation system it was expected that car sharing 

share of total driven distances would be 3 % and in the second system 4 % by 2050. 

First transportation system was Finnish large city’s passenger road and railway 

transportation system in which first was basic scenario with no car sharing, second with car 

sharing with various motive powers and third with car sharing with only full electric 

vehicles. In this transportation system there were found that car sharing could reduce 

passenger transportation usage emissions significantly in Finland by 2050. Possible 

reductions of total passenger transportation cumulative emissions in the third scenario were 

deemed to be 4,9 % compared to basic scenario.  

The second system was EU passenger road and railway transportation system which was 

assumed and calculated similarly except with different share of modes and emission factors. 
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These calculations were done to compare how car sharing would have different position in 

reducing emissions in the passenger road and railway transportation. It was found that car 

sharing has more significant position in reducing emissions. Compared to basic scenario the 

third scenario would reduce cumulative emissions by 15,5 % by end of 2050. 

In conclusion, car sharing is increasing way of travelling in Finland which can benefit city, 

car sharing companies and citizens in all sustainability dimensions in some ways. Even when 

its’ position is complementary and partly substitutive and share of driven distances would 

be low compared to other main modes of travelling. From environmental sustainability 

perspective it can reduce inefficient usage of materials, and GHG and local emissions 

significantly by 2050 and therefore decrease the Finnish urban passenger transportation 

system’s impacts on climate change, abiotic depletion, human toxicity, acidification, and 

eutrophication. From social perspective car sharing impact on travel behavior can positively 

impact healthy travelling habits by encouraging to use more light transportation modes. 

When one owns less vehicles or is about to acquire new vehicle, it is easier to be encouraged 

for alternative travel methods. Car sharing can also be part of encouraging for communal 

participation by benefitting common good. Economically car sharing can offer varied prices 

to different socio-economic backgrounds and reduce unnecessary costs related to travelling 

especially if one has underutilized privately owned car.  

Certain business models were found to be somewhat differently associated with these 

advantages that car sharing can offer to city’s transportation system. For the city system as 

a whole, roundtrip and communal car sharing were found to be more associated with regular 

usage, reducing private vehicle ownership and increasing more light and public 

transportation than other modes. Therefore, these can also be more beneficial to car sharing 

companies to utilize. Marginally free-floating car sharing was deemed to be beneficial in 

city centers to account for more irregular and sudden use and p2p to increase communal 

participation and true sharing. Main finding of this study was that slow progress of mix of 

primarily roundtrip and communal, and secondarily free-floating and p2p car sharing in 

Finnish passenger transportation system can induce GHG emission reductions and other 

environmentally and socially desirable outcomes to a large urban city’s transportation 

system. 
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Correlation strength: 

  Weak correlation: rho 

  Average correlation: rho 

  Strong correlation: rho 

 

 Statistically significant correlations: 

   Rather significant correlations (p≤0,05):  

Gender (man-woman) correlation to positive association to driving -0,24 rho 

Age correlation to valuing public transportation -0.22 rho 

Education level (vocational school) correlation to positive association to driving 0,25 rho 

Valuing diverse travelling correlation to planning to acquire leased vehicle 0,21 rho 

Valuing diverse travelling correlation to amount of children in family 0,37 rho 

Valuing light transportation to positive association to driving -0,22 rho 

Changing transportation habits correlation to amount of vehicles owned -0,23 rho 

Positive association to driving correlation to amount of children in family 0,35 rho 

Positive association to driving correlation to owning gas fuelled vehicles -0,32 rho 

Regular use of car sharing services correlation to valuing diverse travelling 0,43 rho 

Gender (man-woman) correlation to familiarisation to car sharing services through acquaintance 

0,47 rho 

Familiarisation to car sharing services through car advertisement correlation to valuing light 

transportation -0,51 rho 

Desire to use shared vehicles from private person correlation to amount of children in family 0,37 

rho 

Desire to share own vehicle to other citizens correlation to gender (man-woman) -0,26 rho 

Aggressive driving style correlation to gender -0,2 r 

Getting acquaintance to car sharing services through radio correlation to using car sharing services 

on school trips -0,8 rho 

Aggressive driving style correlation to not participating in peer-sharing due to too much 

commitment 0,35 rho 

Emotional stability correlation to age 0,23 rho 

Digitalized apps desirability correlation to age -0,25 rho 

Desire to have peer-car sharing in apps correlation to light transportation 0,24 rho 

Benevolence values related to driving correlation to positive association to driving -0,22 rho 



 

Planning to acquire leased vehicle correlation to openness to driving new vehicle 0,26 rho 

Compassion (driving style) correlation to regular use of car sharing services -0,41 rho 

Openness to new technology correlation to regular use of car sharing services 0,46 rho 

Enthusiasm correlation to getting acquaintance to car sharing through acquaintance -0,39 rho 

Emotional stability (related to driving) correlation to satisfaction levels to car sharing services 0,39 

rho 

Compassion (driving style) correlation to satisfaction levels to car sharing services 0,46 rho 

Benevolence values (related to car sharing) correlation to using car sharing services for occasional 

transportation 0,21 rho 

Openness to experience correlation to using car sharing services for fun 0,25 rho 

Benevolence values (related to car sharing) correlation to using car sharing services for occasional 

transportation -0,25 rho 

Self-direction values (related to car sharing) correlation to regular use of car sharing services 0,26 

rho 

Stimulation values (related to driving) correlation to willingness to replace own vehicle with car 

sharing services 0,33 rho 

Stimulation values (related to driving) correlation to satisfaction levels on car sharing services in 

Lahti -0,51 rho 

Environmental values (related to moving) correlation to not sharing their vehicle due to lack of 

trust -0,34 rho 

Wanting private peer-car sharing in car sharing app correlation to not sharing their vehicle due to 

not wanting to share property 0,49 rho 

Politeness (related to driving) correlation to preferring free-floating car sharing -0,26 or -0,23 rho 

Self-direction (related to moving) values correlation to preferring free-floating car sharing -0,25 

rho 

Environmental values (related to car sharing) correlation to willingness to change to car sharing 

due to cost savings 0,21 rho 

   Significant correlations (p≤0,01): 

Education level (high school) correlation to planning to acquire own vehicle -0,3 rho 

Willingness to change to car sharing services due to cost savings correlation to valuing public 

transportation 0,28 rho 

Willingness to change to car sharing services due to cost savings correlation to valuing light 

transportation 0,27 rho 

Using car sharing for weekend trips correlation to amount of children in family 0,49 rho 

Using car sharing for occasional transportation correlation to valuing light transportation 0,29 rho 



 

Using car sharing for occasional transportation correlation to valuing public transportation -0,28 

rho 

Willingness to use car sharing services in the future correlation to amount of vehicles owned -0,29 

rho 

 Willingness to change private vehicle to car sharing services correlation to valuing diverse 

transportation 0,36 rho 

Desire to share own vehicle to other citizens correlation to amount of vehicles owned -0,27 rho 

Desire to share own vehicle to acquaintances correlation to age -0,3 rho 

Desire for one way car sharing services correlation to amount of adults in family 0,3 rho 

Using healthy travel methods correlation to valuing light transportation 0,32 rho 

Trust towards technology correlation to positive association to driving 0,3 rho 

Trust towards alternative vehicles correlation to gender -0,31 rho 

Experience on leased vehicles correlation to desire to have car sharing near hotels 0,37 rho 

Using car sharing services for fun correlation to using car sharing services on school trips 0,5 rho 

Being motivated to move healthily correlation to not wanting to participate in peer-car sharing due 

to expected effort -0,45 rho 

Responsible driving correlation to desire for free-floating car sharing -0,31 rho 

Conscientious driving correlation to not wanting to participate in peer-car sharing due to expected 

effort 0,4 rho 

Emotional stability correlation to wanting extra insurance from service provider in order to 

participate in peer-car sharing -0,34 rho 

Trust in new technology correlation to willingness to participating in peer-car sharing through 

service provider 0,31 rho 

Trust in new alternative technology in vehicles correlation to participating in service provider-

based car sharing 0,29 rho 

Stimulation values correlation to satisfaction levels in location of car sharing services in Lahti -0,51 

rho 

Education level (high school) correlation to independent moving -0,29 rho 

Education level (vocational school) correlation to independent moving 0,27 rho 

Amount of vehicles owned correlation to benevolence values -0,3 rho 

Enthusiasm correlation to education level (vocational school) -0,29 rho 

Overall openness to experience correlation to positive association to driving 0,33 rho 

Stimulation values (related to driving) correlation to using car sharing to travel to hobbies 0,27 rho 

Stimulation values (related to driving) correlation to using car sharing to travel to work outside 

town 0,27 rho 



 

Trust in new technology correlation to using car sharing services for fun 0,29 rho 

Motivation for healthy moving correlation to using car sharing services for shopping trips -0,28 rho 

Motivation for diverse travelling correlation to using car sharing services in the future 0,26 rho 

Motivation for diverse travel correlation to replacing own vehicle with car sharing services 0,38 

rho 

Stimulation values (related to driving) correlation to wanting car sharing services near shopping 

centre 0,26 rho 

Stimulation values (related to driving) correlation to wanting car sharing services near hotel 0,28 

rho 

Trust in new vehicle technology correlation to wanting car sharing services near own household 

0,27 rho 

Trust in new vehicle technology correlation to willingness on using car sharing services offered 

from service provider 0,29 rho 

Trust in new technology correlation to willingness to using car sharing services offered from 

private person 0,31 rho 

Trust in new vehicle technology correlation to willingness to share their own vehicle to citizens 

0,29 rho 

Self-direction values (related to car sharing) correlation to willingness to share their own vehicle to 

citizens 0,28 rho 

Trust in new vehicle technology correlation to willingness to share their own vehicle to 

neighbourhood 0,29 rho 

Benevolence values (related to driving) correlation to not sharing vehicles due to lack of trust -0,45 

rho 

Motivation to travel diversely correlation to not wanting to share own vehicles due to burden of 

sharing transaction -0,45 rho 

Conscientiousness (industriousness) correlation to not wanting to share their own vehicles due to 

burden of sharing transaction 0,4 rho 

Conscientiousness (industriousness) correlation to preferring free-floating car sharing -0,31 rho 

   Highly significant correlations (p≤0,001):  

Amount of vehicles owned correlation to valuing private car driving 0,51 rho 

Amount of vehicles correlation to valuing public transportation -0,41 rho 

Valuing private car travelling correlation to positive association to driving 0,44 rho 

Valuing private car travelling correlation to valuing public transportation -0,51 rho 

Valuing public transportation correlation to valuing light transportation 0,43 rho 

Experience on car sharing correlation to amount of vehicles owned -0,39 rho 



 

Experience on car sharing correlation to valuing public transportation 0,34 rho 

Experience on car sharing correlation to valuing light transportation 0,35 rho 

Willingness to change to car sharing services due to cost savings correlation to valuing private car 

travelling -0,32 rho 

Using car sharing for occasional transportation correlation to amount of vehicles owned -0,34 rho 

Willingness to use car sharing services in the future correlation to valuing public transportation 0,5 

rho 

Willingness to use car sharing services in the future correlation to valuing light transportation 0,33 

rho 

Willingness to change private vehicle to car sharing services correlation to valuing public 

transportation 0,47 rho 

Willingness to share own vehicle to neighbourhood correlation to gender (man-woman) -0,32 rho 

Desire for floating car sharing services correlation to age -0,35 rho 

Using diverse travel methods correlation to valuing light transportation 0,39 rho 

Responsible driving correlation to age 0,44 rho 

Openness to drive new vehicles correlation to gender (man-woman) -0,37 rho 

Openness to new technology correlation to gender (man-woman) -0,37 rho 

Openness to new technology correlation to positive association to driving 0,32 rho 

Emotional stability correlation to gender -0,4 rho 

Enthusiasm correlation to age -0,34 rho 

Polite driving correlation to age 0,34 rho 

Valuing environmental values (related to car sharing) correlation to valuing private driving -0,45 

rho 

Valuing environmental values (related to car sharing) correlation to positive association to driving -

0,34 rho 

Valuing independent moving correlation to valuing private car driving 0,51 rho 

Achievement values correlation to valuing public transportation 0,32 rho 

Valuing public transportation correlation to planning to use car sharing services 0,5 rho 

Using car sharing services to travel to hobbies correlation to using car sharing services for 

shopping trips 0,41 rho 

Using car sharing services to travel to hobbies correlation regular use of car sharing services 0,34 

rho 

Using car sharing services for fun correlation to regular use of car sharing services 0,36 rho 



 

Desire to have car sharing services near dock correlation to desire to have car sharing services near 

airport 0,41 rho 

Desire to have car sharing services near own household correlation to have car sharing services 

near airport -0,37 rho 

Desire to have car sharing services near own household correlation to regular use of car sharing 

services 0,39 rho 

Desire for roundtrip car sharing services correlation to desire for floating car sharing services -0,37 

rho 

Openness to experience correlation to desire to have car sharing services near hotels 0,35 rho 

Self-direction values correlation to willingness to change to car sharing services due to cost savings 

0,39 rho 

Self-direction values correlation to using car sharing for occasional transportation 0,35 rho 

Self-direction values correlation to willingness to use car sharing services in the future correlation 

0,36 rho 

Self-direction values correlation to willingness to participating in peer-car sharing through service 

provider 0,34 rho 

Self-direction values correlation to willingness to participate in peer-car sharing to neighbours 0,37 

rho 

Benevolence values correlation to willingness to change to car sharing services due to cost savings 

0,32 rho 

Benevolence values correlation to not participating in peer-car sharing due to lack of trust -0,45 rho 

Achievement values correlation to willingness to change to car sharing services due to cost savings 

0,36 rho 

Achievement values correlation to planning to use car sharing services 0,44 rho 

Achievement values correlation to not participating in peer-car sharing due to lack of trust -0,57 

rho 

Openness to new technology correlation to gender (man-woman) -0,37 rho 

Emotional stability correlation to gender (man-woman) -0,4 rho 

Responsible driving correlation to age 0,44 rho 

Polite driving correlation to age 0,35 rho 

Independent moving correlation to age 0,3 rho 

Planning to acquire own vehicle correlation to independent moving 0,36 rho 

Valuing diverse travelling correlation to achievement values 0,35 rho 

Stimulation values (related to driving) correlation to positive association to driving 0,6 rho 



 

Self-direction values (related to driving) correlation to willingness to change to car sharing services 

due to cost savings 0,39 rho 

Benevolence values (related to driving) correlation to willingness to change to car sharing services 

due to cost savings 0,32 rho 

Achievement values (related to car sharing) correlation to willingness to change to car sharing 

services due to cost savings 0,36 rho 

Self-direction values (related to car sharing) correlation to using car sharing services for occasional 

transportation -0,35 rho 

Self-direction values (related to car sharing) correlation to using car sharing services in the future 

0,36 rho 

Achievement values (related to car sharing) correlation to using car sharing services in the future 

0,44 rho 

Achievement values (related to car sharing) correlation to willingness to replace own vehicle with 

car sharing 0,52 rho 

Openness to experience correlation to wanting car sharing services near hotel 0,35 rho 

Self-direction values (related to car sharing) correlation to willingness to use car sharing services 

offered from private persons 0,34 rho 

Self-direction values (related to car sharing) correlation to willingness to share their own vehicle to 

others in the neighbourhood 0,37 rho 

Achievement values (related to car sharing) correlation to not sharing vehicles due to lack of trust -

0,57 rho 

Motivation for diverse moving correlation to motivation for healthy moving 0,44 rho 

Achievement values (related to car sharing) correlation to motivation for healthy moving 0,34 rho 

Conscientiousness (industriousness) correlation to emotional stability (related to driving) 0,51 rho 

Conscientiousness (industriousness) correlation to compassion (related to driving) 0,5 rho 

Conscientiousness (industriousness) correlation to politeness (related to driving) 0,63 rho 

Openness to new vehicles correlation to openness to new technology 0,5 rho 

Openness to new vehicles correlation to openness to new experiences 0,53 rho 

Openness to new technology correlation to stimulation values (related to driving) 0,39 rho 

Openness to new experiences correlation to trust in new technology 0,36 rho 

Openness to new experiences correlation to stimulation values (related to driving) 0,34 rho 

Emotional stability (related to driving) correlation to compassion (related to driving) 0,66 rho 

Enthusiasm (belonging to a group) correlation to enthusiasm (welcoming others) 0,4 rho 

Enthusiasm (welcoming others) correlation to openness to experience 0,36 rho 

Trust in new technology correlation to politeness (related to driving) 0,31 rho 



 

Trust in new technology correlation to self-direction values (related to car sharing) 0,43 rho 

Compassion (related to driving) correlation to politeness (related to driving) 0,5 rho 

Environmental values (related to moving) correlation to politeness (related to driving) 0,32 rho 

Environmental values (related to moving) correlation to benevolence values (related to moving) 

0,73 rho 

Self-direction values (related to car sharing) correlation to trust in new technology 0,43 rho 

Self-direction values (related to car sharing) correlation to achievement values (related to car 

sharing) 0,34 rho 

Benevolence values (related to moving) correlation to achievement values (related to car sharing) 

0,33 rho 

Stimulation values (related to driving) correlation to openness to experience 0,34 rho 

Motivation for diverse travel correlation to achievement values (related to car sharing) 0,34 rho 

 



 

Basic report 

City-Yhteisautot Oy (translated from original 

Finnish report) 

 

Respondents total: 99 

 

1. Gender 

Respondents total: 99 

 

 n Percentage 

Man 53 53,6% 

Woman 43 43,4% 

Other 0 0,0% 

Prefer not to tell 3 3,0% 

 

2. Members of household 

Respondents total: 99 

 

 0 1 2 3 4 5 6 7 8 9 10 Mean 

Adults 0,0% 38,8% 53,1% 3,1% 2,0% 1,0% 0,0% 0,0% 1,0% 0,0% 1,0% 1,9 

Children 16,7% 44,4% 22,2% 11,1% 0,0% 0,0% 0,0% 0,0% 2,8% 0,0% 2,8% 1,7 

Median             

2,0             

1,0             

 

3. Age 

Respondents total: 99 



 

 

 n Percentage 

18-22 17 17,2% 

23-28 18 18,2% 

29-35 7 7,1% 

36-40 11 11,1% 

41-45 9 9,1% 

46-50 12 12,1% 

51-60 20 20,2% 

61-70 5 5,0% 

yli 70 0 0,0% 

 

4. Education 

Respondents total: 99, Chosen amount of answers: 123 

 

 n Percentage 

Basic education 17 17,2% 

High school 25 25,3% 

Vocational degree 21 21,2% 

Higher education- lower degree 32 32,3% 

Higher education- higher degree 25 25,3% 

Doctorate degree 3 3,0% 

 

5. Do you live permanently in Lahti or do you spend time weekly there? 

Respondents total: 99 

 

 n Percentage 

Yes 24 24,2% 

No 75 75,8% 



 

 

6. Residence area type 

Respondents total: 99 

 

 n Percentage 

City centrum 28 28,3% 

Other population center 68 68,7% 

Sparsely populated area (public transportation is far) 3 3,0% 

 

7. How many vehicles does your household possess? 

Respondents total: 99 

 

 n Percentage 

None 31 31,3% 

1 43 43,4% 

2 18 18,2% 

Over 2 7 7,1% 

 

8. By what motive power do your vehicles run? 

Respondents total: 68, Chosen amount of answers: 82 

 

 n Percentage 

Gas 1 1,5% 

Electricity 9 13,2% 

Diesel 19 27,9% 

Gasoline 48 70,6% 

Hybrid 4 5,9% 

Something else, what? 1 1,5% 

 



 

9. What else motive power do your vehicles consume? 

Respondents total: 1 

Vastaukset 

Ethanol 

 

10.  How much of your fuelled motive power is completely bio-based or 

renewable fuel? (e.g. My Renewable diesel by Neste or Gasum’s biogas) 

Respondents total: 68, Chosen amount of answers: 71 

 

 n Percentage 

0 % 38 55,9% 

10-20 % 7 10,3% 

21-40 % 4 5,9% 

41-60 % (I fuel every second time) 2 2,9% 

61-80 % 1 1,5% 

81-100 % 0 0,0% 

I don’t know 19 27,9% 

 

11. Are you going to acquire one of these vehicles in the near future? 

Respondents total: 99, Chosen amount of answers: 107 

 

 n Percentage 

Leasing vehicles 9 9,1% 

Minileasing vehicles 4 4,0% 

Private vehicles 37 37,4% 

None of these 57 57,6% 

 

12. How important is the possibility for variability of transportation modes 

for you? 



 

Respondents total: 99 

 

 0 1 2 3 4 5  Total Mean Median 

Not at all 

important 

4 4 10 21 37 23 Extremely 

important 

99 3,5 4,0 

4,1% 4,0% 10,1% 21,2% 37,4% 23,2%    

Total 4 4 10 21 37 23  99 3,5 4,0 

 

13. Importance of transportation modes 

Respondents total: 99 

 

 0 1 2 3 4 5  
Tota

l 

Mea

n 

Media

n 

Private 

vehicle 

driving is not 

at all 

important to 

me 

7 10 15 16 15 36 Private 

vehicle 

driving is 

very 

important to 

me 

99 3,3 4,0 

7,1

% 

10,1

% 

15,1

% 

16,2

% 

15,1

% 

36,4

% 
   

Public 

transportatio

n is not at all 

important to 

me 

4 9 10 25 23 28 Public 

transportatio

n is very 

important to 

me 

99 3,4 4,0 

4,0

% 
9,1% 

10,1

% 

25,3

% 

23,2

% 

28,3

% 
   

Light 

transportatio

n is not at all 

important to 

me 

6 6 12 23 23 29 Light 

transportatio

n is very 

important to 

me 

99 3,4 4,0 

6,1

% 
6,1% 

12,1

% 

23,2

% 

23,2

% 

29,3

% 
   

Total 17 25 37 64 61 93  297 3,4 4,0 

 

14. Do your moving habits change often? 

Respondents total: 92 

 1 2 3 4 5  Total Mean Median 

Very rarely 21 37 28 5 1 Very often 92 2,2 2,0 



 

22,8% 40,2% 30,5% 5,4% 1,1%    

Total 21 37 28 5 1  92 2,2 2,0 

 

15. What kind of associations do you have for car driving? 

Respondents total: 98 

 

 n Percentage 

Negative 12 12,3% 

Neutral 45 45,9% 

Positive 41 41,8% 

 

16. Which of the car renting services have you used previously 

independent of city? 

Respondents total: 99, Chosen amount of answers: 123 

 n Percentage 

Car renting 55 55,6% 

Leasing or minileasing 10 10,1% 

Car sharing 25 25,3% 

None of these 33 33,3% 

 

17. What kind of car sharing have you used in Lahti? 

Respondents total: 24, Chosen amount of answers: 24 

 

 n Percentage 

Car sharing cars which are located in the city 7 29,2% 

Car sharing cars which are located in the neighbourhood or housing co-

operative 
2 8,3% 

Peer shared cars 1 4,2% 

None of these 14 58,3% 



 

 

18. How regularly do you use car sharing cars? 

Respondents total: 25 

 n Percentage 

Rarer than once per month 16 64,0% 

1-3 times per month 8 32,0% 

Once per week 1 4,0% 

2-5 times per month 0 0,0% 

Several times per day 0 0,0% 

 

19. Did you previously know about car sharing? 

Respondents total: 97 

 

 n Percentage 

Yes 90 92,8% 

No 7 7,2% 

 

20. How did car sharing become familiar to you? 

Respondents total: 25, Chosen amount of answers: 43 

 

 n Percentage 

Social media 19 76,0% 

TV 2 8,0% 

Radio 3 12,0% 

Newspaper 3 12,0% 

Outside advertising 2 8,0% 

From acquaintance 3 12,0% 

Advertising in car sharing cars  10 40,0% 



 

Something else, what? 1 4,0% 

 

21. How else did car sharing become familiar to you? 

Respondents total: 1 

Vastaukset 

Through LOAS 

 

22. Have you given up one of your private vehicles when you have started 

to use car sharing services? 

Respondents total: 68 

 

 n Percentage 

Yes 1 1,5% 

No 67 98,5% 

 

23. How satisfied are you with car sharing cars? 

Respondents total: 25 

 

 1 2 3 4 5  Total Mean Median 

Not at all 
0 2 5 8 10 

Very satisfied 
25 4,0 4,0 

0,0% 8,0% 20,0% 32,0% 40,0%    

Total 0 2 5 8 10  25 4,0 4,0 

 

24. What would be or is the most important thing about car sharing? 

Arrange the answers in hierarchical order. 1=the most important 

Respondents total: 99 

 1 2 3 4 5 6 7 8 

Remote reservation 19,2% 9,1% 9,1% 15,1% 7,1% 20,2% 6,1% 14,1% 



 

Freedom of movement 

compared to public 

transportation 

12,1% 13,1% 20,2% 13,1% 17,2% 12,1% 5,1% 7,1% 

Cost reduction of my motor 

travelling 
15,1% 15,2% 11,1% 13,1% 8,1% 13,1% 17,2% 7,1% 

Maintenance reduction of my 

motor travelling  
5,0% 9,1% 17,2% 13,1% 17,2% 7,1% 13,1% 18,2% 

Support of everyday trips (e.g. 

shopping trips, job trips) 
5,0% 17,2% 3,0% 18,2% 14,1% 16,2% 16,2% 10,1% 

Environmental friendliness 6,1% 7,1% 13,1% 11,1% 14,2% 14,1% 14,1% 20,2% 

Making other than everyday 

trips possible(for example 

vacations) 

17,2% 6,1% 14,1% 8,1% 13,1% 10,1% 16,2% 15,1% 

Quick availability for sudden 

needs 
20,2% 23,2% 12,1% 8,1% 9,1% 7,1% 12,1% 8,1% 

 

25. Would you choose car sharing instead of private vehicle, if you would 

know to reduce significantly your motoring fixed and variable costs? 

Respondents total: 99 

 

 n Percentage 

Yes 45 45,4% 

Maybe 46 46,5% 

No 8 8,1% 

 

26. What kind of trips would you most likely travel with car sharing cars?  

Respondents total: 99, Chosen amount of answers: 268 

 n Percentage 

Weekend trips 61 61,6% 

Travelling to hobbies 27 27,3% 

Work trips inside city 12 12,1% 

Work trips outside city 28 28,3% 



 

Occasional delivery needs 81 81,8% 

Driving for fun 8 8,1% 

Shopping trips 44 44,4% 

School trips 4 4,0% 

Something else, what? 3 3,0% 

 

27. Which other trips would you use car sharing? 

Respondents total: 3 

Vastaukset 

Cottage trips, or other shortish vacations 

Vacations 

For a vacation in a foreign country when my own car is not with me. 

 

28. Would you consider using car sharing in the future? 

Respondents total: 99 

 

 n Percentage 

Yes 63 63,6% 

Maybe 30 30,3% 

No 6 6,1% 

 

 

30. How regularly would you consider using car sharing? 

Respondents total: 86 

 

 n Percentage 

Rarer than once per month 14 16,3% 

1-3 times per month 41 47,7% 



 

Once per month 13 15,1% 

2-5 times per month 13 15,1% 

Several times per month 5 5,8% 

 

31. Could car sharing replace one of your private cars? 

Respondents total: 61 

 

 n Percentage 

Yes 24 39,3% 

Maybe 25 41,0% 

No 12 19,7% 

 

32. Why you think it could not? 

Respondents total: 25 

Vastaukset 

If I have tuned my own car/made effort on my sound quality :D 

Not currently, my own car is more fitting for acute needs. It is about getting used to it. 

My own car brings so much freedom 

Our household’s car is not my own acquirement, even though I can use it pretty freely. 

I want my car to be in that shape in which I left it. I need my car several times a day. 

Car sharing car would not likely be as well-equipped and comfortable. 

I’m wondering what kind of cars there would be available. 

My own car is always the best option. 

The need is typically on work trips to the perimeters of the city or weekend trips away from city, 

during which the car would be standing unused for a long time, but the charge would still be 

running. Also, the condition and tidiness I suspect aren’t well enough taken care of, because there 

are so many different users.  

There should be towing hook or something like that 

There is constant need for a car 

The availability is a question mark. It is usually the case that people tend to have clustered needs. 



 

Because of the uncertainty of difficultness of usage and availability. Car’s location too far from 

home. 

Own car sweet car. 

I live in an area, where the public transportation is not well managed and distances are long. 

Because I don’t want to 

There is also a dog in my car, and it needs a bigger space. 

It is easy to leave whenever wherever.  

It depends on the pricing and availability of car sharing car 

My own car is always ready to be used in case of unexpected situations. 

I don’t think car sharing cars would not, however, be as well available and that there would be 

available a car as comfortable or adaptable.  

The availability of car sharing cars is on my mind. How far from should I pick the car? 

The availability should be good 

If car sharing car is close enough to home, so that it can picked up by walking, then it could 

replace. 

At the moment my car usage is daily, and it is hard to believe that car sharing car would be 

available at the same way. 

 

33. Are the locations of car sharing cars near enough to you in Lahti? 

Respondents total: 24 

 

 1 2 3 4 5  Total Mean Median 

Appropriately close 
6 5 9 2 2 

Too far 
24 2,5 3,0 

25,0% 20,9% 37,5% 8,3% 8,3%    

Total 6 5 9 2 2  24 2,5 3,0 

 

34. To which service would you like the car sharing cars be near to 

independent of city? 

Respondents total: 99, Chosen amount of answers: 222 

 

 n Percentage 



 

Shopping center 33 33,3% 

Shopping mall 34 34,3% 

Market place 8 8,1% 

Travelling center 39 39,4% 

Hotel 13 13,1% 

Travelling port 7 7,1% 

Own housing co-operative or neighborhood 62 62,6% 

Airport 23 23,2% 

In specific part of city or near other services, where? 3 3,0% 

 

35. Where else would you like to car sharing cars be near to? 

Respondents total: 3 

Vastaukset 

Home 

Beside the railway station. 

Kärpänen 

 

36. Which of these would be preferable ways to use car sharing? 

Respondents total: 99, Chosen amount of answers: 173 

 n Percentage 

Car in use of your housing co-operative or neighborhood 79 79,8% 

Car rented by some service provider 63 63,6% 

Car rented by private person through a third party 30 30,3% 

Something else, what? 1 1,0% 

 

37. Some other way to use car sharing? 

Respondents total: 1 

Vastaukset 

To a friend group/free of choice group car renting service. 



 

 

38. Would you consider renting your car to certain group of people? 

Choose options fitting to you. 

Respondents total: 99, Chosen amount of answers: 130 

 

 n Percentage 

To other citizens 11 11,1% 

To other residents in the neighborhood 27 27,3% 

To acquaintances 51 51,5% 

I would not rent 41 41,4% 

 

39. What are the most significant reasons for not renting your car? 

Respondents total: 41, Chosen amount of answers: 84 

 n Percentage 

Lack of trust of tenants 27 65,9% 

Worry about insurances 12 29,3% 

Unwillingness to share property 9 22,0% 

Not enough time for renting action 11 26,8% 

Renting actions presumed effort 12 29,3% 

Commitment to renting action 9 22,0% 

Something else, what? 4 9,8% 

 

40. What other reason for you would not rent your car? 

Respondents total: 3 

Vastaukset 

They would just damage the hoops 

 

41. Choose the alternative, which could change your mind to rent your car 

outside of your acquaintances. 



 

Respondents total: 76, Chosen amount of answers: 113 

 n Percentage 

Service provide would guarantee an additional security in addition to my own 

insurances 
46 60,5% 

Insurance company would offer separate peer renting security 22 28,9% 

Service provider would offer separate peer renting security 25 32,9% 

None of these 20 26,3% 

 

42. Which of these would be fitting ways to pick and return your car 

sharing car? 

Respondents total: 99, Chosen amount of answers: 150 

 n Percentage 

Same place from which I pick and return the car 57 57,6% 

Two different places, even in different cities, from which I can pick and return the 

car 
22 22,2% 

Several spots in one city, from which I can pick and return the car 70 70,7% 

Something else, what? 1 1,0% 

 

43. What other way would you prefer in picking and returning your car? 

Respondents total: 1 

Vastaukset 

Within area of operation with free parking like Green Mobility does. 

 

44. What kind of interaction in the renting action would be suitable to 

you? 

Respondents total: 7, Chosen amount of answers: 15 

 n Percentage 

Text communication through an app 7 100,0% 

Voice communication through an app 1 14,3% 

Live with service providers customer servants 2 28,6% 



 

Live with peer renters 2 28,6% 

Connected service of users (like facebook) 3 42,9% 

None of these 0 0,0% 

 

 

46. Would trip reservation service that is essentially social be suitable for 

you? 

 

(Every user has a profile, in which they can choose the information they 

share) 

Respondents total: 99 

 n Percentage 

Yes 52 52,5% 

Maybe 38 38,4% 

No 9 9,1% 

 

47. What kind of sections would be preferable in these kind of services? 

Respondents total: 90, Chosen amount of answers: 254 

 

 n Percentage 

Ridesharing section (You can see notifications and routes of those who live 

nearby you) 
59 65,6% 

Communal car section (Reservation system for certain community) 71 78,9% 

Citycar section (Reservation system for cars residing in city center) 68 75,6% 

Private car renting (Reservation system for peer renting) 55 61,1% 

Something else, what? 1 1,1% 

 

48. What other sections could there be in this kind of app? 

Respondents total: 1 

Vastaukset 



 

Event section, meaning there would be a reservation system for differetn kind of festivals, gigs and 

so on. 

 

49. Are you typically motivated to move in variable ways? 

Respondents total: 99 

 0 1 2 3 4 5  Total Mean Median 

Not at 

all 

1 9 9 31 36 13 Extremely 

motivated 

99 3,3 3,0 

1,0% 9,1% 9,1% 31,3% 36,4% 13,1%    

Total 1 9 9 31 36 13  99 3,3 3,0 

 

50. Are you typically motivated to move in ways that support your well-

being? 

Respondents total: 99 

 0 1 2 3 4 5  Total Mean Median 

Not at 

all 

1 2 11 29 33 23 Extremely 

motivated 

99 3,6 4,0 

1,0% 2,0% 11,1% 29,3% 33,4% 23,2%    

Total 1 2 11 29 33 23  99 3,6 4,0 

 

51. How responsible are you when you are driving? (If you don’t drive 

much then typically) 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
0 2 5 50 42 

Extremely responsible 
99 4,3 4,0 

0,0% 2,0% 5,1% 50,5% 42,4%    

Total 0 2 5 50 42  99 4,3 4,0 

 

52. How purposefully do you drive usually? (for example, you plan a trip 

or route beforehand and execute it accordingly) 

Respondents total: 99 



 

 1 2 3 4 5  Total Mean Median 

Not at 

all 

2 6 15 50 26 Extremely 

purposefully 

99 3,9 4,0 

2,0% 6,1% 15,1% 50,5% 26,3%    

Total 2 6 15 50 26  99 3,9 4,0 

 

53. How preferably do you drive a new vehicle? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
3 14 15 28 39 

Extremely preferably 
99 3,9 4,0 

3,0% 14,1% 15,2% 28,3% 39,4%    

Total 3 14 15 28 39  99 3,9 4,0 

 

54. Are you often interested in new technology? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
4 8 13 32 42 

Extremely interested 
99 4,0 4,0 

4,1% 8,1% 13,1% 32,3% 42,4%    

Total 4 8 13 32 42  99 4,0 4,0 

 

55. Are you in general interested in new experiences? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
0 2 13 39 45 

Extremely interested 
99 4,3 4,0 

0,0% 2,0% 13,1% 39,4% 45,5%    

Total 0 2 13 39 45  99 4,3 4,0 

 

56. How calm are you when you drive? 

Respondents total: 99 



 

 1 2 3 4 5  Total Mean Median 

Not at all 
0 8 21 46 24 

Extremely calm 
99 3,9 4,0 

0,0% 8,1% 21,2% 46,5% 24,2%    

Total 0 8 21 46 24  99 3,9 4,0 

 

57. Do you think you are composed? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
1 9 31 38 20 

Extremely composed 
99 3,7 4,0 

1,0% 9,1% 31,3% 38,4% 20,2%    

Total 1 9 31 38 20  99 3,7 4,0 

 

58. How important is it to you to belong to a group? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 

important 

11 17 30 32 9 Extremely 

important 

99 3,1 3,0 

11,1% 17,2% 30,3% 32,3% 9,1%    

Total 11 17 30 32 9  99 3,1 3,0 

 

59. How easily do you welcome others in to your group? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 

easily 

3 10 28 45 13 Extremely 

easily 

99 3,6 4,0 

3,0% 10,1% 28,3% 45,5% 13,1%    

Total 3 10 28 45 13  99 3,6 4,0 

 

60. Are you typically trustful of new technology? 

Respondents total: 99 



 

 1 2 3 4 5  Total Mean Median 

Not at all 
0 5 19 55 20 

Extremely trustful 
99 3,9 4,0 

0,0% 5,0% 19,2% 55,6% 20,2%    

Total 0 5 19 55 20  99 3,9 4,0 

 

61. How trustful are you of vehicles that are powered by electricity, gas or 

hydrogen? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
3 4 12 36 44 

Extremely trustful 
99 4,2 4,0 

3,0% 4,0% 12,1% 36,4% 44,5%    

Total 3 4 12 36 44  99 4,2 4,0 

 

62. How patient are you typically in traffic? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
1 4 10 53 31 

Extremely patient 
99 4,1 4,0 

1,0% 4,1% 10,1% 53,5% 31,3%    

Total 1 4 10 53 31  99 4,1 4,0 

 

63. How much recklessness and aggressiveness is there in your driving 

style? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
40 39 14 4 2 

Extremely 
99 1,9 2,0 

40,4% 39,4% 14,2% 4,0% 2,0%    

Total 40 39 14 4 2  99 1,9 2,0 

 

64. Do you act according to agreed traffic rules? 



 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
1 0 2 33 63 

Extremely 
99 4,6 5,0 

1,0% 0,0% 2,0% 33,3% 63,7%    

Total 1 0 2 33 63  99 4,6 5,0 

 

65. Do you typically prefer to be part of smooth traffic? (For example, you 

make room for pedestrians) 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
0 1 10 34 54 

Extremely 
99 4,4 5,0 

0,0% 1,0% 10,1% 34,3% 54,6%    

Total 0 1 10 34 54  99 4,4 5,0 

 

66. How important are environmental values when you use 

transportation? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 

important 

5 8 27 36 23 Extremely 

important 

99 3,6 4,0 

5,0% 8,1% 27,3% 36,4% 23,2%    

Total 5 8 27 36 23  99 3,6 4,0 

 

67. How important is self-directed moving to you? (You can choose your 

own transportation vehicle, route, schedule and method) 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 

importan 

0 3 10 34 52 Extremely 

important 

99 4,4 5,0 

0,0% 3,0% 10,1% 34,4% 52,5%    

Total 0 3 10 34 52  99 4,4 5,0 

 



 

68. How preferably would you participate in some kind of car service in 

which no one else you knew had not participated before? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
3 5 31 32 28 

Extremely 
99 3,8 4,0 

3,0% 5,1% 31,3% 32,3% 28,3%    

Total 3 5 31 32 28  99 3,8 4,0 

 

69. How much of your goodwill do you use in your transportation? (For 

example, you want to reduce traffic emissions) 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
5 9 35 34 16 

Extremely much 
99 3,5 4,0 

5,0% 9,1% 35,4% 34,3% 16,2%    

Total 5 9 35 34 16  99 3,5 4,0 

 

70. How much joy do you gain from driving? 

Respondents total: 99 

 1 2 3 4 5  Total Mean Median 

Not at all 
7 7 20 29 36 

Extremely much 
99 3,8 4,0 

7,1% 7,1% 20,2% 29,3% 36,3%    

Total 7 7 20 29 36  99 3,8 4,0 

 

71. Do you feel like you receive appreciation when you use car sharing 

services and does it motivate you to use more of them? 

Respondents total: 99 

 

 1 2 3 4 5  Total Mean Median 

20 18 39 15 7 99 2,7 3,0 



 

Doesn’t 

motivate at 

all 

20,2% 18,2% 39,4% 15,1% 7,1% 
Motivated 

extremely much 
   

Total 20 18 39 15 7  99 2,7 3,0 

 

 

74. Words free of choice 

Respondents total: 15 

Vastaukset 

I can go easily to play padel :D 

Best invention for urban citizens. We need these and a lot. 

Car sharing cars offered by LOAS are really handy. Although, almost in every one of them there is 

some indicator light signaling, which might dispel some potential customers around them.  

Good idea! 

More of these! 

These services should be more common. I was involved with Bloxcar during its starting times, but 

my vehicle wasn’t appealing to many customers because of its size. However, the concept I think is 

good but it is not well marketed. 

Good idea, which might be applied at some point. Now I think it can only be applied in larger cities. 

ID3 or other similar cars. ZOE without fast charger does not work in longer trips, if you use type 2 

chargers. Also, bigger car would be better anyway. The advertisement in the cars is a negative 

thing, if something about that needs to be said. The cars are very affordable and worthwhile to rent. 

Gasoline car I don’t think is worthwhile to rent anymore. I’d rather drive with my own gasoline car.  

Really awesome invention, which is developing in a good direction!  

It would be good to the reservations in the reservation system. Now you must input the time, for 

example 12 o’clock on Saturday. If there are no cars available at that time, then you must keep on 

inputting more times to find a spot in which you can reserve a car. Would there be a free car at 14 

o’clock? And what about 16 o’clock? and so on 

For someone who drives around 4000km per year car sharing car would be suitable I suppose. 

The questions are not reprehensible. For example, how much of your goodwill do you use in your 

transportation? 

I believe that car sharing cars will become more common as quickly as scooters. 

As someone who has rented them couple of times, I like them. However, for it to replace my own 

car it should be closer to home. 



 

Tesla remains as my main car, but car sharing would be good fulfil needs for a secondary 

transportation occasional travel needs. 



 Appendix II, 0 

Table 1. Alternative hypotheses H1 that were originally assumed to be true in terms that the two variables are 

associated to each other.  

Variable 1 Variable 2 Association Correlation 

direction 

Self-direction 

moving 

regular use of 

CS 

no 
 

Self-direction 

moving 

willingness to 

use shared 

vehicles from 

private persons 

yes ✓ 

Self-direction 

moving 

willingness to 

use shared 

vehicles from 

other citizens 

yes ✓ 

Self-direction 

moving 

willingness to 

participate in 

communal CS 

yes ✓ 

Self-direction 

moving 

willingness to 

use CS in the 

future 

yes ✓ 

    

Environmental 

values  

Changing to CS 

due to saving 

costs 

yes ✓ 

Environmental 

values 

regular use of 

CS 

no 
 

Environmental 

values 

willingness to 

use CS in the 

future 

no 
 

    

Benevolence 

values 

valuing healthy 

moving 

no 
 



 

Benevolence 

values 

valuing diverse 

travelling 

no 
 

Benevolence 

values 

willingnes to 

use CS in the 

future 

no 
 

Benevolence 

values 

willingness to 

change to CS 

due to cost 

savings 

yes ✓ 

    

Achievement 

values 

regular use of 

CS 

no 
 

Achievement 

values 

willingness to 

change to CS 

due to cost 

savings 

yes ✓ 

    

Valuing public 

transportation 

general 

satisfaction on 

CS 

yes ✓ 

Valuing public 

transportation 

willigness to 

give up one's 

vehicle over CS 

yes ✓ 

Valuing light 

transportation 

willigness to 

give up one's 

vehicle over CS 

no 
 

Valuing light 

transportation 

healthy travel 

methods 

yes ✓ 

Valuing diverse 

travelling 

willigness to 

give up one's 

vehicle over CS 

yes ✓ 



 

Valuing diverse 

travelling 

using CS for 

occasional 

trasportation 

no 
 

    

Stimulation 

values 

planning to 

acquire own 

vehicle 

yes ✓ 

Stimulation 

values 

trust in new 

technology 

yes ✓ 

Stimulation 

values 

getting joy from 

driving 

yes ✓ 

    

Amount of owned 

vehicles 

willingness to 

participate in 

p2p CS 

yes ✗ 

Amount of owned 

vehicles 

willngness to 

change to CS 

due to cost 

savings 

no 
 

Amount of owned 

vehicles 

experience on 

CS 

yes ✗ 

Amount of owned 

vehicles 

using CS for 

occasional 

transportation 

yes ✗ 

    

Regular use of CS amount of 

vehicles owned 

no 
 

Regular use of CS satisfaction on 

CS 

no 
 

    

Openness to 

experience 

regular use of 

CS 

yes ✓ 



 

Openness to 

experience 

positive 

association to 

driving 

yes ✓ 

Openness to 

experience 

willingness to 

give up one's 

vehicle over CS 

no 
 

Openness to 

experience 

willingness to 

use shared 

vehicles from 

other citizens 

no 
 

Openness to 

experience 

willingness to 

share vehicles 

to other citizens 

yes ✓ 

    

Conscientiousness 

(industriousness) 

regular use of 

CS 

no 
 

Conscientiousness 

(industriousness) 

experience on 

CS 

no 
 

Conscientiousness 

(industriousness) 

willingness to 

use CS in the 

future 

no 
 

    

Compassion 

(driving style) 

regular use of 

CS 

yes ✗ 

Compassion 

(driving style) 

willingness to 

give up one's 

vehicle to use 

CS 

no 
 

Compassion 

(driving style) 

willingness to 

use shared 

vehicles from 

other citizens 

no 
 



 

Compassion 

(driving style) 

trust in new 

technology 

no 
 

Compassion 

(driving style) 

general 

satisfaction on 

CS 

yes ✓ 

    

Politeness 

(driving style) 

regular use of 

CS 

no 
 

Politeness 

(driving style) 

trust in new 

technology 

 yes ✓ 

    

Enthusiasm Stimulation 

values 

no 
 

Enthusiasm Using car 

sharing for fun 

no 
 

    

Emotional 

stability (driving 

style) 

gender 

(women-men) 

yes ✓ 

    

Trust in new 

technology 

regular use of 

CS 

no 
 

Trust in new 

technology 

willingness to 

use shared 

vehicles from 

other citizens 

yes ✓ 

Trust in new 

technology 

willingness to 

share own 

vehicles to 

other citizens 

yes ✓ 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


